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Rekapitulace traveni a transportu tuku

* Lingualni a gastricka lipaza maji v traveni tukd maly vyznam
e Vstifebavani tukl ve streveé se déje prostrednictvim micel (lipidy jsou
nerozpustné ve vodé, takZe je tfeba je emulgovat Zlu¢ovymi kyselinami)

* Tuky jsou v micelach rozlozeny diky pankreatické lipaze na volné mastné
kyseliny a monoacylglyceroly.
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Rekapitulace traveni a transportu tuku

* Mastné kyseliny (MK) jsou transportovany krvi ve vazbé na albumin
(na albumin jsou vazany i tzv. volné mastné kyseliny)

 Rozdily v transportu mastnych kyselin s kratkou (SCFA, 2—-4 C) a stfedni délkou
retézce (MCFA, 6—-12 C) a mastnych kyselin s dlouhou délkou retézce
(LCFA, 14 a vice)

* SCFA + MCFA: putuji portdini Zilou ihned do jater (pohotovéjsi zdroj energie)
s mensi nachylnosti byt ulozeny do tukové tkané

* LCFA: putuji pres lymfaticky systém a az poté do krve pres podklickovou zilu
(mnohem pomaleji k dispozici jako zdroj energie)
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Hormonv zanniené da metahalicmir 11k
Primarni funkce Konkrétni funkce

Podpora ukladani zivin do tukové tkang,

Inzuin AR S OUETILE podpora syntézy TAG, blokace lipolyzy

Glukagon Katabolismus Stépeni triacylglyceroll v tukové tkani

(Rozdil v akutnim a chronickém plsobeni)
Kortizol Katabolismus Podpora mobilizace tukl z koncetin
Podpora ukladani tukd na trupu a obliceji

: Katabolismus o ; el
Adrenalin 0 Stépeni triacylglycerolu v tukové tkani

Specifické ukladani tuku do zenskych mist,
Estrogen Anabolismus pO menopauze a jeho snizené koncentraci
vyssi nachylnost k nabirani tuku

Spojitost mezi nizsi hladinou T a zvySenim

Testosteron Anabolismus . .
zastoupenim telesného tuku

V pripadé tuk Podpora mobilizace tukd jako zdroje

Rlstovy hormon . . :
y katabolismus energie a jejich oxidace
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Dulezitost prijmu tuku

* Tuk je nedilnou soucasti racionalné nastaveného jidelnicku

* Soucasti buneécnych membran

* Tvorba eikosanoidl (imunita, zanét)

* Vydatny zdroj energie (béhem odporového tréninku minoritni dileZitost)

* Jeho vyuzivani béhem FA Setfi glykogenové zasoby (zaleZitost zejména vytrvalostnich FA)

Vstiebdavani vitamind rozpustnych v tucich

Prijem tuku a vztah k riziku kardiovaskularnich a dalsich chorob

Prijem esencialnich mastnych kyselin

Prijem tuku a cholesterolu souvisi s tvorbou nékterych hormont



Obecna doporuceni pro prijem tuku v silovych sportech

» Konkrétni ucelené doporuceni po prijem tuku v silovych sportech neexistuje

* Prijem tuk( co do kvality a kvantity by mél byt v souladu s oficialnimi doporucenimi
narodnich/mezinarodnich 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) PFijem trans-nenasycenych MK do 1% CEP

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

* Prijem tuk u sportovcl by dlouhodobé nemél klesnout pod 20 % CEP



Prijem tukd a vliv na hladiny hormon(

* Prijem tukd se mlzZe pojit s vlivem na hladiny hormond, a to zejména
na hladinu anabolickeho hormonu testosteronu

« Hamaldinen, 1983 (Decrease of serum total and free testosterone during a
low-fat high-fibre diet)

* PrisniZzeni % CEP z tukii ze 40 % na 25 % a poméru mezi pfijmem SAFA:PUFA z
0,15 na 1,25 klesla hladina celkového i volného testosteronu v plazmeé u muzu

Targl T Free — % Free T

nmaol /| p< Q.001 e p<005 nmol/l b <o o
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Q20

OIS

Q210 =

005




Prijem tuku v okoli tréninku: Predtréninkové jidlo

* Tuky jsou ze zakladnich zivin traveny nejdéle

* Vysoky pfijem tukdl pred tréninkem muze celkové zpomalit vstfebavani i
ostatnich zivin

