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SUMMARY 

Hogs are usually sold in the United States on a 
liveweight basis . Official federal grade standards 
for hogs were not established until 1952. 

The purpose of this study was to attempt to de
velop objective carcass grade specifications for 
slaughter barrows and gilts . These grade specifi
cations should have economic significance and at 
the same time should be practical and acceptable 
to the hog industry. 

Detailed carcass measurements were made of 
600 hog carcasses at the Iowa Packing Company, 
Des Moines, Iowa. Each carcass then was sub
jected to a detailed cutout test to determine the 
weight and quality grade of the various com
ponent wholesale cuts and trimmings. The ratio 
of the weights of the four high-value lean cuts 
(hams, loins, picnics and boston butts) to the total 
carcass weight was computed for each carcass. 
This ratio (called the index of lean) is a measure 
of the relative values of the hog carcasses. The 
higher the index of lean, the higher the value of 
the carcass, until the point is reached where the 
carcasses are discounted for lack of quality. Thus, 
for any sched ule of prices for the various whole
sale cuts and trimmings there is an optimum in
dex of lean which will yield the highest carcass 
value. 

The objective measurements, backfat thickness, 
carcass length and carcass weight used in this 
study were found to be correlated with the index 
of lean (R = 0.9135). 

Average backfat thickness proved to be most 
closely associated with the index of lean for any 
weight grouping of carcasses. Length of carcass 
was second. 

The addition of other carcass measurements to 
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the regression equation did not significantly in
crease the precision in estimating the index of 
lean. 

A set of objective carcass grade specifications 
was developed. The specifications included car
cass weight, body length and backfat thickness. 

The individual cutout values of the 600 carcasses 
were computed, based on the prices of wholesale 
cuts in 1949. The carcasses were then graded 
according to the specifications developed. The 
variance of the values within each grade was only 
about one-third as great as the variance in values 
between grades. 

Thus, if hogs were purchased on a carcass weight 
and grade basis, the use of this grade standard 
would improve the accuracy of pricing hogs by 
two-thirds over using carcass weight alone. 

The carcass values were carried back to a live
hog basis by using the relationship between grades 
of hogs and average yields found in other re
search. Using th ese average yields instead of the 
individual animal yields, it was found that, if hogs 
were purchased on a liveweight and carcass grade 
basis, the accuracy of pricing hogs would be im
proved by one-third over pricing hogs on a live
weight basis only. 

Some objective evaluation for other characteris
tics such as softness and color of fat, size of eye 
muscle in loin, etc., would increase the accuracy 
of grading when used in conjunction with the pro
posed system. 

Further research is needed to show the effects 
on cutout values of these other characteristics. 
The value of the by-products for the different 
weights and grades also should be taken into ac
count. 



Objective Grade 
Barrow 

Specifications for Slaughter 
and Gilt Carcasses1 

BY O wE:-- L. BnouGH2 AN D G ,-: oFFHEY SHEPHEnn~ 

Much research has been done to increase the 
technical efficiency of livestock production. The 
results have been greater meat output per unit 
of feed, or improvements in the quality of the prod
uct or both. But relatively Jess emphasis has 
been placed on the accuracy of pricing livestock. 
Research is needed to show the ways in which the 
livestock marketing system may be altered to in
crease its general market efficiency. 

The marketing system must be efficient both in 
operation and pricing to provide society with a 
means for allocating scarce resources among pro
ducers and fo r distributing scarce goods and serv
ices among consumers so that they will be used 
best . This study is concerned directly wit h the 
problem of pr icing efficiency." 

The efficiency of the price mechanism in market
ing hogs is dependent on several economic and in
stitutional factors . The first is the degree of 
knowledge of the fo rces influencing the buyers' 
and sellers' prices in the market. Knowledge de
pends on ability of buyers and sellers to deter
mine the true value of hogs offer ed for sale, on 
the availability of a market language (grade stand
ards) that can be used to describe hogs accurately 
and on the extent to which the market news is 
disseminated to all concerned in the market. 

A second factor affecting the efficiency of the 
price mechanism is the characteristics of the pork 
market. In the United States, the hog is bought 
as an entirety but is sold by the meat processor 
as many wholesale cuts and various processed 

1 Projec t 984. Towa Agr i cul t u,·a l Experiment Station. Thi s • 
stud y i s a part o f th e r eg i o n a l pro j ec t of th e ·:--;rorth Centra l 
Livestock '!\ la rke ting H e~ea rch Committee. 

'Ow en L. B rou g h i s now assoc ia t e professo r at th Sta te Col
l eg e of' ,Vashington. I ullma n , '\Vash ington. 

:: ,..rh e da ta upon which t hi s study is based w er e obta in ed from 
th e To wa Packi ng Company. D es Nfoin es, -I owa, in 194 8. 
Th e a uthors a r e nl:-;o inde lH ecl to Emi l J ebe and R a ymond 
J essen of th e Depa rtment of Statist i cs , and Elli o tt C li fton , 
J ohn Nord in and E a rl 0. I -l ea d;· of t h e D epa r t m ent of Eco
n om ics a nd Soc iolog; ·, ·1owa Sta t e Co lleg e, fo r t h e ir h el pful 
sug-ge!"-- tions an d criti c ism ~. 

1 By tJ r ir·i11{J e tfiriency i s 111ean t a ccurate reflec ti o n by th e 
p ri c ing m ech a nism t o th e produ ce r of th e con s um er s' de
mands for differ ent qua ntiti es and q u a li ties of goods a nd 
se rvice~. IJ~, operoliona1 efficiency i s m ea nt th e co1n bi nat ion 
of scar ee r e~ources into t h e ir oplimun1 use in :1sse1nbling. 
p r·ocessi n g, tra nspo rti ng, 8toring, :-;o rting, di 8t rihuting a nd 
s imilar ope ra ti on s, to add f orm , lime and place utility to th e 
raw far1n prod ucts in n1ov ing th e m f r on1 th e fa rn1 to t h e 
ultimnte consum er. 

meats . It is difficult to reflect the value of these 
various cuts and processed meats accurately in 
t he prices of live hogs . 

A t hi rd factor is the physical basis on which 
sale is made. At the present t ime, most hogs are 
sold on a liveweight basis. If they could be sold 
on a carcass weight and grade basis, the value of 
the cuts could be reflected in the price of the car
casses more accurately than in the price of live 
hogs, because the characteristics of the cuts could 
be more accurately determined and the differences 
in value resulting from different degrees of "fill" 
would be by-passed. 

The specific purpose of th is study is to develop 
objective grade specification s for slaughter hog 
(barrow and gilt) carcasses that would differ
entiate carcasses on the basis of the wholesale 
yield of cuts and trimmings. The development of 
satisfactory and acceptable carcass grade stand
ards that reflect the cutout val ues of the carcass 
is an important economic and technical problem 
to be solved in pricing livestock on a weight and 
grade basis. 

CHARACTERISTICS OF HOG CARCASS 
GRADES 

Previous work in the field of grade standard de
velopment has demonstrated that there are wide 
variations among carcasses that are classified 
alike with respect to sex, use, age and weight. 
Butcher-type hog carcasses of a given weight 
range differ in quantitative characteristics. These 
variations are due to differences in conformation, 
finish and quality. 

Conformation refers to the build or shape of the 
carcass reflecting the relative size of the various 
cuts. Carcasses that have superior conformat ion 
yield a high proportion of the most desirable cuts. 

F inish refers to the degree of fatness. It in
cludes the quant ity and the quality of fat on the 
outside and on the inside of the body and the 
amount and distribution of fat between the 
muscles and tissues. 

Quality refers to the character of the flesh and 
fat . Quality is determined by the tenderness, 
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palatability of the meat, strength of muscle fiber, 
color of the lean and fat meat, amount and 
strength of the connective t issue, the character 
of the intercellular fat, relationship between edible 
meat and fat, and the size and character of the 
bones. 

The grade of a hog carcass depends on all three 
of these factors (conformation , finish and quality) . 
These factors are continuous variables. No sharp 
lines can be drawn between the upper limits of one 
grade and the lower limits of another. Yet some 
divi sion must be made, upper and lower limits 
established, and the corresponding grade specifi
cations described so that carcasses can be classed 
into relatively homogeneous grades. 

Because human error may sometimes creep into 
the subjective evaluation of these characteristics, 
the buyer or seller may believe that the grade of 
a particular carcass is too high or too low because 
a particular grader has a definite bias one way or 
the other in his estimation of these characteristics. 
It is possible for equally well-qualified graders to 
disagree as to the exact grade of a borderline car
cass. Also, graders located in different parts of 
the country could differ in their grading. 

A possible solution to this problem would be to 
develop a set of objective grade specifications. 
When the buyer or seller questions the proper 
classification of a carcass, an objective measure
ment of some characteristic would permit the 
grader to decide the issue objectively. If this 
method of grading resolved the question without 
an observable bias, the conflicting views of the 
two interested parties could be more easily re
conciled. 

