


Nutritron m
.9 Exercise &
Sports
Performance

S.Eshghinia MD, PhD in Nutrition

Assisstant professor, Golestan University of
Medical Sciences,
January 2017

'@reshghin[a@gqhoo.com

,—:.'

e

; :

o Tn.
N ’-l~,",‘ N



i) 9al lldaa Jual

03 Ll B 5 (oda s g8l 5 (5900 ¢ 03T Ha e o5l iy 2l e

Cullad )3 (55 ad sl o

OISy s 3 42l Cuaal e

G056 0 (e mb) s e




W 55 g iy s

(NUTRITION, NUTRITION SCIENCE) i als « 433
(FOOD) 1

(NUTRIENT) s sl

(MALNUTRITION) 43 ¢ suu

(DIET) % a3




W ol 5 iy gl

Ad ) g Sl Jaas (o) 213e 3 g ) G ealata) Al 8 e

S 8y gl 1y glaal 4d) ey Glaliial

ﬁ\ja\ycﬁdjeaejﬁ\loc‘&gﬁ;c\ﬁé@cﬁédd))i@zﬁ@ﬁ .

cummé\aybﬂyjmj\u\.uu\@ﬁé cguJI.HJJJAJJASuM\GAL °

e )i 3 5 Ol e (eS) A e (3 )) e85 5l s 8 ayl 5k (e

juudijmebmm@b‘@\me;))&\y\ c@\dcodu)&)
JJ\J}‘;«@.\SMMJMJSM




W 539 iy i
?%\E

q}&e@uij\jia\f\_ma)qdajjsj\wﬁﬁuju\;u\ﬁﬁ .
5 0% il Jleel aladl 5L 38 (6550 5 L da o ) s s
gl e edald 1o cadl Adla i8 gad g A

L 450 Jie 21 gl e adlial 13 434S (53] o ) pams Cy yad cpl (Bada

ColdS S AT | 5 g Al & o




W ol 5 iy gl

¢ G g%a bdla

g3a o b Shardedla g g3 00 ) aju@o\_ms&maqu\m@wuhﬁ}jduﬁm
2 gl e (521 Abh Calise (slea g R 048 3 Jha 3sas

L=l h 52 S -

QQ.A,.‘\SJ#-Y

oy -Y

43l 35 Ciran ke 5 3S o g 50 Wlg on 0 el and lie aS 0 K o b (g3Ra iy ‘-‘s—ﬂb‘\ei\
L Sl Al L

A8 4S5 ) sgdie L $¥a Jnyali 4 aS 35l dsa g g3k ) ge ) S i 50 1 S i A Gl Jilie o
eﬁjﬁmu—mwﬁ&mmuﬁhﬁ q)usmdml.;djf\um)q\.@_q\eudym)\ 2yl Aladale
J.L\SLEAEJ‘JLAM‘JJJJLUA.@_\\J\

L Galiyg -¥

CN-A‘ l,,\ g."m palie -0

_M\Q‘QM\JMOQQYI.:.&J\JM&QuiSS\J‘;ALASJch\ $¥a 3 ga £ 3 2t




W ol 5 iy gl

U 5 0ss aS ¢ 0ass ) iy 4 Caadles JUA) ey 40325 ¢ g 0
A5 JAlada

Jdﬁi\d‘é,}\»@Jﬁ#‘dﬂgA@J%&DQQJJJSeSMJ#N = A0S
Gl )3 Ly 29 (o Cina gansa A paia A (el g aly ) iy pa tdlia AS e g lay
A5d o Al Cel b 6 50




W ol iy o

N il

50 b A8 Jaaldl 5 Sa s (o3 A ge gl B ) (g alia e
J}MGALJ).&AA

350 )0 b asd (oalh Gl 5 Jsere Al (gl g Gl (San
e 5 pald




Olad) (B 9 O 4 18 LA
G5 el
Q% ) ) pre g DAl e
O Gl )l Jlae) aplati g Jais o
Al e
ladld o Cuial ulial o
Ol sa Llals )l () B0
Coldant 5 Lehalia calie) o (G S (Gl o
R la Al e

|MQ§JMC&JKJ}M§




J L@..f é
K 224 LRE M
ﬁ u
u.nl.u‘J.\ L
= (S 2
) ) Ja!
o
IS 4

i O
n'u
3 pa A |
- G 3 A 8
- Ox Jus ) aal
.Le-'-\-\-\.. 3 -
e | L
; Jt\i: (W) =
: i =
‘Tﬂ u.a..‘u.n K J.:
L Ll °
- A g3 S
< Lé-‘;
&"*\P
. <
g g




Cradl yy dadl Cuan) g Al
(aialles B algs 3) Jd ) (S ) alida (sledl g0 52 40hal Cuaal o

QALUJJLQA qu.ﬁ&_\w“ | o

G029 9 Said cullad 50 400 Caal e




¢ 4dad Ll (8 5 L3 Ham g S
i)y sla Cullad L Ll Ll )

