Protein Intake

Protein intake that exceeds the recommended d&kyance is widely accepted for both
endurance and power athletes. However, considéregariety of proteins that are
available much less is known concerning the bemeficonsuming one protein versus
another. The purpose of this paper is to identifg analyze key factors in order to make
responsible recommendations to both the generahtinhetic populations. Evaluation of
a protein is fundamental in determining its appiaieness in the human diet. Proteins
that are of inferior content and digestibility amgortant to recognize and restrict or limit
in the diet. Similarly, such knowledge will provide ability to identify proteins that
provide the greatest benefit and should be consuifezlvarious techniques utilized to
rate protein will be discussed. Traditionally, smag of dietary protein are seen as either
being of animal or vegetable origin. Animal sourpesvide a complete source of protein
(i.e. containing all essential amino acids), wheneegetable sources generally lack one
or more of the essential amino acids. Animal saiafadietary protein, despite providing
a complete protein and numerous vitamins and misidrave some health professionals
concerned about the amount of saturated fat commthese foods compared to
vegetable sources. The advent of processing teabsilgas shifted some of this attention
and ignited the sports supplement marketplace détivative products such as whey,
casein and soy. Individually, these products varguality and applicability to certain
populations. The benefits that these particulatging possess are discussed. In addition,
the impact that elevated protein consumption haseatth and safety issues (i.e. bone
health, renal function) are also reviewed.

INTRODUCTION

The protein requirements for athletic populatioagéhbeen the subject of much scientific
debate. Only recently has the notion that botmgtiépower and endurance athletes
require a greater protein consumption than thergépepulation become generally
accepted. In addition, high protein diets have Alstmome quite popular in the general
population as part of many weight reduction prograbespite the prevalence of high
protein diets in athletic and sedentary populatianfermation available concerning the
type of protein (e.g. animal or vegetable) to consus limited. The purpose of this paper
is to examine and analyze key factors responsiislenbiking appropriate choices on the
type of protein to consume in both athletic andegahpopulations.

Role of Protein

Proteins are nitrogen-containing substances tleafoamed by amino acids. They serve
as the major structural component of muscle andrdibsues in the body. In addition,
they are used to produce hormones, enzymes andghasimo Proteins can also be used
as energy; however, they are not the primary chascan energy source. For proteins to
be used by the body they need to be metabolizedheir simplest form, amino acids.
There have been 20 amino acids identified thaheegled for human growth and
metabolism. Twelve of these amino acids (eleverhitdren) are termed nonessential,
meaning that they can be synthesized by our bodydamot need to be consumed in the



diet. The remaining amino acids cannot be syntkdsiz the body and are described as
essential meaning that they need to be consumeuridiets. The absence of any of these
amino acids will compromise the ability of tisswegrow, be repaired or be maintained.

Protein and Athletic Performance

The primary role of dietary proteins is for uséhe various anabolic processes of the
body. As a result, many athletes and coaches aleruine belief that high intensity
training creates a greater protein requirements $teéms from the notion that if more
protein or amino acids were available to the esangimuscle it would enhance protein
synthesis. Research has tended to support thighsgis. Within four weeks of protein
supplementation (3.3 versus 1.3 g-kg-1-day-1) lnjests’ resistance training,
significantly greater gains were seen in proteintisgsis and body mass in the group of
subjects with the greater protein intake (Fern.ett891). Similarly, Lemon et al. (1992)
also reported a greater protein synthesis in na@sistance trained individuals with
protein intakes of 2.62 versus 0.99 g-kg-1-dayktuidies examining strength-trained
individuals, higher protein intakes have generaftgn shown to have a positive effect on
muscle protein synthesis and size gains (Lemon5;18&lberg et al., 1988).
Tarnapolsky and colleagues (1992) have shown thatfength trained individuals to
maintain a positive nitrogen balance they needtsuome a protein intake equivalent to
1.8 g-kg-1-day-1. This is consistent with othedigsl showing that protein intakes
between 1.4 - 2.4 g-kg-1-day-1 will maintain a pesinitrogen balance in resistance
trained athletes (Lemon, 1995). As a result, recemhations for strength/power athletes'
protein intake are generally suggested to be betdet- 1.8 g-kg-1-day-1.

Similarly, to prevent significant losses in leasstie endurance athletes also appear to
require a greater protein consumption (Lemon, 198Bhough the goal for endurance
athletes is not necessarily to maximize muscle amkstrength, loss of lean tissue can
have a significant detrimental effect on endurgmexdormance. Therefore, these athletes
need to maintain muscle mass to ensure adequdtgrpance. Several studies have
determined that protein intake for endurance atklshould be between 1.2 - 1.4 g-kg-
1-day-1 to ensure a positive nitrogen balance dfran and Lemon, 1989; Lemon, 1995;
Meredith et al., 1989; Tarnopolsky et al., 1988)idénce is clear that athletes do benefit
from increased protein intake. The focus then bexsoom what type of protein to take.

Protein Assessment

The composition of various proteins may be so umitipat their influence on
physiological function in the human body could hete different. The quality of a
protein is vital when considering the nutritionahiefits that it can provide. Determining
the quality of a protein is determined by assesgggssential amino acid composition,
digestibility and bioavailability of amino acidsAB/WHO, 1990). There are several
measurement scales and techniques that are usgdlt@te the quality of protein.

Protein Rating Scales

Numerous methods exist to determine protein qudlityese methods have been
identified as protein efficiency ratio, biologicalue, net protein utilization, and protein
digestibility corrected amino acid score.



Protein Efficiency Ratio

The protein efficiency ratio (PER) determines tffeaiveness of a protein through the
measurement of animal growth. This technique regueeding rats a test protein and
then measuring the weight gain in grams per graprakin consumed. The computed
value is then compared to a standard value ofwhith is the standard value of casein
protein. Any value that exceeds 2.7 is considenduktan excellent protein source.
However, this calculation provides a measure oijndn rats and does not provide a
strong correlation to the growth needs of humans.

Biological Value

Biological value measures protein quality by cadtinlg the nitrogen used for tissue
formation divided by the nitrogen absorbed fromdio®his product is multiplied by 100
and expressed as a percentage of nitrogen utilizeslbiological value provides a
measurement of how efficient the body utilizes @irotonsumed in the diet. A food with
a high value correlates to a high supply of thersal amino acids. Animal sources
typically possess a higher biological value thagetable sources due to the vegetable
source's lack of one or more of the essential arands. There are, however, some
inherent problems with this rating system. Thedmatal value does not take into
consideration several key factors that influeneedigestion of protein and interaction
with other foods before absorption. The biologwalue also measures a protein's
maximal potential quality and not its estimateesfuirement levels.

Net Protein Utilization

Net protein utilization is similar to the biologlozalue except that it involves a direct
measure of retention of absorbed nitrogen. Negprattilization and biological value
both measure the same parameter of nitrogen retetowever, the difference lies in
that the biological value is calculated from nittagabsorbed whereas net protein
utilization is from nitrogen ingested.

Protein Digestibility Corrected Amino Acid Score

In 1989, the Food & Agriculture Organization and MddHealth Organization

(FAO/WHO) in a joint position stand stated thattpm quality could be determined by
expressing the content of the first limiting essdramino acid of the test protein as a
percentage of the content of the same amino acitknbin a reference pattern of
essential amino acids (FAO/WHO, 1990). The refezaradues used were based upon the
essential amino acids requirements of preschookhigren. The recommendation of

the joint FAO/WHO statement was to take this refeeevalue and correct it for true

fecal digestibility of the test protein. The vallgtained was referred to as the protein
digestibility corrected amino acid score (PDCAAB)Is method has been adopted as the
preferred method for measurement of the proteinevad human nutrition (Schaafsma,
2000). Table 1 provides a measure of the quantitAanous proteins using these protein
rating scales.

