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Abstract 

A randomised double-blind placebo controlled study design 11 ·as used to i111 ·estigate the 

effects of supplementing 34 l'esistance tl'ained men ( RTM) H'ith Jg/cl of ./3-hydroxv~/3-

methylbutvrnte O f' a com starch placebo 011 stl'ength and body co111positio11 01·er a 9 ~l'eek 

supple111e11tation pel'iod. 

Ar the beginning of rhe study pel'iod, quesrio1111ai!'es wel'e gi1•e11 to each pal'ticipant. Pl'iol' 

to and fo llm1·ing the period of supple111entatio11 ; anthropo111etl'ic 111easu/'e111enrs \\'ere taken, 

i11cludi11g 8 ski1 ifold sites, height, and body 11·eight ; body co111position 1rns 111easu!'ed using 

hioelectl'ical i111peda11 ce analysis: stl'ength 11 ·a s assessed using I l'epetition 11wxi111L1111 

( I RM) stl'ength testing 011 the leg extension, bench p!'ess, and preacher cul'/ apparntus; and 

f ood intakes wel'e assessed using 3-day dietal'y /'eco/'ds. During the supple111enratio11 

pel'iod, all pal'ticipants co111pleted the sa111e l'esistance rroining prog rn111111e and physica l 

ac fi l' it\' was assessed using trnining log book l'ecol'ds. 

Prior to the supplementation pel'iod, a significant dijfel'ence was found between the two 

supplementation gl'oups fo l' initial body mass indices ( BM I: HMB 26.2 ± 0.8; Placebo 22.8 

± 0. 9, P=0.0 14). There was no significant dijfel'ence f ound between rhe HMB and Placebo 

supplemented groups fo r any other baseline anthropometric ( P>0.056), or strength 

measuremenrs ( P>0.583 ). 

Over the study duration rhere was no significant difference found in number of training 

sessions between the two supplemented groups ( P>0.056). Following the supplementation 

period there was no significant change in anthropometric measurements (P>0.095), nor 

actual strength ( P>0.086) over the study duration. However, percent change in leg 
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extension strenp,th increCLsecl sip,nificantfy more for the HMB-supplementecf group than the 

ploceho group (LE: HMB 14.7 ±3.6c/r; Placeho 4.84 ± 2.8%, P=0.041). 

During the supplementCLtion period there was a significant difference }{!llnd between the 

dietarr intakes of some nutrients hetH'een the supplementation groups. The HMB group 

tended to consume a greater percent of energy Fmn carhohwlrates, and had a higher 

maltose intake. The HMB group had a lower percent of energy fi'Ol11 fats in the diet, and 

cmzsumed lower m·erage cholesteml intake than the placebo gm11p ( P<0.047). Se!'eral 

stud\' participants fc1ilecl to meet the recommended clietan· intakes fen· adult New 

Zealcmders of certain 11wrie11ts. The m·erngc intakes ofenergyfi·om carhoh\'drcttes, intakes 

of 1·itw11in A 1·itw11in E, \'ttcmzin B6, potassium, magnesium, colciwn, and selenium ,rere 

!ow/or some participall!s. 

The rnnc!usion of this study m,s that there H'as no heneficicl! e/fl'ct of HMB 

supplementation on bodr composition in resistance trainee! hwncms. hown·er there ii·as a 

significant i11creascj<n111d in leg extension strength 1ritlz HMB s11pp!cmentatio11 in response 

to rcsistcmce exercise m·cr the 9 week supplementation period 
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Chapter 1 Introduction 

It is well documented that elite strength athletes readil y experiment with sports supplements 

(Sandoval, et. al. , 1989; Willi ams, 1989; M anore, et. al. , 1993; Brill & Keane, 1994; 

Butterf ield, 1996; Sl ater, et. al., 200 I ). Sports supplement use has also increased in 

popul arity in recent years amongst recreati onal res istance trained indi v iduals and sports 

enthusiasts (Rubinstein & Federman, 2000). In fac t some studies have shown supplement 

use to be higher in recreati onal resistance tra ined indi viduals than competiti ve bodybuilders 

( Kleiner, et. al., 1994). 

Recreati onal resistance tra ined individuals are bombarded wi th numerous products, all 

c laiming to enhance recovery, musc le strength and growth, and/or fat loss. (Philen, et. al., 

1992 ; Burke, et. al., 2000) . Musc le buildi ng supplements are now avail able at 

supermarkets, by mail order, over the internet, in gyms, as we ll as 111 health stores, 

reflecting the increasi ng popularity of sports supplements (Grunewald & Bailey, 1993; 

C lark son & Rawson, 1999). M any of which have little or no ev idence supporting their 

claims (Grunewald & Bailey, 1993; Butterfield, 1996; Clarkson, 1996). 

HMB is one of the latest, more expensive (Ahrendt, 200 I ) ergogenic supplements aimed at 

resistance trained individuals (Sl ater, et. al., 2000). Though many studi es of HMB 

supplementati on have been done prior to thi s study, mainl y with animals and some studies 

involving humans, there are some concern s regarding the methodology of those prev ious 

studies. The purpose of thi s study therefore is to validate or dispute claims of increased 

strength , increased fat free mass, and body fat loss with HMB supplementati on of 

recreati onal resistance trained men. 



Recreational resistance trained men (RTM) differ from other strength athletes and 

competitive bodybuilders in their level of training (Lamar-Hi ldebrand, er. al., 1989; 

Kleiner, er. al., 1994), dietary intakes, and supplement use (Lamar-Hildebrand, et. al., 

1989; Sandoval , er. al., 1989; Bamman, et. al. , 1993; Withers, et. al. , 1997). 

There was litt le data found on the exercise, dietary, and supplementation patterns of 

recreational resistance tra ined men (RTM), or data distinguishing RTM from strength 

athletes and competiti ve bodybuilders. Therefore the exercise patterns, nutrition factors, 

and supplement use of resistance trained individuals have been investigated in this study, 

along with the effects of HMB supplementati on. 

1.1 Physical Activity Patterns of Resistance Trained 

Men 

The resistance training sessions of individuals exerc ising for physical fitness and 

appearance goals are unique compared to ath letes training for bodybuilding, power lifting, 

weight li ft ing, and sport specific training (Lambert & Flynn, 2002). In addit ion, phys ica l 

fitness, training leve ls, and commitment also vary considerably w ithin recreati onal 

resistance trained individuals (Sandoval, er. al., 1989; Kleiner, et. al., 1994). 

There is limited data describing the exercise programmes of RTM (Sandoval, et. al. , 1989), 

however some studi es comparing non-competiti ve resistance trained indi viduals to 

competitive bodybuilders do indicate more consistent exerci se patterns and less seasonal 

variation in training than competitive bodybuilders (Lamar-Hildebrand et. al., 1989; 

Sandoval, et. al., 1989; Bamman, et. al., 1993). Recreational resistance trained indi viduals 

were generally found to devote less time to resistance exercise, aerobic exercise, and posing 

routines than competitive bodybui lders (Lamar-Hildebrand et. al., 1989). 
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1.2 Adaptations Associated with Resistance Exercise 

Numerous studi es of res istance training techniques have been carried out, varying training 

frequency, vo lume (sets, repetitions, loads), and type (free weights or machines; isotonic, 

isokinetic , or isometric exercise; and concentric or eccentric contractions) (Feigenbaum & 

Pollick, 1999). Although there is still controversy regarding optimum conditions for 

max imum musc le adaptation and stren gth increase, it is generally understood that the 

degree of strength increase is a function of muscle overload at near maximal intensities 

(Nari ci , et. al. , 1989). 

1.2.1 Neural Adaptations 

With initial tra ining, the max imum vo luntary contrac ti on produced by an indi vidual 

increases over a short period of time without a corresponding increase in musc le strength 

and size (M ac Dougall , 1986; Narici , et. al., 1989; Jones & Foll and, 200 I ). Adaptations 

within the nervous system, known as neural adaptati ons (Sale, 1988) are thought to play an 

important ro le in initi al max imum vo luntary contracti on increase with tra ining 

(MacDougall , 1986). However, the ev idence regarding neura l adaptati ons are hard to 

interpret and controversial (Sa le, 1988; Jones, et. al., 1989; Garfinkel & Ca fare I Ii , 1992; 

Jones & Folland, 200 1). 

A possible mechani sm of neural adaptation includes increased motor unit acti vati on with 

training (Heyward , 1998; Jones et. al., 1999). Untrained indi viduals may not be able to 

fully recruit hi gh threshold motor units in some musc le groups (Fleck & Kraemer, 1997; 

Jones & Folland, 200 I ), at different speeds, limb lengths, joint positi ons (Jones & Round, 

1990), or with fatigu_e (Behm, 1995). Another possible mechanism is increased motor 

neuron firing frequency (Fleck & Kraemer, 1997; Heyward, 1998; Hakkinen, et. al. , 2001; 

Jones & Folland , 2001 ), or maximum force production may occur at lower motor neuron 

firing frequencies (Sale, 1988). Neural adaptation may also occur via increased 

synchroni sation of motor unit firing frequency, or changes in the recruitment pattern of 

motor units (Fleck & Kraemer, 1997). However research indicates that asynchronous 
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recruitment of motor units produces greater force than synchronous (Jone , et. al .. 1989; 

Nari ci, et. al. , 1989; Behm, 1995). Increase in synchroni sation of motor units with training 

may only increase the rate of fo rce development (Sale, 1988). 

Exercise induced di sinhibition is thought to be a neura l adaptati on to training, increasing 

the stimulus transmitted to the muscle by reducing neural inhibitory stimulus (Deschenes, 

er. al., 1994; Hakki nen, er. al., 200 I ). These latter are thought to be produced in the central 

nervous system during max imum force and low velocity movements (Fleck & Kraemer, 

1997). The neuromuscul ar juncti on can onl y produce excitatory impulses, not inhibitory 

impul ses (Deschenes, er. al., 1994). Experiments indicate reduced di sinhibiti on and 

increased acti vati on of motor units when an indiv idual experi ences anger, fri ght, or 

di sinhibiti on, (Klausen, 1990) via drugs, hypnos i s, or exc itement (Sale, 1988; M cArdl e, et. 

al. , 199 1). 

Fin all y, improved acti vati on and co-ordinati on of musc les in a spec i fic movement 

(Rutherford & Jones, 1986; Sale, 1988), is thought to occur th rough increased activati on of 

agoni sts and synergists, and decreased co-contracti on of antagoni st musc le groups (Sale, 

1988). Evidence includes di fferences in strength when tra in ing and testin g strength in 

different body pos itions (Jones, et, al., 1989) ; strength increases in the untra ined limb w ith 

unil ateral limb training (Jones, er. al., 1989; Kl ausen, 1990); decreas ing co-acti vati on of 

antagoni st musc les with tra ining, measured by electromyography (Hakkinen, et. al., 200 I ); 

and little or no increa e in strength and size of stabili sati on musc les w ith increas ing fo rce 

development of agoni st muscles in a specific movement (Rutherford & Jones, 1986). 

1.2.2 Morphological Changes 

Long term responses to resistance training include hypertrophy of the musc le group (Narici , 

et. al. , 1989; Ga1finkel & Cafarelli , 1992; M acDougall , 1992; Na1ici , et. al., 1996), 

hypertrophy o f individual musc le fibres (Garfinkel & Cafarelli , 1992; H akkinen, et. al., 

200 I ), increased myofibril number and size, and increased contractile protein content 

(Garfinkel & Cafarelli , 1992; M acDougall , 1992). 
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With hypertrophy, the predominance of T ype IIB to Type IIA musc le fibre subtypes is 

thought to change (Staron & Hikida, 2000); the sarcopl asmic reti culum and T-tubule 

membranes increase (M acDougall , 1992); connecti ve ti ssue such as l igamen ts and tendon 

increase in size and strength (M acDougall , 1986; Heyward , I 998); and bone strength and 

density increase (Heyward , 1998). However the proporti on of capill ari es and mitochondri a 

decrease, due to the increased contrac til e protein content (M acDougall , 1986; M acDougall , 

1992). 

1.2.3 Muscle Architecture (Ultra-structural Adaptations) 

Training may increase both fibre cross sectional area and angle of pennati on (angle of 

musc le fi bre inserti on into the tendon). Therefore fi bre cross secti onal area and 

corresponding strength is increased to a larger degree than indicated by anatomi ca l cross 

secti onal area. Thi s in itse l f is not thought to cause signi ficant strength increase (Jones, et. 

al. , 1989). 

Training may cause an increase in contract ile materi al packing by closer arrangement of 

myofil aments and myofib ril s, decreased connecti ve ti ssue between fi bres, and dec reased 

intramuscular fat, therefore increas ing the amount of force produced per cross secti onal 

area of musc le (Jones, et. al., 1989; Jones & Round, 1990). Indirect ev idence o f thi s 

includes increased density of contracti le material, and greater increases in fi bre area than 

anatomi ca l cross sectional area w ith res istance training (Jones, et. al., 1989). However thi s 

ev idence is controversial (Jones & Round, 1990). 

Other poss ible changes in muscle architecture include increased attachments from the 

tendon to intermediate sarcomeres, acting to increase the force produced per cross secti onal 

area (Jones, et. al., 1989; Nari ci, et. al., 1989). M usc le hypertrophy is known to stimu late 

increased collagen, and therefo re connecti ve tissue synthesis (Jones & Round, 1990); 

however thi s theory of attachments to indi vidual sarcomeres would be extremely difficult to 

prove. 
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1.2.4 Biochemical Changes 

Biochemical factors associated with musc le hypertrophy include a slight increase in ATP 

and creat ine phosphate stores due to increased hype11rophy of Type II fibres (MacDougall , 

1986). Creatine phosphokinase, myosin ATPase, myokinase enzyme activity also increase 

(McArd le, et. al. , 1991 ; Heyward, 1998). Phosphofructoseki na ·e and other glycolytic 

enzymes remain the same or decrease, and mitochondrial enzymes decrease with the 

decreasing propo11ion of mitochondria (MacDougall , 1986). 

1.3 Nutritional Factors Affecting Resistance Trained 

Men 

Chronic resistance training over long periods of time is thought to increase protein 

synthesis and produce increased muscle hypertrophy and strength. One mechanism for this 

may be by increased basal leve l of protein synthesis with resistance training, so that the 

muscle is in positive protein balance more often, and hypert rophy results (Tipton & Wolfe, 

200 I ). Alternatively, the mechanism may be via a series of small increases in net positive 

muscle protein balance clue to each bout of resistance exercise, add ing up to hypertroph y 

overtime (Tipton & Wolfe, 200 I ). 

1.3.1 Dietary and Supplementation Patterns 

There was little data found on the eating habits of RTM, or data di stingui shing RTM from 

competitive bodybuilders. The diets of RTM are thought to be less rigid and restrictive 

(Kleiner, et. al., 1994), and include more varied food groups than competitive bodybuilders 

(Sandoval & Heyward, 1991 ). Energy intake is thought to be similar to competitive 

bodybuilders in the competition phase of training (Bazzarre, et. al., 1994; Kleiner, et. al., 

1994), but less than off-season competitive bodybuilders and other strength athletes 
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(Bazzarre, et. al. , 1994). Some studies indicate that protein intakes of RTM are similar to 

that of other amateur athletes (Bazzarre, et. al. , 1994) while other studies indicate protein 

intakes far exceed requirements (Pearce, 1988; Lemon, et. al., 1992; Tarnopolsky, 2000). 

Protein con sumption in thi s group is often influenced by hearsay, tri al and error, and self 

experimentati on, and the beli ef that excess ive intakes of protein may benefit muscle 

hypertrophy and strength performance (Pearce, 1988). Due to a less restrictive diet, dietary 

fat intake is hi gher in RTM than competiti ve bodybuilders (Lamar-Hildebrand, et. al., 

1989; Sandoval, et. et!., 1989; Sandoval & Heyward , 199 1 ). 

Intake of macronutri ents in RTM is simil ar to competiti ve bodybuilders for cholesterol , 

fibre, and zinc. High cholestero l, low fibre and zinc intakes appear to be common for RTM 

and competiti ve bodybuilders. In addition the diets of RTM have also been found to be low 

in copper, and some studi es have found low vitamin C intakes co mpared to the ROA 

(Bazzarre, et. al. , 1994). 

Supplement use is thought to be hi gher in RTM and regional competiti ve bodybuilders than 

elite leve l competiti ve bodybuilders (Kleiner, et. o f., 1994) . Studies also indicate a higher 

prevalence of supplement usage than the general populati on (Bond & Keane, 1994; Naylor 

& Garg, 1996; Kleiner, 2000). Supplement use vari es with age group, gender, tra ining 

leve l and commitment (K leiner, et. of., 1994 ). The most popul ar supplements used are 

amino ac id and protein supplements, and vitamin and mineral supplements (Pearce, 1988; 

Bond & K eane, 1994; ay lor & Garg, 1996). Supplement intakes seem to be influenced by 

the belief that vitamin and mineral requirements cannot be met with food intake alone 

(Naylor & Garg, 1996); and that protein and amino acid supplements are required to 

increase muscle size and strength gains (Lemon, et. al., 1992; Bond & Keane, 1994; aylor 

& Garg, 1996). 

1.3.2 Nutritional Concerns 

There seems to be numerous misconceptions and much inaccurate nutrition knowledge 

amongst RTM (Naylor & Garg, 1996). Dietary and supplement intakes are influenced by a 
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great number of sources including other RTM and competitive bodybuilders, friends and 

fami ly (Nay lor & Garg, 1996), supplement advertisements, and magazine articles (Philen, 

et. al. , 1992; Manore, et. al., 1993; Kleiner, 2000). The main nutritional concerns 

regarding RTM include; ensuring a balanced diet is consumed, as some nutrients may be 

consumed in excessive amounts, while others in inadequate amounts (Pearce, 1988; 

Kleiner, 2000); the energy requirement of resistance training exercise and the amount of 

musc le protein degradation during exercise; weight control; and excessive supplement 

usage (Pearce, 1988; Bond & Keane, 1994; Naylor & Garg, 1996). 

1.3.3 Carbohydrate Recommendations 

The carbohydrate recom mendations for RTM are in the range 5-7g/kg/day (Haw ley & 

Burke, 1998; Howe, et. al. , 2002). These recommendations are based on the carbohydrate 

intakes required for muscle glycogen replenishment (Klei ner, 2000), as carbohydrate is the 

major fuel used during resistance exercise (Lemon, 1998). Carbohydrate ingestion also 

increases blood glucose, and therefore blood insulin concen trati ons, which are known to 

retard muscle protein breakdown (Roy, et. al., 1997; Gibala, 2000), and stimulate amino 

ac id uptake by muscle fibres (Lemon, 1998; Gibala, 2000). In addition, the eccentric 

component of resistance exercise causes significant damage to the muscle fibre structure, 

which is thought to result in impaired muscle glycogen storage and insulin resistance, 

therefore increasing the carbohydrate requirement of RTM (Lambe,1 & Flynn, 2002). 

1 .3 .4 Protein Recommendations 

Protein recommendation s are in the range 1.2-2.0 g/kg/day (Pearce, 1988; Lemon, et. al., 

1992; Tarnopolsky, 2000). These recommendations are based on nitrogen balance studies 

and protein kinetics studies (using isotopic tracers) of individual performing resistance 

exercise, and including a two standard deviation safety margin (Tarnopolsky, et. al., 1988; 

Lemon, et. al. , 1992; Lemon, 1998). Extra protein is required for increased protein 

synthesis and muscle growth (Lemon, 1998); repair of damaged musc le fibres, and to 

provide for enzymes with increased activity (Pearce, 1988). 
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Surplus amino ac ids may provide for increased protein synthesis and decreased degradation 

(Lemon, 199 1 ). However, evidence of the effects of hi gh pro tein in takes on musc le 

hypertrophy is equivoca l, intakes of greater than 2.62g/kg/day have not been shown to 

increase musc le hypert rophy and/or strength gains to a signifi cant degree (Lemon, et. al., 

1992). Protein intakes above I .5-l .8g/kg/day lead to nutri ent overload and additi onal 

amino acids are ox idi sed for energy or stored as body fat rather than contributing to muscle 

protein accreti on (Pearce, 1988; Lemon, et. al. , 1992). 

Poss ible adverse hea lth effects of habitual hi gh protein intakes include; increased workl oad 

on the ki dneys; increased urinat ion and dehydrati on; increased uri nary ca lcium loss; hi gh 

fat intakes with high intakes of animal protein ; and the potential tox icity of hi gh doses of 

indiv idual am ino acid supp lements (Lemon, 1998). 

