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Introduction to Food Science & Food Systems, Second Edition, is designed for high 
school agriscience and consumer science programs and for postsecondary students 
enrolled in a food science course. It is an excellent overview for anyone interested in 
attaining a basic understanding of food science. 

As the title suggests, science is an important component of the book. Food science 
as understood by humans represents a specific body of knowledge that approaches 
and solves problems by the scientific method-a continuous cycle of observations, 
hypotheses, predictions, experiments, and results. The science of food science is em
phasized throughout the book. 

HOW THIS TEXT IS ORGANIZED 
Introduction to Food Science & Food Systems makes teaching easy. The information 
is divided into four basic sections, and chapters are based on a thorough, easy-to
follow outline. 

Section I: Introduction and Background provides the necessary 
background information for understanding the science of foods. This 
includes an introduction to the industry, a new chapter on food systems 
and sustainability, the chemistry of foods, nutrition and digestion, food 
composition and quality, unit operations, and food deterioration. These 
chapters are the foundation. 

• Section II: Preservation groups the chapters that relate to methods of food
preservation, including heat, cold, drying, radiant and electrical energy,
fermentation, microorganisms, biotechnology, chemicals, and packaging.
These chapters are the basics of food science.

Section III: Foods and Food Products includes chapters on milk, meat,
poultry and eggs, fish and shellfish, cereal grains, legumes and oilseeds, fruits
and vegetables, fats and oils, candies and sweets, and beverages. These chapters
are the application of food science.

PREFACE xix 
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Section IV: Related Issues includes chapters that cover environmental 
concerns, food safety, regulations and labeling, world food needs, and career 
opportunities as well as a new chapter on food as it relates to health. These 
chapters represent the challenges of food science. 

FEATURES OF THIS EDITION 

Each chapter is designed to provide students with features that enhance 
learning and a learning pathway that enables them to easily navigate 
through food-science topics: 

LOGICALLY ORGANIZED, the text is divided into four sections, includ
ing content in context so that information is presented in a relevant and 
meaningful way that reinforces learning. 

LEARNING FEATURES such as Learning Objec
tives and Key Terms set the stage for the chapter 
and help learners identify key concepts and infor
mation. Also included are National Agricultural 
Education Standards Correlations that highlight 
the specific core competency that is met through 
successful completion of each chapter. 
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APPLICATION is emphasized throughout with en
gaging Math and Science Connection activities 
integrated into each chapter and a set of Review 
Questions and Student Activities to conclude 
each chapter. 
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the industry-whether historical insights, fun facts, or a synopsis of an 
emerging food trend-and a list of Additional Resources at the end of 
each chapter to inspire students to learn more about specific topics. 

HIGHLY ILLUSTRATED, and now in full color, the text is accompanied by 
many tables, charts, graphs, photos, and illustrations to assist further 
understanding of the topics under discussion. 

ROBUST APPENDICES reinforce topics learned in the chapters and of
fer valuable reference materials. Appendix A contains a review of the 
chemistry behind food science for those students who require additional learnjng in 
this area. Appendix B includes a multitude of reference tables, in particular the Food 
Composition Table, which provides specific nutrient information of different foods. 
It also features another list oflnternet resources so that students can expand on their 
learning of specific food-science topics. Appendix C covers the details of harvesting 
and storing fruits, nuts, and vegetables. Also included is a combined Glossary and 
Glosario that provides terms and definitions in both English and Spanish. 
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NEW TO THIS EDITION 
CURRENT INFORMATION, including new chapter on the food y tern and u -
ta inability and food and health, along with a new ection on geneti ally engineered 
fo d , will keep tudent in the know about significant indu try trend . 

ALL-NEW, FULL-COLOR DESIGN featuring photo , chart , graph., and illu tration 
that vi ually demon trate food production and pro e te hnique to engage tu
dent . ational Agricultural Education Standard Correlation are highlighted at 
the tart f ea h chapter to address core competencie , whil MATH and SCIENCE 
CONNECTION ACTIVITIES throughout the chapters encourage tudent to demon-
trate the e kill in the context of food science. 

ALIGNED to FFA CAREER DEVELOPMENT EVENTS (CDEs), wh r applicable, to help 
student focu n important job skills 

ADDITIONAL RESOURCES, including a list of valuabl and r levant Web ite in 
each chapter, encourage tudent to further explore pecific fo d-indu try topic . 

GLOSSARY and GLOSARIO provides terms and definiti n in Engli hand panish. 

