
Prehranski	
  dodatki	
  za	
  športnike	
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  utemeljeno?	
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Vozni	
  red	
  

•  Mesto	
  prehranskih	
  dodatkov	
  
•  Skupine	
  prehranskih	
  dodatkov	
  
•  Znanstveno	
  utemeljena	
  uporaba	
  	
  
•  PasA	
  
•  Zaključek	
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Osnovna	
  načela	
  športne	
  prehrane	
  

•  Zadosten	
  kaloričen	
  vnos	
  
•  Pravilna	
  razporeditev	
  makrohranil	
  	
  
•  Pestra	
  prehrana	
  –	
  mikrohranila	
  
•  Pravilen	
  časovni	
  interval	
  vnosa	
  hranil	
  
•  Hidracija	
  

Pogoj	
  za	
  učinkovito	
  uporabo	
  prehranskih	
  
dopolnil	
  



Prehranski	
  nadomestki	
  in	
  dodatki	
  
	
  	
  	
  	
  	
  	
  ZAKAJ?	
  
– Treningi	
  več	
  ur	
  dnevno	
  
– Potovanja	
  
– Tekmovalna	
  obdobja	
  
– Pripravljalna	
  obdobja	
  
	
  



Cilji	
  prehranskih	
  dodatkov	
  

•  OpAmizacija	
  vnosa	
  hranil	
  
•  Ergogena	
  dopolnila	
  –	
  izboljšanje	
  zmogljivosA	
  
•  Vzdrževanje	
  opAmalne	
  funkcije	
  imunskega	
  sistema	
  
•  OpAmalna	
  regeneracija	
  
	
   Ali	
  cilji	
  opravičujejo	
  sredstva?	
  

…	
  welfare	
  of	
  athletes	
  must	
  prevail	
  over	
  sole	
  
interest	
  of	
  compeAAon	
  and	
  other	
  economic,	
  
legal	
  or	
  poliAcal	
  consideraAons.	
  
Olympic	
  movement	
  medical	
  code;	
  chapter	
  1,	
  paragraph	
  1.1	
  



Skupine	
  prehranskih	
  dodatkov	
  in	
  
nadomesAl	
  

SKUPINA	
  A:	
  znanstveno	
  utemeljena	
  učinkovitost	
  uporabe	
  v	
  določenih	
  stanjih	
  
	
  
SKUPINA	
  B:	
  potrebne	
  nadaljne	
  raziskave	
  
	
  
SKUPINA	
  C:	
  brez	
  dokazanih	
  poziAvnih	
  učinkov	
  
	
  
SKUPINA	
  D:	
  odsvetovana	
  prehranska	
  dopolnila	
  ali	
  visoko	
  tveganje	
  kontaminacije	
  

www.ausport.gov.au	
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Skupina	
  A	
  

•  Športni	
  napitki	
  
•  Športni	
  geli	
  
•  Tekoči	
  obroki	
  
•  Sirotkini	
  proteini	
  
•  Športne	
  ploščice	
  

?	
  

H2O	
  

elektroliA	
  

PR	
  OH	
  

Telesna	
  teža	
  
Glikogenske	
  zaloge	
  
Regeneracija	
  tkiv	
  
Imunski	
  sistem	
  

Preprečevanje	
  izčrpanosA	
  organizma	
  
&	
  

OpAmalna	
  funkcija	
  metabolnih	
  procesov	
  

50	
  kcal/kg/dan	
  



Rehidracijske	
  raztopine	
  	
  

•  Izguba	
  2%	
  TT	
  –	
  zmanjša	
  telesno	
  zmogljivost	
  
•  ERGOGENO	
  prehransko	
  dopolnilo	
  
	
  
•  PRIPOROČILO:	
  evhidracija	
  

•  CILJ:	
  nadomeščanje	
  Na+	
  

•  Pogosto	
  komercialni	
  rehidracijski	
  pripravki	
  ne	
  
vsebujejo	
  zadosA	
  Na+	
  



Skupina	
  A	
  	
  

