Potreba energie a bilkovin v silovém sportu

Mgr. Petr Loskot
LF MUNI, Ustav ochrany a podpory zdravi
20.2.2024 @ 27.2.2024



Obsah prednasky
* Energetickd potreba v silovém sportu... jak spoditat?
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1) Celkovy denni prijem pfi vyrovnané/pozitivni energetické bilanci

2) Pozadavky na prijem bilkovin pfi kalorické restrikci
3) Bezpecnost vyssiho prijmu bilkovin
4) ldedIni davka na porci pro maximalni stimulaci MPS
5) Kolik mGzeme maximalné vyuzit bilkovin v porci pro tvorbu svalovych bilkovin?
6) Casovy rozestup mezi pfijmem proteind
7) Kvalita dietarnich zdroj protein( a rychlost stravitelnosti
8) Casovani pfijmu protein(i kolem tréninkové jednotky, parovani s dalsimi Zivinami

9) Jak efektivni je prijem pomalého proteinu na noc?



Kdo je to silovy sportovec?

Fyziologie sportovnich disciplin,

* Discipliny kulturistiky a fitness (esteticko koordinacni) Bernacikova (2017)

e Crossfit




Vice a méné spolecné rysy silovych sportovcl

Pozadavek zvySovani vykonnosti (silové vykon, zmény v télesném sloZeni)
PoZadavek maximalni vykonnosti (periodizace pripravy a "peak")
Podobna povaha fyzické zatéze (spiSe kratsi intervaly zatiZeni)
Podobné energetické kryti vykonu (podobné pozadavky na vyzZivu)
Casté zmény télesné hmotnosti (nabirani, hubnuti)

Podobné teélesné slozeni co do zastoupeni kosterniho svalstva

N

Vyziva a prijem bilkovin hraje velkou roli u vSech téchto atributt




Na dem ve vyzive sportovce skutecné zalezi?

NAVYKY A ZIVOTNI STYL
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Energeticka bilance

 Souhrn veskerych metabolickych procest vyjadruje celkovou energetickou potrebu organismu
(TDEE, total daily energy expenditure)

Konvencné se celkova energeticka potreba/vydej déli na:
1) BMR (bazalni metabolicky vydej) - vydej energie v iplném télesném klidu

1) Nf,AT,vEA',S (energie spotfebovand na bézné denni aktivity, energie spotfebovand
pri cviceni

1) DIT (dietou indukovand termogeneze, jinak také TEF - termicky efekt stravy)

1) Energie spotifebovana navic z dalSich divodi (stres, choroba, regenerace, aktualni stav vyzivy)



1) Ureni bazalniho vydeje energie (BMR)

Harris-Benedictova rovnice:

muzi: 66,47 + (13,75 x hmotnost) + (3 x vvska) — (6,75 x vék)
zeny: 665,09 + (9,56 x hmotnost) + (1.84 x vvska) — (4.67 x vék)

Maffhn-5t. Jeorova rovaice:

muzi: (9.99 x hmotnost) + (6,25 x vvika) — (4 92 x vék) + 5
zeny: (9.99 x hmotnost) + (6,25 x vvika) — (4.92 x vék) — 161

Katch-McArdle rovnice:

(21.6 x beztukova hmotnost téla) + 370



Uroveri fyzické aktivity (PAL) (dle WHO, 2004)

Popis fyzické aktivity Hodnota PAL

Sedavé zameéstnani 1,3-1,5
Stredné aktivni zivotni styl 1,6—2,0
Narocny zivotni styl 2,0-2,4
Extrémné narocny zivotni styl Nad 2,4

* Vétsina soucasné populace spada do rozmezi PAL 1,3-1,7
U sportovci mitize byt opét tato hodnota znacné variabilni (1,5-2,5)



Jak orientacne urcit vydej energie pri aktivitach
| bez fithess hodinek?
Compendiy ry, M ET

of

Physical Activities

MET jednotky (tzv. metabolic equivalent of task),
* 1 MET jednotka: zatéz s vydejem energie 1 kcal/kg télesné hmotnosti za hodinu

* Pro disty vydej energie skrze aktivitu nutno odecist 1 MET jako klidovy vydej energie

* MET jednotky Ize snadno prevést na PAL, které Ize pripocist k zakladnimu vydeji energie,
ale Ize poditati s kcal

* Postup pro prevod MET na PAL: Pocet MET jednotek za danou aktivitu vydélit Cislem 22


https://sites.google.com/site/compendiumofphysicalactivities/home

Priklad MET
jednotek:

1 mph =1,6 kmh

1993 _ 2000 _ 2011 _ e
Compendium Compendium Compendium
Codes METs Codes METs Codes METs Description
12010 6.0 12010 6.0 12010 6.0 jog/walk combination (jogging
component of less than 10 minutes)
(Taylor Code 180)
12020 7.0 12020 7.0 12020 7.0 Jogging, general
12025 8.0 12025 8.0 jogging, in place
12027 45 12027 4.5 jogging, on a mini-tramp
12029 6.0 running, 4 mph {15 min/mile)
12030 8.0 12030 6.0 12030 8.3 running, 5 mph (12 min/mile)
12040 9.0 12040 9.0 12040 9.0 running, 5.2 mph (11.5 min/mile)
12050 10.0 12050 10.0 12050 9.8 running, & mph (10 min/mile)
12060 1.0 12060 11.0 12060 10.5 running, 6.7 mph (9 min/mile)




Udaje z Compendium of PAs

Silovy trénink nemusi byt na vydej energie
tak narocny
Zalezi na poctu sérii, procvicovanych
partiich, intenzité cviceni
MUzeme také vychdazet z fitness hodinek
merici tepovou frekvenci

8.0 circuit training, including kettlebells, some
aerobic movement with minimal rest,
general, vigorous intensity

3.9 Curves™ exercise routines in women

5.0 Elliptical trainer, moderate effort

6.0 resistance training (weight lifting - free
weight, nautilus or universal-type), power
liting or body building, wigorous effort
(Taylor Code 210)

5.0 resistance (weight) training, squats , slow
or explosive effort

3.5 resistance (weight) training, multiple

exercises, 9-15 repetitions at vared
resistance




Hodnoty PAL nekterych sportovnich aktivit

Activity Examples Per Hour of Activity Multiplier PAL

Low Intensity Aerobic Brisk wallang. 1.5 cal/lb (3.3 calkg) 0.15

(130 HE or lower) slow cycling (<13 mph) 2 callb (4.4 cal'kg) 0.2

Medmm Intensity Aerobic | Swimming, jogging 2-3 callb (4. 4-6.6 cal/kg) 0.2-03

(130-1530 HR)) cyclmg (13-15mph)

High Intensity Aerobic Cycling (17-18mph). 3-4 callb (6.6-3.8 cal/kg) 0.3-04

(160-180 HE,) running (6' mile)

Highly Tramned Athletes Cycling (13+mph), 5-8 callb (10.5-17.6 calkg) | 0.5-0.8
running (8" mile or faster)

Weight Tramning Fecreational 1 callb (2.2 calkg) 0.1
Physique/PL/OL 2 cal'lb (4.4 calkg) 0.2-0,35

Team Sports (variable) Volleyball 1-2 callb (2.2-4 4 cal’kg) 0.1-02
Basketball 3.75 cal/lb (8.25 calkg) 0.375
Soccer 6 cal/mun (132 callkg) 0.6




Priklad vypoctu kcal nebo PAL z MET jednotek

Zena: 70 kg, 175 cm, 25 let

Aktivita: 1 hodina, Celkova intenzita 8 MET jednotek
Celkovy vydej energie za aktivitu: 70 x 8 x 1 =560 kcal

Cisty vydej pohybem: 70 x (8-1) x 1 = 490 kcal

Aktivita: 1 hodina, Celkova intenzita 8 MET jednotek
Celkovy pocet MET jednotek vykonanych za aktivitu: 8 x 1 =8 MET

Cisty pocet MET jednotek vykonanych aktivitou: (8-1) x 1=7 MET
Prepocet MET jednotek na PAL: 7 /22 = 0,32 PAL



Priklad vypoctu kcal, nebo PAL z MET jednotek

Zena: 70 kg, 175 cm, 25 let

Vypocet BMR (Mifflin-St. Jeor): 9,99x70 + 6,25x175 — 4,92x25 — 161 = 1509 kcal
Zakladni PAL zivotniho stylu: 1,3

Energie vydana sportovni aktivitou: 490 kcal

Termicky efekt stravy: 10 % energie z prijaté stravy

Rovnice vydeje energie: 1509x1,3 + 490 + 272,4 = 2724 kcal

Celkovy vydej energie pri vyrovnané energetické bilanci: 2724 kcal (10 % je TEF)

Vypocet BMR (Mifflin-St. Jeor): 9,99x70 + 6,25x175 — 4,92x25 — 161 = 1509 kcal
Zakladni PAL zivotniho stylu: 1,3

Energie vydana sportovni aktivitou: 7 MET/22=0,32 PAL
Termicky efekt stravy: 10 % energie z prijaté stravy
Celkova vydej energie pfi vyrovnané bilanci: 1509x(1,3+0,32) + 271,6: 2716 kcal (10 % je TEF)

Rozdil mezi obéma vypocty je zanedbatelny (2724 kcal vs. 2716 kcal), oba jsou mozné.



