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1J'YI~" ~El 

1'lI,r'UlWh'ln1mu'UiJ"il~m~~\I'lIel\l I "i1'l~1~ 
vl1\1') LLt'l:::iJC1!Vn~l1'U~Vl hLLt'l:::tr\ll'lt-l ~n1"i~m~nifi 

n1"ielelnn1~\ln1~L~el~1n~1'l1,r'Ul'U11\1n1~lvn~t-l1n~ 
tl~ 'Y'nr:h1'lI,r'U"il:::Clm~1~t'l1f111udj'UY'l~\I\11'Umn~ 
~ ~.~ 

tl~hn1"ielelnn1~\In1~el~1\1LU1 (Low-intensity 
~ , 

exercise) 'VI1elyb:::~U-XlhL~'U~el~t'l::: 40 'lIel\leJVl"i1 

L~'U'lIel\l-Xll"iltl\ltl~ 'VI1n~el\ln1"iL~1~t'l1ru1'l1,r'Ulvn~ 
~ ~ ~ 

t-l1n~tlm:::'VI'l1\1n1"ielelnn1~\ln1mLUU LLelI "iUI'l 
~ , , 

(Aerobic exercise) ~el\ltln.yb:::~um1t-l'VIun(phn11 

~~ln'lt1i'llel\lm~LLt'lI'lLVl'fl (Lactate threshold, (LT)) 

'VI1ell~-Xlh L~'U1elm'l::: 70-75 LLt'l::: 80-90 'lIel\l 

eJmln1"iL~~-Xll "il~\I~~ 1'U1'l'Url1~l"iel~1~elelnnl~\In1~ 
LLt'l:::hl'lwYim)nnl~\ln1~LU'UU"i:::'ih mt-lfh~u 

n1"ielelnnl~\I LLuuil LL "i\l~h'UtJ~1\1'V1unriel'Un1"itln LLUU 

LLelldUI'l "il:::vh1..;,Ln~n1"i 1i1"iI,r'U1'U"iIrn:::elelnnl~\In1~ 

LLUU LLelI "iUI'lt-lln;'ULu'U'fl1I'lnl. LikJ\I"illnn1"ielelnnl~\I 
~ 

LLUU~LL"i\l~l'UtJ~l\1'V1ilf1Yh1";'Ln~!m:::Y'l1el\l1nt'lIi'lL"il~ 

~\1 L'VI~el LL 'YI~\lY'l~\I\I1'UL~m~el 1"iI,r'U el~l\11 "inVllt-l 

n1"ielelnnl~\ln1~ 1'U~nHrn:::~\ln~11 1~ L'VIt-l1:::tlt-lnU 

unfhli"l LY'l"il:::ell"ilvhl~n~lt-lLdel~l cl~~t'll~ 
U"i:::«'YlfiJ11Y'l"ilel\ln1"iLL~\I'!I'Uell"iliiel~t'l\l1~ 

Abstract 

Body fats have been considered as a 

risk factor for many diseases and psychosocial 

problems. There are widely studies about 

exercise protocols for optimal fatty acid oxidation. 

Intervention studies have demonstrated that 

the highest rate of fatty acid oxidation was 

took place at low - intensity exercise or at 

40% of maximum heart rate (MHR). Additional, 

Individuals who want to utilize fat for primary 

fuel should work out below lactate threshold 

(LT) or around 70-75% and 80 - 90 % MHR 

in sedentary and trained persons respectively. 

The performance of intense weight - resistance 

training prior to aerobic exercise may multiply 

fat utilization during aerobic session, the 

intense weight-resistance training causes 

glycogen-depletes state and then fat is 

mobilized to oxidation. However, this training 

protocol is not suit for athletes because it 

makes muscle fatigue and reduces the 

competitive performance. 

• ell"ill"i~UJ:::~l tll"i111'illn1~J11Y'lthJ~ l'lrn:::tl'VIL1'il1"11flVl{ t-l'VIli'fl~1~~1'l1m~~'U 



..
 
1.l7:: ~11'Y1 LL a:: ~ ih'YI1l1 flU1-:1 017nnn n1a-:l01 fI 

m"imJnri1tr\lm~bbtJ\l1~rwn~1.l"i:;bfl'Yl;UtI~ 
nUr\PlCll.l"i:;tNrfu~:; bihVI}.I1 ~'iltI\lm"itltlnri1«\lm~, 
lr1~ft1m"imbtJ\l1~d:lu 1) m"itltlnri1tr\lmmbiJiJbbtl 

ldUI'l (Aerobic exercise) djum"itltlnri1«\lb~m~}.I 
1.l"i:;~'YlOm~'iltI\lm"iYi1\11U'iltI\I"i:;iJiJVfJ 1'iJbb~:;'Vmtlr1 

b~t1~ "i:;iJiJm"i'Vn~1'iJ bb~:; bbM bl.l~~UtI1ml"1'i1t1\1l.lem 
o tJ .¥61vtJ J' 

m"im\llUbb~:;1'l11}.1'YlUmU'iltI\lnm}.l bWJ b'lfn~1}.1 bWJ 

ir~ 1'Vltli'iltl\l11\1m~'Vl~ bb~:;I'l~l~\lllt1~l\1l'1m-dtl\l d:lu 

"i:;~:;bl~lU1U~\lbbl'1 15 u1fi;1u11.l 1~bbri m"ib~U 
bWldUI'l ~\I 11m!1 nvnl.l"i:;bfl'Yl1'11\1"] dju~u b~El 
tI €I n ri1 «\Im ~ bL iJiJ LL tI1"iUI'lEl ~l\1I'1El b-dtl\lft~l Lft}.ltl 

"i:;iJiJoXlh 'Vl~tI~b~tI~bb~:;"i:;iJiJ'Vl1~h'il:;bb;\lbb"i\lbb~:; 
.J' .1- 1 ~ '/''Ylumumn'ilu u"i}.llrn 'iI}.IUt'":;ft}.l bU"i1\1m~~~~\I 

