2ABL BL ZI'K;HAR=K:M>L[ <A:IM>K ?KHF M&>'GMEH=N<MBHG MH ,NB&BMBAMIRE

2ABL ;HHD BL EB<>GL>= NG=MBO> HFFH@R G< L: AMMI <K>:MBO><HFFHGL HK@ EB<>GL>L ;R G< L:

EB<>GL> 1>> MA> EB<>GL> ?HK FHK> =>M:BEL :NM MA:M ::.LB<:EER F>:GL RHN <:G LA:K> MABL :HHD
<K>=BM MA> :NMAHK ;NM L>> ;>EHP =HG M F:D> FHG>R ?KHF BM :G==H F:D> BM :0:BE:;E> MH >O>KRHC
L:F> M>KFL

2ABL <HGM>GM P:L :<<>LLB:E>:L H? "><>F:>K :G= BM P:L =HPGEH:==RA>@AHBMS
AMMI E:K=:N<D>M HBGAG >??HKM MH IK>L>KO> MA> :O:BE:;BEBMR H? MABL ;:HHD

,HKF:EER MA> :NMAHK :G= IN;EBLA>K PHNE= ;> <K>=BM>= A>K> &HP>0>K MA> IN;EBLA>K A:L :LD>= ?HK
IK>:MBO> IHFFHGL :MMKB;NMBHG MH MA> HKB@BG:E IN;EBLA>K :NMAHKL MBME> :G=;HHD 30' MH ;> K>
I>K MA> IN;EBLA>K L K>JN>LM MA>BK G:F> A:L ;>>G K>FHO>= BG LHF> [.LL:@>L +HK>BG?HKF:MBHG BL :!
IKHC><NMMKB;NMBHG AMI ;HHDL E:K=;N<D>M HK@ :MMKB;NMBHG AMFE NMFOLHNK<> A>:=>K

$HK FHK> BG?HKF:MBHG HG MA> LHNK<> H? MABL ;HHD HK PAR BM BL :0O:BBVtA> MHC2KN-LIBHE> LE>>
AMMI ;HHDL E:K=;N<D>M HK®@N <:G ;KHPL> HK =HPGEH:= :==BMBHG:E ;HHDL MA>K>
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Chapter 4
Carbohydrates

Big Idea

5AHE> @K:BGL :K> :G >G>K@R LHNK<> PBMA GNMKBMBHG:E ING<A

Video 4.1

The History of Bread

<EB<D MH L>> OB=>H

Watch the History of Bread, part one, from The History Channel. To further satiate your interest go on t
watch the other five parts, available on YouTube.

7HN EBD>ER >:M @K:BGL >O>KR =:RY<>K>:E : L:G=PB<A |:.LM: HK RHNK ?:0HK
5AHE> @K:BGL :K> OBM:E MH : A>:EMA?NE =B>M 'G :==BMBHG MH ?B;>K PAHE
HMA>K LEHP K>E>LBG@ <:K;HAR=K:M>L :GMBHQB=:GML OBM:FBGL :G=FBG:
PAB<A K> G>>=>= ?HK @HH= A>EMA +:R;> RHN :K>HG : =B>M :G= A:0> ;>>G V
EBFBM HK K>LMKB<M RHNK <:K;HAR=K:M> BGM:D> &HP FN<A BL MHH FN<A :G
<K;HAR=K:M>L :K>;>MM>K ?HK RHN .G RHN IKHFHM> : A>:EMAR P>B@AM PBN\
;:E:G<>= BGM:D> H? PAHE> @K:BGL >?7HK> P> :GLP>K MA>L> JN>LMBHGL E>N
;KB>? MA> ABLMHKR H? @K:BG

'G :G<B>GM MBF>L PAHE> @K:BGL P>K> <K:<D>= HI>G NLBG@ JN>KG LMHG>L
AHNKL H? A:G=E:;;HK L M><AGHEH@R LEHPER :=0:G<>= MA> JN>KG LMHG> F
BGMH MA> FBEELMHG> 'M P:LG]M NGMBE MA> :=O>GM H? P:M>K PA>>EL MA:N
IKH=N<> @K:BGL P:L K>=N<>= ;HNM R>:KL :@H MA> OHF:GL LM:KM>= FBEEE
‘R MNKGBG@ HG> FBEELMHG> PA>>E :@:BGLM :GHMA>K MA:M =B= GHM FHO>
=HG> ;R :GBF:EL LE:O>L :G=E:M>K ;R P:M>KPA>>EL 2A> IKH<>LL H? FBEEBG(@
A:K= HNM>K ;K:G <H:M H? MA> PA>:M L>>=L 2A> ;K:G :G= @>KF PAB<A <HGM:B
F:CHKBMR H? ?B;>K OBM:FBGL :G=FBG>K:EL :K>K>FHO>=;R LB?MBG@ 'G M
=:RL MA> PABM>LM ?EHNK P:L <AHL>G MH F:D> ;K>:= ?HK MA> P>.EMAR :G=M
P:L @BO>G MH MA> IHHK -G>]L ><HGHFB< LM:MNL P:L =>IB<M>= ;R MA> <HEHK


http://www.youtube.com/v/g9GjtVp2ZUs
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MA>R :M> 5A>:M P.L MA> @K:BG H? <AHB<> ?HK F:GR <NEMNK>L :L BM GHM H
PABM> ?EHNK ;NM :ELH <HGM:BG>= @ENM>G PAB<A @BO>L PA>:M ;K>:= BML
EB@AMG>LL BG M>QMNK> 2A> PHK= Z?EHNK][ <HF>L ?KHF : $K>G<A PHK= F>(
Z,EHLLHF[ :G= BL F>M:IAHKB< ?HK MA> ?BG>LM |:KM H? MA> F>.E :D>KL AB@A
MA>BK :KM :G= BM P:L D>IM ?KHF MA> F:LL>L 'G ?:<M MA> ;:D>K]L F:KD P:L HG>
?BKLM MK:=>F:KDL

The2010 Dietary Guideliresommend that half of all grains in your diet come from whole grains. What
percentage of your diet is whole grain?

© Thinkstock

'G F>KB<: -EBO>K #0:GL ;NBEM MA> ?BKLM ?EHNK FBEE PAB<A P:L IHP>K>= ;I
P:M>KFBEE 'M NL>=: L>KB>L H? >E>O:MHKL MA:M FHO>= @K:BG MAKHN@A M/
BM ?BKLM MA>G @KBG=BG@ :G=LB?MBG@ BM 2H=:R FH=>KG FBEEBG@ IKF
?EHNK PAHE> F>:E <HGM:BGBG@ I>K<>GM H? MA> @K:BG PBMA GHMABG(
K>FHO>= ;KHPG ?EHNK <HGM:BGBG@ I>K<>GM H? MA> HKB@BG:E @K:BG F
:G= @>KF :G= PABM> ?EHNK <HGM:BGBG@ [>K<>GM H? MA> PA>:M @K:BG P
K:G :G= @>KF K>FHO>= 2A> O:LM F:CHKBMR H? ?EHNK FBEE>= :G= NL>=BG ?
<HHDBG@ BG F>KB<: BL PABM> ?EHNK 2A> FH=>KG FBEEBG@ IKH<>LL H? IK>
?EHNK K>FHO>L ;>MP>>G :G= I>K<>GM H? OBM:FBGL OBM:FBG # <:E<BNF
IHM:LLBNF <AKHFBNF IAHLIAHKNL SBG< F:@G>LBNF F:G@:G>L> :G=<H;:EM
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Wheat kernel anatomy and composition.

'G MA> >.KER GBG>M>>GMA <>GMNKR L>0O>K:E =BL>:L.>L LM>FFBG@ ?KHF OBI
FBG>K:E =>?B<B>G<B>L LN<A L I>EE:@K: ;GBBsBKB MAB:FBG>.G=

:G>FB: BKHG |E:@N>=F:GR BGA:;BM:GML H? MA> G:MBHG -G> H? MA> ?BKLM
<:FI:B@GL P:L MH BFIKHO> MA> A>.EMA H? F>KB<:GL ;R >GKB<ABG@ ?EHNK :
LM:IE> 2A> OBM:FBGL GB:<BG MAB:FBG> KB;H?E:OBG :G= ?HE:M> P>K> ==
PBMA BKHG MH <HF;:M =B>M:KR =>?B<B>G<B>L :G= IKHO>=: LN<<>LL?NE LMK:
BFIKHO> IN;EB< A>:EMA &HP>0>K >GKB<A>= ?EHNK <HGM:BGL HGER [>K<>C
MA> K><HFF>G=>= =:BER BGM:D> H? MA> OBM:FBGL :G= FBG>K:EL BM ZK>|E:<
-O>KPA>EFBG@ L<B>GMB?B< >0OB=>G<> GHP LAHPL MA:M =B>ML <HGM:BGBG
PAHE> @K:BGL K:MA>K MA:G K>?BG>= PABM> ?EHNK =><K>:L.> P>B@AM @:BG
F:GR <AKHGB< =BL>:L.>L BG<EN=BG@ <>KM:BG MRI>L H? <:G<>K :G==B:;>M>L
<HGM:BG : PAHE> GNMKB>GM |:<D:@> MA:M BL GHM K>|E:<>= ;R >GKB<A>= ?El
K> :><HFBG@ FHK> :P:K> H? MA> F:GR A>.EMA ;>G>?BML H? PAHE> @K:BGL &
MA> ?HH= BG=NLMKR A:L <K>:M>=: INSSE> ?HK <HGLNF>KL BG =>M>KFBGBG(
F:=>?KHF [>K<>GM PAHE> @K:BGL Z5AHE> PA>:M[ =H>L GHM :EP:RL F>.G M/
IKH=N<M BL F:=> PBMA |>K<>GM PAHE> @K:BGL :G=;KHPG ;K>:=L :K> GHM :E
A>:EMAB>K MA:G PABM> :L MA> <HEHK F:R <HF> ?KHF :==>= <:K:F>E 2A> $HH=
=FBGBLMK:MBHG $" A:L IKHOB=>= MA> ?HH= BG=NLMKR PBMA LI><B?B<L HG
PAHE> @K:BG ?HH=LYMH E:;>E BM L F:=>?KHF [>K<>GM PAHE> @K:BGL 2A:
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F>MAH= MH >GLNK> MA> IKH=N<M BL F:=> ?KHF [>K<>GM PAHE> @K:BGL BL
MA>BG@K>=B>GM EBLM -G> ANG=K>= I>K<>GM PAHE> @K:BG IKH=N<ML EBL
PAHE> PA>:M ?EHNK FHLM H?M>G :L MA> ?BKLM BG@K>=B>GM :G= =H GHM <F
PABM> ?EHNK R>EEHP <HKG ?EHNK L>FHEBG: ?EHNK =>@>KFBG:M>= ?EHN¥
'G F>KB<: PAHE> @K:BG <AHB<>L :K>BFIKHOBG@ ;NM IKH@K>LL LMBEE G>>
HG K>=N<BG@ MA> :==>= LN@:K <HGM>GM H? F:GR BG=NLMKB:EER IK>I:K>= ;}
'LLNKBG@ :==>= ?B;>K <HF>L ?KHF @HH= LHNK<>L >EBFBG:MBG@ :F;B@NHNI
<E:BFL HG I:i<D:@BG@ :G= K>=N<BG@ MA> <HLML H? PAHE> @K:BG ;K>:=L PA
>Q<>>= MA:M H? PABM> ;K>:=

You Decide

5A:M  I>K<>GM PAHE> @K:BG IKH=N<ML <:G RHN BG<EN=> BG RHNK =B>M |
A>EMA IK>0>GM =BL>:L.> :G= ;> M:LM>?NEER L:MBL?B>=

L RHN K>:=HG RHN PBEE E>.KG MA> =B??7>K>GM MRI>L H? <K;HAR=K:M>L M/
KHE>L BG MA> ;H=R MA> IHM>GMB:E A>EMA <HGL>JN>G<>L :G=;>G>?BML H?
:KMB<NE:K <:K;HAR=K:M>L :G= MA> F:GR ?HH=L :O:BE:;E> MA:M :K> KB<A BG
<K;HAR=K:M>L :L P>EE :L GNMKBMBHNL :G= L:MBL?RBG@ ?M>K K>:=BG@ MA
PBEE ;> ;>MM>K >JNBII>= MH =><B=> MA> ;>LM P:R MH @>M RHNK GNMKBMBH(
O:KBHNL <:K;HAR=K:M>L BG RHNK =B>M

Z'? MAHN M:LM>LM : <KNLM H? ;K>:= MAHN M:LM>LM :EE MA> LM:KL :G=:EE MA

OH;>KM KHPGBG@ #G@EBLA IH>M :G= |[E:RPKB@AM +:R X"><>F;>K
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4.1 A Closer Look at Carbohydrates

LEARNING OBJECTIVES

">L<KB;> LHF> H? MA> =BLMBG@NBLABG@ ?>:MNK>L H? <:K;HAR=K:M>L
">L<KB;> MA> =B??>K>G<>L ;>MP>>G ?:LM K>E>:LBG@ :G= LEHP K>E>:LB
<K;:HAR=K:M>L

What Exactly Are Carbohydrates and How Many Types Are There?

LK;HAR=K:M>L :K> MA> [>K?><M GNMKB>GM MH F>>M RHNK ;H=R]L GNMKBMB}
GHNKBLA RHNK ;K:BG :G= G>KOHNL LRLM>F IKHOB=>>G>K@R MH :EE H? RHN
PBMABG IKHI>K <:EHKB< EBFBML :G= A>EIl D>>| RHNK ;H=R ?BM :G=E>:G 1I><
=B@>LMB;E> <:K;HAR=K:M>L IKHOB=> ;NED BG ?HH=L OBM:FBGL :G= FBG>K:E
BG=B@>LMB;E> <:K;HAR=K:M>L IKHOB=> : @HH=:FHNGM H? ?B;>K PBMA : AHLI
A>EMA ;>G>?BML

.E:GML LRGMA>LBS> MA> ?:LM K>E>LBG@ <:K;HAR=K:M> @EN<HL> ?KHF <K;
MA> :BK :G=P:M>K :G=;R A/KG>LLBG@ MA> LNG]L >G>K@RN>K:EE ?KHF
,NMKBMBHG :G= MA> &NF:G N\HERI IE:GML <HGO>KM MA> >G>K@R BG LNGEBG@
<A>FB<:E >G>K@R BG MA> FHE><NE> @EN<HL> .E:GML NL> @EN<HL> MH F.C
FHK> LEHP K>E>LBG@ <:K;HAR=K:M>L 5A>G P> >:M IE:GML P> A:KO>LM MA> >
@EN<HL> MH LNIIHKM EB?>]L IKH<>LL>L
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2A> FHLM :;NG=:GM
<:K;HAR=K:M> BG MA> ANF:G
;H=R 'M A:L LBQ <:K;HG :MHH
MP>EO> AR=KH@>G :MHFL
LBQ HQR@>G :MHFL

2A> LBFIE>LM NGBM H? :
<:K;HAR=K:M>

IEHL>K *HHD :M :K;HAR

Figure 4.1Carbohydrate Classification Scheme

Carbohydrates are broken down into the subgroups Ofast-releasingO and Oslow-releasingO carbohydrates. 1
subgroups are further categorized into mono-, di-, and polysaccharides.

I'K;HAR=K:M>L :K>: @KHNI H? HK@:GB< <HFIHNG=L <HGM:BGBG@ : K:MBH H? |
:MHF MH MPH AR=KH@>G :MHFL MH HG> HQR@>G :MHF :LB<:EER MA>R :K> A
<K;HGL 2A> PHK= Z<:K;H[ F>:GL <K;HG :G= ZAR=K:M>[ F>:GLGudose MA>
FHLM :;NG=:GM <:K;HAR=K:M> BG MA> ANF:G ;H=R A:L LBQ <:K;HG :MHFL MP>E
AR=KH@>G :MHFL :G=LBQ HQR@>G :MHFL 2A> <A>FB<:E ?HKFNE: ?HK @EN<
.L! & - 1RGHGRFHNL PBMA MA> M>KF <:K;HAR=K:M> BL MA> %K>>D PHK=
ZL:<<A:KB=>[ PAB<A F>:GL LN@:K 2A> LBFIE>LM NGBM H? : <:K;HAR=K:M> BL :
monosaccharide !'K;HAR=K:M>L :K> ;KH:=ER <E:LLB?B>= BGMH MPH LN; @KHNIL
K>E>LBG@] :G=ZLEHP K>E>.LBG@ [ $:LM K>E>:LBG@ <:K;HAR=K:M>L :K> ?NKN\
BGMH MA> FHGHL:<<A:KB=>L :G==BLL:<A:KB=>L 1EHP K>E>.LBG@ <:K;HAR=K:
<A:BGL H? FHGHL:<<A:KBB@®NK> I'K:HAR=K:M> E:LLB?B<:MBHG 1<A>F>

| Fast-Releasing Carbohydrates

G=
$:LM K>E>LBG@ <:K;HAR=K:M>L :K>:ELH DGHPG FHK> LBFIER :L ZLN@:KL [ $:L
K>E>LBG@ <:K;HAR=K:M>L :K> @KHNI>=:L > BMA>K FHGHL:<<A:KB=>L HK =BLL

=K:M>L
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+HGHL:<<A:KB=>L BG<EN=> @EN<HL> ?KN<MHL> :G= @:E:<MHL> :G= MA> =Bl
BG<EN=> E:<MHL> F:EMHL> :G= LN<KHL>

Monosaccharides

$HK :EE HK@:GBLFL ?KHF ;:<M>KB: MH IE:GML MH :GBF:EL @EN<HL> BL MA> IK
LHNK<> 2A> ;K:BG BL <HFIE>M>ER =>I>G=>GM HG @EN<HL> L BML >G>K@R L
=NKBG@ >QMK>F> LM:KO:MBHG <HG=BMBHGL 2A>FHGHL:<<A:KB=> @:E:<MF
@EN<HL> HGER BG MA:M : AR=KHQRE "-& @KHNI ?:<>L BG : =B??>K>GM =BK>
GNF;>K ?HNK <K;HSBB@NK> 1MKN<MNK>L H? MA> 2AK>> +HLM 'HFFHG
+HGHL:<<A:KB=>L %EN<HL> %:E:<MHL> :G= $B<MHIEE LMKN<MNK:E
‘EM>K:MBHG <:NL>L @:E:<MHL> MH ;> E>LL LM:;;E> MA:G @EN<HL> L : K>LNEM
K:IB=ER <HGO>KML BM MH @EN<HL> +HLM :;LHK;>= @:E:<MHL> BL NMBEBS>=
IKH=N<MBHG BG <>EEL :?M>K BML <HGO>KLBHG MH @EN<HL> %:E:<MHL> BL
LN@:KL MA:M :K> ;HNG= MH@>MA>K MH F:D> NI MA> LN@:K ?HNG= BG FBED '\
=NKBG@ MA> =B@>LMBHG IKH<>LL

$KN<MHL> :ELH A:L MA> L:F> <A>FB<:E ?HKFNE: :L @EN<HL> ;NM =B??>KL BG B
LMKN<MNK> :L MA> KBG@ LMKN<MNK> <HGM:BGL HGER ?BEB@NMKEGL :G= GF
IMKN<MNK>L H? MA> 2AK>> +HLM 'HFFHG +HGHL:<<A:KB=>L %EN<HL> %:E:<
SKN<MHL$KN<MHL> BG <HGMK:LM MH @EN<HL> BL GHM :G >G>K@R LHNK<>
BG MA> ;H=R +HLMER ?HNG=BG ?KNBML AHG>R :G=LN@:K<:G> ?KN<MHL> [
FHLM <HFFHG FHGHL:<<A:KB=>L BG G:MNK> 'M BL :ELH ?HNG= BG LH?M =KBG
:G= HMA>K IKH=N<ML LP>>M>G>= PBMA AB@A ?KN<MHL> <HKG LRKNI

Figure 4.2Structures of the Three Most Common Monosaccharides: Glucose, Galactose, and Fructose

Red circles indicate the structural differences between the three.

