"QUALITY" ATTRIBUTES OF GROUND BEEF PURCHASED
ON THE RETAIL MARKET ;

49 o

by 3;';lh}“

3{;QJQ?@

PATRICTIA ANN KENDALL

B. §., Kansas State University, 1969

A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE

Department of Foods and Nutrition

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1973

Approved by:

Major Profefsor



LD
266F

TH
1773
K35 TABLE OF CONTENTS

3.4
Doc.

INTRODUCTION & & & o 4 & o & s 5 & & 5 o o &« 8 s a a o s 4
REVIEW OF LITERATURE .+ & ¢ o » o & ¢ s « o o a s « s s & &
Purchase and use of ground beef . . . . . « + ¢+ 4+ «

Specifications for and processing of ground beef . . . .
Laboratory methods for measuring fat content of meat .
Method of the Association of Official Analytical

Chemists (ACAC) . + « « « « & ; e L
Rapid methods . + & « o s o o 5 = ® 2 & 3 3 %+ & 2 » &
Simultaneous measurement of fat and moisture content
Effect of fat content on selected characteristics of
ground beef . + « v ¢« ¢« ¢ v 0 v s e 6 8 s e e e e
Cooking 1o8Se5 & + « « o o s o s+ o o 5 2 o & s + & o
Moisture énd fat retention in cooked beef . . . . . .
Palatability . « & o o o & & & o 5 « s s &« & « s »
MATERIALS AND METHODS &+ 4 » o o o s o o o« s s o & s ¢ s s
Purchasing and cooking . « « &« + « &« + & ¢« s s ¢ o + o «
Internal temperature, cooking losses, cost per
100-g serving o+ + o o« o o o o o s 4 4 4 2 b8 w8 s
Sensory evaluation . . « « ¢ + ¢ ¢ o b s e b s e e e s
Ether extract, total moisture, press fluid,
depth of penetration .« « + « & o ¢ 4 o« » & &+ & v o
Statistical analyses + + « « ¢ ¢ 4 s b 4 s 4w 4 s w o
RESULTS AND DISCUSSION « & v & « & & s & « # o o 8 & = @« &

Product label and price differences among stores . . . .

PAGE

10

12

13
13
14
16
20

20

20

21

21
25
25

25



Percentage ether extract + « « « ¢« ¢« « o s o &+ & o
Cooking losses and cost per serving .« + « « & o
Internal temperature, total moisture, press fluid,
depth of penetration .+ « « &« + « & « & « +» &
Sensory evaluation + + + ¢ 4 o ¢ & 4 v v o4 e o4 e o4
Variation among weeks, week x product interactions
week x store Interactions « « « + o » o o o o
Variance among products .« .« « « & 4 o« v 4 ¢ s & 4
SUMMARY AND CONCLUSIONS . . & ¢ ¢« & o o o o +» « ¢ »
REFERENCES « + + + « o o o o o v o v o e e v o n e
ACKNOWLEDGMENTS & &« 4 o & « o s + s s s ¢ « o o « o

APPENDIX - - . . - [ 3 L] - . . (] - . . . * . . * a . L]

PAGE

27

33

38

40

41
41
44
47
51

52



INTRODUCTION

GROUND BEEF is one of the most popular meat items on the retail market.
It was served at least once a week by 53.6% of the families in a U.S.
survey of food consumption, and accounted for one-fourth of the total
quantity of beef purchased (USDA, 1968a). It is also a product that
varies highly in fat to lean composition as it may contain up to 30% fat
by weight and still be labeled ground beef, chopped beef or hamburger
(Federal Registrar, 1972). With such a wide allowance, many retailers
are marketing ground beef at three or more fat and price levels, a
practice that allows consumers a choice, but also leads to confusion at
the meat counter.

Consumer and laboratory taste panel studies have attempted to define
the most desirable fat/lean ratio for ground beef. In several studies
using consumer taste panels, researchers found that ground beef products
containing 15 to 207% fat were more acceptable than products higher (25
to 35%) in lipid content (Glover, 1964; Law et al., 1965; Carpenter and
King, 1969; Mize, 1972)., Other studies, particularly those that used
laboratory taste panels, have shown different results, Nielsen et al.
(1967) and Kaiser et al. (1970) reported no significant differences in
organoleptic scores for ground beef containing from 13 to 35% fat;
whereas, Cole et al. (1960) reported that both a laboratory and a family
taste panel rated ground beef containing 15% fat lower in palatability
characteristics than ground beef containing 25, 35 or 457 fat.

Cooking losses and their influence on cost per serving in ground
beef products varying in fat content are also concerns that have not been

well defined for the homemaker. Cole et al. (1960) reported that total



and drip cooking losses increased, and volatile losses decreased, as
percentage fat in ground beef patties increased from 15 to 45%Z. Irmiter
et al. (1967) and Funk and Boyle (1972) reported similar findings for
ground beef cylinders containing from 10 to 30% fat. However, when
products contained only 2 to 3% fat, they found that evaporative loss
during cooking was so excessive that total cooking loss was greater
(P<0.01) than it was when ground beef contained 30% fat.

Little information was found on the interrelationships among fat
content, cooking losses, other '"quality'" attributes and cost per cooked
serving of ground beef purchased on the retall market. This study,
therefore, was designed to investigate palatability, related "quality"
factors and cost per serving of three types of ground beef products

purchased on the retail market.
REVIEW OF LITERATURE
Purchase and use of ground beef

More tﬁan half of the world wide production of meat and meat
products consist of beef and veal (USDA, 1968b). Beef was preferred
over all other types of meat by more than three~fourths of the families
surveyed in a Southern Regional Cooperative study (Mize, 1972), Families
ranked selected beef cuts in descending order of preference as follows:
beef steak, beef roast, ground beef, beef stew meat. Ground beef was
listed as the first choice in a beef product by 17%Z of the families, and
the majority preferred it to lamb, pork roast and fish as a family meat.

Law et al, (1965) reported that ground beef was served in some way

two or more times per week by 88% of the families surveyed in Baton



Rouge, Louisiana. Hamburger pattles were by far the most common form of
ground beef served, with meat balls, meat sauce and meat loaf following
in popularity. In other studies, Benson and'Ivey (1961) reported that
hamburger was purchased regularly by 59% of the families studied, and
Baldwin et al. (1972) found that the mean amount of ground beef consumed
per person per week was 0.8 1b by those who purchased it from a retail
market, and 0.7 1b by those who purchased it from a meat processing
plant.

Several researchers have studied motivations in consumer purchases
of ground beef. Benson and Ivey (1961) reported that approximately
three-fourths of the homemakers surveyed stated that meats purchased
regularly were chosen because their families preferred them. Price, the
next most common reason given for purchasing certain meat items regularly,
was mentioned by only one-fourth of the respondents, and was associlated
with education level, but not with income. A greater proportion of home-
makers with a "high" (13 years or more), than with a lower, education
level chose meats on the basis of price.

Woods and Jenkins (1963) reported that versatility and economy were
reasons given by almost one-half of their respondents for purchasing
ground beef, Cut needed for a special preparation, family preference and
ease of preparation were listed as reasons for purchasing ground beef by
25, 16 and 14% of the respondents, respectively. Other reasons listed by
more than 5% of the respondents included good taste and preparation time.
Baldwin et al, (1972) found no apparent relationship between age
categories, number of children, education level or employment and the

use of ground beef.



Researchers also have been interested in where and in what form
consumers purchase ground beef and other meat products. Law et al.
(1965) reported that 79.5% of the respondents in a survey purchased
ground beef from the retail food market, 18,9% purchased it from a meat
packer or wholesaler and 1.6% used beef processed and packaged by the
family. Baldwin et al. (1972) reported findings similar to those of Law
et al. (1965), except that approximately 10% more of the respondents in
the 1972 study purchased ground beef from the wholesale market, and 10%
less purchased it from the retail market than in the 1965 study.

Bensen and Ivey (1961) reported that three out of five families
purchased meat in more than one store. Shopping around tended to be
associated with education level; a greater number of homemakers with a
"high" education (13 years or more) than with a lower education, shopped
in more than one store. They noted, however, that age may be a pertinent
factor in the above association because the median age of homemakers in
the low education group was higher than it was in the "high" education
group., Homemakers rated meat quality as the most important reason for
purchasing meat at a particular store, and listed convenience and price
or economy as other considerations. Both Bensen and Ivey (1961) and
Woods and Jenkins (1963) found that the majority of families purchased
meat about once a week.