1.3.5 Timing of Nutrient Intake 

Musc le protein synthesis increases to a greater degree when a pre exercise meal is 

consumed compared to post exercise meal. Protein feed ing pri or to res istance exercise may 

increase am ino acid uptake into musc les during exercise (Tipton, et. al.,200 I ; Tipton & 

Wolfe, 200 I ). Carbohydrate feeding prior to res istance exercise produces high ini tial 

muscle glycogen levels, and increases glycogen synthesis during rest periods between sets, 

therefore sparing musc le glycogen (Lambert & Flynn, 2002). 

Pro tein and carbohydrate ingesti on fo llowing exercise elevates circulating amino acids and 

insulin concentrati ons. Insulin is thought to increase amino acid uptake by musc le fi bres, 

therefore stimul ating musc le protein synthesis, and retarding breakdown (Roy, et. al., 2000; 

Ti pton & Wolfe, 200 I ). 
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1.4 Muscle Metabolism and Resistance Exercise 

1 .4.1 Energy Storage in Skeletal Muscle 

Intramuscular stores of ATP are small (-S mmol/kg) (Hargreaves, 2000; Casey & 

Greenhaff, 2000). ATP is utili zed for musc le contraction and relaxation, ATP dependent 

ion pumps (Billeter & Hoppeler, 1992; Casey & Greenhaff, 2000; Lambert & Fl ynn , 2002), 

and biosynthesis reactions (Wagenmakers, 2000). 

Creati ne phosphate stores are larger (20mmol/kg) (Hargreaves. 2000), creati ne phosphate 

diffuses readil y throughout the muscle fibre protopl asm, and is utili sed by the 

myofilaments, where it is hydrol ysed for ATP if required (Billeter & Hoppeler, 1992). 

Glucose is stored as glycogen granules between myo fibril s in musc le fibre and undergoes 

glyco lys is (glycogenolys is) for energy within the ce ll cy topl asm (Jones & Round, 1990; 

Billeter & Hoppeler, 1992). 

Lipid is stored as droplets within the endomysial space between musc le fibres , and some 

minute drop lets occur w ithin fibres (Jones & Round, 1990; Billeter & Hoppeler. 1992). 

Intramuscular lipids may be used by muscle during high intensity exerci se such as 

res istance training, but are a very minor fue l source (Watt, el. al. , 2002). 

1.4.2 Muscle Metabolism during Resistance Exercise 

Resistance training consists of hi gh intensity intermittent exercise performed over a 

prolonged period of time. A resistance training session may consist of up to 15-20 sets of 

6-20 repetiti ons (Lambert & Flynn, 2002). 

Unlike other high intensity exercise, resistance exerci se is performed at 60-80% of I 

repetition maximum ( I RM) and is taken to momentary muscular failure, which differs from 

maximal effort hi gh intensity exercise such as sprints taken to muscu lar fatigue. Therefore 

the metabolic response is smaller for re istance exercise compared to 30 seconds of other 
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high intensity exerc ise (Lambert & Fl ynn , 2002). However, blood flow to the musc le is 

restri cted during res istance exercise contracti ons due to intra-muscular blood pressure, 

increas ing the amount of creatine phosphate degradation and lactate accumulation 

compared to other hi gh intensity exercise of the same durati on (Lambert & Flynn , 2002, 

M acDougall , et. al., 1999). 

As res istance exercise is not continuous, the duration of work done by a gi ven musc le 

group is less than the duration of the entire exercise sess ion (Lambert & Fl ynn, 2002), and 

rest peri ods between sets all ow some replenishment of musc le fuel stores and normali sati on 

of intramuscular pH (Parcell , et. al. , 2002). 

Initial energy is suppli ed by the phosphagen system. musc le ATP is hydrolysed to A DP and 

organ ic phosphate (Maughan, et. al., I 997; Gastin, 200 I ). Muscle ATP stores are small 

and last onl y 1-2 seconds (Casey & Greenhaff, 2000). Creatine phosphate is broken down 

to creatine and phosphate and used to regenerate ATP, this occurs immediately with the 

initi ati on of exercise, and lasts approximately 1.3 seconds (Gastin, 200 1). The phosphagen 

system contri butes to initi al rapid forceful contracti ons during resistance training, but has a 

limited capaci ty to suppl y muscle energy (Maughan, et. al., I 997; Hawley & Burke, I 998). 

To prevent a sign ifi can t decrease in intramuscular ATP other mechanisms are utili sed to 

regenerate ATP (M aughan, et. et!., 1997). 

The anaerobic glyco lyti c system becomes the main energy source once initi al ATP and 

creatine phosphate store are depleted (Haff, et. al., 2000). The anaerobic glyco lyt ic 

system is also acti vated with the initi at ion of exercise, ATP production peaks at about 20 

seconds and is maintained for 2-5 minutes (Liebman & Wilkinson, 1994; Maughan, et. al. , 

1997; M acDougall , et. al. , I 999). Anaerobic glycolys is produces ATP via the incomplete 

breakdown of musc le glycogen (glycogenoly is) to lacti c acid (Liebman & Wilkinson, 

1994; M aughan, et. al. , 1997). Its capacity for producing ATP i much greater than the 

phosphagen system, but the rate of ATP production is slower (Liebman & Wilkinson, 1994; 

M aughan, er. al., 1997; Gastin , 200 I ). 
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During rest peri ods between sets ox idati ve creatine phosphate resynthesis occurs (Rico­

Sanz & Mendez Marco, 2000), muscle fibre pH is normalised (Parcell, et. al., 2002), and 

oxidati ve glycogen synthes is occurs, sparing musc le gl ycogen to some degree (Lambert & 

Fl ynn, 2002). 

Studies of res istance exerci se indicate that approximately 1.6% of energy is derived from 

stored ATP, approximately 16. 3% from creati ne phosphate hydrol ys is to ATP, and 

approx imately 82. 1 % from anaerobic glycolys is (based on measurements of ATP, creatine 

phosphate remaining, and musc le lactate producti on) (MacDougall , et. al., 1999; Lambert 

& Fl ynn , 2002) . 

Fati gue is caused by decreas ing musc le pH, increas ing ADP concentrati ons, increasing 

organic phosphate concentrati ons, creatine phosphate depletion, and musc le glycogen 

reduction (Lambert & Fl ynn , 2002) . During a resistance training workout the mechani sms 

causing musc le fati gue during the first set of 10 repetiti ons di ffer to the mechani sms 

causing fati gue after the twentieth set of I O repetit ions (M aughan, et. al., 1997; Gastin , 

200 I ; Lambert & Fl ynn , 2002). Fati gue or momentary musc le failure during one set is 

thought to be mainl y due to creatine phosphate depleti on. Fati gue after multiple sets is 

mainl y due to musc le acidosis and metaboli te accumulati on if limited rest peri ods are taken 

( 1-3 minutes), and low int ramuscular glycogen levels i f adequate rest peri ods are taken (2-3 

minutes) (Lambert & Fl ynn , 2002; Parce ll , et. al., 2002) . 

1.4.3 Muscle Metabolism following Resistance Exercise 

Following re istance training musc le protein turnover is increa ed (Tipton & Wolfe, 1998; 

Tipton & Wolfe, 200 I ). In the fasted state re istance exerci se increases muscle protein 

breakdown (Bi olo, et. al., 1997). In the fed state res istance exerci se increases muscle 

protein synthes is (Phillips, et. al. , 1997). 
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Amino Acids 

Resistance exercise and amino acid avail ability appear to act synergisti call y to increase 

muscle protein synthesis (Phillips, et. al., 1999). Several theori es have been proposed to 

expl ain thi s. 

One poss ible mechani sm in vo lves maintaining intracellul ar free amino acid pool levels. 

Fo llowing res istance exercise pro tein synthes is increases, thi s may initi all y deplete the 

intrace llul ar amino ac id pool, and therefore protein breakdown is initi ated to maintain 

leve ls of the intracellular amino acid pool (Tipton & Wolfe, 1998; Tipton & Wolfe, 200 I ; 

Wol fe, 200 I ). When exogenous amino ac ids are supplied, protein breakdown is retarded 

(Lemon, 1998; Tipton & Wolfe, 1998; Tipton & Wolfe, 200 1; Wol fe, 200 1). The 

intrace llular amino ac id pool contro ls musc le pro tein turnover and stimul ates increased 

intrace llular amino ac id transport and avail ability (Tipton & Wolfe, 1998) . 

Another mechanism is regul at ion of protein synthes is via amino acid avail ab ility (Ti pton & 

Wolfe, 200 I ). Fo llowing resistance exerc ise amino ac id int racellul ar transport is increased 

(Biolo, et. al., 1997) which may contro l protein synthes is, or pro tein synthes is may 

stimulate and control the increase in amino acid transport (Biolo, et. al., 1997). There are 

two expl anati ons for the ro le of amino ac id availability in the stimulati on and contro l of 

protein synthes is; the amount of amino ac ids required for trans lat ion to proteins may be 

greater than that available within the musc le ce ll , therefore any increased amino ac id 

avail ability will charge tR A and dri ve protein synthesis; another expl anation is that 

specific amino ac ids may be required to signal the initi ati on of translati on (Tipton & Wolfe, 

2001 ). Studies show increased intracellular tran port of alanine, leucine, and lys ine with 

exercise (Phillips, et. a l. , 1999). 

Other theori es relate to differing pathways of protein breakdown. Resistance exercise may 

stimulate protein breakdown via a separate pathway to protein breakdown during rest. 

When exogenous amino acids are suppli ed, protein breakdown due to exercise is retarded, 

but basal protein breakdown is not (Wolfe, 200 I ). For example, resistance exerci se may 
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stimulate the lysosomal protein breakdown pathway, which is sensiti ve to amino 

avai labi l ity (Tipton & Wolfe, 200 I ). Increased muscle protein degradation may be initiated 

by resistance exerc ise due to structura l damage, myofi brillar disruption (M acDougall, et. 

al., 1995), or stimu lated by neural proteases (Phillips, et. al., 1997; Biolo, et. al., 1995), and 

unrelated to protein synthesis. 

Carbohydrates and Fats 

The influence of these substrates is less importan t in the regul ation of muscle protein 

synthesis. Any influence is likely to be mediated via hormone acti on (Tipton & Wolfe, 

200 1 ). For instance carbohydrate ingestion increases blood glucose concentrat ions, and 

therefore blood insulin concentrations, which are known to decrease musc le protein 

breakdown (Roy, et. al. , 1997). 

1.5 The Role of Leucine and other Branched-Chain 

Amino Acids 

1.5.1 Branched-Chain Amino Acids (BCAA) 

The branched-chain amino acids are widespread in the average diet, and make up 15-25% 

of protein foods (S tipanuk & Watford , 2000; Layman, 2003). Branched-chain amino acids 

are not metabolised in the li ver like other amino acids, but in peripheral ti ssues (Stipanuk & 

Watford , 2000; Layman, 2003), as branched-chain amino acid transaminases occur mainl y 

in the heart, brain, and skeletal muscle, with small amounts in the kidney and adipose ti ssue 

(Linder, 199 1 ). 

The muscle intracellular free amino acid pool represents only around I % of the total amino 

acids in the body; however it is responsible for providing substrates for protein synthesi , 

carbon for energy via the tricarboxylic acid cyc le (Krebs cycle, citric acid cycle), amino 
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nitrogen for alanine and glutamine production. Increased levels of plasma branched-chain 

amino acids stimulate the release of insulin, and thus muscle protein synthesis, and retard 

protein degradation (Matthews, et. al., 1981; Nair, et. ed., 1992; Anthony, et. ell., 1999; 

Blomstrand & Saltin, 200 I; Layman, 2002; Layman, 2003; Pitklinen, et. ed., 2003). 

Of the branched-chain amino acids only leucine stimulates muscle protein synthesis (Mitch 

& Clark, 1984 ), and high levels of decarboxylated branched-chain amino acids products are 

required to decrease muscle protein degradation (Mitch & Clark, 1984 ). 

1.5.2 leucine 

Leucine is metabolically active with a half-life of only around 45 minutes in the body 

(Mero, 1999). The roles of leucinc in muscle include: 

''( Protein synthesis. 

''( Energy substrate. 

·y Regulation of branched-chain amino acids uptake into muscle fibre via the L-carrier 

system transporters (Odessey & Goldberg, 1972; Hood & Terjung, 1987). 

l' Source of a-amino nitrogen for gluconcogenic amino acids. 

l' Metabolic signal to initiate protein synthesis (Matthews, et. al., 1980; Schneiblc, et. al., 

1981; Tessari, et. al., 1985; Anthony, et. al., 1999; Layman, 2002; Layman, 2003 ). 

')" Retardation of muscle protein degradation (Hong & Layman, 1984; Mitch & Clark, 

1984; Nair, et. ed., 1992; Mero, 1999; Blomstrand & Sal tin, 200 I). 
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1.5.3 Leucine Metabolism with Resistance Exercise 

Plasma leucine levels decrease by around 30% with res istance exercise (M ero, 1999). The 

ro le of leucine during exercise is not we ll elucidated; w ith the main ro le thought to be 

protein metabolism during recovery fo llowing res istance exercise (Blomstrand & Saltin , 

200 1 ). 

During resistance exercise oxidation of leucine contributes little to energy requirements 

(Hood & Terjung, 1987), however with low musc le glycogen stores there is an increased 

use of amino acids for energy, espec iall y leucine (Schneib le, et. al .. 198 1; Mero, 1999; 

Layman, 2002). 

During recovery, fo llowing resistance exercise plas ma leucine concentrati ons are 

significantl y decreased (Mero, 1999; Layman , 2002; Pitkanen, et. al. , 2003). Follow ing 

resistance exerc ise leucine direct ly st imulates protein synthes is via the insulin signalling 

cascade. Leucine stimu lates Kinase Mammalian Target of Rapamyci n, whi ch initi ates 

phosphorylation and acti vat ion of Eukaryotic Initi ati on Factor 4 complex and Ribosomal 

Protein Serineffhreonine 6 Kin ase (70kD a) which in turn initiates translation of muscle 

mR A (Anthony, et. al. , 1999; A nthony, et. al., 2002; Layman , 2002; Layman, 2003). 

Leuc ine indirectly retards protein degradation via its transami nation product , a­

ketoisocaproate (Hong & Layman, 1984; Mitch & Clark, 1984; Nair, et. al. , 1992; Mero, 

1999; Blom trand & Saltin, 200 I ). Thi s decrease in leucine may al o indicate degradati on 

of leucine to prov ide substrates for the purine nucleotide cycle to replen ish musc le A TP 

stores (Pitkanen, et. al., 2003), and synthesis and release of alanine and glutamine, which 

stimu late hepati c gluconeogenes is (Hagg, et. al., 1982). 
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1.6 The Leucine Metabolitefi-hydroxy-fi-methylbutyrate 

1.6.1 Chemical Description of fi-hydroxy-fi-methy/butyrate 

HMB or fi-hydroxy~fi- methylbutyrate is also known as beta-hydroxy-beta-methylbutyrate 

(beta-hydroxy-beta-methylbutyri c acid) ( issen, S., et. al., 2000) 3-hydroxy-3-

methy l butyrate (3-hydroxy-3- methy lbutyric acid) (S igma-A ldrich, 2002), 

hydroxymethy lbutyrate, beta-hydroxyisovalerate (beta-hydroxy-isovaleri c ac id ) (Nissen, et. 

al. , 2000), and 3-hydroxyisovalerate (Hendler, et. al. , 200 I ) (Figure 1. 1 ). HMB may be 

represented as free ac id, salt, ester, or lactone forms ( issen , et. al .. 2000) . 

HMB does not occur in different structural isomers, or sterioisomers ( issen, 199 1 ). 

Structural isomers occur where a compound has the ame molecular formula, but the atoms 

are arranged in different sites. Sterioi somers may be described as two compounds where 

the atoms are arranged in the same sites, but are orientated differently in space (Brady, 

1990). Therefore HMB does not have L- or D- forms, as leucine does (N issen, 199 1 ). 

The Chemical Abstract Registry Number for HMB is 625-08-1 . HMB has the molecular 

formul a C5H 100 :, , and a molecul ar weight of I 18. 1. ln its free ac id form it is a sli ghtl y 

ye llow, clear vi scous liquid (S igma-A ldri ch, 2002; Alfa Aesar, 2002). HMB has a boiling 

point of 128 °C (7mmHg), flash point> 110 °C, is not an explosive hazard , and its density at 

20 °C is approx imately 1.1 g/cm 
3

. HMB is also fully mi scible in water (A l fa Aesar, 2002). 

In its free acid form, HMB is an irritant to eye, skin , and respiratory system (Al fa Aesar, 

2002). 

Figure 1.1: }3-hydroxy-)3-methylbutyrate Chemical Structure (Nissen, et. al., 

2000) 

OH 
~ HO O 
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The preferable form of HMB is its sal t form, especiall y a water so luble salt, or sa lt that 

becomes water soluble in human or animal stomach or intestine (Ni ssen, et. al., 2000). The 

most preferable salts of HMB include sod ium, potass ium, magnesium, chromium, and 

ca lcium. The most commonl y used sa lt i s the calcium salt, but any non-tox ic, alkali metal 

or alkaline earth metal sa lt may be used . 

1 .6 .2 Food Sources of fi-hydroxy-fi-methylbutyrate 

Sources of HMB include both plant and animal foods (Gall agher, et . al., 2000) . HMB is 

found in foods such as catfi sh, citrus fruits, and trace amounts in alfalfa, corn , sil age, 

soybeans, and animal feedstuffs (Nissen, et. al., 1994; Gordon, 1996). It is also found in 

breast milk, and is endogenously produced in the body (DiPasquale, 2000). 

1 .6 .3 Leucine Catabolism and fi-hydroxy-fi-methylbutyrate 

Formation 

The initi al step of leucine cataboli sm occurs in the muscle fibre sarcop lasm (cytosol) or 

mitochondria (N issen & Abumrad, 1997). Leucine undergoes a reversible transam inat ion 

by an animotransferase enzyme, the a-am ino group is transferred to pyruvate to form 

alanine, or to a-ketoglutarate to form glutamate, also producing a branched-chain a­

ketoacid, a-ketoisocaproate (Hutson, et. al., 1980; M atthews, et. al., 198 1; issen & 

Haymond, 1981; Hagg, et. al. , 1982; Mero, 1999; Stipanuk & Watford, 2000; Layman, 

2002). Thi s reaction is reversible, and a-ketoisocaproate may be reaminated to leucine, 

ox idi sed in skeletal musc le for energy, or released into the blood stream and transported by 

the plasma protein albumin to other ti ssues (Hutson, et. al. , 1980; Ni ssen, et. al., 1981 ; 

Hagg, et. al., 1982; issen, et. al. , 1982; M ero, 1999). 

a-ketoisocaproate catabo lism occurs mainly in the l iver where it is futther catabolised by 

an irreversible oxidative decarboxylati on (Hutson, et. al., 1980) via branched-chain a­

ketoacid dehydrogenase, to isovaleryl CoA (Hut on, et. al., 1980; Layman, 2002). Thi s 
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may be further catabolised to /1-hydroxy- ji'-methylglutaryl CoA, and further catabolised to 

acetoacetate and acetyl-CoA (Di Pasquale, 1997; Stipanuk & Watford, 2000). These 

reactions are thought to occur within the liver mitochondria (Nissen & Abumrad, 1997). 

A rrnnor pathway of a-ketoisocaproate catabolism also takes place in the liver. a­

ketoisocaproate is oxidised by the enzyme cx-ketoisocaproate dioxygenase to HMB 

(Sabourin & Bieber, 1981; Van Kocvering & Nissen, 1992; Di Pasquale, 1997; Gallagher, 

et. al., 2000; Vukovich, et. al., 200 l) (Figure 1.2, below). Approximately 57, of leucine is 

metabolised to HMB via this pathway (Vukovich, et. ed., 200 l ). This reaction was thought 

to occur within the liver cell cytosol. The majority of HMB production occurs in the liver, 

some in the kidney, and low rates may occur in the muscles and other tissues (Nissen & 

AbumracL 1997). HMB may also he produced via hydration of methylcrotonyl-CoA by 

crotonase enzyme in 3-methylcrotonyl-CoA or biotin deficiency (Sousa, et. al., I 996 ). 

Figure 1.2: Diagram of Leucine and }3-hydroxy-}3-methylbutyrate Metabolism 

in the Body (Nissen & Abumrad, 1997) 
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1 .6 .4 Chemical Production of fi-hydroxy-fl-methylbutyrate (fi­

hydroxy- isovalerate) 

The earliest method of chemical synthes is of HMB is described as the manufacture of 

i sovaleric acid. The substrate, methyl isobuty l ketone is oxid ised using a soluti on of alkali 

metal hypohalite, preferably hypochlo,ite as catalyst, and simultaneously produces 

isova leric ac id and chloroform (Bing, et. al., 1950). 

