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Energeticke systemy a jejich zapojeni behem FA

« Zasoby ATP (1-3 s)
* Kreatinfosfat (cca10s)
 Anaerobni glykolyza (cca 60 s)

* Aerobni ziskavani energie (teoreticky
minuty az hodiny)

% of maximum rate of energy production

— ATP-PCr System
— Glycolytic System

—— Aerobic System

— Total Power
Procduction
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Systém ATP-CR

ADP + Pi ATP

* Zasoby ATP ve svalu — energie max.
na cca 3 trvani vykonu

* Spotfebované ATP re-syntetizovano
kreatinfosfatem (CP)

* Celkové tento systém zajistuje asi prvnich 10 s
ziskavani energie

* Prevazuje u rychlostnich a silovych sportl(

* Dovoluje podat maximalni kratkodoby vykon

ADP + Pi ATPase ATP




Anaerobni glykolyza

MUSCLE

Glycogen

v

Glucose 6-P

* Nejvice se uplatriuje se u kratkych vykonl(
* Vykony s nedostatecnym zasobovanim kyslikem pro svaly

* Takové ziskavani energie spojeno s tvorbou laktatu

* Substraty pro tvorbu energie:

Glucose
* 1) Svalovy glykogen @
e 2) Glukdza v plazmé \/

* 3) Jaterni glykogen uvolfiovany do krve béhem FA BLOOD
GLUCOSE




Anaerobni glykolyza

* Anaerobni prah: nejvyssi dosazena droven rovhovazného stavu nalézajici se na
hranici aerobné-anaerobni zény. Intenzita zatéze, pfri které je nastolena
dynamicka rovnovaha mezi tvorbou a utilizaci laktatu, nejcastéji 4 mmol/I

* U netrénovanych jedinct na drovni 50-60 % VO, max., u trénovanych cca 85 %

VO, max.

* Rychlostni sportovci dosahuji hodnot laktatu 12-25 mmol/l

* Koncentrace laktatu v klidu 0,6-1,8 mmol/l Anaerobni“ priah (ANP)

* Cosedéje s laktatem?

Intenzita, pri které dochazi k poruSeni dynamické
rovnovahy mezi tvorbou a spotiebou laktatu

(porusen maximalnilaktatovy setrvaly stav)

[ laktat

IZ odpovidajici ANP

2-8 mmol/l

%MTR




Aerobni ziskavani energie

Charakterizovan dostatecnym prisunem kysliku pro pracujici svalové burky

Lze ovlivnit trénovanosti (zejména vytrvalostni aktivity)

Substraty pro tvorbu energie:

1) Svalovy glykogen

2) Glukdza v plazmé

3) Mastné kyseliny
* 4) Aminokyseliny

* Vjakém procesu se spaluji mastné kyseliny?
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Zasoby energetickych substratd: muz 8o kg (15 % tuku)

. Jaterni glykogen Veskeré bilkoviny Tukova tkan
Substraty (g) (cca100 g) organismu (17 % TH) (85 % tuku)
Substraty () Svalovy glykogen Plazmatické bilkoviny intramuskulirni tuk
(cca 9-13 g/ kg svalu) (cca70g)
Celkové zasoby (KJ) Ccas500§g Cca13-14 kg Cca 10,2 kg Cistého tuku
y 8500 kJ Cca 221000 kJ 387 000 kJ
Zisk energie pfi oxidaci 511K 18.8 kJ 19,6 kJ

110,




Rychlost ziskavani ATP
z ruznych substratu

Velocity (m/s)

1G0-meter sprint
QII?E 5

i

| QO et sprink
13225
'

Marathon run
(42,000 meters)
2 hr 6 min 50 5

10 100 1,004 10,000
Running time (s)

Fuel source Maximal rate of ATP production (mmol/s) Total ~P available (mmol)
Muscle ATP 223

Creatine phosphate 733 446
Conversion of muscle glycogen into lactate 391 6,700
Conversion of muscle glvcogen into CO9 16.7 84,000
Conversion of liver glycogen into CO9 6.2 19.000
Conversion of adipose-tissue fatty acids into CO9 6.7 4,000,000

Note: Fuels stored are estimated for a 70-kg person having a muscle mass of 28 kg.

Source: After E. Hultman and B. C. Harris. In Principles of Exercise Biochemisiry, J. F. Poortmans (Ed.). (Karger, 1988, pp. 78-119.




