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Presentation overview.

1) Periodised nutrition for yearly periodised training
- energy systems and contemporary
middle distance training

2) Recovery
- Short-term (<4 hrs)
- Longer-term (24 hrs*)

3) Supplements / Ergogenic aids

4) Future directions for new advances in nutrition and training
adaptations
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Primary aims of review:

Focus on nutrition recommendations during training and racing
from distances from 800m up to 3,000m

Middle distance athletes are at the cross-roads of metabolism.

- utilization of different energy systems, with differing fuel requirements
- different acute and seasonal fuels to produce required ATP for
training and racing

Where applicable, attempts will be made to integrate the vastly
diverse training, and associated energy systems, with periodised
nutrition advice
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Periodised nutrition for yearly
periodised training

o
o % Nestlé Research Center

NRC/dpt - name/  yyyy-mm-dd 2



Energy systems
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Periodised Yearly Training
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Periodised nutrition for periodised

training
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Periodised Yearly Training (2)

General Prep Phase: Jim Ryun- teenage phenom

- Weekly mileage as high as 190km/week
- Cover up to 20km in a single interval session
- 12 to 14 running sessions per week

(adapted from Nelson & Quercetani: The Milers, Tafnews, 1985)

Competition Phase: Sebastian Coe- at 1984 LA Olympics

- 7 races in 9 days
- Olympic 800m gold and 1500m silver
- average weekly running: only ~32km/week

(adapted from Martin & Coe: Training Distance Runners, Leisure
Press, 1991)
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PEriodised nutrition for periodised training

Table 2.
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Recovery

e Short-term (<4 hrs)
e Longer-term (24 hrs™)
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Maximizing glycogen re-synthesis

~1.2 to 1.5g CHO « kg BWe hrt

Of high glycaemic index carbohydrates
In frequent small doses of
20-30g CHO every 20 to 30min
for the first ~2 hrs

What about protein / amino acids?

(Adapted from Jentjens & Jeukendrup. Sports Med 33 (2): 117-144, 2003)
L3
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Insulintropic effects of specific

protein and amine acids

J Nutrition, 130: 2508-2513, 2000

Drink 1: CHO only (1.2g/kg/hr)

Drink 2: CHO + PH (0.2g/kg/hr) PH= protein hydrolysate

Drink 3: CHO + PH (0.4g/kg/hr)

Drink 4: CHO + PH (0.1g/kg/hr) + leucine (0.05g/kg/hr) + phenylalanine (0.05 g/kg/hr)
Drink 5: CHO + PH (0.2 g/kg/hr) + leucine (0.1 g/kg/hr)
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AA w/ CHO supplementation on
glycogen replenishment
* 170% CHO (0.8g/kg/hr)

CHO + PRO
van LoopJ¥3%. Am J Clin Nutr, 72: 106-11: (PH+leucine+phenyl)
0.8g + 0.4g

*

CHO + CHO
1.2 g/kg/hr
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AA w/ CHO supplementation on
glycogen replenishment

* It appears that when CHO intake is sufficient for maximal
glycogen re-synthesis rates (1.2 to 1.5 g CHO « kg BW-! « hr1),
the addition of added PRO will not further increase glycogen
contents.

* However, if CHO intake is below this theoretical threshold, or if
feeding intervals are greater than 1 hr apart and the athlete has
longer than 4 hrs for recovery, then the co-ingestion of CHO and
PRO may help to maximize muscle glycogen contents and to
initiate protein synthesis.
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Protein synthesis and athletes

Early and emerging data on....

1. Type of exercise VS.
stimulus makes a difference:

2. Key macronutrients for turning on protein synthesis

3. Specific AA for further increasing protein synthesis

4. Timing of nutrition recovery matters
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Specific AA for increasing protein

SVIUESS

MAA- Mixed AA
EAA- Essential AA

12g MAA
(69 EAA)
+35g CHO

69 EAA
+35g CHO

129 EAA
12g MAA

(69 EAA)

~0.1 g EAA « kg BW!
100g CHO

Net phenylalanine uptake over 3h in response to ale  rted nutritio n intake after resistance exercise in non  -trained, healthy subjects
o
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Summary: Longer-term (24 hrs™")

recovery

1) PRO intake with CHO is vital to maximize glycogen re-synthesis and protein
synthesis rates for the repair damaged muscle tissues (attenuated muscle
damage and perceived muscle soreness?). Net muscle protein synthesis occurs
from the consumption of essential amino acids (EAA) only.