This method has been further described by Coffman and co lleges ( 1958) as the preparation 

of JJ-hydroxyisova leri c ac id . The substrate diacetone alcohol i s added to a soluti on of 

sodium hypoch lorite (sodium hydroxide, chl oroform, and water), with stirring and coo ling. 

The product is extracted using methy l ethy l ketone to gi ve fi-hydroxyisova leri c ac id 

(Coffman, et. al., 1958). This process has been described in detail in Appendi x 13. 

In the earl y 1990s, Nissen and co lleagues began experimenting with HMB supplementati on 

of animals. T he process used to synthesise HMB for these stud ies was an adaptat ion of the 

ch loroform reacti on above. .fi-hydroxy~/3-methy l butyric ac id was made palatable by 

conversion to its ca lcium salt via neut ra li sat ion w ith ca lcium hydrox ide, and crysta lli sati on 

(Nissen, 1990; Nissen, 1990; N issen, 199 1; Nissen, 1992; Nissen, 1993). The first patent 

describing the commercial manufacture of HMB was filed in 1996, titl ed, 'Process for 

manufacturing 3-hydroxy-3-methylbutanoic ac id . The most common synthetic process for 

the production of HMB for the use of animal or human supplementation appears to be the 

chloroform method using diacetone alcohol (4-hydroxy-4- methyl-2-pentanone) as the 

substrate, and vari ous catalys ts and large scale reactor des igns (Sarac, 1998; McCoy et. al., 

2000; McCoy et. al. , 200 1; McCoy et. al., 2002). The large scale manu fac ture of HMB is 

described in greater detail in Appendix 13 . 
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1.7 fi-hyd roxy-fi-methyl butyrate Metabolism and 

Proposed Roles in the Body 

Animal and human studies suggest that naturall y occuring HMB pl asma leve ls are in the 

range 0.2-0.4 g/day (N issen, et. al., 1996; Gallagher, et. al., 2000). These levels increase 5-

10 times with leucine supplementation (Ni ssen, et. al. , 1996), and I 0-20 times with HMB 

supplementati on of 3g/day (Gallagher, et. al., 2000). 

1 .7.1 fi-hydroxy-fi-methylbutyrate Metabolism 

The half life of HMB in the body is onl y approx imately 2.3 hours (Vukovich, et. al., 200 I ). 

HMB is utili sed by the body in three poss ible ways. The main fate is thought to be 

conversion of HMB to .fi- hydroxy-fi- methylglutaryl-CoA (Figure 1.5, previous) in several 

ti ssues, including the immune system, mammary glands, and musc le fibres (Nissen & 

Abumrad, 1997), providing a cytosoli c source of .fi-hydroxy:fi-methylglutaryl-CoA and a 

precursor and ca rbon source for cholesterol synthesis (Yan Koevering & Nissen, 1992; 

i. sen & Abumrad, 1997; Vukovich. et. al., 200 I ). In periods when cholestero l i s in 

demand, such as for ce ll growth and repair, .fi- hydroxy:fi- methylglutaryl-CoA is a rate 

limiting substrate for cholesterol synthesis (Gallagher, et. al. , 2000). The second metabolic 

fate is a small loss (-29%) of HMB via urine (Di Pasquale, 1997; Vukovich, et. al., 200 1). 

The third metabolic fate is thought to be further use by musc le fibre (Di Pasquale, 1997) . 

1.7.2 Proposed Actions of fi-hydroxy-fi-methylbutyrate 

During conditi ons such as rapid growth, stress, and physical acti vity, an increased 

requirement of HMB may occur, which is not met by endogenous metaboli sm or dietary 

intake ( i en, et. al. , 1994 ). 
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fi-hydroxy-}3-methylbutyrate Effect on Blood Lipid Profile 

The proposed ro le of HMB in cholestero l synthesis has been well described in several 

studi es (Van Koevering & Nissen, 1992; Ni ssen & Abumrad , 1997; Peterson, er. al., 1999; 

Gallagher, er. al. , 2000; Vukovich, et. al., 200 I ). HMB supplementation has also been 

shown to lower serum cholesterol and LDL levels in animals and humans (Ni ssen & Sharp, 

2003). Evidence of thi s has been demonstrated in rabbit (Ostaszewski , er. al., 1997), steer 

(Van Koevering, et. al., 1994), and human supplementati on studi es (Ni ssen, er. al., 2000). 

There are two theori es for thi s decrease in serum cholestero l. The first theory is 

competiti on between HMB and fi-hydroxy-fi- methylglutaryl-CoA for binding to li ver ./J­

hydroxy-fi-methylglutaryl-CoA enzyme, due to the simil ar structures of these co mpounds, 

decreas ing li ver cholestero l synthes is (Ostaszewski , er. al., 1997). Another may be via 

ti ssues other than li ver synthesising cholestero l in ce ll cytosol from the HMB precursor, 

acting as a negati ve feedback for li ver cholestero l synthes is (Vukovich & Drei fo rt , 200 I ). 

fi-hydroxy-}3-methylbutyrate and Body Fat Metabolism 

Evidence of any HMB innuence on fa t metaboli sm is controversial. HMB supplementati on 

in steers was shown to cause a significant increase in the rati o intramuscular to 

subcutaneous fat (V an Koevering, et. a l. , 1994). 

One proposed mechani sm for a ro le of HMB in fat metaboli sm is an increase in fat 

oxidati on in musc le cel ls, stimulated by HMB. Evidence for thi s comes from unpubli shed 

study abstract , however further studies have not supported thi s theory (Vukovich & 

Drei fort, 200 I ). 
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Proposed Role of fi-hydroxy-fi-methylbutyrate in the Mammary 

Gland and Milk Production 

Leucine has been shown to increase mammary development, lac tati onal performance, and 

milk fat secretion in animals. Current opini on is that the leuci ne metabolite HMB may be 

responsibl e for these effect (Ni ssen, et. al. , 1994). HMB has been shown to increase milk 

fat, milk cho lesterol , and milk HMB content in sows (Nissen, et. al., 1994; Ni ssen & 

Abumrad, 1997). The ro le of HMB in mammary gland metabolism is unknown (N issen, et. 

al. , 1994; Gordon, 1996), however its ro le in cholestero l synthes is may be rel ated to 

increased cholesterol synthes is in the mammary gland and increased milk cholestero l 

content (Nissen, et. al. , 1994). 

fi-hydroxy-fi-methylbutyrate Effects on the Immune System 

Both animal and human supplementati on studi es indicate no adverse effec ts of short term 

acu te HMB supplementat ion (Gall agher, et. al., 2000). In fact HMB appears to act as an 

immunomodulater. The effect of HMB on the im mune system seems to be selecti ve, and 

appears to stimu late mainly the macrophage ( initi al immunological defence) and B­

lymphocyte (antibody producti on and secreti on) systems (Peterson, et. al., 1999). 

In vitro studi es of HMB indicate that HMB ac ts as an immunostimulator in cu ltures of 

sheep, catt le, and trout lymphocytes, and chicken macrophages ( issen & Abumrad, 1997; 

Siwicki, et. al., 200 I ). With the addit ion of HMB lymphocyte immune cell function, 

lymphocyte bl astogenes is, macrophage pro liferati on, phagocyti c potential, and cel l 

membrane receptor number increased (Peterson, et. al., 1999; Siwicki , et. al. , 2000). 

However, studies of isolated human lymphocytes are less clear. Human lymphocytes 

appear to act in a biphasic manner with HMB , at low concentrations lymphocytes increase 

blastogenesis, and at high concentrati ons lymphocytes decrease blastogenesis (Ni ssen & 

Abumrad, 1997). 
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The effects of HMB on the immune system in in -viva studies are less clear. Some studies 

of HMB supplementati on in animals have found decreased morbidity and mortality in 

stressful situations ( issen, et. al., 1994; issen, et. al. , 2000) however other studies have 

found no stimulatory effects of HMB on the immune system (Gatnau, et. al., 1995). 

Evidence for pos itive effects of HMB on the immune system include; enhanced B-cell and 

T-cell proliferation and capac ity and increased macrophage nitrite leve ls in broiler chickens 

(N issen, et. al. , 1994; Peterson, et. al., 1999); increased macrophage phagocytic capacity, 

leukocyte respiratory acti vity, and increased number and efficacy of antibody secreting 

ce ll s in trout (Peterson, et. al., 1999; Siwicki , et. al. , 200 I ); and increased white blood ce ll 

volume in horses (Miller, 1998). 

However other studi es have found no immune response in broiler chickens, lambs, and 

weanling pi gs with HMB supplementati on (Gatnau, et. ol. , 1995). ln add iti on studi es of 

human supplementation indicate no differences in white blood ce ll vo lume, polysinophils, 

lymphocytes, or eos inophils (Gallagher, et. al., 2000). 

Theori es to expl ain the HMB mechani sm of action in the immune system include, direct 

acti on of HMB on macrophages and B-lymphocytes, provision of an energy source for the 

immune system, or via cholesterol synthes is and utili sat ion for cell membrane integrity and 

receptor function within immune system ce ll s (Peterson, et. al., 1999). 

fi-hydroxy-fi-methylbutyrate as an Ergogenic Aid 

HMB is promoted as an ergogenic aid to athletes; however results from preliminary studi es 

of HMB supplementation with exerci se are equivocal (Slater, et. al., 2000). The proposed 

actions of HMB during exercise include: 

T Altered oxidative capacity of musc le cell (Vukovich & Dreifort, 2001 ). 

T Retardation of musc le damage and proteolysis in endurance or resistance exercise 

24 



(Nissen & Abumrad, 1997; Gallagher, et. a l. , 2000; Knitter, et. al., 2000; Slater, et. al., 

200 1 ). 

'f' Promotion of musc le protein synthes is (Ostaszewski , et. al. , 1997). 

''f' Enhanced strength and musc le accreti on with resistance training (Nissen & Abumrad , 

1997; Gallagher, et. al. , 2000). 

1.7.3 Proposed Mechanisms of Action 

HMB may affect the ox idative capac ity, and decrease lactate production of muscle cell s, 

therefore enhancing exercise performance. I f HMB acts via a protein sparing effect, then 

cytoso l and mitochondrial proteins may be increased therefore increasing the ox idati ve 

capac ity of muscle ce ll s. Also, an increase in protein content of cells is known to increase 

their buffering capac ity (Vukovich & Dreifort, 200 I ). Proteo lysis may be reduced ( issen, 

er. al., 1996; Clark, er. al., 2000; issen, er. al., 2000; Vukovich, er. al .. 200 I ) by 

modulating enzymes that cause muscle protein catabo li sm (Slater & Jenkins. 2000). HMB 

may act as an ergogen ic aid by red ucing exercise induced proteolysis and all owing 

continued training and decreasing over-training (Kreider. et. al. , 1999; Paddon-Jones, et. 

al., 200 I ; Vukovich & Dreifort, 200 I ). 

A nother theory is that HMB provides an fi-hydroxy-fi-methy lglutary l-CoA source for 

cholesterol syn thes i , therefore increasing membrane structura l integrity and repair of 

damaged membrane in musc le cell s in times of stress such as resistance exercise (Knitter, 

et. al., 2000; issen, et. al., 2000; Panton, et. al., 2000; Slater & Jenkins, 2000; J6wko, et. 

al. , 200 I ; Slater, et. al., 200 I ; Nis en & Sharp, 2003). Damaged and stressed cells may not 

be able to suppl y adequate ./3-hydroxy:/J-methylglutaryl-CoA to keep up with the 

cholesterol synthesis required for cell and plasma membrane functi ons without HMB 

supplementation ( i sen, et. al. , 2000). 
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Fin ally HMB is possibly utili sed as a structural component of cell membranes (Sl ater & 

Jenkin s, 2000), as HMB or as a polymer or co-polymer of HMB. fi-hydroxybutyrate a 

chemica lly similar compound is utili sed as its polymer, poly-fi-hydroxybutyrate, as a 

component of the Ca-channel of cell membranes. HMB and fi-hydroxybutyrate are 

chemically simil ar and HMB has been found cova lently bound in ti ssues (N issen, et. al., 

1996). 

1 . 7 .4 Evidence 

Ev idence of altered ox idati ve capac ity comes from both animal and human in -l'il'o studies. 

Studies of horses indicate HMB may increase endurance via an increase in aerobic 

capacity. Results suggest an increase in red blood cell s, globu lin , and white blood ce ll s 

(Miller, 1998). A study of endurance cyclists indicate HMB supplementation increases 

Y02 max relati ve to blood lactate level , but not the V02 peak itsel f. Poss ibl y via decreased 

lactate production with exercise, or increased clearance of lactate fo llowing exercise 

(Vukovich & Drei fort , 200 I ). 

Evidence of retardation of musc le damage and proteolysis are numerous. Initi all y in -vit ro 

studi es of rat and chicken musc le ce lls produced ev idence that HMB retards proteolysis and 

st imulates synthesis (Nissen & Abumrad, 1997; Peterson, et. al. , 1999; Vukovich, et. al., 

200 I ). In addit ion. HMB supplementation of an imals has been shown to dec rease 

bi ochemi ca l markers of musc le protein damage and proteo ly ·is. HMB supplementation of 

rats indicates decreased levels of cathepsins (a lysosomal protease) and calpain following 

intense exercise (Jank, et. al., 2000). HMB supplementation in horses has also been shown 

to lower creatine kinase levels following exercise (Miller, 1998). Human HMB 

supplementation tudie also indicate decreased musc le proteolysis as essed via decreased 

levels of biological markers 3-methylhi tidine (3MH), creatine kinase, and lactate 

dehydrogenase with endurance exercise (Ni sen & Abumrad, 1997; Knitter, et. al. , 2000; 

Panton, et. al. , 2000; J6wko, et. al., 200 I; Slater, et. al., 2001; Vukovich, et. al., 2001 ). 
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The evidence for increased muscle protein synthesis and fat free mass accretion is more 

controversial. The protein concentration of rabbit carcasses, fed an HMB supplemented 

diet (0.04g, 0.18g, and 0.88g ingested HMB) increased significantly compared to controls 

(OstaszewskL et. al., 1997). The body weight and carcass yields of broiler chickens was 

increased in some studies of HMB supplementation, however no significant difference was 

found in other studies (Nissen et, al., 1994). Body weight of 21 day old piglets was 

increased in some studies of HMB supplementation of lactating sows, however not in 

others (Nissen. et. al .. 1994; Gatnau. et. al .. l 995 ). Studies of HMB supplementation of 

feedlot steers was shown to alter the ratio of intramuscular to subcutaneous fat; however it 

had no effect on live weight (Yan Koevering. et. al., 1994). Studies of HMB 

supplementation of growing lambs produced an increase in plasma free arnino acids, but 

failed to stimulate skeletal muscle protein synthesis (Papet. et. ed .. 1997 ). 

Studies of HMB supplementation with resistance training arc reviewed separately 

following. 

1.8 fi-hydroxy-}3-methylbutyrate Supplementation with 

Resistance Exercise 

Despite equivocal results of HMB supplementation studies on muscle protein turnover in 

animals and no clear mechanism of HMB action within muscle fibres, several studies have 

investigated HMB supplementation in humans with resistance exercise. Discussion has 

been limited to human supplementation studies published in peer reviewed journals, studies 

published in abstract form only were excluded. A summary of studies reviewed is 

presented in Table 1.1. 

Nissen and colleagues ( 1996) were the first to study the effects of HMB supplementation in 

humans. Two separate studies were undertaken. The first examined strength, body 

composition, markers of muscle damage, HMB blood and urine levels with resistance 

exercise, and HMB supplementation at two levels of protein intake. Nissen and colleagues 
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( 1996) concluded that exercise induced muscle proteolysis was significantly decreased with 

HMB supplementation , as measured by urinary 3-methy l histidine and creatine kinase. In 

addition strength was significantly increased in the HMB compared to placebo groups. 

Thi s study has been previ ously criticised for its use of a protein nutrient supplement, 

suppl ying additional ca lories and vitamins to the protein groups, therefore any effect on 

increased musc le strength or musc le mass may not be attributed so lely to HMB 

supplementati on (S later & Jenkins, 2000). In addition, the use of six treatment groups 

decreased the statisti cal power of the study due to low sample sizes in each group. The 

training status of subjects was ill defined, subjects had not resistance trained for 3 months 

prior to the study, but previous experience was unknown. Study subjects were initi all y 

randomised into treatment groups; however one subject was later switched to a different 

treatment group after baseline assessment of body weight, possibly introducing bi as. 

In the second study issen and co lleagues ( 1996) exami ned strength, and body composition 

during seven weeks of HMB supplementati on wi th resistance exercise. They concluded 

that with HMB treatment, fat free mass was sign ifi cant ly increased compared to the placebo 

group. This study has been previously cri ti cised for its use of the same HMB and protein 

nutrient supplement as used in the first study, providing greater protein and some vi tamin 

content compared to the con trol in an orange drink mix (Slater & Jenkins, 2000). The 

training status of subjects was ill defined, and the HMB group had lower initi al bench press 

strength, possibly indicating a greater potential for st rength gains i f representative of less 

training experience (S later & Jenkins, 2000). 

Kreider and co-workers ( 1999) further investigated the role of HMB supplementati on on 

strength, body composition, and markers of musc le catabolism with res istance exercise. 

They concluded that HMB supplementati on significantly increased serum and urinary 

concentrations of HMB, however no ergogenic effect was observed (Kreider, et. al., 1999). 

This study could be criticised for limited study duration compared to other HMB 

supplementation studies. Lack of supervision of subject training may have re ulted in 

workout not intense enough to produce a training induced catabolic response. In addition , 

it is questioned whether blood testing for 3-methyl histidine requiring dietary restrictions 
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and an 8 hour fas t prior to testing, and I RM strength testing during the same day was wi se. 

Gallegher, er. al., (2000) continued in vesti gati on on the effects of HMB supplementati on on 

strength and body compositi on with resistance tra ining. The researchers concluded that 

daily supplementati on of HMB with resistance training significantly increased fat free 

mass, and decreased pl asma creatine kinase acti vity fo llowing intense exercise. However 

strength gains during the study were less obvious. In additi on the researchers concluded 

that hi gher doses of HMB (76mg/kg/day) did not promote additi onal strength or fat free 

mass gains compared to the recommended dose of 3g/day. This study may be criti cised for 

lack of definiti on of tra ining status of subjects. 

Panton and colleagues (2000) in vesti gated the effects of gender and training status on the 

ac ti on of HMB on strength, body compos ition, and musc le cataboli sm with res istance 

training. The researchers' concluded that gender and training status had no effect on the 

acti on or effecti veness of HMB . In addition, supplementati on with HMB signifi cantl y 

suppressed exercise induced pl asma creatine kinase, upper body strength increased 

signifi cantl y, and fat free mass increased but not significantl y, compared to the pl acebo 

group. This study has prev iously been criti cised because the stud y period was small (4 

weeks), sample sizes were small therefore reducing the stati sti ca l power of the stud y, and 

ori ginall y no significant di fferences were found until trained and untra ined subjects results 

were pooled. In additi on, subjects tra ining status was not clearl y indicated. ntrained 

subjects who had not trained the prev ious 6 months may differ from indi viduals who have 

never trained. In fact baseline data suggests trained subjects were weaker than untra ined. 

Thi s study may be further criti cised for comparing data between the genders, when two 

important differences in training occurred. During the study, changes were made in the 

women's res istance training programme due to complaints of fati gue and soreness (from 

the men), and lower body I RM testing was pe1formed on the leg extension machine, while 

men performed on the leg press equipment. 

In an attempt to further elucidate the mechanism of action of HMB, Slater and co-workers 

investigated the effects of HMB supplementation on urinary testosterone: epitesto terone 
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rati o in males. Thi s study examined urine samples at baseline, day 7, and 14. o other 

parameters were investi gated. The authors concluded that HMB supplementation had no 

influence on the urinary testosterone: epitestosterone ratio, therefore any anabolic effects 

occurred via an altern at ive mechani sm and required the training stimulus of resistance 

exercise. 

Paddon-Jones and co lleagues (200 I ) concentrated their study on one aspect of the proposed 

acti ons of HMB, the reduction of exerci se induced musc le damage. The conclusions 

reached from this study were that HMB supplementation had no beneficial effect on 

symptoms of muscle damage. This study may be criticised for onl y assess ing musc le 

damage via delayed onset musc le soreness, swelling, and recovery from exercise. Further 

measures of muscle damage, such as levels of 3-methyl hi stidine, creatine kinase, and 

lactate dehydrogenase were not carri ed out during thi s study. 