Law et al. (1965) and Mize (1972) reported on the form in which
ground beef was purchased. Almost one-half of the respondents in the
earlier study (Law et al,, 1965) stated that they usually purchased
prepackaged ground beef, and one~third stated that they usually had beef

ground to order; whereas, 70% of the respondents in the later study



(Mize, 1972) stated that they purchased all ground beef in prepackaged
form. Most ground beef was purchased fresh; few homemakers in either
study purchased frozen ground beef.

Characteristics looked for in the purchase of ground beef also have
been studied. Woods and Jenkins (1963) listed cost, color and texture
of lean and USDA grade or inspection stamp as characteristics considered
most important by homemakers in the purchase of beef. Law et al. (1965)
and Mize (1972) found that color was the most important characteristic
looked for when purchasing ground beef. Although only one-sixth of the
homemakers surveyed (Mize, 1972) indicated that the amount of fat was a
primary concern, the majority of homemakers indicated they disliked the
"usual" fat content in ground beef.

When homemakers were asked about perceived quality differences
among ground beef products, Kaiser et al. (1970) and Mize (1972) found
that 65% and 61% of the homemakers, respectively, believed that hamburger
and ground beef were different products. Law et al, (1965) reported that
the majority of homemakers surveyed preferred ground chuck and ground round
to ground beef for both hamburgers and meat sauce, but purchased ground
beef more often than ground round, primarily because of price. Those who
purchased ground round or ground chuck instead of ground beef or hamburger
usually did so because they wanted less fat, better flavor and more con-

sistent quality.



Specifications for and processing of
ground beef products

Meat products labeled as ground beef, chopped beef or hamburger
must consist of chopped fresh and/or frozen beef with or without season-
ings. Extenders (such as cereals), binders or water may not be added,
and the product may contain no more than 257 trimmed beef cheek meat.
Beef fat, as such, may be added to hamburger, but not to products
labeled chopped or ground beef; neither may contain more than 307 fat
(Federal Registrar, 1972).

The above requirements apply to meat processed both in federally
inspected or certified plants and in retail meat departments, although
retail meat departments are exempt from the routine inspections common at
the plant level (Anonymous, 1971).

Different proportions of muscle and trimmings from the chuck, rib,
loin, sirloin, round, shank, brisket, plate and flank are used to produce
ground beef products. The products are marketed under various labels,
and vary in fat content and price per 1lb (Anonymous, 1973).

Ground beef 1s prepared by grinding the meat through plates with
openings of various size. Jensen (1949) stated that meat ground through
plates with openings measuring 1/8 and 5/64 in. had better binding and
lower shrinkage properties, but less desirable flavor than meat ground
through plates with larger openings, e.g. 3/16 and 11/32 in. He sug-
gested grinding some of the lean meat through plates with small openings
to insure good binding, and using larger-opening plates for the remainder

to obtain desirable flavor.



Laboratory methods for measuring fat
content of meat

The commercial value of a meat product generally is based on the
lean content; therefore, measurement and effective control of fat con-
tent, and hence of price, is important to both the meat processor and
the consumer (Moreau and Lavoie, 1971). The processor desires to produce
a product acceptable to the consumer, but from an economic standpoint,
prefers to use as much "fat" as allowed by specifications set forth for
the item. The consumer generally is interested in a palatable, nutri-
tionally sound product that is not unduly wasteful. The food or meat
scientist is interested in accurate measurements of lipids so that he
may study their functions and value in meat and meat products.

Numerous methods have been devised and used to measure or estimate
quantity of fat in meat and meat products. The major equipment,
solvents, sample weight, and time required for several of the methods
are summarized in Table 1.

Method of the Association of Official Analytical Chemists (AOAC).

The measurement of crude fat in meat and meat products by ether extrac-
tion was first recorded by the Association of Official Agricultural
Chemists in 1901 (Kelley et al., 1954), The official method involves
anhydrous ethyl or petroleum ether extraction of fat from a dried
sample, removal of the solvent by evaporation and measurement of the
residue's weight to determine percentage fat (AOAC, 1970). The sample
extracted must be free of moisture; otherwise, some water—-soluble
materfal may be extracted and reported as fat. Further, it should be

dried at temperatures below 125°C to avoid changes that may interfere
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with fat extraction (Price, 1971). As extraction time is lengthy, i.e.
4 to 16 hrs, more rapid methods have been devised to provide meat pro-
cessors with information on the lipid content of theilr products in the
time needed for product "blending and batch correction' (Whalen, 1966).

Rapid methods. Several volumetric methods for measuring lipids in

meats have been adapted from Babcock techniques for measurement of fat
in dairy products. Those methods usually inveolve the rapid liberation
or extraction of lipids with or without digestion of other components.
Kelley et al. (1954) used a mixture of sulfuric and acetic acid, fol-
lowed by a two-step centrifugation to measure the lipids in a 9-g ground
meat sample in 15 to 20 min. Results obtained were related closely to
those obtained with ether extraction, provided the meat samples were
ground and mixed five times and contained no seasonings or cereals.

Salwin et al. (1955) used a perchloric-acetic acid mixture for more
complete digestion of proteins, cereals and spices in meat products than
was possible with a mixture of sulfuric and acetic acid. Results with
their method were similar to those obtained with the AOAC method, and
required approximately 30 min for four measurements. However, the
perchloric-acetic acid mixture presented danger of an explosion.

Windham (1957) compared the above two techniques and a technique
called the Steinlight method with the official AOAC method and concluded
that all three rapid methods were acceptable for plant product control or
market survey and screening purposes. With the Steinlight method,
lipids in a 50- to 75-g sample were extracted with dichlorobenzene, the
extract filtered and the filtrate placed in a special condenser unit to

read percentage '"fat" using calibration charts.,
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Anderson et al. (1962) reported a method, based on the principle of
the "detergent test" for fat in milk and milk products, that used papain
powder, sodium hydroxide, "Banco Fat Test Reagent powder" and methanol to
measure the lipids in a 9-g meat sample. The process compared well with
AOAC and Salwin's Babcock methods, but required considerable handling
and approximately 30 min per extraction.

Whalen (1966) found hot hydrogen chloride and dimethyl sulfoxide
(DMSO) particularly effective in rapidly digesting and dissolving the
nonfat portions of a 9~g meat sample. He reported excellent phase
separation in Babcock bottles, and measurement of lipids in approximately
10 min,

Moreau and Galhidi (1971) reported that percentage ''fat" could be
obtained in 7 min by heating 18-g homogenized samples in an alkaline
medium to separate the fat, and then centrifuging the samples in Babcock
bottles. Their data correlated highly with results obtained from ether
extraction and Salwin's Babcock method for meat samples with lipid con-
tents of 5 to 50%.

Lipid extraction methods using a polar solvent (chloroform-methanol)
have been recommended for more complete extraction of complexed lipid
components, particularly phospholipids, than possible with nonpolar
solvents such as anhydrous ethyl or petroleum ether (Ostrander and Dugan,
1961; Lough et al., 1966; Hagan et al., 1967). Folch et al. (1951) used
chloroform and methanol in the preparation and purification of brain
lipids. To extract the lipids, they homogenized the tissue with 2:1
chloroform-methanol (v/v), filtered the homogenate, and freed it of

accompanying nonlipid substances by washing with at least five times its
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volume of water. Bligh and Dyer (1959) and Ostrander and Dugan (1961)
modified and shortened the method of Folch et al. (1951) by extracting
the purified 1ipids in a single operation taking approximately 10 min to
complete. Lough et al. {1966) noted that the above methods did not
remove all the fatty acids and reported the development of a double
extraction method in which food samples were extracted with 2:1 chloro-
form-methanol (v/v), both before and after treatment with 2N hydrochloric
acid in methanol. The solvent was removed from the combined extracts and
extracted again with chlorcform. In all samples, a higher percentage of
lipids (0.3 to 2.1% for beef) was found with the chloroform-methanol
method than with the AOAC method. The higher values were attributed to

a more complete extraction of the bound fatty acids.

Thermal extraction processes for measuring "fat" in meat and meat
products have also been developed. Bellis et al, (1967) compared values
for percentage fat obtained using a Hobart thermal extraction apparatus
with those obtained following the AOAC solvent extraction procedure. The
Hobart portable apparatus uses an inverted hot plate, suspended over a
56.7-g {2 oz) doughnut-formed sample, as the thermal source for extrac-
tion, and requires approximately 15 min per measurement. Rendered
drippings (both meat julces and fat) are collected in a glass tube and
percentage fat is measured on a printed scale after adjustments to
compensate for volume of meat juices are made. The Hobart thermal extrac-
tion process and ADAC method agreed for samples that were ground twice
and contained between 15 and 29% crude fat {(Bellis et al., 1967).