 Z toho dlvodu vysoky pfijem tuku pfed tréninkem neni idedalni

* Prijateé LCFA v predtréninkoveém jidle organismus pri tréninku realné nevyuzije
(prilis ,,dlouhy* transport pres lymfaticky systém)



Prijem tuku v okoli tréninku: Potréninkové jidlo

* Na pfijem tuku v potréninkovém jidle jsou rtizné nazory
* 1) Tuk zpomali traveni ostatnich Zivin = pomalejsi doddvka Zivin ke svalim

* 2) Tuk zpomali traveni ostatnich Zivin = mensi podil zoxidovanych aminokyselin
jako zdroje energie

* 3) Tuk navysi energeticky prijem a navysi anabolicky potencial jidla
—> potencidlni pozitivni dopad na svalovy rlst

* Idedlni postup:

* Po silovém tréninku v 1. fazi dodat proteiny (pfipadné i sacharidy v poméru 2-3:1)

* V2. fazi (90—120 minut po tréninku) do potréninkového jidla moznost zaradit i tuk
(napf. IZice olivového/fepkového oleje, porce tucné ryby, vejce)



,,Alternativni pristupy Kk 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 ruznymi 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 vibec povazovano za ,,low-carb*?
* Acceptable Macronutrient Distribution Range (USDA, 2015)

oONY v /F L]

Low-carbohydrate diets: a matter of love or hate (Frigolet, 2011)
Low-carb pod 40 % CEP
Prijem sacharidu pod 200 g za den

Low-carbohydrate nutrition and metabolism (Westman, 2007)

Low-carb prijem sacharidti 50-150 g za den



J Sports Med Phys Fitness. 2018 Apr 4. doi; 10.23738/50022-4707.18.08318-4. [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 MM, Schweitzer GG12, Rahman RS, Kelly PV, Weiss EP*3,

+ 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 (BHMI, 23%1 kg/m2, age 23%1 yr) participated in a randomized-sequence, 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; 6-10 g/kg/day carbohydrate). Dietary compliance was assessed with nutrient
analysis of diet records, and with measures of urine pH and ketones. Anaerobic exercize performance was evaluated with the Wingate
anaerobic cycling test and the vo-yo intermittent recovery test.

RESULTS: The diets were matched for total energy (LC: 23332158 kcalid;, HC: 22802160 kcalld;, p=0.65) but differed in carbohydrate content
(91 v=. 63x2% of energy intake; p<0.001). LC resulted in lower urine pH (5.920.1 vs. 6.320.2, p=0.004) and the appearance of urine
ketones in every participant. LC resulted in 7% lower peak power (8012538 vs. 857351 watts, p=0.00&) and §% lower mean power (55450
vg. 598251 watts, p=0.01) during the Wingate test. Total distance ran in the vo-yo intermittent recovery test was 15% less after LC diet
(2371309 v=. 10452145 meters, p=0.02).

COMNCLUSION 5: Short-term low-carbohydrate, ketogenic diets reduce exercise performance in activities that are heavily dependent on
anaerobic energy systems. These findings have clear performance implications for athletes, especialty for high-intensity, 2hort duration
activities and sports.




J Strength Cond Res. 2017 Apr 7. doi: 10 1510J5C . 0O0MI1535. [Epub ahead of print]

The Effects of Ketogenic Dieting on Body Composition, Strength, Power, and Hormonal Profiles
in Resistance Training Males.

I'-."'.l'ilz-:-n I, LOWETY ME, MODES MU, Snars MA, J0V JW, Shielos R, Fart] ., Volek 4o, o Agosting IF|

+ Author information

Abstract
Thiz study investigated the impact of an izocaloric and izonitrogenous ketogenic diet (KD) versus a traditional western diet (WD) on changes
in body composition, performance, blood lipids, and hormonal profiles in resistance-trained athletes.

METHODS: Twenty-five college aged men were divided into a KD or traditional WD from weeks 1-10, with a reintroduction of carbohydrates
from weeks 10-11, while participating in a resistance-training program. Body composition, strength, power, and blood lipid profiles were
determined at week 0, 10 and 11. A comprehensive metabolic panel and testosterone levels were alzo measured at weeks 0 and 11.