Vypocet potfeb energie: Kazdy den zvlast’ vs. tyden prumér

Priumérny vydej energie

. Vydej energie
o v dany den

Trénink 1

Pondéli (ST frEmink 69 mimng 2700 kcal 2530 kcal
Utery Bez aktivity 2200 kcal 2530 kcal
y Trénink 1
SRR it ik 56 M) 2700 keal 20 e
Ctvrtek Bez aktivity 2200 kcal 2530 kcal
. Trénink 1
SIS (Silovy trénink 60 minut) 20 B0 e
Trénink 2
Sobota (aelio 99 i 3000 kcal 2530 kcal
Nedéle Bez aktivity 2200 kcal 2530 kcal



Dietou indukovana termogeneze

Jedna se o navyseni energetického vydeje z divodu vynalozeni energie
na procesy spojené s travenim, absorpci, metabolizaci a uskladnénim zivin
po prijmu potravy.

“ Hodnota termického efektu stravy

Tuky 0-3%
Sacharidy 5-10 %
Bilkoviny 20-30 %

Ethanol Cca20%
Bézna smisena strava 10 7%

Cca 10 % energetického prijmu tak nejsme schopni vyuzit



Dalsi faktory ovlivnujici vydej energie

Aspekt ovliviiujici metabolismus Ovlivnéni

Télesna a okolni teplota T1]

Pritomnost choroby, zranénf T1]

Regenerace po fyzické aktivité, zejména silového charakteru 1
Téhotenstvi; laktace (400-500 kcal/d) 0

Genetické aspekty i
Hormonalni aspekty i
Stres

Koureni

— - —

Rust

Zmény hormon( v ndvaznosti na menstruacni cyklus il



The effect of exercise interventions on resting
metabolic rate: A systematic review and meta-
analysis

Kristen MacKenzie-Shalders 1, Jaimon T Kelly ' 2, Daniel So ' 3, Vernon G Coffey !
Muala M Byrne *

Affiliations + expand
PMID: 32397398 DOIl: 10.1080/02640414.20201754716

Abstract

The systematic review and meta-analysis evaluated the effect of aerobic, resistance and combined
exercise on RMR (kCal-day™") and performed a methodological assessment of indirect calorimetry
protocols within the included studies. Subgroup analyses included energy/diet restriction and
body composition changes. Randomized control trials (RCTs), quasi - RCTs and cohort trials
featuring a physical activity intervention of any form and duration excluding single exercise bouts
were Iincluded. Participant exclusions included medical conditions impacting upon RMR, the elderly
(=65 years of age) or pregnant, lactating or post-menopausal women. The review was registered
in the International Prospective Register of Systematic Reviews (CRD 42,017,058,503). 1669 articles
were identified; 22 were included in the qualitative analysis and 18 were meta-analysed. Exercise
interventions (aerobic and resistance exercise combined) did not increase resting metabolic rate
(mean difference (MD): 74.6 kCal-day '[25% CI: -13.01, 161.33], P = 0.10). While there was no effect
of aerobic exercise on RMR (MD: 81.65 kCaI-da}f"[QS% Cl: -57.81, 221.10], P = 0.23), resistance
exercise increased RMR compared to controls (MD: 9617 kCaI-da}f"[QS% Cl: 45,17, 147.16], P =
0.0002). This systematic review effectively synthesises the effect of exercise interventions on RMR in
comparison to controls; despite heterogenous methodologies and high risk of bias within included
studies.



Urcit vydej/potfebu energie skutecné presné je témér nemo

Engniﬁnn, Reward, Choice, Mood, Stress

Energy Intake
" Total daily energy intake

" Composition and variety of
diet

®  Amount and type of fiber

" Energy density of food eaten

®" Timing of food intake related
to exercise; type of food

®  Current weight and body
composition

Hormonal control of appetite

-ql_

N |/

Nutrient Sensing
Muscle, Liver, Fat, Gut

Energy Expenditure

Resting metabolic rate
Activities of daily living
Programmed exercise
Intensity of exercise
Body composition

Total energy intake and
composition of diet

Genetics
Futile energy cycles
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Teoretické vypocty jsou jedna véc,

jeSté dulezitéjsi je vsak nastaveni prijmu energie
podle aktudlnich pozadavkd klienta,
coz se muze od vypoctu znacné lisit

Dulezitost spravné odebranych informaci
o vyzivé od klienta - idealni je pozadat ho
0 3 —7denni zaznam stravy pro urceni aktualniho
primérného prijmu energie - porovnat vypocet s
odebranymi daty



Celkova potreba energie

* Zahrnuje v sobé vSechny slozky energetického vydeje
1) BMR - bazalni vydej energie
2) PAL — pohybova aktivita (NEAT + EAT)

DIT — termicky efekt stravy — 10 % z prijaté energie
3) (pri vyrovna¥1é energeticke bilanc1p10] % Z celkogvého energetického vydeje)

4) DalSi faktory ménici vydej energie, je obtizné je pfesné urdit

BMR x PAL + DIT + (dalsi faktory)
Cely proces vypoctu potreb energie jsem popsal v tomto ¢lanku:


https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili
https://aktin.cz/chcete-hubnout-nabirat-svaly-nebo-jen-zdraveji-jist-spocitejte-si-makra-vzhledem-k-vasemu-cili

Nutrition guidelines for strength sports: Sprinting,
weightlifting, throwing events, and bodybuilding. (Phillips, 2011)

Table I. Reported dietary intake of energy and macronutrients among adult male strength and power athletes during training (unless otherwise sta

Body Energy Carbohydrate Protein Fat
mass
Sport Population (kg) M] k] -kg ™ g g-kg™! g g-kg™' g % E Survey methox
Throwing Elite (n— 6) 109 224429 205+25 450+52 41405 265+44 24+04 277197 47+ 16 35 day weighed
diary
Natonal level (n=20) 9 146433 152436 375 3.9 160 1.7+ 0.9 158 41 +5 7 day diary
National team (n=2) 104 150+28 145+ 20 429+81 411+06 134+2 13+01 1194+8 30+4 3 day diary
Sprinting National level (n— 10) 67 11.1+1.5 167+ 33 340+ 57 51 +1.0 102+20 15404 90+ 16 30+ 3 3 day diary
Weightlifiing ~ Elite (n= 10) 80 192425 238+25 431496 54+12 257447 32406 205+33 40+7 3-5day
weighed diary
International (n="7) 76 12.8 167 320 4.2 97 1.3 134 39 4-7 day diary
Nanonal and 152+ 3.9 392 161 160 30+6 3 day diary
collegiate (n—=28)
National team (n=15) 95 31.4 330 764 8 295 3.1 380 45 3 day semi-weigl
diary

National level (n— 19) 34 1524150 181 +50 399+ 143 4.8 156 +42 19406 155+62 39+4 7 day diary
Bodybuilding Competuve (n="76) 82 15.0+42 183 320 + 132 3.9 200 + 79 24 157 + 50 39 7 day diary

Elite (n—=6) 80 201 +0.2 251 592 74403 224 27+0.1 174 32 7 day diary
International (n— 8) 87 13.7 157 424 4.9 201 25 118 32 4-7 day diary
{:Dll'lpﬂtlﬁ'ifﬂ [ﬂ = 7]

Training 91 150+ 4.9 165 457 + 148 5 215+ 59 2.4 110+71 26412 3 day diary
Competition 86 9.8+ 1.1 113 365 + 76 4.2 163 + 59 1.9 32+ 18 1318

Competitive (n— 20) 77 154+ 44 200 532 6.9 165 2.1 120 29+7 4 day diary

International (n="T) 85 124+15 145 369470 43 144+ 41 1.7 95+12 28 4 day diary



Teoretické vypocty jsou jedna véc,
jeSté dulezitéjsi je vsak nastaveni prijmu energie
podle aktudlnich pozadavku pacienta/klienta,
coz se muze od vypoctu znacné lisit

Dulezitost spravné odebranych informaci o vyzivé a pohybu od klienta
— idedlni je pozadat ho o0 3-7denni zaznam stravy pomoci vazeni
pro urceni aktualniho priimérného prijmu a vydeje energie
— porovnat vypocet s odebranymi daty

Pozor na underreporting stravy

Pozor na nadhodnocovani miry pohybu



Funkce bilkovin v organismu

Strukturni proteiny — kolagen, keratin

Zajist'ujici pohyb — aktin, myosin

Imunitni funkce — imunoglobuliny, bilkoviny akutni faze
Metabolické proteiny — enzymy

Transportni proteiny - lipoproteiny, SHBG, albumin
Bilkoviny krevni plazmy — onkoticky tlak, specifické funkce
Signalni proteiny — hormony, receptory, signalni molekuly