Copyright ® 2011 American College of Sports Medicine




L= 12 g S
(CH2O)n (oos5ne (hand Jse
il 5 53 e G 30 5 riege a2
a0 Bl 65 % o sarugi Ja 3 gla)sdS )
150 B 63 Y00 <« iy yi Akl Ars g sl ) IS )0

A ga (Auea ) Al gy Sl e g A8 Yo — Vo s hgie jsh 4
2 8 4 Gali a8

JJ\JJﬁjgﬁd\yeﬁY&~ — Qe M\‘}j‘)cdd\.ﬂad\&:ﬁj)‘)d

— v( " R "..;T
— -‘-_A .". 4.. ‘ bw o
0 R LR W o
= ORI AL g s T v
AR Er S ey W
. e A 2 AN 7 0 b S




sl pal A b Ll ) ) g2 S (o Al

(CruS Al 7 U W ) JSciiia) Lo Sl gd ga =)
(USlugiga ¥ ) JSiia) Ly Sl (g2 -
(USlugiga Vo U ¥ ) JCaia) Ly ASla 8Kl ) - ¥

(A Slaagiga Vo ) ) Wy Sk Y -




by Slus 5 34

5 J5S 9 R  JS ol aiia aga (Ll ket 50 aS ey Slugige e
SN

2500 3 ga s S L 5l jSle 63 ) gam 4) Baee o




SEE LR
G a8 Ly
jﬂod@“\.l)ydjj\@latg_ﬁjQﬁ\,\lﬂ)ddﬁ&)ﬁ\j\} °
T s St i s e S sl s i S SIse s DS

g (o
_(J;L&J}M@)%Jﬁdﬁ[}&bﬁﬁjbﬂ&é\éomMJJJ\JJP\A%)\SM@AM )N e

Opals SR 311 258 (550 Lasiiuna o508 (558 222 (sled sl 5 sd e sl J sl o5 jha sla d;t .

A5 ) A (6 e glemad Siely (A 38 Ak cdl .
Qg e ool W13 Al 3854y 5 Al e Cud Ay ATl 3l s 5l AS Gl (5 SR 1 J g RS o

i J338058 ORISR (gla Gga 8 (A28 02ialS) (a1 gA S I8 0AIS BT 5L (gau g8
(s> 28 o) J81) k) Osa 98 8 (ol )5 S

aXFe v, JJ.\AJJ)W‘JJA‘JMU}JU\JMJ{)SDJAJ6uMJJ%ﬁ¢5YUJMOPJuA}
(B 22 2




0 e A8 Ly §41€ g )2

SR S s il Y asas e

Jue 52 (%Y Sl hiw )3 ¢%V-) Ol 4 o Jilin 0 H5iSy 8 o
RN RN K

Cnd W o gia 50 39 50 JMSLa oo oda ) (5la o 5ae (39 S5 (ol Cile e
355892 9 IS eI 4 Loy 3l s




P

o A8 Ly 5 gESYIS

(020 SR L S 55 &) gm )l gon Lot Ly (g e j YR o

J}AGAQ_\S\JJ\J‘Q_\JFMMJJQ)LM o

e G0 2y (OSY) s 2B s o Sl e HESYR iy .




udi)lﬁ.u q;d

Cul SR Ll ) S0 Jilas A4S o 8L g8 e g ) JSKiia

LA Sl (60 (1 ylaga
DS08R 1oyt 238) Sl
SFSY& + SR (e 28) j45Y
KB+ Sl

J..U\SLAJJJAJJOHL;LAJ}J:\# COJJJL;LIAAL“SLQ d)h)‘@ﬂgsl.@:\}‘ o
Al e Sl |




BP LW
a9 S a8 ) K0l 28 6o i 2 Ky sla Bl e

Lo 58 Sl 50 38 (S iy 9 OS50 O Sl

dga s IAE )3 (358 (gleala Ulsic v at 5 rmb G sadiaa e
2A)la

48 AS oo s Jlar po oSl 8 gLSY v agan 38 2 ¢l )
39 G4 ) S8 s 4ldigl o163 Baok ) Of e iay
(o M G A58 5 paliad 3 (g 1 98€ Cy b paa )




o A8 G gisY

Jw‘fmu\)\mmu&‘)ﬁdlc‘)di‘)MM\ o
B 3% O skl pE S i %O .

R and S Tasan iy ps o

Alad oo algpam 1) 5 5SY gl eag )y sla sl o Y il

Lo goad alagl SUSY 3 gaaS ¢ Hda ) G ¢ gl i puaa adad Ly o) il S) o
A A Jlen) 58 58 Alla ey Ja crad jlay b a ) a




