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Chapter 4

Carbohydrates

Big Idea
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Video 4.1

The History of Bread
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Watch the History of Bread, part one, from The History Channel. To further satiate your interest go on to
watch the other five parts, available on YouTube.
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The2010 Dietary Guidelinesrecommend that half of all grains in your diet come from whole grains. What
percentage of your diet is whole grain?
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Wheat kernel anatomy and composition.
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You Decide
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4.1 A Closer Look at Carbohydrates

LEARNING OBJECTIVES
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What Exactly Are Carbohydrates and How Many Types Are There?
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Figure 4.1Carbohydrate Classification Scheme

Carbohydrates are broken down into the subgroups Òfast-releasingÓ and Òslow-releasingÓ carbohydrates. These
subgroups are further categorized into mono-, di-, and polysaccharides.
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Fast-Releasing Carbohydrates
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Monosaccharides
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Figure 4.2Structures of the Three Most Common Monosaccharides: Glucose, Galactose, and Fructose

Red circles indicate the structural differences between the three.
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Figure 4.3Structures of the Plant Starches and Glycogen
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DISCUSSION STARTERS
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Whole grains provide satisfaction
from the beginning to the end of
the digestion process.
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4.2 Digestion and Absorption of Carbohydrates

LEARNING OBJECTIVE
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Carbohydrate Sweetness (percentage of sucrose)
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Carbohydrate Sweetness (percentage of sucrose)

$KN<MHL> ���

+:EMHL> ��

*:<MHL> ��

1M:K<A �

$B;>K �

1HNK<>��!:KM>K��(��1M>BG��Z!:K;HAR=K:M>L�[�W������;R�(��1M>BG�!:KM>K���EE�KB@AML
K>L>KO>=�AMMI���PPP�;BHEH@R�<E<�N<�>=N�<HNKL>L�;BH����<:K;HAR=K:M>L�AMF�

From the Mouth to the Stomach

2A>�F><A:GB<:E�:G=�<A>FB<:E�=B@>LMBHG�H?�<:K;HAR=K:M>L�;>@BGL�BG�MA>�FHNMA�
!A>PBG@��:ELH�DGHPG�:L�F:LMB<:MBHG��<KNF;E>L�MA>�<:K;HAR=K:M>�?HH=L�BGMH�LF:EE>K
:G=�LF:EE>K�IB><>L��2A>�L:EBO:KR�@E:G=L�BG�MA>�HK:E�<:OBMR�L><K>M>�L:EBO:�MA:M�<H:ML
MA>�?HH=�I:KMB<E>L��1:EBO:�<HGM:BGL�MA>�>GSRF>�salivary amylase � ��2ABL�>GSRF>
;K>:DL�MA>�;HG=L�;>MP>>G�MA>�FHGHF>KB<�LN@:K�NGBML�H?�=BL:<<A:KB=>L�
oligosaccharides� ��:G=�LM:K<A>L��2A>�L:EBO:KR�:FRE:L>�;K>:DL�=HPG�:FREHL>�:G=
:FREHI><MBG�BGMH�LF:EE>K�<A:BGL�H?�@EN<HL>��<:EE>=�=>QMKBGL�:G=�F:EMHL>��2A>
BG<K>:L>=�<HG<>GMK:MBHG�H?�F:EMHL>�BG�MA>�FHNMA�MA:M�K>LNEML�?KHF�MA>�F><A:GB<:E
:G=�<A>FB<:E�;K>:D=HPG�H?�LM:K<A>L�BG�PAHE>�@K:BGL�BL�PA:M�>GA:G<>L�MA>BK
LP>>MG>LL��-GER�:;HNM�?BO>�I>K<>GM�H?�LM:K<A>L�:K>�;KHD>G�=HPG�BG�MA>�FHNMA���2ABL
BL�:�@HH=�MABG@�:L�FHK>�@EN<HL>�BG�MA>�FHNMA�PHNE=�E>:=�MH�FHK>�MHHMA�=><:R�	
5A>G�<:K;HAR=K:M>L�K>:<A�MA>�LMHF:<A�GH�?NKMA>K�<A>FB<:E�;K>:D=HPG�H<<NKL
;><:NL>�MA>�:FRE:L>�>GSRF>�=H>L�GHM�?NG<MBHG�BG�MA>�:<B=B<�<HG=BMBHGL�H?�MA>
LMHF:<A�� NM�F><A:GB<:E�;K>:D=HPG�BL�HG@HBG@YMA>�LMKHG@�I>KBLM:EMB<�<HGMK:<MBHGL
H?�MA>�LMHF:<A�FBQ�MA>�<:K;HAR=K:M>L�BGMH�MA>�FHK>�NGB?HKF�FBQMNK>�H?�<ARF>�

�� #GSRF>�L><K>M>=�;R�MA>
L:EBO:KR�@E:G=L�BG�MA>�FHNMA
MA:M�;K>:DL�=HPG
<:K;HAR=K:M>L�;R�;K>:DBG@�MA>
@ER<HLB=B<�;HG=L�;>MP>>G
FHGHF>KL�

�� ��<:K;HAR=K:M>�MA:M�BL�:�<A:BG
H?�:�?>P��;>MP>>G�MAK>>�:G=
M>G	�FHGHL:<<A:KB=>L�

!A:IM>K���!:K;HAR=K:M>L

����"B@>LMBHG�:G=��;LHKIMBHG�H?�!:K;HAR=K:M>L ���

http://www.biology.clc.uc.edu/courses/bio104/carbohydrates.htm


Salivary glands secrete salivary amylase, which begins the chemical breakdown of carbohydrates by breaking the
bonds between monomeric sugar units.