Simultaneous measurement of fat and moisture content. Since both

fat and molsture content are of interest in the development and control



13

of meat products, several methods using azeotrope solvents for extraction
and measurement of both fat and moisture have been reported (Everson et
al., 1955; Wistreich et al., 1960; Davis et al., 1966; Cohen and Kimmel-
man, 1972). A varilety of solvents, such as capryl-octyl alcohol, nonane,
m~xylene or ethylbenzene, were used in the above studies, and results
were cobtained In 30 min to 3 hrs.

Effect of fat content on selected characteristics
of ground beef

Cooking losses. When meats are cocked by dry heat, cooking losses,

measured by weight changes between raw and cooked meat, may be separated
into dripping and wvolatile losses. Volatile losses consist primarily of
evaporated water, "freed" from the tissue by denaturation and coagulation
of proteins, and water-soluble materials such as salts, sarcoplasmic
proteins and nonprotein nitrogenocus compounds. Aromatic compounds, heat
decomposed fat and protein products and fat droplets that have spattered
out of the pan also may be included in volatile losses. Drip cooking
losses consist primarily of fat, melted out of the meat by heating, but
also may include water and nonvolatile water-soluble materials such as
salts and sarcoplasmic proteins (Paul, 1972}.

Generally, researchers have found that as percentage ether extract
in ground beef products increases, drip cooking losses increase and
volatile cooking losses decrease; thus causing a variable effect on total
cooking losses. Thille (1932) reported greater total cooking losses in
"fat" than in "lean" roasts. Cole et al., (1960) studied cooking losses
from broiled ground beef patties containing 15, 25, 35 or 45% lipid.

They reported that as ether extract from the raw product increased, drip
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cooking losses increased more than volatile cooking losses decreased,
fesulting in increased total cooking losses.

Irmiter et al. (1967) and Funk and Boyle (1972) reported cooking
loss findings similar to those of Cole et al., (1960) for ground beef
products containing from 10 to 30% fat. However, when products contained
only 2 to 3% fat, they found that evaporative losses during cooking were
so excessive that total cooking losses were greater (P<0,05) than they
were when ground beef contained 30% fat.

Funk et al. (1968a, 1968b, 1968c) compared the cooking loss data of
plain ground beef cylinders reported by Irmiter et al. (1967) with cook-
ing loss data for ground beef cylinders containing 2, 10, 20 or 30% fat,
and having added bone, surface fat wrapping or surface connective tissue
wrapping. Cooking losses for ground beef cylinders with added bone were
not significantly different from those for plain ground beef cylinders.,
Although, at corresponding fat levels, differences in volatile and drip
cooking losses occurred between surface connective tissue wrapped and
plain cylinders, general trends were not apparent. However, cylinders
with added surface fat wrapping had lower (P<0.01) total and volatile
losses and higher (P<0.01) drip losses than plain ground beef cylinders
at the corresponding fat levels. They concluded that during cooking,
fat wrapping prevented molsture loss and contributed to drip loss.

Therefore, it appears that several factors affect cooking losses from
meat varying in fat content, and subsequent retention of moisture and fat
in the cooked product.

Moisture and fat retention in cooked beef. A negative correlation

between total moisture and ether extractable material usually occurs
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within the same muscle of carcasses varying in fat content (Paul, 1965).
For raw ground beef productg that relationship was reported by Funk and
Boyle (1972) and Irmiter et al. (1967) for cylinders containing 2 to 30%_
lipid. Irmiter et al. (1967) further reported that percentage moisture
in cooked ground beef cylinders decreased as ether extract in the raw
product increased from 2 to 20%, but that no further decrease in moisture
content was found in cylinders containing 30% fat. They ceoncluded that
at the 30% level, fat significantly retarded moisture loss during the
cooking of ground beef. Similar findings were reported by Funk et al.
(1968a, 1968b, 1968c) for ground beef cylinders containing added bone,
surface fat wrapping and surface connective tissue wrapp;ng.

The direction percentage "fat" changes with cooking varies depend~
ing on the level of "fat" in the raw product. Funk and Boyle (1972)
repofted that in ground beef products with a 1lipid content of 30%, per-
centage ether extract decreased (P<0.01) with cocking; however, in products
with lipid contents of 3 or 15%, cooking did not significantly affect per-
centage ether extract. Irmiter et al. (1967) reported that, when
calculated on the basis of weight of raw meat, percentage ether extractable
material decreased with cooking in ground beef products containing 30%
fat, but increased with cooking in products containing 2, 10 or 20% fat.
When calculated on a dry weight basis, however, they found no significant
difference between crude fat levels of raw and cooked products with a
1lipid content of 2 or 10% in the raw meat, and a decrease in crude fat
levels with cooking for raw products having a lipid content of 20 or 30%Z.

Woolsey and Paul (1969) reported that a number of researchers, using

a varlety of muscles, types of meat and methods of cooking, found an
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increase in the amount of crude fat in "lean" meat after cooking, even
when results were converted to a dry basis to allow for moisture loss
during cooking. They stated that two possible reasons often given for
that increase were: (1) melted fat on the surface of the muscle infil-
trated into the tissue during heating and/or (2) heating altered the
muscle structure to make fatty materials present in the raw muscle more
extractable by ether.

Weir et al, (1962) found that removal of external fat from pork
chops before cooking resulted in cooked lean with a fat content close to
that of the raw, thus supporting the idea that surface fat infiltrated
into muscle during heating. However, Woolsey and Paul (;969) reported
that roasted lean semitendinosis muscle increased in percentage fat even
when external fat was removed before cooking. Further, they reported
that the use of a polar fat solvent (chloroform-methanol), which would
be expected to remove fat that might be complexed with protein in the
raw tissue, did not make a significant difference in the amount of fat
extracted over that measured by ether extraction. They concluded that
heating caused protein denaturation and subsequent release of lipid
previously complexed with the protein, so the lipid present was more
accessible to both polar and nonpolar solvent extraction. They also sug-
gested that the slow increase in temperature at the beginning of the
cooking process might have activated enzymes, which in turn released
bound fat.

Palatability. Palatability factors usually considered in the

evaluation of meat include appearance, color, aroma, flavor, juiciness

and tenderness. Appearance and color may be evaluated on either raw or
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cocked meat; whereas, aroma, flavor, julciness and tenderness usually are
measured only on coocked meat (Paul, 1972). As the ultimate test of
palatability is human reaction, both consumer and laboratory panels have
been used to study the effect of fat on palatability characteristics.

Color and appearance, important factors in the appeal of fresh meat,
are also considerations in the perceived palatability of coocked meat.

Law et al. (1965) and Kaiser et al. (1970) reported that consumers pre-
ferred ground beef patties containing 15% fat over those containing 25 or
35% fat for visual characteristics such as color of the raw and coocked
product, shrinkage and general cooking quality.

The flavor of cooked meat arises from water or fat soluble precursors
present in the raw meat. Heating in ailr promotes reactions among the
precursors to produce the flavor and aroma of the cooked meat. Generally,
research has indicated that fat may affect meat flavor by producing
carbonyl compounds through the oxidation of fatty acids and/or by acting
as reservoirs to retaln flaver elements that might otherwise be vola-
tilized (Paul, 1972). Hornstein and Crowe (1960, 1961) suggested that
the flavor of all lean meat was basically the same, and that fat accounted
for much of the flavor differences among different species of animals,
Wasserman and Talley (1968) found that Hornstein's and Crowe's hypothesis
held true when lamb and pork fat were added to lean veal muscle, but not
when beef fat was added to veal muscle. Lawrie (1966), Hertz and Chang
(1970) and Hormstein (1970) published general reviews on meat flavor
studies and Forss (1969) summarized the role of lipids on flavor.

Researchers who have attempted to determine the level of fat produc-

ing the most desirable flavor in ground beef patties have reported



18

variable results. Law et al. (1965), Carpenter and King (1969) and Mize
(1972) reported that consumer taste panelists preferred the flavor of
patties containing 15% fat to the flavor of patties higher in fat content.
However, consumer panelists in a study by Kalser et al. (l970) and
laboratory panelists in studies reported by Cole et al. (1960) and Nielsen
et al. (1967) detected no significant differences in the flavor of ground
beef patties varying in fat content. Likewise, wives of the family panel
in the study of Cole et al. (1960) did not detect significant differences
in flavor of ground beef patties containing 15, 25, 35 or 45% faé, but
husbands considered the flavor of patties with 15% fat the least desir-
able,

Tenderness (or texture) is a complex, but important, factor in the
acceptance of beef. Intact muscle tenderness is determined principally
by the mechanical strength of the muscle fibers and comnective tissues,
but it also is influenced by the juiciness of the meat, the water holding
capacity of the proteins and the amount and distribution of the fat in
the muscle (Matz, 1962)., With ground beef, grinding should reduce the
mechanical strength of muscle fibers and connective tissue so that other
properties, such as fat, theoretically could play an even greater role
in determining tenderness or texture of ground beef than they do for
intact muscle.