ST

SR Jsde g2 ) JSiiia 5 sa by a2l 2B

e‘bﬁJJ@\&M\}JWJJJ\JJJ;)@&&&\AaJ)j‘)éJJQJJ.'M\_j J
Co) AL

sians 5 a8 Al g I3 alia e

4 5l e Do 4 g Al adan ) o aS Gl (e ol SG e
I3 o Chpran sl dagd 3 5 s ey ) Cda O e




o 3y J1Slau 553

it oS S50 5 b (e el o jlSLL S .
Ngd e da Gl 50 S S Hhll 4B jegige Yo U Y (ggina o

a3 4wl (non digestive OS) aas Jl e slay S Sl e
AL (e aslia (g o5y St g e slea i 5 Pl coara (sl

o g 508 g Qg ead juadleag ) s (s SL g S5, j0 e
-

250 sl 5 5 sadly 5l 80 Cal (Sas g Cigean ) o i e

Log g Oilan s cla Lo o ¢ e cdﬁ‘)d}}%:@\.ﬁ: @m J

AT oy AR A
B S LG T b
B Vs £ ""..“r'; St sy _“\-k T . Foa
< T LN Y LY R ) s
A LU LS IPR Iy R0



(o sLhI e 5o S ) Ly lSla

SR slanal 3 IS

G azk 50 5 K ) sled S

) s 8 oty ol Pl )yt S s oo
G 5 e sk can 1 (A <Ol Jia raudan JiE
OESG Olglu (et ¢l sl Jie anad Jil8 gaa U




Al
il AL 55 550 0 555 e 45 AL L by 3 S 5y
) 555K g il 5 S sl 5 ) shaal ¢ ALK aiulin e
IS shal g 5 shaal i Sl e Al @ 53 g0 lALS
ol 5 skl ) 5 S S (S8 ge 1 Jskial

\J@\M@&L&MJJQA)\LWMJ\Gmu).\SJ}c_\.\S}u.\\ ua.\S.UL\A\ J
JA.JL;AJM

3L e oaSae (s 5 shu slal s Jala [y b€ aiulis sl gl £ .

wML&M}‘MJMWJéJMHJFM m\.uuelatg\.é\dc‘)d °
)LCLQLQM\J}AAG_\JAJ&_\MJ.\A J.\‘}m

oJ\yJéthmmummYch\mbugud).a\)i J}m_\.wg_\\hum °
JJMGAWLML)MMJJ\AMJJ}J)L




O ssals
Ls;’\i'?; Aliy e

5 e o a@dlse 53 SR 3 g G ied 3 5l g S e pad e
2 Cullad
(eﬁﬁ“n dga) alme g AS 3 agaaa e @

uh&quwjjjméumhu\dudjﬁy Ok e

\.ﬂcdy@ujjmsd)ﬁyuMquuMd)}MHu\
_%wmgjf\uhgyjkoﬁdg\ﬁu‘)}&ﬁ

UL“‘-"UJ}‘MMUJJ&E‘—’)FMUM\LS‘)}‘}BJW‘)S\ J
JyJMeJSJLS Y. Q gaa




G595t o pdd el YA 2gaa ad g Bl o SAS Ve 23Sy o
S50 el ()0 (o 0 A3 28 Cpaad ASIa ja 1o (550 (aali ()
Aylaoka ¥ dgaa

LAuJJQMQJJuJJS\JEng\Ah J)JAJJ*SJJOJJS\:\E?;\~~JJA; °
o Ol 381 Qi e O U S0 58 cudlad U laa () 4S Cl 02l 0 ypA0
R

4 eaS 5SR s aig )« SR e sl 4 3a8 055K Sl adlse jo e
R 5k, SR

1 ‘;:‘)('" H:'&)’\?? '5"\‘

Y'U .
PR o) ’;-f d 1J &’ ‘kl
'A e v r ] i




O (e a3 aga Jlaesy (IRI L il Gl 8 slay jlSla L
A S gl Jobew o) g LAl ja e

BN I

(O S8 ol CilS ja addalh 4y SaS) Gl o Jglaa i - ()

Sl mn 5 oS 5 gsd 1(L 3 (ol a5 00 ) sk -

EEBIVRS\ PN

OLE Gugin gy sadny  asn oud iyl -

(0250 sl ASh b g i Rl 4y Jaad <GS 98 Gl g oara 4lAT ja dl) Gl 2 Jolase - @
SO S e Alaiilu gl b -

ot e o - e
G 5 (8 s el e 185G -




(Gl) ol 4l

D2 O 28 Gl 8 0 a0 S (U e 4y e il
) S Al laie b anulia

13 G a3 o sn SR GRIDE Gl o Walie gabagiy e
AL (e aa e e SO L alie




Glycemic Index (Gl): Protocol

25 or 50 grams carbohydrate of test food.

« Blood samples taken:
1st hour: every 15 minutes
2nd hour: every 30 minutes

3rd hour: every 30 minutes

* Values plotted; AUC calculated.
 Test food response compared to reference food response.

* Average Gl of 8-10 volunteers = Gl of test food.




Glycemic Index (Gl): Sample Graphs
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Glycemic Index (Gl): Ranking

Low : 0 —55
Moderate: 56 — 69

High: 70 or more
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Factors Influencing Gl Ranking

Sipping S0 g g(ucose slowly produces a much smaller increase in
blood glucose than rapid intake of the same amount.

Eating three apples takes 15 minutes, whereas their juice can be
consumed in 1.5 minutes.

Differences in fiber content and ingestion time influence the
resultant glycemic response.

Fat, protein, water-soluble fiber, and other factors influence
gastric emptying time.

Food form makes a major impact on digestion time; bread can
be digested more rapidly than pasta.