PREVIOUS RESEARCH CONCERNING 
OBJECTIVE GRADE STANDARDS FOR 
SLAUGHTER BARROWS AND GILTS 

Several other investigators have been concerned 
with the problem of objective grade standards for 
slaugh ter hogs. Shepherd et al. found that back
fat thickness and carcass length were r elated to 
grade. r. E ngelman found that the five primal cuts 
plus lean trimmings could be used to determine 
the value of carcasses. His study also indicat ed 
that backfat thickness and carcass length were 
the two objective meas urements which were most 
closely related to the value of the carcass.c Similar 
results have been found in other studies.7 Federal 
grades based on carcass specifications developed 

5 Sh eph erd, Geoffrey, Fred J . Beard a nd A rva! E ri ck son. 
Could h ogs be sold by car cass weigh t a nd g ra d e in t h e U ni ted 
States? Iowa Ag r. Exp. Sta. R es. B ui. 270. 1940. pp. 454-456. 

0 E n gelma n, Ger a ld, Austi n A. Dowell , Evan F . Fe r r in a nd 
Philli p A. A nde r son . Mar keting s la u ghter h ogs by ca r cass, 
weig ht a nd g r a de. Mi nn. E xp. Sta. T ech . B u i. 187. 1950. 

7 F or ex amples see : Wiley, J a m es R. , D on P aar l b er g a nd R . C. 
J ones. Obj ec tive car cass fac tors r ela t ed t o s la u g h te r hog 
va lue. India n a Agr. Exp. Sta. B ui. 56 7. Decem ber 195 1 : 
H em in g, George F ., a nd Merrill B. E van s. Mar ket h ogs can 
he accurately g ra ded. Ohi o Agr . Exp. Sta. Res. B ui. 728. 
June 1953; a nd N o r t h Centra l Lives tock Ma r keting R esear ch 
Committee. Obj ective car cass g r a d e s tandards fo r s la u g h ter 
h ogs. Nor th Central Regio n a l P ub lication No. 30. June 1952. 
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in these and other studies were made official in 
September 1952.8 

DEVELOPMENT OF OBJECTIVE CARCASS 
GRADE STANDARDS 

SouRcr:: AND CHARACTER OF D ATA 

The data for the present analysis to be used in 
the development of objective carcass st andards 
were obtained at the Iowa Packing Company, Des 
Moines, Iowa, from June 15, 1948, through July 
20, 1948. Measurements were t aken and recorded 
on 600 hog carcasses . After the carcasses were 
measured, they were cut, and the weights of the 
wh olesale cuts and trimmings were recorded. 
Trained government graders placed quality grades 
on the fo ur major cuts (hams, loins, picnics and 
bellies ). 

SE LECT ION OF CARCASSE S 

A stratified random sample of carcasses based 
on weight of carcass and on backfat thickness was 
selected. Carcasses were selected so that equal 
numbers of carcasses fell in each weight group for 
the weigh t ranges in which most Iowa hogs are 
marketed. The individual weights of carcasses 
selected were intended to vary from 105 to 225 
pounds. This range in carcass weight approxi
mates the liveweight range from 165 to 315 
pounds. The ent ire range was divided into 12 
consecutive weight groups each having a 10-
pound weight range . An attempt was made to 
have 50 carcasses in each of the weight groups. 
Two weight groups contained 52 carcasses and 
one group contained 47 carcasses. The other nine 
groups contained from 48 to 51 carcasses per 
group. 

Sampling by weight alone, however, would not 
suffice for the purpose of this study. F inish , 
quali ty and conformation vary within any 10-
pound weight group of carcasses. An attempt was 
made, therefore, to sample as wide a range of 
variation of carcasses within each weight grouu 
as possible, regardless of the numbers in wh ich 
these physical categories come to market. 

From previous work on this subject, it was ob
served that there is a high degree of r elationship 
between backfat thickness and the degree of 
finish. Degree of finish is a subjective term used 

• to show the amount of fat the animal has as well 
as the distribution of that fat. It also is rela ted 
to conformation of the carcass. The use of some 
objective measure of the degree of finish instead 

8 "Ten ta ti ve stan dards for grades of po r k car casses a nd fresh 
po rk cu ts wer e issued b,v t h e U n ited Sta t es D epa r tm ent of 
Agricu l ture in 193 1. These ten ta ti ve s t anda rds wer e s lightl y 
r ev ised in 1933 a nd p ub lish ed in Circula r 288. New s ta n dard's 
fo r . g ra des o f bar row a nd g ilt carcasses wer e p r o posed b y th e 
U nited S tates Depa r t m en t of Agri culture in 1949. Th ese 
standa rds r e presente d th e firs t a ppli cation of obj ec tive m ea 
s urem ents a s g ra d es to g r ades fo r pork car casses. Sli gh t 
rev is ion s wer e m a d e in t h e pr oposed standa rd . prio r t o 
p r o mul gation s b ,v th e Secr e ta r y of Agriculture, as t h e o ffi c ia l 
U nite d S tates S tanda r ds for g r a d es of barrow a nd g ilt car
casses, e ffective Septem ber 1 2, 1952." USD A P r oduction 
a n d afarket ing Administ r ation, Ser v ice a n cl R egulator y A n 
no unc ment No. 171. Septem ber 1952. 
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of such terms as very fat, less fat, etc., seemed 
desirable. Therefore, it was decided to select car
casses on the basis of 5-millimeter graduations 
of average backfat thickness. Backfat thickness 
was found to range from 20 to 70 millimeters. 
Each classification of a given carcass weight was 
to represent an equal portion of the total physical 
range in variation. 

It was impractical to obtain adequate numbers 
of animals in certain weight and grade categories. 
It was not necessary that the number of carcasses 
in each cell should be exactly the same because 
the analyses in this phase of the study were of 
the regression type, assuming continuous vari
ables. 

The carcasses for each cell were selected at ran
dom. Carcasses with serious shackle bruises, 
ham, loin or belly bruising, or with jowls notice
ably trimmed for diseased glands were discarded. 

The distribution of carcasses by weight and 
backfat thickness is shown in table 1. The lack of 
overfinished lightweight and underfinished heavy
weight carcasses is evident. Carcasses in those 
categories were scarce. 

MEASU RING, CUTTING AND GRADING OF CARCASSES 

After the carcasses had been in the cooler for 
24 hours, they were measured and weighed. The 
measurements included : body length, ham length , 
backfat thickness at the first rib , last rib and the 
last lumbar vertebra, width of each shoulder, cir
cumference of each ham and thickness of belly 
pocket. The measurements were recorded in milli
meters. The carcasses were cut the same day that 
the measurements were taken. The usual pro
cedure was to use the regular power cutting ma
chinery and cutting tables immediately after the 
regular cutting crew had completed their day's 
operations. The cuts and various trimmings were 
weighed on scales graduated in pounds and ounces, 
and th e weights were recorded. Because this 

phase of the study was primarily co ncerned with 
actual differences between carcasses, rather than 
the variations ip the particular product obtained 
by the cutting gang in a packing plant, it was con
sidered advisable to standardize the cutting pro
cedure for each hog carcass.9 

To evaluate the relationship between the various 
measurements of the carcass and the probable 
frequency with which the wholesale cuts are dis
counted for quality reasons, the hams, loins, 
picnics and bellies were graded by United States 
government graders on the basis of the United 
States standards for the various wholesale cuts. 
These cuts were not downgraded for bruises, 
trimmings or faulty workmanship. 

ANALYSIS OF DATA 

PRELIMINARY ANALYSIS 

One approach to the problem of developing ob
jective carcass grade standards is to determine 
whether some physical measures can be found 
which have a functional r elationship with the 
weights of certain wholesale cuts, or combinations 
of cuts, and the quality grade of the cuts . 

For a given weight group of carcasses, the data 
available were the series of measurements men
tioned previously and the weights of various whole
sale cuts and trimmings. To let each cut and 
trimming become a dependent variable and try to 
predict the weight of each of these cuts by use of 
the physical measurements as independent vari
ables, would become an unwieldy problem. It 
would be especially unwieldy when 12 carcass 
weight groups, as shown in table 1, were involved. 

Some combination of similar cuts appeared to 
have some merit. The hams, loins, butts and 
picnics make up the lean cuts which are, generally, 
all high in value. Bellies and lean trimmings are 
also high-value cuts. 

° For detailed description of measurements u sed a nd cu tting 
procedure, see : Eng lma n, G. et a l., op. cit., pages 54-56 . 

TABLE 1. FREQUENCY DIST RIBUTION OF CARCASSES SELECTED FOR CUT -OUT TESTS CL ASSIFIED B Y WEIGHT 
OF CAR CASS AND AVERAGE BACKFAT THICKNESS. 

Average backfat thickn ess (millimeter s) 
Carcass 
weight 20 .0 25.0 30.0 35.0 40.0 45.0 50 .0 56.0 60. 0 65 .0 Tota l 

(pounds ) to to to to to to to to to to 
24.9 29 .9 34.9 39 .9 4 4 .9 49.9 54.9 59.9 64.9 69 .9 

10 5 to 114 .9 6 9 12 1 2 8 2 49 

Jl 5 to 124 .9 6 10 13 1 2 4 3 1 49 

125 to 134.9 8 ~ 8 s 9 G 3 50 

135 lo 144.9 3 li 11 9 s 9 4 1 51 

145 lo 154.9 2 G JO ll li 10 5 2 52 

155 to 164.9 l 7 7 s 1 0 7 s l 49 

165 to 174.9 2 2 7 10 12 11 3 3 50 

17 5 to 184.9 2 3 7 6 12 7 8 G 1 52 

185 lo 19 4.9 2 s 9 6 9 8 4 4 50 

] 95 to 20 4. 9 1 4 10 G 7 10 10 1 49 

205 to 214.9 2 2 9 9 9 11 s 2 5i 

215 to 224.9 1 1 9 9 9 ,J 5 8 47 

T ota l 25 45 71 87 99 92 71 55 38 17 GOO 
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Other combinations of cuts that were considered 
desirable were the fat cuts 10 and the skeletal 
cuts .ll The fo ur lean cuts when trimmed make 
up about 50 percent of the total weight of the car
cass, the bell ies and lean trim about 22 percent, 
the fat cuts about 20 percent and the skeletal 
cuts abo ut 8 percent. 