(Hakkinen et aI., 2002) 'Vl1n~tI\lm"itltlnri1tr\lnl~ 

~l~m"i~\I b~t1ft11\11'l11}.1'YlUmULoXniJd:;iJiJoXlL'iJ 

~tI\I~\I-if1"] bb1'1U1U"] b'llub~mniJ ~\I}.I1"i1LitiU 'Vlitl 

b1~n11 m"itltlnri1tr\lm~1.l"i:;bfl'Yl'YlUmU (Endurance 

exercise) 2) m"itltlnri1«\lm~miJiJilbb"i\l~lU 

(Resistance exercise) dju~l.lbbiJiJm"itltlnri1«\lnl~ 
.:~ c; 1J J'
 

b~tI b~}.I1'l11t.1 Lb'iI\I LL"i\l bL~:;1'l11t.1'YlUmU'iltI\ln~1t.1 bUti
 

m~ L'lium"i~n~n~}.IJ1'VlUn nl"ii~yfu LUU~U nl"i 
v I OJ , V t.J 

b~t1mb'Vl1:U-l'yileifLuUbb"i\l~lulum"i~nuu 'iJ:;1eiithvlUn
 
" ,
 

t.l1n bb~:;'ii1U1Url-rll,xtl~ b~t1~t1\1m"ift11IIm~
 

'iltlllm\lt.1bdtll'VltliLL~:;LL;\lbL"i1l;U 'VlitlHJ1'VlUn,xtl~
 
Lbl'1'ii1U1Urlf1lL um"i~nmn L~El~t1l1m"ift1111
 
n~lt.1 Ldtl1oXill'l11t.1'YlUmU 3) m"itltlnri1tr\lmm~tI
 
ft11\11'l11t.1~~'Vl~U (Flexibility exercise) 'Vlitl~b1~Jn
 , " 
11 m"i~~n~lt.1biitl (Stretching exercise) bUU 

"i1.l bb iJiJm"itl €I n ri1«\1 b~tlft11\11'l11t.1~~'Vl~U1oXniJ
'lJ ,
 

tJ ·tJ J" t.J, tJ tit
1I'ldllft"i1\1n~1t.1bUti 'iltI\Pltl L~mtlU LL~:;m:;~ n 

LUU"itl LL iJiJ m"itltln ri1«\1 m~~ilI'l11t.1th~1'l! 1~~ 
'lJ, , 

L~~l:;Lu~th~fiiltf'l!'Vl1eii'tI~~ 1~ft1t.11"iml'l~t1U 
'lJ , 

eii't11'1t11oXL~t.ltI\l1"11m"iLI'l~t1u1 'Vl11~ 'VlitllUm"iL\Pl1~t.I 

11I1m~ritluLL~:;'Vl«\lm"itltlnri1«lIm~n'ii1buu~t111 

~~n~l}.1bdtlL~t1UtlllnU'Vl1t1~~n1"iiJ1~L~iJ'iltllI 
n~lt.1LdmL~:;eii't1I'1t1 (Horowitz et al.,1997) 
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LL'YIa-:l,n-:l~a-:l-:l1~1~n17nnnn1a-:ln1f1 

tlllm~'iJ:;\~1eJ\ll~itmu LU'ilnl:::tltlnri1mm~ 

L~t1Yi11 oXn~lt.1 bdml'l~tlu1 'Vl11~~M~«\I\l1Um'iJ1n 
'Vl~1~"] Lb'Vl~\I IJnm:;~:; L1~lLL~:;1'l11t.1'VlUnLiJ1'i1t1\1 

m"iDeJnri1tr\lm~ 1U"i:;~:; Lb "in'iltl\lm"itleJnri1trllm~ 

L'lIU "i:;~:;LL"inft~'ileJ\lm"i~\I 'Vl1t1m"itleJnri1«\lm~~ 
a ~...J cv 1IJ'

Lb"i\lLL~:;L"il ~~1I111U'Ylleii1um"i'Vl~\Pl1'i1eJ\ln~lt.1L UEl 

'iJ:;m'iJ1nft1"i 2 'lfWlbyh,xu ~t1 t1:;~Tu;u1\Pl"iweJftbW'Yl 
(Adenosine triphosphate) 'VlieJ Ltlfiw (ATP) LL~:; 

1"l1Ltlfiu WeJftLW\Pl (Creatine phosphate) 'Vlitl~w 

(CP) b-dtlll'iJ1nft1"ifteJII'lf~~dil'ii1ulu'ii1n~1Un~l}.1 
J'Q..I'~ cv I I a Q..I' 

bWJ ~\lUU ft1"i~\ln~11'iJ:;~~~\ltlm\l"il~L"il 'Vl~IIL1~1 

~hu11.l1.l"i:;mrn 10 u1fi (Stepto et aI., 2002) 

LU'ilrn:;~ Ltlfiwbb~:;~W b~t.I~~,xtlmN bb'Vl~II~trllll1U 
'iltllln~l}.1 bdtl'iJ:; b~t.I bl.l~~ULuum"il-nn~Tl"lb 'iJU~ 

R v J' 
ft:;ft}.ltl~bunmt.lbti) (Glycogen-store carbohydrate 

'lJ 

in muscle) 'Vl1nm"ieJtlnri1trllm~~III"l~l'i'lbibuviEl11.l 

m~1U1~~U1fil'1t1t.11 n~lt.1bdtl'iJ:;l-ifbeJMl~bii~'iJ1n 
m"ib~l~~l'l!I"l1"i'1iJ1mm\Plbb~:;1'i1iruniJeJtln;ab'iJU 

, .... 1 ~ - .J' , ,/v!'i
El~l\1t.1LJ"i:;~'YlLim~t.l1n'ilU 'Vl1m1I1m~b'lfI"l1"ibiJ 

1mm\PlbUUl"ll-fl'iJ1m~"i\Pl~~~1I11I1m~n'iJ:; l-rl'iliruLuu 
I Q..I' .J' cv~.J I ....
 