Methods of processing and cooking foods, and in the case of fruit,
degree of ripeness, influence the glycemic response.

Foods with higher ratios of the amylopectin to the amylose form
of starch are digested more rapidly than those with low ratios

L s
N e




Table. Macronutrient and energy values assigned to each food list compared to a mean of all foods within each list

Food list n Carbohydrate (g) Protein (g) Fat (g) Calories
Average (mean= standard deviation)
Carbohydrates
Starch: breads, cereals and grains, starchy
vegetables, crackers and snacks, and
beans, peas and lentils 12 15(16.0+3.2) 0-3(2.8%1.9) 0-1(1.3%1.6) 80 (84+20)
Fruit 50 15(15.222.0) —(0.8+0.4) —(0.220.2) 60 (61£7)
Milk
Fat-free, low-fat, 1% 8 12(125%1.1) 8(85+08)  0-3(1.1x11)  100(95+11)
Reduced-fat, 2% 5 12(10.8+3.4) 8(7.6+1.5) 5(45+0.8)  120(120+17)
Whole 4 12(11.9%07) 8(8.6-0.4) 8(8.9+1.1)  160(162+9)
Sweets, desserts, and other carbohydrates® 68 15 Varies Varies Varies
Nonstarchy vegetables 67 5(4.8+2.5) 2 (1.3£0.7) —(0.2+0.3) 25(23+1)
Meat and meat substitutes
Lean 78 —(06=1.1) 771515 0-3(1.6+1.1) 45 (46+12)
Medium-fat 2 —(05+08) 7(69+15  4-7(46+1.1) 75(72+9)
High-fat 2%  —(0.7=086) 7(57+16) 8+ (8.2+1.3)  100(100x14)
Plant-based proteins® 17 Varies 7 Varies Varies
Fat 72 —(11%14) —(0.7+1.0) 5(4.4+0.9) 45 (46+10)
Free foods 9 —(2.0%18) —(06+1.0)  —(0.3+08) —(13+8)
Gombination foods® 30 15 Varies Varies Varies
Fast foods® 30 15 Varies Varies Varies
Alcohol® 7 Varies — — 100
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Amino acids from ' Aminc acids

cell breakdown from diet

- Synthesis of proteins for cell :

structure, immune function, / ,
enzymes, hormones, and ¢ 3 ~
. other essential functions ;?)

. ~m— e

. . | Ketone production
\ ﬂ??nizﬁ from carbon skeletons of
some amino ocids
Energy production from . o
amino acid carbon skeletons; e ]
- ’ Glucose production from
yields on average 4 keal/g ey | fanisset . ‘
ammonia Ao acids | ‘);-\-UJ

{NH3) _
Sl siwal

7 nitrogen-containing
> compounds

l' 1 Synthesis of non-protein

Fronee -5 Amino acid metabolism. The
amino acid pool in a cell can be used to supply
amino acids to form body proteins and other
compounds from amino acid carbon skeletons.
The urea that results is a waste product made
from the nitrogen-containing ammonia (NH,)
released during amino acid breakdown. It is
excreted in the urine.
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Lipids
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Phospholipid
Triglyceride, a fat or oil
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TABLE 24.1 Structures of Some Common Fatty Acids

NUMBER NUMBER

TYPICAL OF OF DOUBLE MELTING
NAME SOURCE CARBONS BONDS CONDENSED FORMULA POINT (°C)
Saturated
Lauric Coconut oil 12 0 CHj3(CH,);oCOOH 44
Myristic Butter fat 14 0 CHj;(CH,);,COOH 58
Palmitic Most fats 16 0 CH3(CH;)14,COOH 63
and oils
Stearic Most fats 18 0 CHj;(CH,);,COOH 70
and oils
Unsaturated
Oleic Olive oil 18 1 CHj3(CH,),CH=CH(CH,),COOH(is) 4
Linoleic Vegetable oils 18 2 CHj;(CH,)4CH=CHCH,CH=CH(CH,),COOH(all cis) =5
Linolenic ~ Soybean and 18 3 CH;CH,CH=CHCH,CH=CHCH,CH=CH(CH,),COOH(all cis) —11
canola oils
Arachidonic Lard 20 4 CH3(CH;)4(CH=CHCH,)4,CH,CH,COOH(all cis) -50

Copyright © 2007 Pearson Prentice Hall, Inc.
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|
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C —OH

I VIV 9 oV
A saturated fatty acid
(palmitic acid)

O

AN

A cis unsaturated fatty acid
(linolenic acid)




Fatty-acid Nomenclature

« Named according to the number of
double bonds

e C18:1

Common name:
Olelc acid




Fatty-acid Nomenclature

« Named according to the number of
double bonds

e C18:2

Common name:
. inoleic acid




Fatty-acid Nomenclature

« Named according to the number of
double bonds

Common name:
Linolenic acid




Fatty-acid Nomenclature

« Named according to the
location of the first double bond from the
non-carboxyl end (count from the methyl
end)

* Omega system (e.g., omega 3, ©3)

* n—system (e.g., n—3)




