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ABSTRACT

Ninety-six commercially trimmed pork loins, selected on the basis 

of weight, marbling, side, and quality were utilized to determine the 

feasibility of utilizing an EMME-M6 Ground Meat Analyzer for the measure

ment of fat content of these loins. Further evaluation of the separable 

lean, bone, fat, total lipid, intramuscular lipid, percent protein, and 

percent moisture was obtained.

Correlation coefficients between the EMME number and percent 

lipid of the whole loin was calculated to be -.17. The highest correla

tion calculated for these two variables was for the blade section 

(r = -.34). The EMME number had the highest correlation with protein 

weight of the sirloin section (r = 0.84).

The anterior portion of the loin had a significantly (P < .05) 

lower amount of separable lean, protein, and moisture than the posterior 

portion. An increase of separable lean, protein, and moisture was ob

served with an increase in weight, Moisture content was higher (P < .05) 

in loins in the low quality group. Highly marbled loins had the highest 

total lipid and the lowest protein and moisture content. Significant 

differences (P < .05) for marbling score, separable lean, separable bone, 

separable fat, percent protein, percent moisture and total lipid were 

observed between the right and left sides.

viii



INTRODUCTION

Pork loins are presently evaluated for lean and fat content on

the basis of a visual observation. Because of the inherent problems

involved in any visual evaluation of a meat product the development of 

a simple and non-destructive method of evaluating fat and lean content 

of pork loins would be of great benefit to the producer and consumer.

Loins are presently marketed on the basis of weight with a

premium price going for the light weight loins (less than 6.4 kg) and 

the lowest price going for heavy loins (greater than 9.1 kg). Little 

regard is given to quality factors such as marbling, color or firmness 

when these loins are priced.

The purpose of this study was to evaluate the lean and fat con

tent of whole and sectional pork loins with a mechanical device, the 

EMME analyzer. The study also consisted of complete physical separation 

of the lean, fat and bone components of the loins as well as chemical 

determination of total fat, protein and moisture. These determinations 

were used to evaluate the effectiveness of the EMME analyzer in addition 

to establishing specific composition data for various types and weights 

of pork loins.
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LITERATURE REVIEW

General

The development of a simple, reliable and non-destructive method 

for the evaluation of the fat and lean content of pork has been of con

siderable interest for many years. The basic reason for making such an 

evaluation is to measure the desirability of the pork products. The de

velopment of such a technique would be of great benefit to the retailer 

since such a method could eliminate the inherent errors in the subjective 

visual evaluation which is utilized today (Kulwich, Feinstein and 

Anderson 1958).

Strong (1953) expressed the hypothesis that the reasoning behind 

the efforts to utilize non-destructive evaluation procedures for pork 

carcasses and hogs was to establish differential prices in favor of the 

hog which contains higher amounts of high quality lean. This worker 

further reported that prices of cuts such as ham, loin and shoulder are 

determined almost entirely on weight with little regard to the fact that 

cuts from a meatier hog contain a higher quantity of lean than cuts from 

a fat hog or a carcass of the same weight.

Evaluation of fatness in swine has primarily been used for the 

evaluation of the live animal and the whole carcass. These methods in

volve many different techniques and can be used for either backfat 

thickness or the total body fat content of swine.
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Backfat Thickness

The fatness of a pig has long been judged by a physical evalua

tion of the fat over the spine (Harrington 1958). Hazel and Kline 

(1952) developed a fast and simple method for measuring backfat thick

ness. This method is known as probing and consists of making incisions 

through the pig's skin at four specific sites with a scapel. A narrow 

metal ruler with a blunt end is then pushed through the soft fat until 

it reaches sufficient resistance from the firm tissue (muscle) under

neath. These workers reported a correlation of -.50 between percentage 

of five primal cuts and the average of four live hog backfat measure

ments. This is in agreement with Zobrisky et al. (1959) who reported 

a correlation of -.51 between percentage five primal cuts and the live 

hog backfat thickness.

Using the same technique but probing eight sites, Hazel and 

Kline (1953) reported the sites behind the shoulder, over the loin and 

the top of the ham have the greatest accuracy in measuring fatness and 

leanness.

DePape and Whatley (1954) utilizing six live hog backfat probes 

found a correlation of -.67 between percentage primal cuts and the six 

live hog backfat measurements.

Hetzer, Zeller and Hankins (1956) in studying the relationships 

between various carcass measurements and live hog backfat measurements 

at four weights and three locations found that measurements taken at 100 

kg appeared to be more accurate measures of yield of fat cuts than those



at lighter weights. Their studies suggested that live hog measurements 

have greater accuracy for measuring fatness than for measuring per

centage preferred cuts.

Andrews and Whatley (1954) developed a refinement to the probing 

technique by replacing the flat ruler with a slender electronically 

equipped needle. This technique is known as the "lean meter,11 The 

lower limit of the backfat layer is detected by measuring different 

electrical resistances of the muscle and fat. Pearson et al. (1957) 

found in their comparison of the lean meter and live probe that both 

methods were equally accurate in measuring backfat thickness. Their 

studies further indicated that the live probe was a more reliable measure 

for estimating carcass leanness.

Ultrasonics

Hazel and Kline (1959) reported higher correlation between back

fat thickness and the mechanical probe (r = 0.83) than with ultrasonic 

measurement and backfat thickness (r = 0.76). These researchers further 

reported that both mechanical probes and ultrasonic fatness measurements 

gave high correlations (r = -.89) and (r = -.90) respectively, with 

percent lean cuts.

Price ) Pearson and Emerson (1960) utilizing 158 hogs found fat 

thickness was accurately measured with ultrasonics. A highly significant 

correlation coefficient was calculated between ultrasonic measurements

of fat and backfat thickness (0.82), live probe (0.81), and primal cuts 

(-.72). Slightly lower correlation coefficients between ultrasonic 

measurements and percent lean cuts (-.55), was reported by Isler and
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Surgir (1968). They found that the ultrasonic measures of fat were more 

accurate in predicting lean cut percent than carcass backfat thickness. 

Their results indicated that lean cut percent can be predicted on the 

live animal by utilizing six ultrasonic fat measures and live weight 

with a minimum correlation of 0.80. Hiner and Thornton (1962) utilizing 

five different weight groups (34, 57, 79, 100 and 125 kg) found that 

ultrasonic measures of fat thickness underestimated actual carcass 

backfat thickness in all weight groups.

Stouffer, Wallentine and Wellington (1959) have reported that 

their work with ultrasonic equipment has been highly successful in the 

prediction of loin eye area in hogs. They reported a close relationship 

between backfat thickness and loin eye area at the 12th rib on hogs with 

a tracing of a cross section of the rough loin at the same location on 

the carcass. This is in agreement with the results of Price, Pearson 

and Emerson (1960). These workers reported a correlation of 0.74 between 

live estimated loin eye area and actual loin eye area. They, however, 

expressed their dissatisfaction with this method and labeled it as being 

time consuming and tedious. They further stated that until refinements 

were made they did not believe such a technique was practical.

Anderson and Wahlstrom (1969) found the accuracy of estimating 

the area of the Longissimus quite high. A correlation of 0.61 was 

calculated. They further reported a prediction equation involving age, 

one fat measurement, and one muscle measurement accounted for 50 percent 

of the variation in predicting Longissimus area. They concluded that 

the greatest accuracy was achieved for the prediction of kilograms of 

lean cuts.



Radiation Techniques
40In hams, K gamma activity is related to lean meat content 

(Pringle and Kulwich 1961). Since gamma ray measurements provide an 

objective and non-destructive method for estimating lean content of 

animals much thought has been given to its application in evaluating 

lean content of pork.

Kulwich, Feinstein and Golumbic et al. (1960) utilized measure

ments at two gamma ray levels, ^^Cs and These workers concluded
40that the net count per minute of K per ham was highly associated with

pounds of separable lean per ham (r =0.96). They further stated that
127the relationship between Cs and lean content is not a suitable pre-

40dictor of lean content but the relationship between K and lean content 

appeared promis ing.

Studies by Kulwich, Feinstein and Golumbic (1960) indicated a 

high relationship between the beta radioactivity emitted and the fat- 

free lean content of the carcass (r = 0.90). They further reported a 

highly significant correlation (P < .01) between beta radioactivity and 

percent ether extract (r = -.99)«
40Kirton et al. (1961) reported that the K method was not accurate 

in the estimation of lamb carcass composition. Their results agreed with 

Kulwich, Feinstein and Golumbic et al. (1960) and further reported that 

if refinements were made, the degree of accuracy in predicting pork 

carcass composition could be of great benefit to the pork industry.

Pringle and Kulwich (1961) reported a nearly linear relationship 

existing between lean content and the ^ K  count. This agrees with



earlier work of Kulwich, Feinstein and Anderson (1958) whose studies with 
40K counts and fat-free lean indicated a high correlation coefficient of 

0.98 between these two variables.
40Anderson (1959) reported that applying the K method to a con

tinuous industrial process would not be an easy task since the difficulty 

in ensuring that a constant mass was being conducted would be hard to 

maintain.

Kirton et al, (1961) noted the counting time required before

estimates of the amount of potassium could be accurately obtained to be
40one of the major disadvantages of the K method. These workers 

further reported that the statistical precision of the counting method 

applies only to the accuracy with which potassium can be estimated and 

does not take into account the errors of estimating meat composition 

from its known potassium content.