Lb'Vl~\I'iltI\I~~II\11Umn'ilU~\lUUbt.lmb'Vl~\I~~\l1I1U'iJ1n
 

1'l1"i'1iJ1m~"i\Pll~m~~1:;1n~1I'lL'iJulun~lt.1bdtl~nH 
'iJubiitliJ'Vlt.l~ 1'ilirun'iJ:;n~l~ bUULb'Vl~\I~trll\llU~'VlCll 

, 
fift~ (Anderson et aI., 2007; Achten et aI.,, 
2002) 

eJ\Pl"i1tbU'iltlllnl"ileiil'l1-fl'iJ1m~"i1Jl Lb~:;1'iliru 

'iJ:;bb1.l"i~m1t.1I"l11t.1'VlW1 biJ1'i1t1\1m"itleJnLb"ill (Intensity , 
of effort) ~iJ11m"itleJnri1«\lm~fiI"l11t.1'VlUm:;~iJ 

~1 (low-intensity exercise) 'Vlitl"i:;~iJ~oXl hb~U 
1t1~~:; 40 'iltI\leJm1b~uoXlhftllft~ 'iJ:;LUWJll\1~'iliru 

\I 1 I t.J 

ClnL~1~~lnI11.l1eiibuu~«\I\l1Ut.I1nfift~ bneJiJ'Yi'II'Vlt.l~
'lJ'~ , 

'iltllI~trllll1U~Leii1u'lil\1d (Energy expenditure. EE) 

buu'ii1ulUbbl"l~t1~~~nL~1~~1'l!I'1t1U1fit.l1'il1n 1'!!iru 

bb~:;'iJ:;~~~lIb'Vl~t11.l"i:;t.l1rn1t1~~:; 50 '!!t1I1~«II\11U 

1eii1um"itltl nri1«lImCJ~1'l11t.1'VlUm:;~1J1.l1un~111 
(Moderate-intensity exercise) 'VlieJd:;~iJ~oXlh 



..
 
LtXu~mJfl~ 75 'lJEl\lerVldlLtXU~'"lh~\lt'l~El~l\lhnml-l 

'" ' 
'V'J tr\l\llUYI\I'YIl-l~fi1.jf1 UnldEl El nnltr\l nl~d~~i.J 

UlUnfll\ll-llnnllnldElElnnltr\lnl~~~'"lll-l'YIUnd~~i.J 
~l ~\I}lmdHl'lIiYudJu'V'Jtr\l\llUmnnll~1d~(LeMura 

.LM. Maziekas MT.. 2002) 

t1J11oJ.n11LPil1 PiI a1tl11 '~WII tlI.Z!l!lnri1a'Gn1 r.J 

LL'YI~\I'lJEl\lm~ 1'lJiYU~rll~'1I~"il~ L;Jl~'lItnU 
mdElEln"dLl'loD"u (Oxidation) 1tX"illnEll'Ylld~'lJ1Tl1~ 
L;Jl1u LLfld'lJiYu~Ln'lJVlll-l'lJ1nrn~l\l'1 'lJEl\l1l\lm~ 
ml'l1'lJirufiltX"illnEll'Ylld "il~~n~El~~m~L'V'Jl~ LLfl~ 

~l'Ieal-l~cil1flL~mL~'"l'lJut'4\1~L"dflfl1I'1m~ElI'I "illmXUndl'l 

1'lIiYU"il~El~1u~u'lJEl\l1mn~L"dElhvl (Triglyceride) \'i 
El~hL "dfltft'l~l\l1'lliYU h'lJrn~~1l\lm~tXEl\lmd 
'V'Jtr\l\llU 1mn~L"dEl hvl"il~~m~~ElUfh~ 1U~~Ldm~El 
Ufll~Yll\l~tXEl\lmd'V'Jtr\l\lluttu md'YItr\lt'lld'V'Jtr\l\llU 

1UdU'lJEl\lm~1'lJiYud ~'"l'lJ~l-l TI'I~lf1~m~oD"i.JojfElu~\I 
~ ~, 

Ltluv.Jfl'lJEl\lmdYil\llu'lJEl\l~m'Tl-lu"di1.l'Ifil '"l~El1 'lJiYu 

(Hormone-sensitive lipase) TI'I~}ln~~lnElU 

(Glucagon) El~mwrJ1U (Epinephrine) 'YI1El UVll 

~ElfIiiT~TmYlu (Beta-corticotrophine) LtlUvl'"l 
" ,

m~~Ul!1~mit (~\lm'V'Jfi 1) 

G-pmlein ~ --'-+~ 

....PKArAW 
H I -.-/'--1-ADP.... ,._ 2onrens, ,ve 'pase 

e,y",,,.' fMAG T!lAG I TAG 

fatty aGid fatty aGid fatty aGid 

n1wrf 1 Uf("IvnTHrl~IJ'Uri("J'lJlJvm"l1'lJ«'U~vnnmdfJ"JUlr"lfJVi)"i1l-1'U (Michael W. King.• 2001) 
~ 

tl~ii7r.J1!l!ln.LPlf1oJ. (Bonan at al.. 2006) 

mI'l1'lJiYuClnm~tXufil"dTVl'V'Jfllt'l~l-l"illnttu 1'Y1TEl1~LUt'l (Thiokinase) ~\lt'll-lmd
~ , 

"il~~nElEln"d11'1.fffill-l TVl~ElULI'I1~ TI'I~Ell~mElu1"d~ 

Fatty acid + ATP + GoA -------..1 Acyl-CoA + PPi + AMP 

nd~'lJdumdElEln"dL~oD"U'lJeNmI'l1 'lJiYu 'YI1El l!1~mL~j'lJt'l (krebs' cycle) ~\I"il~tr\lL~jl~\1"ilu1tX 
L1 ~ nfi nEl ~l\l'YI~\lll tlB ii1~lUmElEln"dLl'loD"u CO2 LLfl~ NADH 3 Tl-lfl FADH2 1 Tl-lfl LLfl~ 1 LElm 

(~-Oxidation) LL~fl~jEl'lJ'lJEl\lm~'lJdUmd-d:t'l~l\l TI'I~~ NADH LLfl~ FADH2 ~t'l~l\l"illnuBn1mum 
mJn;nLl'loD"uLLfl~uBn1mElElnsaLl'loD"U'lJEl\l Acetyl-GoANADH 1 Tl-lfl FADH2 1 Tl-lfl LLfl~Acetyl-GoA 

1 Tl-lfl (~\lm'V'J~ 2) 'YItr\l"illnttu Acetyl-GoA ~\I 1\-Il!1~mL~j'lJtf "il~ L;Jl~j~'lJ'lJ'YIl~h L~Elt'l~l\l LElfifl 

Ltluv.J ~ Vl.tlrnoyft'lm1l ~ 'II El \lU Vll ElEl n"d LI'I oD"u"il~ L;Jl t'4 ~El1u, ~ 

'"lldt'lljl-l'Ylli'YI~ltr~~1t'lL(ii£JU 

i'J~ (i)~ ~,r'lJ~ (i) (l-lml~l-l-Ll-l'Ml~U) l!Jd'd'g) 



..
 