•  Prehranska	
  dopolnila,	
  ki	
  se	
  uporabljajo	
  v	
  
določenih	
  okoliščinah	
  
–  Železo	
  
–  Vitamin	
  D	
  
–  Kalcij	
  
–  Kofein	
  
–  KreaAn	
  
–  Bikarbonat	
  
–  ProbioAki	
  
– MulAvitamini	
  



Železo 	
  	
  

•  Najpogostejša	
  pomanjkljivost	
  
•  FUNKCIJA:	
  opAmalno	
  delovanje	
  CŽS,	
  imunski	
  sistem,	
  
mišica;	
  prenos	
  O2	
  (hemoglobin,	
  mioglobina)	
  

•  POMANJKANJE:	
  	
  
–  Faza	
  3:	
  anemija,	
  êMCV	
  
–  Faza	
  2:	
  ésTfR,	
  êsat.transferina	
  
–  Faza	
  1:	
  ê	
  feriAna	
  	
  

•  PRIPOROČILO:	
  feriAn	
  <	
  30	
  nmol/l	
  nadomeščanje	
  +	
  
prehranska	
  intervencija	
  –	
  ERGOGENI	
  UČINEK	
  

•  IdenAfikacija	
  vzroka	
  
•  INDIVIDUALNO	
  odločanje	
  o	
  nadomeščanju	
  



Vitamin	
  D	
  

•  Lipidotopen	
  vitamin	
  –	
  funkcionalni	
  hormon	
  
•  FUNKCIJE:	
  Homeostaza	
  kalcija	
  in	
  fosforja,	
  ekspresija	
  
genov,	
  celična	
  rast,	
  imunski	
  sistem,	
  mišice	
  	
  

•  MEJA:	
  <	
  50	
  nmol/l	
  POMANJKANJE	
  
	
   	
   	
   	
  <	
  75	
  nmol/l	
  ?	
  
	
   	
   	
   	
  >75	
  nmol/l	
  (100	
  -­‐250)	
  OPTIMALno	
  

	
  

•  PRIPOROČILO:	
  dvoranski	
  šporA,	
  temnopolA,	
  
zemljepisna	
  širina	
  >	
  35°,	
  	
  dokazano	
  pomanjkanje	
  	
  

•  Odmerek	
  800	
  –	
  4000	
  I.U./dan	
  (loading	
  protokoli)	
  
•  TOKSIČNOST?	
  

Powers	
  et	
  al.,	
  J	
  Sports	
  Science	
  2011	
  



Kofein 	
  (1,3,7-­‐dimethylxanAne)	
  

•  KJE:	
  v	
  lisAh,	
  zrnih	
  in	
  plodovih	
  številnih	
  rastlin,	
  
kavi,	
  coca-­‐coli,	
  energijskih	
  in	
  športnih	
  napitkih	
  

•  Stranski	
  učinki?	
  
•  PROTOKOL:	
  1-­‐3mg/kg/dan	
  (6	
  mg/kg/dan)	
  pred	
  in	
  
med	
  akAvnostjo	
  	
  

•  PAST:	
  Odtegnitveni	
  efekt	
  poveča	
  učinek	
  kofeina	
  
•  UČINEK:	
  na	
  centralni	
  živčni	
  sistem	
  
•  Individualen	
  odgovor	
  (non-­‐responderji,	
  
negaAven)	
  



KreaAn	
  monohidrat	
  	
  

intramolecular cyclization (Howard and Harris 1999). The

rate of creatine degradation in solution is not dependent on

its concentration, but on pH. Generally, the lower the pH
and higher the temperature, the faster is the degradation.

This solid-state and degradation properties have been

thoroughly investigated as early as the 1920s (Edgar and
Shiver 1925; Cannon et al. 1990) and more recently by

Dash et al. (2002), as well as Harris et al. (Howard and

Harris 1999). These researchers found that whereas crea-
tine was relatively stable in solution at neutral pH (7.5 or

6.5), a lowering of pH resulted in an increased rate of

degradation and after only 3 days of storage at 25°C cre-
atine degraded significantly: 4% at pH 5.5; 12% at pH 4.5;

and 21% at pH 3.5 (see Fig. 5). Similarly, Ganguly et al.

