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Introduction 
As consumers become increasingly concerned about their 
health and well-being, food and nutrition become impor
tant topics. Conflicting information can confuse and 
frustrate the American public as they try to make healthy 
food choices. To respond to the public's educational 
needs, the University of Minnesota developed the Food, 
Agriculture and Nutrition (FAN) Forums. Their objective 
is to exchange current information and to generate ideas 
on food and nutrition programs. 

The FAN forums are sponsored by the Intercollegiate 
Nutrition Consortium (INC), a cooperative effort of five of 
the University of Minnesota's colleges: College Of 
Agriculture, College of Home Economics, Medical School, 
Minnesota Extension Service, and School of Public Health. 
Funded by a grant from the W.K. Kellogg Foundation, the 
Consortium promotes food and nutrition awareness with 
health professionals, food producers and processors, and 
the general public. 

Two statewide FAN forums held recently include 
"Lowering Blood Cholesterol" and "A Healthy Diet With 
Animal Product Options." Participants included food 
producers and processors, grocers, dietitians, health 

Position Statement 

educators, physicians and research scientists. A central 
message coming from both forums was the need to 
educate consumers to become informed decisionmakers in 
the food marketplace. Following this mandate, the 
Educational Design Team developed the "Position State
ment" below to identify our stance on these issues. 

One purpose of this statement is to stimulate develop
ment of "Regional Forums." We want local groups to meet 
to share information, ideas and perspectives, and increase 
local networking and collaboration on educational pro
gramming. We believe such forums have the potential for 
educating large numbers of Minnesotans on important 
food, agriculture and nutrition issues. 

Members of the Educational Design Team FAN II 

Dick Epley, Ph.D., Professor and Extension Animal Scientist 
Linda Dieleman, M.S., R.D., FAN Forum Coordinator 
Bea Krinke, M.P.H., R.D., Public Health Nutritionist 
Phil Kofron, M.D., M.P.H., Physician/Nutritionist 
Craig Hassel, Ph.D., Assistant Professor and Extension 

Nutritionist 

"Animal products have always 
been a mainstay of the American diet, 
and thanks to new production 
technologies a wider range of prod
ucts is available today than ever 
before. About 36 percent of the food 
energy and between 36 and 100 
percent of each of the major nutrients 
come from animal products. But they 
also contribute more than half of the 
total fat, nearly three-fourths of the 
saturated fatty acids, and all of the 
cholesterol - dietary components 
that may increase the risk of heart 
disease and cancer for some individu
als."* 

concern for American consumers. 
Conflicting information about the 
role of animal food products in a 
healthy diet has confused and 
frustrated the public. The Intercolle
giate Nutrition Consortium goal is to 
disseminate a clear, consistent 
message about the role of animal 
products in a healthy diet and to 
encourage informed choices in the 
food marketplace. 

cially B vitamins, zinc, heme-iron and 
available calcium. Consumers must 
have the information needed for 
informed choices. We urge consum
ers to: 

• base all food purchases and 
eating decisions on sound, factual 
information. 

• routinely question all food com
position and health claims. 

Overconsumption of these 
dietary components is now a major 

The Intercollegiate Nutrition 
Consortium supports nutrition 
education efforts to reduce fat in the 
American diet while stressing the 
nutrient contribution of a variety of 
foods. Animal foods can be excellent 
sources of essential nutrients, espe-

• recognize the health benefits of 
existing low-fat animal products 
available in the food marketplace. 

For a given animal food, many 
options are now available with 
respect to cost, convenience, taste and 



composition (fat content). Often it is 
not possible to obtain all the desired 
qualities in a single product. In
formed consumer demand will 
further the development of desirable 
animal food products. The Intercolle
giate Nutrition Consortium encour
ages: 

• government agencies to expand 
and standardize food labeling 
practices to help consumers make 
wise choices. 

• producers, processors, retailers, 
health professionals and 

consumers to affect policy on con
tinued use and development of 
low-fat, nutritious animal product 
options. This includes changes in 
the grading system, labeling and 
standards of identity. 

• government agencies to revise 
agricultural price support 
policies to stimulate production 
and distribution of low-fat foods. 

• leadership in policymaking to 
sustain the positive trends we see 
among consumers and throughout 
the animal food product indus
tries. 

Our collaborative efforts are an 
attempt to "provide consumers the 
opportunity to exercise personal 
choice in the marketplace, to encour
age the development of a range of 
products consistent with those 
choices, and to ensure sufficient 
consumer education and information 
to make those choices informed 
decisions."* 

*Quoted passages taken from "Designing 
Foods - Animal Product Options in the 
Marketplace," National Research 
Council, National Academy Press, 1988. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with the U.S. 
Department of Agriculture. Patrick J. Borich, Dean and Director of Minnesota Extension Sei'vice, University of Minnesota, St. Paul, Minnesota 55108 
The University of Minnesota, including the Minnesota Extension Service, is committed to the policy that all persons shall have equal access to its 
programs, facilities, and employment without regard to race, religion, color, sex, national origin, handicap, age, veteran status, or sexual orientation. 



HE-F0-3864 
1989 

food • agriculture • nutrition 
lntercolle9iate Nucrition Consortium, University of Minnesota 

This publication is part of the 
series "Animal Product Options in 
the Marketplace," developed as a 
result of a statewide Food, Agricul
ture and Nutrition (FAN) Forum held 
in November 1988. FAN Forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health 
professionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 
needs. 

Composition 
Meat is defined as those animal 

tissues that are suitable for use as 
food. Tissues that comprise meat 
include muscle, adipose tissue, 
nerves and blood vessels. However, 
meat is consumed largely for the 
muscle component. 

The major components of beef 
muscle are water, protein and lipid. 
On a percent fresh (raw) weight basis, 
the approximate composition of beef 
muscle is listed in Table 1. 

The ratio of water to protein in 
beef muscle is approximately 4.0 to 
1.0. This value is fairly constant but 
does vary slightly from muscle to 
muscle. The fat content of beef 
muscle can vary widely due to a 
number of factors. However, as the 
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Table 1. 
Component Average Value Range 

Water 

Protein 

Lipid (fat and cholesterol) 

Non-protein nitrogenous substances (includes vitamins) 

Carbohydrates and non-nitrogenous substances 

Inorganic constituents (minerals) 

Table 2. 

Comparison Description 

1. Choice retail cuts, separable lean 
and fat, raw 
vs. 
Choice retail cuts, separable lean, raw 

2. Prime retail cuts, separable lean, raw 
vs. 
Select retail cuts, separable lean, raw 

3. Choice blade roast, separable lean, raw 
vs. 
Choice top round, separable lean, raw 

4. Choice top loin, separable lean, raw 
vs. 
Choice top loin, separable lean, cooked 

75.0 

18.5 

3.0 

1.5 

65-80 

16-22 

1.5-13.0 

1.0 0.5-1.5 

1.0 

100.0 

Percentage or grams per 
1 00 grams edible portion 

Water Protein Fat Ash 

57.7 17.5 23.8 0.8 

71.4 20.9 6.6 1.0 

69.7 21.0 8.8 1.0 

72.2 21.0 5.5 1.0 

70.4 19.2 9.5 0.9 

71.5 22.8 4.2 1.1 

69.7 21.5 6.9 0.9 

59.9 28.6 9.4 1.2 



fat content increases (or decreases), 
both water and protein content 
d~creas~ (o~ increase) accordingly but 
still maintain their proportional 
relationship to each other. 

One of the confusing issues for 
consumers is the wide range in 
reported values for fat content of 
beef. When data on fat content of 
beef are observed, educators should 
ask the following questions: 

1. Are the data derived from the 
entire soft tissue (muscle and fat) 
of a carcass or cut, or are the data 
derived from the muscle (sepa
rable lean) only? 

2. What is the degree of marbling 
(grade)? 

3. Which muscle (cut) are the data 
derived from? 

4. Are the data from raw or cooked 
beef? 

Table 2, which contains data from 
USDA Agriculture Handbook 
Number 8-13, illustrates these points. 

Comparison 1 illustrates the 
importance of selecting beef cuts with 
a minim1:1m of separable fat. Sepa
ra_ble fat 1s fat that can be easily 
tnmmed from a cut with a knife. The 
difference is 17.2 percentage units of 
fat! Some retailers are trimming beef 
cuts of all external fat and nearly all 
fat between muscles in response to 
consumers' desires to reduce pur
chase of waste fat. 

Comparison 2 illustrates the 
importance of knowing the quality 
grade _of beef since the degree of 
marbling (specks of fat within the 
lean) is the primary determinate of 
USDA quality grade. USDA Prime 
lean contains 8.8 percent fat whereas 
USDA Select contains 5.5 percent fat. 
USDA Choice is intermediate in 
degree of marbling to Prime and 
Select. 

Comparison 3 illustrates the 
principle of muscle to muscle vari
ation in fat content. The separable 
lean of Choice top round has 4.2 
percent fat, whereas the lean of chuck 
blade roast has 9.5 percent fat. The 
fat content of muscle is lowest in the 
round followed by the loin and then 
rib and is greatest in the chuck for a 
given quality grade. 

Comparison 4 illustrates the 
importance of knowing whether 
compositional data represents raw 
product or cooked product. Water is 
the main constituent lost from meat 
?uring cooking; the amount of loss is 
influenced by factors such as method 

of cookery, temperature, etc. Thus to 
~tandardfze data, most compositional 
information is collected on raw 
samples. However, one should not 
be misled by the higher fat figure in 
cooked beef compared to raw beef. 
The sample size is 100 grams, and 
compositional values are also in 
grams to ~ake conversions to per
centages simple. The higher value in 
cooked beef is a result of an increase 
in concentration, due mostly to a loss 
of moisture during cooking and not 
an actual increase in the amount of 
fat. The cooked value for fat is about 
25 percent higher and is proportional 
to the percentage cooking loss. Thus 
a four ounce raw portion of lean and 
the resulting three ounce cooked 
portion will contain essentially the 
same amount of fat in grams. 

The cholesterol content of beef is 
often misunderstood. The milligrams 
of cholesterol in 100 grams (3 1 /2 
?unces) of Choice separable raw lean 
1s 60, whereas the corresponding 
value for separable lean and fat is 70. 
This indicates that there is more 
cholesterol in separable fat than in 
separable lean. Thus to minimize 
cholesterol intake (and calories), 
consumers should trim beef cuts of 
visible fat before consumption. 
However, it has been documented 
that marbling contains little choles
terol and that most of the cholesterol 
in muscle is associated with muscle 
cell membranes. Studies with beef 
steaks that ranged widely in marbling 
content (quality grade) when raw 
showed no difference in cholesterol 
conten~ aft~r cooking. Thus, choosing 
beef with httle or no marbling will 
not alter cholesterol intake, but it will 
reduce calorie intake. 

The fatty acid content of beef is 
often misunderstood as evidenced by 
the co~mon tendency to broadly 
categonze all beef fats as high in 
saturated fatty acids. The separable 
lean from 100 grams of Choice beef 
has 5.71 grams of fatty acids of 
which 2.56 grams are saturated fatty 
acids, 2.88 grams are monounsatu
rated fatty acids and 0.27 grams are 
polyunsaturated fatty acids. Thus, 
saturated fatty acids comprise 44.8 
per~ent of the total fatty acids in beef, 
while unsaturated fatty acids com
prise 55.2 percent of the total. Also, 
some current evidence indicates that 
in~ividual dietary saturated fatty 
aci~s are not uniform in their physio
logical effects in humans. 

In spite of the variation discussed 
above, beef makes basic contributions 

to the diet. USDA Ag Handbook 8-13 
indicates that a 3 1 /2 ounce cooked 
portion of choice top loin (separable 
lean only) contains the following: 

Table 3. 
Item 

Energy 
Water 
Protein 
Fat 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
Copper 
Thiamin 
Riboflavin 
Niacin 
Pantothenic acid 
Vitamin 86 
Folacin 
Vitamin 812 

Regulations 

Value 

207 calories 
59.9 grams (g) 
28.6 g 
9.4 g 
8 milligrams (mg) 
2.47 mg 
27mg 
218 mg 
396 mg 
68mg 
5.22 mg 
0.11 mg 
0.09 mg 
0.2mg 
5.34 mg 
0.37 mg 
0.42 mg 
8 microgram (mcg) 
2mcg 

. Th~ USDA is charged with 
inspechon of slaughter establish
ments that purchase beef animals and 
sell the resulting beef and beef 
products to commercial establish
ments. Elements of inspection 
include sanitation, antemortem (live) 
inspection, postmortem (carcass) 
inspection, product inspection, 
laboratory analysis and labeling. The 
USDA also inspects at meat process
ing establishments that buy beef, 
further process and sell it to busi
nesses. 

Slaughterers may operate under 
custom exemption from USDA 
inspection if the beef is to be con
sumed by the owner of the animal, 
me~bers of the family and non
paying guests. In this case, the 
Minnesota Department of Agricul
ture (MDA) inspects facilities, 
sanitation, labeling, etc., but does not 
inspect the animal or carcass for 
disease conditions. The MDA also 
inspects at establishments that 
oper~te under the retail exemption. 
Retail exempt establishments buy 
USDA inspected beef and further 
process it into steaks, ground beef, 
sausage, etc. for direct sale to con
sume~s. The MDA inspects at retail 
establishments for sanitation, tern-



Table 4. 

Marbling Level USDA Grade 

Moderately abundant Average Prime 

Slightly abundant Low Prime 

Moderate High Choice 

Modest Average Choice 

Small Low Choice 

Slight Select 

Traces High Standard 

Practically devoid Low Standard 

(Data from Savell and others, J. Food Sci. 51 :838) 

Table 5. 
Maximum Fat 

Name Percentage Price 

Hamburger 30 Lowest 

Ground beef 30 

Lean 
ground beef 22 

Extra lean 
ground beef 15 Highest 

perature control, proper labeling, etc. 
The USDA provides options for 

consumers by grading, at the request 
of the processor, beef carcasses for 
USDA quality grades. The quality 
grades for young beef (9 to 42 months 
of age) are Prime, Choice, Select and 
Standard. Quality grades for older 
beef (31/2 years of age or older), 
which are usually less tender, are 
Commercial, Utility, Cutter and 
Canner. Thus consumers can choose 
a quality grade of beef that meets 
their expectations with respect to fat 
content and palatability (flavor, 
juiciness and tenderness). Young 
beef varies in fat content of the major 
muscle of the rib and loin as shown in 
Table 4. 

The USDA provides additional 
options for consumers of steaks and 
~oasts by regulating labeling accord
mg to total fat content. Steaks or 
roasts labeled "Lean" or "Lite" must 
have a total fat content equal to or 
less than 10 percent. Steaks or roasts 
labeled "Extra Lean" must have a 
total fat content equal to or less than 5 
percent. Steaks or roasts labeled with 

Percentage Fat Expected Palatability 

10.42 

8.56 Highest 

7.34 

5.97 

4.99 Intermediate 

3.43 

2.48 

1.77 Lowest 

Table 6. 
Primary 
Consumer 
Desire 

1. Low trimmable fat, high Taste fat, not 
degree of marbling waste fat 

2. Low trimmable fat, low Low calories 
degree of marbling 

3. High trimmable fat, high Flavor and 
degree of marbling tenderness 

4. High trimmable fat, low Low price 
degree of marbling per pound 

comparative terms such as "Lighter" 
and "Lower Fat" must have a 25 
percent or more reduction in total fat 
content relative to the fat content of 
the item with which it is being 
compared. 

The MDA provides options for 
consumers by regulating the labeling 
of ground beef according to fat 
content. Consumers can choose a 
type of ground beef that meets their 
preferences with respect to fat 
content and price. Those regulations 
are shown in Table 5. 

The USDA currently permits the 
use of the term "Natural" on those 
beef products that contain no artifi
cial ingredients and have no more 
than minimal processing. The USDA 
does not currently permit the use of 
the word "Organic" on beef labels. 
Thus, consumers who desire "Or
ganic" beef must purchase a live 
animal and have it custom processed. 

Effects of Future Changes 

The major change in beef compo
sition is expected to be a further 
reduction in trimmable fat in the beef 
cuts offered for sale to consumers. 
Consumers have the option of 
purchasing beef with less trimmable 
fat at a higher price or beef with more 
trimmable fat at a lower price. This 
inverse relationship between trim
mable fat and price exists because 
saleable yield decreases and labor 
costs increase as fat is removed by 
processors. 

However, a positive relationship 
usually exists between degree of 
marbling (quality grade) and price. 
Prime normally is higher priced than 
Choice, which in turn is higher priced 
than Select. This relationship exists 
because deposition of increasing 
amounts of marbling usually requires 
increasing amounts of feed and other 
expenses. Prime normally has a more 
desirable beef flavor than Choice, 
which in turn has a more desirable 
flavor than Select. This order of 
preference is, however, not shared by 
all consumers. Thus, the price of beef 
steaks and roasts is influenced by fat 
content in two divergent ways. As 
trimmable fat on beef within a given 
quality grade is removed, the price 
increases. Presence of more trim
mable fat results in a lower price per 
pound. As the degree of marbling in 
beef increases within a certain level of 
trimmable fat, the price increases. 
Less marbling results in a lower 
price. Thus consumers have the 
purchase options shown in Table 6. 