J6wko and co lleagues (200 I ) examined the effects of creatine and HMB supplementati on 

on strength and body composition with resistance exercise, in an effor1 to further elucidate 

the mechanism of action of HMB . J6wko and co lleagues (200 I ) concluded that creatine 

and HMB supplementati on both increase fat free mass and strength and the effects are 

additi ve, therefore occurring via differing mechanisms. However, the increase in fat free 

mass from HMB alone was not signifi cant (P=0.08). This study may be criti cised for small 

sample numbers, and unclear indication of subject training status. Subjects were 

considered untrained if they had not trained during the prev ious 6 months (thi s may differ 

from indi viduals who have never trained). 

Slater, et. al., (200 I ) studied the effects of HMB supplementati on on strength, body 

composition, and markers of muscle damage, in highly trained subjects. Subjects, were 

invo lved in ports at national level, and had a minimum of two years training experi ence. 

The researchers concluded that HMB supplementation of trained subjects had no influence 

on strength, body composition, or biochemical markers of musc le damage. Thi s study may 

be criticised for its limited study duration, and small sample numbers within each treatment 

group. In addition thi s study suffered from the same limitations as the study by Kreider and 
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co-workers ( 1999), blood testing for 3-methyl histidinc and l RM strength testing occurred 

on the same day. 

The final study reviewed, was conducted by Vukovich and co-workers (2001 ), and 

investigated HMB supplementation on elderly subjects undergoing resistance training. 

Potential changes in strength and body composition were assessed. The researchers 

concluded that the HMB supplemented group significantly increased fat free mass and 

decreased fat mass: however there were no significant differences in strength increase. The 

results of this study may not be comparable to the present study due to the age of subjects 

involved. and possible clecreasecl training intensity due to subject training status, age. and 

frailty. 

1.9 Study Justification and Objectives 

1.9.1 Study Justification 

Several studies of HMB supplementation with resistance trained individuals have been 

carried out previous to this study as described above. However results have been 

indeterminate. and there have been concerns regarding their methodology. The purpose of 

this study is to validate or dispute claims of increased strength. increased fat free mass. and 

decreased fat mass with HMB supplementation during a period of resistance training, in 

trainee! men. 

The methodological problems of previous studies hope to be avoided by increasing the 

study duration, increasing sample sizes, standardising and assessing subject dietary intakes, 

using trained subjects with a minimum of one year experience, and randomly allocating 

subjects to HMB or placebo supplementation groups in a double blind manner. 
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1.9.2 Study Objectives 

The objectives of this study are as follows; 

'l' To assess and compare muscular strength of subjects in the HMB and Placebo groups 

prior to, and following a 9-week resistance training programme. 

''( To assess and compare body composition of subjects in the HMB and Placebo 

supplemented groups prior to, and following a 9-week resistance training programme. 

·y To assess and compare body fat distribution of subjects in the HMB and Placebo 

supplemented groups prior to, and following a 9-week resistance training programme. 

''( To assess the effectiveness of standardisation of dietary intakes of subjects. 

·y To determine the effects. if any. of HMB supplementation with resistance exercise on 

trained men. 

Note: 
BW = 
Carb = 
Prep= 
lRM = 
TOBEC = 
DEXA = 
3MH = 
CK= 
LDH = 
ALT= 
AST= 
N= 
FFM = 
BIA= 
CT = 
DOMS = 
CRTN = 
%BF= 

Abbreviations used in Table 1.1 on the following page include: 
Body Weight 
Carbohydrate 
Prepared Meals 
One Repetition Maximum 
Total Body Electrical Conductivity 
Dual Energy X-ray Absorptiometer 
3-Methyl Histidine 
Creatine Kinase 
Lactate Dehydrogenase 
Alanine Aminotransferase 
Aspartate Aminotransferase 
Nitrogen 
Fat Free Mass 
Bioelectrical Impedance Analyser 
Computerised Tomography 
Delayed Onset Muscle Soreness 
Creatinine 
Percent Body Fat 
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Tablel.1: Summaries of the Previous HMB Studies Reviewed 
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AUTHORS Slater, et. al., II Paddon-Jones, et. al., J6woko, et. al., Slater, et. al., Vukovich, et. al., 

YEAR 2000 I 2001 2001 2001 2001 

DURATION 14 da;i:s Ii 6 da;i:s 3 wks 6 wks 8 wks 

SUBJECT NO. 6 17 40 27 32 

GENDER Male Male Male Male I Male & Female 

AGE 30-34;i:rs Mean 21.4;i:rs 19-23;i:rs Mean 24 . 7:i:rs Mean 70:i:rs 

TRAINING STATUS Recreationall:i: active Untrained Not resistance trained Hi~hl:i: trained Untrained 

I SUPPLEMENT CONTROL I No II No 
No HMB, creatine No creatine, HMB, or 

No 
PRIOR TO STUDY (3 mnth prior) supplements, (Bwk prior) 

GROUPED BY No ii Double -blind match BW I Random, double-blind Double blind 12arallel Random double-blind 

PLACEBO No Ii 40m9,k9 CaC04 I Rice flour, 9lucose Rice flour Rice flour 

SUPPLEMENT HMB ca12sules 40m9,k9 Ca-H MB I Ca -HMB
1 

Creatine HMB1 time release HMB Ca- HMB + KH ~P0 4 

HMB ,sl 3~ida:i: ~ 3.49,da;i: I I 39,da:i: 39,da:i: I 39,da:i: 

SUPPLEMENT COMPLIANCE I 7 No No Em12t:i: bott les returned ~uestionnaire
1 

blood test 

DIET I No No Pre12 meals, 24hr recall 3-da:i: food record s No 

TRAINING COMPLIANCE I No II Su12ervised Su12ervised su12ervised Su12ervised 

STRENGTH I No ii Elbow flexor torgue lRM 3RM lRM 

BODY COMPOSITION I No II u1212er arm 9irth BIA DEXA Skinfold
1 

CT
1 

DEXA 

MUSCLE DAMAGE I No II Report DOMS, post-ex CRTN, CK, urea N CK, LDH, CRTN, urea, 
No torque cortisol, testosterone 

No influence on 
Increase strength; 

Increase FFM; decrease 
RESULTS No beneficial effect. decrease serum CK; No beneficial effect. 

testosterone. synergistic to creatine . % BF. 
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Chapter 2 Methods 

Thi s proj ect was rev iewed and approved by the M assey Uni versity Regional Human Ethics 

Committee, A lbany Campus, M UAHEC 02/063. A copy of the human ethi cs appli cation 

may be found in Appendix I . In accordance w ith the human ethi cs appli cati on, each 

parti cipant signed a consent form pri or to parti cipati on, see Appendi x 3. 

2.1 Subject Recruitment 

Adverti sement for study parti cipation was via pamphlets and noti ces in gyms and hea lth 

centres throughout the A uckland region. Due to the adverti sement in gyms, home 

exercisers were exc luded from the study; it is poss ible that the exercise pattern s of home, 

and commercial gym exercisers di ffers sli ghtl y. Study parti cipants were res istance trained 

men, aged 20-30, attending gyms, li ving in the Auckl and region, and who vo lunteered for 

thi s study. A copy of the fl yer and brochure may be found in Appendi x 2. 

In formati on sheets including a brief description of the 13-hydroxy- 13-methylbutyrate (HMB) 

supplements and proposed acti on, study out l ine and description of procedures invo lved, 

confidenti ality procedures and ri ghts of volunteers, consent forms and elf addressed 

envelopes were mailed out to all men interested in parti cipating in the study. Study 

information sheets may be found in Appendix 3. 
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2 .1.1 Selection Criteria 

Participants were chosen for the study from those respondents who met the study se lecti on 

criteria: 

''f' Gender: Males were studi ed to avoid any hormone response and sensitivity variations 

with the menstrual cyc le in women potentially affecting metaboli sm (Heyward , 1998) 

and strength (Jones & Folland, 200 I ). 

''f' Age: Participants aged 20 to 30 years were se lected to avoid any physiological and 

metabolic differences assoc iated with ado lescent or older indi viduals from potenti all y 

affecting resu Its. 

Y Resistance Training Experience: A minimum of one year of previous res istance 

trainin g experi ence was required. This decision was made for three reasons: Firstly, to 

avoid any influence of neural adaptation weakening the significance of the strength 

results. Secondly, strength trained indi viduals were thought to differ from untrained 

indi viduals in musc le substrate stores, musc le enzy me acti vities (M acDougall , 1986), 

hormonal sensiti viti es (Bi olo, et. al. , 1995), and protein turnover in response to 

res istance exercise (Tarnopolsky, et. a l. , 1988; Lemon, 1998; Roy et. al., 2000; Tipton 

& Wolfe, 200 I ). Therefore res istance trained indi viduals may not respond to HMS 

supplementati on in the same manner as untrained indi viduals ( issen, et. al., 1996; 

Clark, et. al., 2000; Ni ssen, et. al., 2000; Slater & Jenkins, 2000; Slater, et. al., 200 I; 

Vukovich, et. al., 200 I ). Finally, trained individuals have less potential for change with 

resistance exerci se, and may therefore more clearly indicate changes associated with 

supplementation (Slater & Jenkins, 2000; Slater et. al. , 200 I ). 

T Medical History: All pa11icipants were healthy, with no known medical conditions 

that would contraind icate resistance exercise. There was considered to be no ri sk of 

harm to healthy participants if exercises were conducted in a safe environment and 

accord ing to instructions given. 
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T Intake of Other Sports Supplements: Pa,ti cipants were asked to di scontinue use of 

other sports supplements prior to beginning the study peri od, including other HMB 

products, protein powders, protein shakes, protein bars, and products containing 

creatine, to reduce the poss ibility of a synergisti c effect on HMB from other sports 

supplements. 

2.1.2 Sample Size 

Thirty four res istance tra ined males (RTM ) parti cipated 111 the treatment (n = 19) and 

con tro l groups (n = I 5) of the study. 

2.2 Study Design 

Experimental Design 

The experimental des ign used in thi s study was a double blind randomi sed des ign. A n 

outside party ass igned subjects to the treatment or contro l group so that neither the subjects 

nor the researcher were aware which subj ects were taking the HMB or the placebo (Burke, 

et. al., 2000). 

Justification of Experimental Design 

A contro l group was used to remove any psychological effect of being supplemented and 

included in the study, otherwi se known as a 'pl acebo effect' (Burke, et. al. , 2000). Subjects 

were randoml y assigned to the treatment and contro l groups to remove any bias or initi al 

differences between the groups (Vincent, 1995). In addition, thi s study was double blind to 

remove any effect from inadvertent encouragement by the researcher to improve the 

performance of the treatment group, also known as the 'halo effect' (Burke, et. al. , 2000). 
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Study Length 

The study was conducted for 11 weeks in total, including I O weeks of res istance training, 

and 9 weeks of supplementation. The res istance tra ining programme began on week 2 and 

continued unti l week 11 , for a total of I O weeks; the supplementation peri od began on week 

2 and continued unti I week I 0, for a total of 9 weeks. 

Justification of Study Length 

Thus far results from HMB supplementati on on resistance trained individuals have been 

variab le; therefore this aspect of HMB supplementation was thought to be worth further 

investigation over a longer study period than has previously been undertaken with 

resistance trained indi viduals. 

2 .2.1 Supplementation 

The HMB was sourced from Musashi Ltd (Nott ing Hill , Victoria, Australi a) . The batch 

number was 200 I 11 18. The specifics of thi s batch were as fo llows; 

Appearance: 

Ca content: 

HMB content: 

L oss on Drying: 

Pb: 

As: 

white crystalline powder 

13.70% 

84.69% 

1.52% 

<IOppm max. 

<2ppm max. 

The pl acebo was made up of maize starch, sourced from National Starch and Chemical NZ 

Ltd (Auckland, New Zealand) with the product number NOV A TION 2700 and BDH 

(Palmerston orth, New Zealand) with the product number 30261. Thi s placebo was 

chosen because it closely resembled the HMB powder. 
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The HMB and placebo were packaged in the same type of gelatine capsu le (s ize 00) 

provided by Pharmaceutical Compounding (Auckland, New Zealand). Each capsu le 

contained 0.5g of HMB weighed in batches of I 0, or approximately 0.5- 1.0g of placebo. 

All subjects were required to consume 6 capsules per day, divided into 3 doses of 2 

capsules throughout the day. A third party coded and all ocated packets of capsu les for 

co llection by study subjects. 

The men received three grams of HMB supplemented during this study, as a dose­

responsi ve increase in muscle strength and lean musc le size is thought to occur up to 3g per 

day (S later et. al. , 200 I ; Slater & Jenkin s, 2000; Gallagher, et. al., 2000). Capsules were 

taken three times per day to maintain hi gh circulating pl asma HMB leve ls throughout the 

day as the plasma HMB half life is approx imately 2.3 hours (Vukov ich, et. al., 200 I ). 

2.2.2 Training Programme 

The training log booklets, including all exercise descriptions (Westcott , 1996; M ann , 1997; 

M oran & McG lynn , 1997 ; Bompa & Corn acchia, 1998) and sketches of each exerci se were 

des igned by the researcher. The exercise descripti ons were approved, and the trainin g 

programme designed by a qualified Personal T ra iner ( etwork Certificate in Personal 

Training), Mark Woodgate. The tra ining programme design was a three day sp lit ; each 

major musc le group was trained 1-2 times per week, fo r 5-7 sets of 5- 15 repetiti ons, and 3-

4 exercises per musc le group. For an example of the complete training log book see 

Appendix 5. 

Justification 

To ensure adherence, the resistance training programme was designed to maximi se muscle 

mass and strength increase, w ithout being too time intensive or monotonous. The amount 

of spare time of the indiv idual and the variety in an exercise programme both influence the 

drop-out rate from exercise programmes (Heyward, 1998) . 
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The same res istance training programme was given to participants in both the HMB and 

placebo groups to ensure the total training vo lume and mode of res istance training 

performed by subjects was the same. Musc le groups were trained and tested on the same 

type of apparatus and range of moti on to avoid a training response specificity influencing 

strength over contraction velocity, musc le length , and range of motion (Rutherford & 

Jones, 1986; Sale, 1988; Jones, et, al., 1989; M cArdle, et. al., 1991 ; Fleck & Kraemer, 

1997). 

2.3 Data Collection Methods 

2 .3.1 Study Questionnaire 

Questionnaire Development and Pre- testing 

A study questionnaire was prepared and admini stered to four res istance trained individuals 

from the general public prior to beginning the study. Several changes were made from the 

original draft of the study questionnaire. The original phrasings of some questions were 

changed to make them eas ier to understand. In add ition, a question on supplement usage 

and beliefs was added after the initi al trial questionnaire indicated hi gh supplement usage in 

res istance trained men. 

The questionnaire was divided into three sections. The first section was composed of 

questions assessing the demographic details of the study group, including age, ethnicity, 

education, and occupation. Questions regarding occupation were based on NZSCO 

occupational coding (NZSCO, 2002). The second secti on consisted of a semi-quantitati ve 

food frequency questionnaire to give an e ti mate of food group consumption frequency 

(Mullen, et. al., 1984) of resistance trained men in thi s age group. Questions were based on 

the New Zealand National Nutrition Survey ( 1999) questionnaire and sugge ted food 

portion si zes. The third and fin al section of the questionnaire consisted of questions 

assess ing the previous physical activity and training habits of recreationally res istance 
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trained men. An example of the study questionnaire has been included in Appendix 6. 

Justification 

Recent studi es indicate some significant differences in the dietary habits and 

supplementation pattern s of res istance trained men compared to both the genera l population 

and competiti ve bodybuilders (Lamar-Hildebrand, et. al., 1989; Sandoval, et. al., 1989; 

Sandoval & Heyward , 199 1; Bam man, et. al. , 1993; Bazzarre, et. al. , 1994; Naylor & Garg, 

1996; Withers, et. al., 1997). A food frequency questionnaire has the fo ll owing 

advan tages; it is quick to perform; inexpensi ve; may be used to analyse large populations 

(Mullen, et. al., 1984); can be used to measure consumpti on over a clay, week, month, or 

year (Lee & Nieman, 1996); gives a good measure of incli viclual intake compared to 

household food account data; and is reasonably accurate for frequently eaten foods 

(Mullen, et. al., 1984). Di sadvantages include; food intake is measured using standard 

portion sizes so 1s not as accurate as measured food records; it does not gi ve a precise 

est imate of energy and nutrient intake (Lee & ieman, 1996); and it is not accurate for 

infrequentl y eaten foods (Mullen, et. al., 1984). 

Several studi es have looked at the energy and nutrient requirements of competiti ve body 

builders; however it is known that exercise and tra ining programs of competiti ve 

boclybuilclers and resistance trained men differ in tra ining level, intensi ti es, and frequencies 

(Lamar-Hilclebrancl , et. al., I 989; Kleiner, et. al., 1994). Therefore when evaluating the 

nutritional requirements of res istance trained men, a closer assessment of physical activity 

levels would prove advantageous. 

2.3.2 Dietary Assessment via Diet Records 

P1ior to, and at the completion of the study, subjects were asked to record all food and drink 

consumed over three days, including two weekdays and one weekend day. Po,tion size or 

food vo lume consumed and any leftovers were estimated. Subjects were also asked to 

record type and brand of foods consumed, cooking methods, and homemade recipes. 
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Prior to starting the study, dietary recommendations were given to each subject, containing 

advice on appropriate nutrition to max imi se musc le size and strength increases with 

resistance training, in an effort to standardi se participant intakes. In addition to thi s, all 

subjects were reminded not to consu me other sports supplements that may influence the 

acti on of HMB. A n example of the dietary record sheet and dietary recommendations 

given to participants, have been inc luded in Appendices 9 and 10. 

Justification 

Estimated food records were used to assess subject's usual dietary intake of energy and 

nutrients prior to, and during the study. This method of dietary intake measurement was 

chosen because it was considered to be a less expensive and less time intensive method 

when analysing the intakes of a relatively large group. The food records were then 

analysed for changes over the study duration and differences between the HMB and 

Placebo groups that may have influenced strength increase and body fat loss. The study 

dietary recommendations were used in an attempt to standardise subject"s dietary status 

during the study, as adequate nutrition status will provide optimum condit ions to maximise 

the acti on of HMB . 

Advantages of using estimated food records include; severa l days may be analysed gi ving a 

more representati ve estimate of subject ' s usual dietary intake (Lee, & Nieman, 1996); 

recording weekdays and weekend days reduces day to day variati ons in dietary intake 

(Tara uk, & Beaton, 1992); do not require memory reca ll ; subjects record their own dietary 

intakes in relative pri vacy and therefore are less likely to omit foods due to embarrassment 

in front of an interviewer (Lee, & Nieman, 1996; Todd, et. al. , 1983). 

Di sadvantages include; al l subjects must be literate and motivated to keep records (Todd, 

et. al., 1983); estimated food records are less accurate than weighed records; limited record 

periods don' t include seasonal vari ati ons in food intake (Beaton, 1994); the act of recording 

food intake may alter subject's food intakes and underestimate usual intakes (Lee, & 

ieman, 1996). 
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Use of food composition tables and databases introduce errors when foods chosen from the 

database differ in growing, storing, process ing, and/or cooking methods; bi oavailability of 

individual nutrients due to season or region; substitution of similar food for food item or 

recipe not contained in the database; and incorrect identification of food item in the 

database (Lee, & ieman, 1996). 

2.3.3 Anthropometric Measurements 

Skinfold Measurements 

The standard specifications of !SAK (Internat ional Society for the Advancement of 

Ki anthropometry) were used when locating and measuring skinfolds (M arfell -Jones, 1999; 

Mellow, 1999). 

Initi all y eight sites were identifi ed along the ri ght hand side of the body using bony 

landmarks, and marked with a water based fe lt-tip pen (Mellow, 1999; Heyward, 1998; 

Heyward & Stolarczyk, 1993). The eight sites were measured in sequence two to three 

times. A copy of the data record sheets fo r the anth ropometri c profil e, B IA resul ls, and 

strength data has been included in Appendix 7. 

A Slim Guide skinfo ld calli per was used which has a prec1s1on of I mm (Heyward & 

Stolarczyk , 1993). A Luftkin retractable measuring tape, model W606PM, was used to aid 

identification of anatomical landmarks, and was read to the nearest millimetre. 