RESULTS: Lean body mass (LBM) increased in both KD and WD groups (2.4% and 4.4%, p<0.01) at week 10. However, only the KD group
showed an increase in LBM between weeks 10-11 (4.8%, p=0.0001). Finally, fat mass decreased in both the KD group (-2.2 kg £ 1.2 kg)
and WD groups (- 1.5 £ 1.6 kg). Strength and power increased to the same extent in the WD and KD conditions from weeks 1-11. No
changes in any serum lipid measures occurred from weeks 1-10, however a rapid reintreduction of carbohydrate from weeks 10-11 raised

plasma TG levels in the KD group. Total testosterone increased significantly from Weeks 0-11 in the KD diet (118 ng/dl}) a= compared to the
WD (-36 ng/dl) from pre to post while insulin did not change.

COMCLUSIONS: The KD can be used in combination with resistance training to cause favorable changes in body composition, performance
and hormonal profiles in resistance-trained males.




Zameérné ovlivnéni vysledku autory studie?

= The head researcher, Dr. Jacob Wilson, Ph.D., CSCS*D, works for Privit, a
company that sells ketogenic supplements.

= Dominic D'Agostino has a patent, entitled: "Compositions and methods for
producing elevated and sustained ketosis". He is funded by Patrick Arnold of
KetoTech (Source 1, source 2). Further, D'Agostino has published a paper ("Cancer
as a metabolic disease: implications for novel therapeutics’) where he promotes
ketone supplementation as a potential strategy for managing cancer. Quoted
from the paper: "Conflict of Interest Statement: None declared.’

» Jeff Volek 1s affiliated with Atkins diet. He has a website called Art and Science of
Low Carb, and he has a book entitled "The Art and Science of Low Carbohydrate
Living: An Expert Guide to Making the Life-Saving Benefits of Carbohydrate
Restriction Sustainable and Enjoyable”

This alone does not mean that we should automatically discard the results of the study,
as ['ve written about in this article! But, we should be aware of these COls.




Rybi olej (LC PUFA) a silovy trénink

* Rybi olej ajeho LC n-3 PUFA EPA a DHA jsou znamé Sirokymi ucinky na
metabolismus (imunomodulace, inflamace, kardiovaskuldrni nemoci, atd.)

* Svoje opodstatnéni by mohly mit i ve sportovni vyzivé..?

* Mickleborough, 2013 (Omega-3 Polyunsaturated Fatty Acids in Physical
Performance Optimization)

* Pozitivni vliv na deformabilitu ¢ervenych krvinek (lepsi transport kysliku krvi)
* Mozné zmirnéni potréninkové bolestivosti svala

* Pozitivni vliv na zanétlivou reakci v poskozené svalové tkani navozenou
silovym tréninkem



Mickleborough, 2013 (Omega-3 Polyunsaturated
Fatty Acids in Physical Performance Optimization)

It has been suggested that for most athletes, ingesting
approximately 1-2 g/day of EPA and DHA at a ratio of EPA to DHA
of 2:1 would be beneficial in counteracting exercise-induced
inflammation and for the overall health of an athlete (Simopoulos,
2007). However, it should be noted that an omega-3 PUFA (EPA+DHA)
dose of <3,000 mg/day has been designated as safe for general
consumption by the U.S. Food and Drug Administration (2004).”



MCT tuky a jejich vyuzitive v

Characteristics

Properties

Structure

CGaloric Value

Digestion/
Absorption

Storage

Medium Chaln Triglycerides

Waier soluble.

Lower smoke point.
Have no essentlal fatty aclds.

6-12 hydrocarbons.
All saturated fatty aclds.

8.3 calories per gram.

Do not stimulate CCK.
Do not require bile or pancreatic
ENZYMes.

Directly absorbed into portal circulation
bound to albumin.

Do not require carnitine for transport
Into the mitochondria.

Adipose tissue (less).

7 /7 o

yzivé silovych sportovcu

Long Chain Triglycerides

Lipid soluble.
Higher smoke point.
Contaln essential fatty acids.

13 to 21 hydrocarbons (long chain).

= 22 hydrocarbons (very long chain).
Both are saturated and unsaturated fatty
acids.

9.2 calories per gram.

Stimulate CCK.

Require bile and pancreatic enzymes (lipase).
Need to be incorporated into micelles, then
into chylomicrons for entry Into the lymphatic
system.