Vyuziti substratt béhem FA raznych intenzit

* Intenzita fyzické aktivity nejcastéji vyjadrfena jako:
* % TF max: procento z maximalni tepové frekvence
* % VO, max: procento z maximalniho objemu spotrebovaného kysliku béhem FA
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Vyuziti substratll béhem FA raznych intenzit,
Romijn, 1993 (Regulation of endogenous fat and carbohydrate metabolism in
relation to exercise intensity and duration)

300 Muscle Glycogen
] Muscle Triglycerides
Plasma FFA
B Plasma Glucose

GLYCOGEN
Triglyceride
Event Duration ATP-CP Lactic Aerobic | (falty acid)
100 m 10 sec, 53% A4%, | 3% —
200 m 20 sec. 26% 45% | 29% -
400 m 45 sec, 12% 50% | 38% -
800 m 1 min. 45 sec. | 6% 33% 61% =
1,500 m 3 min. 40 sec. | — 20% 80% =
25 65 5,000 m 13 min. - 12.5% 87.5% -
% of VO, max 10,000 m 27 min. — 3% 97% -
Marathon 2hr. 10min. | — — 80% 20%

Sources: KLA, van Somearan, 2004, The physiclogy of andaercbic endurance fraining. In The physiology of fraining, edited by .
Wiriyte (Cford, LUK Elsener), 88 E Newsholme, A, Leech, and G, Duaster, 1994, Keap on unning. The scance of aindng and
performance (Waest Sussex, UK: Wilkey),




Podil energetickych zdroju v pribéhu fyzické
aktivity — hledisko intenzity
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Podil energetickych zdroju v prubéhu fyzické
aktivity — hledisko intenzity

* Jeukendrup, 2004 (Regulation of Fat Metabolism in Skeletal Muscle)
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Hetlelid, 2015 (Rethinking the role of fat oxidation: substrate
utilisation during high-intensity interval training in well-trained and
recreationally trained runners)

Abstract

Background Although carbohydrate is the predominant fuel source supporting high-intensity exercise workloads, the role of fat

oxidation, and the degree to which it may be altered by training status, is less certain.

Methods We compared substrate oxidation rates, using indirect calorimetry, during a high-intensity interval training (HIT) session
in well-trained (WT) and recreationally trained (RT) runners. Following preliminary testing, 9 WT (VO 71%5 mL/min/kg) and 9 RT
VO, 5555 mL/min/kg) male runners performed a self-paced HIT sequence consisting of six. 4 min work bouts separated by 2

min recovery periods on a motorised treadmill set at a 5% gradient.

Results WT and RT runners performed the HIT session with the same perceived effort (rating of perceived exertion (RPE) =18.3%+0.7
vs 18.2+1.1, respectively), blood lactate (6.4%2.1 vs 6.2+2 .5 mmol/L} and estimated carbohydrate oxidation rates (4.2+0.20 vs

4 4+0 45 g/min; effect size (ES) 902 confidence limits (CL)=—0.19+0.85). Fat oxidation (0.64+0.13 vs 0.22+0.16 g/min for WT and
RT. respectively) pccounted for 331626 of the total energy expenditure]in WT vs 161624 in RT most likely very large difference in fat
oxidation (ES 90%¢ CL=1.74+0.83) runners. Higher rates of fat oxidation had a very large correlation with VO _— (r=0.86; 903 CI (0.7

to 0.94).

Conclusions Despite similar RPE, blood lactate and carbohydrate oxidation rates, the better performance by the WT group was

explained by their nearly threefold higher rates of fat oxidation at high intensity.




Hetlelid, 2015: Oxidace tukd béhem HIIT
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Hetlelid, 2015: Oxidace sacharidt béhem HIIT

A
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Podil energetickych zdroju v pribéhu fyzické
aktivity — hledisko ¢asu
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EPOC aneb after-burn efekt

EPOC: excess post-exercise oxygen consumption

Nékteré procesy v organismu zodpovédné a souvisejici s EPOC:
Metabolizace laktatu v jatrech zpet na glukozu

Odstranéni dalsich zplodin metabolismu vzniklych pri svalové praci
Doplnéni svalového glykogenu

Navraceni koncentrace iontl do fyziologickych hodnot

Navraceni koncentrace hormon( do fyziologickych hodnot
Zvysena srdecni frekvence

Zvyseny rozpad bilkovin a nasledna zvysena proteosyntéza
Zvysena télesna teplota
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Laforgia 2006, (Comparison of energy expenditure
elevations after submaximal and supramaximal running)

Protokol zatizeni Intenzita (VO2max)
2071 minuta 105 %
20 minut 70%

mERPOC

| Fyzicka zatés

EPOC + fyzicka zateZ

Intervalowy trénink Vytrvalostni trénink

Trvani EPOC (hod)

EPOC

268 kJ

133 kJ

% energie EPOC /

EPOC + samotna aktivita

11,9 %

6,6 %




Silovy trénink a EPOC (navyseni RMR/BMR)

Regenerace po FA, a to zejména odporového charakteru, mize pomérné
razantné zvysovat BMR

Dolezal (2000), Muscle damage and resting metabolic rate after acute
resistance exercise with an eccentric overload.