Rekapitulace traveni bilkovin

* Trdveni bilkovin zacina v Zaludku pomoci pepsinu a HCl (HCI aktivuje pepsinogen)
 Pokracuje enzymy obsazenymi v pankreatické St'dvé (trypsin, chymotrypsin, elastdza)

* Traveni se dokoncuje pomoci enzym kartaCového lemu (aminopeptidazy,
dipeptidazy)

Buriky stfeva vstrebdvaji bud jednotlivé aminokyseliny, nebo kratké peptidy (di-, tri-)

Déje se tak prostrednictvim specifickych transportéru:

1) Jednotlivé aminokyseliny symportem s Na*

2) Kratké peptidy pomoci PEPT1 transportér(i symportem s H*



Traveni bilkovin

Traveni bilkovin zacina v Zaludku pomoci pepsinu a HCI (HCI aktivuje pepsinogen)
Pokracuje enzymy obsaZzenymi v pankreatické st'avé (trypsin, chymotrypsin, elastaza)

Traveni se dokoncuje pomoci enzymt kartacového lemu (aminopeptidazy,
dipeptidazy)

Buriky stieva vstrebdavaji bud jednotlivé aminokyseliny, nebo kratké peptidy (di-, tri-)
Déje se tak prostrednictvim specifickych transportérii:

1) Jednotlivé aminokyseliny symportem s Na*

2) Kratké peptidy pomoci PEPT1 transportér(i symportem s H*

LUMEN INTESTINAL CELL BLOOD
Na*
~ Amino acids — > = ) Amino
Proteolytic / acids
Proteins —t— P Tripeptides

Dipeptides

ﬂligﬂpEPtIdES Aminopeptidase)



Overall, ~50% of the amino acids in a protein-containing meal are extracted by the
splanchnic tissues whereas the rest are released into the plasma circulation for extra-
splanchnic utilization [15]. Although skeletal muscle is a large depot for the retention
of amino acids, not all the amino acids released into plasma are destined to become
incorporated into new skeletal muscle tissue. In a recent study employing an
intrinsically-labeled tracer approach, Groen and colleagues [15] demonstrated that
only ~2.2 g or 11% of the amino acids provided to young men in a 20 g bolus of casein

protein were used for de novo protein synthesis despite ~55% availability in the

peripheral circulation following splanchnic extraction. The remaining amino acids are
catabolized and serve as substrates for a range of metabolic processes from energy

production and urea synthesis and, to a very minor extent, neurotransmitter

{ ~50% of ingested protein is

extracted by splanchnic tissues (gut,
liver) prior to entering circulation
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Putovani zivin ze streva

Portalni zilou do
jater a dale do
krevniho obéhu

Aminokyseliny,
sacharidy,
SCFA, MCFA

Rychlejsi
transport do krve
Rychleji
k dispozici jako
zdroj energie

Lymfatickym
systémem do
krevniho obéhu

Dlouhé mastné
kyseliny (LCFA)

Pomalejsi transport
do krve
Pomaleji k dispozici
jako zdroj energie

Thoracic duct

Strevni klk (zvétsen)

Villus (greatly enlarged)



Takze jak to je s tou vyuzitelnosti bilkovin???

Vyuzitelnost na urovni Komentar

1) Stravitelnost v travicim traktu Stravitelnost v GIT zejména u zivocisnych bilkovin
(na konci tenkého streva) obecné velmi vysoka, ,,neni problém*
2) Vyuzitelnost bilkovin na jednu Nalezeni idealniho mnozstvi mezi:
porci A) Nedostatecnou davkou bilkovin
pro maximalni stimulaci MPS pro maximalni stimulaci MPS
a tvorbu svalovych nebo jinych B) Zbytecné vysokou davkou,
télesnych bilkovin ktera vede k vyssimu vyuzivani bilkovin

jako zdroje energie a tvorby mocoviny
(,,plytvéni/neefektivni vyuziti bilkovin‘)

Stravitelnost

Zivocidné proteiny nad 90 % (izolované formy aZ 95 % a vice)
Rostlinne proteiny nejcasteéji mezi 45-85 %
Izolované rostlinné proteiny (séjovy, hrachovy, pseni¢ny) nad 90 %



Osudy bilkovin v organismu

V organismu je udrZzovana pohotovostni zasoba aminokyselin,
které mohou byt ihned pouzity pro potreby organismu,
tzv. pool aminokyselin (hotovost), cca 100 g aminokyselin v krevnim obéhu

Zdrojem této hotovosti jsou:
1) AMK pfijaté potravou

2) AMK endogenniho puvodu (z nasich tkani - prirozena neustdala degradace a
znovuvytvoreni)

3) AMK, které si umime sami syntetizovat (neesencialni aminokyseliny)



) ENDOGENNIPROTEINY  Tyorba vlastnich télesnych bilkovin
(TKANOVE PROTEINY)
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Tvorba specializovanych molekul,
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Osudy bilkovin v organismu

Tato pohotovostni zasoba muze byt pouzita na:

A) Tvorba vlastnich proteinu: (svalové bilkoviny, bilkoviny organt, dalSich tkani
nebo proteinu krevni plazmys)

B) Tvorba specializovanych molekul: (hormony, signalni proteiny, proteiny
imunitniho systému, atd.)

C) Katabolismus bilkovin: vyuziti bilkovin jinak nez jako ,,stavebnich kamenut¥:
1) Tvorba glukézy v procesu glukoneogeneze (z tzv. glukogennich AMK)
II) Tvorba mastnych kyselin a télesného tuku - lipogeneze (v extrémnim pripadé)
llI) Pfima tvorba energie pres Acetyl-CoA (napr. oxidace aminokyselin béhem zatéze)

IV) Ve vsech pfipadech nutné odstranéni dusiku (detoxikace) pry¢ z organismu



A) Tvorba vlastnich proteind

* Proteiny jsou zakladni stavebni komponenty Zivych organismi

* VétSina proteind podléha neustalé degradaci a opétovnému vytvoreni

* Organismus si tvofi zakladni 2 druhy proteinu:

* 1) Tkanové: proteiny svalové, proteiny orgdn(, enzymy, proteiny bunécnych
struktur. ,,Jsou nékde vazané.*
* 2)Plazmatické: v kazdém litru krevni plazmy je rozpusténo 65-85 g rliznych

proteind, které plni rizné funkce (transportni, imunitni).
,,Yolné se pohybuji v krvi.*




B) Tvorba specializovanych latek

’

n.’ei
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Hormony

Signalni molekuly

Kreatin, beta-alanin

Rlstové faktory

S

Latky potfebné pro syntézu DNA
Proteiny materskeho miéka

a dalsi



C) Katabolismus bilkovin

(,,vyuziti jinak nez jako stavebni kameny‘‘)

* Prfinadmérném Eﬁ’jmy bilkovin ze stravy (nebo pfi katabolismu - napr. hladovéci)
muze byt aminokyselinam _ o
z molekuly odstranén dusik v procesu transaminace (budeme si dale ukazovat)

« Takto vznikne uhlikova struktura, kterd maze poskytnout:
- 1) Syntéza glukdzy (glukoneogeneze)

- 1) Syntéza MK a TAG (lipogeneze, tvorba tuku)

- 1Il) Pfimad tvorba energie v burice v podobé Acetyl-CoA

- Odstranény dusik z aminokyselin musi byt nasledné odstranén z téla



IV) Odstranéni dusiku z téla (detoxikace)

. proteolyza ] ]
Protelny » aminokyseliny
l transaminace
glutamat
detoxikace

. v jinych tkanich
glutamin )

l dehydrogenace + deaminace

deamidace
v ledvinach

glutamat + NH,*

deaminace (exkrece moci)
v ledvinach

2-oxoglutarat + NH,*
(exkrece moci)

NH,

l detoxikace v jatrech

mocovina
(exkrece moci)



Hormony zapojené do metabolismu bilkovin

Primarni funkce

Testosteron Anabolismus
Estrogen Anabolismus
Rlstovy hormon Anabolismus

Hormony stitné zlazy (T3, T4)

Inzulin Antikatabolismus
Glukagon Katabolismus
Kortizol Katabolismus

IGF-1 Anabolismus

Konkrétni funkce
Zvysovani MPS
Zvysovani MPS
Zvysovani MPS

Normalni hladiny [
normalni metabolismus
bilkovin, zvySené hladiny
katabolismus

Stimulace MPS, podpora vstupu
AMK do svall

Zapojen do glukoneogeneze

Glukoneogeneze,
snizeni MPS

Anabolismus



Energeticke substraty pri silovéem vykonu

Zasoby ATP (cca 2 sekundy)
Kreatinfosfat (cca 10 sekund)

Beta-oxidace MK (minoritni)

* Aminokyseliny (cca 5-10 % energie)

(An)aerobni glykolyza (svalovy glykogen)

