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Obsah prednasky

Energeticka potreba v silovém sportu... jak spocitat?

Rekapitulace zakladd metabolismu bilkovin

Souhrnna doporuceni pro prijem bilkovin v silovych sportech
Podle jakych studii tato doporuéeni vznikala? PREHLED
1) Jak dlouho trva zvysend proteosyntéza po jidle?

2) IdedIni davka bilkovin pro stimulaci proteosyntézy

3) Muze byt né&jaky rozdil v této davce u nasich prarodic?

* 4) Kolik bilkovin organismus maximalné vyuzije pro proteosyntézu v 1 porci?
* 5) Prijem pomalu stravitelného proteinu na noc

* 6) Prijem proteind+sacharid(i po tréninku....predstavuje to vyhodu?

* Celkové shrnuti



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 (spisSe kratsi intervaly zatiZeni)
Podobné energetické kryti vykonu (podobné pozadavky na vyzZivu)
Casté zmény télesné hmotnosti (nabirani, hubnuti)

Podobné telesné slozeni co do zastoupeni kosterniho svalstva

333333

Vyziva a prijem bilkovin hraje velkou roli u vSech téchto atributt
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Energeticka bilance

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

Konvencné se celkova energeticka potreba/vydej déli na:
1) BMR (bazalni metabolicky vydej)
2) NEAT, EAT (energie spotfebovand na béZzné denni aktivity, energie spotfebovana
pfi cviceni)
3) DIT (dietou indukovana termogeneze, jinak také TEF — termicky efekt stravy)
4) Energie spotifebovana navic z dalSich dtvodu (stres, choroba, regenerace tréninku)




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 4+ (9,56 x hmotnost) + (184 x vvska) —(4.67 x vék)

Maffhn-5t. Jeorova rovnice:

muzi: (9.99 x hmotnost) + (6,25 x vvika) - (492 x vék) + 5
zeny: (9.99 x hmotnost) + (6,25 x vvska) — (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
Extreémné 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?

COmpEHdEUm I
of

Physical Activities

* MET jednotky (tzv metabolic equivalent of task)

* 1MET jednotka: vydeje energie 1 kcal/kg télesné hmotnosti za hodinu aktivity

* Z MET jednotek Ize snadno vypocitat priblizny vydej energie

* MET jednotky Ize takeé snadno prevest na PAL, které |ze pripocist k zakladnimu vydeji
energie, Postup:

Kcal/kg za hodinu = kcal/lb za hodinu (/2,2) = prepocet na koeficient PAL (/10)



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 calllb (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 Cyecling (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




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 ovliviujici metabolismus

Télesna a okolni teplota T1]

Pritomnost choroby, zranéni T1]

Regenerace po fyzické aktivité, zejména silového charakteru

T
Téhotenstvi; laktace (400-500 kcal/d) 0

Genetické aspekty

- —

Hormonalni aspekty
Stres

Koureni

— - —

Rust

Zmény hormon( v ndvaznosti na menstruacni cyklus i
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Jak narocna muze byt regenerace siloveého tréninku?

Regenerace po FA, a to zejména odporového charakteru, mize pomérné
razantne 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 siloveho tréninku?

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

* ZvySena potreba energie T
hrazena z tukovych zasob
10000

* VeétsSina ostatnich praci 8000
udava hodnoty kolem 10 %
po dobu 24 hodin 6000 m Trénovani
m Netrénovani
4000
2000
-l

\iychozi stav 24 hodin 45 hodin 72 hodin



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

4 /7
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Celkova potreba energie

Zahrnuje v sobe vsechny slozky energetického vydeje

1) BMR - bazalni vydej energie

2) PAL — pohybova aktivita

3) DIT - termicky efekt stravy

4) Dalsi faktory ménici vydej energie, je obtiZzné je pfesné urcit

Celkovy vydej energie organismu:

BMR x PAL + (10 % DIT) + (dal3i faktory)




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 1524 36 375 3.9 160 1.7+ 0.9 158 41 +5 7 day diary
National team (n—=2) 104 150+28 145+ 20 429481 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 1.5+ 04 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 Competutve (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'lpﬂlﬁ'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



Funkce bilkovin v organismu

Strukturni proteiny — kolagen, keratin

Zajistujici 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

* Traveni bilkovin za¢ind v Zaludku pomoci pepsinu a HCl (HCl aktivuje pepsinogen)
 Pokracuje enzymy obsazenymi v pankreatické St'avé (trypsin, chymotrypsin, elastdza)

* Traveni se dokoncuje pomoci enzymu kartac¢ového lemu (aminopeptidazy,
dipeptiddzy)

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

Déje se tak prostrednictvim specifickych transportér:

1) Jednotlivé aminokyseliny symportem s Na*

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



Rekapitulace traveni bilkovin

LUMEN INTESTINAL CELL BELOOD

Proteolytic
enzymes

Na*
— Amino i
acids
Peptidases

Amino acids \-=. Vo
Y _Tripeptides

— ” Dipeptides

Proteins

Oligopeptides
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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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ENDOGENNIi PROTEINY
(TKANOVE PROTEINY)

