
'-,l4.>ll "..,_.JI J j_,:&i\SJI fa .l.i.,s) .:,- ufo .:¥..,. .,-J Cerebrosides "i-'J.)I~ -.,. 

ti,;,.;!IJ i:t...,Ji ..,,-JI jl+.,ll yf._j, ,.__;. .;JlJ Sphingosine glucolipids .:,,.._,,...;...!IJ 

·c<ft'il ~'ilJ 

u,SJ_;...,ll t---" ,,.,... d,fa .:,- ufo '41,~ ,1.,.. <r'J Mucoproteins .:.l.l,ii.u, 

'-'.,.._..i ;.,..Ji _,.....JI jl+.,ll IAjfa. ._,:;II ,,WI <r'J Mucus .l.h..11 _,. '<L..YIJ 

.,-,JI~ i_...,1 '>-YJ ,) . ...JI c5ftYI ,1_,.JIJ u:-1....YIJ d.,)"11; JWJ1 .:,- !.,)WI '-,,1....J 

'---.,..;WI ,,L.JI ~J Heparin '-'.,._..YI :...._;;1_,,,.JUISJI d....;S.,.11 <J-A -, 

.:.l.....:ij;;S ,u:,__s J '-;---,.JI J-1.i.JI wa,y JJ 4 JJ.,n,..ll '-'"°"'L,. "11:,5 J Anticoagulant 

'----,,p_;JI L...,.;ll.loJ ,:;l.i ;,..,Jl WI.. ;,i... .w i+;I <F- :;....;.;J Chondroitin sulfate <.>.f'LJ.>lJ111 
.IAy,LJ ylill w\...t......J .>l,JIJ .._.,.,w..i1J ,:;,JI ',,l_;i IA,_,..J ,:;\S.J """,.,_,... 

,.,_..\ l,li (J...,;Ji llA \h'; ,fa I"'...;_,.. 1...5) <i~ .>>' uij Fiber ul.;J'il .w -_. 

,..,_JI fa.JI J,ll,J (~i JS..:., JJ~fill) uJ".>ll J,ll,J Constipation "1\...)'I "-'> 

ut.f;I JS c.,,,.J .J ,... )I; j\ ·'-'-""I ull.loJ <F- )(...; '4Jlfa.JI ouill .~, ,:;,..,S, t"'J 

.ui,DU L,s... .._.,,...;;...., .;1_,,,..,,.,15. .Ji', i.,,..,. .,_., <i:,i1 Lignin '-"' c:,1_,,,..,,.,15. 

L..s .>...ia.JI B u\._;;..t.,i ._,:;II .t....YI l;.fo, u:-,.., _,.; .,Jc Lactose J.,lS)UI fa .>c'-, - J 

. .,µ1J t_,,..!ISJI <>"t-.-1 .,Jc ,ct..:, 

Classification of carbohydrates .:.l.;J,111.JIJSll ...u...l 
:~ _;.s, ul_..Jll •~ c,JI l.ll.U .:.1_,...JIJSJI ._.,..... ,:,S,., 

fi..-, i.>....a.J <j_;.,:,J Monosaccharide (.J.;..,li .fi.J1 Ji) '-,hYI ul;fa.,JI -1 

. jfi_,JS.ll c_µ.. o'>-IJ 

<i_;.,:,J (',,l~I ul;fa.,Jl t,......;. 0-J) Oligosaccharides c:,l;,..,JI '-J,ll ul;fa.,JI -2 

·<i't..YI fa.JI.:,- w\;,.J 10-2 .,Jc 

,:;ljJ\ L,JJ '-,,t..\ d,fa.,J -~ ',,..,.,J.,, J..!.>J Polysaccharides ,.>.w.JI ul;.fi.JI -3 

'---,:J.... ';I ul;fa.,JI .:,- ',,lt.,11 ul'>. .,JI .,Jc i,=1 ,jj,<, .,Jc ,,_..ill IA .);l! <r' J .~ ',,l 

:c_µ..,jj<-_i,JI ;,.IJtJll•.>fo.JI 

Homopolysaccharides o~ uyµi -1 

Heteropolysaccharides Wt.;..:WI JF o.l.lUJI 6y.fi..JI - o..,.i 

:~ ,.;u..~ '""""J .,A,\... i)J 
JI 5,:;,, JS.:.. ..,.WI~ i+;) 'i) ·UJ/.)15. ul~ 9-3 .,Jc ul;fa.,JI ,:,. <i_;.,:, ,., ... !ii u4fo.l\ -I 

•._l44JI l,.,,,S_j, u# ""~ JI .,,1+,.,JI ""~ <i_;.,:, d,..f,-11,lA J •UJ/.)15. ul~ 6 
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.::.I.Jol:14..HJSli 
cl" i....,..., '-'Ji .. ~1.i,.. 1,.;fil 'i;illll.) 4)1 _,...u.JI cl" t..,.. i->-" wlj>!A.,u\Sll .w 