Legpress (8x6) (pracovni vdha 6RM)

4 sekundy trvajici excentricka faze pohybu

2 skupiny: trénovani (TR) vs. netrénovani (UN)
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Jak narocna muze byt regenerace silového tréninku?

* Po 24 hodinach od tréninku skupina TR 1BMR 0 15,1 %, UN 1BMR 0 20,1 7%
* Po 48 hodinach od tréninku skupina TR 1BMR 0 9 %, UN 1BMR 0 13,3 %

* Zvysend potreba energie S
hrazena z tukovych zasob
10000

* Vétsina ostatnich praci 8000 - |
udava hodnoty kolem 10 %
po dobu 24 hodin 5000 - B il
4000 — -
2000 - .
0- : : : .

Viychozi stav 24 hodin 43 hodin 72 hodin




DalSi studie zkoumajici EPOC po odporovém

V4 [

treninku
Studie, rok publikace Typ tréninku Zvyseni BMR (RMR)
Schuenke, M., Mikat, R. & McBride, 7 muzi kruhovy trénink Jesté 38 hodin po
J. (2002) Effect of an acute period obsahujici cviky bench  tréninku zvySeni RMR
of resistance exercise on excess press, drep a silové 010%
post-exercise oxygen premisténi o 4 sériich
consumption: implications for po 10 opakovani do
body mass management selhani.
Osterberg, K.L. & Melby, C.L. 7 zen 10 cvik(i 0 5 sériichse  po 16 hodinach od
(2000) Effect of acute resistance 70 % 1RM a 10-15 tréninkové jednotky
exercise on postexercise oxygen opakovanimi v sérii byl RMR zvysen
consumption and resting v primeéru o 4,2 %

metabolic
rate in young women

Egan, 2013 (Exercise Metabolism and the Molecular Regulation of Skeletal Muscle
Adaptation): zvyseni BMR do 10 % po dobu 24 hod




Vyuziti tukt béhem vykonu aneb projevi se to v hubnuti?

Mnoho jedincl se snaZzi zvySit oxidaci mastnych kyselin béhem FA a pozitivné
tak ovlivnit hubnuti:

1) Intenzita drzena ve ,,fat burning zone*, jinak nespalujeme tuky!! ©

2) Kardio nala¢no

Maji tyto strategie redlné vliv na hubnuti?




Melanson (2002), Effect of exercise intensity on
24-h energy expenditure and nutrient oxidation
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Figure 1: Fatty acid cxidation in male and female subjects in the 24h pericd after low /40%WVO2Mazx) and high (70%
WO2Max) intensity workouts with 8 matched energy expenditure of 400kcal; the data was measured in 8 metabolic
chamber by Melanson et al. ten years ago (Melanson, 2002)




Shimada (2013), Effects of post-absorptive and
postprandial exercise on 24 h fat oxidation
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Shimada (2013), Effects of post-absorptive and
postprandial exercise on 24 h fat oxidation
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Roepstortt (2005), Malonyl-CoA and carnitine in
regulation of fat oxidation in human skeletal

—&— Fat oxidation rate, L-CHO
25 9 —0O— Fat oxidation rate, H-CHO
—v— CHO oxidation rate, L-CHO

4 CHO oxidation rate, H-CHO

15

Leg substrate oxidation, kJ/min

0 10 20 30 40 50 60
Time, min

Fig. 2. Leg fat and carbohydrate (CHO) oxidation rates at rest and duning 60
min of bicycle exercise at 65% peak Oz consumption (Vo2 pea) with L-CHO
or H-CHO. *Main effect of condition on CHO oxidation, P << 0.01. #Fai
oxidation different from L-CHO, # << 0,001, YCHO oxidaton dafferent from
exercise 1in both conditions, /<< (L0001, That oxadation different from exercise
in L-CHO (P <2 0.001) and H-CHO (P == 0.05).




Vyuziti tukt béhem vykonu aneb projevi se to v hubnuti?

Béhem FA jsou vyuzivany rlizné energetické substraty: jaké?