The fo ur lean cuts usually make up about 60 to 
65 percent of the total value of the carcass, and 
the skeletal cuts, only about 4 percent of the value 
of the carcass. Visual observation of scatter 
diagrams indicated that the total weight of the 
fo ur lean cuts seemed to have the greatest func
t ional r elationship with the other combinations 
of cuts. For brevity, the weight of the four lean 
cuts as a percentage of the carcass weight will be 
referred to as the inde~: of lean . 

The physical measurements which were given an 
exploratory examination for use as independent 
variables to predict the index of lean were as 
follows : 

1. Average backfat thickness 
2. Length of body1 ~ 

3. Average length of ham 
4. Average circumference of ham 
5. Thickness of belly pocket 
6. Average width of shoulder 
7. Average width of ham 
8. Index of ham i :{ 

9. Index of muscling in ham 11 

10. Index of muscling in shoulder 1
" 

For various carcass weight groups, scatter dia
grams were plotted showing the relationship be
tween the various measurements and the index of 
lean. Visual evaluations of the simple r elation
ships indicated that the order of the various 
measurements in their ability to independently 
predict the index of lean was as follows : 

1. Average backfat thickness 
2. Length of body 
3. Index of muscling of ham 
4. Length of ham 
5. Index of ham 
6. Index of muscling of shoulder 

The relationships appeared to be linear. Back
fat thickness showed the closest correlation with 
the index of lean. Body length was second to 
backfat thickness. Thickness of belly pocket came 
third. 

n1 Fat back, j owh-5 a nd fat t ri m. 
11 Spar er ibs, neck bone:,;:, f r ont f ee t. hind f ee t and tail. 

" :\Jeasun•d f 1 0 111 th e j unction o f' t h e• last ce rvi ca l and fi r st 
t h o rac ic ve r t e bra to t h e lo wes t po in t of t h e a itchbo n e . 

i :; Th e index of han, i.Yas ca lculated b.'· d i vidi ng- the ci r cun1-
fe r enc of t he han1 b.'· th C' l ength of ham. T h is n1ea sure
ment r efl ec ts tho conformat ion of u, J1an1. 

11 T he i ndex of n1 usc1i ng of ha n, was co mputed by s ub
t racting twice the thi ck ness of back fa t at t h e last lumba r 
\'Crt eb r a f1 ·01n t he total w idth of ha ms. T h i:-; m ea8ure i s 
an eHt in1ate of th e thickness o( t h e lean meat o r n1 u scling 
of th e ham . 

1;; The lndex of muscli ng in the shou ld e r wa:-; sim ilarl y ca lcu
lated by ~u ht rac ti ng twice the backfat th ic k nes8 at t h e first 
r ib from t h e total w idth of s h oul d e r. 
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To test more accurately which of the five vari
ables (backfat thickness, length of body, index 
of muscling of nam, index of ham and length of 
ham) should be used as independent variables, 
the multiple r egression of the index of Jean on 
these five variables was calculated fo r the 145-
to 155-pound carcass weight class. The reduction 
in the error sum of squares effected by including 
index of muscling of ham, index of ham and length 
of ham was not significant at the 0.05 probability 
level. 

It was concluded, therefore, that the measures 
other than average backfat thickness and length 
of body, for carcasses of equal weight, do no t 
contribute sufficiently to accuracy to justify their 
inclusion as independent variables to predict the 
index of lean. 

A :\' .\l..Y S J S 0 1" E )ITlRE SA:\JPLE DATA 

An interrelationship existed between the in
dependent variables, backfat thickness, length of 
body and total weight of carcass. 

The estimates of the various parameters in the 
regression eq uation are as follows: I G 

Y = 58.951923 - 0.180750X 1 - 29.094702 ~~ 

+ 1.267703 ~ : 

where Y = index of lean, X 1 = backfat thickness, 
x~ = total weight and X ,1 = length. 

The multiple correlation coefficient (R) was 
0.913 and the corresponding coefficient of de
termination (R2 ) was 0.834. The standard error 
of estimate was 1.74 index numbers. The stand
ard partial regression coefficients for the inde
pendent variables were all significantly differ ent 
from zero at the 0.01 probability level. 

The standard partial r egression coefficients in
dicate that backfat thickness is the most impor
tant variable and that the variable backfat thick
ness divided by carcass weight is second in im
portance as predictor of index of lean . 

For any given carcass weight and length , the 
index of lean decreases as average backfat thick
ness increases. In other words, as the hog be
comes fatter the index of lean decreases. Also, 
for any given weight and backfat thickness, the 
index of lean increases as the hog becomes longer. 

The index of lean is an approximate measure 
of t he conformation of a hog carcass . It measures 
the relative proportion of fat and lean cuts making 
up th e carcass . 

The index of lean is also an approximate mea
sure of the degree of fini sh. The relative pro
portion of fat cuts is r elated negatively to pro
portion of Jean cuts. The index of lean is, there
fore, the converse of degree of finish when used 
to describe carcasses. As hog carcasses increase 
in degree of fini sh , they decrease in index of. lean . 

The index of lean is also associated with the 

1° Fo r f urth e r d e ta il 8ee ;\ppe ndix A. 



quality of the carcass . As was explained previ
ously, the quality of the carcass is par tly deter
mined by the quality of lean cuts. The combined 
distribution of the grades for the four cuts (bel
li es, loins, hams and picnics ) by the index of lean 
is given in Appendix B, table 2-B. Data in this 
t able indicate that there is a relationship between 
the index of lean and the distribution of carcass 
grades. No cuts were graded down when the index 
of lean was 40 or below. No cuts were graded 
in the top grade when the index of lean was 58 
or above. No cuts were graded down to Grade 
3 when the index of lean was 50 or less . 

So far, emphasis has been placed on showing 
the s imilarity between the important subj ective 
grade criteria (conformation, finish and quality) 
and the same criteria measured by objective meth
ods. It has been explained that there is a logical 
r elationship between the index of lean and sub
j ective carcass grade criteria. An objective sys
tem of grading hog carcasses, based on the index 
of lean, could approximate the three grade criteria 
mentioned above. It can be seen (Appendix B, 
table 2-B) that the quality grades of the particular 
cuts are related to the quantitative measure of 
conformation and finish (index of lean). 

To set the boundary lines between grades, based 
on the index of lean, some method was required to 
specify the desired backfat thickness, carcass 
length and carcass weight at each interval of in
dex of lean. The interval chosen for the index 
of lean was 1 percent. These values of backfat 
thickness were computed by fixing the values for 
index of lean, carcass weight and length and then 
solving the regression equation for backfat thick
ness. The values of backfat thickness (in milli
meter s ) were then multiplied by a conver sion 
factor to change them to inches.17 

The intervals used were 1 index number for 
index of lean, 1 inch for carcass length and 10 
pounds for carcass weight (see Appendix B, table 
1-B). 

A carcass with an index of lean of 40 is a highly 
fini shed carcass, as only 40 percent of the weight 
of the carcass consists of hams, loins, picnics and 
butts . At the other extreme, a carcass with an 
index of lean of 60 is very lean , for 60 percent of 
its weight consists of these high-value cuts and 40 
percent consists of the lower value fat and skeletal 
cuts. 

One of the fundamental problems was to com
bi ne carcass weight, length and backfat thickness 
info rmation in such a way as to provide a set of 
hog carcass grade specifications that is practical, 
simple and has economic significance. 

1• ·1 t ,vas con cl uded t11 at inc hes would be a better 111 c:1surc to 
be u sed in st.•tti ng up p ractica l g-r a de standa rds, 111ainl~' - be
<:au :--:e th e accu1 ·ac.,· needed in practical work will not r equire 
a::; deta il ed a m easu r em -·nt as the data used i n this ~tud y. 
O nly at th e boundary lines between grades \viii accurac~· in 
n1 ea:-;ureme n ts need to be equal to tha t used in th e Rarnpl e fo r 
t his study. . \lso. n1ost f a rn1 er s and packe r:-; a re more fan1ili a r 
with thi s sy~tem of m eas urements . 

In this study, th e index of lean was used as the 
basic physical measure for setting grade bounda
ries. 

The next step"was to decide upon the number of 
classes or grades to be used. Grades could be 
based on a I-point gradation for the index of lean. 
This would result in about 20 grades. It is obvious 
that such a schedule would be impractical for 
classify ing hog carcasses in a packing plant due 
to the minute gradations in backfat thickness 
among grades within a given weight group. Small 
error s in the measurement of backfat thickness, 
carcass length and weight would result in car
casses being out of grade from one to two grades. 

Because the estimated standard error of esti
mate was 1.74 points of the index of lean, it was 
concluded that there should be a separation of the 
midpoint of the grades by at least 3.0 points fo r 
the index of lean . 