.',,,;;,Jill ,1..,..JI., .:,_,.J!\S 'i;l\:,_j\ _,...u.JI 

'-4.,,., . .:,,,..,.,.,__..ii., .:,,,..-..5.,<;1., u,u1SJ1 ~., wlj>!>..,,.)Sll .:,-.,S:, 4.; _,...1.;c = em... 
I-'--" .:,,,..-..5.,I I ._,II C:,,,.Jjl!A 2 <ii .WI.) IA,.,._.,'-,..;,''"' !+,,Sy.) ~,';1., .:,,,.,.,,,._II 

.:,,,..-..5.,';1 ,.,..., '-,.a ufo ll Deoxysugars ~.,';1 .;ii wl,..,s...JI J\,. ll.,.:JI cl" i= 
<.JA't.. J\.. '--,..lll ,:,. .;JI <;llj>!>Ji.JSll J#- wl,Sy.11 cl"= ,.,._., .illlS., .i..l., cl" Jii 
3 r.j.J\...,,....;j n .!Jp.Cn(H2O)n O.J~ ~y rl.c. ul~_j,1.JI.Sll ~y.JI ~_µl\ ~!_, ,~I 

'-,ll.,411 ~\lll c>'J .t,...Ji <JJ/.)\SI .,1 <JJ/.)\Sll wlj>!A <ii wlj>!AJIJSll w,.... \+-,1...I .. fol .,I 
u#,1 Aldehydes .i,i.,,l wl,Sy lJ.;..,11 wl;.fi..J\S wl.;-\!4J1JSll •_,,.....ll 'i;,411 

'-'~ i)c,<- wlj>!>Jl.)SJ\l ._,11:;14, ~., Ji..S,.;.,,._tl t-"'4-.- cl" i= <i_,.:, Ketones 

.,I ¼-&,.,,,._II &-'t.,...ll cl"= <jfa,:, wi:,# .,1 wl.i,4,,11 t,.;1., '--'J"'J .~I wl,Sy.ll cl" 
J._j '---1,, i.;.,....._,, <.....lW .,__;c ,l..,..JI ,:,. y$y JS i....,1 u,yul llA .:,..... J;..i,., 4'1.iS.:... 
I-'--" ,L.....14 y.,:....S '-,_,....JI wl;,l.JI.) .:,4.,:,J 'J,ll ,i.....a, '-,1-, ,1.,.. ,:F, •.;4'> wlj>!AJI.J\Sll 

. Polysaccharides ,.,.,....i1 wl.;..,s...JI 

.::.l~..H.;l.Sll ~.Jl.,,,,.ill.1 ull.li,_.,ll 
IA.,,..._. .:,.,S, .;Ji '-llJ.ll '-,.a J-; Jii ,-,JI.) '-llJ.ll Jjl_;,J <H)I ..,.._.JI wlj>!AJI.J\Sll .w -I 

.,-,JI I,.,.~ .;JI '-,lSJl '-'-u.11 cl" 1.90 ..,JI.,.. wlj>!AJI.J\Sll 

.WI .:,IJii .:,I.; Electrolytes w\:lil,ySJ)'I., ,WI., 1.li...YI ,.;Jill \,J J., wlj>!AJl.;\Sll .:,;..:., -2 

UWI ,:,. )fa4, ,_,...".,,JI., eJJJ..,...JI ->-" I..;.. Y., w\:lil,.faSJ)'I .:,\Jii .)1 <i'Y-

.[nvoluntary dehydration ..j.l\):::lll ~I 

.i...J.., '-,SJ,\:,_]\ .:,t;..S, '-,Jt..';i wl,..,s...JI., L:.lll -3 

Physiological 4.,1.,,.._; ..,i..,., Structural '-,,#.y uiu...,, ,.,i:, t,.;l l l ,.,_..1 wlj>!AJl.;\Sll -4 

:wl,Sy.11 ,:,. c>'J J.+..,..\ l,ill,i,J ,J<!S ..,...1 .:oil .:J.;S,y cl"•~ Li.JS.-.,..., 
.:,1.,,_,...,,.;ISll ...,......Sy.:,..... i,..;,. -u.,s ~:;.....;.,.; Glucuronic acid oll;l.J».!S.,wl ..,...i...-i 

J..,....., .;JI Toxic substances ,.,.....i1 <.!IJ ~., ,_. ..,i.., .,,sll.) ..,_,$.,..JI llt] .:,I.; ,'-,l,~I 

~\,:. ,1..,..JI ,i.., 44') fell Detoxifying agent ,.,....n :>y_;.. :,,...1,, Ja;.,.; ,-,JI .)1 

.).;,'!1~_).~Ji...y$y c)S.:.~t,.;.. 
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'-,.ll...'1'1 w4..,s..JI _¢, ,:,._, .~I u_,_);,ll w.. _,....1 wl.,_.__, ~I '-,.,l...)11 '""4__,s..JI J,W J..., 'I'., 

,-.1,:,. .,-, .,,:,i1_, (-'ll+,.ill ~..,...... .,,_,,,., <r",.,_, fo..) Glucose j..,S_,JSJI _,. '...;,hll <) i,~., 
'-.....y,l.Ji <).,_.__;,~I_, ,-»u.JI '""4__,s..JI j,S"i ..,_.t..';i 'i;Ju,JI ,.,_._.,JI_,._, <r11 c:,JIS!! 'ilu.J yt..... 