IEHL>K *HHD :M :K;HAR=K:M>L
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2PH FHGHL:<<A:KB=>L CHBG
MH@>MA>K

EHG@ <A:BG H?
FHGHL:<<A:KB=>L MA:M F:R
K:G<A>= HK GHM ;K:G<A>=

IEHL>K *HHD :M :K;HAR

*>LL <HFFHG FHGHL:<<A:KB=>L :K> MA> I>GMHL>L PAB<A A:0> HGER ?BO> <K
GHM LBQ 2A> I>GMHL>L :K> ;;NG=:GM BG MA> GN<E>B< :<B=L 0, :G=", :G=:EL
<HFIHG>GML H? ?B;>K

*LMER MA>K> :K>MA> LN@:K :E<HAHEL PAB<A :K>BG=NLMKB:EER LRGMA>L
H? FHGHL:<<A:KB=>L 1HF>>Q:FIE>L H? LN@:K :E<HAHEL :K> LHK;BMHE QREB
@ER<>KHE 6REBMHE BL LBFBE:K BG LP>>MG>LL L M;;E>LN@:K 1IN@:K :E<H
NL>=BG IE:<> H? M:;E> LN@:K MH LP>>M>G ?HH=L :L MA>R :K> BG<HFIE>M>ER
LHK;>= :G= MA>K>?HK> E>LL <:EHKB< 2A> ;:<M>KB: BG RHNK FHNMA HIIHL>L
A>G<> LN@:K :E<HAHEL =H GHM <:NL> MHHMA =><:R 'GM>K>LMBG@ER MA> L
Z<HHEG>LL[ MA:M H<<NKL PA>G <A>PBG@ @NF MA:M <HGM:BGL LN@:K :E<HA
MA>F =BLLHEOBG@ BG MA> FHNMA : <A>FB<:E K>:<MBHG MA:M K>JNBK>L A>:
BGLB=> H? MA> FHNMA

Disaccharides

Disaccharides :K> <HFIHL>=H? I:BKL H? MPH FHGHL:<<A:KB=>L EBGD>= MH@>N\
"BL:<<A:KB=>L BG<EN=> LN<KHL> E:<MHL> :G= F.EMHL> EE H? MA> =BL:<<A:k
‘M E>:LM HG> @EN<HL> FHE><NE>

IN<KHL> PAB<A <HGM:BGL ;HMA @EN<HL> :G= ?KN<MHL> FHE><NE>L BL HM/
M:E> LN@:K 1N<KHL> BL :ELH ?HNG= BG F:GR ?KNBML :G= O>@>M:,E>L :G=:N\
<HG<>GMK:MBHGL BG LN@:K ;>>ML :G= LN@:K <:G> PAB<A :K>NL>= MH F:D> N
*<MHL> PAB<A BL <HFFHGER DGHPG :L FBED LN@:K BL <HFIHL>=H? HG> @E
:G=HG> @:E:<MHL> NGBM *:<MHL> BL IK>0:E>GM BG =:BKR IKH=N<ML LN<A :L
:G=<A>>L> +:EMHL> <HGLBLML H? MPH @EN<HL> FHE><NE>L ;HG=>= MH@>M
<HFFHG ;K>:D=HPG IKH=N<M H? IE:GM LM:K<A>L :G= BL K:K>ER ?HNG=BG ?HH
=BL:<<A:KB=>

Slow-Releasing Carbohydrates

1EHP K>E>LBG@ <:K;HAR=K:pblysaceharides EHG@ <A:BGL H?
FHGHL:<<A:KB=>L MA:M F:R ;> ;K:G<A>= HK GHM ;K:G<A>= 2A>K> :K>MPH F:BG
@KHNIL H? IHERL:<<A:KB=>L LM:K<A>L :G=?B;>KL

Starches

>élM:K<A FHE><NE>L :K> ?HNG= BG :;;NG=:G<> BG @K:BGL E>@NF>L :G= KHHM ¢
LN<A:L IHM:MH>L FREHL> :IE:GM LM:K<A BL : EBG>:K <A:BG <HGM:BGBG@ A
@EN<HL> NGBML FREHI><MBG :GHMA>K IE:GM LM:K<A BL : ;K:G<A>= <A:BG <
MAHNL:G=L H? @EN<HL> NGBML 2A>L> E:K@> LM:K<A FHE><NE>L ?HKF <KRL|

>
>G>K@R LMHKBG@ FHE><NE>L H? IE:GML 2A>L> MPH LM:K<A FHE><NE>L :FR

=K:M>L
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:FREHI><MBG> :K> <HGM:BG>= MH@>MA>K BG ?HH=L ;NM MA> LF:EE>K HG> :
FHK> :;NG=:GM #:MBG@ K:P ?HH=L <HGM:BGBG@ LM:K<A>L IKHOB=>L O>KR E
MA> =B@>LMBO> LRLM>F A.L : A:K= MBF> ;K>:DBG@ MA>F =HPG 'HHDBG@ ;K>
<KRLM:E LMKN<MNK> H? LM:K<A>L F:DBG@ MA>F FN<A >:LB>K MH ;K>:D =HPG
‘H=R 2A> LM:K<A>L MA:M K>F:BG BGM:<M MAKHN@AHNM =B@>LMBHG K> <:E
LM:K<A>L :<M>KB: BG MA> @NM <:G ;K>:D LHF> H? MA>L> =HPG :G= F.R ;>G>"|
@:LMKHBGM>LMBG:E A>EMA 'LHE:M>= :G= FH=B?B>= LM:K<A>L :K> NL>= PB=:
BG=NLMKR :G==NKBG@ <HHDBG@ :L ?HH= MAB<D>G>KL

Figure 4.3Structures of the Plant Starches and Glycogen

&NF:GL :G=:GBF:EL LMHK> @EN<HL> >G>K@R ?KHF LM:K<A>L BG MA> ?HKF H
E:K@> FHE><bl¥cogen 'M AL F.GR ;K:G<A>L MA:M :EEHP BM MH ;K>:D =HPG JNI
PA>G >G>K@R BL G>>=>= ;R <>EEL BG MA> ;H=R 'M BL IK>=HFBG:GMER ?HNG-
FNL<E> MBLLN> BG :GBF:EL

Dietary Fibers

Dietary fibers :K> IHERL:<<A:KB=>L MA:M :K> AB@AER ;K:G<A>= :G= <KHLL EBG|
AB@AER :K:G<A>= 1HF> =B>M:KR ?B;>KL :K> I><MBG @NFL <>EENEHL> :G=EB@GBG &NF:GL =H
F:<KHFHE><NE> <HGLBLMBG@/A® >GSRF>L MA:M <:G :K>:D =HPG =B>M:KR ?B:>K AHP>0>K ::<M>KB: BG MA>
HONFop e e aaok (BOM>LMBG> <HEHG =H "B>M:KR ?B;>KL :K> O>KR ;>G>?B<B:E MH HNK A>:EM)
<ASFB<E HG=L %NB=>EBG>L =OBLHKR !HFFBMM>> LM:M>L MA:M MA>K> BL >GHN@A L<B>GM
LNIIHKM MA:M =B>ML AB@A BG ?B;>K K>=N<> MA> KBLD ?HK H;>LBMR :G= =B:;>
;E_E(;Fijzj’_*gfj;hE"fé“éééi’fﬁ@ﬁKR KBLD ?:<MHKL ?HK <:K=BHO:L<NE:K+BMEEM H? @KB<NEMNK> Z.:KI
HGER 2HNG= BG IE.GM L>=|  1><MBHG :K;HAR=K:M>LRéport of the DGAC orfB#M:KR %NB=>EBG>L ?HK
?HH=L PBMA MA>>Q<>IMBHG F2KB<:GL  <<>LL>= 1>IM>F;>K AMMI_PPP <GII NL=: @HO

<ABMBG PAB<A ?HKFL MA>| N-EB<:MBHGL "B>M:KR%NB=>EBG>L "% ! 0>IHKM " !:K;HAR=K:MBENMKR
>QHLD>E>MHGL H? LHF> :GBFEL

IEHL>K *HHD :M :K;HAR=K:M>L


http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/DGAC/Report/D-5-Carbohydrates.pdf
http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/DGAC/Report/D-5-Carbohydrates.pdf
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?B;>K BL <:M>@HKBS>=:L >BMA>K P:M>K LHEN;E> HK BGLHEN;E> 1HF> >Q:FIE
?B;>KL :K>BGNEBG [><MBG :G= @N:K @NF :G= MA>R :K> ?HNG=BG I>:L ;>:GL
KE>R :G=KR> I>EENEHL> :G= EB@GBG :K>BGLHEN;E> ?B;>KL :G=: ?>P =B>N
MA>F :K> PAHE> @K:BG ?HH=L ?E:Q <:NEB?EHP>K :G=:0OH<:=HL !'>EENEHL>E
NG=:GM ?B;>K BG IE:GML F:DBG@ NI MA> <>EE P:EEL :G= IKHOB=BG@ LMKN<
?B;>KL :K> FHK> >:LBER :<<>LLB;E> MH ;:<M>KB:E >GSRF>L BG MA> E:K@> BGN
<:.G ;> ;KHD>G =HPG MH : @K>:M>K >QM>GM MA:G BGLHEN;E> ?B;>KL ;NM >0O>(
;K>:D=HPG H? <>EENEHL> :G= HMA>K BGLHEN;E> ?B;>KL H<<NKL

2A> E:LM <E:LL H? ?B;>K BL ?NG<MBHG:E ?B;>K $NG<MBHG:E ?B;>KL A:0> ;>>C
:G=A:0> ;>>G LAHPG MH IKHOB=> A>:EMA ;>G>?BML MH ANF:GL $NG<MBHG:E
;> >QMK:<M>= ?KHF |IE:GML :G= INKB?B>= HK LRGMA>MB<:EER F:=> G >Q:FIE>
?NG<MBHG:E ?B;>K BL ILREEBNF L>>= ANLD 1<B>GMB?B< LMN=B>L LAHP MA:}
ILREEBNF L>>= ANLD K>=N<>L ;EHH= <AHE>LM>KHE E>O>EL :G= MABL A>:EMA
NIKHO>= ;R MA>$" 2HM:E =B>M:KR ?B;>K BGM:D> BL MA> LNF H? =B>M:KR ?B;>
?NG<MBHG:E ?B;>K <HGLNF>=

KEY TAKEAWAYS

V K;HAR=K:M>L :K>: @KHNI H? HK@:GB< <HFIHNG=L <HGM:BGBG@ : K:MI
HG> <:K;HG :MHF MH MPH AR=KH@>G :MHFL MH HG> HQR@>G :MHF
:K;HAR=K:M>L :K> ;KH:=ER <E:LLB?B>= BGMH MPH LN;@KHNIL ?:LM K>E:
:G=LEHP K>E>:LBG@ <:K;HAR=K:M>L

V $.LM K>E>:LBG@ <:K;HAR=K:M>L :K> LN@:KL :G= MA>R BG<EN=> MA>
FHGHL:<<A:KB=>L :G= =BL:<<A:KB=>L 1EHP K>E>:LBG@ <:K;HAR=K:M>L
BG<EN=> MA> IHERL:<<A:KB=>L :FREHL> :FREHI><MBG @ER<H@>G =E
?B;>K :G=?NG<MBHG:E ?B;>K

V %EN<HL> BL MA> FHLM BFIHKM:GM FHGHL:<<A:KB=> BG ANF:G GNMKBNV
+:GR HMA>K FHGHL:<<A:KB=>L :G= =BL:<<A:KB=>L ;><HF> @EN<HL> BG |
‘H=R

V $B;>K KB<A ?HH=L :K> L<B>GMB?B<:EER IKHO>G MH K>=N<> MA> KBLD F
:G==B:;>M>L $NG<MBHG:E ?B;>KL :K> :==>= MH ?HH=L ;><:NL> MA>R :K>
IKHO>G MH A:O> :==>= A>:EMA ;>G>7?BML

IEHL>K *HHD :M :K;HAR=K:M>L
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DISCUSSION STARTERS

5A:M =H RHN >:M FHLM H? ?:LM K>E>LBG@ <:K;HAR=K:M>L LM:K<A>L H
?B;>K

KBG@ BG MA> |:<D:@>L ?HK MA> :K>:=L RHN >:M :G= <HFI:K> MA>
=B??>K>GM BG@K>=B>GML EBLML PBMA RHNK <E:LLF:M>L K> MA>R
P>EE "H MA>R <HGM:BG :GR A>:EMA <E:BFL K> MA>R F:=> ?KHF
I>K<>GM PAHE> @K:BG "H MA>R <HGM:BG :==>= LN@:KL $HK FHK>
A>E| HG =>?BGBG@ IKH=N<ML F:=> PBMA PAHE> @K:BGL OBLBM MA:
P>:LBM> H? MA> 5AHE> %K:BGL |HNG<BE

AMMI _PPP PAHE>@K:BGL<HNG<BE HK@ PAHE> @K:BGL
=>?BGBMBHG H? PAHE> @K:BGL

IEHL>K *HHD :M :K;HAR=K:M>L


http://www.wholegrainscouncil.org/whole-grains-101/definition-of-whole-grains
http://www.wholegrainscouncil.org/whole-grains-101/definition-of-whole-grains
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4.2 Digestion and Absorption of Carbohydrates

LEARNING OBJECTIVE

"BL<NLL AHP <:K;HAR=K:M>L :K>=B@>LM>= :G= :;LHK;>= BG MA> ANF:G
;H=R

1P>>MG>LL BL HG> H? MA> ?BO> ;:LB< M:LM> L>GL:MBHGL H?

?HH=L :G= ;>0>K:@>L :G= BL L>GL>= ;R IKHM>BG K><>IMHKL

BG <>EEL H? MA> M:LM> ;N=L $:LM K>E>LBG@ <:K;HAR=K:M>L
LMBFNE:M> MA> LP>>MG>LL M:LM> L>GL:MBHG PAB<A BL MA>

FHLM L>GLBMBO> H? :EE M:LM> L>GL:MBHGL #0>G >QMK>F>ER

EHP <HG<>GMK:MBHGL H? LN@:KL BG ?HH=L PBEE LMBFNE:M> MA>
LP>>MG>LL M:LM> L>GL:MBHG 1P>>MG>LL O:KB>L ;>MP>>G MA>
=B??>K>GM <:K;HAR=K:M> MRI>LYLHF> :K> FN<A LP>>M>K

MA:G HMA>KL $KN<MHL> BL MA> MHI G:MNK:EER H<<NKKBG@

LN@:K BG LP>>MG>LL O:RNE>1>>1P>>MG>LL

IHFI:KBLHG H? LK;HAR=K:M3HK LP>>MG>LL

<HFI:KBLHGL :FHG@ =B??>K>GM G:MNK:EER H<<NKKBG@
<:K:HAR=K:M>L 1P>>MG>LL BL : IE>:LNK::E> L>GL:MBHG :G=

LHF> I>HIE> >GCHR MA> M:LM> FHK> MA:G HMA>Klhf grains provide satisfaction
<HEEHJNB:E L>GL> P> B=>GMB?R LN<A I>HIE> :L A@B®G@sginning to the end of
ZLP>>M MHHMA [ 2ABL =H>L GHM F>:G MA:M MA> ES[49gBaupoess.

PAHE> @K:BGL <HGM:BGBG@ FHK> LM:K<A>L :G= ?B;>K :K> E>LL
L:MBL?RBG@ 5AHE> @K:BGL M:D> EHG@>K MH <aZristecte >\

LP>>M>K MA> FHK> RHN <A>P MA>F ==BMBHG:EER HG<> BG

MA> LMHF:<A PAHE> @K:BG ?HH=L M:D> EHG@>K MH =B@>LM

:G= D>>| RHN ?NEE EHG@>K 0>F>F;>K MHH MA:M MA>R

<HGM:BG ?B;>K PAB<A F:D>L >EBFBG:MBHG FN<A LFHHMA>K 5AHE> @K:BG 2t
MA> ;H=R MA> >GMBK> P:R MAKHN@A MA> =B@>LMBO> MK:<M :G= IKHOB=> M
‘ELH ;>MM>K L:MBL?R MA> :H=R]L ?NG<MBHG:E G>>=L

2;E>  1P>>MG>LL 'HFI:KBLHG H? :K;HAR=K:M>L

Carbohydrate | Sweetness (percentage of sucrose

IN<KHL>

%EN<HL>

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

<:K;HAR=K:M> MA:M BL : <A
H?: ?>P ;>MP>>G MAK>> :G3
M>G FHGHL:<<A:KB=>L

G

Carbohydrate | Sweetness (percentage of sucrose

$KN<MHL>

+:EMHL>

*<MHL>

1IM:K<A

$B;>K

1IHNK<> KM>K ( 1IM>BG Z!I'K;HAR=K:M>L[W ;R ( 1M>BG ':KM>K EE KB@AN
K>L>KOAMMI_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>
IA>SPBG@ :ELH DGHPG L F.LMB<:MBHG <KNF;E>L MA> <:K;HAR=K:M> ?HH=L B(
:G=LF:EE>K IB><>L 2A> L:EBO:KR @E:G=L BG MA> HK:E <:OBMR L><K>M> L:EB
MA> ?HH= I:KMB<E>L 1:EBO: <HGM:BGL btlivar8RiAdase 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:EV
BG<K>:L>= <HG<>GMK:MBHG H? F:EMHL> BG MA> FHNMA MA:M K>LNEML ?KHF
:G=<A>FB<:E ;K>:D=HPG H? LM:K<A>L BG PAHE> @K:BGL BL PA:M >GA:G<>L M/
LP>>MG>LL -GER :;HNM ?BO> I>K<>GM H? LM:K<A>L :K> ;KHD>G =HPG BG MA>
BL : @HH= MABG@ :L FHK> @EN<HL> BG MA> FHNMA PHNE= E>:= MH FHK> MH
5A>G <:K;HAR=K:M>L K>:<A MA> LMHF:<A GH ?NKMA>K <A>FB<:E ;K>:D=HPG H<
;><:NL> MA> :FRE:L> >GSRF> =H>L GHM ?NG<MBHG BG MA> :<B=B< <HG=BMBH
LMHF:<A NM F><A:GB<:E ;K>:D=HPG BL HG@HBG@YMA> LMKHG@ I>KBLM:EM
H? MA> LMHF:<A FBQ MA> <:K;HAR=K:M>L BGMH MA> FHK> NGB?HKF FBQMNK:

ANMA

MA>

BG

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


http://www.biology.clc.uc.edu/courses/bio104/carbohydrates.htm
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#GSRF> L><K>M>= ;R MA>
I:G<K>:L MA:M ;:K>:DL =HPG
<:K;HAR=K:M>L BG MA> LF:E
BGM>LMBG> ;R ;K>:DBG@ M
@ER<HLB=B< ;HG=L ;>MP>>
FHGHF>KL

<HG=BMBHG BG PAB<A MA

BG<HFIE>M> =B@>LMBHG HF

E:<MHL> 'M BL <:NL>=;R:
=>7B<B>G<R BG MA> >GSRF
E:<M:L> 1RFIMHFL BG<EN=>
=B:KKA>: :EH:MBG@ :G=
. =HFBG:E <K:FIL

"B@>LMBHG :G= ;LHKIM

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

From the Stomach to the Small Intestine

2A> <ARF> BL @K:=N:EER >QI>EE>= BGMH MA> NII>K I:KM H? MA> LF:EE BGM>L

>GMKR H? MA> <ARF> BGMH MA> LF.EE BGM>LMBG> MA> I.G<K>:L K>E>:L>L [:(

MAKHN@A : =N<M 2ABL I:G<K>:MB< CNB<> <HGM:Rahdvksticafiiase

PAB<A LM:KML :@:BG MA> ;K>:D=HPG H? =>QMKBGL BGMH LAHKM>K :G= LAHK

<K;HAR=K:M> <A:BGL ==BMBHG:EER >GSRF>L K> L><K>M>= ;R MA> BGM>LM

EBG> MA> OBEEB 2A>L>>GSRF>L DGHPG <HEE><MBO>ER :L =BL:<<A:KB=>L
| FIEEM:L> :G= E:<M:L> 1N<K:L> ;K>:DL LN<KHL>BGMH @EN<HL> :G= ?KN<MHL> |
Z>+:EM:L> :K>:DL MA> ;HG= ;>MP>>G MA> MPH @EN<HL> NGBML H? F:EMHL> :G=
5 ;K>:DL MA> ;HG= ;>MP>>G @:E:<MHL> :G= @EN<HL> -G<> <:K;HAR=K:M>L :K> <
:KHD>G =HPG BGMH LBG@E> LN@:K NGBML MA>R :K> MA>G MK:GLIHKM>= BG|
>KI§%;E/I>LMBG:E <>EEL

?