H H 0 

Fatty acyl-CoA CH3(CH2k,-C\.!.-ta:-~-SCOA 
I I 

H H FAD 

acyl-CoA dehydrogenase ~ 
"---",,FADH: 

H 0
 
I II
 

trans-Ll2-enoyl-CoA CH3(CH2::n-y=C-C-SCoA
 

H 

r
H'O 

enoyl-CoA hydratase 

H 0 
I II

3-L-hydroxyacyl-CoA CH3(CH2)n-C- CH2-C-SCoA 
I 

OH 

F;NAD+ 

3-L-hydroxyacyl-CoA de hydro genase 
NADH+ ~ 

o 0 
II II 

~-ketoacyl-CoA CH3(CH2)n-C-CH2-C-SCoA 

VHSCOA 
,,"ketothiolaset 

o 
II 

CH3(CH2)n-C-SCoA + 

Fatty acyl-CoA Acetyl-CoA 

tJ~ii1ennl'jUn~~IQjm~ tElL~Brl (Oleic L,thnwi)::Ll1LElf\v:IL'I'leJ\I 114 tl-l~ v1\1tfU'i1::L~uMll 
.J.!'I '7 .... .J.... 

1'lJ~'ULl1~t1\1,nuviEl.",rt\l 
~1l-l11t1~'h~LElf\«l~~\I~'U 146 tl-l~ L'U'Ylrn::~m1 mf'lJEl'UEl::VlEll-ll-llnnl1rll'fl"'lJ1m~1V1 

L~ I ~ ~IQjmft'lJ LmmVl~ihh'U1'Urll'f'lJEl'UEl::VlEll-l 

acid) 1 tl-l~ '11\'1LlJ'l-m1~ b'Yll-l'UYll-lrlI1'lJEl'U 18 El::VlEll-l tJ5ii1enm1L~I~~IQj'YlEl\lm~
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U'l{eJfl i3 Nt"h:m11LN1 N~1t111 ,~,.. 
1)1::~tJl"ldl3-J'VIUmU1'l1e:hmTm€lnrhtr\lm~ 

1:: ~tJl"Idl3-J'VIUnbU1'l1 fl\l m1€1€1nnltr\lm~ 

((i1l1l\l~ 1) l1'l3-Jl1C1~'ill1ru,l1~'illn 1::~tJl"ldl3-Jb'Vl~~ 
'lIfl\lnl1n'ilm13-J,xu") (Borg's rate of perceive 

exertion; Borg RPE) (JU~ 3) 'VI1€1~'ill1rnl'illm::~tJ 
m1t16e:Jfln~L'il~o/1 (Maximal oxygen consumption; 

V02max) 'VI1€1~'ill1rnl'illmEJ3-J€Hi (Metabolic 

equivalent; MET) t~~ 1 bEJ3-J€Jii 'VI3-Jl~n\l U13-Jlrn 

€I€1n~b'ilU 3.5 3-JtUnn.UlYi ~\l1l\lm~1-nu'lI~~n 
fh1l\lnl~flflnnltr\lnl~tl'W1oNU13-Jlrnfl€ln~b'ilU 7.0 

3-Jtunn.UlYi 'il::i1rhdju 2 bY]l'll€l\lflfln~b 'ilU~ 
1l\lnl~1-nu'lI~~n 'VIi€1 2 bEJ3-J~YI 'VI1fl~'illdrnl 

'illm::~tJbYl~tJ5\11dlm1bVi'U'lIfl\lr1dt 'il~\l~~ (Maximal 

heart rate) ~\l~lUdrn1Vi''illnl1'3-Jnl1 5~1lnl1bVi'u 
'lIfl\lr1dt'ill1'\l~~ = 220 - €Il~ 

'lJ I I 

Q"j' '* 0=1.4 
1 :::vltlltllJ tl VI 

.... 4 .... 

1:::l'ItllYlfJ t1tlfl11 

1:::~t1fl1UJ'I1..rflItJ1 
, .... ... 

1:::~t1f11UJ I'I1UtlfJ 
1:::~tIfmH' 

(Metabolic "fl111flU 'Iltl.:l 
tltlfl ~ltlU 

'Iltl.:l fl11tl tlfl tiUl-:m UI (RPE scale) Equivalent; 1111tl\J.:lql'l 
(V02max,%) 

MET) (HR.max, %) 

" " " " 1'l.J11.11tl ,1.lMf11110 ,1.lMf11120 '1.lfltJf111 2 ,1.lfltJf11135 

1'I.J1 10-11 20 -39 2-4 35 - 54 

lh1.lmm 12 -13 40 -59 4-8 55 - 69 

'I1'1!tl 14 -16 60 - 84 9 - 12 70 - 89 

'11 'I!tl1.l1 tl 17 - 19 1.I1tltl1185 12 - 15 1.I1tltl11 90 

'I1'1!tl1.l1tlli'1'(f1 20 100 1.I1tltl11 15 100 

~111~~ 1 U«~~n11UU~1Z~Vft71~"Un'V1'B~n11BBnn1n~n1B 

U1tlt1i1m~::I"1~ tuiJ 2007 'I"ltJll m1 

€I €I n nl tr \l n l ~ 1 :: ~ tJ 1"1 d l 3-J 'VI un U l U n ~ l \l 

n\lri€lU~l\l'VIUn bilubd~l 30 UlYi b~3-JnldL~l~~l'l! 
1,;rubilu'I"ltr\l\llU3-Jln~U t~~'Yhm1'Yl~~fl\ltWill~~\l 
€Il~~'lJm,'I"l~~biluunfhq'l fll~b~~fj 63.7 iJ 11u 

~mm'\.\Yl1::~tJl"ldl).J'VIUn 50. 60 Lb~:: 70% VO 
2max 

bil'\-Ud~l 30 'l.nYl Lb~::hhiluunnvn fll~b~~fj 63.5 

iJ 11'\.\~m~lU~1:::~tJl"ldlamUn60 bb~:: 70% VO 
2max 

bil'\.\Ld~l 30 UlYi ~~m1'Yl~~fl\l'l"ltJll m1b~l~~l'l! 