Taste panels have varied in their assessment of tenderness of ground
beef varying in fat content. Huffman and Powell (1970) used the Allo-
Kramer shear press and a laboratory taste panel to measure tenderness in
ground beef. Although patties containing 35% fat required less (P<0.01)

force to shear than patties with 15 or 25% fat, no significant organoleptic
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differences were found. Kaiser et al. (1970) and Nielsen et al. (1967)"
also reported that panel members found no significant differences in
tenderness among patties varying in fat content; whereas, laboratory and_
family taste panels in the study of Cole et al. (1960) preferred patties
with 25, 35 or 45% fat to those with 15% fat. In other studies, consumer
panels used by Carpenter and King (1969) and Mize (1972) considered
patties containing 20 or 15% fat, respectively, the most tender.

Juiciness of cooked meat has been separated into two effects:

(1) an initial impression of wetness produced by the rapid release of
meat fluids during the first few chews, and (2) sustained julciness,
apparently the result of the slow release of serum and the stimulating
effect of fat on saliva flow (Weir, 1960).

Although Nielsen et al. (1967), Law et al. (1965), Kalser et al.
(1970) and Mize (1972) reported that taste panels did not detect signifi-
cant differences In juiciness of ground beef patties varying in fat
content, Cole et al. (1960) and Carpenter and King (1969) found that
patties containing 15% fat were less julcy than those containing 30 to
35% fat.

The final organoleptic assessment usually made in the ground beef
preference studies reviewed was over-all acceptability or "general
liking." The majority of studies in which homemakers cooked and served
samples to their families (Glover, 1964; Law et al., 1965; Carpenter and
King, 1969; Mize, 1972) showed that panel members preferred ground beef
lower in fat than did studies in which panel members did not take part
in the cooking process (Cole et al,, 1960; Nielsen et al., 1967).

Further, both Law et al. (1965) and Kaiser et al. (1970) noted that
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homemakers were more discriminating against increased fat content for
visual characteristics associated with the cooking of ground beef (i.e.
color before cooking, shrinkage, ''general cooking qualities") than their
families were towards palatability characteristics (flavor, juiciness
and tenderness) assoclated with the eating quality of ground beef., It
appears, therefore, that variations found in over-all acceptability and
other palatability characteristics of ground beef varying in fat content

may partially be influenced by the manner of measuring acceptance.
MATERTALS AND METHODS
Purchasing and cooking

Packaged ground beef products, of three different formulations
available in a store, were selected randomly from the meat display cases
of three local retail markets on Mondays from November 6, 1972 through
January 15, 1973, After purchase, the nine products were divided
randomly into two groups and held in a walk-in refrigerator at 3°C until
cooked and evaluated on Tuesday and Wednesday afternoons., Five products
were coocked on Tuesday and four on Wednesday.

Three 180-g patties, approximately 2.5 x 7.6 x 8.2 cm were molded
from each ground beef product, placed side by side on a wire rack 23 cm
in helght, set in a shallow pan and cooked in a rotary hearth gas oven
maintained at 177°C for 35 min.

Internal temperature, cooking losses,
cost per 100-g serving
At the end of the cooking period, the temperature reached in the

middle patty on the rack was recorded, and percentage total, volatile
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and drip cooking losses, based on the weight of the three raw patties,
were calculated. Cost per 100-g serving of cooked meat was calculated

by dividing the price of 100 g of raw meat by percentage yield (1.0

minus percentage total cooking losses). For objective and sensory evalua-
tion, the crust of each patty was removed. The patty with the recorded
internal temperature was evaluated for palatability, and the other two

patties were used for objective measurements (Figure 1).
Sensory evaluation

A 7-member laboratory panel selected at random and evaluated 1l.9-cm
cubes cut from the designated cooked patty, and placed in ceramic
casseroles, The cubes were held at a constant low heat (35°C+1°C) on an
electric hot tray until sampled by all judges (not more than 30 min).

-Flavor, juiciness, texture and over-all acceptability were evaluated
using a 5 to 1 scale (Form I, Appendix p. 53). Flavor and over-all
acceptability were scored on a desirability scale (5=extremely desirable
to l=undesirable), juiciness was scored on an intensity scale (5=extremely
juicy to l=dry), and texture was scored on a descriptive scale (S5=mealy
to l=chewy). Instructions for evaluation were given during preliminary
work (Form II, Appendix, p. 54).

Ether extract, total moisture, press fluid,
depth of penetration

Percentage ether extract in both raw and cooked products was measured
according to a modification of the AOAC method (AOAC, 1970). Duplicate
2,5-g samples were dried in 11.5-g teflon coated pans for 60 min at

121°C in a C.W. Brabender Semi-automatic Rapid Moisture Tester. Dried
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Fig. 1-Plan for sampling ground beef patties

1—1.9-cm cubes for palatability samples

2—Places where depth of penetration readings were taken
3—Meat that was ground and used for determination of

ether extract, total moisture and press fluid
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samples were rolled in Whatman No. 5 filter paper and transferred to
extraction thimbles. Pans used for drying were rinsed with the petroleum
ether used in the extraction process so as to include lipid lost during _
drying. Samples were extracted for 16 hr on a Goldfisch extraction
apparatus, the ether was evaporated and the percentage ether extract was
calculated,

Percentage total moisture (TM) for each product was determined by
" drying duplicate 10-g samples of ground, cooked meat in a C.W. Brabender
Semi-automatic Rapid Moisture Tester for 60 min at 121°C.

Press fluid from each product was measured on duplicate 25-g
samples of ground, cooked meat packed in a cheesecloth-lined (2 layers,
14.5 em diam) cylinder of a Carver Laboratory Press. The éample was
divided roughly into thirds, and packed in the cylinder by alternating
the meat with four circles (5.5 em) of Whatman No., 1 filter paper. The
packed cylinder was pressed following a standardized 1l5-min time-pressure
schedule with a maximum pressure of 4,000 psig. The expressed fluld was
poured into centrifuge tubes graduated in 0.1 ml, capped with aluminum
foil, and placed in a refrigerator until the following day when the
volume of total press fluid, serum, fat and solids was read.

The depth (mm) of penetration into one crustless patty from each
product was measured with a Universal Precision Penetrometer at the 5
locations shown in Figure 1. Readings obtained from allowing the weilght
of the penetrometer's cone (150 g) to drop into the meat for 3 sec at

each location were averaged to determine the depth of penetration.
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Statistical analyses

Data for each measurement used to evaluate the ground beef products

were analyzed by analysis of variance:

Source of variation da/f
Type of product (P) 2
Store (5) 2
Week (W) 5
P XS 4
PXW 10
SXW 10
Error 20
Total 53

For each source of variation for which the F-value was significant,
least significant difference at the 5% level of probability was calculated.
Bartlett's test for homogeneity of variance was used to study the varia-
tion among weeks for a given product; also, Bartlett's test was used to
estimate variance among the nine product-store combinations. A regres-
sion equation was derived to study the relationship between percentage

yield of cooked ground beef and the percentage lipid in the raw meat.
RESULTS AND DISCUSSION
Product label and price differences among stores

The labeling and pricing of the nine products evaluated are presented
in Table 2. The three stores whose products were studied represented a
state chain (store A), a local chain (store B) and a local Independent
Grocers' Association (IGA) affiliate (store C). Products 1, 2 and 3
refer to the lowest, medium and highest priced ground beef products,

respectively, that were available at each store. With the exception of



Table 2-Product labeling and mean price per 1lb
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Store
Ground Tri-store
beef A B C mean price-
products State chain Local chain Local IGA per 1b
1 Regular Regular Regular
Approx. 70-75%2 = em———
73% lean lean
Mean price
per 1lb $0,70 $0.70 $0.74 $0.71
2 Lean Lean Ground chuck
Approx. 75-80% Not less than
80% lean lean 90% lean
Mean price
per 1b $0,80 50.80 $0,96 $0.85
3 "Diet" lean Extra lean Ground round
Approx. 80-85% Not less than
887 lean lean 90% lean
Mean price
per 1b $1.00 $1.00 $1.06 $1.02
Store mean
price per 1b $0.83 $0.83 $0.92
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products 2 and 3 from store C, an increase in price per 1lb between any
two ground beef products was accompanied by an increase in the labeled
percentage lean.