% of maximum rate of energy production

—— ATP-PCr System
— Glycolytic System
—— Aerobic System

—— Total Power
Production
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Table 2. Adaptations and Health Benefits of Aerobic Compared to
Resistance Exercise

Aerobic Resistance
(Endurance) (Strength)
Skeletal Muscle Morphology and Exercise Performance
Muscle hypertrophy + Tttt
Muscle strength and power | Tttt
Muscle fiber size o 1 Tt
Neural adaptations 3 Tttt
Anaerobic capacity T T1
Myofibrillar protein synthesis <+ 1 Ttt
Mitochondrial protein T1 — T
synthesis
Lactate tolerance T1 undll |
Capillarisation T1 -
Mitochondrial density 111 e 1
and oxidative function
Endurance capacity TTt « 1

Aerobic exercise training generally encompasses exercise durations of
several minutes up to several hours at various exercise intensities, iIncor-
porating repetitive, low-resistance exercise such as cycling, running, and
swimming. Resistance training generally encompasses short-duration
activity at high or maximal exercise intensities, and increases the
capacity to perform high-intensity, high-resistance exercise of a single
or relatively few repetitions such as Olympic weightiifting, bodybuilding,
and throwing events. |, values increase; |, values decrease; <+, values
remain unchanged; 1 or |, small effect; T 1 or | T, medium effect; 111 or
| 11, large effect; ++ 1 or «<+ |, no change or slight change.

Whole-Body and Metabaolic Health

Bone mineral density
Body composition
Percent body fat

Lean body mass

Glucose metabolism
Resting insulin levels
Insulin response to glucose
challenge

Insulin sensitivity
Inflammatory markers
Resting heart rate

Stroke volume, resting
and maximal

Blood pressure at rest
Systolic

Diastolic

Cardiovascular risk profile
Basal metabolic rate
Flexibility

Posture

Ability in activities of daily living

T1
11
11
T1

T1




Kosterni svalstvo — Hlavni rezervoar télesnych bilkovin

* U béZného muze predstavuje cca 40 % télesné hmotnosti (u Zen cca 30 %)
* Muzi maji 0 50 % kosterniho svalstva vice nez zeny

* Nejvetsirezervoar bilkovin v organismu

* 1gram glykogenu vaze 3 gramy vody, obsah glykogenu v 1 kg 9-15 g)

Voda 73 %
Proteiny 20 %
Glykogen 1-2 %
Intramuskularni tuk 0,01-17%, zdroje se velmi rtizni
Anorganické a dalsi organické <5

latky



Bilance svalovych bilkovin (NPB, Net Protein Balance) =
Anabolismus (MPS, proteosyntéza) — Katabolismus (MPB, rozpad)

Pro zvySenou MPS a riist svalové hmoty a silového vykonu je tfeba:

1) Odporovy trénink
(mechanicka tenze, svalové poskozeni, metabolicky stres, periodizace, progresivni pretizent)

2) Substraty pro MPS (pfijem bilkoviny - aminokyseliny, energetické substraty)
3) Vhodné hormonalni prostredi
4) (odpocinek mezi tréninky, spanek, aktivni regenerace)



Zaklad na uvod, aneb vztah MPS a MPB

= MPS == MPB

+
a Tvorba svalovych bilkovin
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= Rozpad svalovych
S bilkovin
: ‘ ‘ |
Q
+—
S
(a4

- protein protein protein
Time (h)




MPS a MPB za ruznych podminek

Supplemental protein in support B VPS
of muscle mass and health: 3 MPB
advantage whey (2015) E3 Nitrogen balance

A Energy Balance B Resistance Training
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Faktory ovlivnujici potfebu bilkovin

Hmotnost, télesné slozeni jedince

Zdravotni stav
Druh tréninku (odporovy vs. vytrvalostni)
Parametry tréninku (objem tréninku, intenzita, frekvence)

Energeticky pfijem (nabirani/udrzovani/dieta® odliSny osud bilkovin v
organismu)

Aktudlni cile sportovce (nabirdni, udrzovani, hubnuti)

Kvalita pfijimanych bilkovin (obsah EAA+leucinu, stravitelnost, biologicka
hodnota)



Proc silovi sportovci potrebuji
zvyseny prijem bilkovin?
Zvysena proteosyntéza v bunkach kosterniho svalstva
remodelace svalovych bilkovin

Podpora narustu svalového ristu a silového vykonu

Regeneracni procesy

Celkové zvyseny obrat bilkovin silovym tréninkem
Cast aminokyselin je oxidovdna béhem vykonu jako zdroj energie
Oprava a zesileni pojivovych tkani (Slachy, vazy)
Zachovani spravné funkce imunity po narocnych tréninkach

Podpora hojeni a regenerace pri pripadném zraneni



Co vSe by mélo (silové) sportovce

ve vztahu Kk prijmu proteinu zajimat?

1) Celkovy denni prijem pfi vyrovnané/pozitivni energetické bilanci

2) PoZadavky na pfijem bilkovin pfi kalorické restrikci
3) Bezpecnost vyssiho prijmu bilkovin
4) ldedIni davka na porci pro maximalni stimulaci MPS

5) Kolik miZeme maximdlné vyuZzit bilkovin v porci pro tvorbu svalovych bilkovin?
6) Casovy rozestup mezi pfijmem proteint
7) Kvalita dietdrnich zdroja proteind a rychlost stravitelnosti
8) Casovani pfijmu proteint kolem tréninkové jednotky, parovani s dal$imi Zivinami
9) Jak efektivni je prijem pomalého proteinu na noc?



Vyvoj pohledu na potrebu bilkovin v silovem sportu

Doporucovany prijem pro bézného dospélého clovéka 0,8 g/kg TH (DACH, 2017)
0,83 g/kg TH (WHO, 2007)

Protein and amino acid needs of the strength athlete,
Lemon, (1991)

Evaluation of protein requirements for trained strength

1,5-2,0 g/kg, tj. 12-15 g % CEP

athletes, Tarnopolsky (1992) 1,76 glkg
Position of the American Dietetic Association,

Dietitians of Canada, and the American College of 1,6-1,7 g/kg
Sports Medicine: Nutrition and Athletic Performance

(2000)

Protein requirements and supplementation in
strength sports, Phillips (2004)

International Society of Sports Nutrition position
stand: protein and exercise (2007)

1,33 g/kg, tj. 12-15 g % CEP

1,4-2,0 g/kg



Position of the American Dietetic Association, Dietitians of Canada, and
the American College of Sports Medicine: Nutrition and Athletic
Performance (2009)

1,2-1,7 g/kg

Nutrition guidelines for strength sports: Sprinting, weightlifting,

throwing events, and bodybuilding, Slater (2011) 1,6-1,7 glkg

Indicator Amino Acid-Derived Estimate of Dietary Protein Requirement
for Male Bodybuilders on a Non-training Day Is Several-Fold Greater 1,7-2,2 glkg
than the Current Recommended Dietary Allowance, Bandegan (2017)

International Society of Sports Nutrition Position Stand: protein and

exercise, Jager (2017) 1,4-2,0 glkg

A systematic review, meta-analysis and meta-regression of the effect of
protein supplementation on resistance training-induced gains in 1,6-2,2 g/kg
muscle mass and strength in healthy adults, Morton (2018)

Nutrition Recommendations for Bodybuilders in the
Off-Season: A Narrative Review, Iraki (2019) 1,6-2,2 g/kg



1) Podle aktualniho poznani je pfi vyrovnané
energetické bilanci idealni denni prijem
pro silové sportovce v rozmezi 1,6-2,2 g/kg TH



2) Jak na pfijem bilkovin u silovych sportovcl
pri kaloricke restrikci?