.j_.,1,1,..Jl_,~IJ\,:iJll..wt,..S., 

Glyceraldehyde -'ll+,11..,,...._!, L..4 '-.....y,l.JI ._. wl__,.,,,._,ulS 4;J., JU,,,:_,;,:.,~ _,....1 J 
.;....ll,,) wJulS wlj, = L.,,.. JS.,,_,,,.,., Dihydroxyacetone ~.,.,.,,.ii .;i::. c:,_;,;..';1_, 

u_,__,.JI '-iW.) w.JI ,(Triose jJai.fa .-,1 wJUIS wlj, .,,_,,,., '-'"11 -,,S__,..JI 

wl '---l'l'.ill '-;ji!S,"'l'I '-.JJ\., Tri :WS .,JI ose u.,..,..i,., "-,,_,.JI '-.JJ\., "''-" :WS ~I .ljll., .,1.,i1 

-(4-1 .JS.l,ll) .l...'I' (wl..,.,,._,ulSll ~~I.,,~_,. -,,S__,..JI 

H'- 8 0 c>' 
I H-C-OH 
I 

H-C-OH 
I 

H 
Glyceraldehyde, 

an aldotriose 

H 

H-6-0H 
I C= O 
I 

H-C-OH 
I 

H 
Dihydroxyacetone, 

a ketotriose 

,......-4 .,.l+,.ill~1;;.,....; cf...,~ ,'-,.,l...YI w4..,s..JI;;.,...., <) J,;.,ulSI ~..,...... (:}_,,. ~t..a 
u_,..,..i1_, wY-fi w1_,:, = .,,_,,,., -,,S__,..JI ._;.., '-''-"-' .,.l+,.ill,:,. _..,ii) Aldotriose j.,,U.,.ul 
,......-4 J;.....5_,..,.,,.i1 _;t....t. c:,..,,,_..';1 ;;.,........., .:,....S.., "1l:,_S (..,S....... y....S_,.JI c:,I .,:,,:. .ljll_, _,1_,JI 

,:,. fol .,,..,,..:, ~I '-;l_#JI wl;fi.Jl '-,..lll, t..l -(w#,:,. Keto #) Ketotriosej_,,l.fa# 

.(,~I JS,!Jl .l...'1') 2 ,-i.J w.J/.JISI ,_,:, .~ J,;.J!JS!I ~..,...... c:,\; w.J/.JIS wlj, = 
w-' wfo. '-':,i1_, Tetrose j.,.J,i, .-,1 w.J/.JIS wlj, t;1) ,:,. wfo. .,,:,i, ~I fo.. JU,, 

Hexose j~ ~I 0,u\S. wl.).'.l .:.i.... 0-- ,:;A i;.'.l.11., ,Pentose jfo. !""""I 0.,u\S. wl_),l w-,i,. 

uW,;i '-,l_#JI '""4.fi...!l '-,..lll, t..l .Heptose jH .-,I w.J/.JIS wlj, t:"",:,. wfo. .,,:,i1_, 

j.,_Jfo. r"'I w.J!.Jl...S wlj, <i.,._:,,,.; <i:,Ii ..,s..JI ~JU,,~-~<) (ul) _,J 

uljl &-"" !.j~ ':7.'.l.11_, ,Hexulose r-""'I w .. ,u15 d.J.:i u..i > '-5~ ":1.'.l.11_, Pentulose 

.Heptulose j_,J fa.,A .-,1 w.J/.JIS 
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Optical rotation _,l_,.;.Ji .;uJlll 

'-,,1....+JI (wl.>--'J)).:l+,LL.JI ,1 _;lL..J;.ill _,l_,......JI .l.\..!.....lJ4 .,-l_,.;...J\ -".,..,_:JI 0--" .;,a, 

-".,..,_:JI wL...l;i.:,..... fa., Specific rotation [a] <r_,.JI -",-,:JI ..i.t..._,, i,.s Stereoisomers 

~')'\ u-4i J...,. t-".J'J.:,,... J_,l, ,;i ..,,.,.,1 .:,,... j#.j, ,;i (L.A.l>.1) J_,h.J .;.,...i, 