The stores differed slightly in the labeling and priecing given each
of their products, Stores A and B used descriptive and percentage lean
statements to identify the type of product, Store C did not label per-
centage lean in its regular ground beef product (1C) and labeled products
2 and 3 according to primal cut (chuck and round) and percentage lean.
Products from store C averaged 4, 16 and 6 cents per 1b higher in price

than correspondingly numbered products from stores A or B.
Percentage ether extract

Mean values for percentage ether extract (lipid) in raw products
showed that two stores (B and C) stayed within federal regulations and
their own labeling statements concerning the fat content of all three
products (Figure 2). However, mean lipid values for products 1 and 2
from store A (1A and 2A) averaged 3.8 and 6.8%, respectively, above
labeled approximate percentage non-lean, and 1A averaged 0.8% above
federal regulations for the maximum amount of fat allowable in ground
beef (30%).

Mean values for objective and subjective measurements attributable
to products (all three stores combined) and to stores (all three products
from one store combined) are given in Table 3. As product number and
price per lb increased, percentage ether extract in both raw and cooked
products decreased (P<0,05). However, differences In ether extractable

material between products 1 and 3 were not as great for cooked as for raw
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Fig. 2-Labeled non-lean and percentage ether
extract (lipids) in raw and cooked products.
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meat, because percentage ether extract was less (4 to 11%) for cooked
than for raw products 1 and 2A, 1 and 2B and 1C and slightly greater (1
to 3%Z) for cooked than for raw products 2 and 3C, 3A and 3B (Figure 2,
Table 3).

Product 3 contained more (P<0.05) moisture and had greater (P<0.05)
volatile losses, but less (P<0.05) drip cooking losses than products 1
and 2 (Table 3). This may account, partially, for the small increase in
ether extract of the cooked product. Irmiter et al. (196?) and Funk et
al., (1968a, 1968b, 1968c) also found that percentage ether extract
decreased with cooking in ground beef containing 30% lipid and increased
with cooking in ground beef with 3 to 207 lipid.

Woolsey and Paul (1969) reported that percentage crude fat in "lean"
intact muscle often was higher after cooking than before cooking, even
when results were reported on a dry weight basis. They also found that
neither removal of an external fat layer, nor use of a polar fat solvent
(chloroform-methanol) in place of ether, made a significant difference in
the amount of fat extracted from raw and cooked lean semitendinosis
muscle. They concluded that, under the conditions of their study, heat-
ing caused denaturation of protein and subsequent release of lipid
previously complexed with protein so that lipid present was more accessi-
ble to both polar and nonpolar solvent extraction. They also suggested
the possibility that the slow increase in temperature at the beginning of
the cooking process activated enzymes, which in turn released bound fat.

For both raw and cooked products, percentage ether extract from
store C products averaged lower (P<0.,05) than that from either store A or

store B products (Table 3). Significant product x store interaction
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occurred for percentage ether extract in raw products (Table 4). Per-
centage ether extract was lower (P<0.05) in regular ground beef from
store C (1C) than in regular ground beef from store A or B (1A, 1B), or
in lean ground beef from store A (24). A4lso, product 2 from store C
(ground chuck) averaged lower (P<0,05) in ether extractable material
than product 2 from store A or B (ground lean), and was similar in ether
extract to product 3 from all stores. . Product x store interaction was

not significant for ether extract in cooked products.,
Cooking losses and cost per serving

Ag product number and price per 1b increased, total qnd drip cooking
logses decreased (P<0,05). Volatile cooking losses, however, were
greater (P<0,05) for product 3 than for products 1 and 2 (Table 3). Cole
et al. (1960) and Irmiter et al. (1967) reported similar trends for
cooking losses from ground beef with lipid contents of 10 to 30%Z, Total
and drip cooking losses also were greater (P<0.05) for both store A and
store B products than for store C products. Mean values for volatile
losses varied little among stores (Table 3).

Significant (P<0.05) product x store interactions for total and
drip cooking losses were similar to product x store interaction for ether
extract in raw products (Table 4). 2C (regular) had less (P<0.05) total
and drip cooking losses than 1A or 1B (regular) and less (P<0.05) drip
cocking loss than 2A or 2B (ground lean). Also, total and drip cooking
losses from 2C (ground chuck) were less (P<0.05) than those from 2A or 2B
(ground lean) and were similar to those of 34, 3B or 3C ('diet" lean,
extra lean, ground round). Product x store interaction for volatile

losses was not significant.



Table 4-Significant product x store Interactions
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Store Signifi-
cance
Measurement Product A B C o F LSD
Ether extract, 1 30.82 29,12 22,1° # 4.0
raw meat, Z
2 26,822 24.40¢ 8.89
3 9,48 11.3¢ 9,99
Total cooking 1 32.12 31,42 26.1° #k 3.7
losses, % ab ab &
2 28.6 29,6 18.1
3 20.4°¢ 20, 8¢ 19.8¢
Drip cooking 1 15,3% 15.3% 8.3° Rk 3.0
losses, %
2 12.0° 11.7° 2,04
3 2.64 2,99 2,14

Product 1, regular (lowest-priced)
2, lean, ground chuck (medium-priced)
~ 3, "diet" lean, extra lean, ground round (highest-priced)

Store A, state chain
B, local chain
C, local IGA

LSD, least significant difference at the 57 level

a,b,c,d
different at the 5% level

*%P<0,01; #%%P <0, 001

Means bearing the same superscripts are not significantly
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Although total cooking losses were less (P<0.05) for higherwpriced,.
leaner products than for lower-priced, higher-lipid products, the
increases in price per 1b for the higher-priced products were such that
cost per 100-g serving of cooked meat increased (P<0.05) as product
number and price per 1b increased (Tables 2 and 3). Store C products
cost an average of 9 cents more per lb (Table 2), but had 5.8 and 6.0%
lower total cooking losses (Table 3) than store A or store B products,
so the cost per 100 g of cooked meat did not vary signifigantly among
stores (Table 3). Product x store interaction for cost per 100-g serving
of cooked meat was not significant,

A regression equation (Figure 3, ¥ = o - bx) was derived to compare
percentage yield of cocked meat to percentage ether extractr(lipid) in
raw meat. The equation was based on 54 observations in this study and 36
addifional observations from stores A and B. In the equation, ¥ is the
predicted percentage yleld of cooked meat, given x (percentage ether
extract (lipid) in the raw meat). The slope of the regression line (b)
was computed by multiplying the correlation coefficient between x and y
(rxy = 0.838) by the standard deviation of y (oy = 5.88) over the standard

g

deviation of x (ox = 8.89); rEY qu

| The constant, o, was computed

from the equation & = y - bx (Snedecor, 1956), Percentage yield (§) from
modified broiled ground beef patties equaled 85.4 (o) minus 0,55 (b) of
percentage lipid (x); ¢ = 85.4 - 0.55x. The standard error of estimate
for the equation is 3.2, i.e., 68% of the y's would be within plus or
minus 3.2 percentage points of the predicted value. The proportion of
the variance of yield accounted for by its association with percentage

ether extract (lipid) is 0.70 (rz). Assuming cooking conditions are
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Fig. 3-Regression equation for percentage yleld vs

percentage ether extract (lipid) in raw meat.
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similar to those of this study, the regression line may be used to
calculate the cost per 1lb, or per serving, of cooked meat given the per-
centage lipid and price per 1b for the raw meat. For example, a matrix
presented in Table 5 illustrates the cost of a 1b of cooked ground beef
at several levels of lipid and prices per 1b.

Internal temperature, total moisture, press

fluid, depth of penetration

After 35 min cooking at 177°C, the internal temperature was higher
(P<0,05) for products 1 (27.4% 1lipid) and 2 (20.0% 1lipid), than for
product 3 (10.2% 1ipid), Table 3. This agrees with findings of Irmiter
et al. (1967) and Funk and Boyle (1972) that products with the lowest
1ipid content, in ground beef cylinders containing from 2 to 30% lipid,
required the longest time to reach 80°C, Differences in internal
temperature attributable to stores were not significant.

As expected, percentage total moisture in cooked products increased
(P<0.05) as product number increased, indicating that total moisture was
inversely related to lipid content. Also, products from store C were
higher (P<0,05) in total moisture than products from store A or store B
(Table 3).

Total press fluid did not vary significantly ameng products; hpw-
ever, mean total press fluid was higher (P<0.05) for store A products
than for store B or store C products (Table 3). During standing, press
fluid separated into fat, serum and solids. Press fluid from the
lowest-priced, highest-lipid product (product 1) contained less serum and
more separable fat than press fluid from either of the other two products.