VyuZziti téchto substratli je dano:

1) Intenzitou zatéze

2) Délkou zatéze
* 3) Trénovanosti

* 4) Pohlavim

* 5) Denni dobou

* 6) Vyzivou




Vyuziti tukt béhem vykonu aneb projevi se to v hubnuti?
Verdikt

Ackoliv manipulaci s uvedenymi faktory lze docilit relativné vyssiho vyuziti MK jako
zdroje energie, tim hlavnim urdovatelem hubnuti je energeticka bilance, nikoliv vyuZiti
energetickych substrati béhem FA

 Kardio nalacno, ani drzeni tepové frekvence pro maximalni vyuziti tuku jako zdroje
energie nepovedou k efektivnéjSimu hubnuti

* Evidence based tipy:
* 1) FA vykondvejte v tu denni dobu, kdy je vam to prijemné
* 2) FA vykonavejte takovym zplsobem, ktery vdm dovoli spdlit co nejvice energie

3) After-burn efekt u HIIT je preceriovany
* 4) Odporovy trénink muze vést k pomeérné dlouhotrvajicimu znatelnému zvyseni BMR




Vyuziti MK a sacharidl a vliv na maximalni vykon

* ,,Tuk hofi v plameni sacharid(“

* VysSi vyuziti MK béhem vykonu a relativni Setfeni glykogenem -
moznd konkurendni vyhoda na konci zavodu pro fini$ (glykogen umozni
intenzivnéjsi vykon nez MK)

* Stdle zvysujici se obliba ,,low-carb‘ nebo ,,keto diet* ve sportu

* Vede vyssi oxidace ,,tuku‘ béhem FA opravdu k lepSim vykonim?




,,Alternativni pristupy k prijmu tuku®,
aneb low-carb, high-fat, keto?

Nékteri sportovci preferuji jako hlavni zdroj energie pro vykon tuky

Low-carb a keto stravovani a jejich vliv na vykon se studuje spise u vytrvalostnich
sportovcu s riznymi vysledky

Chang, 2017 (Low-Carbohydrate-High-Fat Diet: Can it Help Exercise Performance?)

Low-carb a keto stravovani a jejich vliv na silovy vykon velmi malo studii

V literature neexistuje jednotny konsenzus, jak definovat low-carb stravovani




Definice low-carb-high-fat diety

* Co je viibec povazovano za,,low-carb‘?
* Acceptable Macronutrient Distribution Range (USDA, 2015)
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Low-carbohydrate diets: a matter of love or hate (Frigolet, 2011)
Low-carb pod 40 % CEP
Prijem sacharidd pod 200 g za den

Low-carbohydrate nutrition and metabolism (Westman, 2007)
Low-carb pfijem sacharidi 50-150 g za den




J Sports Med Phys Fitness, 2018 Apr 4. doi; 10.23738/50022-4T07.18.08318-4. [Epub shead of print]

Low-carbohydrate, ketogenic diet impairs anaerobic exercise performance in exercise-trained
women and men: a randomized-sequence crossover trial.

Wroble KA Trott MN!, Schweitzer GG Rahman RS, Kelly PYE, Weiss EPY?.

+ Author information

Abstract
BACKGROUND: Low-carbohydrate, ketogenic diets cause mild, sub-clinical systemic acidosis. Anaerobic exercise performance is limited by

acidosis. Therefore, we evaluated the hypothesis that a low-carbohydrate, ketogenic diet impairs anaerobic exercise performance, as
compared to a high-carbohydrate diet.

METHODS: Sixteen men and women (BMI, 2321 kg/m2, age 231 yr) participated in a randomized-seguence, counterbalanced crossover
study in which they underwent exercise testing after four days of either a low-carbohydrate, ketogenic diet (LC, <50 g/day and <10% of
energy from carbohydrates) or a high-carbohydrate diet (HC; 8-10 g/kg/day carbohydrate). Dietary compliance was assessed with nutrient
anahysis of diet records, and with measures of urine pH and ketones. Anaerobic exercize performance was evaluated with the Wingate
anaerobic cycling test and the yo-yo intermittent recovery test.

RESULTS: The diets were matched for total energy (LC: 2333+158 kcald; HC: 2280160 kcal'd; p=0.65) but differed in carbohydrate content
(901 wx, GI02% of energy intake; p~0.001). LC resulted in lower urine pll (3.5300.1 va. 53002, p-0.004} and the appearance of urine
ketones in every participant. LC resulted in 7% lower peak power (801258 vs. 85751 watts, p=0.008) and 6% lower mean power (56450
vs. 508x51 watts, p=0.01) during the Wingate test. Total distance ran in the yo-yo intermittent recovery test was 15% less after LC diet
(B87£1359 v=_ 10452145 meters, p=0.02).

CONCLUSION 5: Short-term low-carbohydrate, ketogenic diets reduce exercize performance in activities that are heavily dependent on
anaerobic energy systems. These findings have clear performance implications for athletes, especially for high-intensity, short duration
activities and sporis.