.Polarimeter 

(.:.\+J'll.i) _,l.,...ll .JLJ'lll 
(J./i"') J,tSjill X (~ •) ','.J,'°'il J,lo - [a] 

--~ -~1 '-,l_,...JI 4_,.JI J_,1,, •f~I 4.>' fa .,-l_,...ll -",-,:JI wl__,,,.. ..,,.._,, 

wfo. 0I Polarized light yl,i...JI ._,...JI Ji? .:,. wW, ,;;JI .,£_,.JI .,J,, 
&-'~ ,, wl~i t,J, J....:.. ,I J.w "-"~\S •~ ,;I wli "-"~ISII lJt.. ~) Asymmetrical 

y-.,i, .,J,, J.w ...;_.,.. ._,ltl4, (Asymmetric center _;Ji.WI I""'-' i_fi_,.. •~' ,:,. 
(+ '4.-_,.JI :WWI sJ ~A d u~ sJ >'-"' Dextrorotatory """'' .,JI 1...1 ~I • .,...ii 
~J) I u~l, sJ .>'JiJ Levorotatory J....,l .,JI ~I • .,...ii Ji? .,J,, J.-y ,;;!I ~';1, 

. ...,:..,11 i.....:-,1 Mirror image;]_,..•~.,._... J:,fo. (d, I) w,c_,lll W,:.. wlJ (- '-,ll..ll :WWI sl 

fol ,1 w_,,fi •~ ,;y,.; ,;.,.:... yS_,.. ,;'; '-,,t...,...ll w1_,..,:,,';1 .= 1:1..,..:...1 ifi.e, 
:'-,,"II lj)WI r:,. ,_;Ji.tr.. 

j.,......,.,.,11 _f,....... wU ~I J,...... ~J .,.),1.....u..!1 ""~ISII ..:.l~ .llC Jwn 
,;_;J.w... ..>-+ "-"~\S wl~ t,) .,J,, ,;_,...,C6H12O6 '..WI '-;,,Sj,11....,... ,;;JI Aldohexose 

JS.:., .,~I ._,.w, ,L JS.:., ">-Y "-,Ll ,'-,,t...,...ll wl_,..,:,,';1 r:,. '.:15..l 16_,s...JI 1:,,.1 JJ -<;I<,, 
.D 

w....i\S li\.i ,_;J.l:u..ll "-"~ISII ;_,;, '-1-WI OH _J\ ~JA .,J,, u.,.:Jl L, D u,~1 

.:,..... fol .,J,, ,;_,..., .,£_,.JI w\S 1;1, L ~t...,ll <+? .,J,, ulS 1;1, D """'' <+? .,J,, 

...;..,_.. wfa.>ll ~,,...... ,1 ->t,,,l'>'I r:,. ,_;J.w.o w_,,fi •~ ,._, J. ,_;l.w.o "-"~\S •~ 
.L rl D t-" r:,. .,£_,.JI .,.,,.; 
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Stereoisomerism of monosaccharides .:.~ ..,..1-,,l\ );Ll.11 

, ... 1, w,uis ,..,:, <i>W, .,,4,.lll~I J" i.,t.. fa L.S '-,,jyNI l.;h'il wl;_,s..JI .i...,I 0I 
.>al+,li~ -D L.... c:,,..t......,... wi_,_.,Ja\ .,__.._,. y....S_;..ll I» c:,_l.i ~, .,_;J;U., y,t. 

.(4-2)~ .,; ~..,. _,. L.S 4,;.>Il»JS -L , 

o~c~ 

HO+ 
CH20H 

1-Gly<nldlllyllt 

.( D, L) Glyceraldehyde ~»JSII ..;,l,Jill :(4-2) 

J,......S,.;.,,.JI ~.,..... wl J,, D u_,..JI 01, ,..,.:':LI ,ly ,.).,..., J" .~I .:.,,_;.JI 0- )IS wl 

.__.,.,..... wl L u_,J J,, W,, ,yS_;.JI,:,,., e}a ,..,i.tr..i1 y,t. w.,.)SJI ,..,:,, l.l-.JI OH 

.yS_;.JI _;1..., e}a OH 

.,_....; .(4-3 ~) 2 ,i.; ~..,.ll.,; ,.,.,._ CHOH ~-- 'iiW.H \_,,,.,.,._fa ,U, wl 

L.s,, _;l..;ll '- j .,JI 1...1 c,t.~1 OH ~..,....I wfo.,.,.,._JI ~_,......JI~! 

2 t,-'..,.ll.,; CHOH 0- 'iiw.J J,.,;.; Jh ',,I~, .2 ,i.; ~..,..,; .~--;1 ¼~ CHOH ~4--
•.;.)--'J L ,1 D w..JIS Iii l_.,; _,s..JI ,.).,..., c:,_l.i r,-ll ~, wi.,_,s..JI 0- wl- w4>.>' t..,ic 

).,;-all 1:,. ~, J,l,u\Sll ~..,....I W-".J\Sll ,..,:, 0- ,)-Lr.. y,t. w.,.JS ,..,:, .,._,\~-OH~ .... 