Fatty-acid Nomenclature

N
H Hp H, H H H> Hy H» OH

H, Hy H H, H H> Hy H» “OH
Omega 6 or n—6 fatty acid

» H H 2 Hp Hy Hp
_C

H H H
H3C\C/C\\C/C\C/ \C/C%C/C\C/C\C/C\C/C\ C//

H H H Hy H Hy Hy H
Quiegansdn.or n—3 fatty acid g%




Fatty Acid Synthesis Issues

§l2-3 §l2-6 ?-9
C-C-C=C-C-C=C-C-C=C-C-C-C-C-C-C-C-COOH

» Animals can synthesize a fatty acid with a double
bond in the omega 9 position but not at either 3
or & positions

+ Omega-3 and omega-6 fatty acids must be
derived from diet

+ Cold water fish accumulate high levels of omega 3
fatty acids from their diet
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Omega System and Essential
Fattg Acids

- Linoleic acid is an omega-6 fatty acid

* Linolenic and arachidonic acids are omega-3
fatty acids

* Linoleic and linolenic acids are essential fatty acids

 Arachidonic acid can be synthesized from linoleic
acid, so not essential




Fatty-acid Nomenclature

« Named according to location of
double bound structure

» CUs or trans fatty acids

Cis-9-octadecenoic acid Trans-9-octadecenoic acid
(Oleic acid) (Elaidic acid)




The hydrocarbon chains in saturated acids are
flexible and uniform in shape, allowing them to
nestle together. By contrast, the carbon chains in
unsaturated acids have rigid kinks wherever they
contain cis double bonds. The kinks make it
difficult for such chains to fit next to each other
in the orderly fashion necessary to form a solid.

A saturated fat has only single C-C bonds and appears straight Unsaturated fats bend due to cis double bonds

cis double bonds

Stearic acid, an 18-carbon saturated fatty acid Linoleic acid, an 18-carbon unsaturated fatty acid
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The more double bonds there are in a
triacylglycerol, the harder it is for it to solidify.




Hydrogenation of Fatty Acids

» To protect fats from becoming rancid, poly-unsaturated
fatty acids may be hydrogenated

* Process used to solidify an oil

* Increases saturation and stability - more resistant to
oxidation and increases shelf life

* Unsaturated fats entering rumen are naturally
hydrogenated (“bio”’-hydrogenated)

» Transforms the H-H configuration from cis to trans
configuration (similar to sﬁaloe of saturated fatty acid)
» Trans configuration alters biological availability
 Trans configuration alters biological effects
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Properties of Fats and Oils

 Oil: A mixture of triacylglycerols that is liquid
because it contains a high proportion of
unsaturated fatty acids.

* Fat: A mixture of triacylglycerols that is solid
because it contains a high proportion of
saturated fatty acids.




Functions and Properties

+ Concentrated source of energy

+ Energy reserve: any excess energy from
carbohydrates, proteins and lipids are stored as
triglycerides in adipose tissues

Maintain body temperature
« Mechanical insulation

* Protects vital organs




Functions and Properties

« Electrical insulation

* Protects nerves, help conduct electro-
chemical impulses (myelin sheath)

* Supply essential fatty acids (EFA)
e Linoleic acid and linolenic acid

o Formation of cell membranes

» Phospholipids, a type of fat necessary for
the synthesis of every cell membrane (also
glycoproteins)




Functions and Properties

+ Synthesis of prostaglandins from fatty acids

* Hormone-like compounds that modulates many
body processes

« Immune system, nervous systems, and Gl secretions

* Regulatory functions: lower BP, blood clotting,
uterine contractions

» Help transport fat soluble vitamins
* Palatability and aroma
» The satiety value — help control appetite

* Fullness; fats are digested slower
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KEY

These symbols show fats
and added sugars in foods.

Fat
~ (naturally occurring
and added)

|V | Sugars
D (added)

Fats, Oils, & Sweets
USE SPARINGLY

Milk, Yogurt, Meat, Poultry, Fish,
& Cheese Group Dry Beans, Eggs,
2-3 SERVINGS & Nuts Group

2-3 SERVINGS

Fruit Group

Vegetable Group 2.4 SERVINGS

Bread, Cereal,
Rice, & Pasta Group
6-11 SERVINGS

Source: US. DEPARTMENT OF AGRICULTURE and the U S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Provided by: the Nutriton Department of the NATIONAL CATTLEVEN S BEEF ASSOCIATION

Copyright @ 2006 Lippincott Williams & Wilkins.




BE PHYSICALLY
ACTIVE FOR AT
LEAST 30-60
MINUTES
MOST DAYS
OF THE
WEEK

yPyramid.gov

STEPS TO A HEALTHIER YOU

'GRAINS Jl VEGETABLES J| FRUITS
MILK | MEAT & BEANS

www.eatsmart. org
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 Oxidative phosphorylation or aerobic metabolism
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*  Creatin phosphate

* Anaerobic glycolysis or anaerobic metabolism

Both Sﬁstewxs provide enerqgy; however the use of one system over
the other depends on the umté.oryé intensity and type of physical
activity




Adenosine Triphosphate-creatin
phosphate system (ATP—CP system)

* ATP, is the fuel used for all the energy-requiring processes
found within the cells of the body.

e The e'mer%z produced from the breakdown of ATP
provides the fuel that activates the processes of muscle
contraction.