EXTENSIVE TEACHING AND LEARNING 

PACKAGE 

NEW! COMPANION SITE 

Instructor Re ource are available on the Companion ite t accompany Food 

ienc & Food ystems, econd Edition, to facilitate teaching and learning. 111i ite 
offer FREE, ecur acce to the following re ource : 

ANSWERS TO QUESTIONS includes the answer to all end-of-chapter que tion to 
validate learning. 

LESSON PLANS that outline the key concepts in each chapter, along with orrela
tion t th c rre ponding PowerPoint• presentation , pr vid t ol for classroom 
in tru tion. 

POWERPOIN PRESENTATIONS map the Les on Plan 
illu tration to reinforce learning. This feature i only al 
important lf-r iew. 

and include photo and 
availabl to tudent for 

COGNERO ONLINE TESTING system include quiz que lion for each chapter, 
providing he ability to: 

Author, dit, and manage test-bank content from multiple r ource 

• reat multiple te t ver ion in an in tant

Deliver te t from instructor- or institution- pecific LM r cla room

IMAGE GALLERY, c ntaining all the images from the bo k, nable in tructor to 
nhanc cla r om presentation or review key concept and in£ nnation. 
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NEW! MINDTAP FOR INTRODUCTION 

TO FOOD SCIENCE & FOOD SYSTEMS. 

SECOND EDITION 
The MindTap for I11trodu tion to Food Science & Food '}'Stems, ond Edition, fea
ture an integrat d cour e offering a complete digital experience fi r b th tudent and 
teacher . Thi MindTap i highly customizable and combine a ignment , video , 
interactivitie , lab exerci es and quizzes along with the enhan ed -b ok to enable 
student to dir ctly analyze and apply what they are learning a w II a all w teacher 
to mea ure kill and outcome with ease. 

• A Guide: Rel vant interactivities combined with prescribed reading , featur d
multimedia, and quizzing to evaluate progres will guid tudent from basic
knowledg and mprehen ion to analysis and application.

xxll 

Per onalized Teaching: Teachers are able to control cour ·e c ntent-hiding,
rearranging exi ting content or adding and creating their own content to meet
the need of their pecific programs.

Promote Better Outcome : Through relevant and engaging content,
a ignment , and activitie , tudents are able to build the c n.fid nc they need
to ultimately chart a cour e to uccess. Likewise, teacher are able to view
analytic and rep rt that pro idea snapshot of cla progre , time in cour e,
engagement, and completion rates.
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SECTION One 



Introduction 
and Background 

Chapter 1 Overview of Food Science 

Chapter 2 Food System and Sustainability 

Chapter 3 Chemistry of Foods 

Chapter4 Nutrition and Digestion 

Chapter 5 Food Composition 

Chapter 6 Quality Factors in Foods 

Chapter 7 Unit Operations 
in Food Processing 

Chapter 8 Food Deterioration 
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OBJECTIVES 
After reading this chapter, you should be able to: 

• 

• 

• 

• 

• 

Name the four parts of the food industry 

Describe consumer food buying trends 

Divide the food industry by major product lines 

Compare spending for food in the United States 
to that in other countries 

List four consumption trends 

Discuss trends in consumer meal purchases 

Identify allied industries 

Explain the international scope of the food industry 

NATIONAL AFNR STANDARD 

FPP.04 

Explain lhe scope of the food industry and the historical and 

current developments of food product and processing. 

allied industry 

consumer 

distribution 

expenditures 

manufacturing 

marketing 

per capita 

production 

tariffs 

trends 
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N 
o matter where people live or what they
do. they are food consumers. We con
sume food on a daily basis so we make 

choices every day about what foods to pur
chase and consume based on a variety of 
needs and wants. Consumers vote every day 
in the marketplace with their dollars, and the
market listens carefully to their votes. A continu
ous feedback exists from consumers respond
ing to offerings by marketers who are trying
to meet the perceived wants of consumers.
Price. availability. health, and convenience
are all factors that affect personal purchas
ing choices. Changes in the makeup of the 
population. lifestyles. incomes. and attitudes
on food safety, health. and convenience have
drastically altered the conditions facing the
producers and marketers of food products. 
Food manufacturers and distributors work 
hard to meet changing consumer demands. 