Consumers are being presented 
with other options when purchasing 
beef. As space permits, the number 
of portion sizes will increase. A par
ticular cut may be sold in two, three 
or even four different sizes to accom
modate different needs of consumers. 
Pre-cooked, pre-sliced and pre
seasoned are some of the other 
conveniences being offered in the 
marketplace. The cost of labor, 
ingredients and packaging increase 
the price of these products, and thus 
consumers must weigh the cost/ 
benefit ratio in making purchase 
decisions. 

Implications of 
Current Trends 

The beef industry is becoming 
more consumer driven. The days of 
simply producing beef and then 
trying to sell it are over. Today, the 



beef industry is market oriented. The 
industry is ascertaining what the 
consumer wants and then going 
about the task of producing it. 

It is also obvious that the con
sumer market for beef is becoming 
increasingly segmented. Not all 
consumers of beef want the same 
level of fat trim, degree of marbling 
or ease of preparation (convenience). 
For many, cost is no more than 
secondary in importance. This 
diversity presents tremendous 
challenges and opportunities for the 
beef industry. For example, it may 
become commonplace for each 
package of beef to be labeled with 
specific nutrient analyses both in 
percentage and absolute amounts. 
As fat content is reduced, processors 
will have to adopt techniques to 
assure the consumer of adequate 
flavor and tenderness. 

Beef producers are responding to 
challenges in the marketplace. 
Uniform products for a given con-

sumer segment will be the norm. 
Knowledge of genetics, nutrition and 
management, and accurate pricing 
policies by processors will allow 
producers to alter the fat content, 
muscle content, fatty acid profile, 
cholesterol content, tenderness and 
flavor of the products they produce. 
Regulatory agencies will increasingly 
be asked to assure consumers that 
beef is free of detectable residues 
(antibiotic, hormonal and microbio
logical). Exciting times are ahead for 
the beef industry as producers, 
processors, retailers and government 
work together to serve the needs of 
increasingly demanding consumers. 

Summary 
Consumers will see the number 

options for beef products increase in 
the marketplace. They will vote with 
their purchase decisions, and the 
entire industry will respond accord
ingly. 
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from the W.K. Kellogg Foundation, 
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professionals, food producers and 
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This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 
needs. 

Introduction 

Consumption of broiler chickens 
has more than tripled since 1955 and 
rivals beef consumption as of 1989. 
This trend is perhaps the most 
notable among all food products in 
the past twenty years and reflects 
consumer perception of chicken as a 
good value both nutritionally and 
economically. 

Fat, protein, minerals, vitamins 
and water are the fundamental 
components of chicken meat. The 
amounts of these nutrients found in a 
chicken carcass is dependent on 
many factors, including the age, feed 
ration and environment of the live 
bird, as well as the processing and 
storage of the carcass. In addition, 
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further processing of chicken meat 
has resulted in its inclusion in a wide 
variety of food products within our 
food supply. The nutrient composi
tion of processed chicken products is 
variable and dependent upon the 
processing technology used in their 
manufacture. This publication 
attempts to address the relationship 
between chicken production and 
processing technologies and the nu
trient composition of resultant 
products. 

Nutrient Composition of 
Chicken Meat 

The nutrient composition of 
roasted chicken with and without 
skin is given in Table 1. Values were 
derived from averaging the analysis 

of 256 chickens of a Vantress-Arbor 
Acres cross. This strain is considered 
to be fairly representative of commer
cial broiler stocks used in the U.S. 
As with most animal food products, 
chicken flesh is a good source of high 
quality, easily digested protein. 
Chicken meat without the skin is low 
in calories, fat and sodium and a 
good source of protein, phosphorus, 
potassium and niacin. From Table 1 
it is clear that the skin contributes 
significantly to the calorie, fat and 
vitamin A content of chicken while 
providing little else of nutritional 
value. Chicken flesh contains only 
slightly less cholesterol on a tissue
weight basis than skin. 

The composition of fat-free tissue 
in poultry is relatively constant over a 

Table 1. Nutrient composition of roasted chicken with and without skin• 
per 100 grams edible portion 

Nutrient and Units Meat Only Meat with Skin 

Energy (kcal) 167 223 
Protein (g) 25 24 
Total lipid (g) 6.6 14 
Phosphorus (mg) 192 179 
Potassium (mg) 229 211 
Calcium (mg) 12 12 
Iron (mg) 1.2 1.3 
Sodium (mg) 75 73 
Niacin (mg) 7.9 7.4 
Pantothenic acid (mg) 1.0 0.9 
Vitamin 86 (mg) 0.4 0.4 
Vitamin 812 (mcg) 0.4 0.3 
Vitamin A (IU) 41 83 
Cholesterol (mg) 75 76 

• Adopted from USDA Handbook 8-5. 



wide range of body weights and ages. 
As a result, the lean tissue itself is not 
significantly affected by the fatness of 
the bird. With respect to the entire 
carcass, however, as the percentage of 
fat increases, the percentages of 
protein, vitamins and minerals will 
decrease accordingly. Therefore, the 
variation of fat content within the 
chicken carcass affects its nutritional 
value more than any other compo
nent. 

The fat associated with a broiler 
carcass can be categorized as either 
physiologically necessary fat or 
extraneous, waste fat. Fat and 
cholesterol are required in cell 
membranes to control the permeabil
ity of cells. In addition, some intra
cellular, intramuscular and subcuta
neous fat is necessary for normal 
growth and reproduction of the live 
animal. Extraneous fat is usually 
found as excess subcutaneous and 
abdominal fat, most of which can be 
easily separated from the carcass 
meat and removed before cooking. 

During the late 1970's, excessive 
fatness of broiler carcasses became a 
problem. Customers complained 
about throwing away large quantities 
of abdominal fat before cooking and 
of too much intermuscular fat in 
cooked broiler meat. This problem 
was the result of several generations 
of selective breeding for increased 
body weight at younger ages. Ge
netic selection for body weight 
caused chickens with greater appe
tites to be chosen as breeders. As a 
result, broilers were produced that 
ate more feed at a given age and 
became unable to synthesize protein 
and muscle tissue fast enough to keep 
pace with increased intake of food 
energy. The excess energy was 
deposited as body fat, and broilers 
became fat. Responding to current 
consumer demand for leaner prod
ucts, some processors are now 
trimming fat from broiler carcasses 
and deboned meat. 

Options for Altering Nutrient 
Composition of Chicken 
Products 

Because of consumer trends 
toward lower fat products, a number 
of methods have been developed to 
improve the nutritional quality of 
chicken products. Opportunities for 
developing low-fat products exist at 
both the production and processing 
stages. A few such strategies are 
discussed below. 

Management of Genetic and 
Nutrition Options 

One way to produce a low-fat 
broiler is to market the bird at a 
younger age. The age of the bird 
significantly affects carcass fat 
content. Rates of fat accretion in the 
live bird increase as the animal 
matures. As the chicken approaches 
growth limits, the requirement for 
feed energy to support growth of lean 
tissue steadily decreases. Conse
quently, more of the energy from 
feed is "partitioned" into intermuscu
lar, subcutaneous and abdominal fat. 
Therefore, a younger animal carries 
less weight as extraneous fat than 
does an older animal. However, a 
strong emphasis in broiler marketing 
is placed on deboned meat for 
processed chicken products. Process
ing larger broilers at older ages has 
economic advantages because older 
broilers yield more deboned meat. 
Growing the sexes separately for 
broiler production provides one way 
to circumvent these conflicting 
demands. Males can be processed at 
older ages to provide more deboned 
meat, whereas females may be 
marketed at younger ages before they 
gain excess fat. In addition, formula
tion of separate feeds for males and 
females increases efficiency of pro
duction and economic gain. 

In the past, genetic selection of 
chickens has resulted in excessive 
fatness of carcasses. Some producers 
have countered this trend by select
ing against overfat birds by using 
various indicators of live animal 
fatness. However, selection for 
improved feed efficiency of both male 
and female parent lines is more 
widely practiced. Research indicates 
that broilers with higher feed efficien
cies tend to have less body fat at a 
given age. Selection for feed effi
ciency has proven effective in limit
ing fat content while improving 
growth rate and carcass yield. 

Several nutrition options have 
been designed specifically to reduce 
the fat content in broilers. Such 
regimens can be effective but must be 
evaluated to determine whether 
reduction in fat content adversely 
affects performance and, ultimately, 
profits. Some alternatives include: 
manipulating feed protein quality 
and/ or energy/ protein ratio, feed 
restriction during early life or before 
marketing, formulation of separate 
feeds for males and females, and 
feeding different types of fat to alter 

the composition of carcass fat. 
Although fatty acid composition can 
be influenced by diet (feeding of 
unsaturated fatty acids increases 
unsaturated fatty acids in the car
cass), problems associated with con
sumer acceptance limit the feasibility 
of this approach. Table 2 shows the 
typical fatty acid composition of 
chicken fat. The fatty acid distribu
tion patterns of separable fat and fat 
in skin are quite similar when ex
pressed on a percent basis. 

Table 2. Fatty acid composition of 
chicken fat1 

Fatty Acid %of Total 

Saturated 29.8 
14:0 0.9 
16:0 21.6 
18:0 6.0 
others 1.3 

Monounsaturated 44.7 
16:1 5.7 
18:1 37.3 
others 1.7 

Polyunsaturated 20.9 
18.2 19.5 
18.3 1.0 
others 0.4 

'Adopted from USDA Handbook 8-4, 1978. 
Percentage values expressed on a weighV 
weight basis. 

Processing Options 
The effects of processing on the 

nutritional value of poultry products 
have received much recent attention. 
Processing can be divided generally 
into two components. Primary 
processing (stunning, scalding, 
plucking, chilling, aging and cold 
storage) results in a ready-to-cook 
product such as fresh or frozen whole 
chicken or chicken parts. Further 
processing (deboning, heating, 
restructuring, emulsifying) can result 
in ready-to-eat products. Primary 
processing does little to alter the 
nutritional value of chicken. Chilling 
chicken carcasses by immersion in ice 
water may affect retention of water 
soluble nutrients, primarily minerals. 
Further cold storage conditions may 
affect the vitamin, mineral and fat 
content. Freezing appears to provide 
the best protection against subse
quent loss of nutrients. 

The term "further processed" is 
used in the poultry industry in a 
similar manner as the term "proc-



essed meats" is used in the red meat 
industry. Many "further processed" 
products are "ready to eat" at the time 
they leave the processing plant, in 
contrast to the "ready to cook" status 
of a whole chicken carcass. Further 
processing reduces preparation 
efforts of the consumer, providing 
"convenience foods." As consumers 
spend less time preparing food, 
demand for palatable convenience 
foods continues to increase, despite 
the higher cost associated with these 
products. Critics of further process
ing have suggested that the addi
tional procedures used to develop 
these products reduces their nutri
tional value. 

Mechanically separated poultry 
meat (MSPM) is meat which is 
separated from the carcass frame after 
larger pieces have been removed by 
hand. Mechanically separated 

oultry (MSP) includes the skin with 
the meat. Increasingly, MSPM or 
mechanically deboned meat (as it is 

opularly referred to) is being used in 
andwich spreads, loaves, deep fried 
uggets and other chicken products. 
ost studies indicate that MSPM is 

utritionally similar to poultry meat 
ith no unsafe level of minerals. 

A listing of calorie, fat and 
holesterol content of selected "fur
her processed" chicken products is 
hown in Table 3. One can easily see 
hat relative to the composition of 
hicken meat alone, most of these 
roducts are high in fat. In addition, 
odium is frequently added during 
he processing. As a result, "further 

processed" products can often have 
higher levels of fat and sodium than 
are contained within the flesh itself. 

Because processing that results in 
increases in final product fat content 
runs contrary to current dietary 
guidelines and public health policy, 
efforts to reduce fat content of these 
products is widespread. Technologi
cally speaking, it is possible to 
acquire a final product with virtually 
any desired fat content. However, 
from a sensory standpoint, fat is an 
important contributor to the palata
bility of further-processed chicken 
products. If the fat content is too 
low, the resulting products tend to be 
rubbery and tough. Therefore, proc
essors usually incorporate a certain 
percentage of chicken skin back into 
the formulation because use of the 
muscle alone often results in a less
than desirable product. Although 
consumers may think they want a 
much leaner product, such a product 
may not be acceptable. 

Poultry processors are currently 
devoting a great deal of effort to 
optimize palatability of low-fat, 
further-processed products. For 
example, batter /breaded, deep-fried 
chicken products have been a main
stay of the further-processed and 
fast-food industry for many years. 
Current consumer trends indicate 
increasing demand for boneless 
chicken products, including nuggets 
and patties. As indicated in Table 3, 
such products contain added fat and 
calories compared to the roasted 
product (Table 1). Recent research 

indicates that these products can be 
produced with reduced fat and 
calorie content by using hot-air 
cooking instead of deep-fat frying. 
By removing the skin prior to bread
ing and cooking in hot air, a fried 
chicken breast can be prepared with 
only 27 percent of the calories coming 
from fat. This represents about half 
the fat contained in a deep-fried 
chicken breast with the skin. 

Future Implications of 
Current Trends 

Because of continually increasing 
consumer demand, a promising 
future lies ahead for chicken growers 
and processors. Broiler producers 
have learned from past mistakes and 
will continue to use genetic, nutrition 
and management options to prevent 
excessive fatness in broilers, while 
striving to meet consumer demands. 
While many "further processed" 
chicken products (especially deep
fried products) are currently high in 
fat relative to chicken muscle alone, 
processors will continue efforts to 
develop lowfat alternatives that are 
acceptable to consumers. As consum
ers continue to eat away from home 
more often and prepare meals less 
frequently, demand for ready-to-eat 
and easy-to-prepare processed 
chicken products will increase, 
despite the higher cost of such 
products. Keen competition among 
processors to develop products which 
meet these consumer demands is 
expected. 

able 3. Energy, fat and cholesterol content" of selected "further processed" chicken products 

Energy Fat Calorles from Cholesterol Sodium 
lected Cut (kcal) (g) Fat% (mg) (mg) 

railer breast 
(skinless, roasted) 140 3.0 19 72 63 

ried chicken 
(batter dipped, 
with skin) 
Dark meat 252 15.7 56 75 250 
Light meat 234 13.0 50 71 242 

readed nuggets 245 16.8 62 57 
rankfurter 192 15.1 71 90 1159 
hicken roll 135 6.2 42 42 494 
anned chicken 140 6.7 43 425 
(boned, w/broth) 
andwich spread 162 9.9 55 
(canned) 

Per 3 oz. portion. Data obtained from USDA handbook 8-5. 
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This publication is part of the 
series "Animal Product Options in the 
Marketplace," developed as a result 
of a statewide Food, Agriculture and 
Nutrition (FAN) Forum held in 
November 1988. FAN forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health 
professionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information on 
present and anticipated consumer 
options in the marketplace. Ideally, 
educators of consumers will use this 
information to develop their own 
brief consumer publications and/or 
programs to fit specific local needs. 

Emphasis herein is placed on 
ways to obtain essential nutrients 
found in dairy foods while observing 
dietary patterns consistent with 
current recommendations for good 
health. In addition, this publication 
seeks to provide a perspective on the 
role of dairy farmers, dairy proces
sors, regulatory agencies and con
sumers in development of new dairy 
products specifically designed to 
serve dietary needs for foods low in 
or free from cholesterol. 

The Importance of Dairy 
Foods in the Human Diet 

A wide variety of dairy products 
currently in the marketplace can 
serve well the need for maintaining 
appropriate blood cholesterol levels 
while doing much to ensure proper 

intake of a variety of essential nutri
ents. 

Milk and dairy products are 
sources of high quality protein. These 
foods are major sources of calcium 
(76%), riboflavin (35%) and magne
sium (20%) in the American food 
supply. These foods are also sources 
of a variety of trace minerals. In 
addition, and in part through fortifica
tion, dairy products provide signifi
cant levels of vitamins A and D. 

Dairy foods play an important 
role in the American diet. Calcium is 
an essential nutrient in reducing risk 
of osteoporosis. Calcium is also 
important in development of strong 
teeth and bones in growing children. 
This nutrient contributes not only to 
the health of pregnant women, but to 
the proper growth and development 
of the fetus. In addition, calcium has 
been singled out as a factor in reduc
ing hypertension. Current research 
also suggests a possible role in reduc
ing risk of colon cancer. Importantly, 
milk and dairy products are good 
sources of calcium because they are 
also good sources of vitamin D, a 
nutrient important in uptake of 
calcium from food. 