Burke (2017), Low carbohydrate, high fat diet impairs
exercise economy and negates the performance benefit

from intensified training in elite race Walkers | oo oo s momm 12 e
PCHO: B3 gkg ' OHO, 2.2 p kg ' PROTEIN, 4.7 kg " FAT
LOMF: <50 p.d " CHD, 2.2 gk " PROTEIN, 1.7 g.kg " FAT

Abstract We investigated the effects of adaptation to a ketogenic low carbohydrate (CHO),
high fat diet (LCHF) during 3 weeks of intensified training on metabolism and performance of
world-class endurance athletes. We controlled three isoenergetic diets in elite race walkers: high
CHO availability (g kg ' day': 8.6 CHO, 2.1 protein, 1.2 fat) consumed before, during and after
training (HCHO, n = 9); identical macronutrient intake, periodised within or between days to
alternate between low and high CHO availability (PCHO, n = 10); LCHF (< 50 g day ' CHO;
78% energy as fat; 2.1 g kg ™' day ' protein; LCHF, n = 10). Post-intervention, ?gﬂ,e;.k during
race walking increased in all groups (P < 0.001, 90% CI: 2.55, 5.20%). LCHF was associated with
markedly increased rates of whole-body fat oxidation, attaining peak rates of 1.57 + 0.32 g min '
during 2 h of walking at ~80% ‘E’szﬂk. However, LCHEF also increased the oxygen (0 ) cost of race
walking at velocities relevant to real-life race performance: O, uptake (expressed as a percentage
of new Vo, k) at a speed approximating 20 km race pace was reduced in HCHO and PCHO
(90% Cl: —7.047, —2.55 and —5.18, —0.86, respectively), but was maintained at pre-intervention
levels in LCHE. HCHO and PCHO groups improved times for 10 km race walk: 6.6% (90% CI:
4.1, 9.1%) and 5.3% (3.4, 7.2%), with no improvement (—1.6% (—8.5, 5.3%)) for the LCHF
group. In contrast to training with diets providing chronic or periodised high-CHO availability,
and despite a significant improvement in Vo, e, adaptation to the topical LCHF diet negated
performance benefits in elite endurance athletes, in part due to reduced exercise economy.
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Burke (2017), vliv na spotfebu kysliku
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Figure 2. Oxygen uptake during graded economy test at second stage approximating 50 km race
speed (A, ml kg~! min—1 and B, % V,,.4) and fourth stage approximating 20 km race speed (C,
mi kg"' min~1 and D, % i-’glpﬂk} in elite race walkers pre- and post-3 weeks of intensified training and
high carbohydrate availability (HCHO, n = 9), periodised carbohydrate availability (PCHO, n = 10), or

ketogenic low carbohydrate, high fat (LCHF. n = 10) diets
*Significantly different from pre-treatment (F < 0.01).
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Burke (2017),
vliv na ¢as zavodu

In conclusion, the results of the present study
showed that despite achieving substantial increases in
the capacity for fat oxidation during intense exercise,
chronic adaptation to a ketogenic low-CHO, high fat
diet impaired exercise economy and negated the trans-
fer of training-induced increases in aerobic capacity into
improved performance of a real-life endurance event in
elite athletes. In contrast, training with a diet rich in
carbohydrate and which provided either high or peri-
odised carbohydrate availability around training sessions
was associated with improved race outcomes.
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Figure 4. Race times for JAAF sanctionad 10 km race walk
events in elite race walkers undertaken pre- (Race 1) and post-
(Race 2) 3 weeks of Intensified training and high carbohydrate
availlabllity (HCHO, n = 9), periodised carbohydrate
avallability (PCHO, n = 8), or ketogenic low carbohydrate,
high fat (LCHF, n = 9) diets

*Significantly different from pre-treatment (P < 0.01),




Vyuziti MK a sacharidd a vliv na maximalni vykon
Verdikt

* Vyzivové postupy postavené na niz8im pfijmu sacharidd a vy$sim prijmu tuk( logicky
povedou k vyssi utilizaci MK béhem vykonu
(,,co taky svallim jiného zbyva? ©)

* PrivysSich intenzitach zatizeni v8ak nedostatek sacharidi bude sniZovat maximalni vykon
(,,tuky nebudou stacit pokryvat potrebu energie, je na né treba vice kysliku, aby byly
oxidovany, jejich oxidace je pomalejsi)

* Pfinizkych intenzitach zatizeni (napf. ultramaratonci) tento problém nemusi byt tolik patrny,
napt. Volek (2016) Metabolic characteristics of keto-adapted ultra-endurance runners.