(2003) reported that creatine monohydrate stored at room
temperature degraded into creatinine within several days

but that refrigerating creatine monohydrate in solution
slowed degradation. The rapid degradation of creatine in

solution precludes the manufacture of shelf-stable standard

acidic beverages containing efficacious amounts of the

ingredient. If creatine is not consumed immediately after it

has been dissolved in water, it should be stored at a low
temperature to retard the degradation.

The degradation of creatine can be reduced or even

halted by either lowering the pH under 2.5 or increasing the
pH. A very high pH results in the deprotonation of the acid

group, thereby slowing down the degradation process by

making it more difficult for the intramolecular cyclization.
A very low pH results in the protonation of the amide

function of the creatine molecule, thereby preventing the

intramolecular cyclization (see Fig. 6). This effect also
occurs under the acidic conditions in the stomach, hence

preventing the breakdown of creatine. The conversion of

creatine to creatinine in the gastrointestinal tract is minimal
regardless of transit time (Persky et al. 2003; Harris et al.

1992b; Deldicque et al. 2008).

Stability of other forms of creatine

Some creatine salts appear to be less stable when compared

with CM. Tricreatine citrate results in creatinine levels of
770 ppm at 40°C (104°F) after 28 days of storage. How-

ever, the addition of carbohydrates has been shown to

increase stability of some creatine salts (Purpura et al.
2005). Creatine salts are not expected to have a greater

stability in solution; however, the pH lowering effect of the

salt might reduce stability compared to CM in the same
environment.

Tallon et al. (Child and Tallon 2007) compared the

stability of creatine ethyl ester (CEE) head to head with
CM and found that CEE was actually less stable than CM.

It was concluded that the addition of the ethyl group to

creatine actually reduced acid stability and accelerated its
breakdown to creatinine. The degradation of creatine and

Fig. 3 Stability of creatine monohydrate powder. Adapted from Jäger
(2003)
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Fig. 4 Degradation of creatine to creatinine

Fig. 5 Effect of pH on creatine stability in solution. Adapted from
Howard and Harris (1999)
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•  KJE:	
  Meso,	
  ribe	
  (1-­‐2g/dan)	
  
•  	
  Vegeteijanci	
  imajo	
  nižje	
  

bazalne	
  vrednosA	
  kreaAna	
  
•  Stabilen,	
  nevtralen	
  pH,	
  87%	
  

kreaAna	
  
•  Individualen	
  odgovor	
  –	
  

strategije	
  za	
  povečanje	
  
vnosa	
  

•  Povečanje	
  mišičnega	
  fostata	
  
za	
  10-­‐40%	
  

•  Izboljšanje	
  zmogljivosA	
  
premosorazmerno	
  z	
  
izhodiščnim	
  nivojem	
  fosfata	
  

examined the effect of the administration of three different

forms of creatine on plasma creatine concentrations and
pharmacokinetics. In a balanced cross-over designed study,

six healthy subjects were assigned to ingest a single dose of

isomolar amounts of creatine (4.4 g) in the form of CM,
tricreatine citrate (TCC), or creatine pyruvate (CPY), fol-

lowed by measurement of the plasma creatine levels (Jäger

et al. 2007). Mean peak concentrations and area under the
curve (AUC) were significantly higher with CPY (17 and

14%, respectively) in comparison to CM. The findings
suggest that different forms of creatine may result in

slightly different kinetics of plasma creatine absorption,

although differences in velocity constants of absorption
could not be detected due to the small number of blood

samples taken during the absorption phase. The small

differences in kinetics are unlikely to have any clinically
relevant effects on muscle creatine elevation during periods

of creatine loading. A follow-up study including muscle

biopsies would be required to conclude if the bioavail-
ability of this specific creatine salt was indeed higher

(Fig. 8).