. 5A>G I>HIE> =H GHM A:0> >GHN@A H? MA> >GSRF> E:<M:L> E:<MHL> BL GHM
;KHD>G =HPG K>LNEMBG @ BG : <HG=adtas¢Gnidigtance 2A> NG=B@>LM>=
E:<MHL> FHO>L MH MA> E:K@> BGM>LMBG> PA>K> ;:<M>KB: :K> ;;E> MH =B@>

BHG H? 'K;HAR=K:M>L
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;. <M>KB:E =B@>LMBHG H? E:<MHL> IKH=N<>L @:L>L E>:=BG@ MH LRFIMHFL H’
:EH:MBG@ :G=:=HFBG:E <K:FIL *:<MHL> BGMHE>K:G<> NLN:EER H<<NKL BG ::
:LLH<B:M>= PBMA K:<> 2A> :MBHG:E "B@>LMBO> "BL>:L>L 'G?HKF:MBHG 'E>:K
LM:M>L MA:M ?KB<:G F>KB<:GL &BLI:GB< F>KB<:GL F>KB<:G 'G=B:GL :G= LE
F>KB<:GL A:0> FN<A AB@A>K BG<B=>G<>L H? E:<MHL> BGMHE>K:G<> PABE>
GHKMA>KG #NKHI>:G =>L<>GM A:O>,MBHEE NB@>LMBO> "BL>:L>L 'G?HKF:MB
IE>:KBG@ &HNL> Z*:<MHL>'GMHE>K:G<> [ *:LM NI=:M>= IKBE

AMMI =B@>LMBO> GB==D GBA @HO ==BL>:L>L IN:L E:<MHEHBRNHEEK:G<>
PBMA E:<MHL> BGMHE>K:G<> <:G MHE>K:M> LHF> :FHNGM H? =:BKR IKH=N<MIL
2A> L>0>KBMR H? MA> LRFIMHFL =>I>G=L HG AHP FN<A E:<MHL> BL <HGLNF>=
=>@K>> H? E:<M:L> =>?B<B>G<R

Absorption: Going to the Blood Stream

2A> <>EEL BG MA> LF:EE BGM>LMBG> A:0> F>F;K:G>L MA:M <HGM:BG F:GR MK
IKHM>BGL BG HK=>K MH @>M MA> FHGHL:<<A:KB=>L :G= HMA>K GNMKB>GML
PA>K> MA>R <:G ;> =BLMKB;NM>= MH MA> K>LM H? MA> ;H=R 2A> ?BKLM HK@:
@EN<HL> ?KN<MHL> :G= @:E:<MHL> BL MA> EBO>K 2A> EBO>K M:D>L MA>F |
@:E:<MHL> MH @EN<HL> ;K>:DL ?KN<MHL> BGMH >0>G LF:EE>K <:K;HG <HGM
>BMA>K LMHK>L @EN<HL> :L @ER<H@>G HK >QIHKML BM ;:<D MH MA> ;EHH=

MA> EBO>K >QIHKML MH MA> ;EHH= BL NG=>K AHKFHG:E <HGMKHE :G= RHN P
MA:M >0>G MA> @EN<HL> BML>E? K>@NE:M>L BML <HG<>GMK:MBHGL BG MA

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


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

IAIIM>K  K;HAR=K:M>L

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

%EN<HL> E>O>EL BG MA> ;EHH= :K> MB@AMER <HGMKHEE>= L A:OBG@ >BM
EBMME> @EN<HL> BG MA> ;EHH= <:G A:O> A>EMA <HGL>JIN>G<>L %EN<HL> k
BG MA> ;EHH= OB: : IKH<>LL <:EE>= G>@:MBO> ?>>=;:<D G >0O>KR=:R >Q:FIE>
G>@:MBO> ?>>=;:<D BL BG RHNK HO>G ;><:NL> BM <HGM:BGL : MA>KFHLM:M &
MA> M>FI>K:MNK> MH <HHD : =>EB<BHNL AHF>F:=> GHH=E> <:LL>KHE>:M US$
MA>KFHLM:M L>GL>L MA> M>FI>K:MNK> :G= L>G=L :G >E><MKB<:E LB@G:E MH
>E>F>GML HG :G= A>:M NI MA> HO>G 5A>G MA> M>FI>K:MNK> K>:<A>L  U$ MA
MA>KFHLM:M L>GL>L MA> M>FI>K:MNK> :G= L>G=L : LB@G:E MH MNKG MA> >E
1BFBE:KER RHNK ;H=R L>GL>L ;EHH= @EN<HL> E>O>EL :G= F:BGM:BGL MA> @
ZM>FI>K:MNK>[ BG MA> M:K@>M K:G@> 2A> @EN<HL> MA>KFHLM:M BL EH<:M
<>EEL H? MA> |:.G<K>:L ?M>K >MBG@ : F>:E <HGM:BGBG@ <:K;HAR=K:M>L @E
KBL>BG MA> ;EHH=

'GLNEBG L><K>MBG@ <>EEL BG MA> I:G<K>:L L>GL> MA> BG<K>:L> BG ;EHH= (
K>E>:L> MA> AHKFHG:E F>LL:@> BGLNEBG BGMH MA> ;EHH= 'GLNEBG L>G=L
;H=R]L <>EEL MH K>FHO> @EN<HL> ?KHF MA> ;EHH= ;R MK:GLIHKMBG@ MH M/
:G= MH NL> BM MH F:D> >G>K@R HK ?HK ;NBE=BG@ F:<KHFHE><NE>L 'G MA>
MBLLN> :G= MA> EBO>K BGLNEBG L>G=L MA> ;BHEH@B<:E F>LL:@> MH LMHK
@ER<H@>G 2A> IK>L>G<> H? BGLNEBG BG MA> ;EHH=LB@GB?B>L MH MA> ;I
;>>G ?>=:G= MH NL> MA> ?N>E 'GLNEBG A:L :G HIIHLBG@ AHKFHG> <:EE>= @E
MA> MBF> :?M>K : F>:E BG<K>:L>L @EN<HL> E>O>EL =><K>:L> BG MA> ;EHH=
L><K>MBG@ <>EEL BG MA> |:.G<K>:L L>GL> MA> =KHI BG @EN<HL> :G= BG K>L
@EN<:@HG BGMH MA> ;EHH= %EN<:@HG <HFFNGB<:M>L MH MA> <>EEL BG M
NLBG@ :EE MA> @EN<HL> +HK> LI><B?B<:EER BM LB@G:EL MA> EBO>K MH ;k
:G= K>E>:L> MA> LMHK>= @EN<HL> BGMH MA> ;EHH= LH MA:M @EN<HL> E>Os
M:K@>M K:G@> :G= :EE <>EEL @>M MA> G>>=>= ?N>E MH ?NG<MBHG IKHI>KEI

Leftover Carbohydrates: The Large Intestine

EFHLM :EE H? MA> <:K;HAR=K:M>L >Q<>IM ?HK =B>M:KR ?B;>K :G= K>LBLM:GN
>??B<B>GMER =B@>LM>=:G=:;LHK;>= BGMH MA> ;H=R 1HF> H? MA> K>F:BGB!
<:K;HAR=K:M>L :K> ;KHD>G =HPG ;R >GSRF>L K>E>:L>= ;R ;:<M>KB: BG MA> E:K
BGM>LMBG> 2A> IKH=N<ML H? ;:<M>KB:E =B@>LMBHG H? MA>L> LEHP K>E>:L
‘K> LAHKM <A:BG ?:MMR :<B=L :G= LHF> @:L>L 2A> LAHKM <A:BG ?:MMR :<B=L
NL>= ;R MA> ;:<M>KB: MH F:D> >G>K@R :G= @KHP :K>>EBFBG:M>=BG MA> ?>

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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;LHK;>= BGMH <>EEL H? MA> <HEHG PBMA : LF:EE :FHNGM ;>BG@ MK:GLIHKM
IHEHGB< <>EEL NL> MA> LAHKM <A:BG ?:MMR :<B=L MH LNIIHKM LHF> H? MA>E
EBO>K <:G :ELH F>M:;;HEBS> MA> LAHKM <A:BG ?:MMR :<B=L BGMH <>EENE:K >
H? >G>K@R ?KHF =B>M:KR ?B;>K BL :;HNM DBEH<:EHKB>L I>K @K:F ?HK ANF:(
AB@AER =>I>G=>GM NIHG MA> ?B;>K MRI> PBMA LHEN;E> ?B;>KL :G= K>LBLM:
RB>E=BG@ FHK> >G>K@R MA:G BGLHEN;E> ?B;>KL 1BG<>=B>M:KR ?B;>K BL -
BG MA> @:LMKHBGM>LMBG:E MK:<M MA:G HMA>K <:K;HAR=K:M> MRI>L LBFIE:
LM:K<A>L MA>KBL> BG ;EHH= @EN<HL> :?M>K >:MBG@ MA>F BL E>LL :G=LE}
IARLBHEH@B<:E :MMKB;NM>L H? AB@A ?B;>K ?HH=L B > PAHE> @K:BGL :K>E
=><K>:L> BG P>B@AM @:BG :G= K>=N<>= KBLD H? <AKHGB< =BL>:L>L LN<A L
=B:;:>M>L :G= <:K=BHO:L<NE:K =BL>:L>

A Carbohydrate Feast

‘ML 2A:GDL@BOBG@ :G= RHN A:O> CNLM <HGLNF>= MNKD>R
PBMA F:LA>= IHM:MH>L LMN??BG@ LFHMA>K>=BG @K:OR

@K>>G ;>:GL MHII>= PBMA <KBLIR ?KB>= HGBHGL : AHM KHEE
=KBIIBG@ PBMA ;NMM>K :G=<K:G;>KKR L:N<> *>LL MA:G :G

AHNK E:M>K RHN MHI BM :EE H?? PBMA : LEB<> H? INFIDBG IB>

:G= MA>G EB> =HPG HG MA> <HN<A MH P:M<A MA> ?HHM;:EE

@:F> 5A:M A:lI>GL BG RHNK ;H=R :?M>K =B@>LMBG@ :G=
LHK;:BG@ MA> PAHIIBG@ :FHNGM H? GNMKB>GML BG MABL
2A:GDL@BOBG@ ?>.LM 2A> ZAHKFHG> H? IE>GMR [ BGLNEBG
:GLP>KL MA> GNMKB>GM <:EE 'GLNEBG L>G=L HNM MA>
IARLBHEH@B<:E F>LL:@> MA:M @EN<HL> :G=>0>KRMABG@ >EL>
BL BG :;NG=:GM LNIIER BG MA> :EHH= LH <>EEL :;LHK; :G=

MA>G NL> HK LMHK> BM 2A> K>LNEM H? MABL A%EM%RAEE&TM@% feast of
BL F:QBFBS:MBHG H? @QER<H@>G LMHK>L :G=:ERijhAarssyeratb foods.
@EN<HL> IKHM>BG :G=EBIB=L :K> LMHK>=:L ?:M

© Shutterstock

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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Figure 4.4

The glycemic index measures the effects of foods on blood-glucose levels.

MRIB<:E F>KB<:G 2A:GDL@BOBG@ F>:E <HGM:BGL F.:GR ?HH=L MA:M :K> =>G
<:K;HAR=K:M>L PBMA MA> F:CHKBMR H? MAHL> ;>BG@ LBFIE> LN@:KL :G=LM:
MRI>L H? <:K;HAR=K:M> ?HH=L :K> K:IB=ER =B@>LM>=:G=:;;LHK;>= EHH= @EN
KBL> JNB<DER <:NLBG@ : LIBD> BG BGLNEBG E>0O>EL 'HGMK:LMBG@ER ?HH:
:FHNGML H? ?B;>K :K> EBD> MBF> K>E>:L> <:ILNE>L H? LN@:K F>LNK>F>GM |
>??7><ML H? : <:K;HAR=K:M> <HGM:BGBG@ ?HH= HG ;EHH= @EN<HL> E>O>EL B
@ER<>FB< K>LI NK>

Glycemic Index

2A> @ER<>FB< K>LIHGL>L H? O:KBHNL ?HH=L A:O> ;>>G F>:LNK>=:G= MA>G K:
<HFI:KBLHG MH : K>?>K>G<> ?HH= NLN:EER : LEB<> H? PABM> ;K>:= HK CNLM L
@EN<HL> MH <K>:M> : GNF>KB< O:ENpglycerrciniex (GI) $HH=L MA:M A:0>

: EHP %' =H GHM K:BL> ;EHH= @EN<HL> E>O>EL G>BMA>K :L FN<A GHK L ?:LM
A.0>: AB@A>K %' =B>M H? EHP %' ?HH=L A.L ;>>G LAHPG BG >IB=>FBHEH@B
<EBGB<:E MKB:E LMN=B>L MH BG<K>:L> P>B@AM EHLL :G= K>=N<> MA> KBLD |
=B:;>M>L :G=<:K=BHO:L<NE:K =RBtG#*+*BEE>K ( .A" >M :E Z"B>M:KR %ER<>FB=

F>LNK>F>GM H? MA> >??>tMi5=>Q &>:EMA 'FIEB<:MBHGIn [Coll Nutr GH  LNIE>F>GM 1X 1

H? <:K;HAR=K:M> <HGM:BGB

PHH=L HG ‘EHH= @EN<HLS “RMMI_PPP C:<G HK@ <HGM>GM _ 91NIIE>F>GM9 1 EHG@

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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2;E>  2A> %ER<>FB<'G=>Q $HH=L BG !HFI:KBLHG MH %EN<HL>

Low GI Foods (< 55)

IE>

>K

:G:G: NG=>K KBI>

%K:I>?KNBM

‘KE>R

.OR ;>:GL

%K>>G I>:L

-:M :K:G /N:D>K -:ML

1:@A>MMB PAHE> PA>:M

+:LA>= LP>>M IHM:MH>L

:D>=;>:GL

NMM>K ;>:GL

:G:G: K>:=

K>:= LHNK=HN@A

1HR FBED

1DBF FBED

5AHE> FBED

TH@NKM LP>>M>G>=

7TH@NKM |E:BG :KMB?B<B:E LP>>M>G>K

Medium Gl Foods (56D69)

IKB<HML

I:GM:EHNI>

+:LA>= [HM:MH>L

5AHE> PA>:M IBM: ;K>:=

5AHE> PA>:M K>:=

IHNL<HNL

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



IAIIM>K

IK;HAR=K:M>L

KHPG KB<>

IA>>L> IBSS:

OR> ;K>:=

& F;NK@>K ;NG

E:<D ;>:G LHNI

+:<:KHGB :G= <A>>>

IH<: HE:

High Gl Foods (70 and higher)

":M>L

:G:G: HO>K KBI>

..KLGBIL

IHKG <ABIL

.K>MS>EL

5ABM> ;K>:=

SABM> KB<>

1:@A>MMB =NKNF ?EHNK

SABM> KB<> BGLM:GM

$K>G<A ;:@N>MM>

:@>E

K>:= LMN??BG@

IA>>KBHL

IK>:F H? PA>:M

0:BLBG K:G

$KNBM KHEE NI

%:MHK:=>

1HNK<> 3GBO>KLBMR H? 1R=G>R %ER<>FB< 'G=>Q ":M:;:L> W
1R=G>R :EE KB@QAML KAMMDPPP @ER<>FB<BG=>Q <HF

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

2A> 3GBO>K
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2A> <:K;HAR=K:M> MRI> PBMABG : ?HH=:??><ML MA> %' ;NM LH =H>L BML ?:M :
<HGM>GM PAB<A K>=N<> MA> %' 'G<K>:L>=?:M :G= ?B;>K BG ?HH=L BG<K>:L>
K>INBK>= ?HK =B@>LMBHG :G= =>E:RL MA> K:M> H? @:LMKB< >FIMRBG@ BGN\
BGM>LMBG> .KH<>LLBG@ :G= <HHDBG@ :==BMBHG:EER :??><M : ?HH=]L %' ;R
=B@>LMB;BEBMR =0:G<>F>GML BG MA> M><AGHEH@B>L H? ?HH= IKH<>LLB(
<HGLNF>K =>F.G= ?HK <HGO>GB>GM |IK><HHD>= ?HH=L BG MA> 3GBM>= 1M:N
<K>:M>= ?HH=L MA:M :K> =B@>LM>= :G=:;LHK;>= FHK> K:IB=ER BG=>I>G=>GM
<HGM>GM +H=>KG ;K>:D?.LM <>K>:EL ;K>:=L [.LM:L :G=F:GR IK>|:K>= ?HH=L A
AB@A %' 'G <HGMK:LM FHLM K:P ?HH=L A:O>: EHP>K %' &HP>0>K MA> FHK>
?KNBM HK O>@>M:;E> BL MA> AROGER>K BMb WER<>FB< 'G=>Q $HH=L BG
IHFI:KBLHG MH %EN<HBOB=>L MA> %' ?HK O:KBHNL ?HH=L 2A> %' <:G ;> NL>=
@NB=> ?HK <AHHLBG@ A>:EMAB>K <:K;HAR=K:M> <AHB<>L ;NM A:L LHF> EBFE
MA:M MA> %' =H>L GHM M:D> BGMH amtidGIA MKHAR=K:M>L BG : IHKMBHG H?
?HH= HGERtypeH? <:K;HAR=K:M> GHMA>K BL MA:M <HF;BGBG@ EHP :G= AB(
?HH=L <A:G@>L MA> %' ?HK MA> F>.E ELH LHF> GNMKB>GM =>GL> ?HH=L A:C
MA:G E>LL GNMKBMBHNL ?HH= $HK BGLM:G<> H:MF>:E A.L : AB@A>K %' MA:C
><:NL> MA> ?:M <HGM>GM H? <AH<HE:M> BL AB@A>K *.LMER F>:ML :G=?:ML
%' LBG<> MA>R =H GHM <HGM:BG <:K;HAR=K:M>L

Interactive 4.1

4BLBM MABL HGEBG> =:M:;:.L> H? @ER<>FB< BG=B<>L H? ?HH=L

AMMI| PPP @BEBLMBG@ <HF

Balancing the Thanksgiving Feast

2H ;:E:G<> MA> AB@A %' ?HH=L HG MA> 2A:GDL@BOBG@ M:;E> PBMA EHP %' ?
LHF> H? MA>L> LN@ @>LMBHGL

V 1>KO>: PBGM>K ?KNBM L:E:=

V *>:0> MA> LDBGL HG MA> I[HM:MH>L 2A> LDBG <HGM:BGL ?B;>K :G=
M>QMNK> MH F:LA>= IHM:MH>L "H GHM NL> BGLM:GM IHM:MH>L

V 'GLM>:= H? <:GG>= @K>>G ;>:GL PBMA <K>:F H? FNLAKHHF LHNI :G=
HGBHGL ?HK : LB=> =BLA <HF;BG> ;NMM>K ;>:GL :G= @K>>G I>:L ?H
<HEHK?NE EHP %' ?HH=

V +:D> RHNK LMN??BG@ PBMA PAHE> @K:BG ;K>:= :G=:== FNLAKHHF
>QMK: <>E>KR :G= HGBHGL

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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V 2KR : G>P EHP LN@:K INFIDBG IB> K><BI> :G= F:D> MA> <KNLM ?KHF
PAHE> @K:BG ?EHNK
V -??2>K AHF>F:=> ;:G:G: ;K>:= 27HK =>LL>KM

Balance the high-Gl foods at the Thanksgiving table with low-Gl foods.