* Vsoucasné dobé neexistuji diikazy o tom, Ze by byly High-fat diety lepsi volbou pro podporu
sportovniho vykonu ve srovnani s High-carb dietami




Déleni sportu

Rychlostni a silové sporty:

Sprinty, ledni hokej, veslovani, kanoistika, americky fotbal, box, fitness,
sportovni gymnastika, vzpirani...

Technické sporty:

Stolni tenis, balet, tanec, skoky na lyzich...
* Vytrvalostni sporty:

* Béhy na dlouhé traté, cyklistika, béh na lyzich, biatlon, triatlon...




ProC by méli sportovci dbat o svoji vyzivu?

ZlepSeni vykonu

Podpora regenerace
ZlepSeni télesného slozeni
Prevence zranéni
Prevence chorob

Vyziva sportovce by neméla byt postavena proti zakladnim vyzivovym
doporucenim pro béznou populaci




Vytrvalostni sporty: potreba zivin a energie

Energeticka potreba: Obecné obtizné definovatelnd, velké rozdily

Muzi: 3500-5000 kcal

Zeny: 2500-3500 kcal

Ziviny: Nutnd kompenzace velkého EV — 1 pfijem
S: 8-12 glkg

B: 1,3-1,7 g/kg

* T:1,0-1,2 g/kg

* Tekutiny (horké a vlhké pocasi)




Vytrvalostni sporty: nutrient timing

Vyziva pred vykonem: Lehce stravitelna (1 mnozstvi S se stfednim az nizsim Gl) a malé mnozstvi
B

Dostatecny prijem tekutin

Vyziva v pribéhu vykonu: iontové napoje, energetické gely, sacharidové tycinky, ovoce, BCAA?

DuleZité spravné nacasovaniisloZeni

Vyziva po vykonu:

co nejdrive po vykonu a s vysokym Gl
S:B pomér 3-4:1, cca1g/kg S + 0,25 g/kg B (20-40 g)

Obnova glykogenovych zasob ve 2 fazich: Jentjens, 2003 (Determinants of Post-Exercise Glycogen
Synthesis During Short-Term Recovery)

1) Velmi rychld do 60 min. po zatézi

2) Pomalejsi 24 h. po zatézi




Zavodni den (z pohledu S)

* 1) Doplnéni S pred vykonem (3-4 hod.): individudIni (metabolismus, citlivost k inzulinu...)
* 2) Vstup do aktivity s vyssi glykémii — snizend zavislost na svalovém glykogenu

* 3) Pozor na vysoké davky rychlych S tésné (45 — 30 min.) pfed vykonem - zvySeni hladiny
inzulinu — sniZzeni vyuzivani MK — svaly zavislé na S — hypoglykémie

* 4) Prijem S cca 5 min. pied vykonem neovlivni vyplaveni inzulinu — nastup adrenalinu

* 5) S pri vykonu Setf{ svalovy glykogen (u aktivit nad 30 min.) — Iépe doddvat v mensich
davkach a dastéji; po cca 1 hod. S ve formé gelu, ovoce, tycinky... + ndpoj, moznost BCAA

* 6) po zavodu zacatek rychlého doplfiovani svalového glykogenu (predesly slajd)




Pitny rezim

Sportovni aktivita — ztrata tekutin
* Pot
Moc

Stolice

Vydechovany vzduch
* Vyparovani kazi

« Zakladni potreba 30-45 mi/kg TH




Pitny rezim

Ztraty tekutin ovlivnény:

Klimatické podminky (teplota, vihkost, rychlost vétru)

Uroveri FA (typ FA, trénovanost)

Télesny povrch

Slozeni téla
* Aklimatizace




Pitny rezim

* Spatnd hydratace (— dehydratace) negativné ovlivriuje vykon:
* 1 katabolické stavy (1 glykogenolyzy a proteolyzy) — vyssi ztrata svalového glykogenu
* | Vkrevni plazmy — klesa srdecni vydej a svaly méné

* zasobeny krvi (| O2, Zivin) — vyuZiti vlastni zadsoby energie (svalovy glykogen)
+ horsi odplaveni metabolit(, laktatu

* | tvorba potu — nebezpedi prehrati
* | pfivod krve ke svalim vede ke | oxidaci T a naopak ke 1 oxidaci S




Hydratace

Pred vykonem vypit cca 0,5 | tekutin a bé€hem FA popijet

Tekutiny nevolit prilis studené (10-15 °C)

Hypotonicky napoj — rychlejsi rehydratace

Koncentrace S 3-6 % (maltodextrin, glukéza, sacharéza)