Require carnitine for transport into the
mitochondria.

Adipose tissue (more).



MCT tuky a jejich vyuziti ve vyzivé silovych sportovcu

Na rozdil od LCFA, MCT se stihnou vstrebat rychleji
Z MCT tuku v jatrech vznikaji ketolatky = zdroj energie pro svaly

Mozné Setreni svalového glykogenu

Studie na silovych sportovcich prakticky neexistuji

Neexistuji doporuceni pro jejich prijem v navaznosti na trénink

Berning, 1996 (The Role of Medium-Chain Triglycerides in Exercise)



MCT tuky a jejich vyuziti ve vyzivé silovych sportovcu

* Mozny maly pozitivni vliv na hubnuti

* Mumme (2015): Effects of Medium-Chain Triglycerides on Weight Loss and Body
Composition: A Meta-Analysis of Randomized Controlled Trials

e Zavér: ,,Replacement of LCTs with MCTs in the diet could potentially induce
modest reductions in body weight and composition without adversely affecting
lipid profiles. However, further research is required by independent research
groups using large, well-designed studies to confirm the efficacy of MCT and to
determine the dosage needed for the management of a healthy body weight and
composition.*



Prijem tukd: Shrnuti

Konkrétni ucelené doporuceni po prijem tuki v silovych sportech neexistuje

Prijem tuk( co do kvality a kvantity by mél byt v souladu s oficialnimi
doporucenimi narodnich/mezinarodnich autorit

Dlouhodobé by pfijem tuki nemél klesat pod 20 % CEP
Idedlni prijem v rozmezi 20-30 CEP
Prijem tuku pred tréninkovou jednotkou spiSe omezovat

Prijem tukd po tréninkové jednotce neni nutnosti, ale nabizi se (v ramci
celkového prijmu tukd a tuk( dle jejich nasycenosti)

Mozny pFinos pfijmu LC PUFA n-3 (mofrské ryby, rybi olej)
MCT tuky prakticky nepotrebné
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Rekapitulace traveni sacharidu
* Traveni sacharid( zacina jiZz v Ustech pomoci enzymu ptyalinu (alfa-amyldzy) (Skrob -
dextriny s 5—10 jednotkami glukézy v molekule)
* V zaludku alfa-amylaza inaktivovana kyselym zaludecnim prostredim

* Traveni pokracuje v duodenu pomoci pankreatické amylazy (Skrob = dextriny, dextriny
—> oligosacharidy) a enzym( tzv. kartacového lemu enterocytt (oligosacharidy =
monosacharidy)

* Enzymy: laktdaza, maltaza, sachardza, alfa-dextrindza
* Vstrebavaji se: glukdza, galaktdza, fruktoza

Monosacharidy do bunék stfeva vstupuiji:
1) Pomoci SGLT s kationty sodiku (sodium-glucose coupled transporter)
2) Pomoci GLUT2 transportérd



Pohled na SGLT a GLUT2 transportéery

ELOOD




Primarni funkce Konkrétni funkce

Vstup glukdzy do bunék
Inzulin Anabolismus Podpora syntézy glykogenu
Snizeni glykogenolyzy, glukoneogeneze

Stepeni jaterniho glykogenu

luk K li
sluragon atabolismus Podpora glukoneogeneze
Kortizol Katabolismus Podpora gluli?nef)gepeze.z glgkog.enmch A
Snizeni citlivosti na inzulin
Adrenalin e T ey Zvyseneé stépeni glykogenu

a oxidace glukozy

Snizeni citlivosti na inzulin
Rlstovy hormon Tlumi glykolyzu, prednostni vyuzivani MK
jako zdroje energie

* V Uvahu pfichazi jesSté hormony stitné Zlazy (obecné snizend/zvysena oxidace Zivin)



Anaerobni metabolismus

* Laktatovy prah

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

« Koncentrace laktatu v klidu 0,6-1,8 mmol/I
* Rychlostni sportovci dosahuji hodnot laktatu 12-25 mmol/I
* Cose déje s laktatem?



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, .. 55%5 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 6.212 5 mmol/L) and estimated carbohydrate oxidation rates (4.2+0.29 vs

4 4+0 .45 g/min; effect size (ES) 90% 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) accounted for 331624 of the total energy expenditure in WT vs 161626 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; 90% CI1(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.