A systematic review of dietary protein during caloric restriction in

resistance trained lean athletes: A case for higher intakes, Helms (2014)

Pri kalorické restrikci prijem 1,8-2,7 g/kg TH
tj. 2,3-3,1 g/lkg FFM

Tyka se spise estetickych disciplin s maximalni redukci télesneho tuku
(kulturistika, fitness)

Dietary Protein for Training Adaptation and Body Composition

Manipulation in Track and Field Athletes, Witard (2019)
Pri kalorické restrikci prijem 1,6-2,4 g/kg TH

MUze se tykat atletickych disciplin se silovymi prvky nebo rekreacnich
silovych sportovcu



Acute energy deprivation affects skeletal muscle protein

synthesis and associated intracellular signaling proteins
in physically active adults, Pasiakos (2010)

Reduced resting skeletal muscle protein synthesis is rescued  V klidu snizeni MPS o 27 %
by resistance exercise and protein ingestion following short-  Spojeni proteinu + cviceni —
term energy deficit, Areta (2014) zvySeni MPS

Effects of short-term energy deficit on muscle protein
breakdown and intramuscular proteolysis in normal-weight ZvySeni MPB az o 60 %
young adults, Carbone (2014)

Pronounced energy restriction with elevated protein intake
results in no change in proteolysis and reductions in skeletal
muscle protein synthesis that are mitigated by resistance
exercise, Hector (2018)

Bez vlivu na MPB

Recent Advances in the Characterization of Skeletal Muscle
and Whole-Body Protein Responses to Dietary Protein and
Exercise during Negative Energy Balance, Carbone (2019)
REVIEW

Ztrata svalu béhem ED je
dana hlavné snizenim MPS
nez zvysenim MIPB
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Duvody, procC se muze hodit vyssi prijem bilkovin v dieté

,,Drahy* zdroj energie (bilkoviny nejvy3si termicky efekt ze viech Zivin,

takZe z 1 gramu se dostane nejméné energie)

Substrat pro glukoneogenezi (télo si vyrabi glukézu z AMK) — ochrana vlastnich
svalovych bilkovin

Podpora sytosti a lepsi adherence k redukcni dieté

Pozitivni vliv na udrzeni svalové hmoty
(zfejmé pouze do 40% energetického deficitu)

Pro stimulaci MPS do podobné vyse jako za vyrovnané energ. bilance
je tfeba na porci zfejmé vyssi prijem bilkovin (0,4 g B/kg TH)

Za nejakych okolnosti mohou budovat svaly v dieté i naturalové

Chemicky podporeni jedinci diky lepsimu anabolickému prostfedi mohou budovat
svaly iv dieté
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povazovat bezpecny, kdyz odborné organizace
(WHO, DACH) doporucuji pro bézného clovéka
prijem ,,pouze* 0,8-1,0 g/kg TH?



Vybrané studie u sportovcu s delSi Prijem bilkovin Dopad na zdravi
dobrou trvani a vy$sim pfijmem B (g/kg)

High protein consumption in trained 1,5 vs. 2,8 glkg TH Bez vlivu

women: bad to the bone? (2018) 6 mésicl na kostni denzitu

A High Protein Diet Has No Harmful 2,5-3,3 g/kg TH Bez vlivu na krevni
Effects: A One-Year Crossover Study in  1rok lipidy, funkce ledvin
Resistance-Trained Males (2016) a jater

Review studii ve sportu: High-protein 11 studii s pfijmem bilkovin
diets in trained individuals (2019) v rozmezi 0,7-4,4 g/kg TH.

A Systematic Review of Renal Health in Healthy Individuals
Associated with Protein Intake above the US Recommended
Daily Allowance in Randomized Controlled Trials and
Observational Studies, Van Elswyk (2018)

—

Based on the evidence reviewed herein, higher
protein intake, at least within the short term, and
within the range of DRIs, is consistent with normal
kidney function in healthy individuals.




3) Neexistuje dukaz, ktery by nasvédcoval tomu,
ze by bezné dodrzovany prijem bilkovin u
zdravych silovych sportovct (cca 2,0 g/kg TH) mél
vést k poskozeni funkce ledvin, jater nebo

postizeni kostni tkané

| tak je treba zachovat urcitou opatrnost...



4) Jaka je idedlni davka kvalitniho zdroje
bilkovin pro maximalni stimulaci MPS na jednu
porci?



Mira syntézy svalovych (myofibrilarnich)
bilkovin je nejcastéji vyjadrovana velicinou
FSR (Fractional Synthesis Rate)
za urcité ¢asové obdobi (cca 1-5 hod)

Méreno za ruznych podminek:

1) Klidovy stav nalacno
2) Klidovy stav + prijem protein(
3) Po tréninku
4) Po tréninku + prijem protein(




Timing and distribution of protein ingestion during
prolonged recovery from resistance exercise alters
myofibrillar protein synthesis, Areta (2013)

We compared three different patterns of ingestion of 80 g of protein during 12 h recovery after
resistance exercise and the associated anabolic response in human skeletal muscle. Protein was

ingested in 10, 20 or 40 g feedings using a pulsed, intermediate or bolus ingestion regimen,
respectively.
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Figure 4
Myofibnllar fractional synthetic rate (FSR) between time points (4)

and mean FSR throughout 1-12 h (B) following a bout of leg
extension resistance exercse and post-exercise BOLUS, INT or PULSE
ingestion protocol during a 12 h recovery period, as described in
Fig. 2. Data were analysed using a 2-way ANOVA with
Student-Newman—Keuls post hoc analysis. Values are mean + SD
expressed as %. h~'. Different vs. a, Rest: b, 1-4 h: £, Bolus and *,
Pulse at equivalent time point (P < 0.05).



Myofibrillar muscle protein synthesis rates subsequent to a meal
in response to increasing doses of whey protein at rest and after
resistance exercise, Witard (2014)

0.12
* Cvicenci s 80-85 kg a 15 % telesneho tuku JRested
* Trénink spodni ¢3sti téla (4x10 LP a LE) 0.10- Bl Exercised
=
S 0.08 ;
o
* Rozdil ve FSR po tréninku (0-4 hod) 22N :
mezi 20 g a 40 g bez statistické vyznamnosti, =
\AE 4 =
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=
0.02-

0 10 20 40
Dose of whey protein (g)



Ingested protein dose response of muscle and
albumin protein synthesis after resistance exercise
in young men, Moore (2009)
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Casovani pfijmu a mnoZstvi bilkovin (protein timing)

* McNaughton, 2016 (The response of muscle protein synthesis following
whole-body resistance exercise is greater following 40 g than 20 g of

* Trénink celého téla, skupiny s vy$sim a nizsim zastoupenim LBM (pod 65 kg a

ingested whey protein)
nad 70 kg)
A 0.100-
A
7 a8
= 4 O °
2 0.075 g : Ak,
7 A
L 0.050- _i_ % A A
5 S aE .
= O A e "
S 00254 o A .
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Myofibrillar FSR (%-h™")
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Casovani pfijmu a mnoZstvi bilkovin (protein timing)

* McNaughton, 2016 (The response

of muscle protein synthesis
following whole-body resistance _ LBM pod 65 kg | LBM nad 70 kg

exercise is greater following 40 g pnergeticky 2498 kcal >851 keal
than 20 g of ingested whey pFfjem
protein)

Prijem sacharidu 3,5%1,5 3,2 %£1,2

* Trénink celého téla, skupiny
s vysSSim a nizsim zastoupenim Prijem tuk 1,0 = 0,3 0,9 + 0,2
aktivni télesné hmotnosti (LBM) » o
(pod 65 kg a nad 70 kg) Prijem bilkovin 2,0+£0,5 1,9+ 0,6



Table 1

Orreraiew of studies mvestipating the post-exercize stimulation of myofibnllar protein synthesis with bolus whey protein mgzestion.

FParticipants Body mass (kg) Abszolote protein intake () Relative protein intake (hkz) Exercize modalify Active muzcle {Ii:g}! Post-exercise HPSE MPS increase™ {%4a)
Aretz pral {133 n=31M g1=11 0 w25 Bilateral EE ~T.2 14k =147
Aretz pral {13} n=31M Be=11 40 -~ 48 Bilateral EE ~T.4 14k =134
Burd et al {219} n=31M g4=9 0 -4 Unilateral EE ~3.8 0-5h -1 i
:C!hu.rchn'ud-‘i.‘enneetal(m mn=31M =1l 25 .32 Unilateral EE ~3.4 -3h ~171
I-Mut}-lmghmn etal {31} n=15M TTx35 i i} 28 Bilzteral CP, LPD, LP, EE, LC ~18.1 -3h 27
I-Mut}-lmghmn etal {31} m=15M T35 40 i} 52 Bilateral CP, LPD, LP, EE, LC ~18.1 0—5h ~B4
I-Mut}-lmghmn etal {31} m=15M REx=3 L] w130 Bilateral CP, LPD, LP, EE, LC ~374 0—5h n58
I-Mut}-hughmn etal {31} n=13M DE=3 40 ~1.41 Bilateral CB,LPD, LB EE, LC ~374 0-5h ~B3
Mooy et al. {(31) n=10M LI 3 ~37 Unilateral LP, EE ~10.8 0-3h =111
McFendry at 2l (33) n=%M g3=11 25 .30 Eilateral LE, EE ~113 -4 h ~13%
Mloore etal (133 mn=TM B5+11 25 -39 Unilateral KE, LP ~114 —5h 180
Feeidy et al. {34) n=%M 6 17.3 )13 EBilateral EE 5.7 i-5h -1
:RE[t-ﬂsEdEretaL (23 n=0M e 17.5 132 Unilateral EE ~3.5 1-6h 103
:RE[t-ﬂsEdEretaL (23 n=31M T4+ 4 a ] Unilateral EE =33 1-6h ~81
:“'E!.tet al. (36) n=31M B4=11 23 =430 Unilateral BC ~1.0 0-3h =150
“Westetal el n=31M B4=11 23 =430 Unilateral B, Bilateral LB KE, LC ~147 0-3h =119
Westetal (37) mn=31M B0+ 10 25 ~.31 EBilateral EE ~T.1 1-5h ~150
TWest et al. (35) mn=31M =1l 25 .32 EBilzteral LP, EE, LC ~10.8 1-5h ~160
TWest et al. {35) mn=3iF ] 25 i} 37 Bilzteral LF. EE, LC ~1235 1-5h =114
Witard ef al. {23} mn=11M grx15 a ] Unilateral EE ~3.7 I—4h ~59
Witard ef al. {13} mn=11M x4 1] .12 Unilateral EE ~3.7 I—4h ~B4
Witard et al. {213} n=11M 337 0 -4 Unilateral EE -3.7 l—4h ~119

TWitard et al. (23} n=11M 79+ 10 40 ~ 51 Unilateral KE ~3.5 l—th ~141




Protein ingestion to stimulate myofibrillar protein synthesis
requires greater relative protein intakes
in healthy older versus younger men, Moore (2015)

Vysledky pro mladsi muze (cca 22 let):
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4) Pro maximalizaci MPS je podle soucasného
poznaniidealni prijmout 0,3 g/kg TH,
tj. nejcasteji 20-40 g rychle stravitelneho proteinu

Poziti 40 g proteinu muze mit jisté malé vyhody
pro vyssi stimulaci MPS (10-15 %) oproti 20 g,

AVAL IV Ay 4

prokazatelné efektivné&jsi (+20 % vs. 20 g)



Dojdeme ke stejnym vysledkim
i u starSich jedincti?