Specific Gravity

Brown, Hillier and Whatley (1949) reported highly significant 

negative correlations between specific gravity and backfat thickness, 

chilled weight, weight per inch of length, and percentage of lean cuts.

In later work. Brown, Hillier and Whatley (1951) concluded that specific 

gravity was more highly correlated with percentage of primal cuts, lean 

cuts, and fat cuts than was average backfat thickness. This was further 

supported by Whiteman, Whatley and Hillier (1953) who reported that 

specific gravity was significantly higher correlated with carcass lean

ness than was average backfat thickness.
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Holm, Coey and Robinson (1963) studies comparing specific gravi

ty and Longissimus area as indicators of carcass leanness, reported 

specific gravity to be a superior measure of carcass leanness when com

pared to Longissimus area.

Joblin (1966) indicated from his studies that the use of carcass 

measurements in conjunction with specific gravity improved the accuracy 

with which carcass composition could be estimated. Significant variation 

was found to exist in carcass composition at the same specific gravity 

between pigs of differing genotypes in his studies.

Adam and Smith (1964) in studying the possible effects of bone 

content of the carcass and the accuracy of predicting fat and lean, ob

served the muscle/fat ratio to have a greater influence on specific 

gravity than did the muscle/bone ratio. They further reported that the 

inclusion of the muscle/bone ratio in equations relating to specific 

gravity and percentage lean in the carcass would only reduce residual 

variation slightly.

Clawson, Sheffy and Reid (1955) reported water and fat contents 

to be highly correlated (r = -.98) and that the relationship between the 

two characteristics allows an accurate prediction of fat content from a 

knowledge of water content. They further reported a correlation of 0,89 

between specific gravity and water content of the carcass.

Pearson et al. (1956) found the use of specific gravity to be 

not readily adaptable to whole hogs due to its cumbersomeness.

Whiteman et al. (1953) obtained a correlation of 0.95 between . 

the specific gravity of hams and the half carcass from which they were



obtained. This is supported by Pearson et al. (1955) who reported that 

specific gravity of certain cuts may be a good measure of carcass lean

ness . They further reported correlations between specific gravity of 

the entire carcass and specific gravity of three untrimmed cuts as 

0.93 ham, 0.91 loin, 0.87 shoulder.

Pearson et al. (1956) reported that specific gravity of a single

ham was a more reliable index of the entire carcass than either a single

rough loin or untrimmed shoulder. The specific gravity of a single ham 

proved to be superior to backfat thickness as a measure of carcass 

leanness. This is in agreement with the work of Price, Pearson and Benne 

(1957) who reported that specific gravity of the ham was a reliable 

indicator of actual meatiness and that carcass cut-out was more closely 

associated with live prove and backfat thickness than with specific 

gravity of the ham.

Standal (1965) found the correlation between specific gravity 

and percent lean in hams to be highly positive (0.80).

Rust and Schroder (1974) concluded that specific gravity did not

offer a suitable tool for the prediction of the fat in the pork belly.
sThey reported that the average backfat thickness is a better predictor 

of the total chemical composition of the belly than is belly weight, the 

current grading criterion.

Dilution Technique 

The dilution technique is regarded by Harrington (1958) to be 

the most promising method of determining the total body fat of pigs.

The basis of this method is the close interrelationship which exists
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between fat and water content in the body. The proportion of the water 

decreases with the increase of fat (Price and Schweigert 1971).

Clawson et al. (1955) reported that fat content could be calcu

lated from the.water content to give 95 percent of the predictions within 

three percent of the true value.

Kraybill, Bitler and Hankins (1952) obtained a close agreement 

between fat content of cattle derived from the antipyrine method and 

that determined by the specific gravity method.

Wellington et al. (1954) calculated the percentage of total 

water by the antipyrine technique and by analyzing all body tissues for 

moisture. The correlation coefficient between these two variables was

0.94. This is supported by the findings of Bensadoun et al. (1963) who 

reported antipyrine to be highly correlated to total body water 

(r = 0.95).

Clawson et al. (1955) indicated that the antipyrine technique is 

less suitable as a solute with the pig as with other species. They 

attributed this to the fact that antipyrine in pigs is metabolized very 

rapidly and tends to combine with certain body constituents. This is in 

agreement with Swanson and Nehttring (1956) who reported that either 

high or low rates of antipyrine metabolism frequently result in un

reasonable estimates of body .water.

Variations of Composition 
within Pork Loins

It is a well-known phenomenon that variations in composition 

exist within individual muscles or in a wholesale cut. These variations
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have been attributed to the state of development of the animal 

(Butterfield and Berg 1966), structural components (Kauffman and 

Safanie 1967) and metabolic use within the body (Ogata 1960).

In studies with pork loins and quality factors, Satorius and 

Child (1938) found that the percentage of press fluid (measured by 

pressometer) from the Longissimus in the rib and loin ends of 11 pairs 

of center cut pork loins were not significantly different (P < .05).

Child and Moyer (1938) reported that the press fluid percent 

from the loin end and shoulder cuts of pork loins were not significantly 

different but both cuts gave amounts which were significantly lower than 

the center cut (P < .01). This is in direct agreement with Harrison 

et al. (1967) who reported significantly lower moisture in the center 

portion ( P C . 01).

Juiciness scores obtained by Batcher and Dawson (1960) were 

higher for the anterior (rib end) than the posterior (loin end) of the 

Longissimus muscle.

Skelley, Handlin and Bonnette (1973) reported that marbling re

lated to tenderness, juiciness and flavor gave correlations of -.07,

0.40, and 0.13 respectively. Firmness related to these three factors 

gave correlations of -.55, -.06, and -.12. Color of lean had a poor 

relationship to all palatability characteristics. These researchers 

also reported that the percent moisture and percent ether extract were 

highly related to the Longissimus area (r = 0.31 and -.34 respectively).

Alsmeyer, Thornton and Hiner (1965) as well as Weir (1953) ob

served that the anterior and the posterior areas of the pork loin were
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more tender than the center area. This is in direct disagreement with 

Mackey and Oliver (1954).

Ramsey et al. (1973) reported that light loins had lower drip, 

evaporation and total cooking losses than did heavy loins. Differences 

among different anatomical locations indicated that a change in location 

from anterior to posterior produced greater cooking losses and lower 

juiciness. These researchers also reported that there was no significant 

differences in drip, evaporation, total cooking loss, and juiciness be

tween different marbling scores or sides.

Judge et al. (1960) reported that as muscle color varied from 

light through grayish-pink to dark, the juice lost upon heating and 

centrifugation decreased (r = -.50). These researchers further reported 

that the degree of marbling in the muscle and chemical fat content had 

a correlation coefficient of 0.76, and that percent fat and moisture 

content had a correlation coefficient of -.62. Chemical analysis of 

these loins indicated that dark muscled loins were lower in free water 

than light colored muscles. Highly marbled muscles were higher in chemi

cal fat content and lower in moisture than were muscles that lacked 

marbling.

In a study with high and low lean loins, Henning, Moody and Kemp 

(1973) reported that loins from low lean groups were higher in extractable 

fat and lower in moisture content (P < .01). _ This agrees with previous 

work of Murphy and Carlin (1961) and Onate and Carlin (1967).

Tuomy, Felder and Helmer (1966) found very little difference in 

cut-out percentages in various weight ranges of 4.5 to 9.0 kg. Analysis



of their boning results on the individual loins indicated that the re

lationship between loin weight and lean percent were linear and signifi

cant (P C.01). These researchers reported that loins within the 6,3 to 

7.5 kg range had the highest percent lean (57.7%) and loins within the 

less than 4.5 kg range had the lowest lean percent (51.3%). The loins 

in the 4.5 to 9.0 kg range had the lowest fat percent (22.1%). They 

further reported that percent bone remained essentially constant for all



MATERIALS AND METHODS

Commercially produced pork loins (n = 96) were selected at the 

Cudahy Meat Packing plant in Phoenix, Arizona. Loins were selected at 

random within the limits of the experiment so that the 24 cells of the 

2 x 2 x 2 x 3 factorial design (Table A-1) would be filled as completely 

as possible. In selection of the loins, four requirements were set.

1. Weight--two weight groups were selected. Heavy loins were those

loins weighing 6.8 kg or more. Light loins were those loins

weighing less than 6.8 kg. Loins were later separated into

three weight groups to better reflect the current marketing 

system. Heavy loins were those loins weighing 7.7 kg or more. 

Medium loins were those loins weighing between 6.4 and 7.7 kg. 

Light loins were those loins weighing less than 6.4 kg.

2. Quality--high quality loins were those with a score of 3, 4, or 

5. Low quality loins were those loins with a score of 1 or 2 

(Wisconsin Special Bulletin No. 9, 1963).

3. Marbling-- those loins with modest or more marbling were placed 

in one group. Loins with less than modest marbling were put in 

an alternate group (marbling scores as described in the Federal 

Meat Grading Standards for Beef).

4. Leanness--loins were evaluated for amount of outside fat, seam 

fat, and lean to bone ratio and assigned one of three

14
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designations. Loins with a high amount of lean and a corre

sponding low amount of outside and seam fat were designated high 

lean. Loins with a moderate amount of lean and a correspondingly 

moderate amount of outside and seam fat were designated medium 

lean. Loins with a low amount of lean and a correspondingly 

high amount of outside and seam fat were designated low lean.