The next step was to decide what index of lean 
to use as the grade boundaries. There was onl y 
a small probability that the primal cuts of the car
cass would be graded down because of infer ior 
quality to grades No. 3 or Cull for values of the 
index of lean below 51 or 52 (see Appendix B, 
table 2-B) . The graphic illustration of the quality 
grade distribution by index of lean for th e combi
nation of the four lean primal cuts (hams, loins, 
picnics and bellies) is given in fig. 1. One logical 
boundary for a grade would be the point where 
certain cuts are beginning to be discounted fo r 
lack of quality. It was assumed that t his point 
was where the index of lean was 51 or 52.18 Start
ing from this point, grade boundaries could be 
established in either direction. The frequency 
distribution of carcasses in the sample according 
to the index of lean is shown in fig. 2. The di s
tribution is approximately normal. The mean of 
this distribution is 49.2 for index of lean. 

It can be argued t hat the middle grade should 
be centered near the mean of the distribution, thus 
making it possible to have an equal number of 
grades on either side of t he mean of t he distribu
tion. It can be observed, also, that the upper 
limit of the middle grade for a grade standard 
with a 3.0 index of lean interval and centered at 
the mean of 49.5 would fall near an index of lean 
of 51. As a result of these considerations, it was 
decided to establish grades with the upper limit 
of the middle grade at an index of lean of 51 and 
set the remaining boundaries at intervals of 3.0 
indexes of lean in both directions. 

The next step was to determine the intervals 
of carcass weight to be used . Live hogs are at 
present sor ted by weigh t. Most of the prices are 
quoted on t he basis of 20- to 30-pound weight in-

J', St• ,·eral o f the c ut:-; (hams . lo ins, pi cni cH a11cl !J elli es) that a r c 
:--o l d lo go,·1..• rn111 L• nt agen tH must he g raded on t h e bash; of 
go,· e rnm e nt grade sla ndards. Culs sold through olh c r chan nels 
are g ene r a ll~· g raded acc:or cling to packer grade Htandarcl s. No 
a bsolute information was ava ilable a:-; to relat i ve c haracter
i stic:-; of the t,,·o syt-;tems. F'ron1 ob:-;c r vatio n :lncl con ver sa lion 
w it h fede r al grad e r s, th e au tho rs c-oncluded t h at o nl y car
cas:--eH 11aving the quality cha racteristi c8 of govern n1 e nt Grade 
3 a nd Cu ll a re gene r ally discounted in n, lu c. Th e- fo ur cuts 
of the san,ple that were g raded were g raded by ft'dera l graders 
according to govcrnn1ent stancla 1·ds. 
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Fi g . 1. P e rce nt di ~l ri buli o n o f fo ur p ri rna l c u l:; ( ha m s, Joins. bellies a nd pi c ni c hams) in each grade acco rd ing t o the index 
o r Jea n. 

tervals. A 30-pound liveweight corresponds to ap
proximately a 20-pound carcass weight interval. 
Therefore, from practical considerations it seemed 
logical to use a 20-pound carcass weight interval. 

The next step was to determine the size of the 
length interval for each 20-pound carcass weight 
interval. Table 2 shows that the distribution of 
carcasses by length for each 20-pound weight in
terval approximates the normal distribution. The 
mean length for each weight group increased at 
an approximate rate of 1 inch for every 20 pounds. 
The table also shows average range of length for 
each 20-pound weight group is approximately 7 
inches . 

It was decided to use 2-inch intervals of length 
for each 20-pound weight group. The middle 2-
inch interval in each weight group was centered 
approximately at the mean length and the middle 
2-inch length interval was increased by 1 inch 
for each successive weight group. With this ar
rangement, over 50 percent of the carcasses fell 
in the middle length interval of each weight group. 
The remainder of the carcasses were distributed 
approximately equally between the two extreme 
length intervals . 

Grade Standard A was developed on the basis 
of the above proposed condition. An attempt was 
made to keep the average index of lean comparable 
within each grade regardless of weight and length . 
The midpoint of one grade was separated from the 
midpoint of the next grade in each of the weight 
groups by a difference of 3.0 for the index of lean. 
The required backfat thickness at the margin of 

~34 

each grade for the midpoints of 2-inch intervals 
of length within each 20-pound carcass weight 
interval is shown in table 3. 

The grade designations within each weight 
group are indicated by numbers rather than by 
grade terms. Carcasses in Grade 7 would be very 
fat, and those in Grade 13 would be very lean. 
It is believed that carcasses increase in value per 
100 pounds with increase in the index of lean up 
to the point where certain cuts are discounted for 
lack of quality, or up to the point where the cuts 
are discounted due to excess weight. For example, 
carcasses in Grade 7 would be worth less per pound 

Number 
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8 

40 42 44 46 4 8 50 52 5 4 56 58 60 62 
IN DEX OF LEAN 

F ig. 2. D istr ibu tion of 600 butch e r h og carcasses accord in g 
t o index of Jea n . 
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T ABLE 2. PER CENT AGE D I ST RIBUTI ON 0 1" CARCASSES BY LENG'.rH AND WE[G HT INTERVALS. 

Car cass 
Carca~s w eigh t (pounds) 

length 100 to 120 120tol40 140 to 160 160 t o 180 180 t o 200 200to220 220 t o 240 

(i nches) (pe r cen t ) (pe rcen t) ( pe r cent ) (pe r cent ) (pe r cen t) (pe r cen t) (percen t) 

25 16 3 

2G 25 8 2 

27 27 25 18 

28 19 22 19 12 7 

29 10 33 25 27 18 7 3 

30 3 7 22 33 27 25 19 

31 2 10 15 21 27 23 

32 3 s 19 23 26 

33 l 6 F 18 

34 2 5 9 

35 l 

Total pe rcent 100 100 100 100 100 100 100 

T ABLE 3. GRADE ST A N DAR D A. 

Car cass g-rades 

Car cass 
E qui vale n t L e ngth 7• St 9t 10§ 11 •• 12tt 
li veweig h t o f we igh ts (app r ox.) carcass Backfat Backfat Backfat Ba kfat Backfat Backfat 

th ickn ess thi c k ness thi ckn ess thi c k ness u, ickness th ickn ess 
a t n1ar g in at llHl rg- in a t n1a r g in at 1nar g in at n1ar gi n at m a r gi n 

( lbs .) ( lbs . ) ( in .) ( in .) ( in .) ( in .) (i n .) ( in .) (i n . ) 

Less tha n 25 2.0 1. 8 1..5 1.3 1.1 0.8 
80 to 100 124 to 151 25 to 26.9 2.0 1.8 1. 6 l. 4 1.1 0.9 

27 a n d over 2.1 1.9 1. 6 1. 4 1. 2 0.9 

Less t ha n 26 2.2 1.9 1.6 1. 4 1.1 0.8 
100 to 120 151 l o 17 8 26 to 27.9 2. 2 1.9 1.7 1. 4 1.1 0.9 

2S a nd ove r 2.2 2.0 1.7 1. 4 1. 2 0.9 

L ess t h a n 27 2.3 2.0 1.7 1. 4 1.1 0.8 
1 20 to 14 0 178 to 205 27 to 28.9 2.3 2.0 1.7 1. 4 1. 2 0.9 

29 a nd ove r 2.4 2.1 1.8 1. 5 1.2 0.9 

l. ... ess Lh a n 28 2. 4 2.1 1.8 1.4 1. 1 0. 
140 to 160 205 to 231 28 to 29.9 2.4 2.1 1.8 1. 5 1.2 0.9 

30 a nd over 2.5 2.2 1. 8 1.5 1. 2 0.9 

L ess t h a n 29 2.5 2.2 1.8 1.5 1. 2 0.8 
160 to 180 23 1 to 257 29 lo 30.9 2.5 2.2 1.9 1.5 1. 2 0.8 

31 a nd over 2.6 2.2 1.9 1.6 1.2 0.9 

L ess t h a n 30 2.6 2.2 1 .9 l..5 1. 2 0.8 
180 to 200 257 to 283 30 to 31.9 2.6 2.3 1. 9 1. 6 1.2 0.8 

32 a nd ove r 2.7 2.3 2.0 1.6 1.2 0.9 

L e;;s than 31 2.7 2.3 1..9 1.. 6 1. 2 0.8 
200 to 220 283 to 309 31 to 32.9 2.7 2.3 2.0 1.6 1.2 0.8 

33 and over 2.7 2.4 2.0 1..6 1.2 0.9 

L ess th a n 32 2.7 2.3 2.0 1.6 1.2 0.8 
220 lo 240 309 to 335 32 t o 33.9 2.8 2.4 2.0 1.6 1. 2 0.8 

34 a n d ove r 2. 2.4 2.0 1.6 1.3 0.9 

Less th a n 33 2. 2.4 2.0 1.6 1.2 0.8 
240 l o 260 335 to 362 33 to 34 .9 2.8 2.4 2.0 1. 6 1.2 0.8 

35 a nd over 2.9 2.5 2.1 1. 7 1.3 0.9 

• Ave rage index of lean eqlia ls 40 .5. 
t Average i ndex of l ean equ als 43.5. 
t Aver age index of lean equals 46.5 . 
§ Average iI1 dex of lean eq ua ls 49.5. 

t~• Average index of lean eq uals 52.5 . 
t'i Average index of lea n equa l s 55.5. Average index of lean for grade 13 equa ls 58.6 . 
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than those in Grade 8 beca use t hey carry a high er 
proportion of low-value fat cuts and a lower pro
portion of high-value lean cuts . Likewise, car- • 
casses in Grade 9 would be worth less per pound 
than those in Grade 10. Carcasses in Grades 11 
and 12 would probably be discounted fo r inade
quate finish. Under Jong-time price relationships, 
carcasses in Grade 10 probably command the high
est price. 