Milk is commonly used in combi
nation with other foods. As such, it 
often complements the protein quality 
of the menu item. Milk and cereal 
grain protein are a good example. Use 
of milk with breakfast cereal or cheese 
with macaroni does much to enhance 
the biological quality of the protein 
mixture. Milk protein not only carries 
a better level and balance of essential 
amino acids than plant protein, it 
accentuates the overall quality (essen
tial amino acid balance) of plant 
protein. It is a situation in which the 

net improvement of the combined 
proteins exceeds that of either of 
them taken alone. 

Dairy products may also be 
sources of saturated fat, saturated 
fatty acids and cholesterol, food 
components associated with in
creased risk of heart disease. How
ever, not all dairy products contain 
high amounts of fat and/ or choles
terol. 

Research and product develop
ment now promise to provide an 
array of dairy foods of low or lower 
than usual level of fat, saturated fatty 
acids and cholesterol. Such foods can 
be produced by special processing 
technologies. Their success, however, 
may well depend upon an added cost 
of processing and a willingness on 
the part of consumers to pay some
what higher prices for these dairy 
foods. 

New dairy products notwith
standing, it is possible to obtain the 
nutritional benefits of dairy foods 
without adding greatly to saturated 
fatty acid or cholesterol intake. The 
following compositional data give 
good evidence of this fact. 

Fatty Acid Content of Milk 
and Dairy Products 

Fatty acids, whether saturated or 
unsaturated, are chain-like in struc
ture. And like chains, they vary in 
number of links (length of chain). 
The fat of cows' milk is somewhat 
unique because it consists of a fairly 
large number of short-chain fatty 
acids. This has implications in both 
flavor and texture of dairy products. 

Data in Table 1 indicate the level 
of major fatty acids of cows' milk. 



Table 1. Major fatty acids of milkfat 

Length of 
Chain (number Percent of 

of carbon Total Fatty 
Fatty Acid atoms) Acids (w/w) 

Saturated: 
Butyric 4 2.5 - 3.5 
Caproic 6 2.0 - 2.4 
Caprylic 8 0.9 - 2.4 
Capric 10 2.8 - 3.5 
Laurie 12 2.0- 4.0 
Myristic 14 7.0-11.0 
Palmitic 16 22.0 - 27.0 
Stearic 18 8.0 - 14.0 
Other 20- 26 0.4-0.6 

Total 47.6 - 68.4 

Monounsaturated: 
Palmitoleic 16 2.0 - 3.0 
Oleic 18 27.8 - 40.5 
Other 1.3-1.5 

Total 27.8 - 40.5 

Polyunsaturated: 
Linoleic 18 2.0 - 3.0 
Linolenic 18 0.4 - 0.6 
Arachidonic 20 0.12 - 0.16 
Other 0.25 - 0.35 

Total 2.77 - 4.11 

Adapted from USDA, Agricultural Handbook 8 -
1 ; Handbook of Chemistry and Physics; Herb, 
S. et al.; Jack, E. L. and L. M. Smith. 

Saturated fatty acids make up any
where from 47.6 to 68.4 percent of the 
total. However, stearic acid, a satu
rated fatty acid that apparently does 
not contribute to increases in blood 
cholesterol, makes up a significant 
proportion of the saturated fatty acid 
content of milkfat. 

Monounsaturated fatty acids 
range from 27.8 to 40.5 percent of the 
total. The amount of polyunsatu
rated fatty acids, at 2.77 to 4.11 
percent of total fatty acids, is rela
tively small, though not insignificant. 
Together, mono- and polyunsatu
rated fatty acids make up the total 
unsaturated fatty acid content of 
foods. The range in level varies from 
30.6 to 44.6 percent of the total fatty 
acids of cows' milk. 

The rather large range in amount 
of fatty acids of various kinds is due 
in part to differences associated with 
kinds of feed provided to dairy cows. 
In general, green feed (or summer 
pasture) causes cows to produce a 
softer-more unsaturated-fat. Dry 
feed, often fed to cows during winter 
months, results in a more saturated 
fat. 

These facts have led to research 
that shows that a more unsaturated 
milkfat can be produced by feeding 
cows a higher proportion of unsatu
rated fats in their feed. However, 
fat(s) fed in this manner must be 
protected in some way from rumen 
bacteria, which may either digest or 
be inhibited by the unsaturated fatty 
acids. Otherwise much of the effect is 
lost. 

Feeding protected unsaturated 
fats is rather costly, and milk pro
duced by such means would no 
doubt demand a higher price in the 
marketplace. Significant alterations 
in the composition of fatty acids 
could also lead to subtle, possibly 
detrimental, changes in flavor of 
various cheeses. The unique compo
sition of milkfat does indeed contrib
ute to characteristic flavors associated 
with a number of cheese products. 
This emphasizes a common problem 
associated with altering the natural 
state of milk. In doing so, resulting 
products may well differ in important 
respects from the foods consumers 
have come to know. 

Unsaturation of 
Various Fats and Oils 

Iodine value can be used to 
compare the relative unsaturation of 
various fats and oils. In this test, 
iodine is taken up at points of unsatu
ration in the fat. The higher the 
iodine value the more unsaturated 
the fat. Table 2 shows a comparison 
of the fat of cows' milk with a select 
group of plant and animal fats. 

It should be noted that although 
plant/vegetable fats are generally 
more unsaturated than animal fats, 
this is not true for all them. In 
particular, coconut, palm, and palm 
kernel fats are no more and some
times less unsaturated than animal 
fats. Both low cost and physical 
characteristics of these fats make 
them often used substitutes for 
milkfat in a variety of "imitation" 
dairy products. Coconut fat has been 
used in these foods almost exclu
sively. Although such fats do not 
contain cholesterol, they are indeed 
highly saturated and, as such, con
tribute to increases in blood choles
terol. 

In addition, data in Table 2 reflect 
the level of unsaturation in the 
natural, unprocessed fat or oil. 
Rarely, however, are fats used in this 
state. Highly unsaturated fats are 
usually processed to lower the level 

Table 2. Relative unsaturation of 
various plant and animal fats and 
oils 

Fat/Oil Iodine Number 

Plant (vegetable) fats: 
Cocoa butter 
Coconut 
Corn 
Cottonseed 
Palm 
Palm kernel 
Peanut 
Rapeseed 
Safflower 
Soybean 
Sunflower 

Animal fats: 
Beef tallow 
Lard 
Milkfat (cows) 
Mutton tallow 

32 - 43 
6 - 12 

120 - 128 
103-114 
45- 57 
15 - 20 
84-110 
95 - 108 

127 - 150 
125 - 140 
120 - 140 

35 - 50 
56- 80 
25 - 35 
35- 46 

Adapted from Handbook of Chemistry and 
Physics. 

of unsaturation in a process called 
hydrogenation. The reason for this 
treatment is to produce a more stable 
fat or oil-one that does not go rancid 
as readily. Rancid flavors occur as a 
result of chemical changes in the 
unsaturated portion of the fatty acid. 
The more polyunsaturated the fat, the 
more susceptible it is to rancidity. 

Hydrogenation also alters the 
physical condition of the fat. It 
becomes harder and, as such, may 
serve better than a soft fat in certain 
food products. 

As a matter of perspective, keep 
in mind that a partially hydrogenated 
fat can serve the body's need for 
polyunsaturated fatty acids. For 
information on possible presence of 
hydrogenated fat in a food product, 
read the ingredients listed on food 
labels. 

Altering Fatty Acid 
Make-up of Milkfat 

A few procedures can be used to 
alter the chemical composition of 
milkfat. These follow, along with 
some possible consequences of such 
change. 

Feeding unsaturated fat to cows 
It is possible to alter to some 

extent the composition of milkfat 
through changes in feed. Unsatu
rated fats can be fed and, to the extent 



that they do not influence the me
tabolism of rumen bacteria, a softer, 
more unsaturated milkfat is pro
duced, with higher levels of linoleic 
acid in particular. 

However, the consequences of 
such manipulation are several. First, 
feeding of protected fats would likely 
increase the cost of producing milk 
which, in turn, might well be passed 
on to the consumer. Secondly, this is 
not a particularly efficient method of 
enhancing unsaturation. At present, 
the inhibitory effect of unsaturated 
fatty acids on ruminant bacteria, the 
potential for such fats to cause 
decreases in percentage of both fat 
and solids-not-fat and other factors 
limit the extent of unsaturation that 
can be obtained. Thirdly, as milkfat 
is made more unsaturated, it becomes 
that much more susceptible to 
oxidative rancidity. Regulations 
allow the addition of antioxidants 
(additives) in many foods to retard 
the onset of this chemical breakdown. 
This is not true of most dairy prod
ucts, however, particularly fluid milk 
products. Hence, an increase in 
unsaturation of fat could lead to 
higher prevalence of off-flavors, 
shorter shelf-life and, ultimately, 
much higher costs for dairy foods. 

It is also worthy of note that 
milkfat high in content of linoleic acid 
is particularly susceptible to oxida
tion. Moreover, research has shown 
that such fat remains susceptible to 
this defect even though cows' rations 
are supplemented with antioxidant 
(alpha-tocopherol) and/ or antioxi
dants are added to the milk per se, 
i.e., the latter for research purposes 
only (4). 

Therefore, feeding protected fats 
does not currently appear to be a 
viable method of significantly 
enhancing unsaturation of the fat of 
cows' milk. 

Feeding unprotected fats 
Several sources of unsaturated 

fats have been fed to cows in at
tempts to increase unsaturation of 
milkfat. Included among these are 
soybeans or soybean oil, safflower oil, 
cottonseed oil, marine oil, and oleic 
acid. In general, the net effect on 
milkfat composition has been a 
~owering of polyunsaturation but an 
increase in monounsaturation. Total 
unsaturation appears to increase on 
average. 

In recent work, the feeding of 
unprotected sunflower seeds (67% of 

fatty acids as oleic acid) has been 
shown to increase total unsaturation 
of milkfat without jeopardizing the 
flavor of butter manufactured from 
the milk. The milk and butter were 
found to contain 45.6% and 44.3% 
unsaturated fatty acids, respectively 
(10). The fat was significantly less 
saturated than that of the milk from 
control cows (51.3% vs. 67.8%). 
Cholesterol content, however, was 
slightly higher in the milk of cows fed 
sunflower seed supplements (21.4 vs 
19.9 mg/100g). It will be noted, as 
well, that the degree of unsaturation 
falls at about the same level as the 
upper, naturally occurring level. 

However-and this is the di
lemma often faced by dairy farmers 
who might adopt such feeding 
practices-percentage of total fat was 
much lower in the milk from cows 
fed the sunflower seed supplement. 
While the milkfat from the control 
animals averaged 3.01 %, that from 
the experimental group averaged 
2.38%. Because dairy farmers are 
paid higher prices for milk with 
higher fat content, milk of the kind 
produced by the cows in these 
experiments would bring a lower 
price. It is also true that feeding 
polyunsaturated fats to cows reduces 
the digestibility of fiber, a fact that 
ultimately leads to a lower percent
age of fat in the milk. This phenome
non is so predictable it has been given 
a name: the fat cow, low milkfat 
syndrome. It is thought to occur 
either from the presence of trans fatty 
acids in the feedstuff or from com
pounds generated within the rumen 
during conversion of polyunsatu
rated fatty acids to trans acids (14). 

Randomizing distribution 
of fatty acids on the glycerol 
molecule 

Triglycerides consist of three 
molecules of fatty acids attached to 
one molecule of glycerol. Fatty acids 
of naturally occurring fats usually 
follow a certain pattern in their 
attachment to glycerol. A single fatty 
acid may occur at all three positions 
or various mixtures occur. In any 
event, the distribution is not entirely 
random. 

Because the pattern of distribu
tion of fatty acids does influence the 
physical hardness of fat, with a 
random distribution producing a 
softer milkfat than the naturally 
occurring fat, processes for such 
randomization have been and are 

being developed. A softer butter, 
therefore, may someday be available 
as a result of chemical or enzymatic 
alterations in the pattern of fatty acid 
distribution in the triglycerides. 

This process would not increase 
the unsaturation of milkfat. It would, 
however, yield a softer fat-for 
whatever market value that might 
provide. Again, the additional 
processing required would no doubt 
add to the cost of resulting dairy 
product. 

Fractional crystallization 
Some of the naturally occurring 

triglycerides of milkfat are softer than 
others. To the extent that the softer, 
generally more unsaturated fats can 
be separated from the harder species 
of triglycerides, dairy products could 
be manufactured using the softer 
variety. Again, there is an additional 
cost of processing. 

Polymorphism 
Milkfat crystals are polymorphic, 

meaning they vary in form or shape. 
Altering the crystal form can result in 
a softer fat, a more spreadable butter. 
But, once again, cost of this process is 
significant. 

Blending plant fats with milkfat 
In the final analysis, the mere 

blending of plant fat with milkfat 
offers the least costly and, perhaps, 
the most practical answer-at least at 
present- to providing a softer, 
butter-like product to consumers. As 
yet, the unique flavor of butter cannot 
be readily duplicated. A blend of 
butter and margarine comes close. 
Such blends are currently on the 
market in a variety of proportions of 
one to the other type of fat. Not only 
may a better balance of fatty acids be 
struck, but cholesterol levels lowered 
proportionately to the level of 
margarine fats found in the blend 
(see section below on substituting 
plant fats for milkfat). 

Fat and Cholesterol Content 
of Milk and Dairy Products 

Data in Table 3 show the approxi
mate levels of fat and cholesterol in a 
variety of dairy products. The 
percentage of fat reflects the average 
level found in the samples analyzed 
to derive the data. 

In some instances, the amount of 
fat legally allowed in a given dairy 



product may range over several 
percentage points. The data in Table 
3, however, indicate what was found 
in a cross-section of products ob
tained from the marketplace. Since 
some variations might well occur, 
consumers are advised to check 
nutrition labeling. 

Data in Table 3 point out the 
wide differences in fat and choles
terol content of various dairy prod
ucts. Skim milk, lowfat milk prod
ucts, and cultured buttermilk are low 
in content of both fat and cholesterol, 
yet as high or higher than commercial 
whole milk in levels of other nutri
ents. These foods can indeed well 
serve individuals who must regulate 
intake of saturated fat and choles
terol. Certain yogurt products are 
also very low in fat and cholesterol. 
They are in fact comparable to whole 
milk and lowfat milk products. 

Within product lines, cream for 
example, fat and cholesterol levels 

depend upon the particular product 
in question. Certain names apply to 
given levels of fat, but large ranges 
exist. Half-and-half, by definition, 
can contain anywhere from 10.5 to 
18.0 percent fat, light cream (coffee 
cream) from 18 to 30 percent, and 
light whipping cream from 30 to 36 
percent fat. In all cases, the higher 
the fat content, the higher the choles
terol level. 

In the same vein, differences in 
fat and cholesterol levels in ice cream 
vs ice milk or soft serve ice milk are 
significant. Frozen yogurt products 
processed from milk or lowfat milk 
or skim milk have levels of fat and 
cholesterol of near (or slightly lower 
than) those found in ice milk prod
ucts. 

Butter, like margarine, must 
contain at least 80 percent fat in order 
to meet legal compositional require
ments. Butter contains a proportion
ately higher level of cholesterol than 

Table 3. Percentage of fat and level of cholesterol in various dairy products 

Dairy Product: 

Skim milk 
Lowfat milk 
Lowfat milk 
Whole milk 

Buttermilk, cultured 

Cream, half-and-half 
Cream, light 
Cream, medium 
Cream, light whipping 
Cream, heavy 

Ice cream (regular) 
Ice cream (extra rich) 
Ice milk (hardened) 
Ice milk (soft serve) 
Sherbet 

Milkshake (chocolate) 
Milkshake (vanilla) 

Percentage of Fat 
% (w/w) 

0.5 or less 
1.0 
2.0 
3.3 

0.8 

11.6 
19.3 
25.0 
31.0 
37.0 

10.5 
16.2 
4.3 
2.9 
2.0 

2.8 
3.2 

Yogurt. plain, whole milk 3.1 
Yogurt, plain, lowfat 1.8 
Yogurt, plain, skim milk 0.2 
Yogurt, vanilla 1.2 
Yogurt, fruit varieties, lowfat 0.1 

Evaporated whole milk (canned) 7.5 
Evaporated skim milk (canned) 0.4 
Sweetened condensed milk (canned) 8.8 

Butter 81.1 
Butter/margarine blend, (60% butter, 

40% margarine) 81.0 
Butter/margarine blend, (40% butter, 

60% margarine) 81.0 

Adapted from USDA Agricultural Handbook 8 . 1. 
1 Based on use of regular, hard margarine. 