After selection, the loins were tagged and numbered for identifi

cation, placed five to a box, covered with carbon dioxide flakes, sealed 

and transported to the University of Arizona meats laboratory in Tucson. 

Upon arrival at the meats laboratory, the loins were held in a 1 + 2 C 

cooler for 24 hours to allow for temperature equilibration. On the 

following day the loins were objectively evaluated with the EMME-M6 

(Electronic Meat Measuring Equipment, 2323 West Encanto Boulevard, 

Phoenix, Arizona) and then separated into fat,lean, and bone. The EMME 

evaluation consists of placing the meat to be measured in a harmless, 

low-power electronic transducer, the EMME-M6. The energy from this 

transducer is modified while passing through the material being measured. 

This modification is related to the meat's percentage of fat and to its 

weight. The meat is weighed prior to its entering the equipment. The 

equipment interprets the signals of the modified energy and presents a 

single number, the EMME rating, visually. The EMME rating is propor

tional to the lean meat content of the meat being measured. The follow

ing procedure was followed in the evaluation of the loins.

1. The loin was weighed (nearest .05 kg).

2. Loin side was recorded (1 = right; 2 = left).



Loin length (nearest 0.25 cm) was measured from the dorsal edge 

and posterior end of the most posterior sacral vertebra to the 

ventral edge of the most anterior thoracic vertebra.

Loin height and width (0,25 cm) were obtained at the 4th-5th 

lumbar vertebra interface, center of body of the 3rd thoracic 

vertebra, and at a point 1/2 the length of the line. . To obtain 

these measurements the loin was placed so the split surface of 

the vertebra were perpendicular to a flat surface to the upper

most portion of the loin at each of the three locations, width 

was measured in a line parallel to the flat surface from the 

split surface of the vertebra to the outermost portion of the 

loin.

Temperatures of the loin and the sirloin end, approximate 

center, and blade end were obtained by inserting thermocouples 

approximately 5 cm into the meat.

EMME base determinations were obtained for two variables:

(a) EMME readings for the empty EMME; (b) EMME readings with the 

carrier tube inserted.

The loin was placed in a semicircular shaped plastic carrier 

tube so that the rib side was up and the sirloin end situated so 

it would be the first to enter the EMME. The loin and tube were 

inserted in the EMME and a reading was obtained. This was re

peated two additional times to obtain a total of three readings. 

Subjective evaluations of the intact loin were made for percent 

lean, bone, and fat.
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9. The loin was separated into three pieces by cutting perpendicular 

to the long axis of the Longissimus between the 4th-5th lumbar 

vertebral interface and then cutting perpendicular to the long 

axis of the Longissimus at the center of the body of the 7th 

thoracic vertebra.

10. Percents lean, bone, and fat were estimated for the three por

tions of the loin.

11. Marbling score and quality were evaluated at the 7th-8th rib cut

surface of Longissimus. Marbling: 1 = devoid, 8 = abundant;

quality 1 = low, 3 = high on Wisconsin Scale Special Bulletin 

No. 9 (1963).

12. Lean area of the loin was determined with a grid at three loca

tions: (a) at the 4th and 5th lumbar interface, (b) at the 7th 

rib, (c) at the anterior face of the loin.

13. Fat thicknesses at 7th rib, 10th rib, and at the 4th-5th lumbar

interface were determined. Measurement was made perpendicular

to the outer surface of the Longissimus midway between the chine 

bone and lateral end of the muscle to the outer edge of the fat 

except for the 7th rib measurement which was the fat thickness 

between the Longissimus and Trapezius muscles.

14. Percents lean, bone, and fat for each of the sirloin, center, 

and blade sections were subjectively estimated.

15. Each of the three loin sections were weighed.

16. The length of each of the three sections was determined by 

measuring on a straight line along the body of the vertebra.
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17. The temperature of each of the sections was obtained at each 

end of each section by using the thermocouples as described in 

Step 5.

18. Carrier base determination and three EMME readings were taken on 

each of the three sections as described for the intact loin in 

Steps 6 and 7.

19. Lean, bone, and fat were physically separated from each of the 

three sections and individually weighed and recorded,

20. A 20 cm thick cross-section of the Longissimus at the 7th rib 

was removed for determination of intramuscular fat.

21. Fat and lean from the three sections were diced and thoroughly 

mixed for grinding.

22. The composite sample was ground twice through a 1.3 cm chopper 

plate. A 0.5 kg sample was taken and reground in a Hobart Model 

10814 Food Cutter until a thoroughly homogeneous mixture was 

obtained.

23. The sample was placed in a 600 ml jar and stored in a freezer 

at -10 + 2 C until needed for analysis.

Chemical Analysis 

Several analytical procedures were used in the analysis of the 

samples. Since some were new techniques and others were modified, all 

procedures will be outlined.



Percent Lipid and Percent 
Total Moisture Procedure

All samples were analyzed for total extractable lipid content.

The ground samples were also analyzed for total moisture content.

Chloroform-methanol (CHCl^-CH^OH) extraction was utilized for both

determinations. This procedure was utilized since both lipid and

moisture content could be determined as separate steps of the same

procedure. The procedure was as follows:

1. Analytically weigh approximately 10 g of diced and thoroughly

mixed sample (with random selection).

2. Mix tissue (Omni-Mixer with 300 ml stainless steel adapter) with

90 ml Methanol (CH^OH) at high speed (speed control =6.0) for 

90 seconds.

3. Add 45 ml Chloroform (CHCl^) and mix for 30 seconds at slow 

speed (speed control = 2.0).

4. Repeat step 3.

5. Add 45 ml distilled water and mix for 30 seconds at high speed.

6. Add 0,5 teaspoon (approximately 1.8 g) zinc acetate and mix for 

10 seconds at high speed.

7. Filter through two pieces of Whatman No. 42 filter paper in a

Buchner funnel. Wet filter paper with distilled water before 

adding homogenate. The top piece of filter paper should be 

analytically weighed before filtration.

8. Wash mixing container with approximately 30 ml CHCl^ and transfer 

to Buchner funnel.
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9. After the homogenate has completely filtered, transfer filtrate 

to 250 ml graduated cylinder. Rinse flask with approximately 

10 ml CHCl^ and add to filtrate.

10. Collect and dry in vacuum oven (50 C under vacuum) the residue 

from filtration along with the top piece of filter paper. After 

15 hr in the vacuum oven, dessicate and analytically weigh.

11. When two phases have clearly separated in the graduated cylinder 

(about 16 hr) read and record the volume of the lower phase

(CHClg). Remove upper phase by suction and discard.

12. Remove a 20 ml aliquot from the lower phase and place in a pre

dried and analytically weighed 50 ml beaker. Evaporate to dry

ness in the vacuum oven at less than 50 C (about 16 hr) and 

obtain the analytical weight of the lipid.

13. Calculations:
volume of CHCl^layer

aliquot lipid weight x ----------— ----------
7o Lipid = ------------- — - — T ------- Ti— r --------- =----- x 100weight of tissue (dry)

e/ zx /filtration residue wt + tissue lipid wtN  ̂̂/o Moisture = 1.0 -( : rr— :----- ;— 100weight of tissue (wet)

All extractions were run in duplicate determinations. Samples 

which were found to have unacceptable lipid and moisture values (greater 

than two percent variation between duplicate samples) were re-analyzed.

Protein Analysis

All ground samples were analyzed for total percent nitrogen. 

Total nitrogen was then utilized for determining the protein content.

The modified procedure was as follows:
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1. Weigh accurately 0.5-2.0 gm sample on tissue paper and place 

sample plus paper in Kjeldahl flask. Run duplicate sample de

terminations and at least one blank daily.

2. Add one spoonful of catalyst (approximately 10 gm K^SO^ plus

0.3 gm CuSO^) and 2-5 Hengar granules.

3. Add 25 ml concentrated sulfuric acid.

4. Turn on the Kjeldahl exhaust fan and the hood exhaust fan.

5. Rotate flask gently to wet contents, place on digestion apparatus, 

and heat for at least 30 minutes after solution turns a clear 

blue-green color. Start burners on low heat until frothing 

ceases, then turn to high heat,

6. Turn off heat and allow flasks to cool (can speed up cooling

by placing in hood with exhaust fan on). A

7. Add 300 ml of distilled water down the side of the flask, and 

swirl gently to mix.

8. Allow contents to cool again before distilling. (Determination 

may be interrupted at this point by stoppering flasks tightly.)

9. Place 50 ml of four percent boric acid in a 500 ml wide-mouth 

Erlenmeyer receiver flask.

10, Place receiving flask under end of receiver tube on distillation 

rack. Make sure the end of the receiver tube is under the 

liquid.

11, Turn on condenser water and distillation heaters.

12, Add two pieces of mossy zinc or approximately 0.5 gm granulated

zinc (20-30 mesh).



13. Hold the cooled Kjeldahl flask at a 45° angle and add 100 ml of

45 percent NaOH slowly down the neck so that it forms a layer on

the bottom,

14. Connect the flask to the condenser tube so that it is airtight

and swirl flask to mix completely. The solution should be dark

blue; if not, because of high nitrogen content, add more NaOH 

in subsequent determinations.

15. Distill until about 250 ml of solution have been collected in 

receiver flask (minimum time, 30 minutes).