Greenwood et al. (2003) investigated how different
forms of creatine affect whole body creatine retention.

Sixteen males were assigned to ingest in a single blind

manner either 5 g of dextrose, 5 g of CM, 5 g of CM plus
18 g dextrose, or an effervescent creatine supplement

consisting of 5 g of TCC (66% creatine) plus 18 g dextrose

four times/day for 3 days. Creatine retention was estimated
by subtracting total urinary creatine excretion from total

supplemental creatine intake over the 3-day period. Results

revealed that average daily creatine retention over the

3-day period was 12.2 ± 1.3, 16.1 ± 2.2, and 12.6 ± 2.5 g/
day for the CM, CM with dextrose, and effervescent TCC

groups, respectively. This amounted to whole body crea-

tine retention of 61 ± 15% for the CM group, 80 ± 11%
for the CM plus dextrose group, and 63 ± 13% for the

effervescent TCC group. While creatine retention was

significantly greater in the CM and dextrose group, no
significant differences were seen between the CM and

effervescent TCC groups. These findings suggest that while

consuming a relatively small amount of dextrose with CM
can increase whole body creatine retention, supplementa-

tion of TCC in an effervescent form does not augment

whole body creatine retention more than CM alone (Fig. 9).
Over the years, there has been significant commercial

interest in determining whether creatine could be delivered

in a liquid form. The thought has been since CM is rela-
tively insoluble that development of a liquid or suspended

form of creatine may be more convenient to consume, be

more readily absorbed into the blood stream, and promote a
greater efficiency in transport of creatine to the muscle.

Some companies have even claimed that minimal amounts

of liquid creatine would need to be ingested because of
enhanced efficiency in transport through the blood and into

the muscle. A limitation with these theories is that CM is

not stable for any substantial length of time in liquid.
Consequently, while researchers have been working on

ways to suspend creatine within gels and fluids, it has been
generally considered to be impractical to develop into a

product due to limitations in shelf-life. In addition, while

people may prefer the taste of liquid or gel versions of
creatine, there is no evidence that these delivery forms

provide a superior performance benefit.

Kreider et al. (2003b) carefully compared the effects
of ingesting 20 g/day of CM to recommended doses
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7.3g CYP
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5g CM

Fig. 8 Comparison of blood plasma levels of different forms of
creatine. Adapted from Jäger et al. (2007)

Fig. 9 Percentage of creatine retained during a 3-day loading period
(20 g/day). Adapted from Greenwood et al. (2003)

1374 R. Jäger et al.
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Greenwood	
  et	
  al,	
  2003	
  

Stranski	
  učinek:	
  é	
  telsne	
  teže	
  (600-­‐100g)	
  

Sočasno	
  uživanje	
  PR,	
  OH	
  (50-­‐100g),	
  d-­‐pinitola!	
  



KreaAn	
  monohidrat	
  
•  Uporovna	
  vadba	
  (NE	
  pri	
  

adolescenAh	
  in	
  otrocih).	
  	
  
•  Kratko	
  intervalni	
  visoko	
  

intenzivni	
  napori	
  s	
  
kratkimi	
  premori	
  za	
  
okrevanje	
  	
  

•  ŠporA	
  z	
  intremitentnimi	
  
vzorci	
  napora	
  

•  Hitri	
  ”loading”	
  protokoli:	
  
5	
  dni	
  ponavlajoči	
  se	
  
odmerki	
  (4x5g)	
  	
  

•  počasni	
  “loading”	
  
protokoli	
  28	
  dni	
  3	
  g/dan	
  
(Hultman	
  et	
  al.	
  1996).	
  

•  Vzdrževalni	
  odmerki:	
  3	
  g/
d	
  zagotavljajo	
  povišane	
  
vrednsoA	
  (Preen	
  et	
  al.	
  
