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Abstract

Milk is a recovery beverage that enhances recoaey either maintains or improves the athlete's watkis
highly desired. Acute consumption of far — freédfimilk after resistance exercise promotes a greptssitive
protein balance.Milk contains high — quality praoteand essential amino acids that maybe particularly
beneficial in building and maintaining muscle magsen combined with exercise. Can after exercisehedp
increase lean muscle, improve body composition mutlice damage from exercise. Drinking milk after
resistance exercise has been shown to help witteipronetabolism. Athletic men and women who draitlk m
one hour after a resistance exercise, a signifidastease in the measured amino acids (phenylat@ind
threonine), which is representative of net musatggin synthesis.
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INTRODUCTION

Definition:

Sport drinks are different things to different pkoBy definition, a drink is a liquid substance aasl such,
water is a main ingredient .How ever, in a sporiskda variety of nutrients and other substancel ba
dissolved in the water to make the final consumextipct. The main role of sports drinks to providia@me
amount of water in addition to other componentsciwhiould be obtained from foodThe majority of sport
drinks generally have a carbohydrate content of t699% weight/ volume and contain small amounts of
electrolytes, such as soflum. the main aim or aifrgports drink consumption do vary according ® éxercise
situation, but are likely to be one or more of fodowing: to stimulate rapid fluid absorption, &upply
carbohydrate as a substrate for use during exercise

To speed rehydration

To reduce the physiological stress of exercise,tarfomote recovery after exercise.lt is certathky case that
hypohydration of only 1% of body mass has a me&dairaffect on the thermoregulatory response toaiser
Sever dehydration can result in a life threatersitgation , and this scenario is rendered mordylikéden the
ambient temperature is high. such extremes of wagpietion should not occur in any athlete in theecof
sports competition if a conscious effort is madeetsure adequate fluid replacement.However, evem if
conscious effort is made to ensure adequate fepthcement. However, even if the health concermsgaored,
the effects on performance of a fluid decrementukhde enough to persuade all individuals to attetop
remain fully hydrated at all times, and particyfaid ensure that they begin each bout of exercisa water
replete state.In addition to flavours and colowingthe traditional ingredients of sports drinke avater ,
carbohydrate, sodium and potassium.

However, even if the health concerns are ignoreel,effects on performance of a fluid decrement kEhbe
enough to persuade all individuals to attempt toai@ fully hydrated at all times, and particulaidyensure that
they begin each bout of exercise in a water repdtt.However, some commercially available sponkd do
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have numerous other non- traditional ingradientduiting carbohydrate derivatives (fibre , pyruvatactate),
protein and protein derivatives ( intact proteibranched chain amino acids ,individual amino aclagp-
analogues , creatine , carnitine ) fats ( glyceroledium chain traicyglycerols, choline ), micraments (B
vitamins, antioxidant vitamins , chromium and veinad oxygenated fluids ) and non- nutritive ingesuts
(caffeine, bicarbonate buffers , herbs, gingengvujia , ginkgo biloba, hydroxycitric acid). fulledails of these
can be found in a recent in depth publication arrtspdrinks(10)

The importance of sports drinks during exercise.

In any exercise task lasting longer than about 3@0-minutes, carbohydrate depletion, elevation adyb
temperature and reductions in the causing fatigli@f these can be manipulated by the ingestiofiudls, but
the most effective drink composition and the optimamount of fluid will depend on individual circutaaces.
Water is not the optimum fluid for ingestion duriegdurance exercise, and there is compelling evel¢mat
drinks containing added substrate and electrolgtesmore effective.Increasing the carbohydrate esundf
drinks will increase the amount of fuel which canrbade available (2). where provision of watehéesriority,
the carbohydrate content of drinks and their totaholarity should below , thus restricting the ratewvhich
substrate is provided.