16. Adjust receiver flask so that glass receiver tube is raised above 

liquid level and condensate can drain into flask.

17. Remove receiver flask and replace with 250 ml beaker of distilled 

water. Turn off heat and condenser water and allow distilled 

water to suck back through condenser.

18. Titrate the boric acid-distillate mixture with standard acid 

(0,1 N H^SO^) from a 50 ml buret to the end point (slight pink, 

pH 5.1, or same color as blank).

19. Record amount of acid used to nearest 0.05 ml.

20. Calculations:

[ml H^SO^(sample) = ml H^SO^(blank)] x N acid x 0.014 x 100 
N ~ Weight Sample

7o Crude protein = % N x 6.25.

Values should agree within one percent of the mean of duplicate 

determinations.



Statistical Treatment of Data

All the data were tested for significance by means of the least- 

square analysis of variance and nested least-squares procedures according 

to Harvey (1960). The nested variables were section, weight, quality, 

marbling, side and leanness. On those effects found to be significant 

(P < .05), the Duncan's New Multiple Range Test according to Li (1964) 

was applied to isolate these differences.



RESULTS AND DISCUSSION

EMME Data

An EMME-M6 Ground Meat Analyzer was utilized in this study.

This machine is manufactured and programmed to measure a six-pound 

sample of ground meat. Since all loins obtained for this study were 

over the machine's programmed weight capacity certain modifications 

within the program were made so that the larger sample size could be 

accurately measured.

Correlation coefficient between percent lipid and EMME number 

was found to be the highest for the sirloin section and the lowest for 

the intact loin, -.26 and -.17 respectively (Table 1). Since these 

values were both low, it was assumed that the EMME-M6 was not an effi

cient method to utilize as a predictor of fat percent in pork loins.

The sirloin section of the loin was found to have the highest 

correlation, 0.33, between fat weight and EMME number. The lowest 

correlation coefficient between fat weight and EMME number were observed 

for the blade section, 0.16. These values are also very low and indicate 

that the weight of fat from the loin was not accurately measured by the 

EMME-M6.

The simple correlation coefficient between percent protein and 

EMME number was highest, 0.32, for the blade section of the loin (Table 

2). The lowest correlation coefficient between percent protein and

24
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Table 1. Simple correlation coefficients 
total weight and EMME number.

of percent fat. fat weight.

Parameters Fat, 7= Fat, kg Total Weight

Whole Loin

Fat, kg 0.80

Total, weight -.15 0.46

EMME number -.17 0.23 0.63

Sirloin Section

Fat, kg 0.76

Total weight -.04 0.61

EMME number -.26 0.33 0.84

Center Section

Fat, kg 0.83

Total weight -.08 0.48

E^iME number -.28 0.21 0.83

Blade Section

Fat, kg 0.77

Total weight -.06 0.58

EMME number -.34 0.16 0.71
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Table 2, Simple correlation coefficients of percent protein, protein 
weight, total weight and EMME number.

Parameters Protein, % Protein, kg Total Weight

Whole Loin #

Protein, kg 0.68

Total weight 0.20 0.85

EMME number 0.18 0.56 0.63

Sirloin Section

Protein, kg 0.48

Total weight 0.01 0.88

EMME number 0.21 0.84 0.84

Center Section

Protein, kg 0.69

Total weight 0.13 0.81

EMME number 0.32 0.80 0.83

Blade Section

Protein, kg 0.56 '■ -
Total weight 0.06 0.86

EMME number 0.26 0.72 0.71
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EMME number was noted for the intact loin, this value was 0.18. The 

correlation coefficient between protein weight and EMME number was 

highest, 0.84, in the sirloin section of the loin and lowest, 0.56, in 

the intact loin. In all cases the correlation coefficient between 

these two variables was high and suggest that although the EMME-M6 did 

not accurately predict lipid percent, fat weight, and protein.percent 

it was an efficient predictor of protein weight.

Since the correlation coefficients calculated for the lipid 

were statistically unacceptable, further analysis was run. The purpose 

of this additional analysis was to correct the temperatures to -.03 C in 

an effort to eliminate the possibility that the EMME number obtained 

was being adversely affected by the presence of ice crystals. If ice 

crystals were present the modification of the electrical energy measured 

by the apparatus could be changed significantly and adversely enough to 

account for the poor correlation coefficients which were obtained.

These coefficients are listed on Table 3. These results indicate only 

a slight increase in the correlation coefficients between percent lipid 

and corrected EMME number for the sirloin, center, and blade section of 

the loin. It was noted, however, that in all sections the correlation 

coefficients between fat weight and corrected EMME number decreased. 

These results indicate that the results obtained from the EMME were only 

slightly influenced by the presence of ice crystals within the pork 

loins.
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Table 3. Simple correlation coefficients of percent fat, fat weight, 
total weight and EMME number corrected to ,03C

Parameters Fat, % Fat, kg Total Weight

Sirloin

Fat, kg 0.76

Total weight i o 4> 0.61

EMME number -.37 0.14 0.69

Center

Fat, kg 0.83

Total weight 0001 0.48

EMME number 00CO1 0.02 0.66

Blade

Fat, kg 0.77

Total weight 1 o 0.58

EMME number -. 36 0.05 0.55
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Physical and Chemical Analysis 
of the Loin

Means and standard deviations of the variables studied for the 

three sections and the whole loin are listed in Table 4, The high 

standard deviations obtained are not indicative of high experimental 

error or low sampling number but are a function of experimental design 

and were expected.

Least-square means of the variables studied for the three sec

tions are listed in Table 5. It was noted that in going from the anterior 

(blade) to the posterior (sirloin) end of the loin a significant (P < .05) 

increase in separable lean occurred. This was further established 

through measurements of percent protein, where a significantly (P > .05) 

higher percent protein was observed in the sirloin end than in the blade 

section. The relationship between separable lean and percent protein is 

evidenced by a high correlation coefficient (r = 0.71) between these two 

variables (Table B-l).

Separable fat was found to decrease (P < .05) from the blade to 

the sirloin portion of the loin. Significant differences (P < .05) be

tween separable bone were observed between the sirloin, center, and 

blade portion of the loin, with bone percent decreasing from the sirloin 

to the blade portion. These results indicate that percent of separable 

lean was influenced to a greater extent by percent bone than was per

cent separable fat. This was further supported by a correlation co

efficient of -.44 between percent separable lean and percent separable 

bone and a correlation coefficient of -.20 between percent separable 

fat and percent separable bone (Table B-l).



Table 4. Means and standard errors for the variables listed for the sirloin, center and blade
section and for the whole loin.

Parameter Sirloin Center Blade Whole Loin

Length, cm 18.3 +.48 34.8 +.48 19.8 +. 48 71.9 +3.00
Height, cm 13.2 +.15 9.7 +.15 15.2 + . 15 12.4 +1.62
Width, cm 10.7 +. 07 11.2 +. 07 11.9 + .07 11.1 +1.24
Lean area, sq cm 58.1 + .90 28.4 + .90 106.5 + .90 26.5 +5.94
Fat thickness, cm 1.1 + . 05 1.0 +.05 1.1 +.05 1.0 + . 88
Marbling score 4.0 +. 01 4.1 +.01 4.0 +.01 4.1 +1.40
Separable lean, % 66.9 +.42 63.7 +.42 60.6 + .42 63.1 +1.91
Separable bone, % 16.7 +.27 18.9 +.27 22.0 +.27 19.3 +4.27
Separable fat, % 16.4 + .40 17.1 + .40 17.4 + .40 17.6 +4.54
Protein, % 18.0 + .15 17.6 + .15 16.3 + .15 17.6 +3.07
Moisture, % 61.0 + . 36 58.8 + .36 57.9 + .36 58.9 +4.62
Lipid, 7„ 20.9 + .45 25.8 + .45 25.8 + .45 24.1 + .60
Weight, kg 1.8 + .02 2.2 +.02 2.2 + .02 6.7 + .02



Table 5. Least-square means of the variables listed by section, weight, quality, marbling, 
side and leanness„

Section8 Weightb Quality0 Marbling^ Side6 Leanness^Parsmeter 1 2 3 ' 1 2 3 1 2 1 2 1 2 1 2 3
Length, cm 18. 38 34. 8h 19.81 22.98 24.9h 25.11 23.9 24.6 24.4 24.1 25.1 24.1 23.9 24.9 23.9

Height, cm 13.2g 9.7h 15.21 12.28 12.7h 13.51 12.7 12.7 12.7 12.7 13.08 12.4% 12.4 13.0 12.7

Width, cm 10.7S 11.lh 11.91 10.9S U . 2 h 11.71 11.4 11.2 11.1 11.1 11.1 11.1 11.1 11.1 11.L

Lean area, sq* cm 58.78 29.7h 106.5i 56.1s 64.5h 74.2i 64 5 65.2 63 9 65.8 63.9 65.2 67.7s 64.5% 62.61

Fat thickness, cm l.l8 i.oh 0.81 1.0S i.oh • 0.91 1.0 0.9 1.0 0.9 1.0 0.9 0.88 1.0% l.l1

Marbling score 4.0 4.1 4.0 4.0 4.2 4.1 4.1 4.0 5.18 3.1% 4.2S 4.0% 3.9 4.3 4.0

Separable lean, % 66.78 63.7h 60.71 61.8g 64.0h 65.51 63.9 63.6 62.9S 64.7% 63.18 64.1% 66.58 63.6% 61.21