Muze byt néjaky rozdil u nasich prarodicq,
aneb kolik je tfeba na 1 porci bilkovin, aby jim rostly svaly
(nebo je aspon udrzeli)?

* Moore, (2015) Protein Ingestion to Stimulate Myofibrillar Protein Synthesis

Requires Greater Relative Protein Intakes in Healthy Older Versus Younger
Men

* Vysledky pro starsi muze (cca 70 let):
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MUze byt néjaky rozdil u nasich prarodicd, aneb kolik je tfeba
na 1 porci bilkovin, aby jim rostly svaly (nebo je asporni udrzeli)?
Vysledky pro mladsi muze (cca 22 let):

O
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=
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£ =
2 0.10- ° 32 0.10- °
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Zaveér: Our data suggest that healthy older men are less sensitive to low protein intakes and require a
greater relative protein intake, in a single meal, than young men to maximally stimulate postprandial
rates of MPS.

These results should be considered when developing nutritional solutions to maximize MPS for the
maintenance or enhancement of muscle mass with advancing age.



Pro maximalizaci MPS je podle soucasného poznani
u starsich sportovcu idedlni prijmout az 0,4 g/kg TH

\"a " 4

Tato davka je tak 0 25 % vysSi
nez u mladych jedincti (0,3 g/kg TH)

Udaj je vztaZeny na rychle stravitelny zdroj proteinu — whey protein



5) Kolik gramu bilkovin miZzeme maximalné vyuzit
v jedné porci bézného jidla pro MPS aneb
ma smysl davat si 250¢g stejk? ©



Moderating the portion size of a protein-rich
meal improves anabolic efficiency
in young and elderly, Symons (2009)

113 g masa,30g B 340 g masa, 90 g B
0.14

Vils B Young
e O Elderly

0.08
0.06

0.04
0.02

Protein Synthesis (FSR: %/h)

0.00
MPS mérena po dobu 5 hodin po poziti
Mezi obeéma porcemi co do stimulace MPS zadny rozdil ®
Velka porce masa neméla na MPS vyssi vliv nez mensi porce masa



The anabolic response to a meal containing different amounts
of protein is not limited by the maximal stimulation of protein
synthesis in healthy young adults, Kim (2016)

* Studie zkoumajici prijem ,,velké porce masa‘ v klidu nebo po tréninku celého
téla nejen na MPS, ale také na dulezitou veli¢cinu MPB u muzl s 80-85 kg

0.10q4 L[IR Velka porce bilkovin dale
Bl X nestimulovala MPS @
0.08-
- i
~  0.06- p=—
2
L 0.044
=
0.02-
0.00

MP
40gB 70gB



Stimulation of gut protein synthesis is potentially beneficial, particularly in a
situation where MPS has been already maximized. Proteins retained in the
gut can be released into the circulation as a consequence of gut protein
turnover and then be used for MPS. This mechanism could be particularly
important overnight, in which the fasting state is predominated by PB, with
resultant negative NB.

Navyseni rozdilu meazi
tvorbou a rozpadem © 1 R-MP

Lehké navyseni R X-MP

Tvorba bilkovin (PS),
PS celého téla © = P

svalovy rozpad (PB),
celkova bilance (NB) na
urovni celého téla

H D

Bl X-HP

M

N
=

Velka porce bilkovin
ptsobila vice
NB PS nA antikatabolicky ©

o &
S O

Changes in whole body protein kinetics
above basal (g proteine240min")



How much protein can the body use in a single meal for
muscle-building? Implications for daily protein

distribution, Schoenfeld (2018)

Vétsina studii sledujici akutni stimulaci MPS pracuje s rychle stravitelnymi
proteiny (whey), které se chovaji odliSné nez proteiny
z bézné smisené stravy

Na zakladé téchto poznatkii pro prijem proteinti mizeme soudit,
ze maximalni mnozstvi bilkovin v jednom smiseném jidle
vyuzitelnych pro MPS mtze byt poloZzeno do rozmezi
0,4-0,55 g/kg TH pri prijmu 4 jidel za den
k dosahnuti prijmu 1,6-2,2 g kg TH

Vyssi davky proteinu (70 g a vice) nejsou nutné, nicméné mohou
pozitivne ovliviiovat celkovou bilanci bilkovin na drovni celého téla



6) Rozestup mezi pfijmem protein,
casovani béhem dne



Jak mulze vypadat prijem bilkovin u nasi populace?
Model 3 dennich jidel

Idealni mnozstvi

Protein quantity

- % Breakfast bilkovin
- na porci
§ N ® Lunch P
€3
'5 B Dinner
4
a =
H]
— N ax
23
S
* =
2 9
v e
m 5
Min
Unbalanced-not Balanced-sufficient Unbalnced-sufficient Unbalanced-not Balanced
sufficient or optimad and o ptimal but not opti mal sufficient oroptimd  redi stributi on-not

sufficient or optimd
Idealni Témér Idealni Nejhorsi



Dietary Protein Distribution Positively
Influences 24-h Muscle Protein Synthesis
in Healthy Adults (2014)

Kratky pohled
do RCT studii

Skupina mladych (37 let) zdravych jedincti

Hmotnost: 77 kg

2 diety o stejném mnozstvi
bilkovin a energie,
kazda na 7 dni

31,5-29,9-32,7 g Odlisne mnozstvi 10,7-16,0-65

bilkovin ve 3
l Vyjadieno jako g/kg TH

hlavnich jidlech
Vyjadieno jako g/kg TH
- -0,84g/kg TH

— — g/kg TH



Dietary Protein Distribution Positively
Influences 24-h Muscle Protein Synthesis in

Healthy Adults (2014)
#
= 0.1
>
% 0.08 - Il * :
3 0.06 - -
)
=
£ 004 -
g
£ 0.02 -
o o
N 0 .
Day1 Day 7 Day 1 Day7
EVEN SKEW

Vyvazeny prijem cely den Nevyvazeny prijem s prevahou B vecere



Hypoenergetic diet-induced reductions in myofibrillar
protein synthesis are restored with resistance training and
balanced daily protein ingestion in older men (2015)

Skupina starsich (66 let) muzii

2 diety o stejném mnozstvi
energie (-300 kcal/d),
bilkovin (1,3 g/kg), 3x ‘
tydné RT, dieta na 14 dni

25%—25%—-25%—-25% 7%—-17%-72% -4 %

OdliSné mnozstvi
bilkovin ve 4
dennich jidlech
(Sn, Ob, V¢, 2.V¢)



Pravidelny prijem bilkovin a silovy trénink v
dieté vedly k vyssi mife FSR (MPS).

= 0.08 FEDR
=)
S 0.06
0.-_' ) *8
N d
L —
5 0.04-
S
S 0.02-
=
S
0.00- I
EB ER ER +RT

Srovnani FSR pri vyrovnaném prijmu a vydeji (EB),
redukcni dieté (ER) a redukEni dieté+ silovém tréninku (ER+RT)
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A Muscle-Centric Perspective on Intermittent Fasting: A Suboptimal Dietary Strategy for
Supporting Muscle Protein Remodeling and Muscle Mass?