© Shutterstock

KEY TAKEAWAYS

V :K;HAR=K:M> =B@>LMBHG ;>@BGL BG MA> FHNMA PBMA MA> F><A:GB<
H? <A>PBG@ :G= MA> <A>FB<:E :<MBHG H? L:EBO:KR :FRE:L> ""K;HAR=K
:K> GHM <A>FB<:EER ;KHD>G =HPG BG MA> LMHF:<A ;NM K:MA>K BG MA
BGM>LMBG> .:G<K>:MB< :FRE:L> :G= MA> =BL:<<A:KB=:L>L ?BGBLA MA>
<A>FB<:E ;K>:D=HPG H? =B@>LMB;E> <:K;HAR=K:M>L

V 2A> FHGHL:<<A:KB=>L :K> :;LHK;>= BGMH MA> ;EHH=LMK>:F :G= =>EBO>}
MH MA> EBO>K

V 1HF> H? MA> BG=B@>LMB;E> <:K;HAR=K:M>L :K>=B@>LM>= ;R ;:<M>KB:
E:K@> BGM>LMBG>

V %EN<HL> BML>E? I:KMB<BI:M>L BG K>@NE:MBG@ BML E>O>EL BG MA>
<:K;HAR=K:M>L A:O> MA> L:F> >??><M HG ;EHH= @EN<HL> E>O>EL 2A>
@ER<>FB< K>LIHGL> BL : F>:LNK>F>GM H? MA> >??><ML H? : <:K;HAR=K:
<HGM:BGBG@ ?HH=HG ;EHH= @EN<HL> E>O>EL

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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DISCUSSION STARTERS

#QI>KB>G<> MA> M:LM> L>GL:MBHGL H? =B??>K>GM <:K;HAR=K:M>L 5A:
LHF> ?HH=L MA:M L:MBL?R RHNK LP>>MG>LL L>GL:MBHG

#0O>G MAHN@A ?B;>K <HGM:BGL <:EHKB>L :E;>BM E>LL MA:G A:E? H? HN\
<:K;HAR=K:M>L PAR =H P> @>G>K:EER =BL<HNGM BML <:EHKB< <HGMK
?KHF HNK =B>ML

&HP EHG@ : I>KLHG ?>>EL ?NEE :?M>K >:MBG@ : <:K;HAR=K:M> KB<A F>
=>|>G=L HG MA> MRI> H? <:K;HAR=K:M> <HGLNF>= :G= PA:M HMA>K
GNMKB>GML :K> BG MA> F>.E IHG=N<M :G >QI>KBF>GM :G= =>M>KFBG>
EHG@ RHN ?>>E ?NEE :?M>K >MBG@ : <:G=R ;:K :?M>K >:MBG@ : LEB<>
@K:BG ;K>:= ?M>K >:MBG@ :G :IIE> :G=:?M>K >:MBG@ : IHM:MH HFI:K>
RHNK K>LNEML PBMA RHNK <E:LLF:M>L :G==BL<NLL PAR LHF> H? MA>L.
<:K;HAR=K:M> ?HH=L F:D> RHN ?>>E ?NEE EHG@>K MA:G HMA>KL

"B@>LMBHG :G= ;LHKIMBHG H? 'K;HAR=K:M>L
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4.3 The Functions of Carbohydrates in the Body

LEARNING OBJECTIVE

*BLM ?HNK IKBF:KR ?NG<MBHGL H? <:K;HAR=K:M>L BG MA> ANF:G ;H=R

2A>K> K> ?BO> IKBF:KR ?NG<MBHGL H? <:K;HAR=K:M>L BG MA> ANF.G ;H=R 2/
>G>K@R IKH=N<MBHG >G>K@R LMHK:@> ;NBE=BG@ F:<KHFHE><NE>L LI:KB
'‘LLBLMBG@ BG EBIB= F>M:;HEBLF

Energy Production

2A> IKBF:KR KHE> H? <:K;HAR=K:M>L BL MH LNIIER >G>K@R MH :EE <>EEL BG |
<>EEL IK>?>K @EN<HL> :L : LHNK<> H? >G>K@R O>KLNL HMA>K <HFIHNG=L EE
1HF> <>EEL LN<A :L K>=:EHH=<>EEL :K>HGER :;E> MH IKH=N<> <>EENE:K >G
@EN<HL> 2A> :K:BG BL :ELH AB@AER L>GLBMBO> MH EHP ;EHH= @EN<HL> E=
only@EN<HL> MH IKH=N<> >G>K@R :G= ?NG<MBHG NGE>LL NG=>K >QMK>F> |
<HG=BMBHGL HNM [>K<>GM H? MA> @EN<HL>>GM>KBG@ MA> ;:H=R ?KHF
K>=BLMKB;NM>= ;R MA> EBO>K ;:<D BGMH MA> ;EHH= ?HK NL> ;R HMA>K MBLI
K>INBK> >G>K@R K>FHO> MA> @EN<HL> ?KHF MA> ;EHH= PBMA : MK:GLIHKM
F>FK:G>L 2A> >G>K@R ?KHF @EN<HL> <HF>L ?KHF MA> <A>FB<:E ;HG=L ;>MF
<:K;HG :MHFL INGEB@AM >G>K@R P:L K>IJNBK>= MH IKH=N<> MA>L> AB@A >(
MA> IKH<>LL H? IAHMHLRGMA>LBL !>EEL BG HNK ;H=B>L ;K>:D MA>L> ;HG=L :C
>G>K@R MH I>K?HKF <>EENE:K K>LIBK:MBHG !>EENE:K K>LIBK:MBHG BL ;:LB<
‘NKGBG@ H? @EN<HL> O>KLNL :G NG<HGMKHEE>= :NKGBG@ <>EE NL>L F:G
K>:<MBHGL BG FNEMBIE> >GSRF:MB< LM>IL MH LEHP MA> K>E>:L> H? >G>K@F
:G= FHK> >??B<B>GMER <:IMNK> MA> >G>K@R A>E= PBMABG MA> <A>FB<:E ;I

2A> ?BKLM LM:@> BG MA> ;K>:D=HPG H? @EN<HL> BLGIysBysi€ ERKHEREBL

LIEBMMBG@ H? @EN<HL> H<<NKL BG :G BGMKB<:M> L>KB>L H? M>G >GSRF:N\
2A> L><HG=LM:@> H? @EN<HL> ;K>:D=HPG H<<NKL BG MA> >G>K@R ?:<MHKF
<:EE>= FBMH<AHG=KB: -G> <:K;HG :MHF :G= MPH HQR@>G :MHFL :K> K>FHO>=
FHK> >G>K@R 2A> >G>K@R ?KHF MA>L> <:K;HG ;HG=L BL <:KKB>= MH :GHMA>
FBMH<AHG=KB: F:DBG@ MA> <>EENE:K >G>K@R :0:BE:;E> BG : ?HKF <>EEL <:

2A> ?BKLM LM:@> H? @EN<HL>
;K>:D=HPG : M>G LM>|
>GSRF:MB< IKH<>LL MA:M LIEBML
@EN<HL> BGMH MPH MAK>> <:K;HG
FHE><NE>L :G= RB>E=L MPH
FHE><NE>L H? 2.




IAIIM>K  K;HAR=K:M>L

Cellular respiration is the process by which energy is captured from glucose.

2A> $NG<MBHGL H? :K;HAR=K:M>L BG MA> H=R
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Energy Storage

Figure 4.5

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

'"? MA> ;H=R :EK>:=R A:.L > GHN@A >G>K@R MH LNIIHKM BML ?NG<MBHGL MA>:
LMHK>=:L @ER<H@>G MA> F:CHKBMR H? PAB<A BL LMHK>= BG MA> FNL<E>:
FHE><NE> H? @ER<H@>G F:R <HGM:BG BG >Q<>LL H? ?B?MR MAHNL:G= LBGC
:G=BL AB@AER ;K:G<A>= :EEHPBG@ ?HK MA> K:IB= =BLL>FBG:MBHG H? @EN:-
G>>=>= MH F:D> <>EENE K >$B®ER>

2A> :-FHNGM H? @ER<H@>G BG MA> ;H=R :M :GR HG> MBF> BL >JNBO:E>GM Mt
DBEH<:EHKB>LY BG FNL<E> MBLLN> :G= BG MA> EBO>K .KHEHG@>= FNI
LN<A :L >Q>K<BL> ?HK EHG@>K MA:G : ?>P AHNKL <:G =>IE>M> MA> @ER<H@
K>L>KO> 0>F>F;>K :ELH M >K NMKBMBHG :G= MA> &NF:G MRl MABL

BL K>?>KK>= MH :L ZABMMBG@ MA> P:EE[ HK Z;HGDBG@| :G= BL <A:K:<M>KBS
: =><K>:L> BG >Q>K<BL> [>K?HKF:G<> 2A> P>.D>GBG@ H? FNL<E>L L>ML BG ;>
M:D>L EHG@>K MH MK:GL?HKF MA> <A>FB<:E >G>K@R BG ?:MMR :<B=L :G= IKl
>G>K@R MA:G @EN<HL> ?M>K IKHEHG@>= >Q>K<BL> @ER<H@>G BL @HG>

2A> $NG<MBHGL H? :K;HAR=K:M>L BG MA> H=R
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K>ER FHK> HG EBIB=L :G= IKHM>BGL L :G >G>K@R LHNK<> MAE>M>L <:G BG<
@ER<H@>G K>L>KO> FH=>LMER ;R K>=N<BG@ MK:BGBG@ BGM>GLBMR :G=E
<!K;HAR=K:M>BGM:D> MH ;>MP>>G :G= [>K<>GM H? MHM:E <:EHKB>L MAK>:
=:RL IKBHK MH :G >0>GM .>HIE> PAH :K> GHM A:K=<HK> MK:BGBG @ :G= <AHHI

DBEHF>M>K K:<> ?HK ?NG =H GHM G>>= MH <HGLNF>: ;B@ IE:M> H? |:LM: IKBI
LBG<> PBMAHNM EHG@ M>KF BGM>GL> MK:BGBG@ MA> :=:IM:MBHG H? BG<K:
@ER<H@>G PBEE GHM A:lI>G

2A> EBO>K EBD> FNL<E> <:G LMHK> @EN<HL>>G>K@R L : @ER<H@>G ;NM
FNL<E> MBLLN> BM PBEE L:<KB?B<> BML LMHK>= @EN<HL> >G>K@R MH HMA:
PA>G ;EHH= @EN<HL> BL EHP IIKHQBF:M>ER HG> JN:KM>K H? MHM:E ;H=R @I
<HGM>GM BL BG MA> EBO>K PAB<A BL >JNBO:E>GM MH ;;HNM : ?HNK AHNK LI
;NM MABL BL AB@AER =>|>G=>GM HG :<MBOBMR E>0O>E 2A>EBO>K NL>L MAB
: P:R MH D>>| ;EHH= @EN<HL> E>O>EL PBMABG : G:KKHP K:G@> ;>MP>>G F>:E
5A>G MA> EBO>K]L @ER<H@>G LNIIER BL >QA:NLM>= @EN<HL> BL F:=> ?KHF
H;M:BG>= ?KHF MA> =>LMKN<MBHG H? IKHM>BGL BG HK=>K MH F:BGM:BG F>N
AHF>HLM:LBL

Building Macromolecules

EMAHN@A FHLM :;LHK;>= @EN<HL> BL NL>= MH F:D> >G>K@R LHF> @EN<HL:
MH KB;HL> :G= =>HQRKB;HL> PAB<A :K>>LL>GMB:E ;NBE=BG@ ;EH<DL H? BFIt}
F:<KHFHE><NE>L LN<A:LO, ", :G= 2. $B@NK> %EN<HL> BL :==BMBHG:EER

NMBEBS>= MH F:D> MA> FHE><NE> , ".& PAB<A BL BFIHKM:GM ?HK IKHM><MBF}
HQB=:MBO> LMK>LL :G= BL NL>= BG F:GR HMA>K <A>FB<:E K>:<MBHGL BG MA:
MA> >G>K@R @ER<H@>G LMHKBG@ <:l:<BMR :G=;NBE=BG@ G>>=L H? MA>
>Q<>LL @EN<HL> <:G ;> NL>= MH F:D> ?:M 2ABL BL PAR : =B>M MHH AB@A BG
:G=<:EHKB>L <:G :== HG MA> ?:M IHNG=LY: MHIB< MA:M PBEE ;> =BL<NLL>= LAl

2A> $NG<MBHGL H? :K;HAR=K:M>L BG MA> H=R
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Figure 4.6

The sugar molecule deoxyribose is used to build the backbone of DNA.

© Shutterstock

Sparing Protein

‘G : LBMN:MBHG PA>K> MA>K> BL GHM >GHN@A @EN<HL> MH F>>M MA> ;H=R]
BL LRGMA>LBS>= ?KHF :FBGH :<B=L ><:NL> MA>K> BL GH LMHK:@> FHE><NE:
:<B=L MABL IKH<>LL K>JNBK>L MA> =>LMKN<MBHG H? IKHM>BGL |IKBF:KBER *
MBLLN> 2A> IK>L>G<> H? :=>JN:M> @EN<HL> ;:LB<:EER LI:K>L MA> ;K>:D=HPG
?KHF ;>BG@ NL>= MH F:D> @EN<HL> G>>=>= ;R MA> ;H=R

Lipid Metabolism

L ;EHH= @EN<HL> E>O>EL KBL> MA> NL> H? EBIB=L :L :G >G>K@R LHNK<> BL
@EN<HL> :==BMBHG:EER A:L : Z?:M LIIKBG@] >??><M 2ABL BL ;><:NL>:G BG<K
@EN<HL> LMBFNE:M>L K>E>:L> H? MA> AHKFHG> BGLNEBG PAB<A M>EEL <>E
BGLM>:= H? EBIB=L MH F:D>>G>K@R =>JN:M> @EN<HL> E>0O>EL BG MA> ;EFl
MA> =>0O>EHIF>GM H? D>MHLBL )>MHLBL BL : F>M:;HEB< <HG=BMBHG K>LNEN
>E>0:MBHG H? D>MHG> ;H=B>L BG MA> ;EHH= )>MHG> ;H=B>L :K> :G :EM>KG:N\
LHNK<> MA:M <>EEL <:G NL> PA>G @EN<HL> LNIIER BL BGLN??B<B>GM LN<A
)>MHG> ;H=B>L :K> :<B=B< :G= AB@A >E>0O:MBHGL BG MA> ;EHH= <:G <:NL> BM
:<B=B< 2ABL BL K:K>BG A>:EMAR :=NEML ;NM <:G H<<NK BG :E<HAHEB<L [>HI
F:EGHNKBLA>= :G=BG BG=BOB=N:EL PAH A:O> 2RI> =B:;>M>L 2A> FBGBFNF:
H? <:K;HAR=K:M> BG MA> =B>M K>JNBK>= MH BGAB;BM D>MHLBL BG :=NEML B

2A> $NG<MBHGL H? :K;HAR=K:M>L BG MA> H=R
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IK;HAR=K:M>L :K> <KBMB<:E MH LNIIHKM EB?>]L FHLM ;:LB< ?NG<MBHGYMA> |
>G>K@R 5BMAHNM >G>K@R GHG> H? MA> HMA>K EB?> IKH<>LL>L :K> I>K?HK
HNK ;H=B>L <:G LRGMA>LBS> @EN<HL> BM <HF>L :M MA> <HLM H? IKHM>BG =:
PBMA :EE GNMKB>GML MAHN@A <:K;HAR=K:M>L :K> MH ;> <HGLNF>= BG FH=>
A:OBG@ MHH FN<A HK MHH EBMME> BG MA> =B>M F:R E>:= MH A>:EMA IKH;E>

KEY TAKEAWAYS

V 2A> ?HNK IKBF:KR ?NG<MBHGL H? <:K;HAR=K:M>L BG MA> ;:H=R :K> MH Ik
>G>K@R LMHK> >G>K@R ;NBE= F:<KHFHE><NE>L :G= LI:K> IKHM>BG :C
?HK HMA>K NL>L

V %EN<HL> >G>K@R BL LMHK>=:L. @ER<H@>G PBMA MA> F.CHKBMR H? |
FNL<E> :G= EBO>K 2A> EBO>K NL>L BML @ER<H@>G K>L>KO>:L: P:R NV
;EHH= @EN<HL> E>O>EL PBMABG : G:KKHP K:G@> ;>MP>>G F>:E MBF>L
@EN<HL> BL :ELH NL>=:L ;NBE=BG@ ;EH<DL H? BFIHKM:GM F:<KHFHE><
LN<A:LO, ", :G= 2.

V 2A> IK>L>G<> H? :=>IJN:M> @EN<HL> BG MA> ;H=R LI:K>L MA> ;:K>:D=HPG
IKHM>BGL ?KHF ;>BG@ NL>= MH F:D> @EN<HL> G>>=>= ;R MA> ;H=R

DISCUSSION STARTERS

"BL<NLL MPH K>:LHGL BM BL >LL>GMB:E MH BG<EN=> <:K;HAR=K:M>L BC
5AR BL BM G><>LL:KR ?HK MA> ;H=R MH LI:K> IKHM>BG

2A> $NG<MBHGL H? :K;HAR=K:M>L BG MA> H=R
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4.4 Looking Closely at Diabetes

F>M:;HEB< =BL>:L> BG PABx

<>EEL BG MA> |:G<K>:L :K> D
‘R :G ;;GHKF:E K>LIHGL> H? N
BFFNG> LRLM>F <:NLBG@ :
H? BGLNEBG BG MA> ;H=R

LEARNING OBJECTIVE

INFF:KBS> MA> EHG@ M>KF A>:EMA BFIEB<:MBHGL :G= MA> =B>M:KR
IIKH:<A>L MH EBOBG@ PBMA 2RI> :G=2RI> =B:;>M>L

What Is Diabetes?