M

Y

MOCOVINA  GLUTAMIN

EXOGENNI PROTEINY
Transaminace,
b DEAMINACE $ =
HOTOVOSTAK | | > 3
(AK POOL)
= ACETYLCoA
100-120 g KATABOLISMUS
SYNTEZA UHLIKATEHO SKELETU
NEESENCIALNICH AK
W :
BIOGENNIAMINY . '
NEUROTRANSMITERY
PURINY/PYRIMIDINY
PORFYRINY
KREATIN 1 GLC VMK H,0
NO... TAG co,




Hormony zapojené do metabolismu bilkovin

Testosteron Anabolismus Zvysovani MPS
Estrogen Anabolismus Zvysovani MPS
Rlstovy hormon Anabolismus ZvySovani MPS

Normalni hladiny -
normalni metabolismus
bilkovin, zvySené hladiny =
katabolismus

Hormony Stitné Zlazy (T;, T,)

Stimulace MPS, podpora vstupu

Inzulin Antikatabolismus AMK do svalé
Glukagon Katabolismus Zapojen do glukoneogeneze
, Glukoneogeneze
Kortizol Katabolismus UKONEOEENEZE,

snizeni MPS

IGF-1 Anabolismus Anabolismus



Katabolismus bilkovin

Katabolismus bilkovin je zaloZzen na odstraneni dusiku z molekuly
aminokyseliny

Déje se tak z rznych divodu:

1) Dusik z prijatych aminokyselin mt’lievbgt zabudovan do glutamatu a vyuzit
pro syntezu jinych, v aktualni dobu potrebnéjsich aminokyselin,
nebo latek s obsahem dusiku, organismus tedy o tento dusik neprijde

2) Organismus ma nadbytek pfijatych aminokyselin, neumi si jich udélat
zasobu, takze je tfeba dusik vyloucit a ze zbylé uhlikaté kostry bude
produkovat energii (transaminace, deaminace, zabudovani dusiku do
mocoviny)

3) Organismus aktudlné nema dostatek substratu pro tvorbu energie,
musi sahnout do svych zasob (napr. kosterni svalstvo), z aminokyselin
odstranit dusik a zbylou uhlikatou kostru vyuzit jako zciro; energie



Energeticke substraty pri silovéem vykonu

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

»

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

(An)aerobni glykolyza (svalovy glykogen)

Beta-oxidace MK (minoritni) |
— Total Power

Production

» Aminokyseliny (cca 5-10 % energie)

% of maximum rate of energy 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 shight 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

U béZného muZe predstavuje cca 40 % télesné hmotnosti (u Zen cca 30 %)

Muzi maji 0 50 % kosterniho svalstva vice nez zeny

Nejvetsi rezervoar bilkovin v organismu

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

Voda
Proteiny
Glykogen
Intramuskularni tuk

Anorganickeé a dalsi organické
latky

73 %
20 %
1-2 7%
0,01-1%, zdroje se velmi razni

<5



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)



Faktory ovlivnujici potfebu bilkovin

VEk

Hmotnost, télesné slozeni jedince

Probihajici onemocnéni/rekonvalescence

Druh tréninku (odporovy vs. vytrvalostni)

Parametry tréninku (objem tréninku, intenzita, frekvence)

Tréninkovy status sportovce (zacatecnik vs. pokrocily)

Energeticky prijem (nabirani/udrzovani/dieta = odlisSny osud bilkovin v organismu)
* Aktudlni cile sportovce (nabirdni hmotnosti vs. redukce hmotnosti)
» Kvalita prijimanych bilkovin (obsah EAA+leucinu, stravitelnost, biologickd hodnota)



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

Podpora narustu silového vykonu

Regeneracni procesy

Celkové zvyseny obrat bilkovin silovym tréninkem
Cast aminokyselin je oxidovdna b&hem 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



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

International Society of Sports Nutrition position

stand: protein and exercise (2007) 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 glkg



Doporuceni pro casovani a mnozstvi prijmu bilkovin
(ISSN, 2017)

* Cilem sportovce je udrzovat MPS idealné béhem celych 24 hodin

* Prijem proteint by mél byt rozvrzen pravidelné béhem dne v casovych rozestupech 3-4
hodiny, coz kopiruje zvySenou MPS v navaznosti na prijem potravy

* Obecné je doporucovan prijem bilkovin na 1 porci v mnozstvi 0,25 g/kg TH,
nebo 20-40 g v absolutnim mnozstvi

bilkovin (cca 40 g)
* Alternativou mlze byt prijem EAA v mnozstvi 10-12 g + 1-3 g leucinu

* Sportovec by mél usilovat o prijem kvalitnich zdroju proteint s vysokou biologickou
hodnotou a vysokym obsahem EAA a leucinu

* Bezprostredné v okoli tréninkové jednotky je idealni prijimat rychle stravitelné
proteiny, které stimuluji MPS efektivnéji nez ostatni proteiny



Jak dlouho trva zvysena proteosynteza
po prijmu proteint?