,j,fall.,; 3 ,i.; w.,..;IS!I_, jfo,ll.,; 4 ,i.; w.,..;IS!I_, j_,...s,.ll.,; 5 ,i.; w,ulS!I ,u; wfo. 

75 



Epimers J;..;.,l~ 
\+"'JS~ :i.;lt,4 ~_,. 'J,....JI ._,.Lu ..,,,Syll ~I U" _;;.It-" ,iu. 

..>-+) lllW.. ..,.._ u.,ulS .;;, .:t-;1 \+"' JS ,n.,_, ,'-;lyj,ill.., '-;lt,..,SJI '-""l_,;..JI .,_;;.'ii .::F-

.:,ij_,"L..u.. 01 .Diastereoisomers ...>.!-4.JJ.J~l+:i w-- t~ I~ .r'~.J ,(o~W. 

.>---'!!) ~L..wt, L+;ic ,.,,_1_, lilW.. J#, uJ!fo •J' .,;c. .l.i; .;JI _,.._,j,1_,_,;,..y, 

.:,-i.,, lw_, ( .l.....ii ,.,_._,_, UJ!J\S iJl J.,.. ..,,,S_;.JI ¼+JI~ c:,1.it,;,; c:,l,S_,.JI ulS Ill) Epimers 
:,lill (4-5) JS..:.11 _ _,. 

1CHO 1CHO 1CHO 
2 I 

HO- C-H H-=t-OH H..!l:-oH 
a I 

HO-C-H HO-!t-H Ho....!l:-H 
H~t-oH H~-OH Ho~LH 

H~t-OH H~-OH H~LoH 
6tH,OH 6~H2OH •bH20H 

D-Monnose 0-Glucose o-Galoctose 
(epimer at C-2) (epimer ot C-4) 

.(l..._,a.ll l.l..U).>4 l.;w_,. Epimer JA;l~I :(4-5) JS..:.11 

Y..P.- o~,_, w.,u\S o..;. Jp LH?.JJJ:M-11_, J.i...S~ ~1_,.. fa~ u} 

J,-.S_,.}-l/!ll L.c__. t--11_.,. .,,-J ...ffi__;.I L,._,;; ¼+JI~~ ~JA u.bcl .;JI_, jfi_,15.11 

wJli.. .Epimerization "---,l.., .,,_.,, jfi_,JS.ll 4 _, 2 ~J c:,_.,,)Sll wlJll ~_,.)-l/!ll_, 

.;....ll,,i 4 r-1 J t--! _.,.11 .,,-J J,.-5 _,_,,.JI '-' __. (} _,. ~I ,Ju. .l...)4 jfol\Sll t- jfi _,15.11 

_,..,,J C-2 J.lfo. jfi_,JS.ll_, j_,lWI u,i_, JA,!1) C-4 

.:.L...fo.,ll~~l_;!I 
WlL. ufo Fischer_.,.:.,;¼-- J1.I., .;ii_, :i....j,i. l,!.J... JS..:., j;.,sn_, jyf;I ..,.,s._; c:,I 

L.+¥ wlJl w...... ..,1 UJ!J\S wlj, u-o- .;;..:. .;JI wy_,s...JI L.\ ,j..,fa.'}1_, j_,,l_;.JI wl,S_,.J '--,.,ll4 

~I l,oU........ .,.._.i.. '/_,('-'--IS) ....... J,l_.,,J\Sll '-'__. 4,,i ufo '-,ih ypl.} JS..:.,,,_,.._.,. 
e:--' '-'..,...._, ,,u ~w:; .;JI U.:l_,s.11 e:, 4,-.i ¥ ,~ jfi_,JS.ll ufi 1:,. J,. t..._, '-,,~'ii 

.,..__sb!l w1.,__,4-,,J'J1 J,., W,, ,~_,'11 ..,1 .1_,.JJ -<...,yu .,;c. i..i...:; J.1;. ..,,_, ,,,4-,,l'J, - ........ 
<r-" .,--iJ.. ypfa. jfi_,JS.ll J,.. _,s...JI ,_,.._,.,..._;..;JI .,_;;.'JI ,:,,.JI_, .4-il w_,_);JI w-' '-'__,.., 
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LJJ\ .,...._., JS._.:. w,_,_s. ,r-4 ~,WI~ j.,S_,JSll _,J,;. f, llli . .:,,u,1, .:,,JS.:.,,,_,.._, '-',i.. 
.,J,;. Ill L.I. 112.2 - [a] 200..,,. -.l ;r_,ll\ .;~I _,,,_ll!I 4_,o wfo .;i,., jfifo-D- (a) 