From the Stomach to the Small Intestine
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Absorption: Going to the Blood Stream

2A>�<>EEL�BG�MA>�LF:EE�BGM>LMBG>�A:O>�F>F;K:G>L�MA:M�<HGM:BG�F:GR�MK:GLIHKM
IKHM>BGL�BG�HK=>K�MH�@>M�MA>�FHGHL:<<A:KB=>L�:G=�HMA>K�GNMKB>GML�BGMH�MA>�;EHH=
PA>K>�MA>R�<:G�;>�=BLMKB;NM>=�MH�MA>�K>LM�H?�MA>�;H=R��2A>�?BKLM�HK@:G�MH�K><>BO>
@EN<HL>��?KN<MHL>��:G=�@:E:<MHL>�BL�MA>�EBO>K��2A>�EBO>K�M:D>L�MA>F�NI�:G=�<HGO>KML
@:E:<MHL>�MH�@EN<HL>��;K>:DL�?KN<MHL>�BGMH�>O>G�LF:EE>K�<:K;HG<HGM:BGBG@�NGBML��:G=
>BMA>K�LMHK>L�@EN<HL>�:L�@ER<H@>G�HK�>QIHKML�BM�;:<D�MH�MA>�;EHH=��&HP�FN<A�@EN<HL>
MA>�EBO>K�>QIHKML�MH�MA>�;EHH=�BL�NG=>K�AHKFHG:E�<HGMKHE�:G=�RHN�PBEE�LHHG�=BL<HO>K
MA:M�>O>G�MA>�@EN<HL>�BML>E?�K>@NE:M>L�BML�<HG<>GMK:MBHGL�BG�MA>�;EHH=�

!A:IM>K���!:K;HAR=K:M>L

����"B@>LMBHG�:G=��;LHKIMBHG�H?�!:K;HAR=K:M>L ���

http://digestive.niddk.nih.gov/ddiseases/pubs/lactoseintolerance/


Carbohydrate digestion begins in the mouth and is most extensive in the small intestine. The resultant
monosaccharides are absorbed into the bloodstream and transported to the liver.

Maintaining Blood Glucose Levels: The Pancreas and Liver
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Leftover Carbohydrates: The Large Intestine
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Thanksgiving dinner: A feast of
high-carbohydrate foods.
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A Carbohydrate Feast
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Figure 4.4

The glycemic index measures the effects of foods on blood-glucose levels.
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Glycemic Index
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Foods GI Value
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Interactive 4.1
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Balancing the Thanksgiving Feast
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Balance the high-GI foods at the Thanksgiving table with low-GI foods.
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KEY TAKEAWAYS
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DISCUSSION STARTERS
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4.3 The Functions of Carbohydrates in the Body

LEARNING OBJECTIVE
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Energy Production
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Cellular respiration is the process by which energy is captured from glucose.
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Energy Storage

Figure 4.5

The structure of glycogen enables its rapid mobilization into free glucose to power cells.
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Figure 4.6

The sugar molecule deoxyribose is used to build the backbone of DNA.
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Sparing Protein
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4.4 Looking Closely at Diabetes

LEARNING OBJECTIVE
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Figure 4.7

Type 2 diabetes is a metabolic disease characterized by high blood-glucose levels.
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Video 4.2

Do You Have High Blood Sugar?
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A more in-depth view of blood sugar and your health.

Figure 4.8Metabolic Syndrome: A Combination of Risk Factors Increasing the Chances for Chronic Disease
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Long-Term Health Consequences of Diabetes
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Video 4.3

Diabetes and Associated Complications
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Watch this video to learn more about the whole-body complications associated with diabetes.

Diabetes Treatment
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4.5 Health Consequences and Benefits of High-Carbohydrate Diets
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Figure 4.9Sugar Consumption (in Teaspoons) from Various Sources
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Figure 4.10Gingivitis

One way to prevent gingivitis
and subsequent tooth decay is to
lower consumption of sugary
drinks.
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Tools for Change
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Do Low-Carbohydrate Diets Affect Health?
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Health Benefits of Whole Grains in the Diet
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Figure 4.11Grain Consumption Statistics in America

Source: Economic Research Service.http://www.ers.usda.gov/data-products/commodity-consumption-by-
population-characteristics/documentation.aspx.
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Figure 4.12Diverticulitis: A Disease of Fiber Deficiency
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4.6 Carbohydrates and Personal Diet Choices

LEARNING OBJECTIVES
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Dietary Sources of Carbohydrates
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Understanding Carbohydrates from Product Information
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One serving of Cheerios contains
12 percent of the Daily Value of
fiber.
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The Bottom Line

Read the labels and ingredient lists of foods to determine your carbohydrate intake and
know the types of carbohydrate you consume.

Personal Choices

!:K;HAR=K:M>L�:K>�BG�FHLM�?HH=L�LH�RHN�A:O>�:�@K>:M�O:KB>MR�H?�<AHB<>L�PBMA�PAB<A
MH�F>>M�MA>�<:K;HAR=K:M>L�K><HFF>G=:MBHGL�?HK�:�A>:EMAR�=B>M��2A>2010 Dietary
GuidelinesK><HFF>G=L�>:MBG@�FHK>�NGK>?BG>=�<:K;HAR=K:M>L�:G=�FHK>�?B;>K��:G=
K>=N<BG@�<HGLNFIMBHG�H?�?HH=L�MA:M�:K>�AB@A�BG�:==>=�LN@:KL��2H�:<<HFIEBLA�MA>L>
K><HFF>G=:MBHGL�NL>�LHF>�HK�:EE�H?�MA>�?HEEHPBG@�LN@@>LMBHGL�

V %>M�FHK>�=:BER�<:K;HAR=K:M>�L>KOBG@L�?KHF�PAHE>�@K:BGL�;R�>:MBG@�:
PAHE>@K:BG�<>K>:E�?HK�;K>:D?:LM��NLBG@�PAHE>@K:BG�;K>:=�MH�F:D>�:
L:G=PB<A�?HK�ENG<A��:G=�>:MBG@�:�L>KOBG@�H?�;>:GL�:G=�HK�GNML�PBMA
=BGG>K�

V +:D>�LNK>�MH�@>M�:M�E>:LM�MAK>>�L>KOBG@L��HK�FHK>	�H?�:EE�MA>�@K:BGL�RHN
>:M�:L�PAHE>�@K:BGL�>O>KR�=:R����L>KOBG@�H?�PAHE>�@K:BGL�BL�>JN:E�MH�HG>

!A:IM>K���!:K;HAR=K:M>L

����!:K;HAR=K:M>L�:G=�.>KLHG:E�"B>M�!AHB<>L ���



LEB<>�H?�PAHE>PA>:M�;K>:=��HG>�HNG<>�H?�PAHE>@K:BG�<>K>:E��:G=�HG>
A:E?�<NI�H?�<HHD>=�<>K>:E��;KHPG�KB<>��HK�PAHE>PA>:M�I:LM:�

V $HH=�IKH=N<ML�F:=>�PBMA�<HKGF>:E�NL>�MA>�PAHE>�@K:BG�LH�<AHHL>
MHKMBEE:L��<HKG�<>K>:EL��:G=�<HKG�;K>:=L�PBMA�<HKGF>:E�EBLM>=�:L�MA>�?BKLM
BG@K>=B>GM�

V 5A>G�;:DBG@��LN;LMBMNM>�PAHE>PA>:M�?EHNK�HK�HMA>K�PAHE>@K:BG�?EHNK
?HK�LHF>�H?�MA>�K>?BG>=�PABM>�?EHNK�

V '?�RHN�EBD>�;K>:=�:M�=BGG>K��<AHHL>�:�PAHE>@K:BG�FN??BG�HO>K�:�):BL>K
KHEE�HK�;:@N>MM>�

V �==�;>:GL��GNML��HK�L>>=L�MH�L:E:=YMA>R�:==�M>QMNK>�:G=�M:LM>�
V !AHHL>�PAHE>@K:BG�I:LM:L�:G=�;KHPG�KB<>��<HHD�:E�=>GM>��:G=�:==

LHF>�;>:GL�:G=�O>@>M:;E>L�BG�>JN:E�IHKMBHGL�
V !A:G@>�BM�NI�:�;BM�:G=�>QI>KB>G<>�MA>�M:LM>�:G=�L:MBL?:<MBHG�H?�HMA>K

PAHE>�@K:BGL�LN<A�:L�;:KE>R��JNBGH:��:G=�;NE@NK�
V #:M�LG:<DL�AB@A�BG�?B;>K��LN<A�:L�:EFHG=L��IBLM:<ABHL��K:BLBGL��:G=�:BK

IHII>=�IHI<HKG�
V �==�:G�:KMB<AHD>�:G=�@K>>G�I>:L�MH�RHNK�=BGG>K�IE:M>�FHK>�H?M>G�
V !:EF�RHNK�ZLP>>M�MHHMA[�;R�>:MBG@�?KNBML��LN<A�:L�;>KKB>L�HK�:G�:IIE>�
V 0>IE:<>�LN@:KR�LH?M�=KBGDL�PBMA�L>EMS>K�P:M>K��M>:��HK�:�LF:EE�:FHNGM�H?

����I>K<>GM�?KNBM�CNB<>�:==>=�MH�P:M>K�HK�LH=:�P:M>K�

KEY TAKEAWAYS

V 2A>�'-+�A:L�L>M�MA>�0><HFF>G=>=�"B>M:KR��EEHP:G<>�H?�<:K;HAR=K:M>L
?HK�<ABE=K>G�:G=�:=NEML�:M�����@K:FL�I>K�=:R��2ABL�BL�MA>�:O>K:@>
FBGBFNF�:FHNGM�MA>�;K:BG�K>JNBK>L�MH�?NG<MBHG�IKHI>KER��2A>
�<<>IM:;E>�+:<KHGNMKB>GM�"BLMKB;NMBHG�0:G@>�?HK�MHM:E�<:K;HAR=K:M>L�BL
���MH����I>K<>GM�

V !:K;HAR=K:M>L�:K>�<HGM:BG>=�BG�:EE�?BO>�?HH=�@KHNIL��@K:BGL��?KNBML�
O>@>M:;E>L��F>:ML�:G=�;>:GL��HGER�BG�LHF>�IKH<>LL>=�F>:ML�:G=�;>:GL	�
:G=�=:BKR�IKH=N<ML�

V 2A>2010 Dietary GuidelinesK><HFF>G=L�>:MBG@�FHK>�LEHPK>E>:LBG@
<:K;HAR=K:M>L�:G=�FHK>�?B;>K��:G=�K>=N<BG@�<HGLNFIMBHG�H?�?HH=L�MA:M
:K>�AB@A�BG�:==>=�LN@:KL��2ABL�BGOHEO>L�<AHHLBG@�<:K;HAR=K:M>�LHNK<>L
MA:M�:K>�GNMKB>GM=>GL>��PBMA�FHK>�>LL>GMB:E�GNMKB>GML�I>K�<:EHKB>�H?
>G>K@R�

!A:IM>K���!:K;HAR=K:M>L

����!:K;HAR=K:M>L�:G=�.>KLHG:E�"B>M�!AHB<>L ���



DISCUSSION STARTERS

�� �K>�RHN�@>MMBG@�MA>�K><HFF>G=>=�:FHNGM�H?�=B>M:KR�?B;>K�BG�RHNK�=B>M�

�� 4BLBM�MA>�31"��Z":M:;:L>�?HK�MA>��==>=�1N@:KL�!HGM>GM�H?
1>E><M>=�$HH=L[�:G=�?BG=�MA>�:==>=�LN@:K�<HGM>GML�H?�?HH=L
<HFFHG�BG�RHNK�=B>M��"BL<NLL�LHF>�H?�MA>�ZLNKIKBL>L[�MA:M�RHN
=BL<HO>K�PBMA�RHNK�<E:LLF:M>L�

AMMI���PPP�G:E�NL=:�@HO�?GB<�?HH=<HFI�":M:�:==9LN@�
:==LN@���I=?

!A:IM>K���!:K;HAR=K:M>L

����!:K;HAR=K:M>L�:G=�.>KLHG:E�"B>M�!AHB<>L ���

http://www.nal.usda.gov/fnic/foodcomp/Data/add_sug/addsug01.pdf
http://www.nal.usda.gov/fnic/foodcomp/Data/add_sug/addsug01.pdf


4.7 The Food Industry: Functional Attributes of Carbohydrates and the
Use of Sugar Substitutes

LEARNING OBJECTIVE
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Video 4.4

Ferran Adrian Demonstrates Alginates

�<EB<D�MH�L>>�OB=>H	

Watch this video to see how molecular gastronomist Ferran Adrian uses the polysaccharide alginate to give
shape and texture to olive puree.
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Pectin (a carbohydrate) is added
to jam to give it its consistency.
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<:G<>KMHIB<L�?:<MLA>>M�0BLD�:KMB?B<B:ELP>>M>G>KL�

2A>K>�A:O>�;>>G�A>:EMA�<HG<>KGL�HO>K�HMA>K�:KMB?B<B:E�LP>>M>G>KL��FHLM�GHM:;ER
:LI:KM:F>��LHE=�NG=>K�MA>�MK:=>�G:F>L�H?�,NMK:1P>>M�:G=�#JN:E	��2A>�?BKLM
FBL<HG<>IMBHG�K>@:K=BG@�:LI:KM:F>�P:L�MA:M�BM�P:L�EBGD>=�PBMA�:G�BG<K>:L>�BG�MA>
BG<B=>G<>�H?�;K:BG�MNFHKL�BG�MA>�3GBM>=�1M:M>L��'M�P:L�LN;L>JN>GMER�=BL<HO>K>=�MA:M
MA>�BG<K>:L>�BG�;K:BG�MNFHKL�LM:KM>=�>B@AM�R>:KL�IKBHK�MH�MA>�BGMKH=N<MBHG�H?
:LI:KM:F>�MH�MA>�F:KD>M��2H=:R��:LI:KM:F>�BL�:<<NL>=�H?�<:NLBG@�;K:BG�=:F:@>�
:NMBLF��>FHMBHG:E�=BLHK=>KL��:G=�:�FRKB:=�H?�HMA>K�=BLHK=>KL�:G=�=BL>:L>L��1HF>
>O>G�;>EB>O>�:LI:KM:F>�BL�I:KM�H?�:�@HO>KGF>GM:E�<HGLIBK:<R�MH�F:D>�I>HIE>
=NF;>K��2A>�K>:EBMR�BL�MA>K>�BL�GH�@HH=�L<B>GMB?B<�>OB=>G<>�;:<DBG@�:GR�H?�MA>L>
:<<NL:MBHGL��:G=�MA:M�:LI:KM:F>�A:L�;>>G�MA>�FHLM�L<B>GMB?B<:EER�M>LM>=�?HH=
:==BMBO>��'M�BL�:IIKHO>=�?HK�NL>�:L�:G�:KMB?B<B:E�LP>>M>G>K�BG�HO>K�GBG>MR�<HNGMKB>L�

�LI:KM:F>�BL�F:=>�;R�CHBGBG@�:LI:KMB<�:<B=�:G=�IA>GRE:E:GBG>�MH�:FBGH�:<B=L��5A>G
=B@>LM>=��BM�BL�;KHD>G�=HPG�MH�:LI:KMB<�:<B=��IA>GRE:E:GBG>��:G=�F>MA:GHE��.>HIE>
PAH�A:O>�MA>�K:K>�@>G>MB<�=BLHK=>K�IA>GRED>MHGNKB:��.)3	�A:O>�MH�:OHB=�IKH=N<ML
<HGM:BGBG@�:LI:KM:F>��'G=BOB=N:EL�PAH�A:O>�.)3�=H�GHM�A:O>�:�?NG<MBHG:E�>GSRF>
MA:M�<HGO>KML�IA>GRE:E:GBG>�MH�MA>�:FBGH�:<B=�MRKHLBG>��2ABL�<:NL>L�:�;NBE=NI�H?
IA>GRE:E:GBG>�:G=�BML�F>M:;HEB<�IKH=N<ML�BG�MA>�;H=R��'?�.)3�BL�GHM�MK>:M>=��MA>
;NBE=NI�H?�IA>GRE:E:GBG>�<:NL>L�IKH@K>LLBO>�;K:BG�=:F:@>�:G=�L>BSNK>L��2A>�$"�
K>JNBK>L�IKH=N<ML�MA:M�<HGM:BG�:LI:KM:F>�MH�LM:M>�HG�MA>�IKH=N<M�E:;>E�
Z.A>GRED>MHGNKB<L��!HGM:BGL�.A>GRE:E:GBG>�[

$HK�FHK>�=>M:BEL�HG�LN@:K�LN;LMBMNM>L�IE>:L>�K>?>K�MH2:;E>������1P>>M>G>KL��

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���

http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
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Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

Aspartame

V ,NMK:1P>>M
V #JN:E

��D<:E�@

!HFIHL>=�H?
MPH�:FBGH
:<B=L
�IA>GRE:E:GBG>
��:LI:KMB<�:<B=	
��F>MA:GHE�

2PH�ANG=K>=
MBF>L�LP>>M>K
MA:G�LN<KHL>�

$"��L>M
F:QBFNF
�<<>IM:;E>�":BER
'GM:D>L���"'	�

���F@�D@�;H=R
P>B@AM���������HS�
=B>M�LH?M�=KBGDL
?HK�:=NEML�

*Cannot be used
in products
requiring
cooking.

.>HIE>�PBMA�.)3
LAHNE=�GHM
<HGLNF>
:LI:KM:F>�

!ABE=K>G�A:O>
IHM>GMB:E�MH�K>:<A��"'
B?�<HGLNFBG@�F:GR
;>O>K:@>L��=>LL>KML�
?KHS>G�=>LL>KML��:G=
@NFL�<HGM:BGBG@
:LI:KM:F>�KHNMBG>ER�

 >O>K:@>L�
@>E:MBG
=>LL>KML��@NFL�
?KNBM�LIK>:=L�

Saccharin

V 1P>>M�\G]
*HP

��D<:E�@

"BL<HO>K>=�BG
������2A>�;:LB<
LN;LM:G<>�BL
;>GSHB<
LNE?BGB=>�

2AK>>�ANG=K>=
MBF>L�LP>>M>K
MA:G�LN<KHL>�

�"'����F@�D@
;H=R�P>B@AM�

*Can be used in
cooking.