I'll arUL ~3-J ~Ut '\-l,n l1€1€1 nnltr\l nl fjr(\ll1'€I\l n~).J 
(Bassamiet al.. 2007) 

dl1l1'ld).J'VIll'Yl~ltr~1"I1t1L~fJU 

iJ~ (;)b ,.:tutJ~ (;) (3-Jmll"ltH).J~lfjU) l!J<t'<t'g] 



..
 
V~L~erftruLLei~flrn:: luLl 2007 1~vhnTl mmL'lJtJi1 LL 1\1;(lun~1~11Cl~\I LEl11'lJirU~l LVJ1~t'ilqj 

flmnnTHVJ1VJeilqj1'lJiru'VItr\lElElnrhtr\lnlfJ ;(1fJifi vb1'I1\n~wtr\l\llu1~L 'llWlU 'Jlnnl1f1m~n~L~mrl'lJm1 
lm~~'lJL~~l'lJEl~tUmtr\l-'innElElnnltr\lnlfJYi45% ElEl nnltr\lnlfJ LL'lJtJil LL1\I~hUrltJd~~tJnl1 LVJ1VJeil'l! 

VO d:1ULdeil 90 U1Yi LLei~lm~~'l.JL~~l'lJEl~t1'~ 1'lJirulU'lflfJ~'lJ~lW~ 8 flU EllfJL~~fJ 24 LI T~fJi1, ,2max I 

'VItr\l'JlnElElnnltr\lmfJYi 65% VO d:JUL1eil 90 1.h~-mm1ElElnnltr\lmmL'lJ'lJLL1\1~lUEl~l\1i(ElfJ 3 lU 
2max 

mYi lU~'lflfJ'ihU1U 10 flULLei~~'VIen\l~lU1U 8 flU vlEltr1J~lri' LilU1~fJ~LdeilEl~l\1i(ElfJ 2 LI Y1~eiEl\lT~fJ 
, " 

'Y'l'lJlld~'VIll\1 n l1ElEln nltr\lnl fJ LWI"1'V1 en \I'J~il n11 m1ElElnnltr\lnlmL'lJ'lJi1LL1\1~lU'r11'r1\1il\1nlfJ VJeiwtJ 

LVJ1VJeilqj1'lJirud:JUwtr\l\llUt1'\lnll mnnll,xuwtJll 11nl1ElElnnl«\lmmL'lJtJi1u1\1~lU,xuvh1'I1'i11J1~lrn 
'II " 

~ '1 ' " .011ULWf1'lflfJ'VItr\l'Jlnm1ElElnnltr\lmm~1'J~u 'J~i1nTl nl1~~~~1'lJ~ULU11\1nlfJei~~fJei\l LUEl\l'Jlnnl1ElEln 

LVJl VJeilqj1'lJirULilUWtr\l\llU1U1~~'lJ~\lEl~l\1vlmrtEl\l nltr\lnlfJ1U U'lJ'lJ~\lncil1i1m1loi1l'lJWd~h4L 'VIci\lwm\llU 
'II 

vlElhJ~n (Henderson et aI., 2007) ~1m'lluL~~nrltJnl1ElElnnltr\lnlfJ LL'lJtJ LLElhD fl 

UEln'Jlnm1ElElnnltr\lmmLtJ'lJ LLElhDfl~i1 (Ormsbee et aI., 2007) 

nl1LVJ1VJeilqj1'lJir~lLiluwtr\l\llULL~1 m1ElElnnltr\l 

,,'"06 ~ ft flft1J1mJ 1fl 

07 

08 

,,'"09	 'YftflftlJ1U 
'" 

10 
~~, v 

11 1. ft flflt) 'U 'IJ l'1ftlJ1U 

12 

,,'" d 
13 ~ ft flt'VI 'U

"j 
tJ UlM'U"ew 

14 

"..15 1. ft flt'VI'U
"j 

tJ U 

16 
9J~ ..s

17 1. ft fll'H 'U tJ um fl 

18 

19 {fffl'H lJ~UH 

20 

"111fff 2 IUf"f Borg's RPE scale 
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nl'~~n~l b~er;liruervrnnl':H~l ~~l'l!1'lIiru 

fl\lfl~, , (Maximal fat oxidation rates) lU~'V1ni\l'l1l~cu I:lt: 

1Unl'HlEInril«\lnleJI.I.UU'YlUi1lWii'lWJU 8 I"lU bb~::: 

~'V1~\lhJ1~1unll~n~ul~ ") ~lU1U 9 I"lU t~eJl'ri' 
'\, I I I 

'I1\1fl€l\ln~a-l ifu~meJlu'l1 120- 180 11'1111 'ilum:::'11\1, 
'V1a-l~bm ~~lhln!lil ~'V1~\I'l1L~1Unll~n'il:::~nll 
b~l~~l'l!1'lIiru~nllE1E1nril«\lnleJj:::~ulhun~l\l ­

mXn ~\In';hn~a-l.yf[~1~1Unll~n~U U€ln'illmtueJ\I 
" ' ,

~Uil 'I1\1flEl\ln~a-l ~nllb~l~m'l!1'lI~U~\I~~ 'l11:::~U 

1"l1la-l'V1Un1lE1\1nlIE1E1nril«\1 nleJ b~ eJlnu 

nlIAn~l~~'lI€l\lnll~~Jl'V1Un~leJnllE1€ln 
ril«\lnleJj:::~UbUl (Low-intensity exercise) nu 

1~1~E1E1nril«\lnleJl'1€lnl':H~l~~l'l!1'lIirulWlfleJe11U 

f.'l'llJll~~ 24 I"lU t~mbU\lbUU n~a-l~E1E1nril~\I 
" ' 
nleJ€l~l\lbUl'l11:::~U 40% va ~lU1U 8 I"lU n~a-l 

I t2max 1 

'l1€l€lnril~\lnleJEI~l\l'V1Un'l11:::~U 70% va ~lU1U 
2max 

8 I"lU bL~:::n~a-l1~~nTHl€lnril~\I 8 I"lU ~uill U, , 
1:::'V1il\lnllE1E1nril~\lnleJ n~a-l'l1€lElnril~\lnleJEI~l\l 

'V1un LL~:::I:::~U bUlL~l~t'll'l! 1'l1~udju~~\I\llul U 

U1a-llrntn~ L~fJ\InU bbl'1'V1~\lml€l€lnril~\lnl eJ~U~~~\I 
~Uiln~a-l'l1€lElnril~\lnleJl:::~ULUl~nllbf..Jlf..J~l'l! 