Separable bone, % 16.68 18.8h 21.91 19.5S 18.8h 19.18% 18.9 19.4 19.2 19.1 18.9g 19.7% 19.5 18.8 19.2

Separable fat, 1 16.4 17.2 17.4 18.5S 17.2% 15.41 17.2 16.8 17.18 16.3% 17.98 16.2% 14.08 17.3% 19.61

Protein, % 18.08 17.6h 16.31 16.7S 17.5% 17.7% 17.4 17.2 17.1 17.5 16.98 17.6% 18.0S 17.2% 19.11

Moisture, % 61.18 58.8h 58.0h 58.7Sh59.08 60.1% 58.98 59.7% 58.7 59.9 58.68 59.8% 61.28 58.9% 57.8%

Total lipid, % 20.8s 23.7h 25.81 24.7g 23.5% 22.11 23.7 23.2 24.2s 22.7% 24.58 22.6% 21.08 24.0% 25.3%

Intramuscular lipid, 1 - - - 6.8 6,4 6.6 6.8 6.8 7.4 6.2 6.5 6.5 6.5 6.9 7.0

Weight, kg 1.9S 2.9h 2.21 2.0s 2.3% 2.61 2.3 2.3 2.3 2.3 2.3 2.3 6.5 6.9 7.0

^Section: 1 = sirloin, 2 = center, 3 = blade.

^Weight: 1 = less than 6.4 kg, 2 ° 6.4 to 7.7 kg, 3 = greater than 7.7 kg.

^Quality: 1 « high, 2 = low.

garbling: 1 = highly marbled, 2 ° low marbled. '

GSide: 1 «= right, 2 “ left.

^Leanness: 1 =• high lean, 2 ® medium lean, 3 a low lean.
g ’h>1Valueo within oach major heading with different superscriptc are significantly different (P > .05).



32

Percent lipid was found to decrease significantly (P < „05) from 

the blade to the sirloin end of the loin. Since there was no signifi

cant difference (P > .05) in separable fat between the different sec

tions, it must be assumed that the real differences that were observed 

in percent lipid were a result of an increased amount of seam fat which 

could not be accurately separated during the processing of the loins.

It was visually observed, during the separation of the lean from the 

bone and fat, that the blade section did have a larger amount of seam 

fat present and it was more difficult to remove this fat from the lean 

for this section. This would account for the results obtained. The 

difficulty in separating lean from fat was also reported by Tuomy et al. 

(1966) who found that the separation of the various constituents of the 

loin was not an exact procedure and because of this, a direct comparison 

between two different operations is difficult.

It was noted that the center and blade section were not sig

nificantly different (P > .05) in moisture content. It was observed, 

however, that the sirloin section had a significantly higher percent of 

moisture than the blade and center portion of the loin. These results 

did not agree with Child and Moyer(1938) and Harrison et al. (1967) who 

found a higher moisture content in the center portion of the loin.

These results are also in disagreement with the work of Batcher and 

Dawson (1960) who reported the blade portion of the loin as having the 

highest moisture content. Since the sirloin section of the loin had the 

Iowast percent lipid, it could be assumed that it would have the highest 

moisture content. This is supported by a high negative correlation co

efficient of -.96 between percent moisture and percent lipid.
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The various relationships occurring with the three weight classes 

(weight 1: less than 6.4 kg, weight 2: 6.4 to 7.7 kg, weight 3: greater 

than 7.7 kg) are listed in Table 5. The cut-out data indicated that 

weight three loins had the highest (P < .05) percent separable lean, 

while the weight one loins had the lowest (P < .05) percent separable 

lean. This is in agreement with Tuomy et al. (1966) who's data indicated 

that the percentage of lean increased linearly with an increase in 

weight. As the lean content increased from the light loin through the 

medium weight loin to the heavy loins, there was a steady decrease in 

percent fat, This was enforced by a high correlation coefficient of 

-.74 between separable lean and separable fat (Table B-l). Percent

lipid and protein were also found to be significantly different (P < .05) 

between the different weight classes. The light loins were observed to 

have the highest percent lipid and the lowest percent protein. The 

lipid content was approximately seven percent higher than the percent 

separable fat. This was attributed to intramuscular fat and residual 

seam fat which could not be accurately removed during the boning process. 

Since the data indicate no significant differences (P > .05) in marbling 

between the different weight groups, the percent of intramuscular fat 

should have been constant for all weights. In this study, the amount of 

intramuscular lipid was measured in only the center section. If all 

three sections would have been measured, a direct comparison of the 

differences occurring between percent separable lean and fat could have 

been made.
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Data measured with regard to quality indicate that percent 

moisture was the only variable to affect quality. A significantly 

higher (P < .05) moisture content was observed for the high quality 

loins. Although the differences were significant the difference was 

relatively slight (0.85%) when comparing the moisture content of the 

high and low quality loins.

The effects of marbling (intramuscular fat) on the variables 

studied are listed in Table 5, As was expected, loins with a high 

degree of marbling had a significantly higher (P < .05) amount of total 

lipid and intramuscular lipid. It was also noted that loins with a high 

degree of marbling had a lower amount of moisture. The tendency of per

cent moisture to decrease with increased lipid is supported by a high 

negative correlation coefficient of -.96 between lipid and moisture 

(Table B-l). This agrees with previous work of Judge et al. (1960)

and Skelley et al. (1973). The significantly higher (P < .05) amount 

of separable lean and the significantly lower amount (P < .05) of 

separable fat observed in the low marbled loins suggests that as intra

muscular fat increased so did intermuscular fat (seam fat). This is 

further suggested by the fact that both loins had statistically the 

same (P < .05) fat thickness and length.

It was interesting to note that significant differences (P < .05) 

occurred between the right and left loins. The left side loin had a 

higher percentage of separable lean, separable bone, protein and moisture. 

Furthermore, the left side loin possessed lower (P < .05) amounts of 

separable fat and total lipid.
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These results suggest three hypotheses as to the results 

obtained.

1. Since these sides were not paired, it is possible that an in

sufficient sample size was obtained to measure these variables

and the differences obtained were not indicative of the total 

population.

2. A significantly higher bone content without a correspondingly 

higher weight for the left side loins would indicate inaccurate 

splitting at the time of processing had occurred. If this were 

true, then this factor alone could have caused these differences.

3. The animals from which these loins were obtained did not develop

bilaterally at an equal rate.

Results listed in Table 5 for leanness were expected. Loins

selected for high lean did in fact have a significantly higher (P < .05) 

lean percent and lower (P < .05) separable fat than the loins selected 

for low lean content. A larger Longissimus area was noted for the high

lean loins when compared to the medium or low lean loins. The

Longissimus area increased from the low lean through the medium lean to 

the high lean, but was only significant (P < .05) when comparing the 

high lean to the medium and low lean loins. It was further noted that 

the high lean loins had the lowest total fat and highest moisture con

tent. This is further supported by a relationship (r = -.74) between 

separable lean and separable fat.
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Nested Effects within Weight,
Leanness Group, Side and 

Marbling

Because of the high variation in composition found to exist with

in the various weight groups, leanness groups, sides and marbling groups 

several statistical analysis were performed in an attempt to isolate the 

sources of these variations.

Analysis of Variation 
within Section

Least-square means for the various parameters for section within 

weight, quality, side, marbling, and leanness are listed respectively 

in Tables 6 through 10. Separable lean was found to be significantly 

highest (P < .05) in the sirloin section regardless of which weight, 

quality, marbling score, side or leanness group the loin represented. 

Separable bone was found to be lowest (P < .05) in the sirloin section 

of the loin and highest in the blade section. These differences were 

also found to occur regardless of the variable studied. Separable fat 

differences were noted between the three sections with the highest 

separable fat occurring within the blade section and the lowest in the 

sirloin section. These differences were found to be significant 

(P < .05) only within the medium leanness group. In this instance it 

was found that the sirloin section had a lower (P < .05) percent 

separable fat when compared to the blade section. Significant differences 

(P < .05) between sections for percent lipid were noted in loins from 

all categories. In all cases, the sirloin section was found to have the 

lowest (P < .05) percent lipid. The blade section had the highest



Table 6. Least-square means of the various parameters listed by section within weight.

Parameter Weight3 : 1 2 3
Section*3: 1 2 3 1 2 3 1 2 3

Length, cm 17.5° 33.0d 18.03 18. 3° 35.6d 20.86 19.3® 36.3d 19.8®
Height, cm 12.7^ 8.9d 14.76 13.2° 9.4d 15.03 .13.7® 10.4d 16.3®
Width, cm 10.4° 10.7° 11.2d 10.7° 10.9C 11.9d 10.9® 11.4d 12.4®
Ribeye, sq cm 49.7° 24.5d 94.2e 58.7C 28.4d 105.8® 65.8® 32.9d 124.5®
Fat thickness, cm l.lc 1.0° 0.8d 1.1C l.lcd 0.9d 1.0® 0.8® 0.9®
Marbling 3.8 4.2 3.8 4.2 4.1 4.2 4.0 4.2 4.0
Separable lean, % 65. 8C 61.3d 58 .16 66.8° 64. ld 61.0® 67.8® 65.6®d 63.3®
Separable bone, % 1—1 00 o 19.4d 22.5® 16.6C 18.4d 21.9® 17.1® 19.3d 21.3®
Separable fat, % 17.5 18.4 19,4 16.7 17.4 17.1 15.2 15.2 15.6
Protein, 7» 17.4° 16.8° 15.9d 18.3° 17.8° 16.4d 18.3® 18.3® 16.5d
Moisture, 7= 60.7° 58.3d 57.ld 60.5° 58.4d 58.0d 62.2® 59.7®d 58.3d
Total lipid, % 21.9° 25. ld 27.36 21.2° 23.8d 25.76 19.4® 22.5d 24.6®
Weight, kg 1.6° 2.4d 1.9e 1.9° 2.9d 2.2® 2.1® 3.3d 2.5®

^Weight: 1 = less than 6.4 kg, 2 = 6.4 to 7.7 kg, 3 = greater than 7.7 kg.