In addition, press fluid from product 2 contained more (P<0.05) fat than
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Table 5-Cost per 1lb of cooked ground beef® at selected prices and
percentages of lipid for raw meat

Price per Lipid in raw ground beef, 7
rii’mﬁgt 5 10 15 20 25 30
$0.60 $0.73 $0.75 $0.78 $0.81 $0.84 $0.87
0.65 0.79 0.81 0.84 0.87 0.91 0,95
0.70 0.85 0.88 0.91 0.94 0.98 1.02
0.75 0.91 0.94 0.97 1.01 1.05 1.09
0.80 0.97 1.00 1.04 1.08 1.12 1.16
0.85 1.03 1.06 1.10 1.14 1.19 1.24
0.90 1.09 1.13 117 1.21 1.26 1.31
0.95 1,15 1.19 1.23 1.28 1.33 1.38
1.00 121 1.25 1.30 1.35 1.40 1.45
1.05 1.27 1.31 1.36 1.41 1.47 1.53
1,10 ©1.33 1.38 1.43 1.48 1.54 1.60
1.15 1.39 1.44 1.49 1.55 1.61 1.67
1.20 1.45 1.50 1.56 1.61 1,68 1.74
1.25 1.51 1.56 1.62 1.68 1,75 1.82
1.30 1.57 1.63 1.69 1.75 1.82 1.89
1.35 1.63 1.69 T 75 1.82 1.89 1.96
1.40 1.69 1.75 1.82 1.88 1.96 2,04
1.45 1.75 1.82 1.88 1,95 2.03 200
1.50 1.81 1.88 1.95 2,02 2,10 2.18

®Based on the equation, § = 85.4 - 0,55x, when § = percentage yield
of cooked meat and x = percentage lipid in the raw meat.

cost per 1b of cooked meat
4.54

Cost per 100 g of cooked meat =
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that from product 3. The amount of serum in press fluids did not vary
among stores, but more (P<0.05) separable fat was found in press fluids
from store A products than in that from store B or store C products.
The amount of solids in press fluids did not vary significantly among
products or stores (Table 3),

Depth of penetration into cooked meat by a cone (weight, 150 g) on
the Universal Precision Penetrometer did not vary significantly among

products or stores (Table 3).
Sensory evaluation

Scores for flavor, juiciness, texture and over-all acceptability
did not vary significently among products or stores (Table 3). The two
lower-priced, higher-lipid products (1 and 2) rated slightly higher for
flavor, juiciness and over-all acceptability, and were considered
slightly more chewy than the highest-priced, lowest-1lipid product (3).
Palatability data for this study agree with laboratory taste panel data
reported by Nielsen et al. (1967) and Huffman and Powell (1970), and
with consumer taste panel data reported by Kaiser et al. (1970) for
ground beef varying in fat content from 13 to 35%. However, in other
consumer taste panel studies (Glover, 1964; Law et al., 1965; Carpenter
and King, 1969; Mize, 1972) panelists preferred ground beef products
containing 15 to 20% lipid to products with higher lipid contents (25 to
35%)., The fact that laboratory panels do not take part in the cooking
of the patties, and therefore are not influenced by observations of drip
and spattering losses, might partially explain differences in acceptance

between laboratory and some consumer taste panel data.
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Variation among weeks, week x product interactioms
and week x store interactions

Analysis of variance indicated that, in general, the ground beef
products were similar from week-to-week., Significant differences
(P<0.05) attributable to the week in which products were purchased
occurred only for volatile cooking losses, total press fluid and solids
in the press fluild, and could not be explained.

Significant interactions for weeks x products did not occur for any
measurement. Significant interactions for weeks x stores occurred only
for drip cooking losses (Table 6). Store C products had less (P<0.05)
drip cooking loss than store A products each week except week 2, and
less (P<0.05) drip cooking loss than store B products each week except

weeks 4 and 6.
Variance among products

Law et al. (1965) reported that consumers in a survey stated that
they consistently purchased "ground round" and "ground chuck" because
they could be assured of greater uniformity than if they purchased
"sround beef." In this study variance among the nine product-store
combinations was estimated for each measurement by subjecting data to
Bartlett's test for homogeneity of variance. Variances for the four
measurements that differed (P<0.05) among the nine product-store
combinations are given in Table 7.

Variances for percentage drip cooking losses were greatest (P<0.,05)
for products 1 and 2 (regular and lean) from stores A and B, less

(P<0.05) for products 1C, 3A and 3B (regular, "diet" lean, extra lean),
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Table 6-Week x store interaction for drip cooking losses

Store Signifi-
' cance
Week A B C of F LSD
1 14,42 g, 7575 4.1%8 x 4.3
2 7.g0def 13.8%° 4,358
3 967 16, §06% 4.0%8
4 10‘3abcd 7chef' 4.9efg
5 7.558% 11.9%%¢ 3,28
6 R s 7.4%¢f2 4.3%8

Store A, state chain; B, local chain; C, local IGA
LSD, least significant difference at the 57 level

*P<0.05

a’b'c’d’e’f’gMeans with the same superscripts are not significantly

different at the 5% level of probability
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Table 7-Variances that differed (P<0.05) among product-store

combinations
Product- Product~
Measurement store Variance Measurement store Variance -
Drip cooking 1B 20,522 Fat in press 28 1.252
losses, % 2B 17.313 fluld, ml/25g  1C 0.53%
1A 14,064 3A o.sr‘“b
24 12,35, 3B o.soab
10 2,76, 1B 0.29:cc
3A 1.52b 1A 0.14c
3B 1.52c 2A 0.11
2C 0.41 3C 0.092
3cC 0.21 2C 0.08
Flavor, 1-5 3A 0.77:b Over-all 3A 1.00%,
3c 0.36ab acceptability, 2B O.40bc
2B 0.22bc 1-5 2A . 0,18bC
2A 0.13bc 3c O.IOC
s o uo oo
*““be tooe
2C 0.09 1B 0.07
1c 002> 1C 0.05°
1A 0.04° 2C 0.05°

Product-store

a,b,c

1A,
1B,
1c,
24,
2B,
2¢,
3A,
3B,
3c,

regular from state chain
regular from local chain
regular from local IGA

lean from state chain

lean from local chain
ground chuck from local IGA

"Jiet" lean from state chain

extra lean from local chain
ground round from local 1GA

scripts are not significantly different (P<0.05)

Variances in the same vertical row bearing the same super-
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and least (P<0.05) for products 2C and 3C (ground chuck and ground
round). Comparison of variances (Table 7) with mean values for percent-
age drip cooking losses (Table 3) Indicated that product-store combina-
tions with the lowest drip cooking losses had the least amount of
variance,

Variances for fat in press fluid alsc differed (P<0,05) among
product-store combinations (Table 7). Variance was greatest for product
2B, but that variance was not significantly greater than variances for
1C, 3A, 3B or 1B. Product-store combinations 2C, 3C and 2A varied the
least for fat in press fluid, but not significantly less than products
1A or 1B.

Variances for flavor and over-all acceptability scores were greatest
for product 3A. Flavor scores varied least for product 1 from stores A
and C, and over-all acceptability scores varied least for product 1 from

all stores and products 2C and 3B.
SUMMARY AND CONCLUSIONS

PACKAGED GROUND BEEF products with three different ratios of fat/lean
available in a store, were selected randomly from meat display cases of
three local retail markets on six Mondays. Products were randomized for
cooking and evaluation on Tuesdays and Wednesdays. Patties (180 g each)
were cooked by modified broiling at 177°C for 35 min and evaluated for
cooking losses, palatability and related 'quality" factors and cost per
100-g serving.

As price of the ground beef products increased, percentage ether

extract (lipid), in both raw and cooked meat, decreased (P<0.05) and
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percentage total moisture in cooked meat increased (P<0,05). Total and

drip cooking losses decreased (P<0.05) with decreasing lipid in raw meat.

Percentage yield for cooked meat equaled 85.4 minus 0.55 of the percent-

age ether extract (lipid) in the raw meat. As percentage lipld decreased,

the decrease in total cooking losses was not great enough to compensate
for the increase in price per 1lb; therefore, the cost per 100-g serving
of cooked meat increased (P<0.05) with decreasing lipid content.

Volatile losses were greater (P<0.05) and internal temperature lower
(P<0.05) for the leanest product than for the other two products. Total
press fluid and depth of penetration by a 150-g cone did not vary signifi-
cantly among products, but as lipid content decreased, press fluid con-
tained more (P<0.05) serum and less (P<0.05) fat., Differences among
products in flavor, juiciness, texture and over-all acceptability, as
judged by a 7-member laboratory taste panel, were not significant.