Justification 

Skinfold measurement's were taken from each participant to measure the initial pattern of 

fat di stribution, and the change in fat di stribution and fat free mass during the study period 

due to HMB and placebo supplementation. 
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Advantages of using the skinfold method include the wide use and va lidati on of thi s 

method in numerous studies. As we ll thi s method all ows a measure of fat di stributi on over 

the body (Yoke, 1995). Di sadvantages include the assumptions that subcutaneous and 

internal fat distribution is similar in all indi viduals, and a constant relati onship between 

subcutaneous and internal fat distribution. Error may be introduced into thi s method from 

measurer skill , calliper type, and subject indi vidual vari ability. It wou ld have been 

preferable to use Harpenden skin fo ld callipers with a constan t jaw pressure of I Og/cm2, 

rather than the Slim Guide callipers that were used. The Harpenden ca llipers have greater 

accuracy and precision of measurement. Indi vidual vari ability may be a fac tor when 

studying resistance trained men, as skinfo lcls are more difficult to take in heavi ly muscled 

subjects clue to the difficulty in separating the subcutaneous fat layer from muscle ti ssue 

(Heyward & Stolarczyk, 1993). 

Body Fat Estimation 

The equation used to estimate percent body fat was the Durn in & Womersley four-site 

method (Durnin & Womersley, 1974; Lee & Neeman, 1996). 

Justification 

This equation was used to gi ve an estimate of percent body fat from the sk in fo ld sites that 

were measured. The advantages of using this skin fo ld equation were that this was a well 

known and well va lidated equation; it was one of the more popular body fat equations 

currentl y in use on New Zealand popul ati ons; it was developed on a fa irl y similar 

popul ati on to that used in this study; and it u es more than one skin fo ld to predict body fat. 

The more sites used in the equati on the greater the accuracy (Mell ow, 1999). However, the 

validity of thi s equation decreases due to the difference between the popul ation used to 

develop thi s body fat equation and the study populati on. There were a large proportion of 

sedentary individual s in the Durnin and Womersley ( 1974) study, and all individuals in thi s 

study were recreational bodybuilders; The Durnin and Womersley ( 1974) study used data 

from a Scotti sh population (Mellow, 1999), and there was a fair proportion of A sian 
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individuals ( 12.5%) in thi s study population . The Durnin and Womersley ( 1974) body fat 

equation was validated against a level II method, densitometry (under water weighing). 

Densitometry is not a direct measure of body fat, though it is thought to be the gold 

standard in body fat measurement. Densitometry also uses a complex regress ion equation 

to calculate body fat leve ls, and thi s potentially further reduces the accuracy of using the 

Durnin and Womersley ( 1974) equation (Mellow, 1999). 

Other methods of measuring body fat have been discussed in the bioelectrical impedance 

analysis section be low. 

Height Measurement 

Subjects were asked to remove footwear, and stand on a level surface with feet together, 

hee ls, buttocks, shoulders, and head pressed back against a wall (Wil son, et .a l. , 1993). A 

plate was lowered onto the individuals head, usi ng a leve l to ensure a horizonta l intersect 

with the tape measure. The indi v idual was asked to take a deep breath and stand straigh t, 

while the measurement was taken. Height was measured to the nearest millimetre (Wil son . 

et .al., 1993 ). 

Justification 

Height was measured to calculate body mass index as an indication of long-term health 

ri sks for thi s population, and to calculate total body water for use in blood alcohol 

concentration calcu lations. 

Weight Measurement 

Each subject was measured in light clothing with shoes removed. Subject were asked to 

stand on the middle of the scales, and look straight ahead (Mellow, 1999). 
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Tanita Digital Personal Scales were used with a max imum capacity of 150kg, with 

graduation of I 00-200g increments. Weight was measured in kilograms to I decimal place. 

Justification 

Body weight was measured pri or to the start of supplementation during visit 2, and after 

nine weeks of supplementation during visit 4. Body weight was used to calculate percent 

change in weight for the study du rati on, body mass index. and total body water for use in 

blood alcohol concentrati on calculati ons. 

2.3.4 Bioelectrical Impedance Analysis 

The bioe lectri cal impedance analyser instrument passes a low electri cal current (50 kH z) 

th rough the body and measures the impedance or restri ct ion of flow of the elec tri ca l current 

received back at the bi oe lectri ca l impedance analyser. Thi s initi all y measures tota l body 

water. whi ch is than converted to percent fat mass and percent fat free mass using a pre­

programmed algorithm (M ellow, 1999 ; Heyward, 1998 ; Heyward & Stolarczyk , 1993). 

The procedures fo llowed for use of the BIA instrument were those prov ided by the 

manu fac turer (lmpedimed Pty Ltd, A ustrali a) . 

A single frequency bi oelectri cal impedance analyser instrument was used in tetra-polar 

mode at 50 kHz, 200 µ A , model B IM 4, supplied by lmpedimed Pty Ltd (Queensland, 

Austra li a). 

Justification 

This measurement was taken as an indication of fat free mass change over the duration of 

the study. 

Advantages of using bioelectrical impedance analys is are that it wa a quick and easy 

method to use; was a non-invasi ve technique; and required minimal training of the 
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researcher (Yoke, 1995). The di sadvantages of thi s method include; errors introduced by 

the indi vidual 's hydrat ion level and incorrect pl acement of electrodes (Y oke, 1995); 

instrument vari ati on of up to 36 Q between brands (Heyward , 1998; Heyward & 

Stolarczyk, 1993); and decreased reli abil ity since the regression equation was unknown. 

Other methods for measuring body fat levels include; Computed Tomograph y (CT), 

Magnetic Resonance Imaging (MRI), Dual Energy X-ray Absorpti ometry (D EXA), 

densiometry (under water weighing), pleth ysmograph (BODPOD) (Mellow, 1999), 

req ui red the use of expens ive equipment, were not portab le, and therefore were considered 

impractical for this study. 

2.3.5 Strength Testing Using the One Repetition Maximum 

Method 

The one repetiti on max imum ( I RM) esti mates strength via measurement of the heaviest 

weight an individual is ab le to lift through the full range of motion, for one repet i tion of an 

exercise (McMurray, 1999). 

Prior to the strength test date, subjects were asked not to train within 12 hours of the test, 

and were adv ised to bring their usual train ing clothes and gear. Immed iately prior to 

strength test ing, each subject was asked to warm-up for five minu tes on aerobic equipment 

(Dowson, 1999). The exercise apparatus was adjusted to suit the size of the individual, and 

the seat and bench height positions noted for later retesting. A start ing weight close to 40-

60% of the indi vidual 's perceived I RM was chosen for 5- 10 repetitions as a warm-up. The 

subject was given a one minute rest peri od and allowed to stretch if requi red. A weight 

close to 60-80% of the subject's perceived I RM was chosen for 3-5 repeti tions. The 

subject was again given a one minute rest peri od. As the weight li f ted came closer to the 

perceived I RM, conservati ve increases of 1-5 kg increments were chosen. For each 

attempt where the indi vidual was able to perform more than one li f t, the weight was 

increased after a one minute rest peri od until failure to complete the li f t (K raemer & Fry, 

1995). The researcher observed subject posi tioning and technique, ensuring the full range 
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of movement was completed for each exerci se attempt, as well as gi ving encouragement to 

each subject. The strength testing procedures have been described in more detail in 

Appendix 8. 

Leg Extension Apparatus 

The Leg Extension apparatus had both an adjustable seat, and adjustable pin loading up to a 

max imum weight of 96kg, from Fitness Works (Auckl and, New Zealand ). 

Bench Press Apparatus 

A Pro Smith press w ith coun ter balance, Ol ympic barbell , Olympic cas t pl ates, and Pro 

Super adjustable incline bench, from FitnessWorks (A uckland, New Zealand) and ProGym 

brands were used to test I RM bench press strength . 

Bicep Preacher Curl Apparatus 

FitnessWorks (Auckland , New Zealand ) and ProGym Pro preacher curl adj ustable bench, 

and assorted dumbbell s (cast plates on chrome handles) were used to measure I RM bicep 

preacher curl strength. 

Justification 

Isotonic strength testing was done at the beginning and end of the study peri od. The I RM 

method was used as an estimate of indi vidual strength increases during the study peri od, 

and to compare the strength gains between the HMB and placebo groups. Strength tests 

were performed twice at the beginning and twi ce at the end of the study, to gi ve an 

indicati on of the measurement reliability. Measurements were taken from three different 

muscle groups, arms (biceps curl), trunk (bench press), and lower body (leg extension), to 

increase the correlati on between individual strength measurements and total body strength 

(Haskell & Kiernan, 2000). 
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The I RM method was used because it was useful to predict performance in other dynamic 

activities (Wil son, 1994); the protoco l has good reliability when used in experienced 

subjects (Wi Ison, 1994 ); and the use of resistance exercise machines reduced the need for a 

spotter. To avoid ri sk of diurnal variations in strength , each subject was tested at 

approx imate ly the same time of day when possible. 

Di sadvantages of the method included ; the use of free weights since the I RM protocols 

were designed for machines, the learning effect may be increased if subjects were not 

familiar with the exercise due to the co-ordination involved when using free weights; the 

resistance exercise machines may reduce the range of motion of the movement; and test 

reliability may be affected by the measurer's knowledge of lifting and spotting techniques. 

Other methods for measuring strength include; isometri c strength testing which measures 

maximum force applied against an immovable resistance measured using a tensiometer, 

load ce ll , or strain gauge over a 3-4 second period; and isok ineti c st rength testing which 

involves tes ting maximum strength throughout a range of motion at set ve loc ities using 

specialised isokinetic equipment. Both methods requi re speciali sed instruments and 

eq uipment which were not avai I ab le for thi s study (Wi Ison, 1994 ). 

2.3.6 Physical Activity Records 

Training Log Books 

A red coloured training log book was provided to each participant for the first five weeks of 

the study, and a separate blue co loured training log book for the fina l five weeks. Subjects 

were asked to maintain their current participation in other physical activities in conjunction 

with the study resistance training programme. The training log books included space to 

record resistance training compliance; other physical activities pa1ticipated in; as wel l as 

room for notes of any effect or side-effects of the supplementation expe1ienced by 

pa1ticipants. 
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Justification 

The training log books al lowed a record of subject compliance in the study res istance 

training programme as well as par1i cipati on in other physica l acti viti es. A n advantage of 

using the log books was that they al lowed recording of acti vities immediately fo llowing 

parti cipati on or at the end of each day, therefore recall was more convenient for 

parti cipants. However the di sadvantage in the use of log books was that they were time 

demanding and may influence a subject' s behaviour (Haskell & Ki ern an, 2000). 

Other methods of co llecting thi s in formation include sel f reported surveys (see study 

quest ionnaire above) ; diari es which generate a complete record over a li mited time peri od 

such as a few days; and physiologica l monitoring. Both di ari es and phys iologica l 

monitorin g would have generated vast amounts of unnecessary data and were considered to 

be too in volved for a study of thi s size. 

2.4 Data Collection Programme 

Data was gathered during four visits at weeks I , 2, I O and 11 . Data co llec ti on consisted of 

a study questionnaire, anthropometri c measurement, BIA body compositi on analysis, 3-day 

food records, strength testing, res istance tra ining compli ance record s, supplementati on 

compliance record s, and additi onal phys ical acti vity records. 

Visit One (Approximately 30 minutes) 

During visit I , three-day dietary record sheets, study questi onnaires, and training log books 

for weeks 1-5 were handed out to each participant to take home, with instructi on on how to 

complete them. Muscular strength was measured during a seri es of One Repetition 

M aximum ( I RM) exercise tri als for leg ex tension, Smith machine bench press, and 

preacher curl apparatu s. Additi onal instruction on how to perform un familiar exercises in 
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the study resistance training programme was gi ven to participants where required. 

Visit Two (Approximately 60 minutes) 

The study questionnaire was co llected from participants during visit two. The 

questionnaire was used to assess demographic detail s, and previous eatin g, exercise, and 

supplement habits. The three-day dietary records were also co llected during visit two. 

Dietary aims for the study period were discussed, and the avoidance of other sports 

supplements for the durati on of the study period was emphasised to subjects . 

Anthropometric measurements were taken ; eight skin fo ld sites were measured using 

skin fo ld ca l lipers; height and body weight measured; and body composit ion measured 

using a bioe lectri cal impedance ana lyser. The strength tests from visit one were repeated . 

The first week suppl y of supplement capsules were handed out, and each week thereafter to 

al I parti cipants. 

In Between Visits 

At a half-way point during the study peri od the completed trainin g log books were 

co llected, and log books fo r weeks 6-10 were supplied to each participant. 

Visit Three (Approximately 30 minutes) 

The final three-day dietary record sheets were handed out to each study participant. 

Muscular strength was measured using the same procedure as vi sit I. Prior to the final 

assessment participants should have fini shed their supply of supplement capsu les. All 

participant were advised to record the number of any capsules remai ning, and to refrain 

from consuming further capsules. 

Visit Four (Approximately 60 minutes) 

The final 3-day dietary records were collected once completed. Final Anthropometric 
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measurements were taken as above in visit two. The strength tests from visit three were 

repeated. Participants were asked to return the final training log books as soon as poss ible 

following visit 4. 

2.5 Data Processing and Computer Entry 

2.5.1 Questionnaire 

Each question was coded. Questi ons that allowed an open-ended answer were further 

examined for relevance, and then coded. Some answers required immediate acti on from 

the researcher. For example, subjects confirming steroid use were removed from the study; 

subjects on medications possibly affec ted by the HMB supplement (or calcium in the HMB 

supp lement) were contacted; subjects on medications that may have influenced the acti on 

of the HMB supplement were removed from the study. 

A n updated Widmark Equation (Watson, et. elf., 198 1) was used to calcu late subjects tota l 

body water, and therefore blood alcohol concentrations based on data gathered from the 

questionnaire and anthropometri c record s (subjec t 's age, height , and weight, usual type of 

alcohol and vo lume consumed). The usual blood alcoho l concentrat ions during a drinking 

sess ion were ca lculated for 20 subjec ts (Watson, et. al., 198 1 ). 

2.5.2 Supplementation 

Duri ng the final visit, each subject reported the number of capsu les remaining, so 

compli ance could be evaluated. 

2.5.3 Dietary Records 

Food intakes were entered into the FoodWorks database (described be low), and mean 

intakes were averaged over three days. For any foods not present in the database, the 
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closest food type and cooking method was chosen, entire recipes entered, and/or the 

manufacturer of the food item contacted regarding nutrient content. 

2 .5.4 Anthropometric Records 

M edian skinfold (SF) measurements were used for each site, and then percent change in 

each skinfold site over the study durati on was calculated. 

Sum of six skin folds was calculated from the fo llowing formula; 

I = (Tri ceps + Subscapular + Supraspinale + Abdominal + Front Thi gh + Medial Calt) 

(Wil son, et .al., 1993). 

The regression equation used to esti mate body fat from the skin fo ld sites measured was the 

Durnin and Womersley ( 1974) equati on. Initial and final body fat percentages, fat mass 

and fat free mass were then co mpared over the duration of the study. BIA and skin fo ld 

methods of measuring body composition were then compared. 

Body density and body fat percentages were calculated from the fo ll owing formulae; 

Body Density= 1.1610 -0.0632 logI (Iliac Crest+ Subscapular +Triceps+ Bi ceps) 

%Body fat= [(4.95/Body Density) - 4.5] * I 00 

(Durnin & Womersley, 1974; Lee & Neeman, 1996). 

BMI was calculated from height and weight measurements using the following formula; 

BMI = Wei ght in kg / (Height in cm) 2 

(Deakin, 2000). 

2.5.5 Bioelectrical Impedance Analysis 

The BlA was used to measure fat mass (kg), percent body fat, fat free mass (kg), and 

percent fat free mass. The percent change in each of these measurements was then 

calculated over the study duration. 
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2.5.6 Strength Measurements 

Strength measurements were averaged over the initi al two vi sits, and the final two visits. 

Strength measurements were also averaged over ri ght and left hand side of the body. 

Actual change in : trength , and percent change in strength were ca lculated over the duration 

of the study fo r each strength measurement ( leg extension, bench press, and bicep preacher 

curl ). 

2.5.7 Resistance Training Programme and Activity Records 

The res istance tra ining program me log book was used to assess subject compli ance. The 

acti vi ty records were grouped into; hi gh intensity exercise (sports at co mpetit ion level, 

track events, training sprints, etc) ; med ium intensity exercise (non-co mpetiti ve runnin g and 

jogging, indoor card iovascular exercise, non-competiti ve cyc ling, sports tra ining, ro ller­

blad in g, etc) ; and low intensity exercise ( less intense acti vities such as golf, walking, gentle 

hik ing. tab le tennis, garden ing, and sports with short bursts of ac ti vi ty and long periods of 

rest such as recreati onal surfing and water-ski ing). 

2.6 Data Checking 

During data entry, each data point was checked as it wa. typed in to Excel and each data 

value on screen wa checked against the ori ginal on paper, to ensure there were no typing 

errors. Once all of the data had been entered into the computer it was checked for outliers, 

and any outliers found, were compared to the ori ginal data to confirm actual results. 

Nutrient intake data was checked in the FoodWorks software by checking nutrient levels 

for outliers. For example one subject had very high sod ium levels, and upon checking 

outli ers it was found that 44 pieces of bread had been entered rather than 4 pieces. 
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Data from FoodWorks was copied and pasted to Excel, the first and last data points from 

each column were checked against the original FoodWorks data to ensu re data was pasted 

into the correct columns and rows. 

2.7 Data Analysis and Statistics 

2 .7.1 Software 

The FoodWorks Nutrition Database (Vers ion 2) from Xyris Software A ustra li a was used to 

analyse the dietary intakes of the study subjects at the beginning and end of the study. The 

addit ion of 3g HMB or placebo (corn starch) was not ana lysed in the diets as participant 

supplementati on compli ance was not I 00%, and Version 2 of the Food Works software did 

not prov ide the facil ity to analyse amino acid con ten t of foods. 

Two spreadsheet programmes were used to analyse study data, Microsoft Excel (2002), and 

MlNITAB for Windows (Version 13.32, 2002) . 

2.7.2 Statistics 

The differences between the HMB and placebo groups in strength, anthropometric, and 

nutrient results were tested using the Two Sample-T test i f the results were normall y 

distributed or the non-parametri c Kruskal-Walli s test if results were not normally 

distributed. 

Regressions were carried out to determine any relati onship between age, ethnicity, 

anthropometric measurements, energy intake, nutrient intake, habitual alcohol intake, and 

incidence of alcohol binging on nutrient intakes and the various strength and 

anthropometric measurements pe1formed during the study. 
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The results of this study are generally represented in the text as Mean ± Standard Error of 

the Mean (SEM) or Median and Upper and Lower quartiles. Where the difference between 

the HMB and placebo groups has been calculated, results are represented as Mean ± SEM 

and probability value (P-value) for a confidence interval of 9SC'7c. 

Bar graphs and line graphs were used to graphically represent results. Results are 

represented as Mean± SEM, or ranked from smallest to greatest. 

2.8 Subject Feedback 

At the completion of the study all participants were sent a summary of their individual 

results in relation to the study. Where relevant. information regarding nutrient food sources 

was included if the participant was at risk of low nutrient intakes or nutrient deficiencies. 

All participants were encouraged to contact the researcher to discuss their results and to 

answer any questions regarding their results; especially 

(see Appendix 12). 
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Chapter 3 Results 

Results accumulated during thi s study have been separated into the fo ll owing secti ons; 

sample size; demographi cs of parti cipants; anthropometry; ph ys ica l acti vity; strength; diet; 

supplementati on; and hea lth and lifesty le. 

3.1 Sample Size 

Participant Retention 

Thirty four subjects participated in this study. Complete data was obtained from 20 

participants, and limited data was obtained from 12. Four partici pants withdrew from the 

study due to unspecified reasons, 2 moved out of the area, I withdrew due to an unrelated 

illness, and I participant withdrew due to time constrai nts and was unable to continue 

parti cipati on in the study. The data from two participants was exc luded from the study as 

participants failed to comply with study criteria. 

There was no significant difference found between numbers of participants who withdrew 

from either treatment group. 

57 



3.2 Demographics of Study Participants 

3.2.1 Age 

Participants were all aged between 20 to 30 years. Mean age in the HMB supplemented 

group was 24.0 ± 0.9; and in the control group was 24.9 ± 1.2. 

3.2.2 Ethnicity 

The majority (78.17<) of participants in the study were of European ethnicity. Table 3.1 

below, shows the distribution of ethnicity in the study group. 

Table 3.1: Participant Ethnicity 

3.2.3 Education and Occupation 

Half (509c) of the participants gave 7th form as the highest level of education completed 

(Table 3.2). Around half (56.3%) of study pa11icipants were currently studying at tertiary 

level (Table 3.3). 
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Table 3.2: Participant Highest Level of Education 

Of those participants in full time work, the majority were involved in the service and sales 

industry ( I 8.8clc). Participant occupations were classified using NZSCO occupational 

coding (NZSCO. 2002) and are illustrated in Table 3.3. following. 