^Section: 1 = sirloin, 2 = center, 3 = blade.

C ’̂ ’eValues within each major heading with different superscripts are significantly different
(P <  .05).



Table 7. Least-square means of the various parameters listed by section within quality.

Parameter Quality3 ; 1 2
Section^: 1 2 3 1 3 3

Length, cm 18.3° 34. 8d 18.8° 18. 3C 35. ld 20.6
Height, cm 13.5C 9.4d 15.06 13. 0C 9.7d 15.5'
Width, cm 10.9° 11.1° 11.9d 10.4° 11.2d 11.9'
Ribeye, sq cm 57.4C 30.3d 105.86 59.4° 29. 0d 106.5'
Fat thickness, cm 1.1 1.0 0.9 1 . 0 C 1.0° 0.8
Marbling 4.1 4.3 4.1 4.0 3.9 4.0
Separable lean, °L 66.9C 63. 9d 60 . 9e 67.0C 63.5d 60.4'
Separable bone, % 16.6C 18. 8d 21.56 CT> 00 O 19. ld 22.6'
Separable fat, 7„ 16.5 17.4 17.6 16.2 16.9 17.1
Protein, %

oI—100rH 17 6C 16.5d 18.0° 17.5° 16.1'
Moisture, 7« 60.9C 58.ld 57.5d 61.4C 59.5d 58.4'
Total lipid, % 20.9° 24.3d 26.26 20.9C 23.3d 25.4'
Weight, kg 1.9° 2.8d 2.2e 1.9C 2.9d 2.2'

^Quality: 1 = high, 2 = low. 
bSection: 1 = sirloin, 2 = center, 3 = blade.

0 3 ̂ ’6Values within each major heading with different superscripts are significantly different
(P < .05).



Table"8. Least-square means of the various parameters listed by section within side.

Parameter Side3 : 1 2
Section^: 1 2 3 1 2 3

Length, cm 18.5C 34.5d 20.3° 17.5° 35. ld 18.8°
Height, cm 13.0° 9.4d 15. 76 13.2C 9.1d 14.5°
Width, cm 10.4C 11.2d 11.7e 10.7C 10.9C 11.7d
Ribeye, sq cm 54.2C 25. 8d 103.9e 58.13 28.4d 103.9e
Fat thickness, cm 1.1° i.ocd . 9d 1.1C i.oc .8d
Marbling 4.1 4.2 4.1 4.0 4.1 4.0
Separable lean, % 66.3° 62. 7d 59.4e 66.8C 63.9d 61.03
Separable bone, % 16.3° 18.6d 21.6e 17.1° 19.3d 22.4e
Separable fat, % 17.4° 18.2d 19.06 16.1 16.9 16.6
Protein, %

O00r-i—i 17.0d 15.8e 18.0C 18.0C 16.6d
Moisture, % 60.4° 57.9d 57.2d 61.2° 59.2d 58.2d
Total lipid, 7» 21.7C 25.2d 27. ld 20.7° 23. ld 25. 2e
Weight, kg 1.8° 2.7d 2.1e 1.8C 2.8d 2. le

BSide: 1 = right, 2 = left,

^Section: 1 = sirloin, 2 = center, 3 = blade.

C?^ ’eValues within each major heading having different superscripts are significantly different
(P < .05).



Table 9. Least-square means of the various parameters listed by section within marbling score.

Parameter Marbling3 : 1 2
Section^: 1 2 3 1 2 3

Length, cm 18.3° 34.5d 20.36 18.3°, 35. ld 19.3°
Height, cm 13.2° 9.7d 15.2e 13.2C 9.4d 15.2e
Width, cm 10.7° 11.2d 11.76 10.7C 10.9C 11.9d
Ribeye, sq cm 56.1C 29.0d 106.5e 60.7C 30.3d 105. 8e
Fat thickness, cm 1.0 1.0 0.9 l.lc 0.9d 0.8d
Marbling 5.2 4.8 5.2 2.8C 3.5d 2.8°
Separable lean, % 65.9° 62.5d 60.36 68. 03 64.9d 60.96
Separable bone, % 17.0C 19.3d 21.76 16.5C 18.5d 22.4e
Separable fat, % 17.2 17.7 18.1 15.6 16.6 16.7
Protein, % 17.8° 17.4° 16. ld 18.2° 17.7° 16.5d
Moisture, % 60.8° 58.2d 57. ld 61.4C 59.4d 58.8d
Total lipid, % 21.5° 24.5d 26. 8® 20.3C 23. ld 24. 8d
Weight, kg 1.8° 00CN 2.26 1.9° 2.8d 2.2e

aMarbling: 1 = highly marbled, 2 = low marbled.
b zSection: 1 = sirloin, 2 = center, 3 = blade.

C?<̂ ’eValues within each major heading with different superscripts are significantly different
(P < .05).



Table 10. Least-square means of the various parameters listed by section within leanness score.

Leanness^
Parameter Score :__________ 1_____    2___________■____  3_______

Sectionb : 1 2 3 1 2 3 1 2 3

Length, cm 18.5C 34.5d 19. 3C 18.0C 35.6d 21.36 18.0C 34. 7d 18.5°
Height, cm 13.2° 9.1d 14. 96 13.5C 9.9d 15.56 13. 2C 9.7d 15.26
Width, cm 10.9C 10.9C 11.9d 10.7° 11.2d 11.76 10.7C 11.2d 12.16
Blbeye, sq cm 61.3° 31.0d 110.96 58.1° 29.0d 106.56 56.1° 28.5d 121.36
Fat thickness, cm 0.9 0.8 0.7 1.1 1.0 0.9 1.2C 1.2° 0.9d
Marbling 4.0 3.7 4.0 4.3 4.4 4.3 3.9 4.3 3.9
Separable lean, % 69.2° 66. 6d 63.4e 67.0° 63.2d 60. 8e 64.6° 61.2d 57.7e
Separable bone, % 17.1° 19.4d 22.56 16.5° 18.7d 21.26 16.6° 18.7d 22.4e
Separable fat, % 13.7 14.0 14.1 16.5C 17.2cd 18.2d 18.8 20.1 19.9
Protein, % 18.7° 18.4° 16.8d 18.0C 17.4d 16.16 17.3° 16,8Cd 16.0d
Moisture, % 62.7° 60.9d 59.7d 60.9C 58.6d 57. ld 59.5C 57.0d 56.9d
Total lipid, % 18.7° 21.2d 23.6e 21.0^ 23.9d 27. 0e 23.0° 26.2cd 27.0d
Weight, kg 1.8C 2.7d 2.26 1.9°. 2.9d 2.26 1.9° 2.9d 2.1e

^Leanness score: 1 = high, 2 = medium, 3 = low.

^Section: 1 = sirloin, 2 = center, 3 = blade,

c,(̂ 5eValues within each major heading with different superscripts are significantly different
(P < .05).
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percent chemical fat but was not found to be significantly (P < .05) 

different from the center section in the high lean, right side, and low 

marbling groups. Moisture content was found to be the highest (P < .05) 

in the sirloin section of the loins with one exception. In the heavy 

weight category, there was no significant (P > .05) difference in per

cent moisture between the sirloin and center sections. Had an equal 

number of each of the three weight categories been utilized, this effect 

may not have occurred. The center and blade section did not differ 

significantly (P > .05) in percent moisture.

The lowest (P < .05) percent protein occurred within the blade 

section of the loin. Although a significant (P < .05) difference be

tween the sirloin and center section of the loin for percent separable 

lean occurred, no significant (P > .05) differences were observed between 

those sections for percent protein. This would indicate that because of 

the differences in the weight and length of these two sections that the 

significant difference in separable lean was due to trimming error and 

if these sections had been of equal length and width, these differences 

would not have occurred.

All of these results indicate that regardless of weight, quality, 

marbling, leanness, or side of the loin, differences in total lipid, 

percent protein, percent bone, separable lean, and separable bone occur 

between the sirloin, center, and blade sections with approximately the 

same magnitude.



Analysis by Weight within 
Leanness Score

Least-square means for the various parameters by weight within 

leanness score for the whole loin are listed in Table 11. In all lean

ness groups, the weight one loins (loins weighing less than 6,4 kg) had 

the lowest percentage of separable lean. Weight three loins (loins 

weighing more than 7.7 kg) had the highest percent of separable lean. 

However, these differences were significant (P < .05) only within the 

low lean category. No significant (P > .05) differences were observed 

for percent protein between the different weight groups. This would 

suggest that the differences in separable lean within the low lean group 

were a result of an inability to completely separate all fat from the 

lean during the separation process.