"B:;>M>L BL HG> H? MA> MHI MAK>> =BL>:L.>L BG F>KB<: 'M :??><ML FBEEBHGI
<:NL>L M>GL H? MAHNL:G=L H? =>:MAL >:<A R>:K "B:;>M>L BL : F>M:;HEB< =BL>
BGLNEBG =>?B<B>G<R :G= @EN<HL> HO>K LN??B<B>G<R *BD> HMA>K =BL>:L
GNMKBMBHG >GOBKHGF>GM :G= EB?>LMRE> :K> :EE BGOHEO>= BG =>M>KFI
?HK =>O>EHIBG@ =B:;>M>L -G> LNK> P:R MH =><K>:L> RHNK <A:G<>L H? @>MI
BL MH F:BGM:BG :G HIMBF:E ;H=R P>B@AM ;R :=A>KBG@ MH : =B>M MA:M BL ;:E
<K;HAR=K:M> ?:M :G=IKHM>BG BGM:D> 2A>K> :K> MAK>> =B??>K>GM MRI>L |
2RI> =B:>M>L 2RI> =B:>M>L :G= @>LM:MBHG:E =B:;>M>L

Type 1 Diabetes

Type 1 diabetes BL : F>M:;HEB< =BL>:L.> BG PAB<A BGLNEBG L><K>MBG@ <>EE
I:G<K>:L :K>DBEE>= ;R :G :;;GHKF:E K>LIHGL> H? MA> BFFNG> LRLM>F <:NLBG(
H? BGLNEBG BG MA> ;H=R 'ML HGL>M MRIB<:EER H<<NKL ;>?HK> MA> :@> H? |
P:R MH IK>0>GM MA> =>:=ER LRFIMHFL H? MABL =BL>:L> BL MH BGC><M BGLN
LDBG >?HK> MABL MK>:MF>GM P:L =BL<HO>K>= [>HIE> PBMA 2RI> =B:>M>L
:?M>K =BL>:L> HGL>M ">:MA P:L MA> K>LNEM H? >QMK>F>ER AB@A ;EHH= @QE
?2?7><MBG@ ;K:BG ?NG<MBHG :G= E>:=BG@ MH <HF: :G==>:MA 31 NGMBE H)
2RI> =B:;>M>L MA> F:CHKBMR H? MA>F <ABE=K>G LI>GM MA>BK E:LM =:RL B(
PA>K> MA>R E:IL>= BGMH : <HF: :P:BMBG@ =>:MA -G> H? MA> FHLM BGLIBKBG
F>=B<:E ABLMHKR BL MA:M H? MA> L<B>GMBLML PAH =BL<HO>K>= BLHE:M>=
BGLNEBG :G= MA>G P>GM HG MH ?BG= HNM MA:M BM K>EB>0>= MA> LRFIMHF
=B:;>M>L ?BKLM BG =H@L :G= MA>G BG ANF:GL $K>=>KB<D :GMBG@ 'A:KE>L
(:F>L 'HEEBI P>GM BGMH : AHLIBM:E P:K=BG 2HKHGMH !:G:=: :G= BGC><M>= <|
<ABE=K>G PBMA BGLNEBG >?HK> MA>R <HFIE>M>= MA>BK KHNG=L <ABE=K>
:P:D>GBG@ MH MA> <A>>KL H? MA>BK ?:FBEB>L

\QEBQLHG PBMA 2RI> =B:;>M>L NLN:EER A:L : K:IB= HGL>M H? LRFIMHFL MA:M B¢
1MANG@>K >Q<>LLBO> MABKLM :G= NKBG:MBHG :G=K:IB= P>B@AM EHLL ><:N
E:2DNG<MBHG H? @EN<HL> BL MH IKHOB=> >G>K@R ?HK MA> ;H=R PA>G BGLNE
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F>M:;HEB< =BL>:L> H? BGLN
BGLN??B<B>G<R :ELH <:NL>
FNL<E> EBO>K :G=?:M <>E
EHG@>K K>LIHG=BG@ MH M
BGLNEBG BG MA> ;H=R

\

IK>L>GM MA>K> BL GH F>LL:@> L>GM MH <>EEL MH M:D> NI @EN<HL> ?KHF M/
<>EEL NL> ?:M :G= IKHM>BGL MH F:D> >G>K@R K>LNEMBG@ BG P>B@AM EHL
@H>L NGMK>:M>= BG=BOB=N:EL PBMA MA> =BL>:L.> PBEE =>0>EHI : EB?> MAK
<HG=BMBHG <:EE>= D>MH:<B=HLBL 2ABL <HG=BMBHG H<<NKL PA>G MA> ;H=I
GHM @EN<HL> MH F:D>>G>K@R K>LNEMBG@ BG : ;NBE= NI H? D>MHG> ;H=B:
BL : L>O>K> ?HKF H? D>MHLBL PBMA LRFIMHFL H? OHFBMBG@ =>AR=K:MBHG
K> MABG@ :G=<HG?NLBHG :G=>0>GMN:EER <HF: :G==>:MA 3IHG BGLNEBG
MA>L> L>0>K> LRFIMHFL :K> MK>:M>= :G= =>:MA BL :OHB=>= 3G?HKMNG:M>EF
BGLNEBG BGC><MBHG IK>0O>GML =>:MA BM BL GHM <HGLB=>K>=: <NK> .>HIE
=BL>:L> FNLM :=A>K> MH : LMKB<M =B>M MH IK>0>GM MA> =>0O>EHIF>GM H? L
<HFIEB<:MBHGL 2RI> =B:;>MB<L :K>:=OBL>= MH <HGLNF> : =B>M EHP BG MA>
<:K;HAR=K:M>L MA:M K:IB=ER LIBD> @EN<HL> E>O>EL AB@A %' ?HH=L MH <H
<:K;HAR=K:M>L MA>R >:M MH <HGLNF> A>.EMAR <:K;HAR=K:M> ?HH=L :G=MH
F>:EL ?K>IJN>GMER 2A>L> @NB=>EBG>L :K> :BF>=:M IK>O>GMBG@ E:K@> ?EI
;EHH= @EN<HL> $K>JN>GM >Q>K<BL> :ELH A>EIL F:G:@> ;EHH= @EN<HL> E>C
=B:;>M>L :<<HNGML ?HK ;>MP>>G :G= [>K<>GM H? =B:;>M>L <:L>L

Type 2 Diabetes

2A> HMA>K MH [I>K<>GM H? =B:;>M>L <:L>L :K> 2RI> FRie-Ridiabetes

BL =>?BG>=:L : F>M:;HEB< =BL>:L> H? BGLNEBG BGLN??B<B>G<R ;NM BM BL :I
FNL<E> EBO>K :G=?:M <>EEL GH EHG@>K K>LIHG=BG@ MH M/SBBINKIEBG B!
__ 'G;KB>? <>EEL BG MA> ;H=R A:O> ;><HF> K>LBLM:GM MH BGLNEBG :G= G}
K><>BO> MA> ?NEE IARLBHEH@B<:E F>LL:@> H? BGLNEBG MH M:D> NI @EN<F
2ANL LBFBE:K MH I:MB>GML PBMA 2RI> =B:;>M>L MAHL> PBMA 2RI> =B:;>M>|
AB@A ;EHH= @EN<HL> E>O>EL

$HK 2RI> =B:;>MB<L MA>HGL>M H? LRFIMHFL BL FHK> @K:=N:E :G= E>LL GHN
MA:G ?HK 2RI> =B:;>MB<L 2A> LRFIMHFL :K> BG<K>:L>= MABKLM :G= NKBG:ME
NG>QIE:BG>= P>B@AM EHLL :G=ANG@>K 2A> ?BKLM LM:@> H? 2RI> =B:;>M>
<A:K:<M>KBS>= ;R AB@A @EN<HL> :G= BGLNEBG E>O>EL 2ABL BL ;><:NL> MA:
L><K>MBG@ <>EEL BG MA> |:G<K>:L :MM>FIM MH <HFI>GL:M> ?HK BGLNEBG K:
F:DBG@ FHK> BGLNEBG 'G MA> L><HG=LM:@> H? 2RI> =B:;>M>L MA> BGLNE
<>EEL BG MA> [:G<K>:L ;><HF> >QA:NLM>=:G==B> M MABL IHBGM 2RI> =B:;>
A:0> MH ;> MK>:M>= PBMA BGLNEBG BGC><MBHGL &>:EMA<:K>IKHOB=>KL BL
L><HG= LM:@> ?KHF A:lI>GBG@ L PBMA 2RI> =B:;>M>L <AKHGB<:EER AB@A
E>O>EL <:NL> ;B@ =>MKBF>GML MH A>.EMA HO>K MBF> LH :GHMA>K @H:E ?H
2RI> =B:>M>L BL MH IKHI>KER F:G:@> MA>BK ;EHH= @EN<HL> E>O>EL 2A> ?}
JIKH:<A ?HK MK>:MBG@ 2RI> =B:;>M>L BG<EN=>L >:MBG@ : A>:EMAR =B>M :G

E@BLB<:E :<MBOBMR

= ;R

kg%i I>GM>KL ?HK "BL>:L> IHGMKHE .K>0>GMBHG !"! >LMBF:M>L MA:M :L H?
FBEEBHG F>KB<:GL A:0>=B:;>M>L PAB<ABL [I>K<>GM H? MAGNHIKIE MBHG

*HHDBG@ 'EHL>ER :M "B:;>M>L
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"BL>:L> IHGMKHE :G= .K>O0>GMBHG Z"B:;>M>L 0>L>:K<A :G= 1IM:MBLMB<L [ <<>
1>IM>F;>K AMMI PPP <=< @HO =B:;>M>L <HGLNF>K K>L>:K&A AMF

MA> <HLM H? =B:;>M>L MH MA> 3GBM>= 1M:M>L P:L >LMBF:NsGNMKL BEKEBHG
"BL>:L> IHGMKHE :G= .K>0>GMBHG Z!"! IM:M>F>GML HG "B:;>M>L 'LLN>L [ <<>I
1>IM>F;>K AMMI PPP <=< @HO =B::>M>L G>PL =H<L =I| AMF
BG<B=>G<> H? 2RI> =B:;>M>L A:.L FHK> MA:G =HN;E>=BG F>KB<: BG MA> |.LM
R>:KL :G= MA> KBL> BL I:KMER :MMKB;NM>= MH MA> BG<K>:L> BG H;>LBMR BG
%>G>MB<L >GOBKHGF>GM GNMKBMBHG :G=EB?>LMRE> :EE IE:R : KHE> BG
I>KLHG]L KBLD ?HK 2RI> =B:;>M>L 5> E>IAEW=BG,NMKBMBHG :G= RHNM

P> A:0> MA> IHP>K MH <A:G@> LHF> H? MA> =>M>KFBG:GML H? =BL>:L> ;NM G
2A>"B:;>M>L .K>O>GMBHG 2KB:E MA:M LMN=B>= EB?>LMRE> :G= =KN@ BGM>K
MA:G MAK>> MAHNL:G= I:KMB<BI:GML PAH P>K>:M AB@A KBLD ?HK 2RI> =B:;>
MA:M BGM>GLBO> EB?>LMRE> BGM>KO>GMBHG K>=N<>= MA> <A:G<>L H? @>
;R I>K<>GMGHPE>K 5 ! >M:E Z0>=N<MBHG BG MA> 'G<B=>G<> H? 2RI> "B:;:
PBMA *B?>LMRE> 'GM>KO>GMBHG HK +>M?HKFBG [, #G@E (+>= GH

AMMI PPP G>CF HK@ =HB ?NEE H(+H:

Figure 4.7

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

*HHDBG@ 'EHL>ER :M "B:;>M>L


http://www.cdc.gov/diabetes/consumer/research.htm
http://www.cdc.gov/diabetes/news/docs/dpp.htm
http://www.nejm.org/doi/full/10.1056/NEJMoa012512
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Video 4.2

Do You Have High Blood Sugar?

<EB<D MH L>> OB=>H

A more in-depth view of blood sugar and your health.

Figure 4.8

&0OBG@ FHK> MA:G HG> KBLD ?:<MHK ?HK 2RI> =B:;>M>L LN;LM:GMB:EER BG:-
I>KLHG]L <A:G<>L ?HK =>O>EHIBG@ MMetaBakclsyndrome K>?>KL MH :
F>=B<E <HG=BMBHG BG pAgEA-B<:E <HG=BMBHG BG PAB<A I>HIE> A:0> MAK>> HK FHK> KBLD ?:<MHKL ?H
ISHIE> A:O> MAK>> HK FHK> KB :>M>L :G= <:K=BHO:L<NE:K =BB@INK> +>M:;HEB< 1RG=KHF>
?:<MHKL ?HK 2RI> =B:;>M>L|:GHF;BG:MBHG H? OBLD $:<MHKL 'G<K>:LBG@ MA> !A:G<>L ?HK |AKHGB< "BL>:L>

<:K=BHO:L<NEK =BL>:L> <<HK=BG@ MH MA> 'GM>KG:MBHG:E "B:;>M>L $>=>K:MBHG "$ I>HIE> :K>=B:(@

*HHDBG@ 'EHL>ER :M "B:;>M>L


http://www.youtube.com/v/gJPuZofaAx8
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F>M::HEB< <HG=BMBHG LB
MH 2RI> =B:;>M>L MA:M H<<
BG LHF> IK>@G:GM PHF>G

F>M:;HEB< <HG=BMBHG BG
I>HIE> A:O> FH=>K:M>ER AB
@EN<HL>E>O0>EL ;NM=HG
MA> <KBM>KB: ?HK =B:@GH
=B:;>MB<

MABL LRG=KHF> B? MA>R A:0> <>GMK:E :;=HFBG:E H;>LBMR :G=:GR MPH H? |
A>EMA ILK:F>M>KL MKB@ER<>KB=>L @K>M>K MA:G F@ =* AB@A =>GLBMF
&"* EHP>K MA:G F@ =* LRLMHEB< ;EHH= IK>LLNK> :;;HO> FF&@ HK =B:LMF
3HO> FF&@ ?:LMBG@ ;EHH= @EN<HL> E>0O>EL @QK>:M>K TBMSKGCMBHEG:E
"B:;>M>L $>=>K:MBHG Z2A>"'$ IHGL>GLNL 5HKE=PB=>">?BGBMBHG H? MA> +>
1IRG=KHF> [ <<>LL>=1>IM>F;>K AMMI PPP B=? HK@ P>;=:M: =H<L
"$9+>M:9=>?9?BG:E I2A> "'$ >LMBF:M>L MA:M ;>MP>>G :G= [|>K<>GM H? :=NE
PHKE=PB=> A:0> F>M:;HEB< LRG=KHF> 1MN=B>L O:KR ;NM I>HIE> PBMA F>M;;
LRG=KHF> A:0> ;>MP>>G : :G= MBF>L @K>:M>K <A:G<>?HK =>O>EHIBG@ 2R
=B:;>M>L MA:G MAHL> PAH =H GHM A:0> MAXANRIKNBHG:E "B:;>M>L
$>=>K:MBHG Z2A>"$ IHGL>GLNL 5HKE=PB=> ">?BGBMBHG H? MA> +>M:;HEB<
<<>LL>=1>IM>F>K AMMI_PPP B=? HK@ P>;=:M: =H<L
"$9+>M:9=>?9?BG:E |=?

Gestational Diabetes

"NKBG@ IK>@G:G<R LHF> PHF>G ge3tdfidhal diabetes  %>LM:MBHG:E
=B:;>M>L BL <A:K:<M>KBS>= ;R AB@A ;EHH= @EN<HL> E>0O>EL :G= BGLNEBG K
>Q:<M <:NL> BL GHM DGHPG ;NM =H>L BGOHEO> MA> >??><ML H? IK>@G:G<R.
AHP <>EEL K>LIHG= MH BGLNEBG %>LM:MBHG:E =B:;>M>L <:G <:NL> IK>@G:G«
<HFIEB<:MBHGL :G= BM BL <HFFHG IK:<MB<> ?HK A>.EMA<:K> IK:<MBMBHG>KL
IK>@G:GM PHF>G ?HK MABL F>M:;HEB< =BLHK=>K 2A> =BLHK=>K GHKF:EER <
MA> IK>@G:G<R BL HO>K ;NM MA> :MBHG:E "B:;>M>L 'G?HKF:MBHG 'E>:KBG@
MA:M PHF>G PAH A:= @>LM:MBHG:E =B:;>M>L A:0O> >MP>>G : :G= [>K<>GM
EBD>EBAHH=H? =>O>EHIBG@ 2RI> =B:;>M>L PBMABG MABBKOI""B>SVRE: KL
'G?HKF:MBHG 'E>:KBG@ &HNL> Z"B:;>M>L -O>KOB>P [ <<>LL>= 1>IM>F;>K
AMMI =B:;:>M>L GB==D GBA @HO =F IN:L HO>&OB#MBHG:E =B:;>M>L GHM HGE
?2?7><ML MA> A>:EMA H? : IK>@G:GM PHF:G ;NM :ELH BL :LLH<B:M>= PBMA :G B(
H? H;>LBMR :G= 2RI> =B:;>M>L BG A>K <ABE=

Prediabetes

L MA> M>KF BGPrKtliabetes BL : F>M:;HEB< <HG=BMBHG BG PAB<A I>HIE> A:O
FH=>K:M>ER AB@A @EN<HL> E>O>EL ;NM =H GHM F>>M MA> <KBM>KB: ?HK =
=B:;>MB< -O>K L>O>GMR GBG> FBEEBHG F>KB<:GL :K> IK>=B:;>MB< :G=:M BG
?HK 2RI> =B:;;:>M>L :G=<:K=BHO:L<NE:K ABBHGE "B::>M>L 'G?HKF:MBHG
L !ER:KBG@ &HNL> Z"B:;>M>L -O>KOB>P [ <<>LL>= 1>IM>F;>K
NAMMI =B::>M>L GB==D GBA @HO =F IN;L HO>KOBBHG:E "B:;>M>L
'G?HKF:MBHG E>.KBG@ &HNL> K>IHKML MA:M  [>K<>GM H? :=NEML :@>= MP>
P,I&|§<?K :G= [>K<>GM H? MAHL> HO>K MA> :@> H? LBQMR ?BO>MBBISIE>=B:;>\
@AB:;>M>L 'G?HKF:MBHG !E>:KBG@ &HNL> Z"B:;>M>L -O>KOB>P [ <<>LL>=1>IM>

HM F>>MMMI  =B:;>M>L GB==D GBA @HO =F IN;L HO>KOB>P
| BL :L:

*HHDBG@ 'EHL>ER :M "B:;>M>L


http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf
http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf
http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf
http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf
http://diabetes.niddk.nih.gov/dm/pubs/overview/
http://diabetes.niddk.nih.gov/dm/pubs/overview/
http://diabetes.niddk.nih.gov/dm/pubs/overview/
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Long-Term Health Consequences of Diabetes

2A> EHG@ M>KF A>EMA <HGL>JN>G<>L H? =B:;>M>L :K> L>0>K> 2A>R :K> MA:
<AKHGB<:EER AB@A @EN<HL> <HG<>GMK:MBHGL BG MA> ;EHH= :<<HFI:GB>=
F>M:;HEB< :;GHKF:EBMB>L LN<A :L AB@A ;EHH= EBIB= E>O>EL .>HIE> PBMA =E
>MP>>G MPH :G= ?HNK MBF>L FHK> EBD>ER MH =B> ?KHF <:K=BHO:L<NE:K =B
BL MA> GNF;>K HG> <:NL> H? G>P <:L>L H? ;EBG=G>LL EHP>K EBF; :FINM:MBH(
DB=G>R ?:BENK> +:GR I>HIE> PBMA =B:;>M>L =>0>EHI I>KBIA>K:E G>NKHI:MAF
<A:K:<M>KBS>=:R FNL<E> P>:DG>LL EHLL H? ?>>EBG@ :G=|:BG BG MA> EHP>
+HK> K><>GMER MA>K> BL L<B>GMB?B< >0OB=>G<> MH LN@ @>LM I>HIE> PBNM
:M BG<K>:L>= KBLD ?HK ESA>BF>K]L =BL>:L>

Video 4.3

Diabetes and Associated Complications

<EB<D MH L>> OB=>H

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

)>>IBG@ ;EHH= @EN<HL> E>O>EL BG MA> M:K@>M K:G@> X F@ =*;>?HK>:
K>INBK>L <:K>?NE FHGBMHKBG@ H? ;EHH= @EN<HL> E>O>EL PBMA : ;EHH= (
LMKB<M :=A>K>G<> MH : A>.EMAR =B>M :G= BG<K>:L>= IARLB<:E :<MBOBMR 2
>@BG BGLNEBG BGC><MBHGL :L LHHG L MA>R :K>=B:@GHL>= 2RI> =B:;>ME
HK:E F>=B<:MBHGL :G= BGLNEBG BGC><MBHGL MH F:BGM:BG ;EHH= @EN<HL>
M:K@>M K:G@> 2A> LRFIMHFL H? AB@A ;EHH= @EN<HL> :ELH <:EE>= ARI>K@
=B??B<NEM MH K><H@GBS> =BFBGBLA BG MA> <HNKL> H? =B:;>M>L :G=:K>F
11:K>GM NGMBE E>O>EL ;><HF> O>KR AB@A 2A> LRFIMHFL :K> BG<K>:L>= MAI
?K>IN>GM NKBG:MBHG &:0BG@ MHH EHP ;EHH= @EN<HL> E>O>EL DGHPG :L
:ELH =>MKBF>GM:E MH A>EMA &RIH@ER<>FB: BL FHK> <HFFHG BG 2RI> =B
BL FHLM H?M>G <:NL>= ;R BGC><MBG@ MHH FN<A BGLNEBG HK BGC><MBG@
2A> LRFIMHFL H? ARIH@ER<>FB: :K> FHK> :<NM> BG<EN=BG@ LA:DBG>LL LP>
G:NL>: ANG@>K <E:FFBG>LL ?:MB@N> <HG?NLBHG BKKBM:;BEBMR LMNIHK
<HF: &RIH@ER<>FB: <:G ;> K:IB=ER :G= LBFIER MK>:M>= ;R >:MBG@ ?HH=L <HC
“HNM M>G MH MP>GMR @K:FL H? ?:LM K>E>:LBG@ <:K;HAR=K:M>L '? LRFIMHF
I>KLHG BL >BMA>K MK>:M>= ;R >F>K@>G<R <:K> IKHOB=>KL PBMA :G BGMK:O:
H? @EN<HL> HK @BO>G :G BGC><MBHG H? @EN<:@HG PAB<A FH;BEBS>L @FE
BG MA> EBO>K 1HF> I>HIE> PAH :K> GHM =B:;>MB< F:R >QI>KB>G<> K>:<MBO>
ARIH@ER<>FB: 2ABL BL : <HG=BMBHG BG PAB<A I>HIE> :K> L>GLBMBO> MH M
LN@:KL K>?BG>=LM:K<A>L :G= AB@A %' ?HH=L 'GOB=N:EL PBMA K>:<MBO> A
A:0> LHF> LRFIMHFL H? ARIH@ER<>FB: 1RFIMHFL :K> <:NL>= ;R : AB@A>K MA:

*HHDBG@ 'EHL>ER :M "B:;>M>L


http://www.youtube.com/v/DpdlJ79ACCo
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GHKF:E BG<K>:L> BG ;EHH= BGLNEBG E>O>EL 2ABL K:IB=ER =><K>:L>L ;EHH="
MH : E>O>E ;>EHP PA:M BL K>JNBK>= ?HK IKHI>K ;K:BG ?NG<MBHG

2A> F:CHK =>M>KFBG:.GML H? 2RI> =B:;>M>L MA:M <.G ;> <A:G@>= :K> HO>KGI
:G=: L>=>GM:KR EB?>LMRE> 2A>K>?HK> K>O>KLBG@ HK BFIKHOBG@ MA>L>
EB?>LMRE> BGM>KO>GMBHGL F:KD>=ER BFIKHO> MA> HO>K:EE A>:EMA H? 2F
EHP>K ;EHH= @EN<HL> E>O>EL 'G ?:<M BM A.L ;>>G LAHPG MA:M PA>G I>HIE>
HO>KP>B@AM EHLBG@ L EBMME> :L GBG> IHNG=L ?HNK DBEH@K:FL =><K>
E>O>EL BG 2RI> =B:;>MB<L 2A>"B:;>M>L .K>0>GMBHG 2KB:E =>FHGLMK:M>=
:=A>KBG@ MH : =B>M <HGM:BGBG @ ;>MP>>G :G= DBEH<:EHKB>L I>K =R
=B>M:KR ?:M BGM:D> @H:E H? E>LL MA:G I>K<>GM :G=BG<K>:LBG@ IARLB<:E
E>:LM FBGNM>L I>K P>>D I>HIE> :M AB@A KBLD ?HK 2RI> =B:;>M>L :<AB>0>
P>B@AM EHLL H? I>K<>GM :G= LB@GB?B<:GMER =><K>:L>= MA>BK <A:G<>L
2RI> =B:>M>)GHPE>K 5 ! >M :E Z0>=N<MBHG BG MA> 'G<B=>G<>H? 2RI> "B
PBMA *B?>LMRE> 'GM>KO>GMBHG HK +>M?HKFBG [, #G@E (+>= GH

AMMI PPP G>CF HK@ =HB ?NEE H(+H:

2A> F>KB<:G "B:;;>M>L LLH<B:MBHG " A:L:P>,LBM>MA:M IKHOB=>L BG?HKF:
:G= MBIL ?HK A>EIBG@ =B:;>MB<L :GLP>K MA> JN>LMBHG Z5A;NNIS ' #:M[ L>>
'GM>K:<MBO> 'G K>@:K= MH <:K;HAR=K:M>L MA> " K><HFF>G=L =B:;>MB<L D:
MK:<D H? MA> <K;HAR=K:M>L MA>R >:M :G= L>M : EBFBM 2A>L> =B>M:KR IK:<N
D>>| ;EHH= @EN<HL> E>O>EL BG MA> M:K@>M K:G@>

Interactive 4.2

2A> " AL : P> LBM><HGM:BGBG@ @K>:M BG?HKF:MBHG :G= MBIL HG AHP M
A>EMAR =B>M MA:M A>EIL D>>| ;EHH= @EN<HL> E>O>EL BG MA> M:K@>M K:
E>:KG FHK> HG AHP MH IK>0O>GM L>KBHNL <HFIEB<:MBHGL H? MABL =BL>:L>

AMMI PPP =B:;:>M>L HK@ ?HH=:G= ?BMG>LL ?HH=PAM <GB
>:M NMFILHNK<> 555 NMF9F>=BNF
"KHI"HPG$$ NMF9<HGM>GM 5A:Ml:G'#:M NMF9<:FI:B@G !-,

G NG?HKMNG:M> IKH;E>F BL MA:M FHLM =B:;>MB<L =H GHM :=A>K> MH MA> EE
BGM>KO>GMBHGL EHG@ M>KF 2ABL BL I:KMER ;><:NL>H? BG=BOB=N:E =BLB!
:ELH ;><:NL> A>:EMA BGLNK:G<> <HFI:GB>L =H GHM IKHOB=> <HGMBGN>= ?BG
LNITHKM ?HK =B>M:KR @NB=:G<> :G= ;><:NL> IKBF:KR <:K> IARLB<B:GL =H GHM
=B>M:KR @NB=:G<> ?KHF : =B>MBMB:G 2ABL LAB?ML MA> P:R =B:;>M>L BL MK:

*HHDBG@ 'EHL>ER :M "B:;>M>L


http://www.nejm.org/doi/full/10.1056/NEJMoa012512
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/?utm_source=WWW&utm_medium=DropDownFF&utm_content=WhatCanIEat&utm_campaign=CON
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/?utm_source=WWW&utm_medium=DropDownFF&utm_content=WhatCanIEat&utm_campaign=CON
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/?utm_source=WWW&utm_medium=DropDownFF&utm_content=WhatCanIEat&utm_campaign=CON
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EB?>LMRE> BGM>KO>GMBHG MHP:K= F>=B<:MBHGL :L MA> @H:E LMBEE K>F:
;EHH= @EN<HL> E>O>EL ,NF>KHNL HK:E F>=B<:MBHGL :K>:0:BE:;E> HG MA> F
‘K> H?M>G IK>L<KB;>= MH 2RI> =B:;>MB<L BG <HF;BG:MBHG

KEY TAKEAWAYS

V "B:;>M>L BL : =BL>:L> H? BGLNEBG =>?B<B>G<R :G= @EN<HL> HO>KLN?~
*BD> HMA>K =BL>:L>L @>G>MB<L GNMKBMBHG >GOBKHGF>GM :G= El
:EE BGOHEO>= BG =>M>KFBGBG@ : I>KLHG]L KBLD ?HK =>O>EHIBG@ =E

V 2RI> =B::>M>L P:L HG<>: =>:MA L>GM>G<> :NM GHP <:G ;> MK>:M>= PBN\
BGLNEBG BGC><MBHGL &HP>0O>K BGLNEBG BGC><MBHGL =H GHM <NI
:G==B:;>MB<L <:G LN??>K F:GR =BL>:L> <HFIEB<:MBHGL "B:;>M>L
<HFIEB<:MBHGL <:G ;> K>EB>0>= ;R LMKB<MER F:G:@BG@ ;EHH= @EN<
=A>KBG@ MH : A>:EMAR =B>M :G= BG<K>:LBG@ IARLB<:E :<MBOBMR

V 2A> BG<B=>G<> H? 2RI> =B::>M>L A:L FHK> MA:G =HN;E>=BG F>KB<: B(
MA> |:.LM MABKMR R>:KL :G= MA> KBL> BL I:KMER :MMKB;NM>= MH MA> B
H;>LBMR 2A> ?KHGM EBG> :lIKH:<A ?HK MK>:MBG@ 2RI> =B:;>M>L BG<l|
>MBG@ : A>:EMAR =B>M :G= BG<K>:LBG@ IARLB<:E :<MBOBMR

V 2A> EHG@ M>KF A>.EMA <HGL>JN>G<>L H? =B:;>M>L :K> L>0>K> 2A>R |
K>LNEM H? <AKHGB<:EER AB@A @EN<HL> <HG<>GMK:MBHGL BG MA> ;|
F>M:;HEB< :;GHKF:EBMB>L LN<A :L AB@A ;EHH= EBIB= E>O>EL

DISCUSSION STARTERS

'?2 RHN HPG>=: @KH<>KR LMHK> PA:M :K> LHF> IK:<MB<>L RHN <HNE=
BGMKH=N<> MH <HF;:M MA> >|B=>FB< H? 2RI> =B:;>M>L BG MABL <HNG|
5A:M :K> LHF> HIMBHGL ?HK RHN MH BGM>KO>G> BG RHNK EB?>LMRE>
=><K>:L> RHNK KBLD ?HK 2RI> =B:;>M>L

*HHDBG@ 'EHL>ER :M "B:;>M>L
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4.5 Health Consequences and Benefits of High-Carbohydrate Diets

LEARNING OBJECTIVE

'=>GMB?R MA> A>:EMA ;>G>?BML H? >:MBG@ : =B>M KB<A BG PAHE> @K

I:G F>KB<: ;E:F> BML H;>LBMR >IB=>FB< HG MA> AB@A>K <HGLNFIMBHG H? :=:
:G=K>?BG>= @K:BGL 2ABL BL : AHMER =>;:M>= MHIB< ;R ;HMA MA> L<B>GMB?|
:G= MA> @>G>K:E IN;EB< 'G MABL L><MBHG P> PBEE @BO> : ;KB>? HO>KOB>F
>0OB=>G<>

Added Sugars

Figure 4.9Sugar Consumption (in Teaspoons) from Various Sources

2A> $HH=:G= ,NMKBMBHG H:K= H? MA> 'GLMBMNM> H? +>=B<i#{ded'-+ =>?BG>
sugars L ZLN@:KL :G= LRKNIL MA:M :K> :==>= MH ?HH=L =NKBG@ IKH<>LLBG(
IN@:KL :G= LRKNIL MAIM :K2 |15 |- K:MBHG [ 2A> '-+ @H>L HG MH LM:M> Z+:CHK LHNK<>L H? :==>= LN@:KL BC

:==>= MH ?HH=L =NKBG@ _ _ . = =:
ot Lo K KatmHG =KBGDL LIHKML =KBGDL <:D>L <HHDB>L IB>L ?KNBM:=>L ?KNBM ING<A =Bl
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<:G=R [ .KH<>LL>=?HH=L >0>G FB<KHP:0>:;E>=BGG>KL :ELH <HGM:BG :==>=
==>= LN@:KL =H GHM BG<EN=> LN@:KL MA:M H<<NK G:MNK:EER BG PAHE> ?H
JdIE> :NM =H BG<EN=> G:MNK:E LN@:KL LN<A :L ;KHPG LN@:K <HKG LRKNI =>(
?KN<MHL> ?KNBM CNB<> <HG<>GMK:M>L F:I[E>LRKNI LN<KHL> :G=K:P LN@:
:==>= MH <K>:M> HMA>K ?HH=L LN<A :L <HHDB>L INKK>GMER GNMKBMBHG E
=BLMBG@NBLA ;>MP>>G :==>= :G= G:MNK:EER H<<NKKBG@ LN@:KL :G= @BO>
LN@:K <HGM>GM F:DBG@ BM =B??B<NEM ?HK <HGLNF>KL MH =>M>KFBG> M/
==>= LN@:KL O0>LNEML ?KHF : LNKO>R H? ?HKMR MPH MAHNL:G= F>KB<:GL K
BG MA>:0>K:@>BGM:D>H? :==>= LN@:KL BL [>K<>GM H? MHM:E <:EHKB>I
?KHF  I>K<>GM H? MHM:E <:EHKBSEBIA ( >M :E ZIHGLNFIMBHG H? ==>=
IN@:KL 'L "><K>:LBG@ BG MA> 3GBM&m INCNMPNJitr GH X

AMMI PPP G<:B GEF GBA @HO IN;F>= 2ABL BL LMBEE :;HO> MA>
K><HFF>G=>= BGM:D> H? E>LL MA:G I>K<>GM H? MHM:E <:EHKB>L 2A> 31">|
@KB<NEMNK> 31" K>IHKML MA:M LN@:K <HGLNFIMBHG BG MA> F>KB<:G =B:
P.L HG :O>K:@> M>:LIHHGL I>K$B®NK> IN@:K 'HGLNFIMBHG BG

2> L IHHGL ?KHF 4:KBHNL 1HNK<>L

Obesity, Diabetes, and Heart Disease and Their Hypothesized Link to
Excessive Sugar and Refined Carbohydrate Consumption

2H NG=>KLM:G= MA> F:@GBMN=> H? MA> A>:EMA IKH;E>F BG MA> 3GBM>= 1M:
MABLYBG MA> 3GBM>= 1M:M>L :IIKHQBF:M>ER FBEEBHG :=NEML :K> HO>KP:
[>K<>GM H? MA>F (K> <HGLB=>K>= H;>L> 2A> H;>LBMR >IB=>FB< AL K>:<A>=R
:=NEML :G= <ABE=K>G :G= PBEE F:KD>=ER :??7><M MA> IK>0O:E>G<> H? L>KBHN
<HGL>JN>G<>L BG :=NEMAHH= &>:EMA <HGL>JN>G<>L EBGD>= MH ;>BG@ HO
H;>L> BG<EN=> 2RI> =B:;>M>L <:K=BHO:L<NE:K =BL>:L> :KMAKBMBL =>IK>LLE
LHF> <:G<>KL G BG?:MN:MBHG PBMA LN@:KR ?HH=L :G= K>?BG>= @K:BGL EB
<HGMKB;NM>L MH MA> >|B=>FB< IKHIHKMBHG H? I>HIE> PAH :K> HO>KP>B@AI
MABL <HNGMKR ;NM LH =H MA> <HGLNFIMBHG H? AB@A <:EHKB> ?HH=L MA:M
L:MNK:M>= ?:M :G= MA> L>=>GM:KR EB?>LMRE> H? FHLM F>KB<:GL 2A>K>BL |
=BL:@K>>F>GM HO>K PA>MA>K AB@A <:K;HAR=K:M> =B>ML BG<K>:L> P>B@AI
=BL>:L> KBLD >LI><B:EER PA>G <:EHKB>L :K> GHM LB@QGB?B<:GMER AB@A>K
<HFI:K>==B>ML +:GR L<B>GMB?B< LMN=B>L =>FHGLMK:M> IHLBMBO> <HKK>E
=B>ML AB@A BG :==>= LN@:KL PBMA P>B@AM @:BG :G==BL>:L.> KBLD ;NM LH
LAHP : LB@GB?B<:GM K>E:MBHGLABI 'G K>@:K= MH K>?BG>= @K:BGL MA>K>
LAHP <HGLNFIMBHG H? K>?BG>= @K:BGL BG<K>:L>L P>B@AM @:BG HK =BL>:l
<E>:K AHP>0O>K BL MA:M @>MMBG@ FHK> H? RHNK <:K;HAR=K:M>L ?KHF =B>
<HGM:BGBG@ PAHE> @K:BGL BGLM>:= H? K>?BG>= @K:BGL LMBFNE:M>L P>B
K>=N<>L =BL>:L> KBLD

F:CHK LHNK<> H? :==>= LN@:KL BG MA> F>KB<:G =B>M BL LH?M =KBGDL 2A>
<HGLBLM>GM L<B>GMB?B< >0B=>G<> MA:M <HGLNFBG@ LN@:KR LH?M =KBG
@:BG :G==BL>:L>KBLD G :G:ERLBL H? HO>K MABKM®nekitérBIduB@lMA>

&>:EMA HGL>JN>G<>L :G= >G>?BML H? &B@A ""K;HAR=K:M> "B>ML


http://www.ncbi.nlm.nih.gov/pubmed/21753067
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Clinical NutritioskHG<EN=>= MA:M MA>K> BL FN<A >0OB=>G<> MH BG=B<:M> AB@.
<HGLNFIMBHG H? LN@:K LP>>M>G>= ;>0>K:@>L BL EBGD>= PBMA P>B@AM @
H;>LBMEEBD 4 1 + 1<ANES> :G=$ &N Z'GM:D>H? IN@:K 1P>>M>G>=
>0>K:@>L :G=5>B@AM %:BG 1RLM>F:MBAG»OBHP Nutr GH

X AMMI PPP :C<G HK@ <HGM>GM EHQ@WN=R :M MA> &:KO:K= 1<AHHE
H? .N;EB< &>:EMA EBGD>= MA> <HGLNFIMBHG H? LN@:KR LH?M =KBGDL MH :G
?HK A>:KM =BL&:K®:K= 1<AHHE H? .N;EB< &>:EMA Z.N;EB< &>:EMA2:D>L BF :M
:G=1.EM[ <<>LL>= 1>IM>F;>K AMMI PPP ALIA A:KO:K=>=N G>PL
AIAK?.EE  LN@:K :G= L:EM AMBABE> MA> LN@:K :G= K>?BG>= @K:BGL :G= P>
=>:M>K:@>L HG MA> K>LNEML H? :EE H? MA>L> LMN=B>L A:L E>= LHF> IN;EB<
HK@:GBS:MBHGL EBD> MA> F>KB<:G &>:KM LLH<B:MBHG & MH K><HFF>G=
EHP>K BGM:D> H? LN@:K I>K =:R ?>P>K MA:G M>:LIHHGL I>K =R ?HK F>G :G=
MA:G M>:LIHHGL ?HK PHF>G MA:G PA:M NL>= MH ;> =>>F>= :<<>IM:;E> ?M>K |

L<B>GMB?B< <HG?>K>G<> HG :==>= LN@:KL MA> & F:=> MA> ?HEEHPBG@

=B>M:KR K><HFF>G=:MBHGL

V $BKLM DGHP MA> GNF;>K H? MHM:E <:EHKB>L RHN LAHNE= >:M >:<
V IHGLNF> :G HO>K:EE A>:EMAR =B>M :G= @>M MA> FHLM GNMKB>GI
<:EHKB>L NLBG@ ?HH=L AB@A BG :==>= LN@:KL :L =BL<K>MBHG:KI
MAHL> E>?M HO>K :?M>K @>MMBG@ :EE K><HFF>G=>= GNMKB>GI
?KHF MA> <:EHKB>L NL>=
V *HP>K LN@:K BGM:D> >LI><B:EER PA>G MA> LN@:KL BG ?HH=L :K>
IHLBMBO> GNMKB>GML LN<A :L BG LN@:KR =KBGDL <:G=B>L <:D>l
V $H<NL HG <:EHKB>L BG <>KM:BG ?HH= <:M>@HKB>L LN<A :L ;>0O>K:(
<HG?><MBHGL :G=>G<HNK:@> <HGLNFIMBHG H? IHLBMBO> GNMK
?HH=L LN<A :L <>K>:EL :G= EHP ?:M HK ?:M ?K>> =:BKR S&HEBI<ML
* >M :E Z==>= IN@:KL :G= &>:EMA [ 0>L>:K<A K>OB>P>=:M MA> &
==>= IN@:KL 'HG?>K>G<> Circulation X =HB
o ; > ?7=<;

The Most Notorious Sugar

>?HK> AB@A ?KN<MHL> <HKG LRKNI &!$1 P:L F:KD>M>=:L MA> ;>LM ?HH=:G=
LP>>M>G>K LN<KHL> M:E>LN@:K P:L MA> GNF;>K HG> LP>>M>G>K BG F>KE
MA:M LN<KHL> HK M:;E> LN@:K BL : =BL:<<A:KB=> <HGLBLMBG@ H? HG> @EN
?KN<MHL> NGBM &$!1 :ELH <HGM:BGL MA> LBFIE> LN@:KL ?KN<MHL> :G= @E
?KN<MHL> :M : LEB@AMER AB@A>K <HG<>GMK:MBHG 'G MA> IKH=N<MBHG H-
;KHD>G =HPG MH @EN<HL> :G= ?KN<MHL> :G= LHF> H? MA> @EN<HL> BL MA>
?KN<MHL> $KN<MHL> BL LP>>M>K MA:G @EN<HL> A>G<> F:GR ?HH= F:GN?:<|
MH LP>>M>G ?HH=L PBMA &$!1 &$!1 BL NL>=:L : LP>>M>G>K ?HK <:K;HG:M>= ;>
<HG=BF>GML <>K>EL :G=: @K>:M O:KB>MR H? HMA>K IKH<>LL>= ?HH=L