Although the PDCAAS is currently the most acce@ed widely used method,
limitations still exist relating to overestimatianthe elderly (likely related to references



values based on young individuals), influence edlildigestibility, and antinutritional
factors (Sarwar, 1997).

Amino acids that move past the terminal ileum meyb important route for bacterial
consumption of amino acids, and any amino acidsrdah the colon would not likely

be utilized for protein synthesis, even though teyot appear in the feces (Schaarfsma,
2000). Thus, to get truly valid measure of fecgkdtibility the location at which protein
synthesis is determined is important in making aa@ecurate determination. Thus, ileal
digestibility would provide a more accurate measafrdigestibility. PDCAAS, however,
does not factor ileal digestibility into its equati This is considered to be one of the
shortcomings of the PDCAAS (Schaafsma 2000).

Antinutritional factors such as trypsin inhibitoksctins, and tannins present in certain
protein sources such as soybean meal, peas anbdamna have been reported to increase
losses of endogenous proteins at the terminal ilgkaigado et al., 2002). These
antinutritional factors may cause reduced protguirdlysis and amino acid absorption.
This may also be more effected by age, as thetyabilithe gut to adapt to dietary
nutritional insults may be reduced as part of thi@e@process (Sarwar, 1997).

Protein Sources

Protein is available in a variety of dietary sostcEhese include foods of animal and
plant origins as well as the highly marketed spapplement industry. In the following
section proteins from both vegetable and animailce®,) including whey, casein, and soy
will be explored. Determining the effectivenessagirotein is accomplished by
determining its quality and digestibility. Qualitgfers to the availability of amino acids
that it supplies, and digestibility considers hdw protein is best utilized. Typically, all
dietary animal protein sources are considered twob#plete proteins. That is, a protein
that contains all of the essential amino acidste®ne from vegetable sources are
incomplete in that they are generally lacking oneam essential amino acids. Thus,
someone who desires to get their protein from \&getsources (i.e. vegetarian) will
need to consume a variety of vegetables, fruingr and legumes to ensure
consumption of all essential amino acids. As sudiyiduals are able to achieve
necessary protein requirements without consumiseg, lpeultry, or dairy. Protein
digestibility ratings usually involve measuring htive body can efficiently utilize
dietary sources of protein. Typically, vegetabletpein sources do not score as high in
ratings of biological value, net protein utilizatidiPDCAAS, and protein efficiency ratio
as animal proteins.

Animal Protein

Proteins from animal sources (i.e. eggs, milk, migstt and poultry) provide the highest
guality rating of food sources. This is primarilyedto the ‘completeness’ of proteins from
these sources. Although protein from these sowealso associated with high intakes
of saturated fats and cholesterol, there have Aeemmber of studies that have
demonstrated positive benefits of animal protemgarious population groups (Campbell
et al., 1999; Godfrey et al., 1996; Pannemans g1 298).



Protein from animal sources during late pregnaesdyeiieved to have an important role
in infants born with normal body weights. Godfrayak (1996) examined the nutrition
behavior of more than 500 pregnant women to detegitiie effect of nutritional intake
on placental and fetal growth. They reported tHataintake of protein from dairy and
meat sources during late pregnancy was associatiedow birth weights.

In addition to the benefits from total protein congtion, elderly subjects have also
benefited from consuming animal sources of proteiets consisting of meat resulted in
greater gains in lean body mass compared to sslpech lactoovovegetarian diet
(Campbell et al., 1999). High animal protein dieés’e also been shown to cause a
significantly greater net protein synthesis thdngh vegetable protein diet (Pannemans
et al., 1998). This was suggested to be a funaioaduced protein breakdown occurring
during the high animal protein diet.

There have been a number of health concerns regeskrning the risks associated with
protein emanating primarily from animal sourcesnfarily, these health risks have
focused on cardiovascular disease (due to thedatirated fat and cholesterol
consumption), bone health (from bone resorptiontdwsilfur-containing amino acids
associated with animal protein) and other physicligsystem disease that will be
addressed in the section on high protein diets.

Whey

Whey is a general term that typically denotes thedlucent liquid part of milk that
remains following the process (coagulation and camdoval) of cheese manufacturing.
From this liquid, whey proteins are separated andipd using various techniques
yielding different concentrations of whey proteikghey is one of the two major protein
groups of bovine milk, accounting for 20% of thdkmihile casein accounts for the
remainder. All of the constituents of whey protpimovide high levels of the essential and
branched chain amino acids. The bioactivities eséhproteins possess many beneficial
properties as well. Additionally, whey is also richvitamins and minerals. Whey protein
is most recognized for its applicability in spantgrition. Additionally, whey products

are also evident in baked goods, salad dressingds#iers, infant formulas, and
medical nutritional formulas.

Varieties of Whey Protein

There are three main forms of whey protein thatltdsom various processing
techniques used to separate whey protein. Thewlaeg powder, whey concentrate, and
whey isolate. Table 2 provides the composition dfeyvProteins.

Whey Protein Powder

Whey protein powder has many applications througtimeifood industry. As an additive
it is seen in food products for beef, dairy, bakegnfectionery, and snack products.
Whey powder itself has several different varietresuding sweet whey, acid whey (seen
in salad dressings), demineralized (seen primaslg food additive including infant
formulas), and reduced forms. The demineralizedraddced forms are used in products
other than sports supplements.



Whey Protein Concentrate

The processing of whey concentrate removes therwattose, ash, and some minerals.
In addition, compared to whey isolates whey corregatypically contains more
biologically active components and proteins thakenhhem a very attractive supplement
for the athlete.

Whey Protein I solate (WPI)

Isolates are the purest protein source availableywyrotein isolates contain protein
concentrations of 90% or higher. During the proicessef whey protein isolate there is a
significant removal of fat and lactose. As a resatfividuals who are lactose-intolerant
can often safely take these products (Geiser, 2@08)ough the concentration of protein
in this form of whey protein is the highest, itasftcontain proteins that have become
denatured due to the manufacturing process. Thatdietion of proteins involves
breaking down their structure and losing peptidedsoand reducing the effectiveness of
the protein.

Whey is a complete protein whose biologically aettomponents provide additional
benefits to enhance human function. Whey protentasns an ample supply of the amino
acid cysteine. Cysteine appears to enhance glateghevels, which has been shown to
have strong antioxidant properties that can agssbody in combating various diseases
(Counous, 2000). In addition, whey protein conta@msimber of other proteins that
positively effect immune function such as antimbied activity (Ha and Zemel, 2003).
Whey protein also contains a high concentratiobrahched chain amino acids (BCAA)
that are important for their role in the mainteren€ tissue and prevention of catabolic
actions during exercise. (MacLean et al., 1994).

Casein

Casein is the major component of protein foundawmite milk accounting for nearly 70-
80% of its total protein and is responsible forwigte color of milk. It is the most
commonly used milk protein in the industry todayilkivproteins are of significant
physiological importance to the body for functioekating to the uptake of nutrients and
vitamins and they are a source of biologically\acpeptides. Similar to whey, casein is a
complete protein and also contains the mineralsuwal and phosphorous. Casein has a
PDCAAS rating of 1.23 (generally reported as ad¢ated value of 1.0) (Deutz et al.
1998).