Anaerobni metabolismus

* Nejvice glykogenu se spotfebuje u vice kratkych sprintt (prakticky nulové
pouziti MK jako zdroje energie, m{iZe byt ovlivhéno trénovanosti)

* Po jednorazové max. zatézi zastava ve svalech velké mnozstvi glykogenu

* Pri opakovaném max. vykonu obsah glykogenu prudce klesa — dalsi's
maximalnim usilim omezena

* Pred tréninkem zajistit zasobu glykogenu ve svalech (mUze byt problém
béhem redukce hmotnosti = zhorSeni vykonnosti)
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Dulezitost prijmu sacharid(

Exkluzivni zdroj energie bez pfistupu kysliku

Exkluzivni zdroj energie pro buriky bez mitochondrii (¢ervené krvinky)
Velmi dllezity zdroj energie i pro buriky mozkové

Dostatecné glykogenové zasoby esencialni pro maximalni vykon

Dostatecny prijem ,,chrani aminokyseliny (nenf tfeba je pouzit jako zdroj
energie)

Pro preziti nejsou esencialni (organismus si glukézu maze vytvofit)



Obecna doporuceni pro prijem sacharidu
v silovych sportech

* Prijem sacharidu by se mél odvijet od energetické naroc¢nosti a objemu
tréninkd

* Svou roli m{ze hrat i nacasovani prijmu sacharid(i (ddlezitost rychlé obnovy
glykogenovych zdsob) 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 sacharidi 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

A a4 N re



Prijem sacharidl pred tréninkovou jednotkou

* Cilem sportovce je do tréninku prichazet s co nejvyssimi zasobami glykogenu

* Doplnovani svaloveho glykogenu zacina ihned po predchozim tréninku a kondi
predtréninkovym jidlem (dilezZitost nastaveni celkového jidelnicku, nejen
prijmu stravy kolem tréninku):

* Posledni jidlo pred tréninkem:

* Idedlni kombinace proteini (0,25 g/kg TH, 20-40 g) spolu s prijmem sacharidt
(dle preferenci a celkového pfijmu energie, napr. do 1 g/kg TH)

* Prijem vétSiho mnozstvi sacharidi mize byt pro nékoho nezadouci
(vylouceni pfilis inzulinu, inava)



Prijem sacharidi béhem tréninkové jednotky

* U silovych disciplin (posilovani) — vétsinou prijem pouze tekutin (mozné
doplnit BCAA)

e DelSi (cca nad 1 h.) trvani aktivity — prijem iontovych ndpoja a hypotonickych
napoju s nizsSim obsahem sacharidd pro jejich bezproblémovy prijem

* V pripadé zapasu (kolektivni sporty) — doplnéni pomoci geld, tycinek,
sacharidovych napoijd, ovoce



Prijem sacharidu po tréninkové jednotce

* Pfijem sacharid( po tréninku neni nutnosti (pokud tuto informaci vztdhneme
pouze na silové sporty, kde ndm jde o narlst svalové hmoty a primarnim
zajmem neni rychlé doplnéni glykogenu)

* V pfipadé ostatnich sport( (kolektivni sporty, atletika, dvoufdzové tréninky)
s vétsSim objemem tréninku je tfeba s obnovou zasob glykogenu zacit
co nejrychleji

* 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

* Prijem S a B soucasné v pomeéru 3:1 zajisténi rychlejsi syntézy glykogenu a
podpory MPS (cca1g S/kg TH + 20-40 g B)



Prijem sacharidu po tréninkové jednotce

* V pfipadé silovych sporta (kulturistika, fitness) neni nutnosti brzky prijem sacharidd
ve formé doplnku stravy

* Jak se tedy chovat v tomto pripade?

* Po tréninkové jednotce: Prijem syrovatkovych bilkovin v mnozstvi 0,25 g/kg TH,
nebo 20-40 g v absolutnim mnozstvi (zvazit prijem sacharidi)

* Za 90-120 minut: Prijem pevného potréninkového jidla s vyvazenym zastoupenim
3 zakladnich zivin:

* 1) Sacharidy: Podle celkového denniho pfijmu sacharidui (vétSinou do 1g/kg TH)
» 2) Bilkoviny: V mnozstvi 0,25 g/kg TH, nebo 20-40 g
* 3) Tuky: Podle celkového denniho prijmu tukt (10-20 g)
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