<r,._:. ,:,i_,~ .;l j_,_s.#,-D- (~) U,, J~I..,,. w,,,...;;, ~I.:,. j.,S_,JSJI 

'----,ljj ~., . .;L...,4)1 -,.,....;$_;,JI ~.:,~-;~I w,:i. .:,li 1:,. ;_;;.,, 18.7 - [a] 20
0 

½! .;1 J-,"""' ul_,11 t" i,,._,_,.,; fa -.l ;r_,;11 .;__,....,l JJ_,.ll!I .:,li ,WI~ j.,S.#,-D-a 

i_..;; '---,ill .;1 J-,-.l ;r_,;11 .;~I JJ.,.llll .:,li ,WI~ j.,S.#,-D-~ -,,1:,, L.~_, 52.7°..,,. 

.:,_,....s:,, .:,jl_;,. .l.,li,. wafo 4;Sl _,.., Mutarotation .:,1_,,,i1 J.,.:., .)#JI 1:,. ~., .w.,I 52.7° 

~_,a w,_,l;u,..ll ~I w,:i. wl 0~4ll (F'"IJ .j.,S.#,-D-~.:,. ...;,r,., j.,S.#,-D-a .:,. .a 
~~-' J.-.:µ_,u\.SJI -L.J:.~ ~\,ij Ufa d~ U... WI~~ '41.) O.;~ 

.,-Jc .;fa.! Hemiacetal Jl',-1 <r"" .:,fo, up. 5 .:,_,,_,ISJI ,.fa. :u....;.Ji J,..S.,..,.,,.i1 

U,,_, lil\ ~I w,ihll c:,,,,S_;,JI wafo j.,S_,JSll 1:,.,_, .,.,,,._"_,;.\'-Lt... JJ', .:,_,,_,15. ;_,; 

Stereoisomers "-,.t..,..11 .:-1.,..,:)Jli .(4-6 ~) Anomer .,,._,-J-;4 41- ~,., cfa Jll,,., 

_,.....ihll l...+l,fo .,__., J-,;_,,_,ISJI '-'.,...... .:,_,,)Sll ,.fa. i.,....., w<- ulw .;JI 

.;Lll .!....,.4ll .;1 i,u:i..1 Haworth w_,.,i.. ¼-~ Jll,, :\;ih.11 ¼-Ji., Anomersuly.,,-Y4 

......... 
(open-<~ bm) 

~H 
H H 

H -·-

-~' 

a .:,;,....s;; '--#J (Open- chain form l......._,a.n lJ.....J..Ji) .,4 :(4-6) 
.(i..uw .,;,,.,iii ,:,,,s;;.,~_,i.,. ~) .;,s.,is-o-p., 

,j_,_s_,!S.ll Methylation '-L;JI ,1,;;.I cf.., ul;.fo..ll _.ihll ..,,.S_;,JI d;,";_, ,w W" ::t...; 
.,11.,_:,ll .,-Jc .:,i.,....._, w,_,l;W:... w--- J.,_l;. .:,fo, HCl j~ ,_,.._,, .,i;-i1 J_,.sJI t" ~I.;:., :,i 

(I) rl-' .:,_,,_fi ,_,; ,_,..., J.,\Lll yll,o,., Methyl a -D-glucoside ., Methyl ~-D-glucoside 
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.,.,__._)J ½i..,,t-;1 J-;l.,,.fi:..., _,..,... w,, .,1 J..b ( Hemiacetal J:.,.-1 <r"') l.i...\l.. y. 
._,,i..,,t-;1 :a..,_,.,... yl,il i_;l;.l Schiff u,,l .:J.,S_,. dfa. 'i _,ihll jfifoll, .J,.-5,J.l;tll 

<s"J wy.fi.Jl 'ilhll :i.;..1.>.JI ~YI~ Pyranose j.f,1.;J., r""I Haworth .:.JJt,. .:...411 .;ll,i 
~i :U..).JI u-il/J ,,:-..S., I ;_;, 4-,li t;L..... Pyran uiY-411 :i.;..~I ;.,,.,,)SJI 'ilhll u-o :U..:... 