The composition of drinks to be taken will thusib#uenced by the relative importance of the nezdupply
fuel and water, which in turn depends on the iritgnand duration of the exercise task, on the antbie
temperature and humidity, and on the physiologacal biochemical characteristics of the individublete.
Carbohydrate depletion will result in fatigue andeduction in the exercise intensity which can bstained ,
but is not normally a life — threatening conditi@isturbances in fluid balance and temperaturelagigm have
potentially more serious consequences, and it mayberefore, that the emphasis for many partidgpam
endurance events should be on proper maintenandeidfand electrolyte balance.The optimum type and
concentration of sugars to be added to drinks dépend on individual circumstances.high carbohedrat
concentrations will delay gastric emptying, thuduging the amount of fluid that is available forsakption
very high concentrations will also result in seicnetof water into the intestine and thus tempoydritrease the
danger of dehydration (12) perhaps because ofeffést, high sugar concentrations (>10%) may reisufin
increased risk of gas tro- intestinal disturband&$iere there is a need to supply an energy sowdad
exercise, however, increasing the sugar contedtinks will increase the delivery of carbohydratetie site of
absorption in the small intestine.

The available evidence indicates that the onlytedgte that should be added to drinks consumedngdar
exercise is sodium, which is usually added in thenf of sodium chloride, but which may also be added
sodium citrate or other salts. The use of citrathe than chloride helps stabilise PH and effexgtetsodium
will stimulate sugar and water uptake in the srima#istine and will help to maintain extracellularid volume
as well as maintaining the drive to drink by kegpatasma osmolality high (17).

As is clear from table 1, most soft drinks of tt@acor lemonade variety contain virtually no sodigt2
m.mol.1-1), and drinking water is also essentiatigium- free; sport drinks commonly contain 10-3®oh1-1
sodium and oral rehydration solutions intendedufee in the treatment of diarrhoea- induced dehimrdtave
higher sodium concentrations;

In the range 30-90 mmoll-1. A high sodium contemtyrbe important in stimulating jejunal absorptioh o
glucose and water, but it tends to make drinks latphle. Drinks intended for ingestion during oteaf
exercise, when thirsty may be suppressed and laigenes must be consumed , should have a pleasstetin
order to stimulate consumption. Sports drinks mihgtre for, strike a balance between the twin afrefficacy
and palatability. hyper thormia and hyperna traeané@relatively common in endurance events hettierheat,
and often effect the less well prepared participahthas , however, become clear that a small reurob
individualsat the end of very prolonged events neagtiffering from hyponatraemia: this maybe assediatith
either hyperhydration or dehydration.

The total number of reported cases is rather sraail, the great majority of these have been assaciaith

ultramarathon or prolonged triatblon events; treeefew reports of cases of exercise-associatednagmemia
where the exercise duration is less than th. mdrtheodrinks consumed in endurance events, whetlaén

water, soft drinks, or sports beverages have velgtiittle or no electrolyte content.

Even among the carbohydrate electrolyte drinksnidéd for consuinption by sports men and womemduri
prolonged exercise, most have a low electrolytetammn with sodium concentrations typically in trenge of
10-25 mmol.1-1 This is adequate in most situatidms,may not be so when sweat losses and fluidkestare
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high. Some supplementation with sodium chlorideainounts beyond those normally found in sport drinks
maybe required in extromely prolonged events whage sweat losses can be expected and wherpasgble

to consume large volumes of fluid. It remains tiuewever, that electrolyte replacement during eseris not
apriority for most parcitcipants in most sportingeets. Extra salting of food is an effective stggtéor athletes
living and training hard in hot weather conditions.

Performance effects

Many of the published studies investigating the&f of fluid ingestion on exercise performanceehiaied to
include appropriate control trials that allow tleparate effects of fluid ingestion on exercise granfince or a
beneficial effect. In many cases, the absencestéiistically significant effect simply reflectsetivariability in
the assessment methods used and inadequate sulnjeloers. There seems to be a lessened hyperthenaiia
cardio vascular drift during prolonged moderateemsity exercise (4,18,1).Which is attributed toidlu
replacement during the exercise. A better maintemanrf blood glucose, which can be used by the ekegc
muscles with a consequent reduction in the neednfalsilisation of the limited liver glycogen resesvg9,11)
appears to be the major benefit of carbohydrateswoption during exercise. The studies that haverteg
adverse effects of fluid ingestion on exercise qranince have generally been studies in which thig fl
ingestion has resulted in gastro — intestinal digtoces .Drinking plain water can improve perforogin
endurance exercise, but there are further perfocemamprovements when carbohydrate and electrolgtes
added.

The study of below et al .(1995).Attempted to digtiish between the effects of carbohydrate prowigiom
the water replacement properties of a drink. sponks after exercise:The primary factors influengthe post-
exercise rehydration process are the volume angbasition of the fluid consumed. The volume consuméd
be influenced by many factors, including the pdddity of the drink and its effects on the thirseathanism,
although with a conscious effort some people cilndsink large quantities of an unpalatable drinkien they
are not thirsty.