ATP is stored in limited amounts (approximately 3 oz), only
enough for several seconds

« When ATP loses a phosphate, thus releasing energy, the
resulting ADP (s enzymatically combined with another
high energy phogohate from creatine phosphate (CP) to
resynthetize ATF.

«  The concentration of b\igb\—energg CP in the muscle is five
times that of ATP and enough for 8 seconds.




Anaerobic or Lactic Acid Pathway

The next energy pathway for more than 8
seconds of physical activity is the process of
anaerobic glycolysis.

In this pathway the energy is released without the
presence of oxygen. Lactic acid is the end product
of anaerobic glycolysis.

This pathway contributes energy during an all-
out effort lasting up to 60 to 120 sec.

Examples: sprint and swimming events.

Lactic acid accumulates in the blood, lowers the
pH and leading to fatigue.




Anaerobic Pathway limitation

» The amount of ATP produced through glycolysis
is small compared with that available through
aerobic pathways.

* Substrate for this reaction is limited to glucose

from blood sugar or the glycogen stored in the
muscle.

* Liver glycogen contributes but is limited in
amount




Aerobic Pathway

* Production of ATP for longer than 90 to 120 seconds requires
the input of oxygen.

« Therefore the oxygen through the process of respiration is of
vital Importance.

* In the aerobic pathway glucose can be broken down far more
efficiently for energy, producing 18 to 19 times more ATP.

* In the presence of oxygen: glucose - pyruvate — acetyl
coenzme A (CoA) — 36 to 38 ATP per molecule

* The aerobic pathway can also provide ATP by metabolizing
fats and proteins.

« B-Oxidation of fatty acids provides a [arge amount of acetyl
CoA, which enters the Krebs cycle and provides enormous
amounts of ATP.

* Proteins may be catabolized into acetyl CoA or Krebs cycle
intermediates, or they may be directly oxidized as another
source of ATP. s




Aerobic Pathway limitation

» Aerobic metabolism is limited by: the
availability of substrate, coenzymes and
adequate supply of oxygen

+ At the onset of exercise and with the
increase in exercise intensity, the capability
of the cardiovascular system to supply
adequate oxygen is a limiting factor, and
this is largely due to the level of
conditioning.




Energy Continuum

Each of the preceding systems produces ATP for
exercise. for example, at the beginm'n? of physical
activity, ATP is produced anaerobically.

As exercise continues, the lactic acid system s
producing ATP

If the person continues to exercise at a moderate
intensity for a prolonged period, the aerobic pathway
will become the dominant pathway for fuel.

The anaerobic pathway provides most of the energy
for short-duration, high-intensity exercise

The aerobic pathway cannot tolerate the same level of
intensity as the duration increases because of the
decreased availability of oxygen




Energy Continuum

As the duration of exercise increases, power output
decreases

As the duration of exercise lengthens, the
contribution of fats as an energy source becomes
greater.

As intensity increases, the body relies increasingly on
carbohydrates as its fuel source
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_Duration of maximum exercise

Seconds Minutes

10 30 60 2 4 10 30 60 120
Anaerobic{%)}90 80 70 50 35 15 5 2 1
Aerobic (%) 10 20 30 50 65 85 95 98 99

- Aerobic energy yield

- = = Anaerobic energy yieid

Total energy yield (%)

I I 1 ] | 1

30 a0 50
Maximum work time
(minutes)

FIGURE 23-3 Relative contribution of aerobic and anaerobic
energy during maximum physical activity of various durations.
Note that 90 to 120 seconds of maximum effort requires

50% of the energy from each of the aerobic and anaerobic
processes. This will also be the point when the lactic acid
pathway for energy production will bc at its ma:umurn




Intensity

* High-intensity short-duration exercise has to
rely on anaerobic production of ATP.

* Only glucose and glycogen can be broken down
anaerobically for fuel.

* In these sports also run the risk of running out
of fuel before the race or exercise is finished.

* Sports such as basketball, football, tennis and
swimming are good examples of activities in
which athletes have a higher glycogen usage rate




Intensity

* In moderate-intensity sports or exercise such as
aerobic dance, gymnastics and cycling, about
half of the energy comes from the aerobic
breakdown of muscle glycogen, whereas the
other half comes from circulating blood glucose
and fatty acids

* Moderate- to low-intensity exercise such as
walking is fueled by the aerobic pathway; thus,
a greater proportion of fat can be used to
create ATP for energy




Intensity

« Extremely high intensity and short duration
draws primarily on reserves of ATP and CP.

* High-intensity exercise that continues for more
than a few seconds depends on anaerobic

glycolysis.

* During exercise of low-to-moderate intensity
energy is derived mainly from fatty acids.




Duration

The longer time spent exercising = greater
contribution of fat as the fuel.

Fat can supply up to 60% to 70% of the energy
needed for ultra endurance events lasting & to 10
hours.