Eric Williamson and Daniel R. Moore”

Muscle protein is constantly “turning over” through the breakdown of old/damaged proteins and the
resynthesis of new functional proteins, the algebraic difference determining net muscle gain, maintenance,
or loss. This turnover, which is sensitive to the nutritional environment, ultimately determines the mass,
quality, and health of skeletal muscle over time. Intermittent fasting has become a topic of interest in the
health community as an avenue to improve health and body composition primarily via caloric deficiency as
well as enhanced lipolysis and fat oxidation secondary to attenuated daily insulin response. However, this
approach belies the established anti-catabolic effect of insulin on skeletal muscle. More importantly,
muscle protein synthesis, which is the primary regulated turnover variable in healthy humans, is stimulated
by the consumption of dietary amino acids, a process that is saturated at a moderate protein intake. While
limited research has explored the effect of intermittent fasting on muscle-related outcomes, we propose that
infrequent meal feeding and periods of prolonged fasting characteristic of models of intermittent fasting
may be counter-productive to optimizing muscle protein turnover and net muscle protein balance. The
present commentary will discuss the regulation of muscle protein turnover across fasted and fed cycles and
contrast it with studies exploring how dietary manipulation alters the partitioning of fat and lean bod

mass. It is our position that intermittent fasting likely represents a suboptimal dietary approach to remodel
skeletal muscle, which could impact the ability to maintain or enhance muscle mass and quality, especially

during periods of reduced energy availability.
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Pohled na vztahy mezi MPS, MPB a NB (celkova
bilance bilkovin) pfi plstu 24 hodin (A), OMAM (B),
2 jidlech (C) a 4 jidlech za den (D).

m

MPS MPB NB

Response (24h)




6) Mezi pfijmem bilkovin ¢asové rozestupy 3-5 hodin,
prijem rozprostrit behem celého dne
od rana do vecera

Mozné pfiklady rozdéleni pfijmu bilkovin v praxi, ¢lovék 8o kg:

prijem B 1,0 g/kg TH 1,4 g/kg TH 1,6 g/lkg TH 2,0 g/lkg TH 2,2 g/lkg TH
Snidané 0,25g/kg(20g) 0,3gkg(258) 0,35gkg(28g) o0,4gkg(328)  0,4g/kg(328)
Svacdina X 0,25 g/kg (20g) o0,25g/kg (20g) 0,4 g/kg (328) 0,4 g/kg (32 8)
Obéd o0,25g/kg(208) o0,3g/kg(258) 0,48/kg(328) 0,48/kg(328)  0,58/kg(408)
Svacina 0,25g/kg (20g) o0,25g/kg (20g) 0,25g/kg(208) 0,4 g/kg (32 8) 0,4 g/kg (32 8)

VeCefe 0,25g/kg(208) o0,3gkg(258) 0,358/kg(288) 0,4g/kg(328)  0,5g/kg (40 8)



7) Dietarni zdroje proteinu a jejich kvalita

Co pro maximalizaci MPS a svalové sily
preferovat?



Obecné metody pro posuzovani kvality proteinu

Metoda

(Protein Digestibility Corrected
Amino Acid Score)

(Digestible Indispensable Amino
Acid Score)

Princip metody

Dusik z bilkovin zabudovany to tkani/
Dusik prijaty z proteinového zdroje; referencni protein vejce

Porovnani obsahu jednotlivych EAA na 100 g ve srovnani s
referencnim proteinem (vajecny). AAS aminokyseliny s nejnizsim
skodre je AAS celého proteinu (zakon limitni aminokyseliny)

AAS upravené o vstiebatelnost proteini na konci tlustého
streva; maximailni hodnota PDCAAS je 1,00.

AAS upravené o vstiebatelnost proteinti na konci tenkého streva
(ileum), coz je ,,pfesnéjsi a prisnéjSi“ nez u PDCAAS.
Hodnota DIAAS muze byt vyssi nez 1,00.


https://en.wikipedia.org/wiki/Biological_value
https://www.inkospor.cz/vypocet-kvality-proteinu/
https://en.wikipedia.org/wiki/Protein_Digestibility_Corrected_Amino_Acid_Score
https://en.wikipedia.org/wiki/Digestible_Indispensable_Amino_Acid_Score

___ zdoj PDCAAS

Mléko kravské 1,0
Syrovatkovy protein 1,0
Vajecny protein 1,0
Izolat séjové bilkoviny 1,0
Kasein 1,0

Hovézi maso 0,92
Sdja 0,91

Hrach 0,67

Oves 0,57

PSenice 0,45

Ani novéjsi metody jako PDCAAS a DIAAS vsak neposuzuji
skutecny anabolicky potencial bilkoviny pro akutni stimulaci MPS



Posuzovani kvality proteinud z hlediska silového
treninku a stimulace MPS

Stravitelnost
Obsah esencialnich aminokyselin
Pritomnost limitni aminokyseliny (lysin, methionin)
Obsah leucinu
Obsah inhibitorl proteaz
Obsah dalsich zivin a potencialni synergicky vliv na MPS

Stravitelnost

Zivocisné proteiny nad 90 % (izolované formy aZ 95 % a vice)
Rostlinné proteiny nejcastéji mezi 45-80 %
Izolované rostlinné proteiny (séjovy, hrachovy, pseni¢ny) nad 90 %



The Skeletal Muscle Anabolic Response to Plant- versus
Animal-Based Protein Consumption, van Vliet (2015)

Obsah esencialnich aminokyselin v rtiznych zdrojich
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The Skeletal Muscle Anabolic Response to Plant- versus
Animal-Based Protein Consumption, van Vliet (2015)

Obsah esencialni aminokyseliny lysinu

>

Lysine (% total protein)
o
|

PR - . _ ........ | LEPY| | .4 -I,j' |r
2 EAELEL ]
= | =
ﬂ__'_ T "-.,'._I -~ — | I| T - T | 7 I—;;}
-'ﬁ'bdﬁﬁ*wsﬂér“"-&xﬂ&;,-%&ﬁ'ﬂra N
N o o S &
@:‘5 “-?} s {hﬁ'



The Skeletal Muscle Anabolic Response to Plant- versus
Animal-Based Protein Consumption, van Vliet (2015)

Obsah esencidlni aminokyseliny methioninu
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Leucin... nejdulezitéjsi aminokyselina pro svalovy rast?
van Vliet (2015)

7droi % zastoupeni Mnozstvi proteinu Mnozstvi jidla
J Leucin k pFijmu 3 g leucinu | pro pfijem 3 g leucinu

Jedmen 12,3 25 264
Spirulina 8,5 36 63
Cerné fazole 8,4 36 15
e 3,2 37 500
Soja 8,0 38 104
Cocka 7,9 39 _—
Hrach 7,8 39 180
Oves /17 35 236
Quinoa 7,2 43 302

Konopi 6,9 45 121



Leucin... nejdulezitéjsi aminokyselina pro svalovy rast?
van Vliet (2015)

7droi % zastoupeni | Mnozstvi proteinu Mnozstvi jidla
: Leucin k prijmu 3 g leucinu | pro prijem 3 g leucinu

Whey protein (85 %) 13,6 23 27
Milk protein 10,9 28 876
Kasein 10,2 30 35
Hovézi 8,8 35 164
Vajecny protein 8,5 36 5 vajec
Treska 8,1 38 211
PSenice 6,8 45 299
Mykoprotein 6,2 49 447

Brambory 5,2 58 2891



Latky studované ve vztahu k souc¢asnému podani bilkovin

Sacharidy Carbohydrate does not augment exercise-induced

protein accretion versus protein alone. Staples,
(2011)

Omega-3 mastné kyseliny Dietary omega-3 fatty acid supplementation
increases the rate of muscle protein synthesis in

older adults: a randomized controlled trial, Smith
(2011)

Vitamin D An Update on Protein, Leucine, Omega-3 Fatty
Acids, and Vitamin D in the Prevention and
Treatment of Sarcopenia and Functional Decline,
Tessier (2018)

Kreatin
Proteiny soucasti pevného jidla (maso, Food-First Approach to Enhance the Regulation of
mlécné vyrobky, vejce) a mozny pozitivni Post-exercise Skeletal Muscle Protein Synthesis

vliv sou¢asného pfijmu bilkovin+ vitaming, ~ and Remodeling, Burd (2019)

mineralu atd.



8) Casovani pFijmu proteint a dalSich Zivin
kolem tréninkové jednotky?