Separable fat and total lipid were the highest within the weight 

one loins regardless from which lean group the loin was selected. These 

differences were not significant (P > .05). Since the differences ob

served were not significant, it can be assumed that if loins are not 

selected on the basis of their leanness attributes, the weight of the 

loin will have only a slight affect on the amount of lean and fat 

obtained.

Analysis by Marbling 
within Leanness

The importance of leanness to the composition of the loins is 

further substantiated by the data in Table 12. Listed in Table 12 are 

the least-square means of the parameters by marbling score within 

leanness score for the whole loin. Although differences in separable



Table 11. Least-square means of the various parameters listed by weight within leanness score
for the whole loin.

Leanness
Parameter Score :__________ 1___________  ._____2___________   3_______

Weightb : 1 2  3 1 2 3  1 2  3

Length, cm 62.2C 72.6d 74.96 68.8° 73.7d 76.76 68.8° 72.6d '76.5e
Height, cm 11.2C 12. 2d 13.7e 12.4 12.4 13.5 . 12.2 12.7 13.2
Width, cm 10.9 11.2 11.7 10.7° 11.2d 11.7d 10.9C 11.4d 11.4d
Ribeye, sq. cm 25.2° 29.7d 33.56 24.5° 26.5C 31.6d 22.6C 27.7d 32.3d
Fat thickness, cm 0.8 0.9 0.6 1.1 1.0 1.0 1.1 1.2 6.9
Marbling 3.8 4.1 3.7 4.0 4.7 4.1 3.8 4.0 4.1
Separable lean, % 64.6 66.3 68.1 62.4 63.4 65.2 58.4° 61.6d 62.8d
Separable bone, % 20.2 19.4 20.5 19.0 19.2 18.8 19.9 18.8 19.0
Separable fat, 7= 15.2 14.5 11.4 18.7 17.5 16.1 21.7 19.4 18.2
Protein, % 17.4 20.0 19.1 16.8 17.1 17.3 15.7 17.1 16.8
Moisture, 7« 60.1 60.7 63.7 58.9 58.2 58.9 56.9 57.8 58.4
Total lipid, % 22.8 21.4 17.6 25.9 24.5 23.3 27.1 25.0 24.3
Weight, kg 5.8° 6.8d 7.9e 6.0° 7. ld 8.16 5.9° 7.1d 8.0e

aLeanness score: 1 = high, 2 = medium, 3 = low.

^Weight: 1 - less than 6.4 kg, 2 = 6.4 to 7.7 kg, 3 = greater than 7.7 kg.

c ’̂ ,eValues within each major heading with different superscripts are significantly different
(P < .05).



Table 12. Least-square means of the various parameters listed by marbling within leanness
score for the whole loin.

Parameter
Leanness

Score3:
Marbling

Score^:

1 I 3

1 2 1 2 1 2

Length, cm 71.9 73.2 72.4 73.4 72.9 71.9
Height, cm 12.4 12.2 12.7 13.0 13.0 12.7
Width, cm 11.4 11.2 11.2 11.2 10.9° 11.4d
Ribeye, sq cm 29.7 .29.7 27.1 28.4 28.4 26.5
Fat thickness, cm 0.8 ' 0.8 1.1C 0.9d 1.1 1.1
Marbling 5.0° 2.8d 5.6° 2.8d 5.0°. 2.7d
Separable lean, % 65.4 67.1 62.1° 65.6d 61.0 60.9
Separable bone, °L 20.2 19.5 19.1 18.8 19.1 19.5
Separable fat, % 14.3 13.7 18.8° 15.6d 19.8 19.5
Protein, % 20.4 17.7 16.9 17.7 16.7 16.7
Moisture, % 60.4 61.8 57.7° 60.2d 57.8 57.7
Total lipid, % 21.7 20.5 26. 8C 21.8d 25.2 25.4
Weight, kg 6.8 6.9 7.0 7.1 7.0 7.0

^Leanness score: 1 = high, 2 = medium, 3 = low.

Marbling score: 1 = highly marbled, 2 = low marbled, 
c d’ Values within each major heading with different superscripts are significantly different

(P < .05).
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lean, bone, fat, percent protein, percent moisture, and total lipid were 

observed between the high and low marbled loins, these differences were 

not significant (P > .05) for the high and low lean loins. There was a 

significantly higher (P < .05) amount of separable fat and total fat in 

the highly marbled loins within the medium lean loins. Also noted was 

a larger (P < .05) degree of fat covering occurring on the highly 

marbled loins within the medium lean group. The significantly (P < .05) 

greater fat thickness would account for these differences. These results 

indicate that loins selected on the basis of high or low leanness will 

have the same amount of separable lean, fat, bone, percent protein, per

cent moisture, and total fat regardless of the degree of marbling within 

the loins.

Analysis by Leanness 
within Weight

Least-square means for the various parameters by leanness within 

weight for the whole loin are listed in Table 13. As was noted in Table 

5, the loins selected for a high lean content had the highest amount of 

separable lean and percent protein. It is interesting to note that 

although the high lean loins had the highest (P < .05) separable lean, 

they did not differ significantly (P > .05) as far as. percent protein. 

This is in agreement with a low correlation coefficient (r = 0.27) 

between percent protein and percent separable lean ( Table B-2) and 

would seem to indicate that loins selected within the same weight group 

had the same protein content regardless of leanness scores. The sig

nificant (P < .05) differences noted between the leanness groups for



Table 13. Least- 
weight

square means of 
for the whole !

the various parameters 
loin.

listed by leanness score within

Weight3 1 2 3
Parameter Leanness

Score® : 1 2 3 1 2 3 1 2 3

Length, cm 69.9 68.8 68.8 72.6 73.9 72.6 74.9 76.7 76.5
Height, cm 11.2° 12. 4d 12. 2d 12.4 12.4 12.7 13.7 13.5 13.2
Width, cm 10.9 10.7 10.9 . 11.2 11.2 11.4 11.7 11.7 11.4
Ribeye, sq cm 25.2 24.5 22.6 29.7 25.2 27.7 33.5 38.1 32.3
Fat thickness, cm 0.8 1.0 1.1 0.8° l.ld 1.2d 0.6 1.0 0.9
Marbling 3.8 4.0 3.9 4. lc 4.8d 4.0° 3.7 4.1 4.1
Separable lean, 7= 64.6C 62.4C 58.3d 66.5° 61.9d 61.6d 68.2 65.1 62.7
Separable bone, % 20.2 19.0 19.9 19.5 18.9 18.8 20.5 18.8 19.0
Separable fat, % 15.2C 18.6d 21. 86 14.2° 19.3d 19.4d 11.3° 16. ld 18.3d
Protein, 7= 17.4 16.9 15.7 19.9 16.4 17.1 19.2 17.3 16.7
Moisture, 7= 60.1C 58.9cd 56.9d 60.7C 57.5d 57.8d 63.7C 58.9d 58.3d
Total lipid, % 22.8° 25.9cd 27.2d 21.4° 25.5d 25.0d 17.5 23.3 24.4
Weight, kg 5.8 6.0 5.9 6.9 7.1 7.1 7.9 8.1 8.0

^Weight: 1 = less than 6.4 kg, 2 = 6.4 to 7.7 kg, 3 = greater than 7.7 kg.

^Leanness score: 1 = high, 2 = medium, 3 = low.

c ’̂ ,eValues within each major heading with different superscripts are significantly different
(P < .05).
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percent lipid suggests that when leanness scores are given to a loin 

the amount of fat is in reality being judged more than the amount of 

lean. This is supported by the high correlation of 0.57 between separable 

lean and the lean area of the loin. However, no significant (P > .05) 

differences in lean areas were found between leanness groups.

Analysis by Marbling 
Score within Side

Least-square means are listed for the various variables by side 

within marbling in Table 14. The results observed for the loins within 

the modest or more marbling group (marbling one) follow those listed in 

Table 5. Left side loins were found to have the significantly (P < .05) 

highest amount of separable lean, separable bone, percent protein, per

cent moisture and the largest leanness area. However, the results ob

served within the low marbling group were not significantly different 

(P > .05) for any of the aforementioned variables. These results for 

the highly marbled loins are accounted for by the significantly larger 

leanness area observed for the left side loins and the slightly smaller 

fat thickness possessed by these loins.

Analysis by Side 
within Leanness

Least-square means of the parameters by side within leanness for 

the intact loin are listed in Table 15. The results listed indicate 

significant differences (P < .05) between the right and left side loins 

for height, marbling, separable lean percent, separable bone percent, 

separable fat percent, percent protein, percent moisture and percent



Table 14. Least-square means of the various parameters listed by sides within marbling score
for the whole loin.

Parameter Marbling Score*:

Length, cm 73.2 71.9 73.4 72.4
Height, cm 13.0° 12.4d 13.0* 12.2d
Width, cm 11.2 11.2 11.2 11.2
Ribeye, sq cm 26.5* 31.0d 28.4 28.4
Fat thickness, cm 1.0 0.9 1.0 0.9
Marbling 5.2 5.2 2.8 2.8
Separable lean, % 62.1* 63.8d 14.6 14.5
Separable bone, % 18.9* 20.ld 19.2 19.4
Separable fat, % 19.1* 16.0d 16.2 16.2
Protein, % 16.5* 19.4d 17.7 17.1
Moisture, % 57.6* 59.9d 60.2 59.7
Total lipid, % 26.5* 22.3d 22.1 22.8
Weight, kg 7.0 7.0 6.9 7.0

Garbling: 1 = highly marbled, 2 = low marbled.