Casein exists in milk in the form of a micelle, whiis a large colloidal particle. An
attractive property of the casein micelle is itdighto form a gel or clot in the stomach.
The ability to form this clot makes it very efficiein nutrient supply. The clot is able to
provide a sustained slow release of amino aciastiv@ blood stream, sometimes lasting
for several hours (Boirie et al. 1997). This pr@sdetter nitrogen retention and
utilization by the body.

Bovine Colostrum



Bovine colostrum is the "pre" milk liquid secretieg female mammals the first few days
following birth. This nutrient-dense fluid is imgant for the newborn for its ability to
provide immunities and assist in the growth of depmg tissues in the initial stages of
life. Evidence exists that bovine colostrum cordgagnowth factors that stimulate cellular
growth and DNA synthesis (Kishikawa et al., 19%6)¢d as might be expected with such
properties, it makes for interesting choice astamttl sports supplement.

Although bovine colostrum is not typically thougditas a food supplement, the use by
strength/power athletes of this protein supplenasrdn ergogenic aid has become
common. Oral supplementation of bovine colostrum liegen demonstrated to
significantly elevate insulin-like-growth factor(lIGF-1) (Mero et al., 1997) and enhance
lean tissue accruement (Antonio et al., 2001; Buimith et al., 2004). However, the
results on athletic performance improvement are ¢esiclusive. Mero and colleagues
(1997) reported no changes in vertical jump pertoroe following 2-weeks of
supplementation, and Brinkworth and colleagues 4288w no significant differences in
strength following 8-weeks of training and suppletaéion in both trained and untrained
subjects. In contrast, following 8-weeks of suppatation significant improvements in
sprint performance were seen in elite hockey pkfldofman et al., 2002). Further
research concerning bovine colostrum supplement&tistill warranted.

Vegetable Protein

Vegetable proteins, when combined to provide fbofalhe essential amino acids,
provide an excellent source for protein considetireg they will likely result in a
reduction in the intake of saturated fat and cheles Popular sources include legumes,
nuts and soy. Aside from these products, vegetabolein can also be found in a fibrous
form called textured vegetable protein (TVP). T\éiroduced from soy flour in which
proteins are isolated. TVP is mainly a meat alteveaand functions as a meat analog in
vegetarian hot dogs, hamburgers, chicken patties|tes also a low-calorie and low-fat
source of vegetable protein. Vegetable sourcesatéim also provide numerous other
nutrients such as phytochemicals and fiber thatbs® highly regarded in the diet diet.

Soy

Soy is the most widely used vegetable protein sourhe soybean, from the legume
family, was first chronicled in China in the ye&®38 B.C. and was considered to be as
valuable as wheat, barley, and rice as a nutritistagle. Soy's popularity spanned
several other countries, but did not gain notorfetyits nutritional value in The United
States until the 1920s. The American populatiorsaares a relatively low intake of soy
protein (5g-day-1) compared to Asian countries [gta2002). Although cultural
differences may be partly responsible, the lowegiroguality rating from the PER scale
may also have influenced protein consumption teciésnHowever, when the more
accurate PDCAAS scale is used, soy protein wagteghto be equivalent to animal
protein with a score of 1.0, the highest possiatang (Hasler, 2002). Soy's quality makes
it a very attractive alternative for those seekiog-animal sources of protein in their diet
and those who are lactose intolerant. Soy is a temprotein with a high concentration
of BCAA's. There have been many reported benedltged to soy proteins relating to
health and performance (including reducing plaspid profiles, increasing LDL-



cholesterol oxidation and reducing blood pressumayever further research still needs
to be performed on these claims.

Soy Protein Types

The soybean can be separated into three distitejaes; flour, concentrates, and
isolates. Soy flour can be further divided intounat or full-fat (contains natural oils),
defatted (oils removed), and lecithinated (lecithitded) forms (Hasler, 2002). Of the
three different categories of soy protein produstsy, flour is the least refined form. It is
commonly found in baked goods. Another productoyf fbour is called textured soy
flour. This is primarily used for processing as eatnextender. See Table 3 for protein
composition of soy flour, concentrates, and isalate

Soy concentrate was developed in the late 1960santygl 1970s and is made from
defatted soybeans. While retaining most of the sgamotein content, concentrates do not
contain as much soluble carbohydrates as flourjmgakmore palatable. Soy
concentrate has a high digestibility and is foumdutrition bars, cereals, and yogurts.

Isolates are the most refined soy protein prodantaining the greatest concentration of
protein, but unlike flour and concentrates, contardietary fiber. Isolates originated
around the 1950s in The United States. They angdigestible and easily introduced
into foods such as sports drinks and health beesrag well as infant formulas.

Nutritional Benefits

For centuries, soy has been part of a human dgdeBiologists were most likely the
first to recognize soy's benefits to overall healtien considering populations with a
high intake of soy. These populations shared lam@dences in certain cancers,
decreased cardiac conditions, and improvementsemopausal symptoms and
osteoporosis in women (Hasler, 2002). Based upoalatude of studies examining the
health benefits of soy protein the American Heas$dciation issued a statement that
recommended soy protein foods in a diet low inrsatal fat and cholesterol to promote
heart health (Erdman, 2000). The health benefge@ated with soy protein are related
to the physiologically active components that aad pf soy, such as protease inhibitors,
phytosterols, saponins, and isoflavones (PottédQR0rhese components have been
noted to demonstrate lipid-lowering effects, inse&aDL-cholesterol oxidation, and
have beneficial effects on lowering blood pressure.

| soflavones

Of the many active components in soy products|asofes have been given
considerably more attention than others. Isoflagare thought to be beneficial for
cardiovascular health, possibly by lowering LDL centrations (Crouse et al., 1999)
increasing LDL oxidation (Tikkanen et al., 1998pamproving vessel elasticity (Nestel
et al., 1999). However, these studies have notwitbbut conflicting results and further
research is still warranted concerning the benefitsoflavones.

Soy Benefitsfor Women



An additional focus of studies investigating sopgementation has been on women's
health issues. It has been hypothesized that censgpthat isoflavones are considered
phytoestrogens (exhibit estrogen- like effects laind to estrogen receptors) they
compete for estrogen receptor sites in breastdigsth endogenous estrogen, potentially
reducing the risk for breast cancer risk (Wu eL@B8). Still, the association between soy
intake and breast cancer risk remains inconclusiesvever, other studies have
demonstrated positive effects of soy protein suppl&ation on maintaining bone

mineral content (Ho et al., 2003) and reducingsineerity of menopausal symptoms
(Murkies et al., 1995).

High Protein Diets

Increased protein intakes and supplementation gernerally been focused on athletic
populations. However, over the past few years pigitein diets have become a method
used by the general population to enhance weighicteon. The low-carbohydrate, high
protein, high fat diet promoted by Atkins may be thost popular diet used today for
weight loss in the United States (Johnston eR@D4). The basis behind this diet is that
protein is associated with feelings of satiety aallintary reductions in caloric
consumption (Araya et al., 2000; Eisenstein e28l02). A recent study has shown that
the Atkins diet can produce greater weight reducéib3 and 6 months than a low-fat,
high carbohydrate diet based upon U.S. dietaryedues (Foster et al., 2003). However,
potential health concerns have arisen concerniagalfety of high protein diets. In 2001,
the American Heart Association published a statéroemlietary protein and weight
reduction and suggested that individuals followsngh a diet may be at potential risk for
metabolic, cardiac, renal, bone and liver diseéSesleor et al., 2001).