The ingestion of solid food, and the compositiorihait food, may also be important factors, butdheme many
situations where solid food is avoided by some fe=bptween exercise sessions or immediately afecse.

Milk

Milk is a nutrient dense foodstuff containly watearbohydrate, protein, electrolytes and other comepts that
maybe beneficial to individuals participating inospand exercise. In recent years a number of esubave
been undertaken to investigate whether there ayebanefits to consuming milk as a sport drink esdbc
following both strength and endurance sports. Bhisrch saggests that milk is an effective recobemerage
after exercise that results in favourable shomt@hanges in protein metabolism with possible lomegm
benefit. Milk consumption acutely increases musgaietem synthesis, lending to an improved not muscle
protein balance. Milk intake following resistancaining ( 12 weeks minimum ) can lead to greateraases in
muscle size and lean mass in both young man andewassearch on milk intake after endurance exeisise
limited, but suggests milk as an effective postxereise beverage for endurance activities in regaed
carbohydrate and fluid recovery. Milk intake aféercise also attenuates muscle damage.

Milk represents a more nutrient dense beveragecehior strength and endurance athletes, comparetbie
traditional sports drinks. Low- fat milk a safe asifiective post exercise beverage for most indiaiduexcept
its favourable effects is an exciting area for fatinvestigation .

Takealook at how the unique pack age of nutrientsin milk can benefit othletes:
e Protein to help build muscle and reduce muscle breakdown
e Carbohydratesto refuel muscles ( restore muscle glycogen )
e Electrolytes, including calcium, potassium and magnesium efdemnish what is lost in sweat .
e Fluid to help rehydrate the body
e Calcium and vitamin b to strengthen bones
» B yvitaminsto help convert food to energy
* Nineessential nutrients, including additional

Nutrients not typically found in tradition al spedrinks

Milk and resistance exer cise and training

Resistance sports and resistance training/ exemise characterized by repeated sets of high intensi
contractions of different muscle groups that letwsvell characterized adaptions in worked musc&sThe
most consistent adoptions are skeletal muscle trgpdry ( increase in muscle size) and increasexhgth.
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For increases in muscle hypertrophy to occur timeust be a chronic increase in muscle protein nknba.
Muscle protein net balance represents the differdmetween muscle protein synthesis and muscle iprote
breakdown, But the increases in synthesis aretggrélaan the increases in breakdown (4). In terghtj the
result from Philips et al showed that the net bedawas still negative , and this was attributeth&participants
being in a fasted state (4). Therefore, these ghiens also emphosise the importance of supplgutgition
following this form of exercise to positively infumce protein metabolism.There have been severahnes
studies that have investigated the provision of rovaatrients soon after resistance exercise in smgt to
optimize the protein metabolic response. The variswdies have looked at the intake of amino a¢i@3
,protein (17) carbohydraties (17) (4-16) or mixeccnonutrient compounds (15-19) following resistance
exercise. More recent research studies have dinestkstigated the impact of low- fat milk consuiopton the
acute protein metabolic response following resistagxercise.

One recent study looked at the influence of conegmiarious milk beverages on the protein metabolic
response following a single session of resistanxegcise (3) they compared non- fat milk (237g) veholilk
(237g) and an amount of non- fat milk with the saamaount of energy(kg) as the whole milk (393g)dwing

a bout of leg resistance exercise.

They measured amino acid net balance across theigxdeg for 5 hours following the exercise. Afltbe
different milk beverages increased the net balaridhe measured amino acids. This study did notrdghe
what contributed to the change in net balance ehamgynthesis, change in breakdown, or both ),eévewn the
evidence did show that protein metabolism was imgdowvith milk after other resistance exercise. aeste has
shown that consumption of fat- free milk increapestein net balance through an increased rate afclau
protein synthesis after resistance exercise (218.ifcrease in protein net balance and muscleiprsyathesis
was greatest after consuming soo mlof fat- freé mél compared to a soy- protein beverage that ic@uatahe
same amount of energy and protein as the milk &&t% 18.2 g protein , 1/59 fat, and 23g carbohyelthe
authors suggested that this might have been dubetdifferences in digestion of the soy based dask
compared to the milk. The soy based beverage veggsidid and absorbed much more rapidly leadingdoge
spike in the blood concentrations of amino acidssfay shuttling them to plasma protein and ureattsssis
(21).Whereas with the fat- free milk the elevatinrblood amino acids was more sustained, providingore
prolonged delivery of amino acids to the worked otess for protein synthesis.