Amount of Cholesterol 
(mg/100g 

1.6 
4.1 
7.4 

13.5 

3.7 

36.8 
66.3 
87.4 

110.9 
137.0 

44.4 
59.5 
13.9 
7.4 
7.3 

10.6 
11.7 

12.8 
6.2 
1.8 
4.8 
4.4 

29.4 
3.5 

34.0 

218.9 

131.3 1 

87.6 1 

margarine. However, blends of 
butter and margarine, though equal 
in total fat content, provide lower 
levels of cholesterol. 

It is also possible to process 
butter-like foods of fat levels less than 
80 percent. Another ingredient may 
be added to help achieve a consis
tency similar to butter, and more 
water may well be present than 
would be found in butter per se. To 
reduce levels of fat (calories) and/ or 
cholesterol, the altered product must 
often be allowed to carry a higher 
level of moisture than the traditional 
food. 

Data in Table 4 provide an 
overview of the levels of fat and 
cholesterol in a variety of cheese 
products. Again, levels vary signifi
cantly. Cottage cheese products are 
excellent sources of high quality milk 
protein, while being relative low in 
both fat and cholesterol. Levels 
match those found in whole milk and 
lowfat milk products. 

It is also important to note that 
some cheeses are processed both as 
"whole milk" and "skim" or "part 
skim" products. For example, the 
part skim product in mozzarella
pizza cheese-carries about 20 
percent less fat and about 30 percent 
less cholesterol than regular mozza
rella. 

In general, hard cheeses and 
various processed cheese products 
range from about 8 to 35 percent fat, 
and from 31.9 on up to about 123 , . 
milligrams of cholesterol per 100 
grams of product. The differences 
between low and high levels are 
significant. 

Dairy products presently found 
in the marketplace offer a wide range 
of levels in fat and cholesterol con
tent. Consumers should readily be 
able to meet dietary needs in both 
respects while gaining the essential 
nutrients common to these foods. 

Reducing or Eliminating 
Cholesterol in Dairy Products 

The following options are avail
able or currently under research for 
producing dairy products similar to 
conventional ones, but with less or no 
cholesterol. 

Substituting plant fats 
for milkfat 

Substituting plant fat(s) for 
milkfat in products like fluid milk, ice 
cream, and cheese is one rather 



simple way of reducing or eliminat
ing their cholesterol content. When 
coconut and/ or other highly satu-

! rated fats are used, little or nothing is 
gained in terms of total level of 
saturated fat. However, cholesterol 
content is reduced to the extent that 
plant fats are exchanged for milkfat. 
For example, if butter contains 219 
milligrams of cholesterol per 100 
grams, a 50:50 blend of milkfat and 
plant fat would reduce the cholesterol 
in the finished product by 50 percent 
(i.e., to 109.5 milligrams per 100 
grams). 

Complete substitution of plant fat 
for milkfat essentially eliminates 
cholesterol in the product. 

The problems associated with 
such substitutions may range from 
changes in flavor to changes in body 
or texture of the dairy food. And not 
the least of concerns is the finding of 
markets for the milkfat thus replaced. 

Supercritical fluid extraction 
Supercritical fluid extraction is a 

way of extracting cholesterol from 
milkfat, not unlike the way caffeine is 
removed from coffee. Some fat is also 
lost in the process; until recently, 
when modified processes were found 
to enhance recovery of fat, yield of fat 
was so low that the process was 
considered too costly for commercial 
application (15). 

In supercritical fluid extraction, a 
solvent, usually carbon dioxide, is 
added to the fat, heat and pressure 
(4000 psi) is applied, and cholesterol 
and certain other soluble components 
stripped away. 

Latest research suggests that as 
much as 90 percent of cholesterol can 
e removed, with 85 percent recovery 

of the "decholesterolized" fat (15). 
nee cholesterol is removed, the fat 

can be added back to milk compo
nents and processed into various 
airy products. 

Low- and high-melting point 
fractions of fat can also be separated, 

ith prospects of a more highly 
nsaturated fraction being used as a 
eans of increasing the level of 
nsaturated fats in a given product. 
ost of such products would be 
xpected to reflect additional costs of 
rocessing. 

omplexing with cyclodextrin 

It is possible to lower cholesterol 
ontent of milkfat by adding beta
yclodextrin to the liquid fat, then 
ashing out the complex of cyclodex-

Table 4. Percentage of fat and level of cholesterol in various cheese products 

Cheese Product: 
Percentage of Fat 

(%w/w) 
Amount of Cholesterol 

(mg/100g) 

Cottage cheese, dry curd,(< 1/2% fat) 
Cottage cheese, lowfat (1% fat) 
Cottage cheese, lowfat (2%) 
Cottage cheese, creamed, large curd 

Blue 
Brick 
Brie 
Camembert 
Cheddar 

Cheshire 
Colby 
Cream 
Edam 
Feta 

Fontina 
Gouda 
Gruyere 
Limburger 
Mozzarella, whole milk 

Mozzarella, low moisture 
Mozzarella, part skim, low moisture 
Muenster 
Neufchatel 
Parmesan, grated 

Parmesan, hard 
Port du Salut 
Provolone 
Ricotta, whole milk 
Ricotta, part skim 

Romano 
Swiss 
Tilsit, whole milk 
American, Pasteurized Process 
Swiss, Pasteurized Process 

Cheese Food, American, Cold Pack 
Cheese Food, American, Past. Process 
Cheese Food, Swiss, Past. Process 

Cheese Spread, American, Past. Process 

Adapted from USDA, Agricultural Handbook 8 - 1 . 

trin and cholesterol. One wash 
achieves a removal of about 20% of 
the cholesterol, three washes about 
41% (1). 

Use of activated charcoal 
A New Zealand patent covers a 

process for significant reduction of 
cholesterol in milkfat by passing 
anhydrous butter oil, at 158 - 194 F, 
through a column of activated 
charcoal (7). Because this treatment 
increases susceptibility to oxidation 
and also removes some amount of the 
natural yellow coloring of butter oil, 
the resulting product is treated with a 
natural antioxidant (such as tocophe-

0.7 
1.0 
1.8 
4.4 

28.6 
30.0 
27.7 
23.7 
32.1 

31.0 
32.5 
35.7 
27.8 
21.4 

31.1 
27.4 
32.3 
27.3 
21.4 

24.9 
17.9 
32.1 
23.4 
30.4 

25.8 
28.2 
26.6 
13.0 
7.7 

26.9 
28.6 
26.0 
32.1 
25.0 

24.5 
24.6 
24.1 

21.2 

6.9 
4.4 
8.4 

15.1 

75.6 
96.4 

100.0 
71.1 

107.1 

103.6 
96.4 

110.7 
89.4 
89.3 

116.9 
114.1 
110.0 
89.9 
78.6 

89.3 
53.6 
96.4 
76.5 
78.6 

67.6 
122.9 
68.8 
50.4 
31.9 

104.2 
92.9 

101.8 
96.4 
85.7 

63.4 
63.9 
81.9 

54.9 

rol); beta-carotene is added to restore 
the color. It is claimed that this 
process renders the fat cholesterol
free. 

Modified steam distillation 

This process was originally 
developed as a method of deodoriz
ing fats and oils. However, it has also 
been found to remove from 90-95% of 
the cholesterol from milkfat, with 
about 95% recovery of fat (8). Al
though milkfat must first be concen
trated and liquefied, the process does 
not require an anhydrous product. 

In addition, the technology 
operates at very low pressure (10 psi). 



A pilot model, with a capacity of 240 
pounds of fat per day, 1s currently in 

opt.•ration. Commercial-size units are 
expt.-cted to be operational by early 
1941 

Fermentation with cholesterol
lowering bacterial cultures 

Some few strains of bacteria 
apparently have the ability to convert 
cholesterol to harmless derivatives 
during growth and metabolism. At 
least two processes have been studied 
in which such cultures are added to 
liquefied fat followed by a period of 
incubation. The reduced-cholesterol 
fat may then be sterilized to destroy 
the bacteria, the fat added back to 
various dairy products. 

The advent of methods of alter
ing the genetic makeup of bacteria 
gives rise to the possibility of produc
ing other, perhaps more efficient 
bacterial cultures to perform similar 
kinds of cholesterol reduction. Or, 
cultures might well be developed that 
could not only be used to lower 
cholesterol levels, but to do so during 
normal fermentation of dairy prod
ucts, i.e. cultured buttermilk, yogurt, 
cheese, etc. One example of this 
technology is a bioengineered bacte
ria that could ferment lactose in 
normal fashion while, at the same 
time, converting cholesterol to a 
compound like coprostanol, a harm
less derivative. Processes such as this 
are well within the realm of possibil
ity, though likely not for the near 
future. 

Producing Dairy Foods with 
Reduced Calories 

By reducing fat content 
Fats carry more than twice as 

many calories per unit serving of 
food than proteins or carbohydrates. 
For this reason, the fatty portion of 
food products is often the focus of 
efforts to lower the caloric density. 

Calorie reduction may be as 
simple as removing some level of fat 
from the product. This is done in 
lowfat milk products. 

The level of fat-and other nutri
ents-may be lowered by adding 
water. This is one way of reducing 
calories in butter and/or similar 
products. But the amount of water 
that can be added or allowed to be 
retained in a food is often limited by 
legal/regulatory requirements (see 
Regulatory Issues). 

However, a reduction in fat, by 
whatever process, may not always be 
accomplished without significantly 
altering the food. As yet, for ex
ample, researchers have not been able 
to develop a lowfat natural cheese 
with the same flavor and texture 
characteristics of the traditional 
cheese. It is a case of milkfat being an 
essential ingredient in the process by 
which cheese flavor and body is 
generated. 

By using low-calorie 
substitutes for fat 

If heated until it coagulates, egg 
or milk protein can be shaped into 
tiny beads and mixed with water to 
yield a product similar to cream in 
richness and body. A creamy protein 
might not only serve in lieu of real 
cream, but would be significantly 
lower in caloric density. 

A new product, named Sim
plesse, has recently been perfected 
and suggested as a replacement for 
fat in a number of foods. In the dairy 
industry, it is being studied most 
intensely for its possible use in sour 
cream, soft cheeses, yogurt and, 
particularly, ice cream. It is doubtful 
that it could serve as a significant 
replacement for fat in hard cheese 
products for reasons cited above. 
However, if an ingredient of this 
nature is used in ice cream, level of 
calories drops by nearly half; fat 
content goes down from 10 to less 
than 1.0 gram per 100 grams of food. 

Other substitutes with even fewer 
calories than Simplesse may also find 
their way into ingredient lists in dairy 
and other food products. 

Simplesse, or a product like it, 
however, has one distinct advantage 
over other replacements. It is a 
natural food product with a long 
history of use. This suggests that it 
will likely gain regulatory (FDA) 
approval much quicker and at far less 
cost (in research required to prove 
relative safety) than other kinds of 
ingredients or additives. 

By using low- or non-caloric 
sweeteners 

Sweetened dairy products such 
as flavored milk, yogurt, ice cream, 
and ice milk are often formulated 
with sugar and/ or com sweeteners 
(dextrose or high fructose com 
syrup), ingredients which convey a 
level of calories proportionate to their 
level of use. 

Over the years, a number of non
nutritive sweeteners have been 
identified. Some, like saccharin, have 
entered the food system, come under 
suspicion in terms of safety, been 
further studied and found safe 
enough to be reconsidered as a food 
ingredient. Cyclamate is another 
example of a sweetener that has 
undergone considerable study under 
a climate of suspicion and contro
versy. 

Aspartame (Nutrasweet) is a ven 
sweet derivative of protein. It 
consists of two amino acids, L. 
aspartic acid and L. phenylalanine. 
After much research and millions of 
dollars, it has been approved for use 
in certain food products. The com
pound does have some small level of 
caloric density. But its sweetness, at 
180 to 200 times that of table sugar, 
provides for very significant reduc
tions in level of use and, hence, 
caloric content of sweet foods. A 
"pinch" of aspartame produces 
sweetness equal to a teaspoon of 
sugar. 

As a sugar substitute, aspartame 
readily makes possible the produc
tion of ice cream with one-third less 
calories than conventional ice cream 
products. It will no doubt find 
increasingly heavy use in the future. 

Regulatory Issues 
A major consideration in devel

opment of modified dairy products 
centers on a the question of whether 
or not the specific product carries a 
standard of identity. Much like a 
homemaker's recipe, a standard of 
identity prescribes the kind and . 
amount of ingredients and sometime! 
the cooking (processing) procedures 
As in home cookery, the standard_ 
may allow the option of adding given 
ingredients. . 

If the recipe is followed, with no 
unspecified ingredients includ~ and 
none left out, and if the processing 
steps are followed precisely, then a 
processed food product can be called 
by its food name (e.g. brea~ast cocoa 
artificially sweetened fruit ,elly, 
lowfat milk, pasteurized process 
cheese). 

Most dairy products must be 
formulated and processed under 
standards of identity. Outstanding 
among those not currently regulated 
in this manner is frozen yogurt. 
However, unfrozen yogurt products 
fluid milk and cream products, 1Ce 



cream and ice milk, evaporated and 
drv milk products and a variety of 
cuitured dairy products all fall under 
regulatory statutes governing compo
sition. 

Standards of identity may be a 
blessing or a detriment. They guar
antee consistency: a product labeled 
with a given name will always be 
formulated and processed under 
precisely stated rules. Ice cream-if 
that's what the food is labeled-will 
always contain at least 10 percent 
milkfat; it may not be called ice cream 
if a plant fat has been used as partial 
or full substitution for milkfat. 
Whether or not it could be called ice 
cream if cholesterol was removed 
from the fat has not yet been deter
mined-hence, the dilemma posed by 
standards of identity. 

New products that depart 
substantially from conventional ones 
may simply be required to carry a 
different name. A new name may or 
may not inform the consumer of the 
nature of the food as well as tradi
tional names. Does the name mel
lorine convey the fact that this is a 
product like ice cream except for the 
presence of some amount of fat from 
a source other than cows' milk? 
These issues raised in the food 
research and development process 
may play a very important role in 
determining the kind of product that 
is ultimately placed in market chan
nels. 

Producer Issues 

The dairy farmer obviously has a 
very high stake in the appeal of dairy 
products to consumers, whether that 
appeal is generated by flavor, pres
ence of essential nutrients or a desire 
to select foods for specific health 
benefits. Yet producers are very 
much limited in their potential to 
alter milk composition. In fact, 
pricing programs in the past, cen
tered on level of fat in milk, pro-
d uced strong incentives to breed 
cows for higher content of this 
specific milk component. And it 
should be noted that breeding 
programs-genetic manipulation
has been and will continue to be a 
major tool available to dairy farmers 
for making changes in milk composi
tion. 

. Changes in pricing mechanisms, 
w~th emphasis on components over 
mllkfat, will no doubt encourage 
farmers to alter breeding practices in 
ways that result in a milk supply that 

somewhat more accurately reflects 
current consumer demands. But 
genetic alterations take time. And 
lacking a scientific breakthrough in 
this field, significant alterations 
cannot be expected in less than 15 to 
20 years. 

Moreover, feeding practices that 
can significantly lower saturation and 
increase unsaturation of milkfat are 
not viable choices for a dairy farmer 
as long as percentage of milkfat is 
positively reflected in milk pricing 
programs. As already mentioned, 
feeding practices that can enhance 
level of unsaturation and even 
softness of butter generally cause 
lowered output of fat in milk. 

Possible Effects of Changes in 
Dairy Product Composition 

Several consequences of changing 
the composition of dairy products, 
which have already been alluded to, 
can be summarized as follows: 

1. If added processing is required, 
cost of the food will probably 
increase. As a result, low-income 
consumers may not have equal 
access to the food. 

2. When milkfat is replaced by a fat 
that does not contain cholesterol, 
new markets must be found for 
the surplus milkfat thus generated. 
Can this fat find a market in other 
dairy products? Other foods? A 
profitable non-food use? Answers 
to such questions will bear 
strongly on the food development 
process. 

3. Changes in a critical aspect of milk 
composition may result in a 
significant change in an important 
characteristic of the food. Many 
naturalcheeses,cheddarfor 
example, take on somewhat 
different flavors and a firmer body 
and texture when made with skim 
or lowfat milk. Some progress has 
been made in improving such 
products, but these issues remain 
critical to consumer appeal, 
without which no product will 
find its way to market. 

4. Regulatory requirements must be 
satisfied. If a standard of identity 
(or similar regulation) is involved, 
new/ modified foods must be 
developed within the limitations 
imposed by the standard-if 
indeed they are to be labeled by 
"traditional" names. If they do not 

comply, then a less familiar name 
must be used, one that may not as 
readily convey to consumers 
inherent nutritional value. 

5. For the above reason, consumers 
must continue to share a 
significant responsibility for 
understanding nutrition labels and 
for taking such information into 
account in selecting food. Even 
familiar names may take on new 
meaning where reduction in 
calories are concerned or some 
food component has been altered 
or removed. Familiarity with the 
food label will continue to be 
essential for the concerned 
consumer of the future. 