����L��AB@A�=HL>L�H?
L:<<A:KBG�:LLH<B:M>=
PBMA�;E:==>K�<:G<>K�BG
E:;HK:MHKR�:GBF:EL��'G
������$"��IKHIHL>=
;:GGBG@�L:<<A:KBG
?KHF�NL>�BG�?HH=

V IKHM>LM
E:NG<A>=
;R
<HGLNF>K

%>G>K:E
INKIHL>
LP>>M>G>K�BG
:EE�?HH=L�:G=
;>O>K:@>L�

1HE=�:L�1P>>M
\G]�*HP�BG
3GBM>=�1M:M>L�
:ELH�?HNG=�BG
<HLF>MB<L�:G=
IA:KF:<>NMB<:E
IKH=N<ML�

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

��BGM>K>LM
@KHNIL

V P:KGBG@
E:;>E
EBLM>=�HG
IKH=N<ML
:;HNM
L:<<A:KBG
:G=
<:G<>K
KBLD�BG
:GBF:EL
NGMBE�����
PA>G
LMN=B>L
<HG<EN=>=
MA:M�BM�=B=
GHM�<:NL>
<:G<>K�BG
ANF:GL

Acesulfame K

V 1NGG>MM>
V 1P>>M�-G>

��D<:E�@

"BL<HO>K>=�BG
�����
!HFIHL>=�H?
:G�HK@:GB<
L:EM��IHM:LLBNF
�)	��1MKN<MNK>
BL�O>KR�LBFBE:K
MH�L:<<A:KBG]L�

'M�I:LL>L
MAKHN@A�MA>
;H=R
NG<A:G@>=
PAB<A�F>:GL
BM�=H>L�GHM

�"'�����F@�D@
;H=R�P>B@AM�

 H=R�<:GGHM
=B@>LM�BM�

*Can be used in
cooking.

!A>PBG@�@NF�
IHP=>K>=
;>O>K:@>
FBQ>L�
GHG=:BKR
<K>:F>KL�
@>E:MBGL�
IN==BG@L�
BGLM:GM�M>:L
:G=�<H??>>L�

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

IKHOB=>
>G>K@R�

2PH�ANG=K>=
MBF>L�LP>>M>K
MA:G�LN<KHL>�

Cyclamates

V 1N@:K�2PBG
�!:G:=:
HGER	

��D<:E�@

2ABKMR�MBF>L
LP>>M>K�MA:G
LN<KHL>�

"BL<HO>K>=�BG
�����

,H��"'�:O:BE:;E>�

������<R<E:F:M>
:IIKHO>=�;R�$"��?HK
NL>��!R<E:F:M>�P:L
<E:LLB?B>=�:L�%0�1
�%>G>K:EER�0><H@GBS>=
�L�1:?>	�NGMBE�����
PA>G�BM�P:L�K>FHO>=
?KHF�%0�1�LM:MNL�:G=
;:GG>=�?KHF�NL>�BG�:EE
?HH=�:G=�;>O>K:@>
IKH=N<ML�PBMABG�MA>
3GBM>=�1M:M>L�HG�MA>
;:LBL�H?�HG>�LMN=R�MA:M
BG=B<:M>=�BM�<:NL>=
;E:==>K�<:G<>K�BG�K:ML�
�IIKHO:E�LMBEE�I>G=BG@
?HK�NL>�BG�MA>�3GBM>=
1M:M>L�LBG<>�MA>�;:G�

!:G:=:�:G=�HMA>K
<HNGMKB>L�NL>�MABL�MRI>
H?�LP>>M>G>K�

0><HFF>G=>=
:L�:�LN;LMBMNM>
?HK�M:;E>�LN@:K
?HK�=B:;>MB<L�BG
����L��;:D>=
@HH=L�

Sucralose

V 1IE>G=:

�
1IE>G=:
I:<D>M
<HGM:BGL
����

$BKLM
=BL<HO>K>=�BG
�����
�IIKHO>=�?HK
NL>�BG������BG

�"'����F@�D@
;H=R�P>B@AM�

%>G>K:E
INKIHL>
LP>>M>G>K�
;:D>=�@HH=L�
;>O>K:@>L�

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

<:EHKB>L
���@

MA>�3GBM>=
1M:M>L�:G=�BG
�����BG
!:G:=:�

">KBO>=�?KHF
LN<KHL>�BG
PAB<A�MAK>>�H?
BML�AR=KHQRE
�-&	�@KHNIL
:K>�K>IE:<>=
;R�<AEHKBG>
�!E^	�

1BQ�ANG=K>=
MBF>L�LP>>M>K
MA:G�LN@:K�

*Can be used in
cooking.

@>E:MBG
=>LL>KML�
?KHS>G�=:BKR
=>LL>KML�
<:GG>=�?KNBML�
L:E:=
=K>LLBG@L�
=B>M:KR
LNIIE>F>GML�
<NKK>GMER
K><HFF>G=>=
:L�:
K>IE:<>F>GM
?HK�M:;E>�LN@:K
:G=�:==BMBO>
?HK�=B:;>MB<L�

Stevioside

V 1M>OB:
V 1P>>M�*>:?

,��

">KBO>=�?KHF
LM>OB:�IE:GM
?HNG=�BG�1HNMA
�F>KB<:�Stevia
rebaudianan
E>:O>L�

!E:LLB?B>=�:L
%0�1�

!HGLB=>K>=�MH�;>
:�=B>M:KR
LNIIE>F>GM�:G=
:IIKHO>=�GHM�:L
:G�:==BMBO>��;NM
:L�:�=B>M:KR
LNIIE>F>GM�

3L>=�LI:KBG@ER��LM>OB:
F:R�=H�EBMME>�A:KF�
;NM�$"��<HNE=�GHM
:IIKHO>�>QM>GLBO>�NL>
H?�MABL�LP>>M>G>K�=N>
MH�<HG<>KGL�K>@:K=BG@
BML�>??><M�HG
K>IKH=N<MBHG��<:G<>K
=>O>EHIF>GM��:G=
>G>K@R�F>M:;HEBLF�

1HE=�BG�A>:EMA
?HH=�LMHK>L�:L�:
=B>M:KR
LNIIE>F>GM�

Sucrose

V 1N@:K

T��D<:E�
@

#QMK:<M>=
?KHF�>BMA>K
LN@:K�;>>ML�HK
LN@:K�<:G>�
PAB<A�BL�MA>G

'M�BL�BEE>@:E�MH�L>EE
MKN>�K:P�LN@:K�BG
MA>�3GBM>=�1M:M>L
;><:NL>�PA>G
K:P�BM�<HGM:BGL

-O>K<HGLNFIMBHG�A:L
;>>G�EBGD>=�MH�L>O>K:E
A>:EMA�>??><ML�LN<A�:L
MHHMA�=><:R�HK�=>GM:E
<:KB>L�:G=�<HGMKB;NM>L

 BL<NBML�
<HHDB>L��<:D>L�
IB>L��<:G=R
<:G>L��B<>
<K>:F��LHK;>ML�

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

INKB?B>=�:G=
<KRLM:EEBS>=�

=BKM�:G=�BGL><M
I:KML��:L�P>EE�:L
HMA>K
;RIKH=N<ML��0:P
LN@:K�IKH=N<ML
LHE=�BG�MA>
3GBM>=�1M:M>L
A:O>�:<MN:EER
@HG>�MAKHN@A
FHK>�MA:G�A:E?�H?
MA>�L:F>�LM>IL�BG
MA>�K>?BGBG@
IKH<>LL�:L�M:;E>
LN@:K�

MH�BG<K>:L>=�KBLD�?HK
<AKHGB<�=BL>:L>L�

:G=�:L�:�?HH=
IK>L>KO:MBO>�

Honey ��D<:E�@

+:=>�?KHF
LN<KHL>�
!HGM:BGL
G><M:K�H?
?EHP>KBG@
IE:GML��+:=>
;R�;>>L�

1N<KHL>�BL
?KN<MHL>��
@EN<HL>�
AHP>O>K�
AHG>R
<HGM:BGL�FHK>
<:EHKB>L�MA:G
LN<KHL>
;><:NL>�AHG>R
BL�=>GL>K�


!HGLB=>K>=�L:?>
?HK�;:DBG@�:G=
<HHDBG@�

'G?:GML�NG=>K
MP>EO>�FHGMAL
HE=�LAHNE=�GHM�;>
@BO>G�AHG>R
;><:NL>�MA>BK
=B@>LMBO>�MK:<ML
<:GGHM�A:G=E>
MA>�;:<M>KB:
?HNG=�BG�AHG>R�
-E=>K�<ABE=K>G
:G=�:=NEML�:K>
BFFNG>�MH�MA>L>
>??><ML��&HG>R
<HGM:BGL�LHF>
A:KF?NE�;:<M>KB:
MA:M�<:G�<:NL>
?:M:E�?HH=

1P>>M>G>KL�BG
O:KBHNL�?HH=L
:G=�;>O>K:@>L
LN<A�:L�LH=:L�
M>:L��:E<HAHEB<
;>O>K:@>L��:G=
;:D>=�@HH=L�

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



Sweeteners with Trade
Name

Calories Source/Origin
Consumer

Recommendations
Controversial Issues Product Uses

IHBLHGBG@�BG
BG?:GML�

HFCS

V AB@A
?KN<MHL>
<HKG�LRKNI

"KR
?HKF���
D<:E�@�
*BJNB=
?HKF���
D<:E�@

!HKG�BL�FBEE>=
MH�IKH=N<>
<HKG�LM:K<A�
MA>G�MA>�<HKG
LM:K<A�BL
?NKMA>K
IKH<>LL>=�MH
RB>E=�<HKG
LRKNI�

!HGMKHO>KLB:E�;><:NL>
BM�BL�?HNG=
N;BJNBMHNLER�BG
IKH<>LL>=�?HH=
IKH=N<ML��PAB<A�<HNE=
E>:=�MH�HO>K
<HGLNFIMBHG��1MN=R
K>LNEML�:K>�O:KB>=
K>@:K=BG@�BML�KHE>�BG
<AKHGB<�=BL>:L>�

1H?M�=KBGDL�
=>LL>KML�
<:G=B>L��C>EEB>L�

Sugar Alcohols

V 1HK;BM:E
V 6REBMHE
V +:GGBMHE

�X�
D<:E�@�

,HM
<:EHKB>
?K>>

1N@:K
:E<HAHEL�

1HK;BMHE�BL
=>KBO>=�?KHF
@EN<HL>�

*>LL�EBD>ER�MH
<:NL>�MHHMA
=><:R�MA:G
LN<KHL>�

1N@:K�:E<HAHEL
A:O>�:�E:Q:MBO>
>??><M�

+:R�<:NL>�=B:KKA>:
:G=�@:LMKHBGM>LMBG:E
=BLMK>LL�B?�<HGLNF>=�BG
E:K@>�:FHNGML�

.KHOB=>�;NED
:G=�LP>>MG>LL
BG�MA>
?HEEHPBG@
LN@:K?K>>
BM>FL��<HHDB>L�
C:FL��C>EEB>L�
<A>PBG@�@NF�
<:G=B>L��FBGML�
IA:KF:<>NMB<:E
:G=�HK:E�A>:EMA
IKH=N<ML�

Regulation

.KBHK�MH�BGMKH=N<BG@�:GR�G>P�:KMB?B<B:E�LP>>M>G>K�BGMH�?HH=L�BM�BL�KB@HKHNLER�M>LM>=
:G=�FNLM�;>�E>@:EER�:IIKHO>=�;R�MA>�$"���2A>�$"��K>@NE:M>L�:KMB?B<B:E�LP>>M>G>KL
:EHG@�PBMA�HMA>K�?HH=�:==BMBO>L��PAB<A�GNF;>K�BG�MA>�MAHNL:G=L��2A>�$"��BL
K>LIHGLB;E>�?HK�=>M>KFBGBG@�PA>MA>K�:�?HH=�:==BMBO>�IK>L>GML�Z:�K>:LHG:;E>
<>KM:BGMR�H?�GH�A:KF[�MH�<HGLNF>KL�PA>G�NL>=�:L�IKHIHL>=��2A>�$"��NL>L�MA>�;>LM
L<B>GMB?B<�>OB=>G<>�:O:BE:;E>�MH�F:D>�MA>�LM:M>F>GM�H?�GH�A:KF��;NM�BM�=H>L�=><E:K>

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���



MA:M�L<B>G<>�A:L�BML�EBFBML�:G=�MA:M�MA>�Z$"��<:G�G>O>K�;>absolutely<>KM:BG�H?�MA>
:;L>G<>�H?�:GR�KBLD�?KHF�MA>�NL>�H?�:GR�LN;LM:G<>�[31�$HH=�:G=�"KN@
�=FBGBLMK:MBHG��Z$HH=�'G@K>=B>GML�:G=�!HEHKL�[��<<>LL>=�1>IM>F;>K����������
AMMI���PPP�?=:�@HO�?HH=�?HH=BG@K>=B>GMLI:<D:@BG@�N<F�������AMF� 2A>�$"�
:==BMBHG:EER�A:L�>LM:;EBLA>=��"'L�?HK�:KMB?B<B:E�LP>>M>G>KL��2A>��"'L�:K>�MA>
F:QBFNF�:FHNGM�BG�FBEEB@K:FL�I>K�DBEH@K:F�H?�;H=R�P>B@AM�<HGLB=>K>=�L:?>�MH
<HGLNF>�=:BER��F@�D@�;P�=:R	�:G=�BG<HKIHK:M>L�:�E:K@>�L:?>MR�?:<MHK��2A>�?HEEHPBG@
EBLM�<HGM:BGL�MA>�:KMB?B<B:E�LP>>M>G>KL�:IIKHO>=�?HK�NL>�BG�?HH=L�:G=�;>O>K:@>L�BG�MA>
3GBM>=�1M:M>L��:G=�MA>BK��"'L�

V Acesulfame potassium (Sunett, Sweet One).�"'������F@�D@�;P�=:R
V Aspartame (Equal, NutraSweet). �"'������F@�D@�;P�=:R
V Neotame. �"'������F@�D@�;P�=:R
V Saccharin (SugarTwin, SweetÕN Low).�"'�����F@�D@�;P�=:R
V Sucralose (Splenda).�"'�����F@�D@�;P�=:R

Carbohydrates in a Kernel

0>?>KKBG@�;:<D�MH�MA>�PA>:M�D>KG>E�F>GMBHG>=�:M�MA>�HI>GBG@�H?�MABL�<A:IM>K��K><:EE
MA:M�:EE�<HFIHG>GML�H?�MA>�PA>:M�D>KG>E�:K>�K>JNBK>=�BG�HK=>K�MH�;NBE=�:G�HIMBF:E
A>:EMAR�=B>M��2A>�>G=HLI>KF�IKHOB=>L�MA>�<:K;HAR=K:M>L��:G=�MA>�;K:G�:G=�@>KF
<HGM:BG�MA>�F:CHKBMR�H?�IKHM>BG��OBM:FBGL��FBG>K:EL��:G=�?B;>K��#:MBG@�?HH=L�F:=>
PBMA�PAHE>�@K:BGL�IKHOB=>L�:�;>MM>K�GNMKBMBHG:E�ING<A�?HK�RHNK�A>:EMA��-G<>�PAHE>
@K:BGL�:K>�IKH<>LL>=�:G=�K>?BG>=��>GKB<AF>GM�BG�HGER�:�?>P�H?�MA>L>�K>FHO>=
GNMKB>GML�=H>L�GHM�H??L>M�MA>�@:BG�?KHF�<HGLNFBG@�PAHE>@K:BG�IKH=N<ML��-MA>K
=B>M:KR�LHNK<>L�H?�<:K;HAR=K:M>L�MA:M�F:QBFBS>�GNMKB>GM�NIM:D>�:K>�O>@>M:;E>L�
?KNBML��;>:GL��:G=�EHP?:M�=:BKR�IKH=N<ML��2H�:OHB=�<HFIKHFBLBG@�RHNK�A>:EMA��=H
GHM�<HGLNF>�>Q<>LLBO>�:FHNGML�H?�<:K;HAR=K:M>�?HH=L�MA:M�<HGM:BG�:==>=�LN@:KL�
HK�MA:M�:K>�AB@A�BG�LH=BNF�:G=�L:MNK:M>=�?:M��.KH<>LL>=�?HH=L�<HGM:BG�:EE�H?�MA>L>
BG@K>=B>GML�BG�:G�NGP>E<HF>�GNMKB>GM�I:<D:@>�MA:M�G>@:MBO>ER�BFI:<ML�A>:EMA�
1N@:K�LN;LMBMNM>L�IKHOB=>�HG>�:O>GN>�H?�=><K>:LBG@�MA>�BGM:D>�H?�?:LMK>E>:LBG@
<:K;HAR=K:M>L��;NM�MA>K>�:K>�HMA>KL��)GHP�MA:M�<HGLNF>K�=>F:G=�?HK�A>:EMAR
<:K;HAR=K:M>�<AHB<>L�BL�HG�MA>�KBL>��LH�BG�MA>�?NMNK>�RHN�<:G�>QI><M�=><K>:L>=
IKB<>L��FHK>�O:KB>MR�H?�PAHE>@K:BG�IKH=N<ML��:G=�E>LL�:==>=�LN@:KL�

The Bottom Line

Choose more slow-releasing carbohydrates, eat more fiber, and reduce consumption of
foods high in added sugars.

!A:IM>K���!:K;HAR=K:M>L

����2A>�$HH=�'G=NLMKR��$NG<MBHG:E��MMKB;NM>L�H?�!:K;HAR=K:M>L�:G=�MA>�3L>�H?�1N@:K�1N;LMBMNM>L���

http://www.fda.gov/food/foodingredientspackaging/ucm094211.htm


KEY TAKEAWAYS

V 'G�MA>�?HH=�BG=NLMKR�;HMA�?:LMK>E>:LBG@�:G=�LEHPK>E>:LBG@
<:K;HAR=K:M>L�:K>�NMBEBS>=�MH�@BO>�?HH=L�:�PB=>�LI><MKNF�H?�?NG<MBHG:E
:MMKB;NM>L��2A>�=B??>K>G<>L�BG�<A>FB<:E�LMKN<MNK>�;>MP>>G�MA>�=B??>K>GM
<:K;HAR=K:M>L�<HG?>K�MA>BK�F:GR�=B??>K>GM�?NG<MBHG:E�NL>L�BG�?HH=L�

V "N>�MH�MA>�A>:EMA�<HGL>JN>G<>L�H?�<HGLNFBG@�MHH�F:GR�:==>=�LN@:KL�
LN@:K�LN;LMBMNM>L�:K>�PB=>ER�NL>=�BG�F:GR�?HH=L�:G=�;>O>K:@>L�

V !HGLNFBG@�?HH=L�:G=�;>O>K:@>L�<HGM:BGBG@�LN@:K�LN;LMBMNM>L�F:R
;>G>?BM�A>:EMA�;R�K>=N<BG@�MA>�<HGLNFIMBHG�H?�LBFIE>�LN@:KL��PAB<A�:K>
AB@A>K�BG�<:EHKB>L��<:NL>�MHHMA�=><:R��:G=�:K>�IHM>GMB:EER�EBGD>=�MH
<AKHGB<�=BL>:L>��&HP>O>K��MA>�FHLM�<HFFHG�LB=>�>??><M�H?�<HGLNFBG@
IKH=N<ML�<HGM:BGBG@�LN@:K�LN;LMBMNM>L�BL�@:LMKHBGM>LMBG:E�NIL>M��:�K>LNEM
H?�MA>BK�BG<HFIE>M>�=B@>LMBHG�

V .KBHK�MH�BGMKH=N<BG@�:GR�G>P�:KMB?B<B:E�LP>>M>G>K�BGMH�?HH=L�BM�BL
KB@HKHNLER�M>LM>=�:G=�FNLM�;>�E>@:EER�:IIKHO>=�;R�MA>�$"��

DISCUSSION STARTERS

�� !HG=N<M�:�M:LM>�M>LM�H?�LN@:K�:G=�BML�LN;LMBMNM>L��5A:M�=H�RHNK�M:LM>�;N=L
M>EE�RHN��"H�RHN�IK>?>K�?HH=L�PBMA�LN@:K�LN;LMBMNM>L�HK�MA>�K>:E�MABG@�

�� &:O>�:�<E:LL�=BL<NLLBHG�HG�MA>�L:?>MR�H?�:LI:KM:F>��2H�?N>E�MA>
=>;:M>��K>:=�MA>�$"�]L�K>IHKM�:G=�P:M<A�MA>�K>:<MBHG:KR�OB=>H�
Z�LI:KM:F>�� K:BG�!:G<>K��:G=�MA>�$"���IIKHO:E�.KH<>LL�[

AMMI���PPP�?=:�@HO�$HH=�$HH='G@K>=B>GML.:<D:@BG@�
$HH=�==BMBO>L�N<F�������AMF

�LI:KM:F>�� K:BG�!:G<>K��:G=�MA>�$"���IIKHO:E�.KH<>LL

�<EB<D�MH�L>>�OB=>H	
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http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
http://www.youtube.com/v/kn5slnNB8h0


4.8 End-of-Chapter Exercises

ITÕS YOUR TURN

�� *BLM�?HNK�?NG<MBHGL�H?�<:K;HAR=K:M>L�BG�MA>�;H=R�
�� !HNGM�MA>�<:K;HAR=K:M>L�RHN�<HGLNF>�BG�:�=:R�;R�?HEEHPBG@�MA>�LM>IL�?HK

<:K;HAR=K:M>�<HNGMBG@��'L�RHNK�BGM:D>�PBMABG�MA>�K><HFF>G=>=�K:G@>�
�� ">M>KFBG>�RHNK�=:BER�?B;>K�BGM:D>�:G=�PA>MA>K�RHNK�=B>M�LNIIEB>L�MA>

:FHNGM�H?�?B;>K�K><HFF>G=>=�MH�IKHFHM>�A>:EMA�:G=�IK>O>GM�=BL>:L>�

APPLY IT

�� !HG=N<M�:�=B>M:KR�:LL>LLF>GM�H?�MA>�%'�H?�?HH=L�BG�MAK>>�H?�RHNK�=BGG>KL�
2H�:B=�BG�MABL�IKH<>LL�I>KNL>�MA>�P>;LBM>�AMMI���PPP�@BEBLMBG@�<HF��
.E:G�:�=BGG>K�F>GN�MA:M�;:E:G<>L�MA>�%'�H?�MA>�>GMBK>�F>:E�

�� *>:KG�FHK>�HG�@ER<HERLBL�:G=�<>EENE:K�K>LIBK:MBHG�;R�P:M<ABG@
MABL�OB=>H�HG�7HN2N;>��:G=�=>L<KB;>�BG�:�LAHKM�I:K:@K:IA�PA:M
A:II>GL�BG�MA>�;H=R�:L�BM�NL>L�MA>�IKH<>LL�H?�@ER<HERLBL�MH�?N>E
LAHKM�;NKLML�H?�:<MBOBMR�

%ER<HERLBL�!>EENE:K�0>LIBK:MBHG�-O>KOB>P

�<EB<D�MH�L>>�OB=>H	
�� !HG=N<M�:G�>QI>KBF>GM�BG�MA>�<E:LLKHHF�MA:M�>O:EN:M>L�MA>�LP>>MG>LL

:G=�M:LM>?NEG>LL�H?�LN@:K�LN;LMBMNM>L��2KR�MA>F�BG�INK>�?HKF�;R�INMMBG@�:
LF:EE�:FHNGM�HG�RHNK�?BG@>K��0><HK=�MA>�K>LNEML�?KHF�RHN�:G=�RHNK
<E:LLF:M>L�:G=�F:D>�:�LP>>MG>LL�:G=�M:LM>�<HFI:KBLHG�<A:KM�

!A:IM>K���!:K;HAR=K:M>L
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http://www.gilisting.com/
http://www.youtube.com/v/nGRDa_YXXQA


EXPAND YOUR KNOWLEDGE

�� ">LB@G�:�2A:GDL@BOBG@�?>:LM�PBMA�:M�E>:LM�M>G�BM>FL�MA:M�A>EI�;:E:G<>�MA>
%'�H?�MA>�F>:E�

�� "K:P�:�?EHP�<A:KM�MA:M�BG<HKIHK:M>L�MA>�<HG<>IM�H?�G>@:MBO>�?>>=;:<D�BG
MA>�K>@NE:MBHG�H?�;EHH=�@EN<HL>�E>O>EL�

�� 4BLBM�MA>�P>;LBM>�H?�MA>�!"!��AMMI���:IIL�G<<=�<=<�@HO�""21201�
=>?:NEM�:LIQ	�:G=�K><HK=�MA>�>LMBF:M>L�H?�H;>LBMR��IARLB<:E�BG:<MBOBMR�
:G=�2RI>���=B:;>M>L�BG�MA>�<HNGMR�RHN�EBO>�BG��+:D>�:�EBLM�H?�?BO>�P:RL�MH
<NK;�MA>�MK>G=L�H?�H;>LBMR��IARLB<:E�BG:<MBOBMR��:G=�2RI>���=B:;>M>L�BG
RHNK�<HNGMR�

!A:IM>K���!:K;HAR=K:M>L

����#G=H?!A:IM>K�#Q>K<BL>L ���

http://apps.nccd.cdc.gov/DDTSTRS/default.aspx
http://apps.nccd.cdc.gov/DDTSTRS/default.aspx
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