Table 3.3: Participant Occupation. 

3.3 Anthropometry 

3.3.1 General Anthropometric Characteristics of the Study Group 

Eighteen (56.2%) study participants had remained at their current body weight for six 
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months or longer prior to the study. Body weight and other anthropometric characteristics 

of the HMB and Pl acebo groups have been presented in the fo llowing table (Tab le 3.4). 

Table 3.4: Anthropometric Measurements of the Study Group (Mean ± SEM) 

I ANTHROPOMETRIC MEASUREMENTS II HMB (n=12) II PLACEBO (n=9) II P-value I 
I Initial Height (cm) II 179.7 ± 1.6 II 181.0 ± 1.6 II 0.582 I 
I Final Height (cm) II 179.7 ± 1.6 II 181.0 ± 1.6 II 0 .582 I 
I Initial Weight (kg) II 84.9 ± 3.6 II 74 .7 ± 3.6 II 0.063 I 
I Final Weight (kg) 11 85.0 ± 3.7 II 75.3 ± 3.4 II 0.069 I 
I Initial BMI (kg/ cm 2

) 11 26 .2 ± 0.8 II 22 .8 ± 0 .9 II 0.014 I 
I Final BMI (kg/ cm 2

) II 26.2 ± 0.8 II 22 .9 ± 0.9 II 0 .015 I 
I 1Initial Sum 6 Skinfolds (mm) II 72 .5 ± 10.0 II 64.2 ± 11.0 II 0 .594 I 
I 1Final Sum 6 Skinfolds (mm) II 69 .7 ± 9.0 II 65.9 ± 11.0 II 0.790 I 
I Initial SF Fat Mass (kg) II 15 .3 ± 1.9 II 12.0 ± 1.7 11 0.209 I 
I Final SF Fat Mass (kg) II 15.2 ± 1.9 II 12.4 ± 1.5 11 0.253 I 
I Initial SF Fat Free Mass (kg) II 69.6 ± 2.4 II 62 .8 ± 2.4 11 0 .056 I 
I Final SF Fat Free Mass (kg) II 69 .8 ± 2.4 II 62.8 ± 2.4 11 0 .055 I 
I Initial SF % Body fat II 17.5 ± 1.6 II 15.6 ± 1.6 II 0 .399 I 
I Final SF % Body fat II 17.4 ± 1.5 II 16.2 ± 1.4 II 0.568 I 
I 2Initial BIA Fat Mass (kg) II 17.7 ± 2.0 II 13.2 ± 2.0 II 0.126 I 
I 2Final BIA Fat Mass (kg) II 17.1 ± 2.4 II 13.3 ± 1.9 II 0.414 I 
I Initial BIA Fat Free Mass (kg) II 67 .2 ± 2.4 II 61.4 ± 2.0 11 0.084 I 
I Final BIA Fat Free Mass (kg) II 67.9 ± 2.4 II 61.8 ± 1.8 II 0.060 I 
I Initial BIA % Body fat II 20.4 ± 1.6 II 17.1 ± 1.8 II 0 .197 I 
I Final BIA %Body fat II 19.5 ± 2.0 II 17 .19 ± 1.7 I I 0.406 I 
I Initial TBW Fat Free Mass (kg) II 65.8 ± 1.8 II 61.3 ± 1.7 II 0.088 I 
I Final TBW Fat Free Mass (kg) II 65.9 ± 1.9 II 61.5 ± 1.6 II 0.095 I 
I Initial TBW % Body fat II 21.9 ± 1. 3 II 17.4 ± 1.8 I I 0 .054 I 
I Final TBW % Body fat II 21.9 ± 1.3 II 17.8 ± 1.6 II 0.056 I 

Note: SF fat mass, fat free mass and percent body fat levels were calculated using the Durnin & 

Womersley equation {1974). Total body water was calculated using the method of Watson, et. 

al., (1981). 1HMB group n=11. 2 Kruskal - Wallis non-parametric test used. Abbreviations; BMI = 

body mass index, SF= skinfolds, BIA= bioelectrical impedance analysis, and TBW = total body 

water. 
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There was a significant difference found between the mean body mass index of the two 

groups, the body mass index of the HMB group were; initial 26.2 ± 0.8; final 26.2 ± 0.8, 

and the placebo group; initial 22.8 ± 0.9; final 22.9 ± 0.9. There was also a significant 

difference found between the initial body fat estimated from total body water of the two 

groups, the initial body fat estimation of the HMS group was; 2 1.9 ± 1.3; and the placebo 

group; 17.4 ± 1.8. 

There was no significant difference found in the initial or final sk in fo ld measurements of 

the HMS and Placebo supplemented groups (P>0. 177) (see T ab le 3.5). 

Table 3.5: Skinfold Measurements of the Study Group (Mean ± SEM) 

I SKINFOLD MEASUREMENTS II HMB (n= 12) II PLACEBO (n=12 ) II P- value I 
I ' Initia l Triceps (mm) II 8.3 ± 1.1 II 8.2 ± 1. 3 11 0.943 I 
I Final Triceps (mm) II 8.3 ± 0.9 II 8.7 ± 1.4 II 0.819 I 
I ' I nitial Sub scapular (mm) II 13.8 ± 2.0 II 10. 6 ± 1.2 II 0.356 I 
I ' Final Sub scapular (mm) II 14.0 ± 2.2 II 10.8 ± 1.2 11 0.594 I 
I ' Initial Biceps (mm) II 4.5 ± 0 .9 II 3 .3 ± 0 .5 II 0.253 I 
I ' Final Biceps (mm) II 3.9 ± 0.6 II 3 .3 ± 0 .5 11 0.453 I 
I ' Initial Iliac Crest (mm) II 18.9 ± 2 .7 II 15.8 ± 3 .0 II 0.337 I 
I 1Final Il iac Crest (mm) II 18 .5 ± 2.6 II 16.4 ± 2 .2 II 0.570 I 
I ' Initia l Supraspinale (mm) II 14.0 ± 2.7 II 10.3 ± 2.0 11 0.240 I 
I ' Final Supraspinale (mm) II 13.3 ± 2 .8 II 10 .8 ± 1.7 II 0.749 I 
I Initial Abdominal (mm) II 20.4 ± 3.5 II 15.6 ± 3.2 II 0.327 I 
I Final Abdominal (mm) II 19.6 ± 3.3 II 15.6 ± 3.0 II 0 .387 I 
I '·3In itial Thigh (mm) I I 15 .9 ± 3 .0 II 14 .0 ± 2.8 11 0.512 I 
I 3Final Thigh (mm) II 14.6 ± 2.3 II 13.0 ± 2.7 II 0.522 I 
I 3Initial Calf (mm) II 9.8 ± 1.9 II 7.0 ± 1.1 II 0.177 I 
I 2•

3Final Calf (mm) 11 7 .8 ± 1.1 II 7.0 ± 1.2 11 0 .381 I 
Note: 1 Placebo group n=S. 2 HMB group n = ll. 3 Kruskal-Wallis non- parametric test. 
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3.3.2 Anthropometric Changes over the Study Period 

There was no significant difference found between the HMB and Placebo supplemented 

groups for any of the eight skin fo lds measured over the study duration (P>0.1 35) (see Table 

3.6, below). 

Table 3.6: Change in Skinfold Thickness over Study Duration (Mean ± SEM) 

I CHANGE IN SKINFOLDS II HMB (n=12) II PLACEBO (n=9) II P-value I 
I 3Triceps (mm) 11 -0 .02 ± 0.4 II -0 .5 ± 0.4 II 0.803 I 
I Sub scapular (mm) II -0 .2 ± 0.5 II -0 .2 ± 0.3 II 0.975 I 
I 3 Biceps (mm) II 0.6 ± 0.4 II -0.09 ± 0.2 II 0.135 I 
I I liac Crest (mm) 11 0.4 ± 0.4 11 -0.5 ± 1. 3 II 0.502 I 
I Supraspina le (mm) II 0 .6 ± 0.6 II -0.5±0.7 II 0.214 I 
I Abdominal (mm) II 0.8 ± 0 .3 II 0.03 ± 0.7 II 0.316 I 
I 1

•
3Thigh (mm) II 1.4 ± 1.0 II -0.6 ± 1.3 II 0.669 I 

I 2
•
3 Ca lf (mm) 11 0.6 ± 0.3 II 0.07 ± 0 .3 II 0.517 I 

Note: 1 Placebo group n=S. 2 HMB group n=ll. 3 Kruskal-Wallis non- parametric test. 

There was no significant difference found between the HMB and Pl acebo supplemented 

groups for change in weight, sum of six skin fo lds, fat mass, fat free mass, or percent body 

fat (P>0.095) over the study durati on (Table 3.7). 

Table 3.7: Change in Anthropometric Measurements over Study Duration 

(Mean± SEM) 

I CHANGE IN MEASUREMENTS 11 HMB (n=12) II PLACEBO (n:9) 11 P-value I 
I Weight (kg) II 0 .08 ± 0.40 II 0 .52 ± 0.44 II 0.471 I 
I BMI (kg/cm 2

) II -0.02 ± 0.1 11 -0.2 ± 0.1 11 0.438 I 
I 1Sum of 6 Skinfolds (mm) 11 -2.75 ± 1.50 11 1.70 ± 2. 00 II 0.095 I 
I SF Fat Mass (kg) II -0 .08 ± 0 .24 II 0.46 ± 0 .35 11 0.222 I I 2SF Fat Free Mass (kg) II 0.17 ± 0 .32 II 0 .06 ± 0 .25 II 0 .915 I 

62 



CHANGE IN MEASUREMENTS HMB (n=12) PLACEBO (n=9) 

SF % Body fat -0 .13 ± 0 .23 0.67 ± 0.47 

BIA Fat Mass (kg) -0 .60 ± 0.61 0.11±0.56 

BIA Fat Free Mass ( kg) 0.68 ± 0.57 0.4 1 ± 0.53 

BIA % Body fat -0.93 ± 0 .75 0.04 ± 0. 73 

TBW Fat Free Mass (kg) -0.03 ± 0.1 -0 .2 ± 0.2 

TBW % Body fat -0.01 ± 0.1 -0.4 ± 0.3 

Note: SF fat mass, fat free mass, and percent body fat levels were calculated using the Durnin & 

Womersley equation ( 1974 ). Total body water was calculated using the Watson, et. al., method 

(1981) . 1 HMB group n=11. 2 Kruskal - Wall is non- parametri c test. Abbreviations; BMI = body 

mass index, SF = skinfolds, BIA = bioelectr ical impedance analysis, and TBW = total body water. 

3.4 General Physical Activity Habits of the Study Group 

In addition to resistance training, study participants were regularl y involved in a range of 

other physical activities. The most popular physical act ivity other than resistance training 

was running, both prior to the study (questionnaire reca ll indicates 34% parti cipati on), and 

during the study period (training log book records indicates 43% participation). 

Other physical acti vities perfo rmed by study subjects during the study period have been 

grouped into the following categories; hi gh intensity exerci se, medium intensity exerci se, 

and low intensity exercise. There was no significant difference between the HMB and 

placebo supplemented groups in duration or intensity over the study period (Tab le 3.8). 

Prior to the study other physical acti vities were pe1formed on average 2.8 ± 0.3 times per 

week for an average of 62.6 ± 4.9 minutes per session. During the study other physical 

activities were pe1formed on average 2.9 ± 0.2 times per week for an average of 54.6 ± 1.8 

mi nutes per sess ion . 
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Table 3.8: Recorded Physical Activity Intensity and Duration during the Study 

Period {Mean ± SEM) 

ACTIVITY DURATION (MIN) HMB PLACEBO 

High Intensity Exercise 2.4 ± 1.6 0.0 ± 0.00 

Medium Intensity Exercise 49.9 ± 13 .3 46.8 ± 12.2 

Low Intensity Exercise 33.8 ± 11.6 36 .8 ± 18.7 

Total Exercise (excl. Resistance Training) 86.0 ± 16.4 83 .2 ± 19 .2 

Note: Excludes Resistance Training. Physical Activity Records Weeks 1 through 5 HMB group 

n=17, Placebo n=lO; Weeks 6 through 10 HMB group n=lO, Placebo n=9. 

3.5 Strength 

The average length of resi stance training experi ence was 4.3 ± 0.6 years. The maximum 

reca lled resistance tra ining experience was 14.5 years. Prior to the study, resistance 

training was performed on average 3.5 times per week, for an average of 66.9 ± 3.2 minutes 

per sess ion. Durin g the study, resistance trainin g was performed on average 2.5 times per 

week , as illustrated in Figure 3. 1 below. There was no significant difference between the 

HMB and pl acebo supplemented groups in average number of resistance training sessions 

over the study period (P>0.056) . 

Figure 3.1: Resistance Training Frequency Before and During Study (Mean ± 

SEM} 
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3.5.1 Baseline Strength Levels of the Study Group 

There were no significant di fferences (P>0.298) in post-tri al and pre- tra il strength 

measurements between the HMB and Placebo groups (T able 3.9). 

Table 3.9: Pre-trial and Post-trial Strength Measurements (Mean ± SEM) 

STRENGTH HMB (n=13) PLACEBO (n=9) 

In itial LE Strength (kg ) 37. 1 ± 2. 1 37 .2 ± 2.9 

Final LE Strength (kg) 42 .0 ± 1.8 38.6 ± 2.6 

' In itial BP Strength (kg) 53 .9 ± 5.0 52. 2 ± 6 .3 

1Final BP Strength (kg) 62. 1± 5 .4 60.8 ± 6.6 

2I n iti al PC Strength ( kg ) 17.7 ± 0 .8 16 .9 ± 1. 3 

2Fina l PC Strength (kg ) 19.6 ± 0.9 18 .8± 1.3 

Note: 1 HMB group n=11. 2 HMB group n=12. Abbreviations; LE= leg extension, BP = bench 

press, and PC = bicep preacher curl. 

3.5.2 Strength Changes Over the Study Period 

T here were no significant differences in actual change in strength duri ng the study 

(P>0.086), however percent change in leg extension strength did increase signi ficant ly for 

the HMB supp lemented group over the study durati on (Tab les 3. 10 and 3. 1 I ). 

Table 3.10: Strength Change over Study Duration (Mean ± SEM) 

I STRENGTH II INITIAL II FINAL II P-value 

I LE Strength (kg) II 37 .1 ± 2 .1 II 42.0 ± 1.8 II 0 .086 

HMB I 1BP Strength (kg) II 53 .9 ± 5.0 II 62.1 ± 5.4 II 0 .140 (n=13) 

I 2PC Strength (kg) II 17 .7 ± 0 .8 II 19 .6 ± 0.9 II 0 .361 

I LE Strengt h (kg) 11 37 .2 ± 2 .9 II 38.6 ± 2 .6 II 0.276 

PLACEBO I BP Strength ( kg) II 52 .2 ± 6 .3 II 60 .8 ± 6 .6 n 0 .723 (n=9) 

I PC Strength ( kg) II 16 .9 ± 1.3 11 18 .8 ± 1. 3 11 0 .307 

Note: 1 HMB group n=11. 2 HMB group n=12. Abbreviations; LE= leg extension, 

BP = bench press, and PC = bicep preacher curl. 
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Leg Extension strength increased significantl y for the HMB supplemented group duri ng the 

study period , compared to the placebo group; HMB 14.7 ± 3.6%; Placebo 4.84 ± 2.89'c, as 

indicated in T able 3. 11 and Figures 3.2 and 3.3. 

Table 3.11: Percent Change in Strength Measurements for HMB and Placebo 

Groups (Mean ± SEM) 

% CHANGE HMB (n=13) II PLACEBO (n=9) II P-value 

%Change LE 14.7 ± 3 .6 II 4.8 ± 2.8 II 0 .04 1 

1%Change BP 16.5 ± 4 .1 II 18.9 ± 4 .7 II 0.710 

2%Change PC 10.5 ± 2.1 II 12.3 ± 2. 1 II 0 .563 

Note: 1 HMB group n=11. 2 HMB group n=12. Abbreviations; LE= leg extension, BP= bench 

press, and PC = bicep preacher curl. 

The percent increase in leg ex tension represented a!-. a red bar graph is clearly greater than 

that fo r the placebo group rep resented a!-. a blue bar graph, below. 

Figure 3.2: Percent Change in Leg Extension Strength (Mean ± SEM) 

lRM l eg E><tension 

Note: (Leg extension; HMB 14.7 ± 3.6%; 4 .8 ± 2.8% Placebo). 

A line graph representing ranked percent change in leg extension strength for the HMB and 

placebo group is given in Figure 3.3, over page. Representing the data in this way gives a 

clear picture of how strength changed amongst the two supplemented groups. 
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Figure 3.3: Ranked Percent Change in Leg Extension Strength 
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No signifi cant difference in percent strength increase in bench press was found. However, 

as can be seen in Figures 3.4 and 3.5 , the mean percent change in bench press strength for 

the placebo group ( 18.9 ± 4.7%) was sli ghtl y greater th an that of the HMB group ( 16.5 ± 

4. I 9'c ), but not significantl y so. 

Figure 3 .4 : Percent Change in Bench Press Strength (Mean ± SEM) 
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Note: (Bench Press; HMB 16.5 ± 4.1%; Placebo 18.9 ± 4.7%). 

A l ine graph representing ranked percent change in bench press strength for the HMB and 

placebo groups is given in Fi gure 3.5, over page. 
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Figure 3.5: Ranked Percent Change in Bench Press Strength 
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No significant difference in percent strength increase in bicep preacher curl was found . A s 

can be seen in Fi gures 3.6 and 3.7, the mean percent change in bicep preacher curl strength 

for the placebo group ( 12.3 ± 2. 1%) was sli ghtly greater than that of the HMB group ( 10.5 

± 2. I %), but again , not signifi cantly so. 

Figure 3.6: Percent Change in Bicep Preacher Curl Strength {Mean ± SEM) 

lRM Bicep Preacher Curt 

Note: (Bicep preacher curl; HMB 10.5 ± 2.1%; Placebo 12.3 ± 2 .1%). 

A li ne graph representi ng ranked percent change in bicep preacher curl strength for the 

HMB and placebo groups is gi ven in Figure 3.7, over page. 
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Figure 3.7: Ranked Percent Change in Bicep Preacher Curl Strength 
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3. 6.1 Description of Dietary Habits Prior to Study 

The majority (87.5%) of parti cipants described their eatin g habits as 'eating a vari ety o f all 

foods' . A descripti on of study parti cipants eating habits is given below in Table 3.1 2. 

Table 3.12: Description of Eating Habits 

I DESCRIPTION OF EATING HABITS II SUBJECT NO. II 0/o 

I Eat variety of all foods 11 28 II 87 .5 

Eat eggs, dairy, fish , chicken, but no other meat 11 2 II 6 .3 

I Eat eggs, da iry, meat, but avoid chicken, fish II 1 II 3 .1 

I Eat chicken, beef, dairy, but no eggs, fish 11 1 II 3.1 

Only three pa1ticipants described aversions or allergies. Allergies were to seafood, and 

aversions were to eggs, beer, and ' hard meat ' (s teak, lamb, and pork fi llets). No 

explanation was given for these food aversions. 
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Foods were classified as one of the six following categories; fruit and vegetables, cereal, 

breakfast cereal, breads and bakery products, dairy products, and meats. The following 

table represents participant consumption of these food groups (Table 3. J 3 ). 

Only 4 ( J 2.517c) participants consumed five or more servings of fruit and vegetables, and 

one participant (3.19<) ate less than one serving per day (Figure 3.8). 

Figure 3.8: Recalled Fruit and Vegetable Consumption 
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The majority (62.Y/c) of participants consumed one to two servings of cereals per day. and 

one (3.10) participant consumed seven or more servings of cereals (excluding breakfast 

cereals) per day (Figure 3.9). 

Figure 3.9: Recalled Cereal Consumption 
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Two (6.3c/(1) paiticipants did not eat breakfast cereals, however, half (50.07c) of the 

participants consumed one or two servings of breakfast cereals per day (Figure 3.10). 

Figure 3.10: Recalled Breakfast Cereal Consumption 
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Two (6.Yk) participants did not cat breads or bakery products at all. Of those participants 

that did consume breads and bakery products. most (37 .Yk) consumed one to two servings 

of breads or bakery products per day (equivalent to one sandwich) (Figure 3.11 ). 

Figure 3.11: Recalled Breads and Bakery Product Consumption 
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The majority (75.0%) of study participants consumed one to two servings of dairy products 

daily, and the remaining (25.0%) participants consumed three to four servings each day 

(Figure 3.12). 
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Figure 3.12: Recalled Dairy Consumption 
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The majority (78. l (k) of participants consumed one to two servings of meat per day, as 

indicated in Figure 3.13. 