1'l1irUa-lln{u (Van Aggel-Leijssen et al.. 2002) 

nll~n~l'V1l1:::~Ul"llla-l'V1Un'llEl\lnll€lEln 

rh~\lmeJ ~'Yhl'ri'W1f\vnm:a~f.'llmlm~l~~l'l!1'l1~ 
1~a-lln~f.'l~ 'Yl~~€l\lluum1u~meJlU~lU1U 18 I"lU 

, I tJ I 

t~eJl'ri'~€leJ") bWa-lttl'V1W11unllw~meJlu'I1n") 5 Ul'l1 

~ 35 11'1ilf 'ilUm:::y(I1'V1a-l~bLI\1 bL~:::1Ul\1{uli1l1u 
~meJlU~Jl'V1Unl"l\l~ buun~lmu ~Uil nllLf..Jl 

f..Jt'll'l!~\I~~'lIE1\11'lI~utUnll€lElnril~\lnleJrt\lfl€l\lbbUU 

1~~l"llla-lLLl'1nl'1l\l (Achten et al.. 2002) 

nll~n~lf..J~'lIE1\1nllt'l~Jl'V1Un~leJnllE1E1n 
ril~\lnleJ1l1-1nUnlll"llUI"la-lEll'V1l11'1€l1:::~Unll, 
Lf..Jlf..Jt'll'l!1'll~ulU~'lfleJe11U~lU1U 40 I"lU t~emu\I 

bUU n~a-ll"llUI"l1-l€llV\llbum:::eJ:::n~l 10 «U~l'ri', , 
~lU1U 20 I"lU n~a-ll"llUI"l1-lm'V1l1 bb~:::€lElnril«\I, , , 

meJEI~l\lbUl (40% va ) ~leJnllifu~meJlU dju 
m~ ,tJ 

bl~l 12 «U~l'ri'. 4 1"l1\1/«U~l'ri'. 1 enlta-l\l/1"l1\1 

" 
~lU1U 20 I"lU f..Jt'lnll'Yl~t'l€l\l~Uil 'I1\1fl€l\ln~a-l 
" ' i-tl'V1Unt'l~t'l\l bbt'l:::1 'llirUt'l~t'l\l E1~l\li1umh~-''l! (van 

Aggel-Leijssen et al.. 2001) 