Protein Intake and Metabolic Disease Risk

One of the major concerns for individuals on higbtein, low carbohydrate diets is the
potential for the development of metabolic keto8s.carbohydrate stores are reduced
the body relies more upon fat as its primary enagyce. The greater amount of free
fatty acids that are utilized by the liver for egnewill result in a greater production and
release of ketone bodies in the circulation. Thikincrease the risk for metabolic
acidosis and can potentially lead to a coma anthd@arecent multi-site clinical study
(Foster et al., 2003) examined the effects of lanbohydrate, high protein diets and
reported significant elevation in ketone bodiedsryithe first three months of the study.
However, as the study duration continued the péagenof subjects with positive urinary
ketone concentrations became reduced, and by sixhsarrinary ketones were not
present in any of the subjects.

Dietary Protein and Cardiovascular Disease Risk

High protein diets have also been suggested to hegative effects on blood lipid
profiles and blood pressure, causing an increakdar cardiovascular disease. This is
primarily due to the higher fat intakes associatét these diets. However, this has not
been proven in any scientifically controlled stigdiglu et al., (1999) have reported an
inverse relationship between dietary protein (ahama vegetable) and risk of
cardiovascular disease in women, and Jenkins diehgaes (2001) reported a decrease
in lipid profiles in individuals consuming a highgpein diet. Furthermore, protein intake



has been shown to often have a negative relatipmeitih blood pressure (Obarzanek et
al., 1996). Thus, the concern for elevated riskcBdiovascular disease from high
protein diets appears to be without merit. Likéhe reduced body weight associated
with this type of diet is facilitating these chasge

In strength/power athletes who consume high pratits, a major concern was the
amount of food being consumed that was high inrated fats. However, through better
awareness and nutritional education many of thiédetas are able to obtain their protein
from sources that minimizes the amount of fat camsal For instance, removing the skin
from chicken breast, consuming fish and lean keeed,egg whites. In addition, many
protein supplements are available that contaile litt no fat. It should be acknowledged
though that if elevated protein does come primdrdyn meats, dairy products and eggs,
without regard to fat intake, there likely would &e increase in the consumption of
saturated fat and cholesterol.

Dietary Protein and Renal Function

The major concern associated with renal functios tha role that the kidneys have in
nitrogen excretion and the potential for a hight@irodiet to over-stress the kidneys. In
healthy individuals there does not appear to beaaivgrse effects of a high protein diet.
In a study on bodybuilders consuming a high prof2i@ g-kg-1) diet no negative
changes were seen in any kidney function testsr{§taan and Dellalieux, 2000).
However, in individuals with existing kidney diseatis recommended that they limit
their protein intake to approximately half of thermal RDA level for daily protein

intake (0.8 g-kg-1-day-1). Lowering protein inta&éhought to reduce the progression of
renal disease by decreasing hyperfiltration (Bremnal., 1996).

Dietary Protein and Bone

High protein diets are associated with an incréasalcium excretion. This is apparently
due to a consumption of animal protein, which ghler in sulfur-based amino acids than
vegetable proteins (Remer and Manz, 1994; BaratMassey, 1998). Sulfur-based
amino acids are thought to be the primary causalafuria (calcium loss). The
mechanism behind this is likely related to the éase in acid secretion due to the
elevated protein consumption. If the kidneys arablmto buffer the high endogenous
acid levels, other physiological systems will néedompensate, such as bone. Bone acts
as a reservoir of alkali, and as a result calcisifiberated from bone to buffer high acidic
levels and restore acid-base balance. The calalsased by bone is accomplished
through osteoclast-mediated bone resorption (AaredtSpowage, 1996). Bone
resorption (loss or removal of bone) will causeesalishe in bone mineral content and
bone mass (Barzel, 1976), increasing the risk émeldfracture and osteoporosis.

The effect of the type of protein consumed on b@serption has been examined in a
number of studies. Sellmeyer and colleagues (268dmined the effects of various
animal-to- vegetable protein ratio intakes in digeromen (> 65 y). They showed that
the women consuming the highest animal to vegetaiolin ratio had nearly a 4-fold
greater risk of hip fractures compared with womenstiming a lower animal to
vegetable protein ratio. Interestingly, they did report any significant association



between the animal to vegetable protein ratio amkebnineral density. Similar results
were shown by Feskanich et al (1996), but in a geuflemale population (age range =
35 - 59 mean 46). In contrast, other studies eximgiolder female populations have
shown that elevated animal protein will increasedomineral density, while increases in
vegetable protein will have a lowering effect omeanineral density (Munger et al.,
1999; Promislow et al., 2002). Munger and colleagd®99) also reported a 69% lower
risk of hip fracture as animal protein intake iraged in a large (32,000) postmenopausal
population. Other large epidemiological studiesehalso confirmed elevated bone
density following high protein diets in both elderhen and women (Dawson-Hughes et
al., 2002; Hannan et al., 2000). Hannon and calieag2000) demonstrated that animal
protein intake in an older population, several 8rgeeater than the RDA requirement,
results in a bone density accruement and signifidaarease in fracture risk. Dawson-
Hughes et al (2002), not only showed that animaigdn will not increase urinary
calcium excretion, but was also associated withérdevels of IGF-I and lower
concentrations of the bone resorption marker Npighbide.

These conflicting results have contributed to thefasion regarding protein intake and
bone. It is likely that other factors play an imgamtt role in further understanding the
influence that dietary proteins have on bone loggatn. For instance, the intake of
calcium may have an essential function in maintejrione. A higher calcium intake
results in more absorbed calcium and may offselabses induced by dietary protein and
reduce the adverse effect of the endogenous asidadione resorption (Dawson-
Hughes, 2003). Furthermore, it is commonly assuthatdanimal proteins have a higher
content of sulfur-containing amino acids per g aftpin. However, examination of Table
4 shows that this may not entirely correct. If protcame from wheat sources it would
have a mEq of 0.69 per g of protein, while profeam milk contains 0.55 mEq per g of
protein. Thus, some plant proteins may have a greatential to produce more mEq of
sulfuric acid per g of protein than some animak@res (Massey, 2003). Finally, bone
resorption may be related to the presence or abs#ravitamin D receptor allele. In
subjects that had this specific allele a signifteglevation in bone resorption markers
were present in the urine following 4-weeks of pnetsupplementation, while in subjects
without this specific allele had no increase indipeptide (Harrington et al., 2004). The
effect of protein on bone health is still uncldaut it does appear to be prudent to monitor
the amount of animal protein in the diet for susikd individuals. This may be more
pronounced in individuals that may have a genetdoe/ment for this. However, if
animal protein consumption is modified by otherrauits (e.g. calcium) the effects on
bone health may be lessened.

Protein Intakeand Liver Disease Risk

The American Heart Association has suggested ightgrotein diets may have
detrimental effects on liver function (St. Jeoakt 2001). This is primarily the result of a
concern that the liver will be stressed throughabelizing the greater protein intakes.
However, there is no scientific evidence to supfiug contention. Jorda and colleagues
(1988) did show that high protein intakes in ratsdoice morphological changes in liver
mitochondria. However, they also suggested thatlthanges were not pathological, but
represented a positive hepatocyte adaptation tetabnlic stress.