Figure 3.13: Recalled Meat Consumption 

3.6.2 Influences on Dietary Habits Prior to Study 

The major sources of dietary advice were the popular media and websites (34.4% ), family 

and friends (31.3%), gym trainers and staff (3 l.3c7c)), nutritionists and dieticians (28.1 %), 

and other gym users (25.0o/o), as illustrated in Figure 3. 14. 
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Figure 3.14: Source of Dietary Advice 
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Eight (25.(Vi'c) participants had stable eating habits for less than six months. Three 

participants had practised some form of restrictive dieting in the past. The most common 

was a high protein and low carbohydrate diet. 

3.6.3 General Dietary Intakes during the Study 

Differences in Nutrient Intake during the Study 

No significant differences in nutrient intakes were found between the initial and final 

dietary records from study participants (Table 3.13 ), therefore initial and final three day 

dietary records were averaged to give a better description of usual nutrient intake of the 

group. 
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Table 3.13: Differences in Nutrient Intake between Initial and Final Three Day 

Dietary Records (Mean ± SEM) 

I NUTRIENT INTAKE II INITIAL (n=28} II FINAL (n=21) 11 P- value I 
I Food Weight (g) II 2705 ± 215 II 2471 ± 241 II 0.472 I 
I Energy (KJ) II 10997 ± 729 II 10586 ± 563 II 0 .657 I 
I Energy (cal) II 2627 ± 174 II 2529 ± 134 II 0 .657 I 
I 2 Protein (g) II 143 .6 ± 11 II 125 .5 ± 9.2 II 0.312 I 
I 1 Protein (g/ kg) II 1.8 ± 0.2 II 1.6 ± 0.1 II 0.305 I 
I Prote in (% ) II 22.4 ± 1.0 II 20.5 ± 1.2 II 0.252 I 
I Carbohydrate (g) II 294.0 ± 21 II 281.2 ± 18 II 0.644 I 
I Carbohydrate (% ) II 42 .9 ± 1.4 II 42.2 ± 1.4 II 0.763 I 
I 1 Carbohydrate (g/ kg) II 3.7 ± 0.3 II 3.5 ± 0.2 I I 0.597 I 
I 1 Fibre (g) II 24.7 ± 1.9 II 24.3 ± 2.4 II 0.558 I 
I Total Sugars (g) II 128 .1 ± 12 II 116.9 ± 9.2 II 0.473 I 
I Starch ( g) II 165.0 ± 13 II 163 .5 ± 12 II 0.929 I 
I 2 Glucose (g) II 25.0 ± 3.3 II 20.8 ± 2.1 II 0.554 I 
I Fructose (g) II 21. 2 ± 2.1 II 21.1 ± 2.5 II 0.958 I 
I Sucrose (g) II 49.2 ± 4.7 II 49 .8 ± 5.7 II 0 .936 I 
I 2 Lactose (g) II 28 .3 ± 7.8 II 20.7 ± 2.8 II 0.936 I 
I 2 Maltose (g) II 4.2 ± 0.7 II 4 .2 ± 0.7 II 0.777 I 
I 2 Total Fat (g) II 92.4 ± 8.5 II 97.1 ± 8.2 II 0.473 I 
I Total Fat( % ) II 31.3 ± 1.6 II 33.8 ± 2.0 II 0.317 I 
I 2 Satura ted Fat (g) II 39.8 ± 4.4 II 40.9 ± 4.2 II 0.544 I 
I Mono Fat ( g) II 31.9 ± 3.0 II 33.7 ± 2.7 II 0.661 I 
I 2 Poly Fat (g) II 12.0 ± 1.2 II 12.1 ± 1.2 II 0.762 I 
I 2 Cholesterol (mg) II 428 ± 34 II 401 ± 33 II 0.621 I 
I 2 Alcohol (g) II 9.1 ± 3.3 I I 6.2 ± 2.8 II 0.175 I 
I 2 Water (g) ,1 2168 ± 228 II 1905 ± 230 II 0.419 I 
I Vitamin A ( µg) (Retinal Equivalents) II 943 ± 95 II 882 ± 66 II 0.601 I 
I 2 Vitamin C (mg ) II 154 ± 42 II 91.0 ± 14 II 0.170 I 
I 2 Vita min E (mg) II 10.7± 1.0 II 9.6 ± 1. 1 II 0.312 I 
I 2 Vitami n D (µg) II 3. 1 ±0.6 II 3.3 ± 0.6 II 0. 708 I 
I 2 Thiamin (Vitamin Bl ) (mg) 11 3.1 ± 0.7 II 2.3 ± 0.3 II 1.0 I 
I 2 Riboflav in (Vitamin B2) (mg) 11 3.7 ± 0.9 II 2.7 ± 0.2 II 0.911 I 
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Macronutrient Intake Calculated from 6-Day Dietary Records 

The mean protein, carbohydrate, and fat intakes were 139.3 9.7g, 287.7 17.6g, and 93.5 

± 7.4g respectively. Mean alcohol intake was 7.5 ± 2.3g (equivalent to 0.75 of a serving of 

beer wine, or spirits), and the maximum intake was 42.9g (equivalent to 4.3 servings of 

beer, wine, or spirits). Energy and macronutrient intakes of the study group are displayed 

below in Table 3.14. 

Table 3.14: Energy Intake from Macronutrients 
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Carbohydrate Intake 

The mean intake of fibre was 24.9 1.8g. Mean energy intake derived from total sugars 

was 19.0 ± 1.1 '!t. sucrose 7.4 ± 0.6½, and starch 25.3 ± l.(ViL as indicated in Tahle 3.15. 

following. 

Table 3.15: Carbohydrate Intake 

Lipid Intake 

Mean saturated fat and cholesterol intake was 40.2 ± 4.1 g, and 424.0 ± 30.8 mg 

respectively. The maximum intake of saturated fat was 97.9g, and cholesterol 857.7mg. 

Energy intake from lipid sources are displayed in Table 3.16 following. 
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Table 3 .16: Lipid Intake 

ENERGY INTAKE AS MEAN± SEM UPPER 
LIPIDS UARTILE 

Saturated Fat (g) 40.2 ± 4.1 48 .2 

Monounsaturated Fat ( g) 32.5 ± 2.5 39.1 

Polyunsaturated Fat (g) 12.1± 0.9 15.6 

Cholesterol (mg) 424.0 ± 30.8 524.7 

Saturated Fat % 13.9 ± 1.1 16.9 

Monounsaturated Fat % 11.4 ± 0.6 13 .2 

Polyunsaturated Fat % 4.3 ± 0 .2 4.8 

Differences in Nutrient Intake between Supplementation Groups 

There were some significant differences found in percentage of energy from carbohydrate 

(%) , percentage of energy from total fat (% ), intake of maltose (g), and cho lesterol (mg) 

between the HMB and placebo groups (Table 3.17). 

Table 3.17: Differences in Nutrient Intake between HMS and Placebo Groups 

{Mean± SEM) 

II NUTRIENT INTAKE II HMB (n=17) 11 PLACEBO (n = ll) II P-value I 
I Food weight (g) 11 2805 ± 272 I[ 2413 ± 210 11 0.265 I 
I Energy (KJ) II 10744 ± 828 II 10945 + 841 II 0.866 I 

I Energy (cal) II 2567 ± 198 II 2615 ± 201 II 0.866 I 
I 2 Protein (g) II 138.5 ± 14 II 140.6 ± 14 11 0.689 I 
I 1 Protein (g/kg) II 1.6 ± 0.2 II 1.8 ± 0.2 II 0.523 I 
I Protein (% ) II 21.9±1.2 II 22.3 ± 1.8 I I 0.868 I 

I Carbohydrate (g) II 305 ± 25 I I 261.3 ± 23 I I 0.210 I 
I 1Carbohydrate (g/kg) 11 3.7±0.4 I I 3.4 ± 0.3 1r 0.494 I 
I Carbohydrate(%) II 45 .1 ± 1.4 II 38.3 ± 1.8 II 0.007 I 

I Fibre (g) 11 25.9 ± 2 .8 I I 23.3 ± 1.5 II 0.418 I 
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I NUTRIENT INTAKE II HMB (n = 17) II PLACEBO (n = 11) II P- value I 
I Total Sugars (g) II 134 .8 ± 13 11 103.2 ± 11 II 0.072 I 
I Starch (g) II 169.4 ± 16 II 157.0 ± 17 II 0.958 I 
I 2 Glucose (g) II 27 .7 ± 4.6 II 18 .7 ± 1.8 II 0.086 I 
I Fructose (g) II 23.4 ± 2 .3 11 17.9 ± 2 .1 II 0.084 I 
I Sucrose (g) II 50 .0 ± 4.7 11 44.1 ± 7 .8 II 0 .5 22 I 
I 2 Lactose (g) II 28 .5 ± 7 .3 II 19.8 ± 3.3 II 0.760 I 

I Maltose (g) II 5 .0 ± 0.7 II 2.5 ± 0 .7 11 0 .019 I 
I Total Fat ( g) II 85.1 ± 9 .5 II 106. 7 ± 11 II 0.152 I 
I Total Fat( % ) II 29.7 ± 2 .1 II 35.9 ± 2.0 11 0.043 I 
I 2 Saturated Fat (g) II 35.1 ± 4.7 11 48.0 ± 7.4 II 0 .151 I 
I Mono Fat (g) II 29.3 ± 3.2 II 37 . 5 ± 3.8 II 0.108 I 
I Poly Fat ( g) II 10 .9 ± 1.2 11 14 .0 ± 1.0 II 0 .065 I 
I 2 Cholesterol (mg) II 361.6 ± 23 11 520 ± 60 II 0 .046 I 
I 2 Alcohol (g) II 6.3 ± 3.1 II 9 .3 ± 3.7 II 0.442 I 
I Water (g) II 2267 ± 271 II 1836 ± 181 11 0.198 I 
I Vitamin A (µg) (Retinol Equivalents) II 846.0 ± 92 II 1006 ± 93 11 0.230 I 
I 2 Vitamin C (mg) II 139 .0 ± 35 II 108.8 ± 15 II 0.655 I 
I Vitamin E (mg) II 9.6 ± 1.6 II 12. 0 ± 1.6 I I 0.167 I 
I 2 Vitamin D (µg) II 3.1 ± 0.7 II 3 .0 ± 0 .5 H 0 .588 I 
I 2 Thiamin (Vi tamin Bl) (mg) II 3 .0 ± 0.6 II 2.3 ± 0.4 11 0.655 I 
I 2 Riboflavin (Vitamin B2) (mg) II 3.6 ± 0.7 II 2.9 ± 0 .3 II 0.525 I 
I Niacin (Equivalents) (Vi tamin B3) (mg) II 56.9 ± 6.7 11 59.0 ± 4.7 II 0 .819 I 
.I 2 Pyridoxine (Vitamin B6) (mg) II 2.9 ± 0 .5 II 2.9 + 0 .3 11 0.572 I 
II 2 Folate (Vitamin B9) (µg) H 325.0 ± 45 II 334.2 ± 17 II 0 .230 I 
I 2 Cyanocobalamin (Vitamin B12) (µg) II 7.9 ± 1.1 II 7 .8 ± 1.0 11 0.888 I 
I Sodium (mg) II 4028 ± 364 II 3514 + 403 II 0.354 I 

I Potassium (mg) II 4094 ± 480 II 4295 ± 326 II 0.732 I 

I Magnesium (mg) 11 397.0 ± 40 II 393 .6 ± 30 1 I 0.947 I 
I 2 Calcium (mg) II 1272 ± 224 II 919 ± 103 II 0.525 I 
I Phosphorus (mg) II 2087 ± 228 II 1940 ± 157 II 0.600 I 
I Iron (mg) II 17.7 ± 1.5 II 17 .5 ± 1.5 II 0.909 I 
I Zinc (mg) II 17.1 ± 1.5 II 16.2 ± 1.2 II 0.661 I 
I Manganese (µg) 11 4961 ± 555 II 4323 + 355 II 0.342 I 
I 2 Copper (mg) II 2.6 ± 0 .5 II 1.9±0.2 II 0.465 I 
I 2 Selenium (µg) II 99.1±18 II 87.2 ± 11 11 0.724 I 

Note: 1 HMB group n=15. 2 Kruskal- Wallis non-parametric test. 
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3. 7 Supplementation 

3.7.1 Supplementation Patterns Prior to Study 

The types of supplements taken by study participants prior to the beginning of the study 

period, were categorised into five groups; sports supplements, weight-loss supplements, 

vitamin/mineral supplements, herbal supplements, and pharmaceuticals (not a supplement, 

but added for completeness of records). One participant admitted to steroid use in the past. 

and was excluded from the study. The same participant was the only competitive 

bodybuilder from the study group. Eighteen (58.1 ck) study subjects were taking 

supplements regularly before the study period. Sports supplements were the most popular: 

and of these. protein powders were the most used, followed hy creatine (Tahle 3.18). 

Table 3.18: Supplement Popularity 

Sports 
4 

1 

2 

2 

Vitamin/Mineral 
1 

2 7 

1 21 

Herbal 1 14 

1 

Steroid 1 

Eighteen (56.3%) subjects believed that diet alone could not provide an adequate vitamin 
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and mineral intake. Figure 3.15 gives a graphical representation of this below. 

Figure 3.15: Participant Beliefs on Vitamin and Mineral Supplementation 
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3.8 Health and Lifestyle 

3.8.1 Caffeine Consumption 

Only one participant did not consume caffeinatcd beverages. over half of the participants 

(54.81/c) consumed two or more caffeinated beverages. and two (6.YlcJ participants 

consumed five or more caffeinated beverages per day. Figure 3.16 below represents 

caffeine consumption by study participants who drank caffcinated beverages. 

Figure 3.16: Frequency of Caffeine Consumption 
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3.8.2 Smoking Habits 

Eight (25.0%) participants have smoked in the past and four ( 12.9%) participants were 

currentl y smokers. Of the smokers in the study, the majority smoked less than fi ve 

ci garettes per day. 

3.8.3 Alcohol Consumption 

T wenty fi ve (78. 1 %) subj ects from the stud y regularl y consumed alcohol. When drinking 

alcohol, beer (25.0%), or beer and wine (2 1.9%) were the most popul ar beverages chosen 

(Table 3. 19). 

Table 3.19: Type of Alcoholic Beverage Consumed 

ALCOHOL TYPE SUBJECT NO. 

Beer 8 

Wine 2 

Spi r it s 3 

Beer & Wine 7 

Beer & Spirits 4 

Win e & Spirits 1 

Don 't Drink Alcohol 7 

A lmost hal f (43 .8%) of the study subjects consumed alcohol one to three times per week, 

two (6.3%) subjects drank alcohol daily. Frequency of alcohol consumption appears in 

Table 3.20 over the page. 
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Table 3.20: Frequency of Alcoholic Beverage Consumption 

The Alcohol Advisory Council of New Zealand advises men to consume no more than 6 

standard drinks per drinking session (Matheson, 2002). Eight (251/r) suhjects usually 

consumed more than 6 standard drinks per drinking session. In addition, hloocl alcohol 

concentrations were able to be calculated for 20 subjects based on reported consumption 

during a usual drinking session. Of the subjects who drank alcohoL seven (58</r) usually 

drank until over the blood alcohol limit for operating a motor vehicle. 

Table 3.21: Calculated Blood Alcohol Concentrations for a Usual Drinking 

Session 

Note: Abbreviations used BAC = blood alcohol concentration 
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Chapter 4 Discussion 

Thi s was the first HMB supplementation study done in New Zealand. It is important to 

note that there were several differences between thi s study and previous studi es 

in vesti gatin g HMB supplementati on in humans. Thi s study did not incorporate techniques 

such as; anal ys is of HMB levels in blood and urine ( issen, er. al., 1996; Kreider, er. al., 

1999; Gallagher er. al., 2000; Vukov ich, er. al., 200 I ); preparat ion of participant meals 

(N issen, er. al. , 1996; J6wko, er. al., 200 I ); supervision of participant res istance exercise 

sess ions (N issen, et. al., 1996; Gallagher er. al., 2000; Panton, er. al. , 200 I ; Paddon-Jones, 

er. al., 200 I ; J6wko, er. al. , 200 I ; Slater, er. al., 200 I ; Vukovich, er. al., 200 I ); 

measurement of biochemical markers of muscle damage (Nissen, er. al. , 1996; Kreider, er. 

al .. 1999; Gallagher er. al., 2000; Panton, er. al., 200 I ; Paddon-Jones, er. al .. 200 I ; J6wko, 

er. al., 200 I ; Slater, et. al., 200 I ), as previous studi es have done. 

This study investi gated the effects of HMB supplementation on res istance trained men 

(RTM ) in response to res istance exercise. Due to the lack of current research on this group, 

parti cular attention was paid to the exerc ise, dietary, and supplementati on pattern s of RTM . 

4.1 Demographics of Study Participants 

4 .1.1 Participants 

Gyms close to the Massey University Albany campus were chosen including two gyms on 

University campuses, and therefore there were a high proportion of students participating in 

thi s study. Student eating and exercising behaviours may not reflect the RTM population 

as a whole. 
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4.1.2 Age 

There are likely to be age related effects on exercise habits, eating habits, and supplement 

usage, therefore these results can onl y be generali sed for RTM between the ages of 20 and 

30 years. There were no significant differences in age between the two treatment groups. 

In additi on, there were no significant correlati ons between age and gain in musc le strength , 

or relati onships between age, musc le strength change and treatmen t group. 

4.1.3 Ethnicity 

There was no signifi cant difference in distribution of European and Non-European 

ethni citi es between the HMB and Pl acebo groups (P=0.965). Ethnicity had no effect on 

physical ac ti vity patterns, or strength change during the study (P>O. I 52), as indicated in 

Tables 4.1 and 4.2. However, base line bicep preacher curl strength was significantl y 

greater for Europeans compared with non-Europeans, the mean load successfull y lifted in 

the bicep preacher curl for Europeans was 18.3 ± 0.7; and non-Europeans, 13.5 ± 0.2. This 

difference did not seem to have any apparent effect on percent change in bicep preacher 

curl strength over the study duration . 

Table 4 . 1: Effect of Ethnicity on Physical Activity Patterns 

I ACTIVITY DURATION (MIN) II EUROPEAN II NON-EUROPEAN II P- value 

I 1 High Intensity Exercise II 2.0 ± 1.0 II 0.0 ± 0.0 II 0.274 

I 1 Medium I ntensity Exercise II 50.7 ± 11 II 43.7 ± 22 11 0 .505 

1 
1 Low Intensity Exercise II 43.3 ± 13 II 11.9 ± 7.6 u 0 .298 

I Total Exercise (excl. Resistance Train ing) II 95.9 ± 14 II 55 .6 ± 22 II 0 .152 

Note: 1 Used to indicate use of the Kruskal-Wallis non- parametric test. 

Physical Activity Records Weeks 1 through 5 European group n=20, Non-European group n=7; 

Weeks 6 through 10 European group n=14, Non-European group n=S. 
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Table 4.2: Effect of Ethnicity on Strength 

STRENGTH EUROPEAN NON-EUROPEAN 
P-value 

n=17 n=S 

In itial LE Strength 37.9 ± 1.4 34.5±5.9 0.603 

1Initial BP Strength 57 .1 ± 3.7 37.2 ± 9 .4 0.142 

2In itia l PC Strength 18.3 ± 0 .7 13.5 ± 1.2 0.016 

% Change in LE Strength 9.8 ± 2.9 13.8 ± 5.9 0.562 

1
•
3 % Change in BP Strength 10.7 ± 1.6 13.7 ±3.8 0 .370 

2% Change in PC Strength 14.5 ± 2.5 29.8 ± 9.6 0.222 

Note: 1 European group n = 16, Non- European n= 4. 2 Non- Eu ropean group n = 4 . 
1 Kruskal - Wallis non- parametric test. 

When comparin g European participants to non-European, there was a significant difference 

between intake of total sugars, glucose, total fat, saturated fat, monounsaturated fat, 

sodi um, and ca lcium. European participants consumed signifi cantl y greater amounts of 

sugars, glucose, total fat, saturated fat , monounsaturated fat, sod ium, and ca lci um than non­

Europeans (Table 4.3). 