^Side: 1 = right, 2 = left.

C ’^Values within each major heading having different superscripts are significantly different
(P < .05). ,



Table 15, Least-square means of the various parameters listed by side within leanness score
for the whole loin.

Parameter
Leanness

Score3: 1 2 3
Sideb : 1 2 1 2 1 2

Length, cm 72.9 72.1 73.7 • 72.4 72.9 72.1
Height, cm 12.7° 11.9d 13.2 12.7 13.0 12.4
Width, cm 11.4C 10. 9d 11.2 11.2 11.2 11.4
Ribeye. sq cm 29.0 31.0 26.5 29.0 25.8 29.7
Fat thickness, cm 0.8 0.8 1.1 1.0 1.1 1.0
Marbling 4.0 3.9 4.2 4.3 3.9 3.8
Separable lean, % 66.3 66.5 63.3 64.3 60.4 61.7
Separable bone, % 18.8° 20.2d 18.3 19.6 19.4 18.8
Separable fat, % 15.0 13.1 18.4 16.2 20.2 19.3
Protein, % 17.6 20.1 16.9 17.5 16.1 16.9
Moisture, % 60.9 61.4 58.3 59.4 57.1 58.5
Lipid, % 21.3 20.6 26.0° 23.0d 26.3 24.3
Weight, kg 6.9 6.8 7.0 7.1 7.0 7.1

^Leanness score: 1 = high. 2 = medium, 3 = low.

^Side: 1 = right, 2 = left.
c d’ Values within each major heading with different superscripts 

(P < .05).
are significantly different
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lipid. However, when right and left loins are selected within the same 

leanness group these significant differences (P < .05) do not occur.

This would suggest that the significant differences (P < .05) obtained 

in Table 3 were a result of the high variability (Table 2) in leanness 

of the loins and were not a result of differences occurring between the 

right and left sides.

Summary

The correlation coefficient obtained for the EMME number and 

percent lipid for the whole loin was -.17. The highest correlation co

efficient calculated for these two variables was for the blade section 

(r = -.34). High correlation coefficients were calculated between the 

EMME number and protein weight for the sirloin section (r = 0.84).

These correlations, however, were considered by the manufacturer to be 

too low for practical use.

In going from the anterior to the posterior end of the loin a 

significant (P < .05) decrease in separable lean, protein and moisture 

occurred.

A significant (P < .05) increase in separable lean was observed 

as loin weight increased. A subsequent decrease in total lipid was ob

served with an increase in loin weight. Right and left loins were found 

to be different (P < .05) for marbling score, separable fat, percent 

protein, percent moisture and total lipid.

It was observed that if loins were selected within the same lean 

group, the loins would have the same (P < .05) amount of lean, bone, fat,
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protein, moisture and total lipid regardless of weight, marbling or side 

with the following exceptions.

1. Left loins within the high lean group had a higher (P < ,05) 

amount of separable bone,

2. Left loins within the medium lean group had a lower (P < ,05) 

total lipid content.

3. Light loins (weight one) had the lowest (P < .05) separable lean 

within the low lean group.

4. Highly marbled loins within the medium lean group were lower 

(P < .05) in separable lean and moisture and higher (P < .05) 

in separable fat and total lipid than the low marbled loins.



CONCLUSIONS

At the beginning of this study, it became apparent that the 

geometry of the EMME-M6 was poorly adapted to that of the loin. The 

loins had to be trimmed and sectioned and were often distorted when 

placed into the EMME, The temperatures of some of the loins were low 

enough to bias the results and result in the correlations between the 

EMME number and lipid percent to be low. The data obtained from this 

study indicate that the EMME-M6 did not serve as a useful tool for the 

prediction of lean and fat content of pork loins. It is believed that 

the changes which have been introduced into the design of the EMME-M6 

since the initiation of this study would make the more advanced model 

of the EMME-M6 a more accurate predictor of fat content in pork loins. 

Because of this it is felt that another study should be undertaken 

utilizing the more advanced model of the EMME-M6.

The results of this study suggest that the current marketing 

procedures of pork loins are not justified based on composition figures. 

The current method of penalizing heavy loins with a lower market price 

does not reflect the lean content of the pork loin. Heavy loins 

(greater than 7.7 kg) were found to have the highest (P < .05) amount of 

separable lean and protein. Light loins (less than 6.4 kg) were found 

to have significantly (P < .05) the lowest percentage of separable lean 

and protein.
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Table A-l. Experimental design for the selection 
the basis of weight, quality, marbling 
score.

of pork loins on 
score and leanness

Weight8 Quality^ cMarbling Score Leanness Score^

H H A 1 (n _ 4)
H H A 2 (n = 4)
H H A 3 (n 5)
H H B 1 (n 2)
H H B 2 (n 3)
H H B 3 (n = 4)
H L A 1 (n 5)
H L A 2 (n 4)
H L A 3 (n 5)
H L B 1 (n 4)
H L B 2 (n 4)
H L B 3 (n = 4)

' L H A 1 (n = 4)
L H A 2 (n = 4)
L H A 3 (n = 4)
L H B 1 (n = 4) .
L H B 2 (n = 4)
L H B 3 (n = 4)
L L A 1 (n = 4)
L L A 2 (n = 4)
L L A 3 (n = 4)
L L B 1 (n = 4)
L L B 2 (n = 6)
L L B 3 (n 4)

height: H[ = 6,8 kg or more., L = less than 6,8 kg.

^Quality: H = high quality. L = low quality.

cMarbling score: A =- modest or more, B = less than modest

^Leanness score: 1 = high lean, 2 = medium lean, 3 = low lean
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Table B-l. Simple correlation coefficients of length, height, width, lean area, fat thick
ness, marbling score, separable lean, separable bone, separable fat, percent pro
tein, percent moisture, total lipid and weight for the sectioned loin.

<y u o •uTO g
Parameters ro ^  ^  <u a) a> a  m a

O  CJ txO r—I r—I r—( «r-|h 'd ^ rD ^  rC 4J 4J ^

'O  CO -U  u cL  &  O . "  u 5  “

w  S  5  h  S  w  m  M  S  £  eh g

CD c CDTO U TO a 4Jto O <D 0 CO<D U PQ P lCO
CD <D <uO w > r— 1 r—1 1— 1• H c rC HP

'P TO CO COH r—1 U H S-JrC TO CO CO4J U a CL CLTO TO <D <D (UFn s CO CO CO

Length -, 65 -.06 -.59 0.06 0.07 -.07 0.00 0.05 0.06 -.11 0.07 0.71
Height 0.31 0.81 -.05 0.02 -.17 0.24 0.05 -.22 -.02 0.08 -.40
Width 0.40 -.14 0.04 -.25 0.30 0.10 -.30 -.21 0.25 0.22
Lean area -.21 -.03 -.15 0.41 -.09 -.24 -.04 0.10 -.30
Fat thickness 0.09 -.20 -.26 0.38 -.18 -.23 0.23 -.07
Marbling score -.20 -.05 0.23 -.24. -.28 0.29 0.09
Separable lean -.43 -.74 0.71 0.64 -.71 -.04
Separable bone -.20 -.18 -.10 0.14 0.08
Separable fat -.68 -.70 0.74 -.02
Percent protein 0.66 -.77 0.05
Percent moisture -. 96 -.09
Total lipid 0.06



Table B-2. Simple correlation coefficients of length, height, width, lean area, fat thick
ness, marbling score, separable lean, separable bone, separable fat, percent 
protein, percent moisture, total lipid and weight for the whole loin.

CD
G J-i

CD 0) •H d
CO CO G 4-) CD 4JCO o CD o CO 4-1 COo t-1 PQ PL O •H HD

Parameters co
C CO

CD CD <D
k
fLl s

•H
CL

cu u 60 i— 1 T-4 i—1 •H
•H C rO ,0 4J 4-1

4J C •H CO CO CO c d 4J
H i— 1 U k CD CD r—1 rGbO 4-J c rO CO CO CO U U CO 60

—I rU CO •u M PU CL CL U 4-4 •H& <D CO CO 0) CD CD CD CD O CD53 ptH • S CO CO CO P4 CM H rs

Length 0.43 0.20 0.28 0.02 0.11 0.24 -. 08 -.19 0,09 0.14 -.17 0.73
Height 0.16 0.07 0.07 0.14 -.12 -.14 0.17 0.37 -.04 0.07 0.52
Width 0.08 -.02 0.06 -.07 -.05 0.10 0.02 -.15 0.01 0.47
Lean area -.33 0.08 0.57 -.10 -.47 0.19 0.42 -.50 0.50
Fat thickness 0.15 -.53 -.37 0.67 -.21 -.61 0.56 0.30
Marbling score -.16 -.06 0.18 0.02 -.30 0.28 0.16
Separable lean -.09 -.88 0.27 0.75 -.73 0.21
Separable bone -.37 0.19 0.19 -.14 -.16
Separable fat -.35 -.79 0.75 -.11
Percent protein 0.31 -.35 0.04
Percent moisture -. 86 0.06
Total lipid - 15
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