Collectively, based on current scientific reseatcvell established that milk beverages when coreisoon
after resistance exercise, can lead to enhanceduaments in protein metabolism such acute impreammin
protein net balance and synthesis could posséag to more enhanced or more rapid chronic adapthoat
occur with resistance training if repeated afteargyvraining session.

A number of research studies have investigatedathg term influence of milk consumption after rémigce

training.Another study shown that influence of ttmnbined effect of resistance training (3 days wieekl8

months) and the intake of 400 ml/ day of reducedttaultrahigh temperature (UHT) milk in middle ageod

oldermen (18). they did not observe any benefitsdmbining the milk intake with training as compre

training or milk intake alone. This is in contrastthe previously discussed training studies (56),there were
a number of notable differences between these wastudies.

Firstly , the studies investigated very differenpplations ( young , university aged rs. Middlecged older ).
However, there is growing evidence that despite abe of an individual resistance training can l¢ad
beneficial adaptations in skeletal muscle (19) sdbg the training programs were not consistent aautked in
intensity and exercise performed. However, all weffective in inducing increases instrength. Finathe
volume and type of milk consumed in the studies widferent. Kukuljan et al. provide 2 x200 ml of
Uht1%milk,consumed 200 ml in the morning and 200rmthe evening , while the hartman et al. andgacstsal
studies provided 2x500 ml of skim milk immediatelfger the exercise.These differences suggest ltleatirne
of the intake of milk after training maybe critidal facilitating the beneficial effects previouslgscribed, and
or the volume of milk consumed may also be inflisnt

Another study, the effectiveness of low. Fat milkpeomoting the restoration of wholo- body net diddalance
after exercise induced dehydration was investigafée results suggest that milk is more effectiveeplacing
sweat losses and maintaining euhydration than plaiter or a commercially available sports drinkdaing

exercise induced dehydration by approaimately 2%it&l body mass. However, there was no furthemedit
gained by adding an additional 20 mmol 1 NaCl @nfilk.

The ingestion of water and carbohydrate -electeolglution resulted in a marked diuresis during zhe
following. drinking but, this response was not apd during the M and M+ Na + rials. Consequenrtdlythe
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end of the 4h recovery period a 600 ml differentavhole body net fluid balance was apparent betwben
milk trails and the w and CE trails. It is likeljpat a difference of this magnitude would not befisight to
influence exercise performed in temporate condgtion

The electrolyte content of the test drinks maydrgely responsible for the differences seen, likedy that the
milk emptied from the stomach at a slower rate tta@n water and sports drink. This sin turn, mayehav
implications for subsequent fluid balance milk basigher energy density than both water and thesploink,
largely due to the presence of protein and faduitéoon to the carbohydrate ( energy density hanishown to
be one of the most important variables that reguthe rate at which important to ensure that floisses
accrued during exercise are replaced prior to #mopnance of a subsequent exercise bout.(10).

Another research has shown that milk ingestion idites net muscle protein synthesis following tasise
exercise milk ingestion stimulated net uptake oémpHatanine and threonine representing net musdieip
synthesis following resistance exercise. Net mugabein balance changed from negative to positidecating
muscle anabolism following milk ingestion.

Table 1. Composition and ener gy content of experimental drinks*
(Mean values and standard deviations)

Water CE Milk Milk + Na

Mean SD Mean SD Mean SD Mean SD
Carbohydrate (g/l) 0 60+ 50+ 50+
Fat (g/l) 0 0 3 3
Protein (g/l) 0 0 36 36
Energy density (kJ/I) 0 1020 1480 1480
Sodium (mmol/l) 0.3 05 230 0.7 386 1.7 58.0 15
Potassium (mmol/l) 0.0 0.0 2/0 0.0 452 1.7 47.0 5 2.
Chloride (mmol/l 0 0 1 0 35 1 55 2
Osmolality (mosmol/kg) 0 0 283 2 299 3 354 4

CE, carbohydrate—electrolyte sports drink (Powenadilk p Na, milk with added NacCl.
*Macronutrient content and energy density were otged from the manufacturers and the Dairy CourdK,. Drink
electrolyte content and osmolality were measuretiénlaboratory.