Protein is important for the liver not only in protmg tissue repair, but to provide
lipotropic agents such as methionine and cholinghfe conversion of fats to lipoprotein
for removal form the liver (Navder and Leiber, 2aGD3Trhe importance of high protein
diets has also been acknowledged for individualk iwer disease and who are
alcoholics. High protein diets may offset the etedgprotein catabolism seen with liver
disease (Navder and Leiber, 2003b), while a higitepom diet has been shown to improve
hepatic function in individuals suffering from ahadic liver disease (Mendellhall et al.,
1993).

Comparisons between Different Protein Sources omatuPerformance

Earlier discussions on protein supplementationathtétic performance have shown
positive effects from proteins of various sourdéswever, only limited research is
available on comparisons between various protainces and changes in human
performance. Recently, there have been a numbmmoparisons between bovine
colostrum and whey protein. The primary reasortticd® comparison is the use by these
investigators of whey protein as the placebo griaupany of the studies examining
bovine colostrum (Antonio et al., 2001; Brinkwosghal., 2004; Brinkworth and
Buckley, 2002; Coombes et al., 2002; Hofman et28l02). The reason being that whey
protein is similar in taste and texture as bovio®strum protein.

Studies performed in non-elite athletes have beeoniclusive concerning the benefits of
bovine colostrum compared to whey protein. Sev&talies have demonstrated greater
gains in lean body mass in individuals supplemegniiith bovine colostrum than whey,
but no changes in endurance or strength performgadenio et al., 2001; Brinkworth et
al., 2004). However, when performance was meadofeaving prolonged exercise
(time to complete 2.8 kJ-kg-1 of work following @&@8ur ride) supplement dosages of 20
g-day-1 and 60 g-day-1 were shown to significaintlyrove time trial performance in
competitive cyclists (Coombes et al., 2002). Thesalts may be related to an improved
buffering capacity following colostrum supplemerdat Brinkworth and colleagues
(2002) reported that although no performance cheangge seen in rowing performance,
the elite rowers that were studied did demonstaatemproved buffering capacity
following 9-weeks of supplementation with 60 g-dagf bovine colostrum when
compared to supplementing with whey protein. Thprowed buffering capacity
subsequent to colostrum supplementation may haeeluenced the results reported
by Hofman et al., (2002). In that study elite fiblockey players supplemented with
either 60 g-day-1 of either colostrum or whey grofer 8-weeks. A significantly greater
improvement was seen in repeated sprint performantte group supplementing with
colostrum compared to the group supplementing wiiby protein. However, a recent
study has suggested that the improved bufferintesyseen following colostrum
supplementation is not related to an improved péabaoffering system, and that any
improved buffering capacity occurs within the tisg@rinkworth et al., 2004).

In a comparison between casein and whey proteiplsogentation, Boirie and colleagues
(1997) showed that a 30-g feeding of casein vendey had significantly different
effects on postprandial protein gain. They shovirad following whey protein ingestion



the plasma appearance of amino acids is fast,dngtransient. In contrast, casein is
absorbed more slowly producing a much less dramagan plasma amino acid
concentrations. Whey protein ingestion stimulatextean synthesis by 68%, while casein
ingestion stimulated protein synthesis by 31%. Wiheninvestigators compared
postprandial leucine balance after 7-hours postgtign, casein consumption resulted in
a significantly higher leucine balance, whereasmmange from baseline was seen 7-hours
following whey consumption. These results sugdest whey protein stimulates a rapid
synthesis of protein, but a large part of this @irots oxidized (used as fuel), while casein
may result in a greater protein accretion ovemgdo duration of time. A subsequent
study showed that repeated ingestions of whey jor¢d@ equal amount of protein but
consumed over a prolonged period of time [4 hocoshpared to a single ingestion)
produced a greater net leucine oxidation than e#tsngle meal of casein or whey
(Dangin et al., 2001). Interestingly, both caseid ahey are complete proteins but their
amino acid composition is different. Glutamine dgacine have important roles in
muscle protein metabolism, yet casein contains 4ad58.9 g of these amino acids,
respectively while whey contains 21.9 and 11.1 the§e amino acids, respectively.
Thus, the digestion rate of the protein may be nmoportant than the amino acid
composition of the protein.

In a study examining the effects of casein and wdrepody composition and strength
measures, 12 weeks of supplementation on overwpdite officers showed
significantly greater strength and lean tissuewatient in the subjects ingesting casein
compared to whey (Demling and DeSanti, 2000). Rratepplementation provided a
relative protein consumption of 1.5 g-kg-day-1.j8ctis supplemented twice per day
approximately 8-10 hours apart.

Only one study known has compared colostrum, whelycasein supplementation (Fry
et al., 2003). Following 12-weeks of supplementatite authors reported no significant
differences in lean body mass, strength or powdppaances between the groups.
However, the results of this study should be exacdhinith care. The subjects were
comprised of both males and females who were eggisttraining for recreational
purposes. In addition, the subject number for egohp ranged from 4-6 subjects per
group. With a heterogeneous subject populationaaliosy subject number, the statistical
power of this study was quite low. However, thehau did analyze effect sizes to
account for the low statistical power. This anaytkiough did not change any of the
observations. Clearly, further research is needexmparisons of various types of
protein on performance improvements. However, likedy that a combination of
different proteins from various sources may provogémal benefits for performance.

CONCLUSIONS

It does appear that protein from animal sources isnportant source of protein for
humans from infancy until mature adulthood. Howetee potential health concerns



associated with a diet of protein consumed primdrdm animal sources should be
acknowledged. With a proper combination of sourgeggetable proteins may provide
similar benefits as protein from animal sourcesintmance of lean body mass though
may become a concern. However, interesting data exist concerning health benefits
associated with soy protein consumption.

In athletes supplementing their diets with addiigprotein, casein has been shown to
provide the greatest benefit for increases in pmatgnthesis for a prolonged duration.
However, whey protein has a greater initial berfefiprotein synthesis. These
differences are related to their rates of absanpfiias likely a combination of the two
could be beneficial, or smaller but more frequegestion of whey protein could prove
to be of more value. Considering the paucity oéaesh examining various sources of
protein in sport supplementation studies, furtlesearch appears warranted on
examining the benefits of these various proteincesl

KEY POINTS

Higher protein needs are seen in athletic populatio

Animal proteins is an important source of protéiowever potential health concerns do

exist from a diet of protein consumed from primaahimal sources.

With a proper combination of sources, vegetablégime may provide similar benefits as
protein from animal sources.

Casein protein supplementation may provide thetgse@enefit for increases in protein

synthesis for a prolonged duration.

Recovery from prolonged strenuous exercise reqtiesdepleted fuel stores be
replenished, that damaged tissue be repaired andrdining adaptations be initiated.
Critical to these processes are the type, amouhtiamng of nutrient intake. Muscle
glycogen is an essential fuel for intense exereidwther the exercise is of an aerobic or
anaerobic nature. Glycogen synthesis is a relgtslelw process, and therefore the
restoration of muscle glycogen requires speciasittamations when there is limited time
between training sessions or competition. To mazentine rate of muscle glycogen
synthesis it is important to consume a carbohydsapplement immediately post
exercise, to continue to supplement at frequeptwals and to consume approximately
1.2 g carbohydrate-kg-1 body wt-h-1. Maximizingeglyen synthesis with less frequent
supplementation and less carbohydrate can be azhiewh the addition of protein to the
carbohydrate supplement. This will also promotegirosynthesis and reduce protein
degradation, thus having the added benefit of datimg muscle tissue repair and
adaptation. Moreover, recent research suggestsdhatiming a carbohydrate/protein
supplement post exercise will have a more positiflaence on subsequent exercise
performance than a carbohydrate supplement.