6. If significant long-term consumer 
trends toward lower fat, lower 
calorie foods continue, dairy 
farmers will likely be forced to 
consider changes in breeding prac
tices that reflect those trends in 
terms of milk composition. In this 
same vein, it is perhaps worth 
noting that the need worldwide 
remains greater for more rather 
than fewer food calories. And, 
calories from fat-even saturated 
fat-are yet in demand. 

Summary 
A variety of dairy products 

currently available in the marketplace 
can serve consumer needs for foods 
low in fat, saturated fat, and/or 
cholesterol. It is important for 
consumers to understand this fact 
and utilize these products in order to 
obtain the variety of nutrients essen
tial to good health. 

The dairy industry has already 
done much to develop dairy foods 
that cater to current nutritional needs 
as identified by health professionals. 
Additional work continues. 

However, milkfat remains a 
relatively saturated fat. Little can be 
done to significantly alter that fact by 
the dairy farmer or the processor. 
Blends of milkfat and margarine 
exist, and composition of such blends 
can readily be tailor-made to meet 
whatever future demands. In addi
tion, low-calorie substitutes for 
milkfat and sugar provide for a 
variety of dairy products both lower 
in cal~ric density and saturatt.>d fat. 
As well, new technologies for extract
ing cholesterol or converting it to a 
harmless by-product are well along 
in development. 
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This publication is part of the 
series "Animal Product Options in 
the Marketplace," developed as a 
result of a statewide Food, Agricul
ture and Nutrition (FAN) Forum held 
in November 1988. FAN forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health 
professionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 

, needs. 

Introduction 

Eggs are a versatile food with a 
high "nutrient density" relative to 
their caloric content. Egg protein is of 
very high quality, commonly used as 
a standard for measuring the nutri
tional quality of other food proteins. 
However, egg consumption has 
declined during the past few decades, 
primarily because of changing 
lifestyles and concerns about the 

I negative health effects of eating too i many eggs. Efforts to reduce the 
, cholesterol content of egg products 

1 has resulted in a variety of "egg 
l substitutes" available to consumers. 
}.. A.lthough the health implications of 
I dietary cholesterol consumption are 

,J w,dely debated, thIB publication ad-
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Cathy McCharen, Vice-President, Egg Nutrition Center 

dresses the relationship between egg 
production and processing technolo
gies and the nutrient composition of 
resulting products. 

Nutrient Composition of Eggs 

According to Ruth H. Matthews, 
Chief of HNIS Nutrient Data Re
search Branch, the reasons for a 
repeat analysis include improved and 
carefully controlled analytical meth
ods and changes in poultry feeding 
and management practices. Revised 
data are given in Table 1 below. In 1989 the Human Nutrition 

Information Service of the U.S. De
partment of Agriculture released 
updated nutrient composition data 
for eggs. The revised data on choles
terol and other nutrients in eggs are 
the result of a study conducted by 
USDA with a commercial laboratory 
that analyzed eggs from 122 suppliers 
in the summer of 1988 and 108 
suppliers in the winter of 1989. 

The new data show the cholesterol 
content of eggs to be about 22 percent 
less than when egg data were last 
published by USDA in 1976. Another 
compositional change deemed 
significant by health professionals is a 
30 percent lower iron content than 
reported previously. For nutrients 
other than iron and cholesterol, the 
magnitude of change and/or impact 

Table 1. Nutrient content of edible portion (50g) of one large chicken egg 

Nutrients and Units 1976 1989 

Iron, mg 1.04 0.72 
Zinc, mg 0.72 0.55 
Riboflavin, mg 0.15 0.25 
Folacin, mcg 32 23 
Vitamin B12, mcg 0.77 0.50 
Vitamin A, IU 260 317 
Cholesterol, mg 274 213 
Total fat, g 4.62 4.14 

Saturated, total, g 1.67 1.55 
14:0 0.02 0.02 
16:0 1.23 1.11 
18:0 0.39 0.39 
Monounsaturated, total, g 2.23 1.91 
16:1 0.14 0.15 
18:1 2.04 1.74 
20:1 0.01 
Polyunsaturated, total, g 0.72 0.69 
18:2 0.62 0.57 
18:3 0.02 0.17 
20:4 0.05 0.07 
22:6 0.02 



on the overall nutrient intake of 
individuals is not considered signifi
cant. 

The nutrient content of egg white 
is substantially different from the 
yolk (Table 2). It is clear that egg 
yolk contains the majority of calories, 
calcium and phosphorus, and almost 
all of the iron and lipids, including 
cholesterol, within the edible portion 
of whole eggs. By contrast, the 
albumen, or egg white, contributes 
over half of the niacin, riboflavin and 
protein found in whole eggs. Except 
for trace amounts of carbohydrates, 
vitamins and minerals, egg white can 
be described as essentially pure 
aqueous protein of very high nutri
tional value. (See Table 2.) 

Effect of Breed, Age and Diet 
on Nutrient Composition 

The composition of eggs can be 
influenced by several factors, includ
ing the breed, age, environment and 
diet (ration) of the hen from which it 
is produced. The hen's age affects the 
size of eggs, which may indirectly 
influence composition. Younger hens 
produce smaller eggs, which tend to 
contain a higher percentage of yolk. 
From Table 2, it is clear that as the 
percentage of yolk in an egg is 
altered, the nutrient content of the 
egg will change. The hen's diet may 
also influence the composition of 
eggs. Increasing the degree of 
unsaturation of fat in the ration can 
increase the linoleic acid and choles
terol content of the egg yolk, whereas 
adding saturated fats to the diet can 
increase oleic acid content. Season 
may have a small but significant 
effect on egg weight, protein, calcium 

Table 2. Nutrient content' of white 
and yolk of one large (50g) chickenegg 

Nutrient 
and Units 

Egg White Egg Yolk 
(33.4g) (16.6g) 

Calories, kcal 
Protein, g 
Carbohydrate, g 
Total lipid, g 
Cholesterol, mg 
Calcium, mg 
Phosphorus, mg 
Iron, mg 
Vitamin 8 1 2 , mcg 
Pantothenic acid, mg. 

17 
3.5 
0.3 
0 
0 
2 
4 

.01 

.07 

.04 

59 
2.8 
0.3 
5.1 

213 
23 
81 

0.6 
0.5 
0.6 

• USDA supplemental values from Release 8, 
Handbook 8. 

and sodium content. 
In modern, commercial production 

facilities, hens are grown in a con
trolled environment using nutrition
ally balanced rations to maintain 
optimal health and productivity. 
Such practices tend to reduce the 
variability of egg composition due to 
extremes in diet or environmental 
conditions. Therefore, although 
compositional changes can be in
duced by manipulating environ
mental factors, the eggs available in 
today's marketplace are generally 
similar in nutrient content (including 
cholesterol). Some consumers 
mistakenly believe that eggs of a 
given color are nutritionally superior 
to others. Shell color is determined 
by breed and is not an indicator of 
the nutritional value of the egg. 

Effects of Storage, Cooking 
and Processing on Nutrient 
Composition of Eggs 

Intact shell eggs lose very few 
nutrients when stored properly. 
Riboflavin, thiamin and vitamin A 
decrease slightly during 3 to 4 
months of cold storage. In general, 
egg quality deteriorates much more 
quickly than does nutritional value. 
Cooking eggs (frying, scrambling, 
poaching and hard boiling) results in 
few compositional changes of the egg 
itself. Of course, frying will increase 
total, saturated and unsaturated fats, 
depending on the amount and type of 
butter or shortening used. 

Spray-drying is the most com
mon process to manufacture commer
cially dried egg products. The drying 
process results in negligible nutri
tional losses, although cholesterol 
oxidation products are produced 
from cholesterol in small amounts 
during the spray-drying process. 
These cholesterol derivatives are 
hypothesized to play a role in the 
development of atherosclerosis, 
although the extent to which they 
contribute to atherosclerosis in 
humans is unknown. 

Options for Altering Nutrient 
Composition of Eggs 

A great deal of research has been 
undertaken to alter the nutrient 
composition of chicken eggs. Most, if 
not all, of this research has been 
conducted specifically to reduce the 
cholesterol content within egg yolks. 
Genetic selection and dietary ma-

nipulation of laying hens have met 
with varying degrees of success. 
However, it appears that traditional 
production methods in this regard 
are somewhat limited in their effects. 
Presently, there are no breeds or 
strains of chickens that lay eggs of 
superior nutritional value with 
significantly lower cholesterol 
content compared to other chickens. 
Past claims that blue eggs laid by the 
Araucana breed were lower in 
cholesterol than eggs from other 
breeds have proved false. 

An alternative approach to 
breeding/ diet strategies is to modify 
the egg yolk after the egg is laid. 
Because these procedures disrupt the 
components of whole eggs, only 
processed eggs and commonly 
available egg substitutes are used for 
or result from such procedures. 
These products currently make up 
about 15 percent of all eggs con
sumed. A few such methods are 
described briefly below. 

Perhaps the most common 
procedure to reduce cholesterol 
content of egg products involves 
dilution of whole liquid egg with egg 
white. As one can see from Table 2, 
this procedure will result in a product 
lower in calories, fat and cholesterol 
relative to shell eggs. It will also be 
lower in calcium, phosphorus, iron 
and some B vitamins unless these 
nutrients are added back to the final 
product. Some egg substitute prod
ucts replace essentially all egg yolk 
with egg white and may use vege
table oil, gums and food colorings or 
flavorings to more closely simulate 
whole eggs. 

Additional processing methods 
have been developed as alternatives 
to reducing cholesterol content of egg 
products. One such procedure makes 
use of organic solvents to remove 
part of the yolk lipid along with most 
of the remaining cholesterol. The 
residual egg yolk solids are then 
mixed with vegetable oil, salt, 
emulsifiers and coloring compounds. 
Another procedure is removal of the 
yolk entirely, and subsequent formu
lation of a substitute "yolk" from 
vegetable oils and other products. 
This method can yield a product 
which is essentially cholesterol-free. 

Egg substitute products currently 
available in the marketplace vary 
with respect to cholesterol, fat and 
calorie content. Typical liquid and 
frozen egg substitutes are compared 
with whole eggs in Table 3. 



While these values may not 
represent specific products currently 
available, they do give a general idea 
of the effect of processing technolo
gies on nutrient composition. 

Such changes in composition are 
not without cost. While the retail 
price of eggs currently stands at 6 - 9 
cents apiece ($0.72 - 1.08 per dozen), 
the cost equivalent (1 whole egg) for 
egg substitutes is about 25 - 30 cents, 
roughly 3 to 5 times more expensive. 
Egg substitutes may be convenient 
for use in recipes and certain egg 
dishes (such as quiche, omelettes and 
scrambled eggs) but cannot be used 
in other ways (fried, poached, hard or 
soft boiled). Egg substitute products 
can vary in taste and texture as they 
do in composition. In general, most 
individuals find the currently avail
able products somewhat less accept
able than shell eggs from a taste and 
convenience standpoint. 

Future Implications of 
Current Trends 

Despite the fact that eggs are a 
convenient, inexpensive and nutri
tious food, the consumption of shell 

eggs is rapidly declining in the 
United States. This trend is almost 
certainly due to increased public 
awareness concerning dietary choles
terol, blood cholesterol and coronary 
heart disease. Recent dietary guide
lines recommend limiting consump
tion of egg yolks to four per week 
and limiting dietary cholesterol 
intake to 300 mg per day or less. 
Dietary cholesterol exerts a small 
effect on blood cholesterol in most 
individuals. The significance of this 
effect is widely debated among health 
professionals. A massive educa
tional campaign has been launched 
by the National Heart Lung and 
Blood Institute to convince all Ameri
cans that diets high in saturated fat 
and cholesterol are a major cause of 
high blood cholesterol and coronary 
heart disease. As these efforts 
continue, no doubt more people will 
be influenced to reduce consumption 
of egg yolks. One approach to 
curbing an overall decline in egg 
consumption is to increase efforts for 
developing new lowfat products 
containing egg albumen as a source 
protein. 

Table 3. Nutrient content" of typical egg substitutes as compared with shell 
eggs 

Nutrients Frozen Egg Liquid Egg Whole 
and Units Substitute Substitute Eggs 

Calories, kcal 80 42 79 
Protein, g 5.6 6 6.1 
Total lipid, g 5.6 1.7 5.6 
Cholesterol, mg 1.0 0.5 274 
Iron, mg 1.0 1.1 6.0 

' Based on data reported by USDA in 1976. Values expressed per 50g edible portion (1 large egg 
equivalent). 

References and Sources of 
Additional Information 

1. National Research Council. 1988. 
Designing Foods. Animal Product 
Options in the Marketplace. 
National Academy Press, Washing
ton, D.C., pp. 311-331. 

2. United States Department of 
Agriculture. 1976. Composition of 
Foods. Dairy and Egg Products, 
Raw, Processed, Prepared, Agricul
tural Handbook 8-1. Superinten
dent of Documents, Washington, 
D.C. 

3. National Research Council. 1989. 
Diet and Health. Implications for 
Reducing Chronic Disease Risk. 
National Academy Press, Washing
ton, D.C. 

4. Egg Nutrition Center. 2501 M St. 
NW, Suite 410, Washington, D.C. 
20037. 202-833-8850. 

5. United States Department of 
Health and Human Services 1988. 
The Surgeon General's Report on 
Nutrition and Health. DHHS Pub. 
No. 88-50210. 

6. Stadelman, W.J., Olson, V.M., 
Shemwell, G.A. and Pasch, S. 
1988. Egg and Poultry-Meat Proc
essing. Ellis Horwood, Ltd., pp. 
20-39. 

Food, Agriculture, and Nutrition (FAN) 
Forums are sponsored by the Intercolle
giate Nutrition Consortium (INC), a 
cooperative effort of five of the University 
of Minnesota's colleges: College of 
Agriculture, College of Home Economics, 
Medical School, Minnesota Extension 
Service, and School of Public Health. 



Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with the C.5 
Department of Agriculture. Patrick J. Borich, Dean and Director of Minnesota Extension Service, University of Minnesota, St. Paul, Minnesota 55108 
The University of Minnesota, including the Minnesota Extension Service, is committed to the policy that all persons shall have equal access to its 
programs, facilities, and employment without regard to race, religion, color, sex, national origin, handicap, age, veteran status, or sexual orientation. 



I 

HE-F0-3868 
1989 

food • agriculture • nutrition 
Intercollegiate Nutrition Consortium, Universicy of Minnesota 

This publication is part of the 
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the Marketplace," developed as a 
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in November 1988. FAN Forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health 
professionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 
needs. 

Composition 

Meat is defined as those animal 
tissues that are suitable for use as 
food. Tissues that comprise meat 
include muscle, adipose tissue, 
nerves and blood vessels. However, 
meat is consumed largely for the 
muscle component. 

The major components of lamb 
muscle are water, protein and lipid. 
On a percent fresh (raw) weight basis, 
the approximate composition of lamb 
muscle is listed in Table 1. 

The ratio of water to protein in 
lamb muscle is approximately 4.0 to 
1.0. This value is fairly constant but 
does vary slightly from muscle to 
muscle. The fat content of lamb 
muscle can vary widely due to a 
number of factbrs. However, as the 
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Table 1. 
Component Average Value 

Water 75.0 

Protein 18.5 

Lipid (fat and cholesterol) 3.0 

Non-protein nitrogenous substances (includes vitamins) 1.5 

Carbohydrates and non-nitrogenous substances 1 .0 

Inorganic constituents (minerals) 1.0 

100.0 

Table 2. 

Range 

65-80 

16-22 

1.5-13.0 

0.5-1.5 

Percentage or grams per 
1 00 grams edible portion 

Comparison Description Water Protein Fat Ash 

1. Choice carcass, composite of leg, 
loin, rib and shoulder, trimmed to retail 
level, raw 61.0 16.5 21.3 1.2 
vs. 

2. Leg, shank half, separable lean, raw 75.1 20.1 3.5 1.1 
Leg, sirloin half, separable lean, raw 74.6 21.0 4.4 1.1 
Loin chop, separable lean, raw 73.3 20.3 5.0 1.1 

Rib roast, separable lean, raw 72.0 19.8 7.4 1.1 
Blade chop, separable lean, raw 73.3 18.7 6.6 1.1 
Arm chop, separable lean, raw 74.3 19.0 5.4· 1.1 

3. Prime, leg, separable lean, raw 73.0 19.8 5.6 1.6 
vs. 
Choice, leg, separable lean, raw 73.6 19.9 5.0 1.5 

4. Loin chop, separable lean, raw 73.3 20.3 5.0 1.1 
vs. 
Loin chop, separable lean, cooked 61.9 30.2 8.9 1.3 

fat content increases (or decreases), 
both water and protein content 
decrease (or increase) accordingly but 
still maintain their proportional 

relationship to each other. 
One of the confusing issues for 

consumers is the wide range in 
reported values for fat content of 



lamb. When data on fat content of 
lamb are observed, educators should 
ask the following questions: 

1. Are the data derived from the 
entire soft tissue (muscle and fat) 
of a carcass or cut, or are the data 
derived from the muscle (sepa
rable lean) only? 