.(4-7 JWJI) Furan ulJ_,,;JI u-o '-i,.: ... 11, Furanose j.f,IJ.,,i r""I 'ilhll :i.;..~I ul;.fi..11 

H C-O 

HC,/' "'CH "' / H2C-CH 

Pyron 

0 
HC/ "-._CH 

\ / 
C-C 
H H 

Furan 

.Pyran u;.>.1\+IJ Foran ul~ :(4-7) 

_,.-,JI ,U:, u-- fol ul_,;Jl ._,i,i,,JI ~I t-'"'_,JI .:.JJt,. ~I ~fa\ ._,.II,.~\ dib.JI JwJ 

. Fischer fa. ~I i,...... J 

"1rllJ ulJ_,,;JI .:,i.,.:... ,).F <s"J :i.;..W. ul:ib. JS.:., j~,,f;I ->;,.ly <fi...J\ LJ-OJ 

.,.._.; li..+J, j.f,I J.,,i ,,t-;1 <ib. u-o i..t.e fol :i.;..1.>.JI j.fal Y-4,,f;I <ib. ul y. Furanose j.f,1 J_,,; 

L;J\ t... i...,I c:,,J5..:., Ketohexose j,...S,._#31 ul,..,S.... .,.__,,, ,j~,,f;I J,h. <} i,.,.., fol 

:a..,_,.,... t"' ~i.;.. 5 ,-iJ UY.J\5JI •fa. :U.,._,.JI Je..SJ~I :a..,_,.,... ufo wy.fi.JI ,:,. c}J ,\:e,J 

'+,JI<} OH:...,_,..,... ui\S lol L;J\ JS.:., j.f,IJ.,,i '-.;fi.. 2 ,-iJ UY.J\5JI ;_;,~;,_,.._.,.JI Ji>Y.J\5JI 

~,-1...S 'ilhll .s.,:......l l;!.JI '+,JI<) OH:...,_,..,... ui\S lol l:e, JS.:, __AIJ 'ilhll .s.,:......l _,Ji.JI 

~-D-Fructofuranose jylJ_,,ifo_;i-D-~ J a -D-Fructofuronose j.f,IJ.,,i;,s..,;-D- a <} 
-(4-8~) 

HOH,JPC H HOH2~ H20H 
O~ CH10H H H 

H '"\ ;== 
H H 

H 0 
H H 

..,_ 
(opm-chain form) 
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Pentoses u..11J.Sll ~I ..::.t.i_µI 
"----,) '-c.,..,._.JI , :,., J...,i..1'41 ,)J C,H100 , <./' uJ!JSll '-,.,W. .:.l;.fi-ll ;,,....._,11 ¼-JI ul 

jJ_;.....,l -D J D-Ribose j.,_,,l)IJ L-Arabinose j>--',;1):ilJ D-Xylose j_,l,lj <./' wl;fo,, 

.~ .:.l;fo,, JS.:., '-1... w~t,lll.; ,.,,__;. .fi!J '-..;,l,JI .; ~JS..:.,,.,,__;. i.. i_,,uJ D-Lyxose 

H,,P 
c"' 

HO-LH 

H-LoH 

H-LoH 

6H,OH 
I o-Arabinose I 

H, #0 
c"' 

H-LoH 

Ha-l-H 
H-LoH 

6H20H 
I o-Xylose I 

.Pentosan i.)ljfo. 'iJ,-..a > 

H, # 0 
c"' 

HO-LH 

H0-6-H 
H-LoH 

6H20H 
I o-Lyxose I 

Xylose J.,ljljll~ Lyxose ~) ,:,,,_µl "'4.,s..JI :(4-9) JS,.l.11 

(Ribose ~JI,~ Arabinose jJlHl;'-JI~ 

.:,)4_;...JI .>....i...! wfi.JI '-,.,WJI wl;_,s...JI .,.., Y'J ~I fo- "'"""J: D-Xylose J,-l;ljl\ -1 

.,_,.J Hemicellulose j~ ufi.J ... •;_,..., w~4ll1.._...\.; r'l.lll ,j,JIJ Xylan 

..,.-,ii y~ -.JW U...._,,.,. ool....'l'I •~I d.l~I .>..$\:JJ Jill y,t, fo-
. l,J _,.....JI j\+,JI <} J¥, 

.li... JS.:~ Cherry jfill \,l.J 'i;,t,lll '-Sl...JI <} j~l):il ,.,,__. :L-Arabinose j,Hl;':JI -2 

~1 .lJ---,,.>,JAJ ~ i Hemicellulose j~\ Araban r:.;~\)il 

.~I.e. i.;_,-,, .:il_,.JI_, 

.,J J;..l....,,J '-..;,l,JI <} ,,_,,._,.JI i.,_,,,. 4-JI '-,-,WJI wi.,_,s...JI .,._1 Y'J :D-Ribose 1,HIJI, -3 

Jl.,,.._I .llcJ Ribonucleic acid (RNA) <;j-",')1 <;J_,;11 '-'"'"'WI'-"" <,J_,;11 c.><'W.':il yf,_;, 

.fi.-. 2 rl; ~J" <} _.,s...ll 1:,., <} J,..SJ_,,,.Jl '-c_-.. J,.... ~J_,,,.JI J:)6.1 JI 

._,;.L.....':11 y....p_f, ._.;~,;:,Ji ( 4-14 JS,.l.11) (~J':11 c>-"_,il..) Deoxyribose )Y.11; 