2) During longer term recovery, for the first 2 hrs aim to consume:
CHO: 1to 4 g CHO « kg BW-
PRO: ~0.1 g EAA « kg BW-!

3) Emerging evidence that BCAA after exercise with carbohydrate, may further
assist in muscle recovery. (eg. BCAA's: leucine, isoleucine, valine)

4) It remains to be clarified what is the most ideal macronutrient blend, feeding
pattern (bolus vs. pulse feeding), type of CHO and/or protein (whole intact
proteins vs. hydrolyzed), the speed of the CHO and/or protein (fast, whey vs.
slow, casein) and the intake timing to optimize recovery and adaptation after
different types of exercise stimuli.
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Supplements / Ergogenic aids
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Muscle buffering during intense

exercise

Extracellular

H,O + CO,

;

H,CO; + Nala
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Acute sodium bicarbonate

(NaHCO;) supplementation

Dosage Recommendations:
- Minimal Dose: 200mg « kg BW-1
- Optimal Dose: 300mg * kg BW-1(~22.5 g
for 70kg)
- Recommended to take in with large quantities of
water (.5L) over about a 2hour period

Possible Side Effects:
- Gl distress, possible vomiting, gastric rupture,
muscle spasms, cardiac arrhythmias
- Most of these side-effects are about 2 hours post

supplementation.
- ~half of athletes experience bad side effects that

limit subsequent exercise

Performance Effects...
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NaHCO; Performance

Meta-analysis by Matson

et al. found that on average
NaHCO; was 0.44 standard
deviations better than control

Matson et al. Int J. Sport Nutr. 3(1): 2-28, 1993

Zil

2006 IAAF Golden League 800m Races

Average time: 1:46.36 =+ 1.90

0.44 SD improvement is 0.836 sec

Bring average time down to 1:45.52
Worthwhile?

Gl discomfort?
Training status?
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3 experimental groups

1) Placebo- nothing

2) Medium-0.3ge kgte day!
3) High-0.5ge kg1e day?!

Spread as 2 doses ¢ day?
over 5 days

Exercise on day 6

22

Wingate testing
0.075kg * kgt

12%
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Chronic NaHCO; dosing

- Evidence suggests a full 2 day post supplementation
effect (McNaughton, 2001)

- Elite athletes?

- Time course of
supplementation vs.
performance effects?

- Athletes sensitive to Gl
problems with acute dosing
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Histidine containing dipeptides

Carnosine (beta-alanine + histidine)

Anserine ( -ala + 1-methyl histidine) N —‘
Imidazole
ring

-alanine ( -ala + 3-methyl histidine)

histidine

Muscle carnosine

synthesis appears )
to be limited by H,N - CH, - CH, - CO - N - CH

-alanine availability _alanine I
CO,H

(Harris, Amino Acids,30:279-289, 2006)
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10007
—#— Chicken extract (pk 428 + 162 uM)

calculated to deliver 40mg -ala « kg BW*

75071
—— 40 mg * kg BW (pk 833 + 86 uM)

~3t03.2g -alanine
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64.29% 058%

21 male subjects;
24.1 + SD 2.7 yrs;
80.3 £11.6 kg;
Non-vegetarians

-alanine taken as
multiple daily doses of
~800mg per dose up to
4t06geday?

% increase in muscle
carnosine

4 weeks of
supplementation

-ala -ala Carn
3.29.d1 52¢gd?! 13.0g.d?
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Effects of 10 wks of -alanine supplementation

on muscle carnosine levels and performance

Placebo <Alanine supplemented
(4to0 6 g *day?)
80 - 80 1
Total 70 A 70
Work No change +
Done g0 A 60 A +
(kJ) e 0w
@110%  5p - 50 - ° 4w
Wmax A 10w
40 T — T 40 — T T
0 10 20 30 40 0 10 20 30 40
Carnosine (mmol « kgt dry muscle)
Hill CA, Harris et al., Amino Acids 32:225-233, 2007
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Other performance studies =

equivocal results

1) During time to exhaustion based tests, incremental cycling protocols lasting
between 15 and 25 min showed either a significant ~30% increase in time to
fatigue (Kim et al., 2006), or no effect (Zoeller et al., 2006).

2) 11% improvement in endurance time (8 sec increase in time, over an ~75 sec
test) during isometric knee extensor exercise at 45% of maximal voluntary
contraction (Harris, Ponte et al., 2006).

3) Ventilatory threshold was improved in two studies with -alanine
supplementation (Kim et al., 2006; Stout et al., 2006), but not in a third (Zoeller et
al., 2006).