TGlucose and maltodextrin.
 Lactose.

The impact of individual nutrients especially amamids (6, 14/22), proteins (21) and carbohydré@ést) and
the combination of these nutrients (5,14) on thepoase of net muscle protein balance followingstasice
exercise has been examined previously. Net mugdiip balance maybe increased by increasing maiscle
protein synthesis or decreasing protein breakdown.

The increase in insulin in response to milk ingestalso may have contributed to the increase inmescle
protein synthesis by deceasing muscle protein bi@ak (4) thus, It is not difficult to accept thagtrmuscle
protein synthesis resulting from ingestion of mitklowing resistance exercise stems from both iaseel
muscle protein synthesis and decreased musclemtotakdown.

Milk and endurance exer cise and training

In genera endurance is one of the basic compooéptsysical fitness.As a results most athletes haymssess
some degree of muscular and cardiorespiratory ander to perform in their respective sports. Mugcula
endurance is the ability of a muscle or group ofsches to repeatadly develop or maintain force witho
fatiguing. cardiorespiratory endurance is the gbitif the cardiovascular and respiratory systemsidliver
blood and oxygen to working muscles to perform twttus exercise.

From a sport nutrition, there are three differetiagions when nutrition is considered for endumhased
activities, before exercise, during exercise aner afxercise .

The effects of fluid intake during prolonged exsechave been extensively. studied but at preser #xists
little information on the effects of milk- basedriks on the response to prolonged exercise.

A study was undertaken to investigate the effeotgs of low- fat milk at restoring whole- body rikiid
balance following mild exercise- induced dehydnatfa0) the response to milk ingestion (M) was coragdo
water(w) ,a commercially available sports drink JCBnd milk with additional NaCl ( M + NaCl ).Millwith
additional NaCl was investigated because, as destriearlier, it has previously been shown that the
effectiveness of a drink at achieving fluid retentiafter exercise- induced dehydration is in diretationship
to the amount of sodium in the drink, at least apatconcentration of 100 mmol/l. The result of thiady
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suggest that milk can be an effective post- exercehydration drink and can be considered for Uter a
exercise by everyone except those individuals whaeHhactose intolerance.(20).

During endurance exercise, dietary intake of malkds to similar responses in many physiologicabbée as
compared to the intake of carbohydrate based splariks. Increased concentration of essential araicids
(15) which is not unexpected based.

On the protein content of milk. That leads to auctibn in whole body protein breakdown and prosinthesis
and a simultaneous increase in protein oxidatidioiang exercise when milk is consumed during pngjed
exercise (15). The decline in whole body proteintBgsis might be related to preferential oxidatidrthe
ingested protein during the exercise possibly desing amino availability for synthesis after theereise
(21).Participants do report greater feeling (8)tof mach fullness with milk as compared to water or
carbohydrate based beverages (22). Increase irastofaliness suggest that the rate of fluid inteday have
been greater than gastric emptying (8). Rates sfrigaemptying have been shown to decline witheased
energy density of the fluid consumed (10).

At the time, the critical recovery beverage follagian endurance exercise BOUT was carbohydratedveitie
some electrolytes tossed in for good measure @astafd to 2010 chocolate milk, the most populavdta
milk, has found a niche in the recovery routinesnainy different athletes and teams .Indead, mitiocolate
milk in particular can be found alongside otherrspdeverages in coolers in training farilites atdraining

(7).

While the positive effects of milk, as well as it®lated proteins are well documented in combimatidth
strength traning.The role of milk in the diet of @8 supplement for individuals involved in endusarnd
aerobic- based sports has received more attentitimei scientific community over recent year.The dnt@nce
of consuming carbohydrates following endurance @&ser remains. Paramount for glycogen
replenishment.However, the potential for proteinctmtribute to the recovery process following elathee
exercise has emerged as a viable component ofegcautrition protocols.Chocolat milks high- quglfirotein

is an excellent source of essential amino acidsupport muscle protein synthesis, and its carbalgdr
contributes to glycogen replenishment (7).

Briefly, current scientific literature suggeststthaw- fat milk is an effective as commercially @dahle sports
drinks at recovery for performance.
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