Obsah elektrolyta pri vykonu Na:K = 3—-4:1 (Na+ 1 absorpci sacharidui a vody)
Napoj béhem vykonu nemusi obsahovat vitaminy

Davky béhem vykonu 150-300 ml/15-20 min

Obsah elektrolytt po vykonu Na:K = 1:3 (K+ dulezity pro resyntézu glykogenu)
V prvnich 30 min. po PA vypit 500-1000 ml a poté kazdou hodinu

* 500-1000 ml do dosazeni 150 % ztraty potu

* Elektrolyty + S v napoji maji velky pfinos pro regeneraci




Problematika koncentrace napoju

Mozné slozené hypotonického napoje:

Obsah sacharid(i: 2-4 gramy jednoduchych sacharidd ve 100 ml (glukdza, nebo
fruktéza)

Obsah minerdlnich latek (soli): cca 1 gram (,,Spetka soli)
Mozné slozeni isotonického napoje:

Obsah sacharid(: 5-6 gram jednoduchych sacharid( ve 100 ml (glukéza nebo
fruktéza)

Obsah minerdlnich latek (soli): cca 1 gram (,,Spetka soli)
Mozné slozeni hypertonického napoje:

Obsah sacharid(i: nad 7 gram jednoduchych sacharid ve 100 ml (glukéza nebo
fruktdza)

Obsah minerdlnich latek (soli): cca 1 gram (,,Spetka soli)




Technicke sporty: potreba zivin a energie

* Energeticka potreba:
* Muzi: 3000-3500 kcal
e Zeny: 2000-2500 kcal

e Ziviny:

* S:5—7 g/kg (ATH)

* B:1,2-1,5 g/kg (ATH)

* T: 0,8-1,2 g/kg (ATH)

e S:B:T60%:15%:25%




Technické sporty

* Vyziva pred vykonem: Strava lehce stravitelna cca 3—4 hod. pred vykonem (minimum
vlakniny, T, stfedni mnozZstvi S s niz§im Gl a méné B)

* Tekutiny
* Vyziva v pribéhu vykonu: Tekutiny (iontové ndpoje), v pripadé turnaji x zapasli- ovoce,
sacharidové tycinky
* Vyziva po vykonu: podobna jako u vytrvalostniho sportu
co nejdrive po vykonu a s vysokym Gl
* S:B pomér 3:1, cca 0,8-1g/kg S + 0,25 g/kg B (20-40 g)

* Obnova glykogenovych zasob ve 2 fazich: Jentjens, 2003 (Determinants of Post-Exercise Glycogen
Synthesis During Short-Term Recovery)

* 1) Velmi rychla do 60 min. po zatézi

* 2) Pomalejsi 24 h. po zatézi




Obecna doporuceni pro prijem tuku v silovych sportech

» Konkrétni ucelené doporuceni po prijem tuk v silovych sportech neexistuje

* Prijem tuku co do kvality a kvantity by mél byt v souladu s oficidlnimi doporucenimi
narodnich/mezindrodnich autorit

* AMDR (Acceptable macronutrient distribution range, USA): 20-35 % CEP
* Spolecnost pro vyzivu (2012):

* 1) Pfijem energie z tukd do 30 % CEP (cca 0,6-1,2 g/kg TH)

* 2) Pfijem energie ze SAFA do 10 % CEP

* 3) Pomér n-6:n-3 PUFA do 5:1

* 4) Prijem trans-nenasycenych MK do 1% CEP

* ACSM (American College of Sports Medicine),
2016 (Position Statement: Nutrition and Athletic Performance):

* Prijem tuki u sportovca by dlouhodobé nemél klesnout pod 20 % CEP, proc?




Obecnd doporuceni pro prijem sacharidu
v silovych sportech

* Pfijem sacharidi by se mél odvijet od energetické naroc¢nosti a objemu
trénink(

* Svou roli mZe hrat i nacasovani prijmu sacharidt (ddlezitost rychlé obnovy
glykogenovych zasob) a podpory regenerace

* NCSA, 2010 (National Strength and Conditioning Association) (Guide to Sport
and Exercise Nutrition)

* Ackoliv silovi sportovci mohou podstupovat stejné narocny trénink co do
poctu hodin, jejich potfeba sacharidl ve srovnani s vytrvalostnimi sportovci
je nizsi a spada do rozmezi 5-7 g/kg TH

* Rekreacni sportovci (se sedavym zaméstnanim, studenti), mohou mit tento

\aad N re

pfijem jesté nizsi, a to cca 4-6 g/kg TH (vyssi pfijem by znamenal nartst tuku)
o - -> Bezpodminecny individualni pristup ke kazdému klientovi!!