2. Which muscle (cut) are the data 
derived from? 

3. What is the grade? 
4. Are the data from raw or cooked 

lamb? 

Table 2 contains data from 
USDA Agriculture Handbook 
Number 8 and Ono and others, J. 
Food Science, 49:1233, and illustrates 
the above points. 

Comparisons 1 and 2 illustrate 
the importance of selecting lamb cuts 
with a minimum of separable fat. 
Separable fat is fat that can be easily 
trimmed from a cut with a knife. The 
difference in percentage units of fat 
between untrimmed cuts and 
trimmed cuts is approximately 16! 
This represents 144 calories for each 3 
1 /2 ounce serving. Some retailers are 
trimming lamb cuts of all external fat 
and nearly all fat between muscles in 
response to consumers' desires to 
reduce purchase of waste fat. 

Comparison 2 illustrates the 
principle of muscle to muscle vari
ation in fat content. The separable 
lean of leg (shank halD has 3.5 
percent fat, whereas the lean of rib 
roast has 7.4 percent fat. The fat 
content of muscle is lowest in the leg, 
followed by the loin, and then the rib 
for a given quality grade. The 
shoulder separable lean is intermedi
ate in fat content between the loin 
and rib. 

Comparison 3 illustrates the 
importance of knowing the quality 
grade of lamb since fat level in the 
lean is an important determinant of 
USDA quality grade. USDA Prime 
leg lean contains 5.6 percent fat, 
whereas USDA Choice leg lean 
contains 5.0 percent fat. 

Comparison 4 illustrates the 
importance of knowing whether 
compositional data represent raw or 
cooked product. Water is the main 
constituent lost from meat during 
cooking; the amount of loss is influ
enced by several factors such as 
method of cooking and temperature. 
Thus to standardize data, most 
compositional information is col
lected on raw samples. However, 
one should not be misled by the 
higher fat figure in cooked lamb 

compared to raw lamb. The sample 
size is 100 grams, and compositional 
values are also in grams to make 
conversions to percentages simple. 
The higher value in cooked lamb is a 
result of an increase in concentration, 
due mostly to a loss of moisture 
during cooking and not an actual 
increase in the amount of fat. The 
cooked value for fat is about 25 
percent higher and proportional to 
the percentage cooking loss. Thus a 
four ounce raw portion of lean and 
the resulting three ounce cooked 
portion will contain essentially the 
same amount of fat in grams. 

The cholesterol content of lamb is 
often misunderstood. The milligrams 
of cholesterol in 100 grams (3 1 /2 
ounces) of Choice separable raw lean 
is 65. Data on cholesterol content of 
lamb fat are lacking, but data on beef 
reveal that there is more cholesterol 
in separable fat than in separable 
lean. Thus to minimize cholesterol 
intake (and calories), consumers 
should trim lamb cuts of visible fat 
before consumption. However, it has 
been documented that marbling 
contains little cholesterol and that 
most of the cholesterol in muscle is 
associated with muscle cell mem
branes. Studies with beef steaks that 
ranged widely in marbling content 
(quality grade) when raw showed no 
difference in cholesterol content after 
cooking. Thus, quality grade of lamb 
(Prime, Choice and Good) probably 
will not affect cholesterol intake if 
cuts of lamb are trimmed of fat before 
consumption. Actually, a closely 
trimmed cut with moderate marbling 
could contain less cholesterol com
pared to a poorly trimmed cut that is 
devoid of marbling. 

The fatty acid content of lamb is 
often misunderstood, as evidenced 
by the common tendency to broadly 
categorize all lamb fats as high in 
saturated fatty acids. The fat in 
cooked, separable lean from lamb 
contains 56 percent saturated fatty 
acids and 44 percent unsaturated 
fatty acids. The ratio of unsaturated 
to saturated fatty acids is 0.78. Other 
species have more desirable values: 
veal, 1.08; beef, 1.22; pork, 1.63; 
chicken, 2.33 and turkey, 2.45. Also, 
some current evidence indicates that 
individual dietary saturated fatty 
acids are not uniform in their physio
logical effects in humans. 

In spite of the variation discussed 
above, lamb makes basic contribu
tions to the diet. Ono and others, J. 
Food Science, 49:1233, found that a 

Table 3. 

Item 

Energy 
Water 
Protein 
Fat 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
Copper 
Thiamin 
Riboflavin 
Niacin 
Pantothenic acid 
Folacin 
Vitamin 8 12 

Value 

201 calories 
61.9 grams (g) 
30.2 g 
8.92 g 
22 milligrams (mg) 
2.2 mg 
29 mg 
215 mg 
388 mg 
83 mg 
4.4mg 
0.15 mg 
0.12 mg 
0.32 mg 
6.8mg 
0.64 mg 
23.19 micrograms ( mcg) 
2.8mcg 

3 1 /2 ounce cooked portion of loin 
chop (separable lean only) contains 
nutrients listed in Table 3. 

Regulations 
The USDA is charged with 

inspection of slaughter establish
ments that purchase lambs and sell 
the resulting products to commercial 
establishments. Elements of inspec
tion include sanitation, antemortem 
(live) inspection, postmortem (car
cass) inspection, product inspection, 
laboratory analysis and labeling. The 
USDA also inspects at meat process
ing establishments that buy lamb, 
further process and sell it to busi
nesses. 

Slaughterers may operate under 
custom exemption from USDA 
inspection if the lamb is to be con
sumed by the owner of the animal, 
members of the family and non
paying guests. In this case, the 
Minnesota Department of Agricul
ture (MDA) inspects facilities, 
sanitation, labeling, etc., but does not 
inspect the animal or carcass for 
disease conditions. The MDA also 
inspects at establishments that 
operate under the retail exemption. 
Retail exempt establishments buy 
USDA inspected lamb and further 
process it into chops, roasts, ground 
lamb, etc. for direct sale to consum
ers. The MDA inspects at retail 
establishments for sanitation, tem
perature control, proper labeling, etc. 

The USDA provides additional 
options for consumers of chops and 
roasts by regulating labeling accord
ing to total fat content. Chops or 
roasts labeled "Lean" or "Lite" must 



have a total fat content equal to or 
less than 10 percent. Chops or roasts 
labeled "Extra Lean" must have a 
total fat content equal to or less than 5 
percent. Chops or roasts labeled with 
comparative terms such as "Lighter" 
and "Lower Fat" must have a 25 
percent or more reduction in total fat 
content relative to the fat content of 
the item in the marketplace to which 
it is being compared. 

The USDA currently permits the 
use of the term "Natural" on those 
lamb products that contain no 
artificial ingredients and have no 
more than minimal processing. The 
USDA does not currently permit the 
use of the word "Organic" on lamb 
labels. Thus, consumers who desire 
"Organic" lamb must purchase a live 
lamb and have it custom processed. 

Effects of Future Changes 

The major change in lamb 
composition is expected to be a 
further reduction in trimmable fat in 
the lamb cuts offered for sale to 
consumers. Because of variation in 
fat trimming policies by processors, 
consumers have the option of pur
chasing lamb with less trimmable fat 
at a higher price or lamb with more 
trimmable fat at a lower price. This 
inverse relationship between trim
mable fat and price exists because 
saleable yield decreases and labor 
costs increase as fat is removed by 
processors. 

However, a positive relationship 
sometimes exists between quality 
grade and price. Prime can be higher 
priced than Choice, which in turn is 
always higher priced than Good. 
This relationship exists because 
deposition of increasing amounts of 
fat within the lean usually requires 
increasing amounts of feed and other 
producer expenses. Prime normally 
has a slightly more desirable lamb 
flavor than Choice, which in turn has 
a more desirable flavor than Good. 
This order of preference is, however, 

1 not shared by all consumers. 
Thus, the price of lamb chops and 

roasts is influenced by fat content in 
two divergent ways. As trimmable 
fat on lamb within a given quality 
grade is removed, the price increases. 
Presence of more trimmable fat 
results in a lower price per pound. 
As the quality grade of lamb in
creases within a certain level of 
trimmable fat, the price increases. 
Lower quality results in a lower 

price. Thus consumers have the 
purchase options listed in Table 4. 

Table 4. 
Primary 
Consumer 
Desire 

1. Low trimmable fat, Taste fat, not 
high degree of quality waste fat 

2. Low trimmable fat, 
low degree of quality 

3. High trimmable fat, 
high degree of quality 

4. High trimmable fat, 
low degree of quality 

Reduction in 
calories, low 
saturated fat 
intake 

Flavor from fat 
and increased 
tenderness 

Low price 
per pound 

Consumers are being presented 
with other options when purchasing 
lamb. As space permits, the number 
of portion sizes will increase. A 
particular cut may be sold in two, 
three or even four different sizes to 
accommodate different needs of 
consumers. Pre-cooked, pre-sliced 
and pre-seasoned are some of the 
other conveniences being offered in 
the marketplace. The cost of labor, 
ingredients and packaging increase 
the price of these products, and thus 
consumers must weigh the cost/ 
benefit ratio in making purchase 
decisions. 

Implications of 
Current Trends 

The lamb industry is becoming 
more consumer driven. The days of 
simply producing lamb and then 
trying to sell it are over. Today, the 
lamb industry is market oriented. 
The industry is ascertaining what the 
consumer wants and then going 
about the task of producing it. For 
example, it is generally accepted that 
producers are marketing lambs with 
less fat compared to five years ago. 

It is also obvious that the con
sumer market for lamb is becoming 
increasingly segmented. Not all 
consumers of lamb want the same 
level of fat trim, degree of quality or 
ease of preparation (convenience). 
For many, cost is no more than 
secondary in importance. This 
diversity presents tremendous 
challenges and opportunities for the 
lamb industry. For example, it may 
become commonplace for each 
package of lamb to be labeled with 

specific nutrient analysis both in 
percentages and absolute amount 
(i.e., grams of fat, actual calories in 
the package, etc.). As fat content is 
reduced, processors will have to 
adopt techniques to assure the 
consumer of adequate flavor and 
tenderness. 

Lamb producers are responding 
to challenges in the marketplace. 
Uniform products for a given con
sumer segment will be the norm. 
Knowledge of genetics, nutrition and 
management, and accurate pricing 
policies by processors will allow 
producers to alter the fat content, 
muscle content, fatty acid profile, 
cholesterol content, tenderness and 
flavor of the products they produce. 
Regulatory agencies will increasingly 
be asked to assure consumers that 
lamb is free of detectable residues 
(antibiotic, hormonal and microbio
logical). Exciting times are ahead for 
the lamb industry as producers, 
processors, retailers and government 
work together to serve the needs of 
increasingly demanding consumers. 

Summary 

Consumers will see the number 
options for lamb products increase in 
the marketplace. They will vote with 
their purchase decisions, and the 
entire industry will respond accord
ingly. 
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fat content increases (or decreases), 
both water and protein content 
decrease (or increase) accordingly but 
still maintain their proportional rela
tionship to each other. 

One of the confusing issues for 
consumers is the wide range in 

Table 1. 
Component 

Water 

Protein 

Lipid (fat and cholesterol) 

reported values for fat content of 
pork. When data on fat content of 
pork are observed, educators should 
ask the following questions: 

1. Are the data derived from the 
entire soft tissue (muscle and fat) 

Average Value 

75.0 

18.5 

3.0 

Range 

65-80 

16-22 

1.5-13.0 

Non-protein nitrogenous substances (includes vitamins) 1.5 

Carbohydrates and non-nitrogenous substances 

Inorganic constituents (minerals) 

1.0 

1.0 

100.0 

0.5-1.5 

Meat is defined as those animal _T_a_b_le_2. __________________________ _ 
tissues that are suitable for use as Percentage or grams per 

food. Tissues that comprise meat 1 00 grams edible portion 

Water Protein Fat Ash include muscle, adipose tissue, Comparison Description 
nerves and blood vessels. However, --------------------~-----------
meat is consumed largely for the 1. 
muscle component. 

The major components of pork 
muscle are water, protein and lipid. 
On a percent fresh (raw) weight basis, 
the approximate composition of pork 
muscle is defined in Table 1. 2. 

The ratio of water to protein in 
pork muscle is approximately 4.0 to 
1.0. This value is fairly constant but 
does vary slightly from muscle to 3. 
muscle. The fat content of pork 
muscle can vary widely due to a 
number of factors. However, as the 

Composite of leg, loin, shoulder and 
spareribs.separable lean and fat, raw 
vs. 
Composite of leg, loin, and shoulder, 
separable lean, raw 

Loin, blade, separable lean, raw 
vs. 
Loin, sirloin, separable lean, raw 

Top loin, separable lean, raw 
vs. 
Top loin, separable lean, broiled 

59.7 

72.0 

69.3 

72.1 

69.6 

54.5 

16.7 22.6 0.9 

20.2 6.8 1.0 

19.3 11.0 1.0 

21.1 6.8 1.1 

21.8 7.5 1.0 

28.8 14.9 1.2 



of a carcass or cut, or are the data 
derived from the separable lean 
(muscle) only? 

2. Which muscle (cut) are the data 
derived from? 

3. What is the degree of marbling 
(specks of fat visible in the lean)? 

4. Are the data from raw or cooked 
pork? 

Table 2, which contains data from 
USDA Agriculture Handbook Num
ber 8-10, illustrates the above points. 

Comparison 1 illustrates the 
importance of selecting pork cuts 
with a minimum of separable fat. 
Separable fat is that which can be 
easily trimmed with a knife. The 
difference is 15.8 percentage units of 
fat! Some retailers are trimming pork 
cuts of all external fat and nearly all 
fat between muscles in response to 
consumers' desires to reduce pur
chase of waste fat. 

Comparison 2 illustrates the 
principle of muscle to muscle vari
ation in fat content due to marbling 
level (marbling is the visible flecks of 
fat within the lean). The separable 
lean of the sirloin portion of the loin 
has 6.8 percent fat, whereas the lean 
of the blade portion of the loin has 
11.0 percent fat. The fat content of 
muscle is lowest in the posterior 
portion of the carcass and increases 
toward the anterior portion for a 
given quality level. Thus when 
trimmed of all external fat, two of the 
leanest cuts of pork are tenderloin 
(2.47 percent fat) and rump half of 
fresh leg (5.34 percent fat). 

Comparison 3 illustrates the 
importance of knowing whether 
compositional data represent raw or 
cooked product. Water is the main 
constituent lost from pork during 
cooking; the amount of loss is influ
enced by factors such as method of 
cookery, temperature, etc. Thus to 
standardize data, most compositional 
information is collected on raw 
samples. However, one should not 
be misled by the higher fat figure in 
cooked pork compared to raw pork. 
The sample size is 100 grams, and 
compositional values are also in 
grams to make conversions to per
centages simple. The higher value in 
cooked pork is a result of an increase 
in concentration, due mostly to a loss 
of moisture during cooking and not 
an actual increase in the amount of 
fat. The cooked value for fat is about 
25 percent higher and proportional to 
the percentage cooking loss. Thus a 
four ounce raw portion of lean and 

the resulting three ounce cooked 
portion will contain essentially the 
same amount of fat in grams. 

The cholesterol content of pork is 
often misunderstood. The milligrams 
of cholesterol in 100 grams (3 1 /2 
ounces) of the composite of trimmed 
leg, loin and shoulder separable raw 
lean is 65, whereas the corresponding 
value for separable fat from retail 
cuts is 93. This indicates that there is 
more cholesterol in separable fat than 
in separable lean. Thus to minimize 
cholesterol intake (and calories), 
consumers should trim pork cuts of 
visible fat before consumption. 
However, it has been documented 
that marbling contains little choles
terol and that most of the cholesterol 
in muscle is associated with muscle 
cell membranes. Studies with beef 
steaks that ranged widely in marbling 
content (quality grade) when raw 
showed no difference in cholesterol 
content after cooking. Thus, choosing 
pork with little or no marbling will 
not alter cholesterol intake, but it will 
reduce calorie and fat intake. 

The fatty acid content of pork is 
often misunderstood, as evidenced 
by the common tendency to broadly 
categorize all pork fats as high in 
saturated fatty acids. The separable 
lean from 100 grams of leg, loin and 
shoulder has 6.11 grams of fatty 
acids, of which 2.34 grams are 
saturated fatty acids, 3.06 grams are 
monounsaturated fatty acids and 0.71 
grams are polyunsaturated fatty 
acids. Thus, saturated fatty acids 
comprise 38.3 percent of the total 
fatty acids in pork, while unsaturated 
fatty acids comprise 61.7 percent of 
the total. Also, some current evi
dence indicates that individual 
dietary saturated fatty acids are not 
uniform in their physiological effects 
in humans. 