* Atherton (2010) Muscle full effect after oral protein: time-dependent concordance and
discordance between human muscle protein synthesis and mTORC1 signaling

* Pozorovani dynamiky MPS po poziti bolusu 48 g Whey proteinu

« Bohé (2001) Latency and duration of stimulation of human muscle protein synthesis

during continuous infusion of amino acids

Kontinudlni vendzni infuze 162 mg/ kg TH aminokyselin za hodinu

Plasma EAA [ M) I»
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Jak dlouho trva zvysena proteosynteza
po prijmu proteina?
Zvysena proteosyntéza trva cca 2-3 hodiny po poziti proteinu
Maxima v MPS je dosahovani zhruba za 90-120 minut po poziti
,,Moreover, because MPS declined in the face of the continued availability of the

activating stimulus (ie, plasma and intramuscular leucine), it is likely that muscle
possesses a mechanism to gauge its capacity to synthesize new proteins.*

,»MPS is saturated and the rate of amino acid catabolism through oxidation and urea
production increases and so less amino acids are available for protein synthesis.‘

,,Note that the relatively short-term stimulation of MPS (=1.5 h), despite the continued
AA availability, suggests that continuous intravenous nutrition is likely to result in the
overprovision of AAs for protein synthesis.*

,yMoreover, the short-term stimulation of MPS by AAs (at =1.5 h) suggests that
optimal clinical strategies should involve pulse rather than continuous supply of AA.*



Casovani pfijmu a mnoZstvi bilkovin (protein timing)

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

y»yLehdi trénink‘ spodni casti téla

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

Myofibrillar 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 Y- 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)
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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 niz8im zastoupenim LBM (pod 65 kg a

ingested whey protein)
nad 70 kg)
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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 Energeticky 2498 kcal 2851 keal
than 20 g of ingested whey pFfjem
protein)

Prijem sacharidu 3,5+1,5 3,211,2

* Trénink celého téla, skupiny
s vysSSim a nizSim zastoupenim Prijem tuk 1,0 £ 0,3 0,91 0,2
aktivni télesné hmotnosti (LBM) o o
(pod 65 kg a nad 70 kg) Prijem bilkovin 2,0 0,5 1,9 £ 0,6



Pro maximalizaci MPS je podle soucasneho poznani
idedlni pfijmout 0,25-0,3 g/kg TH,
tj. nejcasteji 20-40 g rychle stravitelneho proteinu

Poziti 40 g proteinu muze mit jisté malé vyhody
pro vyssi stimulaci MPS (9-15 %) oproti 20 g, nicméné
prakticky dopad je diskutabilni

AVAL IV Ay 4

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



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 asporn udrzeli)?
Vysledky pro mladsi muze (cca 22 let):
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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.



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
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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.
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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 poznatki pro pfijem proteini miZzeme soudit,
ze maximalni mnozstvi bilkovin v jednom smiseném jidle
vyuzitelnych pro MPS muze byt poloZzeno do rozmezi
0,4-0,55 g/kg TH

Vyssi davky proteini (70 g a vice) nejsou nutné, nicméné mohou
pozitivhé ovlivhovat celkovou bilanci bilkovin na arovni celého téla



Prijem kaseinu (tvarohu) pred spanim? ©

* Jelikoz vétSina anabolickych procesu v organismu probiha ve spanku, mnozi
sportovci situuji 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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Doporuceni: ISSN (2017)

,,Pre-sleep casein protein intake (30-40 g) provides increases in overnight
MPS and metabolic rate without influencing lipolysis.‘



Jsou sacharidy bezprostredné po tréninku
spole¢ne 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+CHQ)

b} Muscle Biopsy (Both Legs)

Blood Sample, Blood Flow Measure (Both Legs)
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Jsou sacharidy bezprostredné po tréninku
spole¢ne 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 faktora:

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( bezprostiedné 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 cvi¢ence zhruba 9o-120
minut pred tréninkem (Obsah B+S)

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

* 2) Po silovém tréninku idealné pfijem bilkovin v mnoZstvi 0,25 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
—> prodlouzeni doby vstrebdvani a mensi oxidace aminokyselin)

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



Prakticka specifikace pfijmu proteinu
v okoli siloveho tréninku

* Alternativni scénar (rekreacni sportovci):

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

* 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



Proc tedy silovi sportovci potrebuiji zvyseny
prijem bilkovin?

Cast aminokyselin je oxidovdna b&hem vykonu jako zdroj energie
Svalové poskozeni (zvySeny katabolismus svalovych bilkovin)

Pokryti naroku na zvysenou proteosyntézu po silovém tréninku
(,,oprava a rlst svalové hmoty*)

Oprava a zesileni pojivovych tkani (Slachy, vazy)

(dostatecny pfijem bilkovin organismu dovoluje optimalné
,,opravovat‘ svaly po silovém tréninku)

Adaptace nasilovy vykon, pozitivni zmény v télesném slozeni
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