4) Muscular strength as assessed by 1-repetition maximum testing has been found
to either improve (Hoffman et al., 2006) or not change (Dang et al., 2006) with 10
wks of supplementation.
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Adaptation (ie. metabolic/mRNA/

Future directions for new advances
In nutrition and training adaptations
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Time (hours/days
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2) “Optimized” training and recovery
can result in increased adaptations
Hard training / (or super-compensation)
session -Timing / periodisation of training?

m utrition interventions?
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[o% 3) Decrease recovery time

1) Less or more of a between hard training sessions

catabolic state? — - Nutrition interventions?

nutrition and/or

training interventions?

“glycogen cycling?”
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1)

3)

2) During endurance exercise, protein oxidation accounts for ~2 to 5% En, but

4) Although highly individual, data shows that a given ingestion of 0.3g

Optimizing training and recovery

adaptations over time

Athlete utilizing
optimal adaptatio

Athlete not

Adaptation (ie. metabolic/mRNA/
proteins/performance)

Initial level of hle
performance ut|||;|qg
ility optimized
training and
nutrition
(baseline)

Time (months/years)
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Recommendations for

Much of middle distance training is at or above 75%V0,,,,,, and this
dependency on CHO-based ATP provision increases throughout the
training year, thus CHO-rich foods must provide the majority of the daily

energy provision (7 to 10g CHOe kg BW-1s day-1)

increases when training at higher intensities, during longer exercise
durations, or when CHO stores are depleted. Thus protein intake should
be targeted at 1.5 to 1.7g PRO ¢ kg BW-1 « day!

During recovery (24hrs+), athletes should consume ~ 0.1ge kg BW-! EAA,
along with 1 to 4 g CHOe« kg BW-1, during the first several hrs.

NaHCO,e kg BW-! administered in solution ~1 to 2 hrs prior to exercise may
offer a small, but significant, effect in middle distance race performance
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Recommendations against

1) Low CHO diets (3-15% En) have uniformly been shown to
impair both high-intensity and endurance based performance

2) Due to glycogen use impairment, dietary fat adaptation
protocols are not recommended to enhance middle distance
performance
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Areas of equivocal infermation

1) For optimal recovery, it remains to be clarified as to what are the most ideal
macronutrient blends, feeding patterns, type of CHO and/or protein, and the
intake timing after different types of exercise stimuli.

2) Chronic NaHCO, suppl. (0.5g* kg BW-! over 5 days) may enhance blood
acid buffering for 2 days after cessation of suppl. But, more research is
needed to show performance effects in elite athletes, and to elucidate the
dosing and time-course effects.

3) £ -alanine suppl. over 4 wks may lead to a 50-60% increase in muscle
carnosine, leading to an increase in performance. But more performance
data is needed to prove efficacy.

4) Evidence suggests advantages in commencing some endurance training in
a low glycogen state. Future studies need to elucidate if athletes need to
‘cycle’ their glycogen stores during concurrent training regimes of
endurance and strength/power for optimal adaptation from varied stimuli.

o
e - Nestlé Research Center

NRC/dpt - name/  yyyy-mm-dd

17



Questions? / Discussion...
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Extra Slides...
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Energy systems (2)
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Recruitment of energy sources
at INCreasing power
20 Expended
anaerobic energy
threshold ET'?I’-TI;Z /Lsed
lactate -
threshold l e | 15
carbohydrate
threshold 10
CPE;RBOHY DRATES
. -5
; iLIPIDS | i
5 25 50 75 100 125
relative intensity (%VO2max)
days hours min sec
38 ..’ Nestlé Research Center

NRC/dpt - name/  yyyy-mm-dd 19



Ergogenic Aid Potential?

What needs to be considered...

Is it degraded in the stomach?
— the stomach is VERY acidic!

Can it be absorbed ‘intact’ in the blood?
Liver Processes- metabolized or broken down?
Kidney- how much is lost into the urine?

How large is the original concentration in the blood and how long is it elevated?
(if there is elevation, then there may be ‘potential’ ergogenic effect)

Does it interact with the proposed target site OR is it taken up by the target
organ? How much of it is taken up?

Are the effects enough to cause a “measurable” performance increase?

L3
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Research Design Concerns

- Amount- too little or too much may show no effect

- Subject- may only be effective in ‘untrained’ vs. trained or vice versa
- “value” is determined by the subject

- Task- may only work in power events and not endurance or vice
versa

- Use- acute (short term) may show effect but chronic may be
compromising

- Sensitivity of method to assess performance in laboratory setting

(time trial vs. amount of work completed vs. time to exhaustion vs. wattage area under
the curve vs. peak wattage etc.)
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Assessing sport performance- how: thin can you

slice?
- clinical relevance vs. practical/applied relevance...