Under the conditions of this study, it was concluded that:

1. Ground beef that contains 10 to 20% lipid has less cooking loss than
ground beef that contains 25 to 30% lipid.

2. In general, percentage ether extract (lipid) decreases with broiling
when raw ground beef contains 20 to 30% lipid, and increases with
broiling when the raw meat contains less than 12% lipid; therefore,
the difference in 1lipid content between the above two classifications
of ground beef products 1s not as great for broiled as for the raw
meat.

3. At prices less than $1.30 per 1lb for raw ground beef, cost per lb and
per serving of cooked meat is less for lower-priced, higher-lipid

products (decreasing in increments of $0.10 per 1b and increasing in
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increments of 10% lipid), than for higher-priced, leaner products.
For example, the cost of a cooked 1b of ground beef is $0.04 less
for raw ground beef priced at $0.90 per 1b with a lipid content of
30%, than for raw ground beef priced at $1.00 per 1b with a 20%
lipid content.

The ratio of fat/lean had no significant effect on the palatability

of the ground beef products.
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Form II

Instructions to Judges for Sensory Evaluation
of Ground Beef
Select one cube of meat to score all palatability characteristics
for one sample.

Scoring for flavor and juiciness

Record a score for flavor and another for juiciness within a range
of 5 to 1 that describes your impression of the sample. See the score
card for descriptive terms for specific scores within the range of
5 to 1. Record the score describing your impression of flavor and
juiciness at the beginning of the chewing process.

Scoring for texture

Record a score for texture within a range of 5 to 1 that describes
your impression of the sample as you chew it, See the score card for
descriptive terms for specific scores within the range of 5 to 1. A
score of 5 will indicate a mealy product with a fine, friable texture,
whereas a score of 1 will indicate a chewy product whose texture is
coarse and cohesive.

Scoring for over-all acceptability

Record a score that describes your impression of the general
desirability of the sample. This is not a total score, i.e., it is not
a score obtained by adding the scores for the other factors. BScore
over-all acceptability with the range of 5 to 1, the same as for the
other factors listed on the score card.

Comments

Comments about a sample and/or explanation of your reason for giving
a particular score are helpful, especially if a sample is scored low.

Take your time to score each sample. To clean and rinse out the
taste left in your mouth before tasting another sample, water and
crackers are provided.




Table 8-Percentage ether extract, raw and cooked

Product

Product

week

Store

week

Store

Ether
extract, % cooked

Ether
extract, % raw

20.5 14.0

23.2

32.8 10.4

32.4

19.9 11.5

18.3

26.7 11.1

38.7

12,3 13.8

20.4

26.7 12.5

23.3

17.5 17.7

19.1

7.8
8.8

20.0

28.1

17.5 10.5

18.0

27.7

29.4

8.6

20.3

21.5

6.0
9.4

27.0

33.1

Av.

30.8 26.8

Av.,

16.5 14.1

15.5

21.0 12.9

24,5

18.4 11.2

17.8

29.6 11.7

32.7

15.5 19.6

20.4

23.7 10.8

29.6

17.0 9.2

19.3

21.4 9.3

28.9

Iy \D

Av.

9.
1z,

13.1

17.9

12.2 13.2

21.2

8.6

20.3

8.9
5.6

8.1
5.2

10.0

25.9

7.9
10.5

8.5

12.7

17.4

23.5

16.7

9.9
10.1

18.7

10.8
12.8

11.7

W0 @
~ o

18.4

Av,

9.9

22,1

Av.
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Table 9-Percentage cocking losses - total, volatile and drip

Product

Product

Product

week

Sa

Drip

Volatile, %

Total, 7%

18.1 B

21.7

15.6 17.6

15.9

33.9 21.1

38.0

U']O‘-:f
o

11.3

10.6

17.6 18.1

15.9

29 .1 19.6

26.7

12.4

13.5

17.2 19.4

20.7

29.6 22.6

34.4

11.1

15.4

16.7 16.9

17.0

28.5 21.8

32.6

1.3
1.9
2.6

7.2

12,2

13.9

15.2 16.7

14.6

22.8 18.1

29.1

16.7

14.8 17.0

14.6

27.8 19.4

32.0

12.1

15.3

16,2 17.6

16.5

28.6 20.4

32.1

Av.

4.6
.

10.6

10.9

16.7 19.8

15.4

27.6 24 .4

26.5

17.8

19.8

16.1 19.4

16.3

34.1 23.1

36.1

3.0
1.7

14.6

13.3

21.3 18.0

16.1

38,1 21.3

27.0

30.0

7.0
12.6

15,2 19.4 15.6 14.3

17.8

29.6

oM o
- N

7.6
11.7

18.1 16.9 16.1 16.5 21.
23,9 20.4 14.4 15.6 16.7 11.5

29.1

39.1
27.0

2'9

15.3

17.5 17.7

15.7

29.6 20.9

31.4

Av.

2.8
2.4
1.5
1.9

2,0
1.5
. 103
2,2

11.9 16.1 7.4
8.9

17.6

14.3 18.7

25.4

17.0 18.9

18.5

18.5 21.7

17.8

27 .4

9.1
10.7

20.2 18.3 16.3 18.5
18.9 18.5 15.9 16.3 16.3

28.0
27.6

1.9
2,2

17.0 16.1 5.9 1.7
7.6

18.1

19,2 18.5

20.0

24.3

3.1
2.0

15.4 16,3 18.5

21.3

23.7

2.1

8.3

15.8 17.4

17.3

18.1 19.8

26,1

Av.
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Product
Cost per 100-g

cooked serving, cents

week

Store

1b, cents

Product
Price per

Table 10-Price per 1b, cost per 1l00-g cocked serving
week

Store

26.3 27.6

24,5

79.0 99.0

69.0

r4

27.1
28.2
27.9
26.6
28.

27,

28.8
28.4
27.7
26.5
26.6

24.5
24,7
24.3
-22.5
25.9
24.7
24.0
26.4
27.2
23.8
24.5

20.7
23.2
22.6
21.4
24.3
22,8
20.7
23.8
21.7
21.6
25.0

Av.

99.0
99.0
99.0
99.0
105.0
100.0
99.0
99.0
99.0
99.0
99.0
105.0

79.0
79.0
79.0
79.0
85.0
80.0
79.0
79.0
79.0
79.0
79.0

69.0
69.0
69.0
69.0
75.0
70.0
69.0
69.0
69.0
69.0
69.0

Av,

—

.

24,6

22.0

85.0

73.0

=}

22.5

Av.,

69.7 80.0 100.0

Av.

28.5
29.5
29.0
28.4
28.4
30.5
29.0

24.4
25.7
25.5
25.8
25.9
27.3
25.8

21.6
22,2
22.3
22,2
21.2
22.8
22,1

Av,

105.0
105.0
105.0
105.0
105.0
109.0
105.7

95.0
95.0
95.0
95.0
95.0
99.0
95.7

73.0
73.0
73.0
73.0
73.0
79.0
74.0

Av.




Table ll-Internal temperature, °C; total moisture, %; depth of penetration, mm

Product

Product

Product

week

Sa

Depth of
penetration, mm

Total
molsture, %

Internal
temperature, °C

55,3 60.7 11.0 15,2 11.4
62.9

53.6

71.0 65.0

75.0

8.4
12.9

13.7

16.7

58.5

58.5

71.0 68.0

70.0

62.9 61.2 9.2 13.0
11.8

53.1

72,0 70.0

75.0

14.6

10.0

56.7 57.4

53.8

71.0 66.0

68.0

12.1 14.8

10,2

58.3 63.4

58.8

67.0 64.0

72.0

12.8 10.7

12.5

56.5 65.1

55.6

69.0 64.0

70.0

12.8 12.1

11.9

58.0 61.8

55.6

70.2 66.2

71.7

Av.