In spite of the variation discussed 
above, pork makes basic contribu
tions to the diet. USDA Ag Hand
book 8-10 indicates that a 3 ounce 
broiled portion of center loin (sepa
rable lean only) contains the data 
shown in Table 3. 

This publication will be revised 
as new compositional data become 
available. 

Regulations 

The USDA is charged with 
inspection of slaughter establish
ments that purchase swine and sell 
the resulting pork and pork products 
to commercial establishments. 

Table 3. 

Item 

Energy 
Water 
Protein 
Fat 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
Copper 
Thiamin 
Riboflavin 
Niacin 
Pantothenic acid 
Vitamin 86 
Folacin 
Vitamin 8 12 
Vitamin A 

Value 

197 calories 
48. 7 grams (g) 
27.4 g 
8.98 g 
4 milligrams (mg) 
0.78 mg 
25 mg 
209 mg 
360 mg 
67mg 
1.91 mg 
0.07 mg 
0.98 mg 
0.26 mg 
4.74 mg 
0.59 mg 
0.40mg 
5 micrograms (mcg) 
0.63 mcg 
7 International Units 

Elements of inspection include 
sanitation, antemortem (live) inspec
tion, postmortem (carcass) inspection, 
product inspection, laboratory 
analysis and labeling. The USDA 
also inspects at meat processing 
establishments that buy pork, further 
process and sell to businesses. 

Slaughterers may operate under 
custom exemption from USDA 
inspection if the pork is to be con
sumed by the owner of the animal, 
members of the family and non
paying guests. In this case, the 
Minnesota Department of Agricul
ture (MDA) inspects facilities, 
sanitation, labeling, etc., but does not 
inspect the animal or carcass for 
disease conditions. The MDA also 
inspects at establishments that 
operate under the retail exemption. 
Retail exempt establishments buy 
USDA inspected pork and further 
process it into chops, ground pork, 
ham, bacon, etc. for direct sale to 
consumers. The MDA inspects at 
retail establishments for sanitation, 
temperature control, proper labeling, 
etc. 
Unlike beef, USDA grading of pork 
carcasses is rarely requested by 
processors. Thus, the option for 
consumers is to choose a marbling 
level in pork that meets their expecta
tions with respect to fat content and 
palatability (taste). Pork varies in fat 
content of the major muscle of the 
loin as shown in Table 4. 

The USDA provides options for 
consumers of chops and roasts by 



Table 4. 

Marbling Percentage Expected 
Level Fat Palatability 

Abundant 10.4 "Tallowy" 

Slightly 
abundant 6.9 

Modest 5.0 Highest 

Slight 3.7 

Devoid 3.1 Lowest 

(Data from J. Food Sci. 29:70) 

regulating labeling according to total 
fat content. Chops or roasts labeled 
"Lean" or "Lite" must have a total fat 
content equal to or less than 10 
percent. Chops or roasts labeled 
"Extra Lean" must have a total fat 
content equal to or less than 5 per
cent. 

Chops or roasts labeled with 
comparative terms such as "Lighter" 
and "Lower Fat" must have a 25 
percent or more reduction in total fat 
content compared to the fat content 
of the item with which it is being 
compared. For example, the USDA 
regulations for fresh pork sausage 
state a maximum of 50 percent total 
fat. Processors producing fresh pork 
sausage labeled as "Lower Fat" 
compared to the USDA standard 
must produce the product at 37.5 
percent fat or less (25 percent reduc
tion from 50 percent fat). If the 
"Lower Fat" comparison is in refer
ence to the market basket (for fresh 
pork sausage the value is 38 percent 
fat), the product must be produced at 
28.5 percent fat or less (25 percent 
reduction from 38 percent fat). 

The USDA currently permits the 
use of the term "Natural" on those 
pork products that contain no artifi
cial ingredients and have no more 
than minimal processing. The USDA 
does not currently permit the use of 
the word "Organic" on pork labels. 
Thus, consumers who desire "Or
ganic" pork products must purchase 
a live animal and have it custom 
processed. 

Effects of Future Changes 

The major change in pork compo
sition is expected to be a further 
reduction in trimmable fat in the pork 

cuts offered for sale to consumers. 
Consumers often have the option of 
purchasing pork from one retailer 
with less trimmable fat at a higher 
price or pork from another retailer 
with more trimmable fat at a lower 
price. This inverse relationship 
between trimmable fat and price 
exists because saleable yield de
creases and labor costs increase as fat 
is removed by processors. 

However, a positive relationship 
sometimes exists between quality and 
price. High quality includes small to 
modest amounts of marbling, a bright 
colored lean, a fine texture of lean 
and absence of exudate (moisture) on 
the cut muscle surface. Low quality 
lean includes devoid marbling, pale 
colored lean, soft texture of lean and 
presence of exudate on the cut muscle 
surface. High quality pork often sells 
for a higher price and is normally 
more juicy, flavorful and tender than 
low quality pork. 

Thus, the price of pork chops and 
roasts is influenced by fat content in 
two divergent ways. As trimmable 
fat on pork within a given quality 
level is removed, the price increases. 
Presence of more trimmable fat 
results in a lower price per pound. 
As the quality level of pork increases 
within a certain level of trimmable 
fat, the price also increases. Low 
quality results in a lower price. Thus 
consumers sometimes have the 
following purchase options among 
different retailers: 

Table 5. 
Primary 
Consumer 
Desire 

1. Low trimmable fat, Taste fat, 
high quality not waste fat 

2. Low trimmable fat, Low calories 
low quality 

3. High trimmable fat, Flavor and 
high quality tenderness 

4. High trimmable fat, Low price 
low quality per pound 

Consumers are being presented 
with other options when purchasing 
pork. As space permits, the number 
of portion sizes and boneless cuts will 
increase. A particular cut may be 

sold in two, three or even four 
different sizes to accommodate 
different needs of consumers. Pre
cooked, pre-sliced and pre-seasoned 
are some of the other conveniences 
being offered in the marketplace. The 
cost of labor, ingredients and packag
ing increase the price of these prod
ucts, and thus consumers must weigh 
the cost/benefit ratio in making 
purchase decisions. 

Implications of 
Current Trends 

The pork industry is becoming 
more consumer driven. The days of 
producing pork and then trying to 
sell it are over. Today, the pork 
industry is market oriented. The 
industry is ascertaining what the 
consumer wants and then going 
about the task of producing it. 

It is also obvious that the con
sumer market for pork is becoming 
increasingly segmented. Not all 
consumers of pork want the same 
level of fat trim, quality, portion size 
or ease of preparation (convenience). 
For many, cost is no more than 
secondary in importance. This 
diversity presents tremendous 
challenges and opportunities for the 
pork industry. For example, it may 
become commonplace for each 
package of fresh pork to be labeled 
with specific nutrient analysis both in 
percentage and absolute amounts. 
As fat content is reduced, processors 
will have to adopt techniques to 
assure the consumer of adequate 
flavor and tenderness. Fat reduction 
will also require consumers to change 
preparation methods as leaner pork 
takes less time to cook. 

Pork producers are responding to 
challenges in the marketplace. 
Uniform products for a given con
sumer market will be the norm. 
Knowledge of genetics, nutrition and 
management, and accurate pricing 
policies by processors will allow 
producers to alter the fat, muscle, 
fatty acid, cholesterol contents, as 
well as tenderness and flavor of the 
products they produce. Regulatory 
agencies will increasingly be asked to 
assure consumers that pork is free of 
detectable residues (antibiotic, 
hormonal and microbiological). 
Exciting times are ahead for the pork 
industry as producers, processors, 
retailers and government work 
together to serve the needs of increas
ingly demanding consumers. 



---------- --- ----- ----- ------- --------

Summary 
Consumers will see the number 

options for pork products increase in 
the marketplace. They will vote with 
their purchase decisions, and the 
entire industry will respond accord
ingly. 
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This publication is part of the 
series "Animal Product Options in 
the Marketplace," developed as a 
result of a statewide Food, Agricul
ture and Nutrition (FAN) Forum held 
in November 1988. FAN Forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health pro
fessionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 
needs. 

Composition 

Meat may be processed in a 
number of ways. For purposes of this 
publication, processed meat includes 
those products prepared beyond 
merely cutting or grinding. Curing 
(e.g., corned beef), emulsification 
(e.g., frankfurters), smoking (e.g., 
ham) and cooking, alone or in 
combination, are a few of the more 
common meat processing procedures. 
For details on specific procedures, the 
reader is referred to the text Processed 
Meats. 

The major components of proc
essed meats are moisture, protein and 
fat. Depending upon the product, the 
proportion of these three components 
varies widely. See Table 1. 

Processed meats make basic 
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Table 1. 
Percentage 

Product Moisture Protein Fat 

Ham 
Frankfurter, beef and pork 
Salami, dry, pork 

(Data from USDA Handbook 8-7) 

contributions to the diet. Table 2 from 
the USDA Handbook 8-7 indicates the 
contents of a 3 1 /2 ounce portion of 
beef and pork bologna. 

Various ingredients are permitted 
by the Food Safety and Inspection 
Service of the USDA to be added 
during manufacture of processed 
meats. Salt is added for purposes of 
flavor and extending shelf life under 
refrigeration. It is also a necessary 
ingredient in emulsified sausage (e.g., 
bologna and frankfurters) because salt 
extracts the salt-soluble proteins actin 
and myosin, which in turn coat fat 
particles to form an emulsion. 

Sodium nitrite is permitted at 
specific levels (depending upon the 
product) for the following reasons. 

1. Delays development of botulinal 
toxin in vacuum-packaged, 
temperature-abused product 

2. Inhibits warmed-over flavor 
3. Develops the cured meat color 

and flavor 
4. Retards development of rancidity 

and off-odors and flavors during 
storage 

Sodium nitrate is not permitted 
except in country-cured products such 
as dry-cured ham and dry-cured 
bacon. Feeding studies using meats 
containing high levels of nitrite 

64.6 
53.9 
36.2 

Table 2. 
Item 

Energy 
Water 
Protein 
Fat 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium* 
Sodium* 
Zinc 
Copper 
Manganese 
Thiamin 
Riboflavin 
Niacin 
Pantothenic acid 
Vitamin 86 
Folacin 
Vitamin 8 12 

17.6 
11.3 
22.6 

Value 

316 calories 
54.3 grams (g) 
11.69 g 
28.26 g 

10.6 
29.2 
33.7 

12 milligrams (mg) 
1.51 mg 
11 mg 
91 mg 
180 mg 
1019 mg 
1.94 mg 
0.08 mg 
0.04 mg 
0.17 mg 
0.14 mg 
2.58 mg 
0.28 mg 
0.18 mg 
5 micrograms (mcg) 
1.33 mcg 

*Since publication of USDA Handbook 8-7, 
many processors have decreased the amount 
of sodium in various processed meat products. 
In some cases, a portion of sodium chloride 
has been replaced with potassium chloride. 

showed no evidence of carcinogene
sis. Cured meat items such as bacon 
should not be fried or broiled to a 
very crisp degree of <loneness. See 
the fact sheet Nitrite in Meat for more 



details on nitrate, nitrite and cooking 
of cured meats. 

Other additives are permitted in 
processed meats. Any new additive 
must be approved by the Food and 
Drug Administration (FDA). Ap
proval requires pro'?f of safe~y. The 
USDA is charged with ensunng that 
only approved additives are incorpo
rated into processed meats. The 
processor must also list, in desc~nd
ing order, all added substances m the 
statement of ingredients on the 
product label. For a list of approved 
substances, the reader is referred to 
the Encyclopedia of Labeling Meat and 
Poultry Products. 

Many processed meats are 
combined with non-meat foods to 
form new products which meet 
consumer needs for special flavors, 
ethnic considerations, regional tastes, 
convenience, etc. The Standards and 
Labeling Division of the USDA has 
strict requirements with respect to 
name, percentages of red meat and 
other ingredients required or al
lowed, etc. The reader is referred to 
the Standards for Labeling Policy Book 
for details. 

Regulations 
As one might surmise, regulatory 

activity in the processed meats area is 
quite extensive. The USDA has 
regulatory responsibilities in process
ing plants that sell processed meats to 
commercial establishments. The 
responsibilities include sanitation, 
ingredient usage, labeling, net 
weight, etc. Establishments that sell 
directly to the consumer operate 
under a retail exemption from USDA 
inspection. They are inspecte~ by the 
Minnesota Department of Agncul
ture on a periodic basis. 

One of the most recent changes in 
the regulatory area concerns added 
water in cured pork products such as 
ham and other cured pork cuts. The 
Protein Fat-Free (PFF) standards, 
effective April 15, 1985, require 
finished products to be analyzed for 
percentage protein on a fat-free basis. 

PFF =%meat protein x 
100 

100- % fat 

The intent of the regulation is to 
exclude from the calculation all other 
proteins, such as plant proteins, 
microorganism-derived proteins, ~tc. 
The product is then named accordmg 
to the following categorization: 

----------- ---~----- -

Table 3. 
Minimum PFF 
Percentage 

20.5 

18.5 

17.0 

Less than 
17.0 

Product Name and 
Qualifying Statement 

Ham 

Ham with natural juices 

Ham, water added 

Ham and water product 
% of weight is 

added ingredients 

This regulatory change provides 
options for consumers purchasing 
cooked ham because more added 
moisture results in less protein and 
typically a lower price. PFF stan
dards cannot be used to ascertain the 
fat content of cured pork products 
since the amount of fat is subtracted 
out before the PFF calculation is 
made. Products containing varying 
amounts of fat may or may not 
contain added water. Fat content is 
listed on nutritional labels. In 
packages without such labels, con
sumers can often observe trimmable 
fat content and marbling level (specks 
of fat within the lean). 

On April 14, 1988, the USDA 
amended the standard of identity for 
frankfurters and similar cooked 
sausages to provide for a maximum 
combination of 40 percent of fat and 
added water and to continue restrict
ing the maximum fat content to no 
more than 30 percent of the finished 
product. Previously, the sta~dards 
required that products contam no 
more than 30 percent fat and no more 
than 10 percent added water. This 
change provides processors with 
more flexibility to produce lower fat 
frankfurters and similar cooked 
sausages. In essence, some fat can be 
replaced with water. 

Nutritional labeling on processed 
meat products is voluntary except in 
those cases where claims having 
nutritional implications are made on 
the label. Requirements are on the 
basis of Food and Drug Administra
tion regulations. The sample label in 
Table 4 from the Encyclopedia of 
Labeling Meat and Poultry Products is 
an illustration of the required fea
tures and a suggested format. 

The USDA provides additional 
options for consumers of processed 
meats by regulating labeling accord
ing to total fat content. Processed 

Table 4. 

Ace Brand Wieners 
Nutrition Information 

Serving Size: One (1) Wiener 
Serving Per Container: Ten (10) Wieners 
Calories• Per Serving 140 
Protein* 5 grams 
Carbohydrate* 1 gram 
Fat* 13 grams , 

Percentage of U.S. Recommended 
Daily Allowance Per Serving (U.S. FDA) 
Protein 10 
Vitamin A 0 
Vitamin C 0 
Thiamin 4 
Riboflavin 2 
Niacin 4 
Calcium 0 
Iron 2 

*Many consumers are interested in percent
age of calories from !at. Protein and ?arbohy
drate contain 4 calories per gram, while fat 
contains 9. In this example, 5 grams of protein 
contribute 20 calories (5 x 4 = 20), 1 gram of 
carbohydrate contains 4 calories (1 x 4 = 4) 
and the 13 grams of fat contribute 117 ( 13 x 9 
= 117) for a total of 141 calories. Thus, the 
percentage of calories from fat is 83 (117+141). 

meats labeled "Lean" or "Lite" must 
have a total fat content equal to or 
less than 10 percent. Those labeled 
"Extra Lean" must have a total fat 
content equal to or less than 5 per
cent. Those labeled with comparative 
terms such as "Lighter" and "Lower 
Fat" must have a 25 percent or more 
reduction in total fat content com
pared to the fat content of the item 
that is being compared. The percent
age of calories from fat should still be 
calculated (or obtained from the 
processor) in these products since the 
comparison fat percentage could be 
quite high. 

The USDA does not currently 
permit the use of the word "Organic" 
on processed meat labels. Thus, 
consumers who desire "Organic" 
processed meats must purchase a live 
animal and have it custom processed. 

Effects of Future Changes 

Fat reduction. The major change 
expected in the near term is a reduc
tion in fat content of processed meats. 
The "40 percent rule" will allow 
processors to replace some fat with 
water. However, the major problem 
in so doing will be to discover a 



mechanism to hold the extra water in 
the emulsion. One mechanism 
currently being researched is the 
addition of carbohydrate from 
various sources. Since water has no 
calories and fat has more calories 
than carbohydrate, such a product 
would have not only a reduction in 
calories but also a reduction in 
percentage of calories from fat. 
Products so developed would 
provide tremendous nutritional 
options for consumers of processed 
meats. 