A Review of Issues of Dietary Protein
Intake in Humans, Bilsborough (2006)

Rychlost vstrfebavani rlznych zdroju bilkovin

Rychlost vstrebavani (g/h)

Syrovatkovy koncentrat/izolat 8-10
Micelarni kasein 6
MIlécny protein 3,5

Izolat sdjové bilkoviny 3,9

Protein vareného vejce 2,9

Protein syrového vejce 1,3
Hrachovy protein 2,4-3,5

SmiSené jidlo s obsahem proteinl z masa 3-5g/h



Diky rychlé stravitelnosti a hyperaminoacidemii vykazuji syrovatkové proteiny
oproti kaseinu lepsi efekt na FSR zejména v prvnich 2-3 hodinach po poziti ©



Effects of Whey, Caseinate, or Milk Protein Ingestion on
Muscle Protein Synthesis after Exercise, Kanda (2016)

MI&cny protein d
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Consumption of Milk Protein or Whey Protein Results
in a Similar Increase in Muscle Protein Synthesis
in Middle Aged Men, Mitchell (2015)

o

1
m

0.08 0.05 5 *
— B WPC —~ B WPC
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Pri delSim ¢asovém sledovani FSR (3 hodiny a vice) vsak syrovatkové
proteiny ztraci vyhodu a vychazi stejné jako kasein nebo mlécny protein



Meta-analysis
No Difference Between the Effects of
Supplementing With Soy Protein Versus Animal
Protein on Gains in Muscle Mass and Strength in
Response to Resistance Exercise, Messina (2018)

Effects of Hydrolyzed Whey versus Other Whey Protein
Supplements on the Physiological Response to 8 Weeks of
Resistance Exercise in College-Aged Males, Lockwood (2017)

No Difference



Akutni mechanistické studie zkoumajici miru
stimulace MPS nemusi nutne znamenat lepsi vliv
na rust svalové hmoty a sily v realné praxi

L ol o trlnd

V realné praxi je zasadni po tréninku prijmout kvalitni zdroj
proteinu. Jestli se bude jednat o syrovatkovy koncentrat,
hydrolyzat, smés syrovatkového proteinu
a micelarniho kaseinu, nebo dokonce smiseného jidla
je prakticky jedno a v kontextu celkové vyzivy je nemozné
rozhodnout, zda je mezi nimi hmatatelny rozdil.




Enhanced Amino Acid Sensitivity of Myofibrillar
Protein Synthesis Persists for up to 24 h after
Resistance Exercise in Young Men (2011)

,,OUur results suggest that resistance exercise performed until failure
confers da sensitizing effect on human skeletal muscle
for at least 24 h that is specific to the myofibrillar protein fraction.*



Coordinated collagen and muscle protein synthesis in human
patella tendon and quadriceps muscle after exercise (2005)

Tendon Collagen FSR Myaofibrillar protein FSR
(% h™") (% h'")
0.00- T 0.16-
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0.031 = | 1
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Nutrient timing revisited: is there a post-exercise
anabolic window? Aragon (2013)
The effect of protein timing on muscle strength and
hypertrophy: a meta-analysis. Schoenfeld (2013)

Pro zajiSténi maximalni podpory rustu svalové hmoty je vhodné

tréninkovou jednotku ,,oramovat* 2 davkami kvalitniho zdroje bilkovin

Posledni jidlo s obsahem proteint
v davce cca 0,3-0,4 g/kg TH cca 90-120 minut pred FA
Predtréninkovy a potréninkovy pfijem protein
by od sebe nemélo délit vice nez 3—4 hodin
Pokud je predtréninkovy prijem proteint soucasti vétsiho jidla s obsahem
dalSich Zivin, mlze se tento interval prodlouzit na 4-5 hodin

Podobné dulezité jsou vSak dalsi porce bilkovin v obdobi svalového rustu,
tj. dalsich 24-48 hodin.



Jsou sacharidy bezprostredné po tréninku
spolecné s proteinem nutnosti?

* Staples, 2011 (Carbohydrate does not augment exercise-induced protein
accretion versus protein alone.)

e ,Lehditrénink dolnich koncetin

j 25 g Whey Protein (PRO) or 25 g Whey Protein + 50 g Maltodextrin (PRO+CHO)

b Muscle Biopsy (Both Legs)

Blood Sample, Blood Flow Measure (Both Legs)
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Jsou sacharidy bezprostredné po tréninku
spolecné s proteinem nutnosti?
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FIGURE 4—Mixed muscle protein fractional synthetic rate (MPS) and
breakdown rate (MPRB). *Significant main effect of exercised (EX)
versus nonexercised (NON-EX; P < 0.05). The dashed line on the upper
graph indicates a mean resting and fasted rate of MPS obtained from
previous studies (6,24,30,31) of 0.041%h ' ' 0.006%h ' to illustrate
differences from the rested Fasted state. Values are means + SEM.



Jsou sacharidy bezprostredné po tréninku
spolecné s proteinem nutnosti?

* Soucasny prijem protelnu a sacharidu po tréninku ve srovnani se samotnym
proteinem dale nezvy3uje MPS po silovém tréninku... Z&dny benefit2?2??

Nutnost prijmu sacharidd po silovém tréninku se odviji od nékolika faktoru:

1) Nastaveni celkového pfijmu energie a sacharidd

2) Konkrétni cil (nabirdni vs. redukce hmotnosti)

3) Nutnost co nejrychleji zadit s resyntézou svalového glykogenu (frekvence
trénink( a dalsi aktivity)

ZAVER: Pfijem sacharid bezprostfedné po silovém tréninku je v nasi rezii a
odviji se od nasich cila




Prakticka specifikace prijmu protein
v okoli siloveho tréninku

* IdedIni scénar (zavodnici, fitness nadsenci):

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

* Obsah dobre stravitelnych bilkovin (v doporuc¢ovaném mnozstvi dle prednasky) + sacharidii
(dle celkového denniho prijmu, vhodnéjsi spisSe komplexni sacharidy — udrzeni glykemie)

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

* 3) Za dalSich 90-120 minut pevné potréninkové jidlo (ndzory vyhybat se vldkniné
a vétSimu mnozstvi tuk(, naopak jejich zahrnuti mdze byt Zadouci
[0 prodlouZeni doby vstrebavani a mensi oxidace aminokyselin)

* Celkové za den dosahnout pfijmu nastavenych zivin, dbat na kvalitu a pestrost jidelnicku



Prakticka specifikace pfijmu proteinu
v okoli silového treninku

* Alternativni scénar (rekreacni sportovci):

* 1) 45-120 minut pred tréninkem ,,alespori néjakého jidla‘“ (nejit cvicit hladovy),
antikatabolické pusobeni, udrzeni glykémie

* 2) Po silovém tréninku napf. banan

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

* Celkove behem dne prijmout alespon 3 vétsi jidla bohata na bilkoviny, klast
ddraz na jejich kvalitu a celkovou kvalitu a pestrost jidelnicku



9) Protein na noc aneb je kasein néjaky zazrak?



Prijem kaseinu (tvarohu) pred spanim? ©

* | béhem spanku muize probihat MPS a MPB. Mnozi sportovci umist'uji posledni
prijem proteint pfed spanim? Co na to véda?

* Res, 2012 (Protein Ingestion before Sleep Improves Post-exercise Overnight
Recovery)

* Methods: ,,All subjects were provided with appropriate recovery nutrition
(20 g of protein, 60 g of CHO) immediately after exercise (21:00 h).
Thereafter, 30 min before sleep (23:30 h), subjects ingested a beverage with PRO 40 g
or PLACEBO.*
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,,Pre-sleep casein protein intake (30-40 g) provides increases in overnight
MPS and metabolic rate without influencing lipolysis.*



The Impact of Pre-sleep Protein Ingestion on the
Skeletal Muscle Adaptive Response to Exercise in
Humans: An Update (2019)
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Pro idealni stimulaci MPS béhem noci je tfeba prijmout pred spanim 30-40 g kaseinu
nebo jiného pomalého proteinu. Stejného efektu Ize dosahnout i jinym zdrojem bilkovin.

Efekt je dan:

A) Celkové vyssim pfijmem bilkovin béhem dne pridanim dalsi porce pred spanim.
B) ZvySenim MPS béhem noci a tim dosazeni pozitivni NPB (Net protein balance) pres noc.




Vysoce stravitelné zdroje s vysokym zastoupenim
EAA (10-12 g) a leucinu (cca 3 g) v jedné porci

2) Traveni a vstiebavani bilkovin, osudy bilkovin v Traveni probiha v tenkém streveé,

organismu vysoka kapacita vstrebavani

3) Celkovy denni pfijem pfi vyrovnané energetické bilanci 1,6-2,2 g/kg TH

4) Pozadavky na prijem bilkovin v dieté , Estetika‘: 1,8-2,7 g/kg TH, tj. 2,3-3,1 g/kg FFM
»Atleti‘: 1,6-2,4 g/kg

5) Bezpecnostni aspekty vyssiho prijmu bilkovin | vyssi prijem bilkovin bezpecny

6) IdedIni davka na porci pro maximalni stimulaci MPS 20-40 g na porci - 0,3 g/kg; u starsich az 0,4 g/lkg TH

7) Kolik miZzeme maximalné vyuzit bilkovin v porci pro 0,4-0,55 g/kg TH. Vyssi davky (70 g a vice) s

tvorbu svalovych bilkovin? moznym efektem na pozitivnéjsi proteinovou

bilanci celého téla

8) Casovy rozestup mezi pfijmem porci proteini b&hem 3-5 hodin, rozprostren od rana do vecera,

dne pravidelnost v pFijmu

9) Casovani pfijmu protein(i kolem tréninkové jednotky Silovy trénink ,,oramuj‘ 2 porcemi kvalitniho

zdroje proteinu v klasické porci
10) Prijem bilkovin na noc pro podporu MPS béhem noci 30-40 g, nemusi byt pouze kasein

11) Mozny vliv dalSich Zivin na zesileni Gcinkd na MPS Omega-3 MK, vitamin D, mikronutrienty z jidla
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