INTRODUCTION

Recovery from exercise is a complex process raguihe replenishment of the body's
fuel stores, the repair of damaged muscle tissddlamninitiation of training adaptations.
This requires the body to switch from a predomilyacaitabolic state to a predominantly
anabolic state. For this transition to occur edintly and effectively requires not only that
the proper nutrients be consumed, but also thgtlibeconsumed at the appropriate time.

The major source of fuel used by the skeletal nassdlring prolonged aerobic exercise
of a strenuous nature is muscle glycogen. The itapoe of muscle glycogen as a fuel
source cannot be overstated. In general, it has #emonstrated that aerobic endurance
is directly related to the initial muscle glycog&ores, that strenuous exercise cannot be
maintained once these stores are depleted, anparaption of fatigue during

prolonged intense exercise parallels the declimauscle glycogen (Hermansen et al.,
1965; Ahlborg, et al., 1967; Bergstrom and HultmE®67; Bergstrom et al., 1967).
Because of the importance of muscle glycogen fetasning prolonged intense exercise,
there has been considerable research to estaishdst efficient means for its
replenishment once depleted. Early research focoisdwbw to replenish the muscle
glycogen stores on a daily basis in preparatiortémsecutive days of competition or
exercise training. However, because many athletgstrain or have to compete several
times a day, more recent research has focusedwmch@plenishing the muscle
glycogen stores within several hours after exesciBethis regard, questions that have
been addressed include the most appropriate amaodrfrequency of carbohydrate
supplementation, the most appropriate times tolsapgnt, as well as the most
appropriate supplements to use.

Aside from a reduction in the muscle glycogen stpsérenuous exercise will result in
muscle tissue damage. This damage is due in p#retphysical stress placed on the
muscle, particularly during the eccentric phaseascle contraction (Clarkson and
Hubal, 2002; Evans, 2002), and hormonal changesehalt in the breakdown of muscle
protein, as well as fat and carbohydrate, to pmvit fuel for powering muscle
contraction (Walsh et al., 1998). However, musemdge does not just occur during
exercise, but can continue after exercise for nfamys. This occurs as a result of a
protracted exercise hormonal milieu, an increadeem radicals and acute inflammation.
Not only will such tissue damage limit performanices to delayed onset muscle
soreness, but it will also compromise the replenisht of muscle glycogen and limit
muscle training adaptations (O'Reilly et al., 198@still et al., 1990).

In this review the most efficient and appropriateams of rapidly replenishing the muscle
glycogen stores post exercise will be discussesb Aiscussed will be the means of
limiting post exercise muscle damage and stimugatiuscle protein synthesis. Finally,
evidence will be presented that the procedures wseapidly replenish the muscle
glycogen stores and stimulate protein synthesisfayibrably affect physical
performance.



MUSCLE GLYCOGEN REPLENISHMENT POST EXERCISE

The competitive nature of sports today requiresyrahletes to cross-train and train
multiple times per day. Moreover, many athletes imayequired to compete in several
different contests over subsequent days or evaheosame day. Recent research has
suggested that for these situations athletes ldrmh the rapid restoration of their
muscle glycogen stores. Many factors will affe@ thte of muscle glycogen storage after
exercise. These include the timing of carbohydcatesumption, the amount and
frequency of carbohydrate consumption, and thetiaaddf protein to a carbohydrate
supplement.

Timing of Carbohydrate Consumption After Exercise

It has been found that muscle glycogen synthesisi® rapid if carbohydrate is
consumed immediately following exercise as oppdseudaiting several hours (lvy et al.,
1988a). When carbohydrate is consumed immediaftdy exercise the rate of glycogen
synthesis averages between 6 to 8 mmol-kg-1 whtlytwhereas, if the supplement is
delayed several hours the rate of synthesis isceati60% (Maehlum et al., 1977; Blom et
al., 1987; Ivy et al. 1988a). The increased symshiesmediately post exercise is due in
part to a faster rate of muscle glucose uptakerasudt of an increase in muscle insulin
sensitivity (Garetto et al., 1984; Richter et 4084; Cartee et al., 1989), and an increase
in the concentration of glucose transporters aasetiwith the plasma membrane of the
muscle (Goodyear et al., 1990; Etgen et al., 1986 time, however, the increase in
insulin sensitivity and membrane glucose transpadecentration declines resulting in a
slower rate of muscle glucose uptake and glycogmage. For instance, Okamura et al.
(1997) infused glucose at the same rate in dogsreitnmediately after exercise or 2-
hours after exercise. Plasma glucose and insulgidevere significantly lower in the
dogs infused immediately after exercise, but thees of hindlimb glucose uptake were
significantly greater. Levenhagen et al. (2001 )ndthat leg glucose uptake was
increased 3-fold above basal when supplemented diatedy after exercise with
carbohydrate, and increased only 44% above basat aipplemented 3-hours after
exercise. This difference in rate of uptake ocalidespite no differences in leg blood
flow, or blood glucose and insulin concentratioesA®en the two treatments.

It should also be pointed out that after exerdise tlepletes the body's carbohydrate
stores, there is little if any increase in musdjeggen storage until adequate
carbohydrate is made available (Ivy et al., 1988agt al., 1998b; Zawadzki et al.,
1992). Therefore, early intake of carbohydraterafteenuous exercise is essential
because it provides an immediate source of subdtwahe muscle, while also taking
advantage of the increased insulin sensitivity ruednbrane permeability of the muscle
to glucose. Furthermore, supplementing immediaéisr exercise appears to delay the
decline in insulin sensitivity, and with frequenipplementation, a relatively rapid rate of
glycogen storage can be maintained for up to 8spast exercise (Blom et al., 1987,
lvy et al., 1988b).



Amount of Dietary Carbohydrate

An important dietary factor affecting muscle glyeoageplenishment is obviously the
amount of carbohydrate consumed. When provided uintedy post exercise, the rate of
glycogen storage will decline as glucose availgbdecreases (lvy et al., 1988a).
However, Blom et al. (1987) demonstrated that deisline could be attenuated for up to
8-hours if supplements were continually provide@-&bur intervals. They also found
that supplementing with 0.7 g glucose-kg-1 bodwapygeared to maximize muscle
glycogen storage, as there was no difference ftaetdeen supplements containing 0.7
and 1.4 g glucose-kg-1 body wt. Research fromahorhtory, however, suggests that
when providing carbohydrate supplementation at @-nctervals, 1.2 to 1.4 g of
glucose-kg-1 body wt (0.6 to 0.7 g carbohydratd: kepdy wt-h-1) is required to
maximize muscle glycogen storage (lvy et al., 198888b).

The rate of glycogen synthesis that is maintainedupplementing at 2-hour intervals,
approximately 7 mmol-kg-1 wet wt-h-1, does not appe be the highest rate of muscle
glycogen synthesis possible. Some studies havealfthat supplementing at increased
frequency and the addition of protein to the cayhlohte supplement can positively
influence the rate of synthesis (Doyle et al., 2938hl-Aulin et al., 2000; van Hall et al.,
2000).