As the duration of exercise increases, the reliance on
aerobic metabolism (from fatty acids) becomes greater,

However fat cannot be metabolized unless a continuous
stream of some carbohydrates is also available through
the energy pathways.

Therefore muscle glycogen and blood glucose are the
limiting factors in human performance of any type of
intensity or duration. -
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Energy and nutrient requirements

The most important component of successful sport
training s adequate calovie intake to support energy
expenditure and maintain strength, endurance, muscle
mass and overall health

Resting Metabolic Rate can be measured by using indirect
calorimetry or predictive equations

* Energy and nutrient requirements vary with
> weight, height, age, sex, and metabolic rate

> the type, frequency, intensity and duration of training
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Energy needs

Individuals with an overall fitness program:

* 30 to 40 min/day, 3 times per week — 25 to3s
kecal/kg/d or roughly 1800 to 2400 kcal/day.

The 50-kg athlete engaging in more intense training of 2
to 3 h/d 5 to 6 times/wk

* or 3 to 6 h in one to two workouts per day 5 to &
d/wk

* may expend up to an additional 600 to 1200 kcal/d,
thus requmgg 50 to 80 kcal/kg/d or roughly 2500 to

4000 kcal/

For elite athletes or heavier athletes, daily calorie needs can
reach 150 to 200 kcal/kg, or roughly 7,500 to 10,000

kcal/d, depending on the volume and intensity of different
training phases. o
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Carbohydrate Intake

» Blood glucose and muscle glycogen provide
energy for exercise

* Important during moderate to high
intensity exercise

» Sufficient carbohydrate intake is necessary
to:

* Replenish muscle glycogen levels
following training

* Create an anabolic environment that
promotes muscle repair and protein
synthesis
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Table 6.7

Prior to exercise

CONSUMPTION OF CARBOHYDRATE BENEFICIAL EFFECTS

Benefits of Carbohydrate Consumption Prior
to and During Prolonged Exercise

* Increases muscle and liver glycogen
concentrations

* Delays muscle and liver glycogen depletion

* Improves exercise performance

During exercise

* Delays muscle and liver glycogen depletion
* Maintains blood glucose concentration
* Improves exercise performance

Following exercise

* Enhances muscle and liver glycogen synthesis
* Improves recovery from exercise

Copyright @ 2011 American College of Sports Medicine




daily carbohydrates intake

The amount of carbohydrates required. depends on
the athlete's total daily energy expenditure, type of
sport, gender, and environmental conditions

Carbohydrate intake ranges of 5 to 7 g/kg/day for
general training needs

7 to 10 g/kg/day for the increased needs of
endurance athletes

Elite athletes training 5-6 hW/d — 12 g/kg/day

For example, a 70-kg athlete would consume 350
to 840 g of carbohydrates daily.

Several products are available to consume during or
after exercise for the maintenance of blood glucose
or glycogen resynthesis.




Types of carbohydrate

* The carbohydrate is classitied by its physiologic
reaction in the body or by its glycemic index

» Studies concerning whether the glycemic index of
carbohydrates in the preexercise meal affects
performance are not conclusive

* In 1 study High Gl and Low Gl carb. solution
demonstrated similar outcomes.
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Preexercise Meal:

=

2.

[t keeps the athlete from feeling hungry before and
during the exercise

[t maintains optimal levels of blood glucose for the
exercising muscles

The preevent meal should be:

High in carbohydrates,

Readily digested: Exercising with a full stomach also may
cause indigestion, nausea and vomiting.

Nongreasy: Fat should be limited because it delays stomach
emptying time and takes longer to digest.

A meal eaten 3.5 to 4 h before competition should be
[imited to 25% of the kilocalories from fat.

Closer to the event, the fat content should be less
2.5% | iRl SR e
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Preexercise Meal

* The pregame meal should be eaten 3 to 4
hours before an event and should provide
200 to 350 g of carbohydrates

4 hours before the event it is suggested
that the athlete consume 4 g/kg of
carbohydrate

* 1 hour before the competition the athlete
would consume 1 g/kg of carbohydrate
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+ Adding about 5 to q g of protein with every 100 g
of CHO eaten after exercise may further increase
glycogen resynthesis rate, provide amino acids for
muscle repair
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Carbohydrate Loading

* Classic Carbohydrate Loading
* Stage 1: depletion
« Day 1: perform exhaustive exercise to deplete
« Days 2, 3, 4: Maintain low CHO food intake

 Stage 2: loading
» Days 5, 6, 7: maintain high CHO food intake

+ Stage 3: competition
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protein

* For individuals involved in general fitness programs:
for 14 - to (8 -year olds: ©.80 -1 g/kg/d
for adults: 10% to 35% of energy intake

Endurance athletes need to consume about 1.2 — 1.4
g/kg/d

Stre;}gtb\ athletes need to consume about 1.2 — 1.7
g/kg/d

Inadequate protein intake — negative nitrogen balance —
increase protein metabolism —

muscle wasting
training intolerance

retarded recovery
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Excessive protein intake

High-protein intakes — diuresis and
dehydration.