Sydney Men's 10 000m race
Gold-  27:18.20
Silver-  27:18.29 (-0.005%!)
Bronze- 27:19.57 (-0.08%)
4" place- 27:20.44 (-0.14%)

2005 NYC Marathon: Tergat wins over Ramaala (winning margin: 0.004%!)
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Restoration of muscle glycogen
after exercise

Timing of ingestion
— Storage rate is faster immediately or 1h after than 3h
after exercise (frequent snacks)

Glycemic index (Gl)
— CHO with high GI may be more favorable in the early
storage phase (e.g. potatoes, rice, confectionery)

Liquid or solid
— Carbohydrate drinks are more practical in the early
storage phase (also replace fluid loss)

o
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Key macronutrients for turning

on protein synthesis

MSSE 34(5): 828-837, 2002
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Timing of nutrition recovery matters

AJP Endo. 281: E197 -E206, 2001

Ingestion of 500ml bolus of 6g EAA + 35g CHO soluti  on PRE vs. PO ST leg resistance exercise
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Type of athlete makes a difference

AJP Endo. 276: E118 -E124, 1999
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Specific AA for further increasing

protein synthesis

AJP Endo. 287: E1 -E7, 2004
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Specific AA for further increasing

protein synthesis

AJP Endo. 288: E645 -E653, 2005
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DEFAYED BENEEIT OF DIETARY PROTEIN TO THE RECOVERY

OEREPEATED-SPRINT PERFORMANCE IN CYCLISTS

David S. Rowlands , Karin Roessler, Rhys M. Thorp, Mal Geluk, David Graham, Mike Rockell
Institute of Food, Nutrition and Human Health,
Massey University Wellington and Palmerston North, New Zealand

Presented In: Sport Science and Medicine New Zealand Conference, Nov. 2005.

Material and Methods : The study was a randomised double-blind crossover
completed by 12 trained male cyclists (VO2max = 65.0+9.4 ml-min-1-kg-1). Participants
completed 3 high-intensity rides over 4 days. Day 1 consisted of interval riding for 2.5-h.
Riding on Days 2 (15-h later) and 4 (60-h) comprised of a performance test consisting of
10 repeated sprints (~2-3 min) with standardised recoveries (~5.5 min). Day 3 was a rest
day.
The intervention took place on Day 1 and 2 during the first 4 hours following
exercise where participants ingested supplements containing ~13MJ of energy (~3000kc)
High-Protein :
55 g dairy proteins (20-25 g EAA), 108 g carbohydra te,
and 20 g lipid

Isocaloric Control
8 g protein (~3 g EAA), 160 g carbohydrate, and 20 g
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DEFAYED BENEEIT OF DIETARY PROTEIN TO THE RECOVERY

OEREPEATED-SPRINT PERFORMANCE IN CYCLISTS

David S. Rowlands , Karin Roessler, Rhys M. Thorp, Mal Geluk, David Graham, Mike Rockell
Institute of Food, Nutrition and Human Health,
Massey University Wellington and Palmerston North, New Zealand

Performance: There was no difference in mean power between treatments
15-h after the initial loading exercise (0.3% 95%CI + 4.3%, p=0.87). However,
60-h later overall mean power was 4.1% (+ 3.0%, p=0.009) higher during the
sprints in the PRO condition relative to the CHO condition.

Conclusion: Although the benefits of high-protein consumption during recovery
were not visible short term (15 h) a clear performance benefit was observed
after 60 h; an effect which is highly likely to be worthwhile for athletes in heavy
training or multi-day competition. The mechanism for the effect appears related
to greater anabolic hormonal milieu during the post-exercise recovery period
and the capacity to better maintain plasma-glucose and obtain higher
plasma-lactate concentrations during the sprints.
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Daily CHO intake and 24 h recovery of
muscle glycogen
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Burke et al. J Sports Sci 20: 15-30, 2004
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Timing of nutrition recovery matters

AJP Endo. 280: E982 -E993, 2001

Early = immediately post exercise
Late = 3 hrs post exercise
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NaHCO; Performance

800m performance, Wilkes et al., 1983

~2 to 4 sec improvement in 800m & 1500m simulated s  tudies

Wilkes, et al. MSSE, 15(4): 277-280, 1983 and Bird et al. J. Sport Sci. 13(5): 399-403, 1995
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