&>:EMA HGL>JN>G<>L :G= >G>?BML H? &B@A ""K;HAR=K:M> "B>ML


http://www.ajcn.org/content/84/2/274.long
http://www.hsph.harvard.edu/news/hphr/fall-2009/sugar-and-salt.html
http://www.hsph.harvard.edu/news/hphr/fall-2009/sugar-and-salt.html
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1HF> L<B>GMBLML IN;EB< A>:EMA I>KLHGG>E :G= A>.EMA<:K> IKHOB=>KL ;>E
?KN<MHL> BL MA> <:NL> H? MA> H;>LBMR >IB=>FB< :G= BML :LLH<B:M>= A>:EM
2A> F:CHKBMR H? MA>BK >0B=>G<> LM>FL ?KHF MA> H;L>KO:MBHG MA:M LBG

L MA> GNF;>K H? HO>KP>B@AM HK H;>L> F>KB<:GL A:L =K:F:MB<:EER BG<K:
LH A:L MA> <HGLNFIMBHG H? ?HH=L <HGM:BGBG@ &$!1 &HP>0O>K :L =BL<NLL:
<HGLNFIMBHG H? :==>= LN@:KL BG @>G>K:E GBF:E LMN=B>L MA:M ?N>E MA>
HIIHG>GML LAHP ?KN<MHL> BL GHM NL>= MH IKH=N<> >G>K@R BG MA> ;H=R |
FHLMER <HGO>KM>= MH ?:M BG MA> EBO>KYIHM>GMB:EER <HGMKB;NMBG@
:G= MA> =>0O>EHIF>GM H? 2RI> =B:;>M>L ==BMBHG:EER ?KN<MHL> =H>L GHI
MA> K>E>:L> H? <>KM:BG :II>MBM> LNIIK>LLBG@ AHKFHG>L EBD> BGLNEBG
2ANL : =B>M AB@A BG ?KN<MHL> <HNE= IHM>GMB:EER LMBFNE:M> ?:M =>[|HLE
@:BG

‘G ANF:G LMN=B>L >Q<>LLBO> ?KN<MHL> BGM:D> A.L LHF>MBF>L ;>>G :LLH<B
P>B@AM @:BG ;NM K>LNEML :K> BG<KHGLBLM>GM +H=>K:M> ?KN<MHL> BGM:
PBMA P>B@AM @:BG :M :EE +HK>HO>K HMA>K LMN=B>L LAHP MA:M LHF> ?KN
:<MN:EER BFIKHO>L @EN<HL> F>M:;HEBLF >LI><B:EER BG I>HIE> PBMA 2RI>
=B:;;>M>#EEBHMM 1 1 >M :E Z$KN<MHL> 5>B@AM %:BG :G= MA>'GLNEBG 0>l
1RG=KHF>Am J Clin Nutr GH X AMMI PPP :C<G HK@ <HGM>GM
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http://www.ajcn.org/content/76/5/911.full
http://www.ajcn.org/content/76/5/911.full
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/Add_Sug/addsug01.pdf
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/Add_Sug/addsug01.pdf
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Oral Disease
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http://www.surgeongeneral.gov/library/calls/oralhealth/nationalcalltoaction.html
http://www.surgeongeneral.gov/library/calls/oralhealth/nationalcalltoaction.html
http://ccnmtl.columbia.edu/projects/otm/index.html
http://ccnmtl.columbia.edu/projects/otm/index.html
http://www.ada.org/2984.aspx#eatoothdecay
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Interactive 4.4

2A> & KO:K= 1<AHHE H? .N;EB< &utiNoh Sourcd:L =>O>EHI>=: @NB=>
<:EE>=Z&HP 1P>>M 'L 'M [ MA:M GHM>L MA> <:EHKB>L :G= LN@:K <HGM>GML
IHINE:K ;>O>K:@>L 4BLBM MA> LBM> MH =>M>KFBG> =KBGDL MA:M :K> ;>MM
HK:E :G= HO>K:EE A>:EMA

AMMI PPP ALIA A:KO:K=>=N GNMKBMBHGLHNK<> ?BE>L AHP LP>>M BL BM <

Tools for Change
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Do Low-Carbohydrate Diets Affect Health?
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http://www.hsph.harvard.edu/nutritionsource/files/how-sweet-is-it-color.pdf
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Health Benefits of Whole Grains in the Diet
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http://medicine.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.pmed.0040261&ct=1
http://www.ajcn.org/content/70/3/412.long
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Whole-Grains-and-Fiber_UCM_303249_Article.jsp
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Whole-Grains-and-Fiber_UCM_303249_Article.jsp
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Whole-Grains-and-Fiber_UCM_303249_Article.jsp
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Figure 4.11%Grain Consumption Statistics in America

Americans eat their whole grains as:
Breads and rolls, 2%

Pastas, cooked cereals, rice, 2%
Ready-to-eat cereals
3%
Crackers and
salty snacks y

[_AII other whole-grain foods, 3%

5%
Non-whole-grain foods
85%
Source: Economic Research Sattpa#www.ers.usda.gov/data-products/commodity-consumption-by-

population-characteristics/documentation.aspx

Colon Health
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EHP>K 5=HFBGE :BG G:NL: AMMI =B@>LMBO> GB==D GBA @HO ==BL>:L>L IN;L =BOSKNB<NBKHLBEM H?

:G=:EM>KG:MBG@ ;>MP>>G ] _ _ . .
<HGLMBI:MBHG :G= =B:KKA>t I>HIE> PAH A:O> =BO>KMB<NEHLBL @H HG MH =>0O>ENIBiBOEKE &N EBIB

&>:EMA HGL>JN>G<>L :G= >G>?BML H? &B@A ""K;HAR=K:M> "B>ML


http://www.ers.usda.gov/data-products/commodity-consumption-by-population-characteristics/documentation.aspx
http://www.ers.usda.gov/data-products/commodity-consumption-by-population-characteristics/documentation.aspx
http://digestive.niddk.nih.gov/ddiseases/pubs/diverticulosis/
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Figure 4.1Diverticulitis: A Disease of Fiber Deficiency

Colon
(large intestine)

Diverticula

1HF> LMN=B>L A:0> ?HNG=: EBGD ;>MP>>G AB@A =B>M:KR ?B;>K BGM:D> :G=
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Journal of the American Medical Assodéfon =B= GHM ?BG= MA:M =B>M:KR ?B;>K
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KEY TAKEAWAYS

V 5AHE> @K:BG =B>M:KR LHNK<>L LMBFNE:M> P>B@AM EHLL :G= K>=N<>
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DISCUSSION STARTERS
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*>:KG ;;HNM MA> Z NLMK:EB:G .:K:=HQ [ &HP =><K>:L>= LN@:K
<HGLNFIMBHG [:K:EE>E>= BG<K>:L>= K:M>L H? HO>KP>B@AM :G= H;>
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http://nepc.colorado.edu/files/CERU-0203-41-OWI.pdf
http://www.mdpi.com/2072-6643/3/4/491/pdf
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4.6 Carbohydrates and Personal Diet Choices

LEARNING OBJECTIVES
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H? :==>= LN@:KL

*BLM ?BO> ?HH=L MA:M :K> @HH= LHNK<>L H? LEHP K>E>.LBG@ <:K;HAF
'=>GMB?R MAK>> MH ?BO> ?HH=L AB@QA BG ?B;>K :G= <:K;HAR=K:M>L ?K
NGK>?BG>= LHNK<>L

'G MABL <A:IM>K RHN E>:KG>= PA:M <K;HAR=K:M>L :K> MA> =B?7>K>GM MRI>
<!K;HAR=K:M>L BG RHNK =B>M :G= MA:M >Q<>LL <HGLNFIMBHG H? LHF> MRI>|
<!K;HAR=K:M>L <:NL> =BL>:L> PABE> HMA>KL =><K>:L> =BL>:L> KBLD ,HP MA:NV
MA> ;>G>?BML H? >:MBG@ MA> KB@AM <:K;HAR=K:M> P> PBEE >Q:FBG> >Q:<I
LAHNE= ;> >M>G MH IKHFHM> A>:EMA :G= IK>0>GM =BL>:L>

How Many Carbohydrates Does a Person Need?

2A> $HH=:G= ,NMKBMBHG H:K=H? -+ A:L L>M MA> 0><HFF>G=>="B>M:KR EEF}
0" H? <K;HAR=K:M>L ?HK <ABE=K>G :G=:=NEML:M @K:FL I>K =R 2ABL BL |
:O>K:@> FBGBFNF :FHNGM MA> :K:BG K>JNBK>L MH ?NG<MBHG IKHI>KER 2A>
+:<KHGNMKB>GM "BLMKB;NMBHG 0:G@> +"0 ?HK <:K;HAR=K:M>L BL ;>MP>>G
I>K<>GM 2ABL F>:GL MA:M HG : DBEH<:EHKB> =B>M : I>KLHG LAHNE= <HGL
>MP>>G  :G= @K:FL H? <K;HAR=K:M> >:<A =R <<HK=BG@ MH MA> '-+ GHN
FHK> MA:G I>K<>GM H? MHM:E <:EHKB>L <HGLNF>= LAHNE= <HF> ?KHF :==>=
2A> 5HKE= &>:EMA -K@:GBS:MBHG :G= MA> & K><HFF>G= FN<A EHP>K BGM:D
==>= LN@:KLY [>K<>GM HK E>LL H? MHM:E <:EHKB>L <HGLNF>= 2A>'-+ A:L :E
=>JN:M> 'GM:D>L ?HK =B>M:KR ?B;>K PAB<A K> :G= @K:FL ?HK F>G :G=PH
K>LI><MBO>ER 2A> K><HFF>G=:MBHGL ?HK =B>M:KR ?B;>K :K> ;:L>= NIHG MA>
E>O>EL DGHPG MH IK>0>GM :@:BGLM A>:KM =BL>:L>

2;E>  "B>M:KR 0>?>K>G<> 'GM:D>L ?HK :K;HAR=K:M>L :G= $B;>K

Carbohydrate Type RDA (g/day) AMDR (% calories)

2HM:E :K;HAR=K:MI>L X

* denotes Adequate Intake
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==>= IN@:KL

$B;>K F>G PHF>G

* denotes Adequate Intake

Dietary Sources of Carbohydrates

I:K;HAR=K:M>L :K> <HGM:BG>= BG :EE ?BO> ?HH= @KHNIL @K:BGL ?KNBML O
F>:ML :G=;>:GL HGER BG LHF> IKH<>LL>= F>:ML :G= ;>:GL :G==:BKR IKH=N<N
$.LM K>E>LBG@ <:K;HAR=K:M>L :K> FHK> IK>0:E>GM BG ?KNBML ?KNBM CNB
IKH=N<ML PABE> LEHP K>E>:LBG@ <:K;HAR=K:M>L :K> FHK> IE>GMB?NE BG LI
O>@>M:;E>L ;>:GL :G=PAHE> @K:BGL $:.LM K>E>:LBG@ <:K;HAR=K:M>L :K> :El
E:K@> :FHNGML BG IKH<>LL>= ?HH=L LH?M =KBGDL :G=LP>>ML -G :0>K:@>
?KNBML PAHE> @K:BGL HK LM:K<A>L <HGM:BGL @K:FL H? <:K;HAR=K:M>L
=:BKR <HGM:BGL ;;HNM @K:FL H? <:K;HAR=K:M>L :G=:L>KOBG@ H? O>@>M:
<HGM:BGL :;HNM @K:FL H? <:K;HAREEM>L!:K;:HAR=K:M>L BG $HH=L

@K:FL L>KOBG@BO>L MA> LI><B?B< :FHNGML H? <:K;HAR=K:M>L ?B;>K :G=:=
LN@:K H? O:KBHNL ?HH=L

2:E> I:K;HAR=K:M>L BG $HH=L @K:FL L>KOBG@

lE> F>=BNF
:G:G: F>=BNF
*>GMBEL <
1G:I ;>:GL <
%K>>G I>11>K F>=BNF

'HKG MHKMBEE:

K>:= PA>M K:G LEB<>
K>:= KR> LEB<>
:@>E IE:BG F>=BNF
KHPGB> LIN:K>
-:MF>:E <HHDB> HS
IHKG?E:D>L <
.K>MS>EL MPBLML

K;HAR=K:M>L :G= .>KLHG:E "B>M |AHB<>L
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HI<KHKG AHF>F:=> @

1DBF FBED <

IK>:F A:E? :G= A:E?| 2;L

IK>:F LN;LMBMNM> MLI

IA>S=="K <A>>L> LEB<>

TH@NKM PBMA ?KNBM HS

I>L:K =K>LLBG@ 2L

1HNK<>L 31 ">I:KMF>GM H? @KB<NEMNK> [:MBHG:E ,NMKB>GM ":M:;:L> ?HK 1
0>?>K>G<> *LM FH=B?B>="><>F;>K AMMI PPP G:E NL=: @HO ?GB<
?HH=<HFI L>:K<A:G= 31 ">1:.KMF>GM H? @KB<NEMNK> ":M:;:L> ?HK MA> ==>=
IN@:KL '[HGM>GM H? 1>E><M>=$HH=L $>;AMMKR PPP G:E NL=: @HO ?GB<
?HH=<HFI L>:K<A

1tOs the Whole Nutrient Package

'G <AHHLBG@ =B>M:KR LHNK<>L H? <:K;HAR=K:M>L MA> ;>LM HG>L :K> MAHL>
GNMKB>GM =>GL> F>.:GBG@ MA>R <HGM:BG FHK> >LL>GMB:E GNMKB>GML |>
>G>K@R 'G @>G>K:E GNMKB>GM =>GL> <:K;HAR=K:M>L :K> FBGBF:EER IKH<>
BG<EN=> PAHE> @K:BG ;K>:=L :G= <>K>:EL EHP ?:M =:BKR IKH=N<ML ?KNBML
:G=;>:GL 'G <HGMK:LM >FIMR <:EHKB> <:K;HAR=K:M> ?HH=L :K> AB@AER IKH<
H?M>G <HGM:BG :==>= LN@:KL :G= ?:ML 1H?M =KBGDL <:D>L <HHDB>L :G=<:
>Q:FIE>L H? >FIMR <:EHKB> <:K;HAR=K:M>L 2A>R :K> LHF>MBF>L K>?>KK>= M}
<:K;HAR=K:M>L ] :L MA>R :K> DGHPG MH <:NL> A>:EMA IKH;E>FL PA>G <HGLNF:
>Q<>LL

Interactive 4.5

2ABL BGM>K:<MBO> 31" MHHE :EEHPL RHN MH >GM>K MA> ?HH=L :G= L>KOE
PA:M RHN]K> >MBG@ :G= ?BG= HNM MA> PAHE> GNMKB>GM |:<D:@>

AMMI PPP :KL NL=: @HO 1>KOB<>L =H<L AMF =H<B=

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


http://www.nal.usda.gov/fnic/foodcomp/search/
http://www.nal.usda.gov/fnic/foodcomp/search/
http://www.nal.usda.gov/fnic/foodcomp/search/
http://www.nal.usda.gov/fnic/foodcomp/search/
http://www.ars.usda.gov/Services/docs.htm?docid=17032
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Understanding Carbohydrates from Product Information

5ABE> GNMKBMBHG ?:<ML E:;>EL :B= BG =>M>KFBGBG@ MA> :FHNGM H? <:K;H
>M MA>R =H GHM A>EI BG =>M>KFBGBG@ PA>MA>K : ?HH= BL K>?BG>= HK Gl
BG@K>=B>GML EBLM IKHOB=>L LHF> A>El BG MABL K>@:K= 'M B=>GMB?B>L |
BG@K>=B>GML BG HK=>K H? <HG<>GMK:MBHG PBMA MA> FHLM <HG<>GMK:\
5A>G <AHHLBG@ ;>MP>>G MPH ;K>:=L IB<D MA> HG> MA:M EBLML PAHE> PA>:
?EHNK :L MA> ?BKLM BG@K>=B>GM :G=:0HB= MAHL> PBMA HMA>K ?EHNK B(
PABM> ?EHNK HK <HKG ?EHNK #GKB<A>= PA>:M ?EHNK K>?>KL MH PABM> ?E
OBM:FBGL #:M E>LL H? IKH=N<ML MA:M EBLM &$!1 :G= HMA>K LN@:KL LN<A :L
AHG>R =>QMKHL> :G=<:G>LN@:K BG MA> ?BKLM ?BO> BG@K>=B>GML '? RH
IKH<>LL>= ?HH=L MA>G BG @>G>K:E LM:R :P:R ?KHF IKH=N<ML PBMA EHG@ E
EBLML -G MA>?KHGM H? ?HH=:G=;>0>K:@>L MA> F:GN?:<MNK>KL F:R BG<EN
'L ZLN@:K ?K>> [ ZK>=N<>= LN@:K [ ZAB@A ?B;>K [ >M< 2A> NMKBMBHG :G=*:
H? AL =>?BG>= ?HK MA> ?HH= BG=NLMKR :G= <HGLNF>KL PA:M MA>L> E:;>E
2;E>  $HH=*;>EL .>KM:BGBG@ MH !':K;HAR=K:M>L

2:E> $HH=*::>EL .>KM:BGBG@ MH !':K;HAR=K:M>L

IN@:K ?K>> | IHGM:BGL E>LL MA:G @K:FL H? LN@:K I>K L>KOBG@

0>=N<>= LN@KHGM:BGL [>K<>GM E>LL LN@:K MA:G LBFBE:K IKH=N<M

IHGM:BGL [>K<>GM E>LL LN@:K MA:G LBFBE:K IKH=N<M :G=P|L GHM :

*>
LLLN@K ;R IKH<>LLBG@ MH ;><HF> LH

,HLN@:KL

i HLN@:KL :==>= =NKBG@ IKH<>LLBG@

&B@A ?B;>K | IHGM:BGL :M E>.LM [>K<>GM H? =:BER O:EN> H? ?B;>K BG >:<A|L>KOB(

@HH= LHNKS

>
IHGM:BGL ;>MP>>G :G= [>K<>GM H? MA> =:BER O:EN> H? ?B;3K I>K L:
H? ?B;>K

+HK> ?B;>K IHGM:BGL [>K<>GM HK FHK> H? MA> =:BER O:EN> H? ?B;>K I>K|L>KOB(

1HNK<> 31 $HH=:G="KN@ =FBGBLMK:MBHG Z II>G=BQ ">?BGBMBHGL H? ,N
IE:BFL [Guidance for Industry: A Food Labeling GriierF;>K  *:.LM K>OBL>=
-<MH;>K  AMMI_PPP ?=: @HO $HH=
%NB=:G<>!HFIEB:G<>0>@NE:MHKR'G?HKF:MBHG %NB=:G<>"H<NF>GML
$HH=*;>EBG@,NMKBMBHG $HH=*:;>EBG@%NB=> N<F AMF

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


http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodLabelingNutrition/FoodLabelingGuide/ucm064911.htm
http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodLabelingNutrition/FoodLabelingGuide/ucm064911.htm
http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodLabelingNutrition/FoodLabelingGuide/ucm064911.htm
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'G :==BMBHG MA>$" I>KFBML ?HH=L MA:M <HGM:BGPAHE>
H:ML PAB<A <HGM:BG LHEN;E> ?B;>K MH F:D> MA> A>EMA
<E:BF HG MA> [:<D:@> MA:M MA> ?HH= K>=N<>L MA> KBLD H?
<HKHG:KR A>:KM =BL>:L> 2A>$" GH EHG@>K I>KFBML
IA>>KBHL MH F:D> MA> <E:BF MA:M ;R >MBG@ MA>BK <g{ >

P>>DL [

One serving of Cheerios contains
12 percent of the Daily Value of
fiber.