An a lternative Grade Standard B with fi ve 
grades was developed. The midpoint of the middle 
grade was set at 50 for index of lean and with a 
grade midpoint difference of 4.0 for the index of 
lean. The same weight and length intervals were 
used as in Grade Standard A. Specifications for 
Grade Standard B are given in table 4. The dif
ference in backfat thickness between grade limits 
for Grade Standard A is appr oximately 0.3 inch 
fo r the lightweight groups and approximately 0.4 
inch for the h eavy, carcass weight groups. Grade 
Standard B has backfat thickness differences be
tween grade limits of approximately 0.4 inch for 
ligh t carcasses and 0.5 for heavy carcasses . The 
wider differences in t h e required backfat thick
ness would result in fewer backfat measurements 
because there are fewer grade boundaries, thus 
making it possible to decrease grading time and 

reduce the probability of misgrading a carcass. 
The use of Gi.ade Standard A or Grade Standard 

B in the modern packing plant would probably 
create no serious practical problems. As the car
casses moved along t he carcass rail line from the 
killing floor to the cooler, they could first be 
weighed and the carcass identification number 
and weight recorded and attached to each carcass. 
The grader could fir st look at the weight of the 
carcass and determine the weight-group classifi
cation. Next, he could classify the carcass into 
one of the three length classifications. This also 
should be quite simple. Finally, the average back
fat could be determined and, consequently, the 
grade could be determined. The whole process 
would take only a few seconds. The relative speed 
with which graders could grade carcasses is not 
known. Further investigation will be r equired to 
develop this information. 

PH YS I C.'1.L E1°n :cn vc ;F.ss OF A LTER :'\A T JVE S T AX DAR D 

Before attempting to assess the econ omic ef
fectiveness of carcass standards in sorting or 
classifying carcasses into homogeneous groups 
with respect to va lue differences, an evaluation 
of the ability of these standards to meas ure physi
cal differ ences seemed desirable. 

Hog carcasses in the sample were graded into 
the various grades according to the carcass mea-

T .\ l :LE 4. G R A DE ST .\:S: D.\R. D 8 . 

Ca r cass grades 

Ca rca8s 
EquiYa lent L e ngth s• 9t l Ot 11§ 
Ii\·e w e ig· h l of 

,ve ig h t~ (appr ox .) ca r ca:--:s Back fat Uaekfat Back fa t Hackfa t 
th ickn ess thi c:k n e::;s t h ic: kn es~ th ickn ess 

at m a r g in al m a r g in al m a r g in at m a r g in 

(lbs.) ( l bs.) ( in .) ( in .) ( in .) ( in .) (i n .) 

Le:-;s t han 25 1. 8 1.5 1.2 0.9 so to 100 12 -1 to l :11 25 to 26. 9 1.9 1.6 1.3 1.0 
27 a nd o\·er 2.0 1.6 1.3 l.O 

L ss tha n 26 2.0 1.6 1.3 0.9 
100 to 1 20 15 l LO l i S 26 to 27.9 2 .0 Li 1.3 1. 0 

2S a nd o ,·e 1· 2.1 1. 7 1. 4 l.O 

Lt• ss than 2i t.1 1.7 l. 3 0.9 
l t U to I ,I 0 17 S lo 205 27 to 2S.9 2. 1 1. 7 1.4 1.0 

2~ an d OYe r 2.2 1. S l. 4 1.0 

L e~s than 28 2.2 l .S l. 3 0.9 
140 to 160 205 lo 231 2S lo 29 .!} 2.2 1. S 1. -1 1.0 

30 an d O\'t:l' 2.3 1 . 1.4 1.0 

l ,ess t han 29 2.3 1. S 1.4 0.9 
JGO lo lSO 231 to 257 2D to 30. !l 2.3 I.!) 1. 4 1. 0 

3 1 a nd 0\'(' l' 2. 4 1 .9 1.:; 1.0 

l .e~s than 30 2.3 1.n l.4 0.9 
1 80 to 200 137 to 2S3 30 to 31.!l 2 .4 .1. 9 1. ~ l.0 

:12 and o,·e r 2.4 2.0 1. 5 1.0 

L C!-- S tha n 3 1 2. -1 l. D 1. 4 0.9 
200 lo 220 2S3 LO 30 !1 31 to 3 2.9 2. -1 2.0 l.~ 1 .0 

33 and o,·er 2.5 2.0 l . 1.0 

l,l'SS than 32 :l.5 2 . \1 1.4 O.'.! 
220 lo 24 0 309 to 335 32 to 33.9 ~.5 2.0 1.5 1.(1 

34 a nd o,·cr 2.5 2.0 1.5 1.0 

I ~es:-- tha n 33 2.5 2.0 1.5 o.u 
240 l o 2GO 335 lo 3G2 33 t o :l 4. !I 2.6 2.0 1.0 1.0 

35 Hnd O \ "(• r 2.6 2. l 1. 5 .I. I) . . \ , ·e rage nclex of lean ec1uab 4 2. ., ,\ ve rage ndex of' l ea n eq ua l s 4 6. 
t A,· e rage ndex of lean eq ual :-: 50. 
§ A,·e ra ge ndex of lean eq ua ls 54 . Avt! ragc index of l ean for g ra de 12 equal s 5 
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T.IBLj!; ;;. PERCE:'.\T OF THE TOT .IIJ C.lllC. ISSES 0\/E I{. U.'/ DEI: .\ .'II) CO LUU£CTl , Y 
GR.IUED FOR E.I C H c.,nc.,~s GH.\DE FOR GR.-IDE S T .\Nlj .\HUS .-\ .\.'I D u•. 

Can:as:-;es Ca r tas:-;es Ca rcasses Car casse:-; Ca rcas:-:es 
Ko. o( 

ca rca~ses 
in each 

g ra de 
und e r g raded u nd e r g raded 
t \\'O grades o n e g rade 

COlTt>C ti:,,; 
g r a d ed 

ov e r g radcd o,·e r graded Total 
one g rade two g rades 

Gradt.· Stan dard .\ 
G ra d e 7 
G r ade S 
c; rad e 9 
c: rade 1 o 
G r aclt.' 11 
:rach' ·12 
:rndc i :; 

ll' c ig h l e d ave rage 

Grade Sta ndard 1: 

Grade S 
Grnd e 9 
G ra d e l 0 
Grad e J J 
Grade 12 

W e ighted a,· e rage 

H 
85 

1:35 
157 
I 17 
72 
LG 

71 
1'i7 
I 9 :l 
1 33 

36 

(percent) 

0.0 
0.0 
0.0 
1.3 
11.9 
2.8 

12.5 

l.2 

II.II 
0.0 
0.0 
0.11 
0.0 

0.0 

( perce nt) 

11.0 
2.3 
!J.6 

20.3 
t:;.6 
30.6 
50.0 

J. 7. 8 

11.0 
G.G 

J G.G 
2;; , 6 
41. 6 

1 5.3 

( percent) 

4 4.4 
61. 2 
;;9.3 
(; 1. 8 
6 2.4 
56.9 
37 .5 

59.5 

5 7 .7 
70.0 
76.2 
72.2 
:iS.3 

70.4 

( pe r ce n t) ( perce nt) (percent) 

50.U 5.6 10 .o 
36.5 0.0 100.0 
3 LO 0.0 10 0.0 
15.3 1. 3 I 00.0 
l l.l 0.0 100.0 

9.7 0.0 1 oo.o 
0.0 0.0 1011.0 

21. 0 0.5 100.0 

•I t.3 tl.t l I OU.II 
23.4 0. 0 10 0.0 

7.2 0.0 100.0 
2.2 0.0 100 .0 
0.0 0.0 100.0 

14.3 0 .0 10 0.0 

• Undergrade d re fe r:-; to tho~(' carc;,.v,ses c la!-is i fi e d into a lo w e r n:.ime r1l·ally ch :signated g rade and o,·e rg ra ded re f e rs to ca1·casses 
clas:-: i fied in to a hig-h nun1e ri ca lly designated grade. 

surements of backfat thickness, carcass weight 
and body length. The carcass grade was then 
compared with the grade determined by the index 
of lean for each carcass. A tabular analysis of the 
percent of the carcasses graded correctly and in
correctly is given in table 5. 

For Grade Standard A, only about 60 percent 
of the carcasses were correctly graded, and for 
Grade Standard B, about 70 percent of the car
casses were correctly graded . For Grade Standard 
B, no carcasses were out of grade by two grade , 
wh ile for Grade Standard A, about 2 percent of 
the carcasses were out of grade by two grades. 
For both standards, the percent overgraded was 
about the same as the percent undergraded. 
Grades 7, 8 and 9 generally were overgraded more 
often than they were undergraded, and grades 11, 
12 and 13 were undergraded more often than they 
were overgraded. 

Th e sample distribution of carcasses according 
to the index of lean (fig. 2) explains th is last 
peculiarity. It is impossible for Grade 7 to be 
undergraded and impossible for Grade 13 to be 
overgraded. The distribution of carcasses in 
grades 7, 8 and 9 is concentrated at the upper 
limits of each grade, and the distribution of car
casses in grades 10, 11 and 12 is concentrated near 
the lower limits of the grade. Therefore, for 
grades 7, 8 and 9, a greater number of the car
casses will be graded in a higher numerical grade 
than a lower grade. The opposite situation can 
be seen for grades 11, 12 and 13. 