2003)	
  

•  “Unloading”:	
  vsaj	
  4	
  tedne	
  
za	
  vrnitev	
  na	
  izhodiščni	
  
nivo	
  



Bikarbonat 	
  	
  

moderate performance enhancement, using a
scale to evaluate the magnitude of improvement
in the performance of elite athletes who are re-

quired to win medals in competitive events.[11]

The previous meta-analysis[4] found a standard-
ized improvement in performance of 0.44 (0.44 of
the between-subject standard deviation in per-
formance). This discrepancy may arise from our
conversion of all data to a common metric prior
to analysis to more accurately represent perfor-
mance effects, or the use of a scale[5] by Matson
and Tran[4] that is less appropriate for the inter-
pretation of improvements in competitive athletic
performance.

Despite a similar pre-exercise perturbation to
both [HCO3

-] and pH with sodium citrate as with
sodiumbicarbonate, we found that the performance
effect of sodium citrate ingestion is unclear. Sup-
plement mechanisms were not the focus of this
review, but our physiological measures may assist
in providing information that can contribute to
explaining the disparity between these two alka-
lotic agents. Sodium bicarbonate ingestion was
associated with a trend toward improved perfor-
mance with increased [HCO3

-], but sodium citrate
was not. There are limitations to the aforemen-
tioned observed trends, in that the correlations
depicted in figure 3 are based on few data and have
wide confidence intervals. However, our observa-
tions suggest that the mechanism(s) that poten-
tially account for the ergogenic effect of sodium
bicarbonate, such as improved extracellular buff-
ering and subsequent increased intramuscular
pH or potassium concentration ([K+])[50] during
high-intensity exercise[1] and subsequent fatigue
offset,[1,50] may be counteracted in the case of
sodium citrate ingestion by some inhibitory ef-
fect, such as an increased intracellular citrate[51]

inhibiting phosphofructokinase[52] and thus aden-
osine triphosphate production.[53]

The unclear effect of sodium citrate on per-
formance notwithstanding, we have demonstrated
that several hours after sodium citrate ingestion,
[HCO3

-] is higher than with an equimolar dose of
sodium bicarbonate. The greater buffering po-
tential with sodium citrate could be explained by
citrate ions having three negative charges that
consume H+ and thereby raise [HCO3

-],[28] whereas
bicarbonate ions have only one.[21] In themajority of
studies we meta-analysed sodium citrate was taken
90–120 minutes prior to exercise,[46,54,55] but our
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Fig. 2. Time-course of (mean –90% CL) blood bicarbonate con-
centration ([HCO3

-]), pH and lactate concentration ([La-]) in relation
to exercise commencement. Negative values are for time before
exercise; positive values indicate post-exercise timepoints. Standard
deviation (SD) bars represent the mean between-subjects SD where
provided. CL = confidence limit.
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moderate performance enhancement, using a
scale to evaluate the magnitude of improvement
in the performance of elite athletes who are re-

quired to win medals in competitive events.[11]

The previous meta-analysis[4] found a standard-
ized improvement in performance of 0.44 (0.44 of
the between-subject standard deviation in per-
formance). This discrepancy may arise from our
conversion of all data to a common metric prior
to analysis to more accurately represent perfor-
mance effects, or the use of a scale[5] by Matson
and Tran[4] that is less appropriate for the inter-
pretation of improvements in competitive athletic
performance.

Despite a similar pre-exercise perturbation to
both [HCO3

-] and pH with sodium citrate as with
sodiumbicarbonate, we found that the performance
effect of sodium citrate ingestion is unclear. Sup-
plement mechanisms were not the focus of this
review, but our physiological measures may assist
in providing information that can contribute to
explaining the disparity between these two alka-
lotic agents. Sodium bicarbonate ingestion was
associated with a trend toward improved perfor-
mance with increased [HCO3

-], but sodium citrate
was not. There are limitations to the aforemen-
tioned observed trends, in that the correlations
depicted in figure 3 are based on few data and have
wide confidence intervals. However, our observa-
tions suggest that the mechanism(s) that poten-
tially account for the ergogenic effect of sodium
bicarbonate, such as improved extracellular buff-
ering and subsequent increased intramuscular
pH or potassium concentration ([K+])[50] during
high-intensity exercise[1] and subsequent fatigue
offset,[1,50] may be counteracted in the case of
sodium citrate ingestion by some inhibitory ef-
fect, such as an increased intracellular citrate[51]

inhibiting phosphofructokinase[52] and thus aden-
osine triphosphate production.[53]