J._...,.:; ..,.-,i1J Deoxyribonucleic acid (DNA) j.,_,,1; <;JY tY"" <,J_,;11 

..,.-,ii wl.>....;>~_..!1 en. ~J 4 wt,!,y, yf,_;,.; W.,1 j_,,,1)1 ~J , ..;1;_,ll wli....11 

~:;,'ii wl...lily,J Adenosine triphosphate (ATP) J._:.. 4-JI yf,1_;,ll "";#JI u""fo 

.( NADp+, NAD•, FAD :en.) Coenzymes ~I 
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HOC~H2 0 H 
H H 

H OH 

OH OH 

HOC~H2 0 H 
H H 

H OH 

OH H 

a-o-Ribose 2-Deoxy~-o-ribose 

.RiboselJ,,jl)l .,S-~ 2-Deoxy ribose J.,,jl; ..,..S.J:1.lli-2 .,s- :(4-10) 

.'4,Jill ~I .,._1fa. <,<:,Ji .... ul;fo,JI u-- _,._, :D-Lyxose jJ_;..sl- D -4 

Hexoses ""1.µJl 4",1.>..ll 
.,_;!.YI :u.,...,11 wl;foJI.:,;, u-- i.,...I _JG-JI~_, C6H 12O6 ~_,....JI ,:,,.1 .,..._,11 '-',-ll J 
l...;)l.;,JI <} ,,_,.._,.. ,.l.lwll "11:,!;_, Oligosaccharides ..:.,1.,..._,11 .µJI .:J.,fo.ll ,.i.... J., .,.l.lwl1_, 

:~ ,;.. u-~ •~JS-:,~ WW. ~J '-;ll~I_, '-,l\;lll ...._.,-';1_, 

..,.... ...___,,1..';1 .:J.,fo,.!1 ,-.I u-- .,._,_, ,~.ill fa ~I_, ..,.i.ll fa fo,JI 1:,. :JJS.,isJI -I 

.,__,sl1 u_,µ1 ~fo.'.)lSJI 0-- "11:,!;_, <;l~ wl;fo,JI 0-- ~J Ji.:., ,_,.._,.. 

_,_...I.WI_, L.lllJI .,__,,..; <} \;)l;JI i) '-,ll_,,,._,u\Sll ,1_,..l '-'""I<} J...,_,11 <i6. .laJJ 

j_,..sll_, _,....:JI_, ..,.i,JI J... ..Sl_,i!I <) t..,..'i., Jl:..JI ;_,!..JI ;~I<) .,._lfa. L.S . .,_;!.'ii '-,ll:i.ll 

jfo_,;JI fat- ~J ..,._.,!I fa<} ll.,uy jfifoll .,.__,,., . ..Sl_,ill u-- i.._,,.., wi.,......JI., 

_,_. J j_,....:;£ll.ll -,.,,WI fa jfol\Sll t- U.,, _,. "11:,!; J jJfo.ll fa '-4, y 0-- i, ..._., _,, 
41., Stachyose j..,,SIWI_, Raffinose J#l)I J... '+4)1_, ~I ul;fo,JI u--

'-"""'~I ;;J,1..,_,, 1...) ~;t,.; ~\:,;) ,:,,..,_, .~.,s;,,.sn., j_,!,l..JI_, t.:.;Ji J... ,.l.lwll wl;fo,JI u--
_,....wll ytill wl;fo,JI ,-.1 u-- j.,S foll "'-JJ .; _;,11_, U.ll.,11 J\.. Ll;li .>''--- u-- d.Jy'/1 _,I 

.Fennentable sugars 

.:,......, u4.,:,JI .},<- fa_,.., Levulose j_,ly,i,lll .,1 ..Sl_,ill fi.., jfo.)ll fa <r'"'i :j,JaS_,ill -.,. 

fo.....llJ J.._..11 <) "11:,!;_, ..Sl_,ill Ji.:., .,.__,,_, •~ wyfo.JI )51 _,.., ,_,_,!,l '-,_,.....JI 

u..,..S... .,....., jJfo.ll fa t..,..'i_, j.,S_,JSJI fa ._t..., ,,~ -..;\; <..,l,Jl ~.,._.,Iii_, .J.,._.JI 

.:,l....oS.,_,;JI ,~ wyfo.Jl u.,S...J j..,,SIWI_, j_#l)l J\.. '+4)1., ~I ul;fo,JI u-- ""1 

.Inulin c;i)_,,;'/1 _,. lt,lc JI.\..., Fructan 

.,.._. j.,S~ L.l.;,_,.,,_,.._,..JI wl;fo,JI u-- Aldose .,..1,.. fa_,.., :j,JaS'iWI -_.. 

J..,,Slk...ll., j.,._..,;1)1 .fi...... <} ,!J:,S .,.__,,., .jfo.)ll., jfifoll J\.. i~ ,,_,..., fa;J jfo)lll 
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