After observing the foregoing test of the rela
tive effectiveness of the two carcass grade stand
ards in sorting carcasses into homogeneous groups 
according to ph ysical differences, it was concluded 
that Grade Standard B probably had superior 
merit as a tentative carcass grade standard. Grade 
Standard B wou ld be more practical for use in a 
modern packing plant. There are fewer margins 
between grades, thus eliminating the necessity of 
additional carcass measurements for carcasses that 

fa ll at the grade margins. It is believed that car
casses can be graded efficiently on the basis of a 
difference of 0.4 to 0.5 inch average backfat thick
ness per grade under usual packing house con
ditions. To use a grade standard with differences 
of less than 0.4 inch for backfat thickness, would 
probably require too close a measurement for 
practical use. On the other hand, it seems de
sirable to accept a grade standard in which the 
physical characteristics within grades or classifi
cations are as homogeneous as possible without 
becoming impractical. 

R 1::LA TIO:'\ SJIIPS BETWEEN THE '\YH OLESA LE CUTS 1\ N D 

TRL\flllINGs AXD TH lc TNDEX OF LEA :'\" 

The relationships between each of the com
ponent wholesale cuts and trimmings and the in
dex of lean were determ ined by computing their 
regression on the index of lean. The values of 
the regression coefficients, standard error of the 
regression coefficient, standard error of estimates 
and the correlation coefficients for each of the 
wholesale cuts, trimmings and skeletal parts to 
the index of lean are shown in table 6. The in
dividual percentages of each separate cut and 
trimming for each index of lean were also deter
mined. The location and slope of the regression 
line of each of the 14 wholesale cuts and trimmings 
with respect to the index of lean are indicated 
in figs . 3 and 4. 

Observation of scatter diagrams indicated that 
the relationships between the index of lean and 
the percent of wholesale cuts are all linear . The 
percent lean cuts and trimmings, (hams, loins , 
picnics, butts, lean trim and extra lean trim) and 
the skeletal cuts (spareribs, neck bones, front feet, 
hind feet and tai l) all are positively related with 
the index of lean while the percent fat cuts (bel
lies, fat backs, fat trim and jowls) are all nega
tively related. 
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TABLE 6. DISTRIBUTION OF THE PERCENT EACH WHOLESALE CU T IS OF CARCASSES WEIGHT CLASSIFIED BY INDEX OF LEAN. 

Wholesale cuts 
and trimmings 

Lea,i c"ts, bellies and 
lean tri.mmings 

Ham 
Loins 
Picnics 
Boston Butts 

Total: 4 lean cu ts ....... . 

Bellies 
L ean trin1 
Ex lean trim ........... . 

Total: lean cuts ....... . 
plus bellies ............. . 
plus trim 

" 0 ·.; 
1/l 

2:~ 
CJ):l 
<l) -

p:; ~ 

(b) 

0.376 
0.297 
0.179 
0.148 
1.000 

-0.370 
0.060 
0.036 

0.726 

Fat c11ts 
Fat back ················1-0.535 
Fat trim .................... -0.333 
Jowls .......................... -0.073 

Total :fat cuts ............ - 0.942 

Sl.eletai c11ts 
Spareribs ................. . 
Neck bones ........... . 
Fron t feet ............... . 
Hind fee t 
Tail ....... . 

Total: skeletal cuts .... 

Total: a ll cuts ......... . 

0.071 
0.055 
0.038 
0.044 
0.008 
0.217 

.:~ 
'C~.~ ~ 
@o~-c3 

""' 0~ 

·-" ~<l) ~-
- o <V •-

]~~ 
Ind ex of lean 

'g5ff 
.5t~:g 
en~:... o 

'-i!:: 
'-<V 
Oo 
(.)" 

"",. E 
i::::: o.
c:j :,......, 
.J:,...(/'J 
en QJQJ 

41 J 42 143 144 145 146 I 47 i 48 I 49 1 50 J 51 152 I 53 1 54 1 55 
I 56 I -~-;-1_ 5_8_ 1_ 5_9 __ 

I l---- - -- I I I I I I I I 
(s1,) ( r) (s, .x) I I I I I 

I 

21.34 1 
16.071 
9.641 
7.95 1 

I I I . I I 
0.006 0.927 0.649 16.08 16.46 16.84 17.21 1 17.58 17.96 18.34 18.71 1 19 .09 19 .46 19 .84 20.22 20.59 1 20.97 1 

1 I 
21.7 21 22 .101 22.47 22. 85 
16.36 1 16.661 16.96 17.25 
9.82 1 10.001 10.18 10.36 
8.101 8.24 1 8.39 8.54 

56.00 57.00 58.00 59.00 

0.007 0.867 0.729 11.91 12.21 12.50 12.80 13.10 13.39 13.69 1 13.99 14.28 14.58 14.88 15.18 15.481 15.771 
0.005 0.847 0.480 7.14 7.31 7.49 7.67 1 7.85 8.03 8.21 8.39 8.57 8.75 8.92 9.10 9. 281 9.46 1 
0.005 0.762 0.535 5.87 6.02 6.17 6.32 6.47 6.62 6.76 6.91 7.06 7.21 7.36 7.50 7.65 7.80 
0.000 1.000 0.000 41.00 42 .oo 43.oo 44.oo 45.oo 46.oo 47.oo \ 48.oo 49.00 50.oo 51.00 52.oo 53 .oo l 54.oo 

I I 
0.014 -0.730 1.480 20 .57 1 20.20 1 19.83 1 19.46 
0.007 0.326 0.740 2.8 8 2.94 3.00 3.06 
0.002 0.504 0.260 0.25 / 0.29 0.33 / 0.36 

19.09 1 18.7 2 
3.12 3.18 
0. 4 0 0.43 

0.009 

0.010 
0.012 
0.005 
0.012 

0.002 
0.003 
0.002 
0.002 
0.001 
0.006 

o.n9 

-0.904 
- 0.763 
-0.533 
-0.957 

0.792 
0.666 
0.66~ 
0.723 
0.468 
0.839 

1.133 

1.078 
1.204 
0.49 8 
1. 218 

0.235 
0.261 
0.1 8, 
0.179 
0.067 
0.599 

I I I 
64.70 1 65.43 1 66 .16 66. 881 67.61 1 68.33 

I 
I 

12 .381 11.85 
13.77 1 13.43 

4.09 1 4.02 
30.24 1 29.30 

I I 

ll.31 1 10.781 10.241 9.71 13.10 12. 76 12.43 12.10 
3.94 3.87 3.80 3.72 

28.35 27.41 26.47 25.53 

1.811 1.88 1.95 2.03 1 2.10 2.17 
1.10 1.16 1.21 1.26 1.32 1.38 
1.98 1.01 1.05 1.09 1.12 1.16 
1.05 1 1.09 1.14 1.18 1 1.22 1.27 1 
0.12 1 0.13 0.14 0.15 0.16 0.161 
5.06 1 5.27 5.49 5.71 5.92 6.14 1 

100.0 \100.0 100.0 100.0 100.0 100.0 I 

55.00 

15.021
1 

14 .65 1 14.28 13.91 
3.78 3.84 3.90 3.96 
0.79 1 0.83 0.86 0.90 

18.351 17.98 1 17.61 1 17.24, 16.87, 16.50, 16.13 1 15.761 15.39 
3.24 3.30 1 3.36 1 3.24 3.48 3.54 3.60 3.66 3.72 
0.47 0.511 0.54 0.58 0.61 0.65 0.68 0.71 0.75 

I 
75 .591 76.321 77.04 1 77.77 69.06 1 69.79 1 70.51 1 71.241 71.961 72.691 73.41 1 74 .13 1 74 .86 

I I 

Q_ , 11 8.6 41 s.10 
11.77 1 11.43 1 11.10 

3.65 3.58 3.50 
24.59 23.65 1 22.70 

7.57 1 7.031 6.501 5.96 1 5.421 4.891 4.36 1 3.82 1 3.28 1 2.75 10.76 10.43 10.10 9.77 9.44 9.10 8.77 8.43 8.10 7.77 
3.43 3.36 3.28 3.21 3.14 3.07 2.99 2.92 2.85 2.77 

21.76 20.82 19.88 18.941 18 .00 17.06 16.12 15.17 14 .23 13.29 
I I 
I I I I I I 

2.24 1 2.31 2.38 2.45 1 2.52 2.59 2.66 2.731 2.81 1 2. 88 2.95 3.02 
l.43 1 1.48 1.54 1.59 1.64 1.70 1.76 1.82 1.87 1.92 1.98 2.04 
l.20 1 1.24 1.28 1.321 1.36 1.40 1.43 1.47 1. 50 1.54 1.58 1.62 
1.311 1.35 1.40 1.44 1 1.49 1.53 1.58 1.621 1.66 1.71 1.75 1.79 
0.17 1 0.18 0.19 0.20 1 0.20 0.21 0.22 0.23 1 0.24 0.24 0.25 0.26 
6.35 / 6.56 6.79 7.00 1 7.22 7.43 7.65 1 7.87 1 8.08 8.29 8.51 8.73 

100. 0 1100.0 1100.0 100.0 1100.0 100.0 100.0 1100.0 1100.0 100.0 1100.0 1100.0 I 

3.09 
2.09 

0 1.66 
1.84 
0. 26 
8.94 

100.0 
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EVALUATION OF THE GRADE STANDARD 

The effectiveness of the grade standard in sepa
rating the hog carcasses into groups with different 
cutout values was determined by the fo llowing 
procedure: 

The average wholesale price in 194919 for each 
of the wholesale cuts was multiplied by the weight 
of that cut from each carcass. These values were 
s ummed for each carcass to get th e value of the 
carcass. The carcass value was divided by the 
weight of the carcass and multiplied by 100 to get 
the value of each carcass per 100 pounds. The two 
grades (11 and 12) that were supposedly dis
counted for lack of quality were not included be
cause the correct amount of th is discount was not 
known. 