i1nll~n~llu1eJ1uf.'l'llnl~~ t~eJti1l1u 
, ' ,

~meJlU 2 enlt1-l\l ~uilm~1'lliruBf.'lI:::1U~t'llf.'la-ll 

~~~\I LLt'l:::11-11~bWbL'V1fum~\llU'V1~n 1wJi'l\1€lElnril~meJ 

'I-l.EIn'illn~\I~u'll1mn~b"lf€lfll~1un~la-lL~~U'YlUl'Yl 
thr'l!tunlILf..Jlf..Jt'll'l!m~1'llir'l-l.(Martin WH.• 1997) 

nll~n~llu'lfleJt'l''llJll~~5 I"lU t~eJli1E1€lnril~\lnleJ 
, ' 

'l1 25. 65. 85% va ~uil nlILf..Jlf..J~l'l!1'lliru 
I J' I 2max 

bWa-l'llW~\lt'l'~'l1 40% va (Romijn et al.. 1997)
\j , 2max 

nll~n~l blleJU b'l1eJU1:::V\il\lnllbf..J l f..J ~l'l! 

1'll~ulunll€l€lnrh~\lnleJ€l~l\lbUl~ 40% va dju
2m""
 

nt'll 60 Ul'l1 bL~:::€l€lnril~\lnleJ€l~l\l'V1Un 'l1 80%
 

va 30 Ul'l1 2 I€lU ~Uil nlILf..Jlf..Jt'll'l!m~ 
2max tJ 

1'llirUflt'l'I:::t'l''YlITb'YhnU'I1\1t'l'E1\1nll'Yl~t'l€l\l bb~:::I:::'V1il\l, 
ml€l€lnril~\lmeJ€l~l\l'V1Un mILf..Jlf..J~l'l!1'lJ~ui1 

bbUltUa-lt'l~t'l\l (Sidossis et al.• 1997) 

nll~n~lmlbf..Jlf..J~l'l!1'lJirul:::'V1il\lnll 

E1€lnril~\lnleJ€l~l\lbUllun~1-Iunfh~l~lU1U5 I"lU 

mm~~eJ 30 t1bb~:::'l1L~unf\wl~lulU 5 I"lU meJ 
, v I t 1 

b~~eJ 28 tI t~eJ 1i1'11\1t'l'E1\1n~1-li\luU~l\lt'l'leJ~lU , " 
1-lf~I:::~u'll€l\lmI1-lfEl€ln~L'ilU 20 a-l~.Inn.Ul'l1 bUU 

l:::eJ:::bIt'll 4 ~1t1-l\l ~uill"l1la-lL ia-liu'll€l\lm~1'lliru 

flt'l'l::: (Free fatty acid) lUb~€l~L~1-I~\I{U 1'1~E1~ 4 

~lt1-l\l'lJ€l\lnll€l€lnril~\lmeJ L~1-IL l1Ul"l1la-l bblilnl'1l\l 

€l~l\len~L'ilUtuUl'l1~ 120 (Klein et al..1 994) 

2)t'l'a-lIIClm~'Yll\l1l\lmeJ'lJEI\I~€lnril~\lmeJ 
" 

'illnmli~eJ~uil I"lU'l1L~~€leJ1~E1€lnril~\I 
meJ ·rnnJi'E1\1nlILf..Jlf..J~l'l!1'lJ~ul 'r11~a-lln~t'l'm:::'V1il\l, 
nllE1E1nril~\lnlmLUUbb€l hUI"l (Aerobic exercise) 

Ji'E1\1'tlnfu:::~Ul"l1la-lV\W1~lnll~~lnt')Vi'll€l\lm~bb~1"l bvl'Yl 

(Lactate threshold. (LT)) V\1€l1i1'ri'lhbJi'u1€leJ~::: 

70-75 'lJEI\lerlilllmILJi'U'lJ€l\l'r1l1'ilt'l'\lt'l'~ cll'V11U" ,
unfh~l'V11€lI"lU~€lElnril~\lnlm UUUI::: ~l nll 

Lf..Jlf..J~l'l!1 'lJ~U~\I~~'il:::€l~l wJl1\1~'ri'11 'il bJi'u1mm::: 

8J-90 'lJ€l\l~mnl1b~'lJEI\lmh%1'1~(Stisen et a1.•2006) 

ll1t'l'lla-lV\limJl~eJI"l1f.'lb~eJU 

t1~ <0>'0 ~uu~ <0> (a-lmll"la-l-ba-l~leJU) l!l<t'<t'1l1 



..
 
rn ~~~~lnlT'~~v1ulnC1&i'll~\Im(jm~f1lVlYld ltl'Um1 

HY'Jtr\l\ll'U11l-1rl'Ud~ydl\l1'111'TU1mm\91llt'l~1'11ir'U 
iJ Q..I _ 0 QJ I ..J' 

llt'l~m1~~UmlW(mn'lltl\lm1tltlnm~\lmeJ1.1\1ml'U 
v 'U 

II 'Vl~\lY'Jtr\l\ll'Urr\l'Vll-l~m'illnI'1111u 1mmVll~ eJ\I 

€J~l\ll~eJ1 (Gunderson et aI., 2006; Jason et 

aI., 2001) . 

1'11ir'U'illm'itm~tl1'11ir'U (Adipose tissue) 

1'U11\lmeJ'il~~n l-n1th~nutleJ 1U'IIrn~tltlnnltY\lmeJ 

llt'l~'VltY\lm1tltlnnltY\lnleJ m1i11'IIir'U'il~ ll'1~tl'Uli'leJ 
...... ~ QJ ocv ~~ 

mllt'l~ln~m1tltln"lJl~'jJ'U'Vlt'l\lm1tltlnm~\lmeJ'U'U'II'U 

~~rlUI'111l-l'VlUn'lltl\lm1~m~'Vl'Jl\l~tlnrhtY\lmeJ'illn 

m1f!mnY'JUll 'VltY\lm1tltlnnltY\lnleJ~~l\l'VlUn 

(High-intensity) ~nl1l~l-Im1ll'1~tluv11'11tl\l1 'IIir'Ull~~ 
l n mJij n1eJltltln.h~-nt'U 1~m nnllnl1tltl nnltY\I 

nltJtl~l\llUl (Low-intensity) (Coyle et aI., 1997) 

l'fttl\l'ill n11\lnl eJ 1~ -D1'1111U1mmVl'Vll-l~ ll~11 '1,1, 

'II~tltlnnltY\lmeJtl~l\l'VlUn ~\lj:1m1 l-if1'II ir'Umn;1'U 

'VltY\lm1tltlnnltY\lmeJ (Bonen et al.,2006) l~tJ 

~111.11th~'Uir n'il~ hi Cl nY'J~ fi\ll 'Unl1l-Dltl'Ullml\l 
'U 'U , 

Y'JtY\I\llU'II~tltlnnltY\lmtJ lUtl \I 'ill nY'J tY\I \I l'U'il1n 

hh~'UutleJl-Iln Am..h~mrn1tleJ~~ 5 -10 'IItl\l 

Y'JtY\I\ll'U~\I'Vll-ll'l~l-n'Um1tltlnnltY\lnltJ lll'ltl~l\111 

n\911l-lhh~'Un'il~nt'lleJ ltl'Ull'Vl~\IY'JtY\I\ll'U~"h"lt1!l~tl 
II'Vl~\lY'JtY\I\ll'U'VltYn~n l-n11J'il'U'Vll-l~ (Yaspelkis et aI., 

2002) 

3) 1J1~ UiYl'lltl\lm1tltlnnltY\lmeJ 

1'Umrn~~tl\ltltlnrhtY\lnleJm m tl'U1~eJ~ 
llt'l1'U1W) 11\lmeJL-DY'JtY\I\ll'U'illnrn{[u1mm\91~ 
1.1~1.1l-11rtUn~ll-ll 'ittl Y'JUllll'Vl~\IY'JtY\I\ll'Uv1\1n~ll'Yh 