Frequency of Carbohydrate Supplementation

When carbohydrate supplementation occurs at fraqotrvals such as every 15 to 30
minutes and in high amounts, the rate of muscleaggn storage has been found to be
approximately 30% higher than when supplementiregye2-hours (Doyle et al., 1993;
Piehl-Aulin et al., 2000; van Hall et al., 2000¥ye et al. (1993) reported glycogen
storage rates of 10 mmol-kg-1 wet wt-h-1duringfiiseé 4 hours of recovery from
exercise when subjects received 0.4 g carbohylptiebody wt every 15 minutes (1.6 g
carbohydrate-kg-1 body wt-h-1). Similar rates wepsrted by van Hall et al. (2000)
during a 4-hour recovery period when supplementaticcurred at 15-minute intervals,
and by Piehl-Aulin et al. (2000) during the firatat hours of recovery when
supplementing at 30-minute intervals. In theseistudarbohydrate was provided at a
rate of approximately 1.0 to 1.2 g-kg-1 body wt:f4iese studies suggest that
supplementing at 15 to 30 minutes intervals magrieéerable to supplementing every 2-
hours for the rapid restoration of the muscle gfy@ostores post exercise. They also
suggest that when supplementing at frequent ingrtlee optimal amount of
carbohydrate is in the range of 1.2 g-kg-1 bodhdt-Unfortunately, there have not
been any studies conducted directly comparingrémguiency of supplementation on the
rate of glycogen storage.

Effect of Protein on Glycogen Storage

Our laboratory was the first to study the combie#dct of protein plus carbohydrate on
muscle glycogen synthesis (Zawadzki et al., 19G@jnparisons were made for
supplements consisting of 112 g of carbohydrate24% w/v mixture and 112 g of
carbohydrate with 40.7 g of protein provided imnagely after and 2-hours after
exercise. It was found that the addition of proteithe carbohydrate supplement



increased the rate of glycogen storage by apprdeimnad8% over the first 4-hours of
recovery. The greater rate of synthesis was belieecto a greater insulin response as a
result of the addition of protein to the carbohydrsupplement (Pallotta and Kennedy,
1968; Spiller et al., 1987). Controversy arousaydwxer, because the carbohydrate and
carbohydrate/protein supplements we used weresnogloric, and subsequent research
from other laboratories failed to confirm our fings (Tarnopolsky et al., 1997;
Carrithers et al., 2000; van Hall et al., 2000;tjgers et al., 2001). The conflicting results,
however, can probably be attributed to differennesxperimental design such as the
frequency of supplementation and the amount aneistgp carbohydrate and protein
provided. In general, those studies that did notalestrate a benefit of protein used more
frequent feeding intervals (Tarnopolsky et al., 2;99arrithers et al., 2000; van Hall et
al., 2000; Jentjens et al., 2001), provided greateounts of carbohydrate (van Hall et al.,
2000; Jentjens et al., 2001), and in some studsssprotein (Carrithers et al., 2000;
Tarnopolsky et al., 1997). Support for this suppasicomes from a recent study from
our laboratory in which we tested the hypothesa ghcarbohydrate-protein supplement
would be more effective in the replenishment of oheigllycogen after exercise
compared with a carbohydrate supplement of equbbbgdrate content or caloric
equivalency when supplementing immediately and @hpost exercise (lvy et al.,
2002). After several hours of intense cycling tpldee the muscle glycogen stores, the
subjects received, using a rank-ordered desigattabydrate protein (80 g CHO, 28 g
Pro, 6 g fat), iso-carbohydrate (80 g CHO, 6 g fat)socaloric carbohydrate (108 g
CHO, 6 g fat) supplement. After 4-hours of recoyenyscle glycogen was significantly
greater for the carbohydrate/protein treatment§8%- 4.4 mmol-1-1) when compared
with the iso-carbohydrate (70.0 £ 4.0 mmol-I-1) &wtaloric (75.5 £ 2.8 mmol-I-1)
treatments. Glycogen storage did not differ sigatfitly between the iso-carbohydrate
and isocaloric treatments. Of interest was the \amge difference in glycogen storage
between treatments during the first 40 minutesobvery. Glycogen storage was twice
as fast after the carbohydrate/ protein treatnteant after the isocaloric treatments, and
four times faster than after the iso-carbohydnagatinent. This trend was also noted
following the second feeding 2-hours into recovery.

The results indicate that the co-ingestion of protgth carbohydrate will increase the
efficiency of muscle glycogen storage when supplding at intervals greater than 1-
hour apart, or when the amount of carbohydratesiagkis below the threshold for
maximal glycogen synthesis. These results have ritapbimplications for athletes who
wish to limit there carbohydrate intake in an eftorcontrol body weight and for those
athletes who participate in sports that have vhortsecovery periods during
competition such as basketball, ice hockey andesocc

LIMITING MUSCLE DAMAGE AND INITIATING MUSCLE PROTEIN
ACCRETION



During strenuous exercise there is generally dantmafee active muscles and this
damage can continue after exercise due to acdeletiatprotein degradation. For
complete recovery, it is important to initiate @iotsynthesis while limiting protein
degradation. Like muscle glycogen storage, musdtem synthesis and degradation are
affected by the types, amount and timing of nutrgpplementation.

Types of Supplementation Affecting Protein Synthesid Degradation

Although the muscle can have residual cataboliwicfollowing exercise, it is primed
to shift into an anabolic state in the presenahefright nutrients. This is due, in part, to
an increased sensitivity to insulin. Insulin is afehe most anabolic hormones in the
body. Insulin increases muscle amino acid uptakiepaatein synthesis and reduces
protein degradation. Following exercise, raising ptasma insulin level is key to limiting
protracted muscle damage and stimulating proteiretion.

Roy et al. (1997) investigated the effect of cagfabhte supplementation on the
fractional rate of protein synthesis following stance exercise using one leg, with the
opposite leg serving as a control. The subjectsived 1g of carbohydrate-kg-1 body wt
immediately after and 1-hour after exercise orae@bo. Exercise alone did not result in
a significant increase in protein synthesis. Caybodite supplementation, however,
significantly elevated the plasma insulin level amcteased protein synthesis by 36% in
the exercised leg as compared to the none exeregeBurthermore, urinary nitrogen
and 3-methlyhistidine were significantly reducetldaing carbohydrate
supplementation suggesting a reduction in mussseiéi damage and protein degradation.
Conversely, Levenhagen et al. (2002) found no aszen protein synthesis when a
carbohydrate supplement was provided immediatedy @xercise. However, this finding
may have been due to the lack of an appreciablgimesponse resulting from the very
small carbohydrate supplement (8g) provided.

Supplementation of a mixture of essential amindsawiill also increase protein synthesis
(Biolo et al., 1997; Tipton et al., 1999). Actiwvati of protein synthesis by amino acids is
most responsive immediately following exercise.dia the plasma amino acid levels
post exercise by infusion or oral supplementatias een reported to transition the
muscle from a negative protein balance to a pasjtiotein balance by stimulating
protein synthesis (Rasmussen et al., 2000). Whesdimino acid levels are reduced
below normal, amino acids are released from theclawd protein synthesis declines.
Elevating the essential amino acid levels abovenagrhowever, increases amino acid
uptake and muscle protein synthesis (Wolfe, 2001).