Using the 140- to 170-pound weight group, th e 
fo llowing analysis of variance was computed: 

Sour ce of Degrees of Sum s of Mean 
varia tion f reedom s q uares squa r es 

Total 1 79 18 2. 2 2 1. 018 

Grade c lass 2 1 22 .3 9 61. 195 

Car casses w ith in 
cla ss 177 59. 83 0.3 38 

10 ,vh olesa lc prices a r e availab le i n: North Cen tral L ivestock 
Mar ke ting R esearch Co mm ittee. op. c i t. Ap pend ix C. p. 56. 

Percent 
17.5 

15.0 

15. 5 

10 .0 

7 .5 

5 .0 

2 .5 

40 45 50 55 60 
INDEX OF LEAN 

Fig. 4. P er ce ntage r ela ti ons hi p of lh e fat cu ts a nd s kele ta l 
c uts to t he index or lea n . 

This shows that grading the carcasses by the 
grade standards reduces the variability in carcass 
wholesale cutout values by about two-thirds (1.018 
to 0.338). 

Although the individual dressing percents were 
not obtained in this st udy, some estimate of the 
effectiveness of this grade standard in reflecting 
live values can be made by using average yields 
by grades obtained from another study. The fo l
lowing relationship between yield and grade was 
found by Engelman.~0 Grade 10 dressed 0.9 per
cent less than Grade 9 and 1.8 percent less than 
Grade 8. Although the grade specifications in 
Engelman's study were slightly different from the 
grade specifications in this study, the differences 
in yields between grades should be about the same. 

Using the following yields: 

Grade 10 _______ ___________ .. ____ 70.0 percent 

Grade 9 ------------------------ 70.9 percent 

Grade 8 -------------- ---------- 71 .8 percent 

the following analysis of variance was computed : 

"° E ng elm n n, G. c t al. , op. c i t., p . 47 . 
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Source of D eg ree~ of S un, s o f :\1ea n 
vari at ion freedo m squares squarex 

T o tal li ~ 44. i 5 0.2;;0 

Grade cl ass 2 H .13 7.065 

Cn rcas~e~ ·within 
class li7 30.62 0. 173 

- ----

Thus, assuming that the live hogs cou ld be 
graded into the correct carcass grade and using 
the average yields for the grades instead of in
dividual yields, grading by the standard would re
duce the variance in wholesale cutout values by 
only about one-third (0.250 to 0.173). 

This analysis indicates that differences in the 
y ield of the hogs accounts for about one-third of 
the differences in the wholesale cutout values of 
hogs . An additional third of the differences in 
cutout value could be removed by grading the hogs 
by the grade standard developed in this study. 
The final third of the differences in value results 
from the variation within the carcass grades. 

Table 7 shows that the average differences in 
value for the grades of hogs (140- to 170-pound 
carcass weight group) was $0 .75 between Grade 
8 and Grade 9, and $1.93 between Grade 8 and 
Grade 10. 

The value difference between the grades shown 
in this study are due to the weights of the cuts 
only. No price difference is used for different 
grades of cuts . With this system of determining 
value, emphasis is placed on quantitative relation
ship of the carcass. The proportion of the high
value cuts in the carcass becomes the important 

'[' .\BLJ~ 7 . .'\ VER.\GE " "H OLES.\Lls \" .\T.UE ~En 
l 00 POU:-IDS C.\ RC.\SS IVEfG l-lT . I !14 !) PHlCES. 

Grnd e Value D iffe r ence 
in va lu C" 

~0.00 

2~.40 0.75 

30 .5 S ______ l. __ 9--3 ___ _ 

consideration in determining the value of the car
cass for grades 8 to 10 inclusive. 

If the cuts frorfi Grade 10 hogs will bring more 
per pound than the cuts from Grade 8 hogs, an 
additional amount should be added to the carcass 
value for the difference. At the present time, 
not much effort is being made to market the meat 
from Grade 10 hogs at prices above the meat for 
grades 8 and 9. 

This points to the need for a study of consumer 
preferences for the different grades of pork to de
termine whether t he consumer is willing to pay 
higher prices for the pork with low internal and 
external fat . 

The grade standard developed in t his study is 
somewhat similar to other grade standards which 
have been developed with similar techniques by 
other worker (tables 8 and 9) . The major dif
fer ence in these grade standards is that the one 
developed in this study includes the length of bo'.:ly 
as an additional factor in determining grade. 
Engelman used the fi ve primal cuts (loins, butts, 
hams, picnics and bellies) in computing the index 
of lean , whereas the grades developed in this study 
and the regional study exclude the belly which is 
essentiall y a fat cut. 

The amount of backfat required for a carc1ss of 
a given weight to be placed in any particular grade 
is about the same for all these grade standards. 

A grade standard similar to those discussed 
above was made official by the USDA in September 
1952 (table 10) . The official grade standard uses 
carcass weight or carcass length and backfat to 
determine grade. 

Part of the variation in the cutout value of car
casses within grades might be reduced if the 
graders were trained to detect unusual carcasses, 
that is, carcasses that differ in physical propor
tions from the standardized carcass for the grade. 
This system could be especially useful for deter
mining the grade of those carcasses fa lling on the 
boundary line between grades. 

T .\P.LE 8. FIOG CAR C,\SS G Fl .. \DE ST A ND .\HD TI . D.\SED ON 13.\ CKFAT TEITCK"1ESS AXD C ARC.\8S WEfGHT. '.\T ODIFTRD 
0.3 TNC H 1:L\NGE 0 1" lJ. \ C l<F .. \T PER GHADK * "\VITT-I GRADE 10 CE:S:TERED .\T f~OEX OF L EAN OF 70.0 . j" 

C:1 r c-nsR 
,v0 igh t s, 
pound~ 

Equiva lent 
]i ve·w f" ig·ht 
(approx.) , 

pounds 

11 0·140 16~•205 r:ackfat th ickn ss, i nches .. . 
( 1 2 fi a ,·e rn ge ) J nd ex of l C>a n .......... .. .. ..... ... . 

140•1 0 205-260 Ha ckfnt t hi c kn ess, inc h es .. . 
< 160 a ve rRgC ) I nd t: ... x o f l ean ....... ... .. ......... . . 

1 so.220 260.310 Uackfa l t h ickn es:-. , inches ... 
( 200 "\" e rn g-e ) l nd e x of lean ............... . 

22 0-270 310-375 Ba ckfat th iclrn ess, i nch es 
( 2,15 average ) Tndex o f lean .. .... ........ .... . 

rnar-
g·ins 

2.3 
G 2.fi 

2.5 
G 2. 2 

2.6 
62 .7 

2. 7 
63 .0 

I 

s 

I mid - I m~r-
po in t s gi ns 

I 
I I 2.0 

I 64.1 I 65 .6 
I I 
I I 2.1 
I 6 •1.l I 65.9 
I I 

I 2.2 
64 . 4 66. l 

2. 4 
64. 2 65. 5 

270-330 375-460 Backfat th ic kness, i nches ... ' 2.9 2.5 
(300 a ,·C> rage ) f ndex of l ea n ................... [ 62.6 64.2 65.7 

* Except for followin g w e ights and g ra d t>S wh ich lu 1ve 0.4 inch r a nge : 

Ca rcass grades 

9 

I mid - I m H I' -
po int :-: gin <..; 

1--
I 

67.0 
I 
I 

67.3 
I 

6 7. 4 

67. l 

67 .3 

1.7 
68.~, 

1. 
6 .(i 

1.n 
68.7 

2.0 
68. S 

2. l 
68.S 

JO 

I mid- I po ints 

I 
I 70.0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

70.0 

70 .0 

70.0 

70.0 

mar-
g-ins 

1 . . ) 
7 I . 4 

1.;; 
7 I. 4 

1.6 
7 1. 3 

l.7 

11 

I mid - I })o ints 

7 2.~ 

7 2.7 

71. 2 72.S I 
I 

1. s I 
il.2 i2.7 I 

- ---

] 2 

ma r- I mid- I gi n s po in ts 

1. 1 
74.4 

1. 2 
7 4. 1 

1.3 
n.n 

L.3 \ 
7 4.5 I 

I 
1 . . 1 I 

7 4 .2 I 

75.~ 

75.fi 

7 5.6 

7 fi. 7 

75. 8 

111:lJ"-
gi n :-: 

0.S 
77.3 

0. 9 
7 6.9 

0.9 
77 .3 

1.0 
76.9 

1. 0 
77 . ·I 

140-1 80 pounds- Grade S : 1 80-220 pounds- Grade;; 8 a nd 1 2 : 220-27 0 pounds;- G r a d es 9 a nd 11; 270-3~0 pounds-Gr a d C>s S, 
9, 11 and 12. 