PARTS OF THE FOOD 

INDUSTRY 
The fi d indu try i divided into four major 
egm nt 

1. Pr du ti n

2. Manufacturing and processing

3. Di tribution

4. Mark ting

Production i the raising or growing of plant
and animal pr du t for food consumption. It in
clude uch indu trie a farming, ranching, orchard 
management, fi hing, and aquaculture. TechnoJ
ogie involv d in the production of raw materials 
include the ele tion of plant and animal varietie ; 
their ultivati n, grO\ th, harvest, and laughter; 
and th torage and handling of raw materiaJ . 
Manufacturing convert raw agricultural prod
u t t more r fined or fini hed product . For ex
ample, peanut are manufactured into hw1dreds of 
differ nt pr du t , only one of which is peanut but
ter. Manufa turing require many unit operation 
and pr c se that are at the core of food technology. 

OVERVIEW OF FOOD SCIENCE 

many 6 d are being proces ed into ready-to
eat pr du t , more specialized manufacturing i 
required. Distribution deals with tho e aspect 
conduciv to product ale , including product for
mation, weighing and bulk, transportation, and 
torag requjrem nt and stability. Marketing 

i th elling of fi ds and involves whole ale, re
tail, in titutional, and re taurant ales (Figure 1-1). 
Mark ting i th egment that consumers are mo t 
involved with. Adverti ing through television, print, 
and ial media i a multibillion-dollar effort that 
food companie use to reach consumers. 

The e four divi ion are not clear-cut and often 
overlap n another. For example, when farmers 
take th ir rop to a farmer's market, distribu
ti n and marketing merge into the same category. 

e erth l the food industry require planning 

FIGURE 1-1 School meals are just another exam

ple of consumer products that are influenced by 

food industry marketers. 
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and synchronization in all its divisions to be suc
cessful. When the entire food system is analyzed, 
additional divisions are often included. These are 
discussed in more detail in Chapter 2. 

Another way to divide the food industry is 
along major product lines: 

• Cereals and bakery products

Meats, fish, and poultry

• Dairy products

• Fruits and vegetables

• Sugars and other sweets

Fats and oils

• onalcoholic beverages

• Alcoholic beverages

These divisions are typically where consumer 
consumption is measured and reported. 

TRENDS 

Although consumers' food spending has increased 
considerably over the years, the increase has not 
matched the gain in disposable income. As a re
sult, the percentage of income spent for food has 
declined. The decline is the direct result of the 
income-inelastic nature of the aggregate demand 

for food: As income rises, the proportion spent for 
food declines (Figure 1-2). The expenditures for 
food require a large share of income when income 
is relatively low-in any country. 

Americans spent only about 6% of their per
sonal consumption expenditures for food eaten 
at home (Figure 1-3). This compares with 10% for 
Canada and 11% for Switzerland. In less developed 
countries, such as Kenya and the Philippines, at
home food expenditures often account for more 
than 40% of a household's budget (Table 1-1). 

Americans do not have the highest per 
capita income (the average Swiss income is 
higher). In relation to total per capita personal con
sumption expenditures, however, Americans spend 
the lowest percentage on food. Factors other than 
income alone influence food expenditures in de
veloped nations. Thanks to abundant arable land 
and a varied climate, Americans do not have to 
rely as heavily on imported foods as do some other 
nations. The American farm-to-consumer distri
bution system is highly successful at moving large 
amounts of perishable food over long distances with 
a minimum of spoilage or delay. Finally, American 
farmers use a tremendous wealth of agricultural in
formation and state-of-the-art farming equipment. 
This allows them to produce food more efficiently. 

Food spending and share of income spent on food across 
U.S. households, 2013 
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FIGURE 1-2 As income rises the proportion spent on food declines. 
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FIGURE 1-3 Percent of Disposable Income Spent on Food, 1960-2011. The percentage of income spent on 
food at home has steadily declined in recent years. 

MATH CONNECTION! 
Track your food consumption tor a day. What is the average cost of your consumption in the United 
States? Research and compare those costs with another county. How much would it cost for the same 
food in that other country? 