Potreba bilkovin pfi silovém sportu
Zakladni potfeba bilkovin cca 0,8 g/kg TH

Pohled na potrebu prijmu bilkovin u silovych sportd prochazi vyvojem:

Phillips, 2004ISProtein requirements and supplementation in strength sports):
1,2-1,3 g/kg T

ISSN, 2017 (International Society of Sports Nutrition Position Stand: protein and exercise): 1,4-2,0

g/kg TH

Helms, 2014 (A systematic review of dietary protein during caloric restriction in resistance trained
lean athletes: a case for higher intakes.): 2,3-3,1g/kg FFM

Morton, 2018 (A systematic review, meta-analysis and meta-regression of the effect of protein
suEplementatlon on resistance tralning-induced gains in muscle mass and strength

in healthy adults.): Protein supplementation beyond a total daily protein intake of ~1,6 g/kg/day
during RET provided no further benefit on gains in muscle mass or strength

(Confidence interval 95 % up to 2,2 g/kg/day%
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Prijem jidla pred tréninkovou jednotkou

Cilem sportovce je do tréninku prichazet s co nejvyssimi zasobami glykogenu

Doplriovani svalového glykogenu zacina ihned po predchozim tréninku a kondi predtréninkovym
jidlem (dalezitost nastaveni celkového jidelnicku, nejen prijmu stravy kolem tréninku):

Posledni jidlo pred tréninkem:

Idealni kombinace proteinti (0,25 g/kg TH, 20-40 g) spolu s prijmem sacharidi
(dle preferenci a celkového pfijmu energie, cca do 1 g/kg TH)

Nacasovani cca 90-120 minut pred tréninkem

Prijem vétSiho mnozstvi sacharidii maze byt pro nékoho nezadouci (vylouceni pf¥ilis inzulinu,
unava)

Tuky jsou ze zakladnich zivin traveny nejdéle
Vysoky prijem tuk( pred tréninkem muze celkové zpomalit vstiebdvanii ostatnich Zivin
Z toho diivodu vysoky prijem tukt pied tréninkem neni idedIni

Prijaté LCFA v predtréninkovém jidle organismus pri tréninku redlné nevyuzije
(prilis ,,dlouhy‘“ transport pres lymfaticky systém)




Prakticka specifikace prijmu proteinu
v okoli silového tréninku

* IdedIni scénar (zavodnici, fitness nadsenci):

* 1) Posledni jidlo pred silovym tréninkem dle preferenci a zkusenosti cvicence zhruba 9o0-120
minut pred tréninkem (Obsah B+S)

* Obsah dobre stravitelnych bilkovin (v doporu¢ovaném mnozstvi dle prednasky) + sacharidi
(dle celkového denniho prijmu, vhodnéjsi spiSe komplexni sacharidy = udrzeni glykemie)

* 2) Po silovém tréninku idedIné pfijem bilkovin v mnoZstvi 0,25 g/kg TH,
nebo 20-40 g v absolutnim mnozstvi rychle stravitelného proteinu (syrovatkovy koncentrat),
dle nastaveni jidelnicku zvaZzit prijem sacharidl (prijem do 1 g/kg TH
(v poméru zhruba 2-3 : 1 ve prospéch S)

* 3) Za dalSich 90-120 minut pevné potréninkové jidlo (ndzory vyhybat se vlakniné
a vétSimu mnozstvi tukl, naopak jejich zahrnuti mdze byt Zadouci
—> prodlouzeni doby vstrebavani a mensi oxidace aminokyselin), prijem Zivin v tomto jidle
podobny jako v prvnim tekutém jidle (mnozstvi sacharidlt mozno ponizit na polovinu)

* Celkové za den dosdahnout prijmu nastavenych zivin, dbat na kvalitu a pestrost jidelnicku




Prakticka specifikace prijmu proteinu
v okoli silového tréninku

* Alternativni scénar (rekreacni sportovci):

* 1) 45—-120 minut pied tréninkem ,,alespori néjakého jidla‘* (nejit cvicit hladovy),
antikatabolické pusobeni, udrzeni glykemie

* 2) Po silovém tréninku nap¥. bandn

* 3) Za dalSich 30-60 minut pevné kvalitni potréninkové jidlo, diraz na prijem
kvalitni bilkoviny v doporuc¢ovaném rozmezi a pfijem sacharid(/tuk
(S:B,2-3:1)

* Celkové béhem dne pfijmout alespon 3 vétsijidla bohata na bilkoviny, klast
dlraz na jejich kvalitu a celkovou kvalitu a pestrost jidelnicku
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