© Shutterstock

The Bottom Line

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

Personal Choices

I'K;HAR=K:M>L :K> BG FHLM ?HH=L LH RHN A:O>: @K>:M O:KB>MR H? <AHB<>L
MH F>>M MA> <:K;HAR=K:M>L K><HFF>G=:MBHGL ?HK : A>:E0MAR=Bay 2A>
GuidelineK><HFF>G=L >:MBG@ FHK> NGK>?BG>= <:K;HAR=K:M>L :G= FHK> ?B;>
K>=N<BG@ <HGLNFIMBHG H? ?HH=L MA:M :K> AB@A BG :==>= LN@:KL 2H :<<H
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
PAHE> @K:BG <>K>:E ?HK ;K>:D?:LM NLBG@ PAHE> @K:BG ;K>:= Mt
L:G=PB<A ?HK ENG<A :G=>MBG@ : L>KOBG@ H? ;>:GL :G= HK GNM
=BGG>K

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

K;HAR=K:M>L :G= .>KLHG:E "B>M |AHB<>L
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LEB<> H? PAHE> PA>:M ;K>:= HG> HNG<> H? PAHE> @K:BG <>K>E
A:E? <NI H? <HHD>= <>K>:E ;KHPG KB<> HK PAHE> PA>:M |.LM:

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

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

V '?2 RHN EBD> ;K>:=:M =BGG>K <AHHL>: PAHE> @K:BG FN??BG HO>
KHEE HK ;:@N>MM>

V ==;>:GL GNML HK L>>=L MH L:E:=YMA>R :== M>QMNK> :G= M:LM>

V IAHHL> 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 IA:G@> BM NI : ;BM :G= >QI>KB>G<> MA> M:LM> :G= L:MBL?:<MBHG F
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
IHII>= IHI<HKG

V ==:G :KMB<AHD> :G= @K>>G I>.L MH RHNK =BGG>K |E:M> FHK> H?\

V I'EF RHNK ZLP>>M MHHMA[ ;R >:MBG@ ?KNBML LN<A :L ;>KKB>L HK

V 0>|E:<> LN@:KR LH?M =KBGDL PBMA L>EMS>K P:M>K M>: HK : LF:El

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

KEY TAKEAWAYS

V 2A>'-+ AL 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> :0>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-

MH I>K<>GM

V K;HAR=K:M>L :K> <HGM:BG>= BG :EE ?BO> ?HH= @KHNIL @K:BGL ?KNI
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 GuidelilesxHFF>G=L >:MBG@ FHK> LEHP K>E>:LBG@
<:K;HAR=K:M>L :G= FHK> ?B;>K :G= K>=N<BG@ <HGLNFIMBHG H? ?HH=L
K> AB@A BG :==>= LN@:KL 2ABL BGOHEO>L <AHHLBG@ <:K;HAR=K:M>
MA:M :K> GNMKB>GM =>GL> PBMA FHK> >LL>GMB:E GNMKB>GML I>K <
>G>K@R

K;HAR=K:M>L :G= .>KLHG:E "B>M |AHB<>L
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DISCUSSION STARTERS

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

4BLBM MA> 31" Z":M:;:.L> ?HK MA> ==>= IN@: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@ 1=?

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

LEARNING OBJECTIVE

"BL<NLL MA> NL>?NEG>LL HK E:<D MA>K>H? H? <HGLNFBG@ ?HH=L <H
LN@:K LN;LMBMNM>L

'G MA> ?HH=BG=NLMKR ;HMA ?:LM K>E>:LBG@ :G= LEHP K>E>.LBG@ <:K;HAR:
NMBEBS>= MH @BO> ?HH=L : PB=> LI><MKNF H? ?NG<MBHG:E :MMKB;NM>L B(
LP>>MG>LL OBL<HLBMR ;NED <H:MBG@ :;BEBMR LHEN;BEBMR <HGLBLM>G:
:KHPGBG@ <:l:<BMR 2A> =B??>K>G<>L BG <A>FB<:E LMKN<MNK> ;:>MP>>G MA
<K;HAR=K:M>L <HG?>K MA>BK O:KB>= ?NG<MBHG:E NL>L BG ?HH=L 1M:K<A>l
I><MBGL :K> NL>=:L MAB<D>GBG@ :@>GML BG F:DBG@ C:F <:D>L <HHDB>L (
<:GG>=|IKH=N<ML BFBM:MBHG <A>>L>L :G=:O:KB>MR H? HMA>K ?HH=L +HE>
@:LMKHGHFBLML NL> LEHP K>E>:LBG@ <:K;HAR=K:M>L LN<A :L :E@BG:M> Mt
M>QMNK> MH MA>BK ?:L<BG:MBG@ ?HHENK>MBBGEHL >> ==BG@ ?B;>K

MH ?HH=L BG<K>:L>L ;NED 1BFIE> LN@:KL :K> NL>= GHM HGER ?HK :==BG@ LI
:ELH MH :== M>QMNK> <HGLBLM>G<R :G=;KHPGBG@ 'G B<> <K>:F MA> <HF;l
LN<KHL> :G= <HKG LRKNI BFI:KML LP>>MG>LL :L P>EE L : @EHLLR :lI>:K:G<> :G
LFHHMA M>QMNK> ==>= LN@:KL BG<EN=> PABM> ;KHPG :G=K:P LN@:K <HK
&$!1 F:EM :G= F:IE> LRKNIL EBINB= ?KN<MHL> AHG>R FHE:LL>L :@:0> G><M
<KRLM:E =>QMKHL>

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
shape and texture to olive puree.


http://www.youtube.com/v/gKWgmx0kc1A
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"N> MH MA> IHM>GMB:E A>.EMA <HGL>JN>G<>L H? <HGLNFBG@
MHH F:GR :==>= LN@:KL LN@:K LN;LMBMNM>L A:O> K
MA>F BG F:GR ?HH=L :G=;>0O>S@yak substitutes

F:R ;> ?KHF G:MNK:E LHNK<>L HK :KMB?B<B:EER F:.=>
MA:M :K> :KMB?B<B:EER F:=> :Kartiidi&l>= B7 gy
sweeteners :G= FNLM ;> :[IKHO>= :R MA> $" ?HK NL> ﬁ

BG ?HH=L :G=;>0>K:@>L 2A>:KMB?B<B:E LP>>M>G>

JIKHO>= ;R MA> $" :K> L:<<A:KBG :LI:KM:F>

:<>LNE?:F> [HM:LLBNF G>HM:F> :G= LN<K:EHL> 1RsiDB @[bohydrate) is added

:G >Q:FIE> H? : G:MNK:EER =>KBO>= LN@:K LN;LMENIRRIVRAL its consistency.
<HF>L ?KHF : IE:GM <HFFHGER DGHPG L LN@:KE>:? :G=

=H>L GHM K>JNBK> $" :IIKHE)i@ar alcohols LN<A © Shutterstock

L QREBMHE LHK;BMHE >KRMAKBMHE :G=F.GGBMHE K>

<:K;HAR=K:M>L MA:M H<<NK G:MNK:EER BG LHF> ?KNBML :G=

O>@>M:;E>L &HP>0>K MA>R :K> BG=NLMKB:EER LRGMA>LBS>=

PBMA R>:LM :G= HMA>K FB<KH;>L ?HK NL> :L ?HH=:==BMBO>L 2A>$" K>JNBK:
=BL<EHL> MA> ?:<M MA:M MA>R <HGM:BG LN@:K :E<HAHEL ;NM =H>L GHM K>
M>LMBG@ H? BM 2AHN@A F:GR H? MA>F A:O> NG=>K@HG> LMN=B>L :GRP:R
<HFI:KBLHG MH LN<KHL> :KMB?B<B:E LP>>M>G>KL :K> LB@GB?B<:GMER LP>>
L>O>K:E ANG=K>= MBF>L ;NM LN@:K :E<HAHEL :K> FHK> H?M>G E>LL LP>>M |
L>>2::E>  1P>>MG>LL 'HFI:KBLHG H? IN@:K IN;LMBEMBPE<B:E LP>>M>G>KL
:G= 1M>0B: :K> GHM =B@>LM>= HK :;LHK;>= BG LB@GB?B<:GM :FHNGML :G= M.
GHM : LB@GB?B<:GM LHNK<> H? <:EHKB>L BG MA> =B>M 1N@:K :E<HAHEL :K>
=B@>LM>=:G=:LHK;>=:G= HG :0>K:@> <HGMKB;NM> :;HNM A:E? H? MA> <:EF}
LN<KHL> DBEH<:EHKB>L @K:F 2A>L>:MMKB;:NM>L F:D> LN@:K LN;LMBMNM>
F:GR I>HIE>Y>LI><B:EER MAHL> PAH P:GM MH EHL> P>B@AM :G= HK ;>MM>K F:
:EHH= @EN<HL> E>O>EL

2;E>  1P>>MG>LL 'HFI:KBLHG H? IN@:K 1N;LMBMNM>L
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Sweetener Trade Names Times that of Sucrose
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Benefits of Sugar Substitutes

IHGLNFBG@ ?HH=L :G= ;>0O>K:@>L <HGM:BGBG@ LN@:K LN;LMBMNM>L F:R ;>C
K>=N<BG@ MA> <HGLNFIMBHG H? LBFIE> LN@:KL PAB<A :K> AB@A>K BG <:EF
MHHMA =><:R :G=:K> IHM>GMB:EER EBGD>= MH <AKHGB< =BL>:L> KMB?B<B:
::LB<:EER GHGGNMKB>GML MAHN@A GHM :EE :K> <HFIE>M>ER <:EHKB> ?K>>
MA>R :K> LH BGM>GL> BG LP>>MG>LL MA>R :K> :==>= BG O>KR LF:EE :FHNGMI
>0O>K:@>L KMB?B<B:E LP>>M>G>KL :G= LN@:K :E<HAHEL :K> GHM Z?>KF>GM
:G= MA>K>?HK> MA>R =H GHM <:NL> MHHMA =><:R IA>PBG@ @NF PBMA :KMB
LP>>M>G>KL BL MA> HGER IKHO>G P:R MA:M :KMB?B<B:E LP>>M>G>KL IKHFHN
2A> F>KB<:G ">GM:E LLH<B:MBHG " :EEHPL F:GN?:<MNK>KL H? <A>PBG@ @
E:;;>E I:<D:@>L PBMA :G " L>:E B? MA>R A:0> <HGOBG<BG@ L<B>GMB?B< >0OB
=>FHGLMK:MBG@ MA>BK IKH=N<M >BMA>K K>=N<>L IE:JN> :<B=L <:OBMB>L F
HK IKHFHM>L MHHMA K>FBG>K:EBS:MBHG

2A>K> BL EBFBM>= L<B>GMB?B< >0OB=>G<> MA:M <HGLNFBG@ IKH=N<ML PBM
LP>>M>G>KL =><K>:L>L P>B@AM 'G ?:<M LHF> LMN=B>L LN@@>LM MA> BGM:
MA>L> [KH=N<ML BG<K>:L>L :II>MBM> ?HK LP>>M ?HH=L :G= F:R E>:= MH BG<K:
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Health Concerns
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http://dining.unt.edu/nutrition/nutrition_brochures/Sugar%20Substitutes.pdf
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http://www.ynhh.org/about-us/sugar_alcohol.aspx
http://www.ynhh.org/about-us/sugar_alcohol.aspx
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FBL<HG<>IMBHG K>@:K=BG@ :LI:KM:F> P:.L MA:M BM P:L EBGD>= PBMA :G BG<
BG<B=>G<> H? ;K:BG MNFHKL BG MA> 3GBM>= 1M:M>L 'M P:L LN;L>IN>GMER =
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>0>G ;>EB>0> :LI:KM:F> BL I:KM H? : @HO>KGF>GM:E <HGLIBK:<R MH F:D> I>HI
=NF;>K 2A> K>:EBMR BL MA>K> BL GH @HH= L<B>GMB?B< >0B=>G<> ;:<DBG@
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http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
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LKMB< :<Bf o TNEME | B? <HGLNFBGG@
D<E @ F>MA:GHE S>O>K:@>L =>L
V ,NMK:1P>>M . ?2KHS>G =>LL>K
) Cannot be used
2PH ANG=K>3 . iiring :LI:KM:F> KHNM
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Regulation

.KBHK MH BGMKH=N<BG@ :GR G>P :KMB?B<B:E LP>>M>G>K BGMH ?HH=L BM E
:G=FNLM ;> E>@:EER :IIKHO>= :R MA> $" 2A>$" K>@NE:M>L :KMB?B<B:E LP>>
:EHG@ PBMA HMA>K ?HH=:==BMBO>L PAB<A GNF;>K BG MA> MAHNL:G=L 2A>
K>LIHGLB;E> ?HK =>M>KFBGBG@ PA>MA>K : ?HH=:==BMBO> IK>L>GML Z: K>:L
<>KM:BGMR H? GH A:KF[ MH <HGLNF>KL PA>G NL>=:L IKHIHL>= 2A>$" NL>L M
L<B>GMB?B< >0B=>G<> :0:BE:;E> MH F:D> MA> LM:M>F>GM H? GH A:KF ;NM Bl
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MA:M L<B>G<> A:L BML EBFBML :G= MA:M MA> Z$'aksGl@ei@>KNEBG H? MA>
;;L>G<> H? :GR KBLD ?KHF MA> NL> H? :GR L3;SMHE=<X3= "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&FR> $"AMF
:==BMBHG:EER A:L >LM::EBLA>= "L ?HK :KMB?B<B:E LP>>M>G>KL 2A> "L :K> |
F:QBFNF :FHNGM BG FBEEB@K:FL I>K DBEH@K:F H? ;H=R P>B@AM <HGLB=>K:
<HGLNF>=BER F@ D@ ;P =:R :G= BG<HKIHK:M>L : E:K@> L:?>MR ?:<MHK 2A>
EBLM <HGM:BGL MA> :KMB?B<B:E LP>>M>G>KL :IIKHO>= ?HK NL> BG ?HH=L :G:
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, SweetON 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? MAE
MA:M :EE <HFIHG>GML H? MA> PA>:M D>KG>E :K> K>JNBK>= BG HK=>K MH ;NBI
A>EMAR =B>M 2A> >G=HLI>KF IKHOB=>L MA> <:K;HAR=K:M>L :G= MA> ;K:G :G:
<HGM:BG MA> F:CHKBMR H? IKHM>BG OBM:FBGL FBG>K:EL :G=?B;>K #:MBG
PBMA PAHE> @K:BGL IKHOB=>L : ;>MM>K GNMKBMBHG:E ING<A ?HK RHNK A>:|
@K:BGL :K> IKH<>LL>=:G= K>?BG>= >GKB<AF>GM BG HGER : ?>P H? MA>L> K>
GNMKB>GML =H>L GHM H??L>M MA> @:BG ?KHF <HGLNFBG@ PAHE> @K:BG I}
=B>M:KR LHNK<>L H? <:K;HAR=K:M>L MA:M F:QBFBS> GNMKB>GM NIM:D> :K> C
?KNBML ;>:GL :G=EHP ?:M =:BKR IKH=N<ML 2H :OHB= <HFIKHFBLBG@ RHNK £
GHM <HGLNF> >Q<>LLBO> :FHNGML H? <:K;HAR=K:M> ?HH=L MA:M <HGM:BG :=
HK MA:M :K> AB@A BG LH=BNF :G= L:MNK:M>= ?:M .KH<>LL>= ?HH=L <HGM:BG
BG@K>=B>GML BG :G NGP>E<HF> GNMKB>GM [:<D:@> MA:M G>@:MBO>ER BF
IN@:K LN;LMBMNM>L IKHOB=> HG> :0>GN> H? =><K>:LBG@ MA> BGM:D> H? ?:
<K;HAR=K:M>L ;NM MA>K> :K> HMA>KL )GHP MA:M <HGLNF>K =>F:G= ?HK A>:l
<:K;HAR=K:M> <AHB<>L BL HG MA> KBL> LH BG MA> ?NMNK> RHN <:G >QI[><M -
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
foods high in added sugars.

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


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

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

V "N> MH MA> A>:EMA <HGL>IN>G<>L H? <HGLNFBG@ MHH F:GR :==>= LN(
LN@:K LN;LMBMNM>L :K> PB=>ER NL>= BG F:GR ?HH=L :G= ;>0>K:@>L

V IHGLNFBG@ ?HH=L :G=;>0>K:@>L <HGM:BGBG@ LN@:K LN;LMBMNM>L
>G>7BM A>EMA ;R K>=N<BG@ MA> <HGLNFIMBHG H? LBFIE> LN@:KL P
AB@A>K BG <:EHKB>L <:NL> MHHMA =><:R :G=:K>I[HM>GMB:EER EBGD
<AKHGB< =BL>:L> &HP>0>K MA> FHLM <HFFHG LB=> >??><M H? <HGLN
IKH=N<ML <HGM:BGBG@ LN@:K LN;LMBMNM>L BL @:LMKHBGM>LMBG:E
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=
KB@HKHNLER M>LM>=:G= FNLM ;> E>@:EER :IIKHO>= ;R MA> $"

DISCUSSION STARTERS

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

&:0>: <E:LL =BL<NLLBHG HG MA> L:?>MR H? :LI:KM:F> 2H ?N>E MA>
=>::M> K>:= MA> $" |L K>IHKM :G= P:M<A MA> K>:<MBHG:KR OB=>H
Z LILKM:F> K:BG l:G<>K :G=MA>$" IIKHO:E .KH<>LL [

AMMI_PPP ?=: @HO $HH= $HH="G@K>=B>GML.:<D:@BG@
$HH= ==BMBO>L N<F __AMF

LEKM:F> K:BG :.G<>K :G= MA>$" IIKHO:E .KH<>LL

<EB<D MH L>> OB=>H

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


http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
http://www.youtube.com/v/kn5slnNB8h0
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4.8 End-of-Chapter Exercises

ITOS YOUR TURN

*BLM ?HNK ?NG<MBHGL H? <:K;HAR=K:M>L BG MA> ;H=R

ITHNGM MA> <:K;HAR=K:M>L RHN <HGLNF> BG : =R ;R ?HEEHPBG@ MA> L
<:K;HAR=K:M> <HNGMBG@ 'L RHNK BGM:D> PBMABG MA> K><HFF>G=>=
">M>KFBG> RHNK =:BER ?B;>K BGM:D> :G= PA>MA>K RHNK =B>M LNIIEB:
:FHNGM H? ?B;>K K><HFF>G=>= MH IKHFHM> A>:EMA :G= IK>O>GM =BL>:

APPLY IT

IHG=N<M : =B>M:KR :LL>LLF>GM H? MA> %' H? ?HH=L BG MAK>> H? RHNK
2H :B= BG MABL IKH<>LL I>KNL> MAANMMLBREPP @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 [:K:@K:IA PA:M
A:lI>GL BG MA> ;H=R :L BM NL>L MA> IKH<>LL H? @ER<HERLBL MH ?N:
LAHKM ;NKLML H? :<MBOBMR

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

<EB<D MH L>> OB=>H

IHG=N<M :G >QI>KBF>GM BG MA> <E:LLKHHF MA:M >O:EN:M>L MA> LP>>|
:G= M:LM>?NEG>LL H? LN@:K LN;LMBMNM>L 2KR MA>F BG INK> ?HKF ;R
LF:EE :FHNGM HG RHNK ?BG@>K 0><HK= MA> K>LNEML ?KHF RHN :G=F
<E:LLF:M>L :G=F.D>: LP>>MG>LL :G= M:LM> <HFI:KBLHG <A:KM



http://www.gilisting.com/
http://www.youtube.com/v/nGRDa_YXXQA
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EXPAND YOUR KNOWLEDGE

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

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

4BLBM MA> P>;LBM> H? MMMI! :1IL G<<= <=< @HO "'21201

=>?:NEM :LI= K><HK= MA> >LMBF:M>L H? H;>LBMR IARLB<:E BG:<MBOI
:G=2RI> =B:;>M>L BG MA> <HNGMR RHN EBO> BG +:D>: EBLM H? ?BO>
<NK; MA> MK>G=L H? H;>LBMR IARLB<:E BG:<MBOBMR :G=2RI> =B:>M
RHNK <HNGMR

#G=H? IA: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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