While supplementing with either carbohydrate orraracids post exercise may limit
muscle damage and stimulate protein synthesiss tkencreasing evidence that the
combination can have an additive effect (Suzulal t1999; Levenhagen et al., 2002;
Miller et al., 2003). This is likely due to the ®ygist effect that a carbohydrate/amino
acid or carbohydrate/protein supplement has ompldmema insulin response, and the fact
that such supplements maintain an elevation irpkagma amino acid concentration. In
this regard, Levenhagen et al. (2002) found trgled whole body protein synthesis



increased 6-fold and 15%, respectively, when aatartirate/protein supplement was
provided after 60 minutes of cycling at 60% VO2midert protein accretion was also
positive. When a placebo or a carbohydrate supplemas provided, there was a release
of muscle amino acids and protein degradation elesberotein synthesis. In addition,
Miller et al. (2003) assessed the independent antbmed effects of carbohydrate and
amino acid supplementation following leg resistaexercises. Supplements were
provided 1- and 3-hours after exercise and pratgitthesis across the leg was
determined over a 3-hour recovery period. Bothpllaema insulin response and protein
synthesis rate were found to be greatest in regptonthe carbohydrate/amino acid
supplement. The effect of the carbohydrate/amiig sigpplement on net muscle protein
synthesis was roughly equivalent to the sum ofridependent effects of either the
carbohydrate or amino acid supplement alone. Tiedmgs are supported by the
research of Gautsch et al. (1998). These investigdbund that a complete meal
composed of protein and high glycemic carbohydrptesided post exercise would
stimulate mRNA translation initiation for muscleofgin synthesis, whereas a meal
consisting of carbohydrate alone was insufficient.

Nutrient Timing on Protein Synthesis and Degradation

As with the restoration of muscle glycogen aftegreise, the timing of supplementation
for the stimulation of protein accretion also appeaitical. Okamura et al. (1997) appear
to have been the first to investigate the effechotnient timing on muscle protein
synthesis after exercise. They measured the rgietdin synthesis and degradation in
dogs after treadmill exercise. All doges were ieflifor 2-hours with a 10% amino acid
and 10% glucose solution, with half of the dogsigefd immediately after exercise and
the other half infused 2-hours after exercise. Dyithe pre-exercise period and during
exercise there was a net protein breakdown. Oty afitiating the infusion of the
amino acids and glucose mixture did net proteiaited became positive, with the
increase in muscle amino acid uptake and proteithsgis greater when infused
immediately after exercise compared to 2-hours aftercise.

Probably the study best illustrating the effechofrient timing on muscle tissue protein
synthesis and accretion is that by Levenhagen €2@D1). These researchers studied the
effects of a carbohydrate/protein supplement oteprsynthesis and degradation after a
60-minute moderate intensity exercise bout of exggliSubjects were given the
supplement immediately or 3-hours after exercisetdih degradation was unaffected by
supplement timing, but leg protein synthesis wasdased approximately 3-fold above
basal when supplementation occurred immediatelygascise. No increase in protein
synthesis occurred when the supplement was de@ymulirs, and only when the
supplement was immediately provided after exensiae there a positive protein balance
(the rate of protein synthesis exceeded the rapeatéin degradation). It was also of
interest to note that when supplementation occumedediately compared to 3-hours
after exercise, there was a greater fat oxidatiemenhagen et al. (2001) concluded that
ingesting a carbohydrate/ protein supplement edtr exercise increases protein
accretion as well as muscle glycogen storage.



PHYSICAL PERFORMANCE FOLLOWING RECOVERY

Research suggests that providing a carbohydrat&iprsupplement at the appropriate
times after exercise will have a significant impactsubsequent exercise performance.
For example, we compared the effectiveness oflaobgdrate/protein supplement (15%
carbohydrate - 4% protein) designed for recovett that of a traditional sports drink
(6% carbohydrate) (Williams et al, 2003). The sepptnts (355 ml of each) were
provided immediately after and 2-hours after exsrcbDegree of recovery was assessed
by having the subjects exercise to exhaustion @ 8®2max following a 4-hour
recovery period. We found that muscle glycogeroresion was 128% greater and
exercise performance 55% greater when consuminggaitihydrate/protein recovery
drink as compared to the traditional sports dridkviously, from this study one cannot
discern if the difference in performance betweenttio treatments was due to the type
of supplement provided or the amount of carbohydcahsumed. However, the point
that can be made is that a supplement designeskéwcise recovery is much more
effective than a traditional sports drink. Furthers) two recent studies suggest that the
addition of protein to a high carbohydrate recovargplement is advantageous.

Niles et al. (2001) compared the effectivenessac¢aloric carbohydrate (carbohydrate,
152.7 g) and carbohydrate/protein (protein, 11@aghohydrate 40.4 g) supplements to
promote recovery from strenuous aerobic exercigpp@ments were provided
immediately and 1-hour after exercise, and recoway assessed 3-hours after the last
supplement by having the subjects run to exhausti@m exercise intensity 10% about
their anaerobic threshold. Run time to exhaustias 21% longer when the subjects
consumed the carbohydrate/protein supplement cadparthe carbohydrate
supplement. More remarkable are the findings oh8ars et al. (In Press). In their study,
subjects received in random order 1.8 ml-kg-1 betgf a 7.3% carbohydrate or 7.3%
plus 1.85% carbohydrate/protein supplement evemibiites while cycling at 75%
VO2max to exhaustion, and 10 ml-kg-1 body wt imratady after exercise. Twelve to
fifteen hours after the last supplement, the subjesmpleted a second ride to exhaustion
at 85% of VO2max. During the first cycling exerctbe subjects rode 29% longer when
consuming the carbohydrate/protein supplement coedpaith the carbohydrate
supplement. Moreover, during the second ride perémice was 40% longer when
consuming the carbohydrate/protein supplementrdatmgly, plasma creatine
phosphokinase (CPK) levels, an indication of mutiskue damage, were 83% lower
prior to the start of the second exercise in thgexis consuming the
carbohydrate/protein supplement. It was conclutiatithe addition of protein to a
carbohydrate supplement produces improvementsab@eendurance and limits
exercise muscle damage.

CONCLUSIONS



The restoration of muscle glycogen after depletipexercise is a central component of
the recovery process. To maximize the rate of neuglgicogen storage during short-term
recovery, it is important to consume a carbohydsafgplement as soon after exercise as
possible. If consuming only carbohydrate, suppleatén should occur frequently, such
as every 30 minutes, and provide about 1.2 to hbcgrbohydrate-kg-1 body wt-h-1.
However, the efficiency of muscle glycogen storaege be increased significantly with
the addition of protein to a carbohydrate supplemBnis will reduce both the amount of
carbohydrate and frequency of supplementation requo maximize glycogen storage.
If both carbohydrate and protein are consumed,riéécommended that 0.8 g
carbohydrate-kg-1 body wt plus 0.2 g protein-kgdyowt be consumed immediately
and 2-hours after exercise during a 4-hour recoperiod. The addition of protein to a
carbohydrate supplement also has the added adeanftéigniting post exercise muscle
damage and promoting muscle protein accretion. d\leith a rapid increase in muscle
glycogen, these processes can have a significggaianon subsequent exercise
performance.

KEY POINTS

For rapid recovery from prolonged exercise, inportant to replenish muscle glycogen
stores and initiate muscle tissue repair and atiapta

To maximize muscle glycogen replenishment, it ipantant to consume a carbohydrate
supplement as soon after exercise as possible.

Consume the carbohydrate frequently, such as 8@eryinutes, and provide about 1.2 to
1.5 g of carbohydrate-kg-1 body wt-h-1.

Efficiency of muscle glycogen storage can be ineedasignificantly with the addition of
protein to a carbohydrate supplement (~4 to 1 casdiraite to protein ratio).

The addition of protein to a carbohydrate supplernaéso has the added advantage of
limiting post exercise muscle damage and promatingcle protein accretion.