·;· R eprodu c,' d fr om EngC> l rnan , G . e t ,ii. , o p. c it.. p. 29 . 
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T.-\ BLE 9. TENTATIVE OBJ E CTIVE HOG CARCASS 
G R ADE SPEC [F I CATIO)IS. • 

P 01·c0nt lean f'U l s 
- at midpo ints 

-nt m a r g in s 

Ca r cass g ra de:; 

9 10 11 

47. 0 50.0 5R.O 
45.5 48.ei 51. 5 54 .5 

1 2 

c~ rcas!-. 
weight 
g r oups 

:l fi d
poinl 

weight 

Rack fat I Back fat I Back fa t I Dack fat 
thi ck- thi ck- th ick- t hi ck-
n ess ness ness n ess 

pounds 

90-11 0 10 0 

110-130 1 20 

130-1 50 14 0 

150- 170 160 

170-l!JO 180 

190-21.0 200 

210-2 3 0 2 20 

1. 9 0 

1. 99 

2.07 

2.14 

2. 21 

2. 27 

in ch es 

1 .66 

J.72 

l. 77 

1. 81 

1. 85 

J. 88 

1.37 

1.4 2 

1.4 6 

1.49 

1.5 2 

1 .1 5 

1.17 

1.1 8 

J.1 8 

l.1 8 

1.54 I l.l 9 
I 

2.ia 1.n 1. 56 I 1.19 

23u-2:;o 240 ---------_ 2_.3 _ __,___1 :_'.)_-1__ _--2:_5 7~1- l.l 9 

"' H t:• product->cl f r om : );" orth CC'n tra l L i ve~toC'k ::\ r:1 r k eti ng H.e
s0a rc·h Co mmittee. op. cit. p. l 5. 

APPENDIX A 

Preliminary analysis was designed to show the 
relationship between the weight of the four lean 
cuts (hams, picnics , loins and Boston butts ) and 
the average backfat thickness, carcass weight and 
carcass length for each of the 12 carcass weight 
groups. 

The r elationship for each carcass weight group 
can be expressed as a linear equation including 
these three independent variables as follows: 

(1) Y = K + aX, + bX~ + cXa 

where Y = total weight of the fo ur lean cuts 
K = a constant 
X1 = average backfat thickness 
x~ = total weight of the carcass 
Xa = length of the carcass. 

It was found that the values of the partial r e
gression coefficients of average backfat thickness 
on total weight of the four lean cuts changed as 
a linear function of total carcass weight. Th ere
fore "a" in equation (1) can be expressed by the 
linear equation (2). 

(2) a = a' + dX2 

where a = the partial regression coefficients of 
backfat thickness on the weight of the 
fo ur lean cuts for each weight group 

a ' = a constant 
X~ = total weight of the carcass. 

This relationship in equation (2) was signifi
cantly different from zero at the 0.05 probability 
level. 

Substituting equation (2) into the basic equa
tion (1) gives equation (3) and can be expanded 
into equation (4). 

TA8LE 1. 0. WEIG HT AND '.\IE.\SURKII E)IT GU IDES T O 
GR.-\DES FOR B.-1 RRO"II' ,I XO GI LT CARC.\SSES. • 

Ca rcass G ra d e 
wl. o r -----,---------,------,----------,-------

ea r cass C h o ice II Choice I C h o ice I , red·, 11 I le n gth N o. 3 No. i No.1 · u , C u l l 

( .\\· erage baC'kfat th ickness in inch e!-i) 

U nd e r 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

I I 

l 20 lhs. 
o r 
u nder 
27 
inches 2.0 o r more I 1.7 lo 2.0 

I 
1.4 lo 1.7 I 1.0 lo 1.4 I L e;ss than 1.0 

120 to 
1 64 l b s. 
o r 27 

I 
I 
I 
I 

I I 
I I 
I I 
I I to 29.9 

i nch es 2.1 o ,· m ore 11.s to 2.1 
I 

J.5 t o 1 .8 I l.l lo 1. 5 1 1.ess tha n 1.l 

16:i to 
209 lbs. 
o r 30 

I 
I 
I 
I 

I I 
I I 

I 
I 

I I to 32. 9 
inch es 2.2 o r more 11..n to 2.2 

I 
1.r. lo 1. 9 I 1.2 lo 1 .6 J L e ss than 1.2 

I I 
I I I 
I I I 
I I I 
I I I 
I I I 

21 0 o r 
1nore 
Ills. o r 
33 o r 
rnore 
inch es 2.3 o r more I 2.0 to_l .3 1.7 l o 2.0 I J.~.7 I f.ess _tJrnn 1 .?. 

• HL'J)rodueed fro m F ed e r a l I eg-iste r , Octohe r R, I 951. 

(3) Y = K + (a' + dX1) X1 + bX2 + cX3. 
(4) Y = K + a'X 1 + dX1X2 + bX2 + cX~. 
As was mentioned previously, conformation is a 

quantitative or proportional concept, and the de
gree of fini sh is dependent on the relative amount 
of fat in the carcass. Therefore, it seemed logical 
that these carcass characteristics should be mea
sured by some quantitative ratio. The ratio of 
the weight of the four lean cuts to the total car
cass weight seemed to be a suitable ratio. 

For eq uation ( 4), this ratio (index of lean) is 

i -:; = Y'. But, when the left side of the eq uation 

is divided by X2, the right side must also be di
vided by x~. Dividing both sides of the equation 
by total carcass weight (X~) results in th e follow
ing equation: 

(5) Y' = K_l- + a'~ + dX 1 + b + c X-2 x~ x~ Xe 

where Y ' = index of lean 
X1 = average backfat thickness 
x~ = total weight of the carcass 
X:1 = length of carcass. 

Equation (5) was used for the multiple r e
gression analysis of the entire sample. The var i
ous parameters for this multiple regression equa
tion (5) were determined and it was found that 
the addition of the independent variable 1/ X~ did 
not explain a significant (P < 0.10) amount of 
unexplained deviation in the index of lean to 
justify its inclusion in the equation . Therefore, 
the final equation (6) used for the analysis of th e 
entire sample is as follows: 

( 6) Y = K + b 1 X 1 + b~ i; + b3 i; . 
241 



N) 
,p.. 
,p.. 

TABLE 

Cuts 

I by 
grad es 39 40 41 

--
Gm1le 1 

Bellies ···--···· 2 4 11 
Loin s -··---· -·· - 2 4 11 
Hams -·-· -··-·· - 2 4 10 
Picnics -··--·-·- 2 4 11 

Total -· 8 16 43 

Per cent 100.0 100.0 97. 7 

--- ·----
a,·acJe 2 

Bellies ····-···· 
Loins ·-- --····· · 
Ham~ ·-·-··-···· 1 
Picnics ......... 

Total -- --···· ·· 1 

P er cen t .... ... 2.3 

-- - --
Grode 8 
a,nd 0 11//s 

Belli es ... ..... . 
Loins .. ....... .. 
H ams -····· ····· 
Pi cni cs ..... ... . 

Total 
I 

Per ct:. nt I 

Total a II c u ts ·:1 R 16 44 

Perce nt ....... . I 100.0 100.0 100.0 

* Loi n ~, picnics and ha1ns. 

2-B. DT~TR I IWTION OF 

42 43 44 45 

18 31 32 38 
17 29 32 39 
17 31 30 35 
17 30 32 40 

69 121 126 152 

96.8 9 1. 7 98.4 9 2. 7 

2 3 
1 4 2 
1 2 2 6 
1 3 1 

:i 11 2 12 

4.2 S.3 1.6 7.3 

-- --

72 132 1 28 164 

100.0 100. 0 100.0 100 .0 

GRADES FOR TI-IREJ;; LEAN CU'l'S * AND BELLIES BY INDEX 01" LEAN. 

Index of lea n 

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 T ota l 

40 41 38 36 35 12 7 7 1 
38 43 46 42 41 .~ 22 20 1 3 4 3 2 
39 40 39 38 29 14 13 21 4 2 1 
41 44 46 40 40 23 23 24 8 2 2 2 

158 168 169 166 145 77 65 72 26 8 6 1. 4 1,5 89 

85.9 89.4 76.8 78. 0 71.1 50. 7 41. 7 H.9 25.0 8.7 6.3 2.8 33.3 

6 6 17 14 16 25 30 33 19 12 9 2 2 
8 4 9 8 10 10 17 22 10 15 14 7 2 1 1 
7 7 16 12 22 24 25 22 21 18 19 7 2 1 3 
5 3 9 10 10 15 16 19 14 14 15 8 1 1 

26 20 5 1 H 58 74 88 96 64 59 67 24 5 2 7 704 

14.l 10.6 23.2 22.0 28. 4 4 8. 7 56.4 55.8 61.5 64.1 71.2 66.6 31. 2 50.0 58.3 

1 2 3 6 11 11 7 4 1 1 
1 3 4 3 2 2 

1 1 3 1 1. 2 
1 4 7 3 1 3 1 

1 1 3 4 14 25 18 11 11 2 1 . 91 

0.5 0.6 1.9 2.3 13.5 27.2 22.5 30.6 68.8 50.0 8.4 

184 188 220 200 204 15 2 156 172 104 92 80 36 16 4 12 2,384 

100.0 100 .0 100 .0 100.0 100.0 100 .0 100.0 100.0 100 .0 100.0 100.0 100.0 100 .0 100.0 100.0 100.0 - ---· 
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