TABLE 1-1 Percent of Consumer Expenditures Spent on Food, Alcoholic Beverages, and Tobacco 
Consumed at Home, by Selected Countries, 2012 1 

FOOD2 

COUNTRY/TERRITORY 

United States 6.6 

ERS estimate 6,4 

Singapore 7.3 

United Kingdom 9.1 

Canada 9.6 

Austria 10.1 

Ireland 10.l

OVERVIEW OF FOOD SCIENCE 

SHARE OF CONSUMER EXPENDITURES 

ALCOHOLIC 

BEVERAGES 

AND TOBACCO 

PERCENT 

1.9 

1.9 

2.1 

3.8 

3.4 

3.3 

5.4 

CONSUMER 

EXPENDITURES3 

EXPENDITURE 

ON FOOD2 

U.S. DOLLARS PER PERSON 

34,541 2,273 

34,541 2,215 

19,398 1.422 

24,260 2,214 

27.761 2,679 

25,908 2,617 

20,093 2,037 

(Continues) 
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TABLE 1-1 Percent of Consumer Expenditures Spent on Food. Alcoholic Beverages. and Tobacco 

Consumed at Home. by Selected Countries. 2012 1 

FOOD2 

COUNTRY /TERRITORY 

Australia 10.2 

Germany 10.9 

Switzerland 11.0 

Denmark 11.l

Netherlands 71.6 

Finland 12.0 

Qatar 72.l

Sweden 12.2 

South Korea 72.2 

Norway 13.2 

France 13.2 

Czech Republic 13.3 

Hong Kong, China 73.4 

Taiwan 13.5 

Japan 13.8 

Belgium 73.8 

Bahrain 73.9 

Spain 14.0 

Italy 14.2 

United Arab Emirates 14.3 

New Zealand 14.6 

Slovenia 15.3 

Brazil 15.9 

Israel 15.9 

Hungary 16.2 

(Continues) 

B 

SHARE OF CONSUMER EXPENDITURES 

ALCOHOLIC 

BEVERAGES 

AND TOBACCO 

CONSUMER 

EXPENDITURES3 

EXPENDITURE 

ON FOOD2 

PERCENT U.S. DOLLARS PER PERSON 

3.6 37.492 3,814 

3.0 22,762 2.481 

3.5 44,899 4,943 

3.8 27,306 3,036 

3.3 20,625 2,388 

4.7 24.927 3,001 

0.3 11,799 1,361 

3.7 26,146 3,193 

2.2 12.002 1.468 

4.3 37.146 4,885 

3.3 22,945 3,037 

9.3 9,643 1,279 

1.0 24,060 3,224 

2.1 72.247 7,657 

2.5 27,761 3,818 

3.8 22,208 3,075 

0.4 10,200 7,422 

3.0 17,713 2.483 

2.8 20,362 2.892 

0.2 21.206 3,024 

3.0 22.448 3,284 

5.6 13,858 2,125 

1.4 7,063 7,723 

2.6 17,491 2,783 

7.5 6,972 1,127 
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TABLE 1-1 Percent of Consumer Expenditures Spent on Food. Alcoholic Beverages, and Tobacco 

Consumed at Home. by Selected Countries, 20121 

FOOD2 

COUNTRY /TERRITORY 

Chile 16.2 

Greece 16.5 

Portugal 16,5 

Slovakia 16,8 

Uruguay 18.3 

Colombia 18.4 

Kuwait 18.6 

Venezuela 18.6 

Latvia 18.8 

South Africa 19.4 

Malaysia 19.5 

Poland 19.6 

Estonia 19.6 

Argentina 20.9 

Bulgaria 21.2 

Ecuador 21.9 

Turkey 22.2 

Costa Rica 23.3 

Turkmenistan 23.5 

Dominican Republic 24,5 

Mexico 24.9 

India 25.2 

Iran 25.5 

Lithuania 25.7 

Saudi Arabia 25.8 

China 26.9 

OVERVIEW OF FOOD SCIENCE 

SHARE OF CONSUMER EXPENDITURES 

ALCOHOLIC 

BEVERAGES 

AND TOBACCO 

CONSUMER 

EXPENDITURES3 

EXPENDITURE 

ON FOOD2 

PERCENT U.S. DOLLARS PER PERSON 

3.0 9,566 1,546 

4.4 16,652 2,740 

3.0 13,473 2,225 

4.9 9,556 1,603 

3.4 10,272 1,878 

3.3 4,744 872 

0.5 7,284 1,352 

3.6 7,421 1,378 

6.8 8,612 1,619 

6.1 4,524 877 

2.5 5,557 1,084 

6.5 7,773 1,521 

8.6 8,923 1,753 

4.5 6,595 1,381 

4.0 4,718 999 

0.9 3,526 771 

4.6 7,705 1,708 

0.4 6,754 1,577 

2.0 2,503 589 

4.2 5,192 1,272 

2.2 6,518 1,625 

3.0 871 220 

0.4 2,744 699 

8.5 9,067 2,331 

0,6 6,220 1,607 

3.6 2,149 577 

(Continues) 
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