Palatability. Palatability of 
processed meat products is expected 
to change because of a general 
reduction in level of fat. This change 
will necessitate an evaluation of 
various flavor compounds and/ or 
enhancers. In addition, salt levels are 
expected to continue to decline. 
Changes in flavor will result, as well 
as reduction of expected shelf-life. 

Convenience. Processed meat 
products are, by their very nature, a 
relatively convenient product. 
However, consumers seem to be 
asking for even more convenience. 
Extended storage-life and short 
serving times are two areas where 
consumers seek improvements. 
Uncured, partially cooked, packaged, 
refrigerated entrees are gaining in 
consumer interest. These products 
have many positive attributes, but 
microbial safety could be a potential 
problem during storage by consum
ers. The partial cooking of these 
products results in destruction of 
vegetative microflora, leaving any 
heat-resistant spores as survivors. 
Coupled with consumer demands for 
less fat and less salt, meat processors 
are indeed challenged to provide 
convenience, nutrition and safety in 
the same product. 

Cost. The net result of most 
changes will likely be an increase in 
cost of the product. Some consumers 

will be willing to pay the extra cost 
for the product features they desire. 
Others cannot or will not. The result 
will be an increasingly segmented 
consumer market for processed meat 
products. 

Implications of 
Current Trends 

Producers will be challenged to 
decrease the cost of producing 
muscle mass in order to compete 
with other foods of animal origin. As 
knowledge is gained, producers may 
be able to alter the flavor of the 
muscle mass they produce by genetic 
and nutritional means. 

Processors, of course, face big 
challenges in providing options for 
consumers. In addition to reducing 
fat and salt content, they will attempt 
to reduce (or eliminate) cholesterol 
content and alter fatty acid profiles. 
While the benefit of reducing choles
terol intake is debatable, evidence 
that all dietary saturated fatty acids 
do not have the same physiological 
effect on blood cholesterol levels is 
growing. 

It is anticipated that products 
containing more than one species will 
become more popular. Fish, chicken, 
turkey and dairy products will be 
increasingly added with red meat to 
provide new products for consumers. 
The result will be products of unique 
nutritional and flavor profiles. 

With all of the challenges facing 
processors, perhaps the biggest will 
be to maintain microbiological 
integrity of their products. As the 
composition and convenience attrib
utes of processed meats change, 
monitoring for foodbome disease will 
necessarily increase. Producers and 
processors will have to share in this 
responsibility by producing meat 
animals free of pathogenic microor
ganisms and chemical residues. 

Consumer pressure for more strin
gent inspection procedures by 
government will increase. 

Summary 

Consumers will seek an increas
ing number of processed meat 
options. Producers and processors 
will increasingly join forces in 
providing safe, palatable and nutri
tionally improved products. 
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This publication is part of the 
series "Animal Product Options in 
the Marketplace," developed as a 
result of a statewide Food, Agricul
ture and Nutrition (FAN) Forum held 
in November 1988. FAN forums are 
sponsored by the Intercollegiate 
Nutrition Consortium, a cooperative 
effort of five colleges at the Univer
sity of Minnesota. Funded by a grant 
from the W.K. Kellogg Foundation, 
the consortium promotes food and 
nutrition awareness with health 
professionals, food producers and 
processors, and the general public. 

This publication is intended to 
provide background information for 
educators on present and anticipated 
consumer options in the marketplace. 
Ideally, educators of consumers will 
use this information to develop their 
own brief consumer publications 
and/ or programs to fit specific local 
needs. 

Introduction 

Consumers are increasingly 
recognizing turkey as a good value 
among dietary protein sources. 
Annual per capita consumption of 
turkey and turkey products has 
increased 85% over the past 25 years. 
Currently, only 27% of that con
sumed is in the form of whole body 
turkeys; the remainder represents 
consumption of various bone-in and 
boneless cuts and further processed 
products. 

Nutrient Composition of 
Turkey Meat 

Fat, protein, vitamins, minerals 
and water are the fundamental 
components of turkey meat. The 
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composition of the fat-free tissue in 
poultry is relatively constant over a 
wide range of body weights and ages. 
As a result, the lean tissue itself does 
not appear to be affected by the 
fatness of the live animal. With 
respect to the entire carcass, however, 
as the percentage of fat increases, the 
percentages of protein, vitamins and 
minerals decrease. Therefore, the 
variation of fat content in turkey 
affects its nutritional value more than 
any other component. 

The nutrient composition of 
turkey flesh in both the raw and 
cooked state is given in Table 1. As 
with most animal food products, 
turkey is a good source of high 
quality, easily digested protein. 
Turkey meat is low in calories, fat 
and sodium and is a good source of 
protein, phosphorus, potassium and 
niacin. The higher values (calories, 
protein, lipids, etc.) observed in the 

cooked product reflect primarily 
water losses during roasting, along 
with loss of small amounts of miner
als and water-soluble vitamins. 

The fat in poultry meat can be 
categorized as either physiologically 
necessary fat or extraneous, wasteful 
fat. Both fat and cholesterol function 
in all cell membranes to control the 
permeability of cells. In addition, 
some intracellular and intramuscular 
fat is necessary for normal growth 
and reproduction. Extraneous fat is 
usually found as subcutaneous, 
intermuscular and abdominal fat. 

The calorie, fat and cholesterol 
content of selected cuts of roasted 
turkey are indicated in Table 2. The 
values reflect the average level of 
nutrient found in the sampling of 
products that were analyzed to 
derive the data. Upon examining the 
data, it is apparent that removal of 
skin from cooked turkey portions 

Table 1. Nutrient composition of cooked and uncooked turkey per 100 
grams edible flesh• 

Nutrient and Units 

Energy (kcal) 
Protein (g) 
Total lipid (g) 
Phosphorus (mg) 
Potassium (mg) 
Calcium (mg) 
Iron (mg) 
Sodium (mg) 
Niacin (mg) 
Pantothenic acid (mg) 
Vitamin 8

6 (mg) 
Riboflavin (mg) 
Vitamin 8 12 (mcg) 

• Adapted from USDA Handbook 8-5. 

Raw 

119 
22 
2.9 

195 
296 

14 
1.5 

70 
4.5 
0.9 
0.5 
0.2 
0.4 

Cooked, Roasted 

170 
29 
5.0 

213 
298 
25 

1.8 
70 

5.4 
0.9 
0.5 
0.2 
0.4 



substantially reduces the fat content 
but not the cholesterol content. One 
can also see that dark meat contains 
higher levels of both fat and choles
terol than light meat. Where avail
able, data from meat only portions 
indicate that the breast is lowest in 
total lipids (fat) content, followed by 
wing, leg and back portions, respec
tively. Breast meat is also lowest in 
cholesterol content, followed by back, 
wing and leg portions. 

These data also reveal differences 
in the fat and cholesterol content 
among portions analyzed with 
respect to the age and sex of the bird 
from which they were derived. Tom 
turkeys are lower in fat and have 
more moisture in the meat than do 
hens. Rates of fat accretion in live 
turkeys increase as animals mature. 
As the turkey approaches growth 
limits, there is less requirement for 
feed energy to support increases in 
growth of lean tissue. Consequently, 
more of the energy from feed is 
"partitioned" into intermuscular, 
subcutaneous and abdominal fat. 
Concomitantly, the cholesterol 
content per weight of lean tissue 
decreases slightly. This can be 
attributed to the increase in size 
(hypertrophy) of muscle cells during 
growth. As the cells grow in size and 
accumulate protein, the cell mem
branes account for less of the muscle 
cell mass. Since cholesterol is found 
almost exclusively in cell membranes, 
the amount of cholesterol per weight 
of tissue decreases. 

Options for Altering Nutrient 
Composition of Turkey Meat 

The per capita consumption of 
turkey meat has risen from 2.9 
pounds in 1940 to 16.0 pounds in 
1988 and is still increasing dramati
cally. As a result of this trend, 
producer efforts are primarily 
concerned with increasing produc
tion to meet present demands. 
Processors continue efforts to incor
porate turkey meat into new alterna
tive products (such as turkey nug
gets) and into those products tradi
tionally associated with red meat 
(such as ham and pastrami). As 
stated earlier, less than 30 percent of 
turkey consumed in the U.S. is 
purchased by consumers as whole 
turkeys. Because turkey is already 
generally recognized as low in fat 
and calories, efforts to further im
prove the nutritional quality of 
turkey products have not been as 

Table 2. Energy, fat and cholesterol content of selected portions of roasted 
turkey• 

Energy Fat Calories Cholesterol 
Selected Cut (kcal) (g) from Fat% (mg) 

All Classes 
Flesh and skin 176 8.2 42 69 
Flesh only 143 5.9 31 64 
Dark meatb, w/o skin 158 6.1 35 72 
Light meat<, w/o skin 133 2.7 18 58 

Fryer - Roasters (Avg. wt. 7 lbs on a ready-to-cook basis) 
Light meat, w/o skin 118 1.0 8 73 

Breast, meat only 114 0.6 5 70 
Wing, meat only 138 2.9 19 86 

Dark meat, w/o skin 137 3.6 24 95 
Leg, meat only 135 3.2 21 101 
Back, meat only 144 4.8 30 80 

Young Hens (Avg. wt. 12.5 lbs on a ready-to-cook basis) 
Light meat, w/o skin 136 3.2 21 58 
Dark meat, w/o skin 162 6.6 37 68 

Young Toms (Avg. wt. 23 lbs. on a ready-to-cook basis) 
Light meat, w/o skin 130 2.5 17 58 
Dark meat, w/o skin 157 5.9 34 74 

•Data expressed per 3 oz. edible portion. Adapted from USDA Handbook 8-5. 
"Comprised of back and leg (thigh and drumsticks). 
'Comprised of breast and wing. 

Table 3. Energy, fat and cholesterol content" of selected "further processed" 
turkey products 

Energy Fat Calories Cholesterol 
Selected Cut (kcal) (g) from Fat% (mg) 

Canadian ham 111 4.5 36 60 
Ham 108 4.3 36 46 
Bologna 168 12.9 69 84 
Frankfurter 191 15.0 71 90 
Pastrami 119 5.3 39 
Salami 166 11.7 63 69 
Breaded nuggets 245 16.8 62 57 
Cured dark turkey 106 3.9 33 65 
Turkey loaf (breast) 93 1.3 13 35 
Turkey roll (light & dark meat) 126 5.9 42 47 

•Per 3 oz. portion. Data obtained from USDA Handbook 8-7 and the National Turkey Federation. 

necessary or as pronounced as with 
other animal food products. 

Genetic and 
Nutrition Options 

In the past, genetic selection of 
turkeys has been directed toward 
body conformation to increase yield 
of breast meat and to increase body 
weight at a standard age. Few 
problems with excessive fatness of 
birds have occurred as a result of this 
selection process. Nevertheless, 
because of the public's continued 
demand for lowfat products, turkey 

breeders have recently instituted 
changes in selection criteria to delay 
onset of excessive fatness in turkeys. 

Feeding studies indicate that the 
carcass fat content of turkeys can be 
influenced by the characteristics of 
the feed ration. High calorie, high fat 
diets may increase the amount of 
carcass fat at a given age. The fatty 
acid composition of turkey fat can be 
greatly influenced by dietary fat 
composition. Although turkey fat is 
less saturated than other animal fats, 
it is possible to further reduce satu
rated fat content by manipulating the 
feed ration. Such efforts have met 



with limited success due to the 
decrease in palatability of resulting 
products. Although efforts to reduce 
content of carcass total fat continue, 
the development of feed rations or 
regimens specifically designed to 
reduce fat content in turkeys is not 
widespread as with chicken produc
tion. 

Processing Options 
The effects of processing on the 

nutritional value of poultry products 
have received much recent attention. 
Processing can be thought of gener
ally as having two aspects. Primary 
processing (stunning, scalding, 
plucking, chilling, aging and cold 
storage) can result in a ready-to-cook 
product such as fresh or frozen whole 
turkeys. Further processing (debon
ing, heating, restructuring, emulsify
ing) can result in ready-to-eat prod
ucts. Primary processing does little 
to alter the nutritional value of 
turkey. Chilling turkey carcasses by 
immersion in ice water may affect 
retention of water soluble nutrients, 
primarily minerals. Further cold 
storage conditions may affect the 
vitamin, mineral and fat content. 
Freezing appears to provide the best 
protection against subsequent loss of 
nutrients. 

Quite popular today are self
basting whole turkeys and turkey 
products. These products have been 
injected with broth and/ or fat-based 
solutions to enhance moisture content 
and flavor. The basting liquid may 
include any of the following: 1) broth 
with seasonings; 2) vegetable oil with 
solids and seasonings and flavor 
enhancers; and 3) butter with season
ings and flavor enhancers. Basting 
liquids may be added up to 3% of 
product weight for whole or bone-in 
turkey products. Such products are 
identified as "Basted," "Marinated," 
"Added For Flavoring" or other 
similar terms. Self-basted turkey 
products in cooked form are gener
ally somewhat higher in sodium, 
phosphorus and fat (if used in the 
basting liquid) than the same prod
ucts that are not basted. For example, 
a 3 oz. skinless, cooked portion of 
nonbasted turkey breast meat con
tains 119 kcal, 44 mg of sodium and 
2.2 grams of fat. Basting with a 
vegetable oil mixture increases the 
values to 160 kcal, 125 mg of sodium 
and 6.7 grams of fat. Proper cooking 
of turkey can result in a moist and 
tender product without the use of 

injection solutions. 
The term "further processed" is 

used in the poultry industry in a 
similar manner as the term "proc
essed meats" is used in the red meat 
industry. Many "further processed" 
products are "ready to eat" at the 
time they leave the processing plant, 
in contrast to the "ready to cook" 
status of non-further-processed 
whole birds. Further processing 
reduces preparation efforts of the 
consumer, providing "convenience 
foods." As of 1989, about 43 percent 
of the turkey consumed was in the 
form of further processed products. 
Critics of further processing have 
suggested that the additional proce
dures used to develop these products 
reduces their nutritional value. 

Mechanically separated poultry 
meat (MSPM) is meat that is sepa
rated from the carcass frame after 
larger pieces of meat have been 
removed by hand. Mechanically 
separated poultry (MSP) includes the 
skin with the meat. Increasingly, 
MSPM or mechanically deboned 
meat (as it is popularly referred to) is 
being used in sausages, loaves and 
other deli products. Most studies 
indicate that MSPM is nutritionally 
similar to poultry meat with no 
unsafe level of minerals. 

A listing of calorie, fat and 
cholesterol content of selected 
"further processed" turkey products 
is shown in Table 3. One can easily 
see that, as a percentage of calories, 
most of these products are relatively 
high in fat. In addition, sodium is 
frequently added during processing. 
As a result, "further processed" 
products can often have higher levels 
of fat and sodium than the flesh itself. 

Ground turkey meat is increas
ingly popular among consumers as a 
substitute for ground beef. The 
nutrient composition of ground 
turkey available to consumers varies 
considerably and depends upon the 
formulation of the processor. Al
though such formulations are highly 
proprietary and no hard data are 
available as of 1989, current estimates 
indicate a fat content ranging from 5-
15% on a weight/weight basis. 

Because processing that results in 
increases in final product fat content 
runs contrary to current dietary 
guidelines and public health policy, 
efforts to reduce fat content of these 
products are widespread. Some 
processors have lowered the fat 
content of turkey franks from 22 
percent (on a weight, not calorie, 

basis) to 13-16 percent. Such efforts 
involve using mechanically deboned 
meat from the front quarter and 
breast, which contain less fat than 
backs or legs. From a sensory 
standpoint, fat is an important 
contributor to the palatability of 
further processed products. If the fat 
content is too low, the resulting 
products tend to be rubbery and 
tough. Therefore, although consum
ers may think they want a much 
leaner turkey sausage, such a product 
may not be acceptable from a sensory 
standpoint. Nevertheless, further 
processed turkey products in their 
present form provide consumers with 
viable alternatives to corresponding 
products derived from beef, pork, 
lamb and chicken. 

Future Implications of 
Current Trends 

Because of continually increasing 
consumer demand, a promising 
future lies ahead for turkey growers 
and processors. From a nutritional 
point of view, turkey products are 
favorable because they contain high 
quality protein, provide many 
essential nutrients and are generally 
low in fat and calories. Turkey 
producers will gain from the experi
ence of broiler producers and con
tinue looking for ways to prevent 
excessive fatness in turkeys while 
striving to meet consumer demands. 
Strong consumer demand will 
provide the impetus for incorporat
ing turkey into a diversity of new 
food products. Further-processed 
turkey products will compete effec
tively with similar products derived 
from beef, pork and chicken. While 
some "further processed" turkey 
products are relatively high in fat and 
sodium, efforts will continue to 
develop low-fat alternatives that are 
acceptable to consumers. 
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