The unclear effect of sodium citrate on per-
formance notwithstanding, we have demonstrated
that several hours after sodium citrate ingestion,
[HCO3

-] is higher than with an equimolar dose of
sodium bicarbonate. The greater buffering po-
tential with sodium citrate could be explained by
citrate ions having three negative charges that
consume H+ and thereby raise [HCO3

-],[28] whereas
bicarbonate ions have only one.[21] In themajority of
studies we meta-analysed sodium citrate was taken
90–120 minutes prior to exercise,[46,54,55] but our
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Fig. 2. Time-course of (mean –90% CL) blood bicarbonate con-
centration ([HCO3

-]), pH and lactate concentration ([La-]) in relation
to exercise commencement. Negative values are for time before
exercise; positive values indicate post-exercise timepoints. Standard
deviation (SD) bars represent the mean between-subjects SD where
provided. CL = confidence limit.
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FUNKCIJA:	
  Najpomembnejši	
  zunajcelični	
  puferski	
  sistem	
  è	
  pH,	
  homeostaza	
  elektorlitov	
  

CILJ:	
  povečanje	
  kapacitete	
  puferskega	
  sistem	
  –	
  dvig	
  konc	
  NaHCO3	
  in	
  alkaloze	
  
	
   	
   	
   	
   	
   	
  ERGOGENI	
  UČINEK	
  

OBLIKE:	
  soda	
  bikarbona,	
  pripravki	
  
KDAJ?	
  
-­‐ Visoko	
  intenzivni	
  tekmovalni	
  dogodki	
  
(1-­‐7	
  min)	
  
-­‐ Visoko	
  intenzivni	
  napori	
  Ak	
  pod	
  AT	
  
PROTOKOLI:	
  	
  
-­‐ 	
  0.3	
  g/kg/dan	
  120	
  -­‐150	
  min	
  pred	
  
naporom	
  z	
  OH	
  
-­‐ 	
  serijski	
  protokol:	
  3-­‐5	
  dni,	
  12-­‐24	
  ur	
  pred	
  
dogodkom	
  STOP	
  

STRANSKI	
  UČINKI:	
  GIT	
  



Ostali	
  prehranski	
  dodatki	
  

•  Kalcij	
  
•  MulAvitamini	
  
•  ProbioAki	
  
•  AnAoksidanA	
  
•  BCAA	
  
•  Leucin,	
  beta	
  alanin,	
  glutamin	
  
•  NO	
  (sok	
  rdeče	
  pese)	
  
•  Beta	
  HMB	
  
………..?	
  



Zakaj	
  “evidence	
  based”?	
  

•  Pozitven	
  dopinški	
  test	
  
•  Strošek	
  za	
  neučinkovita	
  dopolnila	
  
•  Preusmeritev	
  pozornosA	
  od	
  pomembnih	
  
strategij	
  za	
  doseganje	
  opAmalne	
  telsne	
  
zmogljivosA	
  in	
  regeneracije	
  

•  Omogoča	
  varno	
  in	
  učinkovito	
  uporabo	
  
prehranskih	
  dodatkov	
  



Zaključki 	
  	
  

•  Ob	
  ustrezni	
  športni	
  prehrani	
  so	
  učinkovita	
  
sredstva	
  za	
  izboljšanje	
  zmogljivosA,	
  delovanja	
  
organskih	
  sistemov/	
  preprečevanja	
  poškdb/
bolezni	
  in	
  regeneracije	
  

•  Znanstveno	
  podprta	
  uporaba	
  zagotavlja	
  
opAmizacijo	
  trenažnega	
  procesa	
  in	
  varnost	
  za	
  
športnika	
  

•  Uporaba	
  pri	
  najstnikih	
  in	
  otrocih!	
  