60.0 61.4 14.8 14.3 11.4
63.1

60 .0

71.0 68.0

66.0

10.9 12.8

14,0

57.9

55.0

68.0 70.0

72.0

10.6 12.7

10.4

58.4 54.8

57.2

78.0 67.0

65.0

14.6 14.2

13.3

58.7 66.6

55.9

66.0 65.0

69.0

14.3 14.2

14.5

58.3 66.0

55.3

68.0 65.0

76.0

13.5 12.5

16.9

57.4 59.9

56.7

64.0 62.0

69.0

13.1 13.0

14.0

58.5 62.0

56.7

69.2 66.2

69.5

Av,

14.3 12.6

15.6

61.0 65.0

59.1

66.0 67.0

67.0

11.3 10.1

13.6

65.3 62.6

55.2

67.0 66.0

71.0

9.6
9.3
11.2

13.6

13.2

66.0 65.9

59.1

65.0 69.0

71.0

10.5

13.9

62.8 64.0

57.5

66.0 66.0

67.0

15,3

13.6

66.8 65.0

54.2

64.0 62.0

67.0

16.7 15.8

17.6

60.4 62.9

58.4

66.0 68.0

68.0

13.6 11.4

14.6

63.7 64.2

57.3

65.7 66.3

68.5

Av.

58

Store



Table 12-Press fluids

total, serum, fat, solids

Product

Product

Product

Product

Sa week

Solids, ml/25g

Fat, ml/25g

Serum, ml/25g

Total, ml/25g

2.6
0.2

1.5
0.4
0.2

1.8
0.3

0.4
1.6
1.6
2.4

2.4
1.3

1.8

25

3.8 4,1 3.8

4.9
b4
4.6

8.0 6.8
7.3

8.0
7.0

1.8

6.1

4.8

7.0

0.2
1.0

0.4
0.1
1.0
0.6

0.2
0.2

2.5
L9
245
2.2

2.7
2,9

5.7
5.0

5.6
5,2

7.5
8.4
8.0
7.4

7.5
8.0
7.4

8.5
7.7

7.3
7.7

0.2

0.2
0.5
0.5

0.9

2.3
2.4
2.4

5.4 6.9

4.4
4.4
4.4

6.9

-~
oo

0.8
1.2

6.6
57

5.0
5.0

7.3
7.4

Av,

3.4 2.0

1.8

0.5
0.7
2.2
0.2

0.0

0.8
1.9

5.8 4.4

4.4

4.9
4.3
A.S

8.7 7.0
6.6

706
6.4

2.8
2.5
1.9
2.0

5.3

7.4

2,2

3.8

4.4

6'7

7.1

7.3

0.3 1.2
0.4 1.2

0.8
0.2

0.5

2.2
2.1

5.7
4.8

4.8
4.4

o T
o ~F

Qo
oo

D
(= |

~ o
L2 ]

2.0 0.2

1.0
0.4
0.0
0.2

1.0
0.5

0.8

1.6
2.6

6.8
4.4
5.4

4.8
5.9
5.5

5.3
4.0
5.8
4.7

8.0
6.7

7.4
6.8
6.5

8.0
7.0

1.9

0.1
0.1

0.8
0.9

0.2

0.8
1.1

0.4
0.5

2.3
1.9

6.3

7.3

~
<

1.1

0.9
0.7
1.5
0.9

5.5
5.0
4.6

4.3
6.4
5.7

7.0
6.6
6.9
6.9

6.3

6.8

(3]
—~

0.2
0.8
0.7

0.3

2.0
0.5

3.8
4.5
4.6

7'3
8.0

6.0
8.4

1,9

3.4
0.9

1.0

0.7

1.8

5.3

5.4

7.3

Av.

7.1

59

Store



Table 13-S5cores for flavor,b texture,c juicinessd and over-all acceptability,b 1-5

Product

Product

Product

Product

week

sa

b

Over-all
acceptability

d

Juileciness

o

Texture

Flavor

3.6
1.7

3.3
3.0
2.3
3.5

2'7

2.7 3.0

3.2

3.1

3.7
3D

3.0

P

2.1
4,0

3.6
1.7
2.7
3.5

3.6

3.2

3.0

3.4

1.8

3.7
3-0
2.7

3.1

2.7
4.0

3.2
3.0

3.0
3.8

3.2
3-7

3.3
4.0
4,2

3.3
3.2

3.5
2,2

243
Buld

3.3
3.0

3.3 1.5
3.2 3.0
2.8

3‘5
3.0
3.1

2.7
2.8
2.9

3.5
3.7

3.3

32
3.8

2.3
e

3.0
2,5

2.9

2.8
2.8
2,9

3.3 1.5
3.0 2.8

3.5
3-0
3.2

3.1

3.3

2.5

3.1

Av.

MO R

3.6
3.0
2.0
3.8

3.4
3.3
3.7
3.4

3.6 3.0
3.6 3.0
1.8 3.3
3.3 3.1

3.1
3.1
4,7
4,0

4.0
3.2
3.7
3.1

2.4
3.0
3.3
3.4
4.0
3.0
3.4
2.9

1.7

2.6
2.6
4.0
3.9

3.7 3.0
2.9 3.8
2.5 2.8
3.7 3.0

3.1
3.4

3.3
3.3
3.2

3.1

3.1
2.7

3.1

4.2

2.9

3.7

2.6
2.3

3.1
3.2
3.2

3.4

3.2

3.4
4.0

3.0

3.8
3.5
2.9
3.3
3.2

3.8
3.6

3.3
3.5
3.9
Buh
4.0
3.3

3.1

3.0
2,6

3.3
2-7
2.3

3'0

3.2

3.5
249

Av.

2.7
Bl

3.4
3.1
2.8
3.0

2.9
3.3
3.0

4.0
3.4

2.1
3.7
2,0
2.9

2.4
o

3.6
3.6

3.2

3.5

ey
o o

3.1
3.0
3.5
3.2

2.7
3.2

2.7
3.4
2.7

2.8
4.0
3.6

3.0 4.0
2.9 2.7

3.5
3.3
2.9

2.7

3.3
3.2

3.3
3.5

2.7

3.4

2.7

3.3
3.2

3.0
3.1

4.0

4.0

3.8
3.5

3.7

3.4

3.8
3.0

3.0

3.2
3.2

3.1

3.0 3ud

3.4

3'1

3.3

Av.

60

Range, 5=extremely desirable; l=undesirable

b

Store

Range, S=extremely juicy; l=dry

d

Range, 5=mealy; l=chewy
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Ground beef, chopped beef or hamburger sold in interstate commerce
or in Kansas may contain as much as 30% fat by weight. As this is a
large allowance for 1lipid content, many retailers market ground beef at
three or more fat and price levels, a practice that allows consumers a
choice, but also leads to confusion at the meat counter.

To investigate the practice, packaged ground beef products with
three different ratios of fat/lean were selected randomly from meat dis-
play cases of three local retail markets on six Mondays. The products
were randomized for coocking and evaluation on Tuesdays and Wednesdays.
Patties (180~g each) were cooked by modified broiling at 177°C for 35 min
and evaluated for cooking losses, palatability and related "quality"
factors and cost per 100-g serving.

As price of the ground beef products increased, percentage ether
extraﬁt (1ipid), in both raw and cooked meat decreased (P<0.05). Total
and drip cooking losses decreased (P<0,05) with decreasing lipid in raw
meat. Percentage yleld of cooked meat equaled 85.4 minus 0.55 of per-
centage ether extract (lipid) in the raw meat. As percentage lipid
decreased, the decrease in total cooking losses was not great enough to
compensate for the increase in price per 1lb; therefore, the cost per
100-g serving of cooked meat increased (P<0.05) with decreasing lipid
content.

Volatile losses were greater (P<0,05) and internal temperature lower
(P<0.05) for the leanest product than for the other two products. Total
press fluid and depth of penetration by a 150-g cone did not vary
significantly among products, but as lipid content decreased, press

fluid contained more (P<0.05) serum and less (P<0,05) fat, Differences



among products in flavor, julciness, texture and over-all acceptability,
as judged by a 7-member laboratory taste panel, were not significant.
Under the conditions of this study, it was concluded that:

1. Ground beef that contains 10 to 20% lipid has less cooking loss than
ground beef that contains 25 to 30% lipid.

2. In general, percentage ether extract (lipid) decreases with broiling
when raw ground beef contains 20 to 30% lipid, and increases with
broiling when the raw meat contains less than 1272 lipid; therefore,
the difference in lipid content between the above two classifications
of ground beef products 1s not as great for broiled as for raw meat.

3. At prices less than $1.30 per 1lb for raw ground beef,_cost per 1b and
per serving of cooked meat is less for lower-priced, higher-lipid
products (decreasing in increments of $0,10 per 1b and increasing in
increments of 10% 1lipid), than for higher-priced, leaner products.
For example, the cost of a cooked 1b of ground beef is $0.04 less for
raw ground beef priced at $0.90 per 1lb with a lipid content of 30%,
than for raw ground beef priced at $1.00 per 1b with a 20% lipid
content,

4, The ratio of fat/lean had no significant effect on the palatability

of the ground beef products.