L-Hl-Ilt~61.11m1CltltlnnltY\lnleJL 'U1~v1u1Jl'Un~l\l 

(Moderate-intensity) 1~'Ul'Ufi\l 2 -ntl1l-l\l l"li'UL'U 

nl1~\Il-1111I)tl'U ltl'U~'U 

1~'Vlll\lnl1tltlnnltY\lnlmlUU lltl11UI'1~ 
1~v1u~lnlllnC1&i'lltl\lm~ ll~l'1l\91Yl yf\l1'IIir'Ull~~1'11-rr U 

1mI'l1V1'il~C1nL-Dltl'UY'JtY\I\I1'1,1, ll~~1~'Vlll\l~nl1tltln 
'U 

nltY\lmmluuj:1ll1\1~1'U~Jl'VlUn (Load) hhUlln'U 

11J 1'111'TU1mmVlltl'Ull'Vl~\lY'JtY\I\ll'Uftl~t1!~n~ll-ll'ittl 

'il~~\ltltlnmH ~llWl~~~t1.11.1'Uhd'1eJlrlUm1tltln 
rhtY\lllUULl'lllUU'Vl'ft\l r1tl'Ull~IV11l-l~1eJEin llUUll'il~«\I 
t:-J~l'Itlm1 L-DY'JtY\I\ll'U'IItl\l11\lmeJtl~l\l1 1 ~nunfhlJl 

'U 

~1U1'1,1,1l-lUtl eJ~l'llln11tltln nltY\lllUU~ II1\I~1'Ur1tl'U 

nl'j~mlUU lltlhUI'1'il~'YhL-Hlnl'lnl1Lfl'YJir'ULu 

'II rn~tltln nltY\Inl eJ llUU lltl11ul'1l-11n;1'Udj'UYlil'1 rn 
, 'U 

(Fulton et aI., 2001) LUtl\l'illm~v1UI'111'TU1mmVl 

1~~~ ~\I'illnm1tltlnnltY\lnleJ LL UU~ LL 1\1Vil '1,1,11J IIfl1 

tl~l\l11n\911l-l m1tltlnnltY\lmmlUU~ll1\1~1'Utll'il 

'il~1l-l'YhL-H1~v1UI'11-rrU1mmVl~~~\ln1~ l-de\l'illnm1 

tln«1'UL'Vl'liil"li1\1Llm~n t11m1tlnml'Ul'Ull~~'VlUn 

l~tJ\lY'Jtl~\lftlm1C1~m~v1UI'111'Tu1mmVl~\l1~ lLI'I 

tl~l\l hMi 'II~~unihlJ"ltl~L'\.1J111~Y'J1tl\l1nt'l1l'1L'il'U 
'U 

(Glycogen-deplete state) Lb~11 -HtltlnnltY\lmmLuu 
-.J ... ''Iv" J'"

Lbtll 1UI'1 L"u'U m11\1 tll'ilYll L'Vln~ll-l L'Utl~l LL~~ 

1J1~aYlalllY'J'IItl\lm1LL~\I;r'Utll'ilutleJ~\l1~ (Stisen et 

al.,2006) 

Utln'illnn11tltlnnltY\lnleJ'il~~t:-J~l'Itl1~v1U 

nl1 Lt:-J 1 t:-J ~l t1!1onir'Ultl'UY'JtY\I\ll'ULL~1 ET\I«\lt:-J~l'Itl 

~'111llY'J1'U~l'U~WJ ~leJ L"l!'U m1tltlnnltY\lmmLUU 
.... tJ ... lSlv t.J.J' ~ 
l-Ill1\11'11'1,1, 3-It:-J~ bm~UUn~13-ll'UtllL~~m~l'lmL"\lll1\1 

.. , ...l JI ~ I \J 

ll~~eJ~'Vl~'ULY'Jl-I'II'Ull~~m).l1'1113-l'Vl'U1LL'U'U'IItl\lm~~n 

(Horowitz et aI., 1997) tl~l\lhn\911l-l m1tltlnnltY\I 

mmlUU lltll1UI'11.11m1C11~-ru1J1~leJ'jJ'u'YJtl\lm1tltln 

nltY\lmeJ LlUU~ II1\1VIl'U1~ l"l!'Url'U l"l!'U l~m:mnriltY\I 
llUU lltlhul'1 'il~Y'JUllm~l'ln~1'1113-l'Vl'Ulllt1.'UL~l-I;1'U 

v .J'a~.J'SI cu 
m~n~l).lLW)mY'J3-I'II'Ul'lleJ (Newton et al.. 2002; 

Mulla et al.. 2000) llt'l~1'Um1tltlmlUuilLL1\1~1'U 
I ~ v .J" 

Y'JUll1.113-l11C1lY'J).l1'111l-l1.113-l11C1'11tl\ln~1).ll 'UtI Ll~~m1 

o cv '1 c:: ... .J' v 
Y!l\ll'U'IItl\l1~UU'Vl1 b'iln~'II'UmeJ (Ormsbee et 

al..2007;Hendersonetal..2007) 

~~l\l11 nVll3-1 L'Um1tJnm1~tlnnltr\lmeJ 
v 0..... I V J I.J 

\91tl\l1'11'U\lC1\1ft3-l11C1~1Y'JYll\l11eJn1eJI'l1'Utl~~leJ 

1l-ll~eJ\llll'l1.1'UL'ill'\:l,m~l~tl\lm1lt:-Jlt:-J~1t1!1",r~l ~tl~~ 
1J1mrn1onir'ULu11\lnltJ 1'1113-1 LL;\lLL1\1 LLt'l~ml).l 

" J' ~'I "J' ..
Yl'UY!l'Unm).ll'Utl'Vl1 b'illl~~nml-lL 'UtI~leJ 11).1C1\11'111).l 
... I '1J J' tJ I "... ~ Q..I 

eJ~'Vl~'U'YJtl\ln~13-ll 'UtI m~~n ll~~"tl\91tln).l1'111).l1l11'1t1! 

~lm"l!'Ul~trlrl'U 
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tJ "«11J 

LL 'I'It'i\lY1tr\l\h1lUth~''l!~l flUmlflflnriltr\l 

mtJ Afl 1'lJ~U LLt'j~flll'Tu1mm(j\ lul"1u~il1'lJ~u 
t'l~t'l~lucllu'lJfl\l1l\lmm.nn 'I'Iln~fl\lmIL~~ml 
L~l~t'jl'l!1'lJ~U~t"I~t'l~1U1l\lnltJ ~lLtlu~fl\lflflnriltr\l 
m tJ LLUU LLflTIUI"1~I~~Uml~'I'IUn LtJln\lUlunt'jl\l 
" .. J' '1.1 "-1 ::, .. 
\?lltJl~tJ~Llt'jl 30 Ul'Yl'lJUbu LuULlt'jl 3 1"11\l'l'llfl 

mnn-hl'im'rum'Vi" uflmnn'ild~~U1l\l~~;ULL~1 

mlrll\llU'lJfl\lI~UD'I'i'll'il LLt'j:::'I'It'jfl(;l L~fl(;l I:::UD 
" J'.. ".1 A J', 1 ....A 

nt'jl~LUfln'il:::~ul~t'l'YlI'i[)lY1~ln"ilU flell\l 'in(;l 

1"11'iilmlflflnrhtr\lnltJLLtlUil LL 1\l~lU~il,xl'l'lUn 1~ 
uflmnu1t1 ~\lilcllUL~~nlILVllVlt'jl'l!1'lJ~ul"111nn;u 
1~~n 11~yf\lrlll"11n~ll-lLii'flm~onu 1~«(;lcllU LLt'j~ 

.. J'"
LL'lJ\lLLI\l"ilUmtJ 
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