Protein foods are often also high in fat

The hypercalciuric effect of high-protein
diets is significant factor in calcium balance




Highlight points on protein intake

Exercising individuals need approximately 1.4 to 2.0
g/kg/d of protein.

An attempt should be made to obtain protein
requirements from whole foods, but supplemental
protein is a safe and convenient method of ingesting
high quality dietary protein.

The timing of protein intake has several benefits

including improved recovery and greater gains in fat
free mass.

Protein residues such as branched chain amino acids
have been shown to be beneficial for the exercising
individual, including increasing the rates of protein
synthesis, decreasing the rate of protein degradation

LAGAY




FAT

The body total glycogen stores (both muscle
and. liver) = about 2600 calories

Each pound of body fat supplies 3500 cal

An athlete weighing 74kg (163 [b) with
10% body fat has 16.3 o of fat, which
equals 57,000 calories.

Athletes should consume 20% to 30% of
their calories from fat.

Severe fat restriction (15% or less of energy
intake) may limit performance and is not
advised.
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fluid

General Guidelines:

Monitor fluid losses: Weigh in before and after
practice

Do not restrict fluids before, during, or after the
event.

Do not rely on thirst as an indicator of fluid losses.

Drink early and at regular intervals throughout the
activity

Do not consume alcohol before, during, or after
exercise

Discourage caffeinated beverages a few hours before
azF/de ?Fter physical activity because of their diuretic
effec
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Daily 8 — 10 cups to avoid thirst

2 — 3 hours before activity 400 — 600 ml

10 — 20 minutes before activity 200 — 250 ml

During activity 150 — 350 ml every 15- 20
minutes
After activity 450 — 675 ml for every pound

lost during activity (25-50%
weight loss)
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Vitamin and Mineral Intake

» Vitamins play important roles in energy production

and tissue metabolism, neutralize free radicals

* Minerals are important component of metabolic
reactions in the body (e.g. growth, energy production,

hemoglobin synthesis, glycolysis, glucose metabolism
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and muscle contraction)
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I R Vitamins and Potential Benefits

to Athletic Performance

VITAMIN ROLE IN ATHLETIC PERFORMANCE

E Functions as an antioxidant to prevent cell damage
B, Involved in carbohydrate metabolism

B, Involved in carbohydrate metabolism

B, Involved in energy metabolism

B, Involved in amino acid and glycogen metabolism
Pantothenic Acid Involved in energy metabolism

Folate Important in amino acid metabolism

B:; Important in amino acid metabolism

Biotin Involved in amino acid and glycogen metabolism

Vitamin C Functions as an antioxidant to prevent cell damage

Copyright ® 2011 American College of Sports Medicine




vitamins and minerals

Several nutrients are of concern in athletes,
including folate, the other B vitamins,
calcium and zine.

Many women athletes are also vegetarians,
iron and specifically vitamin B12 may be of
additional concern in this subgroup

o Athletes with heavy training need wore of

vitamins such as B1, B2, B3 and B6 because
their role in energy production.




Antioxidants

Physical exercise associated with a 10- to 20-
fold increase in whole body oxygen intake,

Oxidative stress has been shown to increase in
the muscle during exercise — increased
generation of lipid peroxides and free radicals.

The magnitude of stress depends on the ability
of the body‘s tissues to detoxify ROS (reactive

oxidation species).

Vitamins with antioxidant activity (vitamin C,
E, and B-carotene) neutralize free radicals




EASY TRAINING / WEIGHT MANAGEMENT:

FATS
1 Teaspoon

Avocado
Qils
Nuts

Butter

.

Water
Dairy/Nondairy
Beverages
Diluted Juice
Flavored
Beverages

FLAVORS

Salt/Pepper
Herbs
Spices
Vinegar
Salsa
Mustard

Ketchup

J

The Athlete's Plates are 3 collaboration between the United States Olympic Committee Sport Dietitians and the University of Coloraco (UCCS) Sport Nutrition Graduate Program




ATHLETE'S PLATE

MODERATE TRAINING:

mn . Water
Stewed Fruit , | Dairy/Nondairy

Dried Fruit |

FATS

1 Tablespoon

Beverages
| Diluted Juice
Flavored
Beverages

" P Legumes
/A '1" b Y
v '

»

Bootamoram |
4 Fish e “ Raw Vegi&s FLAVORS
" 3:;:;“;’:33:5 Salt/Pepper/ -
= Herbs // ) /
’ Spices »
o Vinegar
Salsa
Mustard
Ketchup
J
The Athlete’s Plates are a collaboration between the United States Olympic Committee Sport Dietitians and the University of Colorado (UCCS) Sport Nutrition Graduate Program.
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For equcational use oniy. Print and use front and back as 1 handout.
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HARD TRAINING / RACGE DAY:

Diluted Juice
Flavored

FLAVORS
Salt/Pepper
Herbs / <
Spices /A 4
Vinegar
Salsa

Mustard
Ketchup

Cheese
\Butter

/

The Athietes Plates are 3 collaboration between the United States Olympic Comminee Sport Dietitians and the University of Colorado (UCCS) Sport Nutrition Graduate Program
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