Table 4.3: Effect of Ethnicity on Nutrient Intake 

I NUTRIENT INTAKE II EUROPEAN (n = 22) II NON-EUROPEAN (n = 6) II P- value 

I Food weight (g) II 2844 ± 910 II 1943 ± 397 II 0.081 

I Energy (KJ) II 11374 ± 627 II 9172 ± 1084 II 0.112 

I Energy (cal) II 2717± 160 II 2191 ± 259 II 0.112 

I 1 Protein (g) II 143.8 ± 10 II 125.7 ±24 II 0 .689 

I Protein (% ) II 21.9±1.3 II 22.5 ± 1 II 0.755 

I Carbohydrate (g) II 296 .0 ± 20 II 262.7 ± 37 II 0.449 

I Carbohydrate( %) II 41.5 ± 1.5 II 45.4 ± 2.3 II 0 .182 

I Fibre (g) II 25.4 ± 1.8 II 23 .3 ± 4.9 II 0 .695 

I Total Sugars (g) II 132.1±11 II 93.4 ± 14 II 0 .047 

I Starch ( g) II 163 .0 ± 13 II 168.9 ± 28 II 0.853 

I 1 Glucose ( g) II 26.8 ± 3.8 II 16 . 11 ± 1.8 II 0.026 

I Fructose (g) 11 22 .7 ± 2 .0 11 16 .9 ± 2 .6 11 0.101 
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NUTRIENT INTAKE EUROPEAN (n=22) NON-EUROPEAN (n=6) P-value 

I Sucrose (g) 50.4 ± 4.8 39.4±7.8 0.257 

I 1 Lactose ( g) 27.6 ± 5.9 17.6±5.1 0.194 

I Maltose (g) 4.3 ± 0 .7 3.3 ± 0.8 0.337 

I Total Fat (g) 101.3 ± 8.9 70.4 ± 7.6 0 .016 

I Total Fat(%) 33.0 ± 1.8 29.7 ± 3.1 0.385 

I 1 Saturated Fat ( g) 44.5 ± 5.1 27.1 ± 2 .7 0.036 

I Mono Fat ( g) 35.1 ± 3.0 24.8 ± 2.9 0 .024 

I Poly Fat ( g) 12.7 ± 1.0 10.4 ± 1.8 0.287 

I 'Cholesterol (mg) 445 ± 35 361 ± 64 0.194 

I 1 Al cohol ( g) 9.1 ± 3.0 2.7 ± 2.3 0 .675 

I Water (g) 2267 ± 209 1588 ± 306 0.092 

I Vi tamin A (µg) (Retinol Equivalents) 961 ± 67 751 ± 177 0.303 

I 1 Vitamin C (mg) 144 ± 27 77 .3 ± 23 0.095 

I Vitamin E (mg) 11.3 ± 1.0 8.1 ± 1.2 0.067 

I 1 Vitamin D (µg) 3 .0 ± 0.6 3.1 ± 0.8 0.559 

I 1 Thiamin (Vitamin Bl) (mg) 2.8 ± 0 .5 2.5 ± 0.6 1.000 

I 1 Riboflavin (Vitamin B2) (mg) 3 .5 ± 0.6 2 .2 ± 0.4 0.099 

I Niacin (Equivalents) (Vitamin B3) 58.5 ± 3.6 44.1 ± 8.2 0.153 

1 1 Pyridoxine (Vitamin B6) (mg) 3 .1 ± 0.4 2.5 ± 0.7 0.457 

I 1 Folate (Vitamin B9) (µg) 352 ± 33 258 ± 44 0 .095 

I 1 Cyanocobalamin (Vitamin B12) 8.5 ± 0 .9 5.8 ± 1.0 0.144 

I Sodium (mg) 4158 ± 311 2831 ± 369 0.015 

I Potassium (mg) I 4493 ± 349 I 3213 ± 597 0.094 

I Magnesium (mg) I 421 ± 27 I 319 ± 62 0.165 

I 1 Calcium (mg) I 1248 ± 178 I 790 ± 168 0.047 

I Phosphorus (mg) I 2140 ± 171 I 1697 ± 298 0 .226 

I Iron (mg) I 18.0 ± 1.2 I 16.5 ± 2.7 0.633 

I Zinc (mg) I 17.4 ± 1.2 I 14.8 ± 1.8 0 .262 

I Manganese (µg) I 4645 ± 327 I 4906 ± 1145 0.833 

I 1 Copper (mg) I 2.5 ± 0.4 I 1.8 ± 0.4 0.111 

I 1 Selenium (µg) I 98.5 ± 15 I 82.1 ± 18 0 .6 14 

Note: 1 Kruskal - Wallis non- parametric test. 

The equation used to estimate percent body fat and fat free mass from skinfolds was the 

Durnin & Womersley four-site method (Hawes & Martin, 200 I ; Durnin & Womersley, 
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1974). Thi s is a popular body fat equation used on New Zealand popul ations and was 

developed on a fairly similar populati on to that used in thi s study, however because it was 

developed on a Scotti sh population, and our study inc luded four Asian subjects ( 12.5%) 

and two Indian subjects (6.3%), the validity of using thi s equation may be decreased in thi s 

instance. Body fat and fat free mass were also estimated using the bi oe lectri cal impedance 

analyser; thi s also has decreased reli ability for use on thi s popul ation since the regress ion 

equation used was unknown. 

There were no significant differences between the European and non-European groups for 

initi al or final skinfold measurements. However percent change in subscapular sk infolds 

was significantly different between Europeans and non-Europeans; the mean percent 

change in subscapular sk in fo lds for Europeans was - 1.4 ± I .4%; and non-Europeans I 0.9 ± 

3.6%. 

4.1.4 Education & Occupation 

Around half of the study participants were students, and the exerc ise, dietary, and 

supplementation behaviours of students may not reflect the RTM population as a whole. 

4.2 Anthropometry 

There was a significant difference found between the mean body mass indices of the two 

groups. The body mass index provides reference standards of healthy body weight range 

for a given height (D eakin , 2000). The body mass index is not thought to be appropriate 

for athletes with large muscle mass, who are inappropri ately clas ified as overweight. The 

body mass index is also not a good representation of body composition (Deakin, 2000). 

However, in thi s instance there was quite a good correlation between body mass index and 

fat free mass (R-Sq > 69.6%). A l ine graph representing ranked base line and final body 

mass indices for the HMB and placebo groups are shown in Fi gures 4.1 and 4.2, over the 

page. 
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Figure 4.1: Comparison of Ranked Initial Body Mass Indices for HMB and 

Placebo Groups 
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Figure 4.2: Comparison of Ranked Final Body Mass Indices for HMB and 

Placebo Groups 
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Although the HMB group had greater initial body mass indices, thi s did not equate to 

greater baseline strength, the baseline strength was not significantly different between the 

two supplemented groups. Regression statist ics indicate that although there was a 

relationship between body mass index and strength, body mass index did not have a large 

influence on strength . 
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4.2.1 Comparison of Methods used to Estimate Body Composition 

Three procedures were used to estimate body compos ition change during thi s study. The 

methods included the ISAK eight site skin fo ld method plus Durnin and Womersley four­

site equati on ( 1974); single frequency bi oe lectri cal impedance analyser; and Watson and 

co lleagues total body water estimate of density ( 1981) plus estimati on of percent body fat 

from body density (Durnin and Womersley, 1974). 

The estimati on of body fat percent based on the Watson and co lleagues ( 198 1) total body 

water estimati on of density and percent body fat, differed signifi cantl y to the estimate based 

on skin fo lds and the Durnin and Womersley ( 1974) equati on. The bi oelec tri cal impedance 

analyser method and the skin fo ld and Durn in and Womersley ( 1974) estimati on of percent 

body fat did not significantl y differ, nor did the bi oe lectri cal impedance analyser method 

and the Watson and co lleagues ( 198 1) total body water estimati on of density and percent 

body fat di ffer significantl y. The bioelectri ca l impedance analyser and Watson and 

co lleagues ( 198 1) total body water methods appeared to gi ve closer estimati ons of percent 

body fa t. The skin fo ld and Durnin and Womersley ( 1974) method estimated consistentl y 

lower leve ls of body fat than the other two methods used in the study, as indicated in T able 

4.4, below. 

Table 4.4: Comparison of Methods used to Estimate Body Composition 

BODY FAT 
ESTIMATES 

I nitial (n=21) 

Final (n = 21) 

DURNIN & 
WOMERSLEY 

16.7 ± 1.1 

16.7 ± 1.1 

20 .1 ± 1.1 

Note: Abbreviations used EQUN = equation, BIA = bioelectrical impedance analyser, TBW = total 

body water. 
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Line graphs representing ranked percent body fat estimations using the three methods are 

shown bel ow (Fi gures 4.3, and 4.4). The Durnin & Womersley ( 1974) eq uation appears to 

underestimate percent body fat compared to the other two methods. 

Figure 4.3: Comparison of Methods used to Estimate Initial Body Fat 

Percentages 
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Figure 4.4: Comparison of Methods used to Estimate Final Body Fat 

Percentages 
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The HMB group had significantly greater initi al percent body fat as estimated by the 

Watson and colleague ( 198 1 ), total body water method (Figure 4.5) . Thi s difference in 

percent body fat had no influence on change in body fat over the duration of the study 

(P=0.296). 
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Figure 4.5: Comparison of Ranked Baseline Estimates of Percent Body Fat 

using the Total Body Water Equation 
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4.2.2 General Anthropometric Characteristics of the Study Group 

In compari son to sk in fo lds of 19-24 year old males taken during the ati onal utrition 

Survey in 1997 (tri ceps 12.2 ± 0.5mm and subscapular 14.1 ± 0.7mm (M ean ± SEM) 

(Russe ll et. of. , 1999), skin fo ld thickness of study parti cipants (tri ceps 8.4 ± 0.6mm and 

subscapular 12.6 ± 0.9 (Mean ± SEM) were less. Thi s study indicates that RTM are leaner 

than the genera l New Zealand population. 

However, in comparison to the body fat leve ls of competiti ve bodybuilders, whi ch range 

from 9. 1 % off-season to 4.1-7 .2% during competition (Sandoval, et. al., 1989; Bamman, et. 

al. , 1993; Withers, et. al., 1997), the mean body fat leve ls of study parti cipants, 16.7 ± 

1. 1 % calculated by skinfo lds and the Durnin & Womersley equation ( 1974); 19.0 ± 1.2% 

measured by bioe lectrical impedance analyser; and 20.03 ± 0.8% estimated by Watson and 

co lleagues ( 198 1) total body water equation, were much greater. The large differences in 

mean body fat levels clearly indicates that RTM anthropometry differs to that of 

competitive bodybui lders, therefore RTM anthropometric profi les need to be studied 

separately from competiti ve bodybu ilders. 
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4 .2 .3 Anthropometric Changes over the Study Period 

There was no significant difference found between the HMB and Placebo supplemented 

groups; change in weight; individual skin fo lds; sum of six skinfolds; fat mass; fat free 

mass; or percent body fat during thi s supplementation study. These results agree with the 

majority of previous studies of HMB supplementation in humans reviewed, which found no 

signifi cant effect on body compos iti on (Nissen, et. al. , 1996; Panton, et. a l. , 2000; Kreider, 

et. al., 1999; Gallagher, et. al., 2000; J6wko, et. ol., 200 I ; Slater, et. al. , 200 I ). 

The proposed mechani sm of HMB effect on body composit ion 1s via increased fat 

ox idation in musc le cell s. The majorit y of the ev idence comes from study abstracts (not 

reviewed). The literature discussion in the in troduction was li mited to human studi es 

publi shed in peer rev iewed j ournals; studi es publi shed in abstract form onl y, were ignored. 

It seems that adequate sc ientifi c support for any effec t of HMB on fat ox idati on in ad ipose 

or muscle ti ssue is lacking. 

4.3 Strength 

4.3.1 Resistance Training Compliance 

Resistance training compli ance was monitored using tra ining log books, and no significant 

difference was found in the number of training sessions between treatment groups. Thi s 

method of regulating subject compli ance may introduce bias, as self recording by subjects 

is l ikely to be higher than actual resul ts, and may reflect what the subjects believe the 

researcher is after rather than actual results (Panton, et. al. , 2000). In additi on not all 

training log books were completed and returned by study subjects (75% compliance by 

subjects who completed the study). Subject compliance of all study requirements, has been 

represented in Table 6.1 in Appendix 11. 
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It was unusual that neither treatment group significantly gained strength over the study 

duration. This mi ght be due to inadequate training intensity for musc le physiological 

adaptation, during the unsupervi sed training sessions, and agreed with a previous study that 

indicated less intense training and smaller strength increases in unsupervi sed compared to 

supervised subjects undergoing resistance train ing (Mazzetti , el. al. , 2000). 

During the study the average durati on of resistance trainin g actually decreased once 

participants fo llowed the study res istance training programme rather than their own 

indi vidual programmes. The study resistance training programme advi sed training three 

times per week. However frequency decreased to an average of 2.5 ± 0.1 times per week 

during the study, from 3.5 ± 0.2 times per week prior to the study. Reasons for thi s 

difference are unclear. Compliance may have dropped due to lack of interest in the study 

res istance tra ining programme; the number of student participants declined as the study 

duration coincided with the uni versity exam period; errors in recall of previous training 

frequency in the questionnaire; and decreased compliance recording training sessions in the 

log books. 

4.3.2 Strength Changes Over the Study Period 

The pre-tri al I RM strength measurements taken during visit I and 2 were c losely 

correlated; as were the post-trial strength measurements taken during visit 3 and 4 (R2 > 

90.2%), indi cating good precision with the I RM method used. The accuracy of thi s 

method may have been reduced due to large increase in weight increments used in the bicep 

preacher curl strength test, where the range of weighted plates and dumbbell s was l imited. 

The regression stati sti cs are shown below in Fi gures 4.6 to 4.8. 
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Figure 4.6: Leg Extension Pre-trial and Post-trial Strength Measurements 
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Figure 4.7: Bench Press Pre-trial and Post-trial Strength Measurements 
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Figure 4.8: Bicep Preacher Curl Pre-trial and Post-trial Strength 

Measurements 
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There were no significant di fferences in actual change in strength for any of the exercises 

tested for either supplemented group during the study (P>0.086) . However, percent change 

in leg ex tension strength did increase significantly for the HMB supplemented group 

compared to the pl acebo group over the study du rati on. Previous studi es have found both 

an increase in strength ( issen, et. al., 1996; Panton, et. al., 2000; Vukov ich, et. al., 2000; 

J6wko, et. al., 200 I ) and no significant difference in strength (Kreider, et. al. , 1999; Slater, 

et. al., 200 I ; Vukov ich et. al., 200 I ) with HMB supplementati on in humans undergoing 

resistance training 

It is unclear why the strength increase found in thi s study showed a significant difference 

for onl y the lower body. Prev ious studi es (Ni ssen, et. al., 1996; Panton, et. al., 2000; 

Vukovich, et. al. , 2000) have also found HMB supplementati on to increase strength in 

selecti ve musc le groups. Ni ssen and coll eagues ( 1996) and Vukovich and colleagues 

(2000) both found HMB supplementation to increase strength to a greater degree in lower 

body compared to upper body, as did the results of thi s study. However Panton, and 

colleagues (2000) found the opposite effect, HMB supplementation increased strength 

significantl y in upper body muscle groups and not in lower body, in sharp contrast to the 
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results of thi s study. It seems implausible that HMB acts selectively on certain musc le 

groups therefore the apparent selective ly of HMB found in these studies may indicate a 

difference in training intensity or frequency of certain body parts, as HMB requires the 

stimulus of stress such as exercise induced muscle damage and proteolysis to exert its 

effect. 

4.4 Diet 

There was very little reported research found on the dietary habits of recreati onal res istance 

trained indi vidual s, and no detailed studies found on the dietary hab its of New Zealand 

res istance trained indiv iduals. 

4.4.1 Description of Dietary Habits of Study Participants 

Significant differences in the intakes of some nutrients were found between the two 

supplemented groups. The percentage of energy intake from carbohydrates was 

significantly higher in subjects from the HMB group compared to the placebo group; 

however actual carbohydrate intake in grams was not significan tl y different between the 

two groups. The carbohydrate intake of both treatment groups was lower than optimum for 

res istance exercising indi viduals. The carbohydrate recommendations for RTM will be 

discussed in more detail later in thi s section. 

In additi on the intake of maltose was significantly greater in the HMB group compared to 

placebo. In general on ly small amounts of maltose are consumed in the diet. Maltose 

natu rall y occurs in prouted grain plants such as wheat and barl ey, and in honey, and is 

used for brewing beer and producing malted foods (Belitz & Grosch, 1999; Lewi s, 2000). 

There was no significant difference in beer consumption between the supplementati on 

groups to explain the difference in maltose intake. 
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The percentage of energy intake from fats, and intake of cholesterol were significantly 

lower in subjects from the HMB group compared to placebo. Lipids may be used by 

muscle during high intensity exercise such as resistance training, but are a very minor fuel 

source (Watt, et. al. , 2002); therefore should not affect training and strength pe1formance. 

4.4.2 The Dietary Habits of Study Participants in Comparison 

with the Recommended Dietary Allowances 

The latest available U.S. and Canadian Dietary Reference Intakes (ORI) were used to 

assess participant's intakes of nutrients, along with the Lower Reference Nutrient Intakes 

(LRNI) from the UK Dietary Reference Values (DRY). 

Several study participants failed to meet the Recommended Di etary Allowances (ROA ), 

some failed to meet the Lower Reference Nutrient Intakes (LR I), and a few exceeded the 

Tolerable Upper Intake Level (UL) of certain nutrients. The Recommended Dietary 

Allowances represent the average dietary intakes sufficien t to provide most of the 

population (97%) with their daily nutrient levels ( IOM, 2000). The Adequate Intakes (A l ) 

were used where Recommended Dietary Allowances were not available, and represent 

intake levels based on observed intakes of groups of healthy individuals. The Lower 

Reference Nutrient Intakes represent nutri ent levels adequate for on ly a small number (3%) 

of the population, and most of the population habitually consuming intakes at these levels 

ri sk nutrient deficiencies (Salmon, 1991 ). The Tolerable Upper Intake Levels represent the 

maximum daily intake of nutrients posing no ri sk of adverse health effects to most of the 

population (IOM, 2000; Stark, 2000). Nutrient intakes of the study group have been 

represented in Table 4.5 , over the page. 

For the macronutrients, the median percent energy from protein of study subjects (2 1.1 % ) 

was within the Recommended Dietary Allowances ( 10-35%). Median intake of dietary 

protein in g/kg bodyweight per day ( I .5g/kg/d) however was greater than Recommended 

Dietary A llowances (0.8g/kg/d). Only one study pa1ticipant consumed less than the 

Recommended Dietary A llowances for protein. The median percent energy intake from 
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carbohydrate of the study subjects (43. 1 %) was lower than Recommended Dietary 

A llowances (45-65%). 

Several vitamin and mineral intakes were below both two thirds of the Recommended 

Dietary All owances and the Lower Reference Nutrient Intakes. Vitamin intakes below two 

thirds of the Recommended Dietary A llowances included; vitamin A (25.0% of parti cipants 

below ½ROA and 7. 1 % below LRN I); vitamin C (2 1.4% parti cipants below 1/JROA); 

v itamin E (39 .3% partici pants below ½ROA); vi tamin B6 (3 .6% pa11icipants below ½RDA 

and 3.6% below LRNI); and fo late (2 1.4% parti cipants below 1/JRDA). Mineral intakes 

below the two thirds of the Recommended Dietary A llowances included; potass ium (2 1.4% 

parti cipants below 1/JRDA and 3.6% parti cipants below LR I); magnes ium ( 14.3% 

participants below 1/JROA and 3.6% below LRNI); ca lcium ( 17.9% part icipants below 

1/JRDA and 3.6% below the LRNI); and se lenium (3.6% parti cipants below 1/3RDA and 

3 .6% below LR I). 

Table 4 .5: Comparison of Median Participant Nutrient Intakes with 

Recommended Dietary Allowances and Lower Reference Nutrient Intakes 

NUTRIENT (n = 28) 

Protein (g) 

1Protei n (g/ kg) 

1
•
3 Protein ( g/kg) for RTM 

Protein (% ) 

Carbohydrate (g) 

1
•
3Carbohydra te (g/kg ) for RTM 

Carbohydrate (% ) 

Fibre (g) 

4Total Sugars (% ) 

5Sucrose (% ) 

Total Fat(% ) 

Saturated Fat (% ) 

Mono Fat(% ) 

Po ly Fat (% ) 
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NUTRIENT (n=28) 

6Al cohol ( g) 

Vitamin A (µg) (Retinal Equivalents) 

Vitamin C (mg) 

Vitamin E (mg) 

Thiamin (Vitamin Bl) (mg) 

Riboflavin (Vitamin B2) (mg) 

Niaci n (Equivalents) (Vitamin B3) 

Pyridoxine (Vitamin B6) (mg) 

Folate (Vi tamin B9) (µg) 

Cyanocobalamin (Vitamin B12) (µg) 

2Sodium (mg) 

2Potassium (mg) 

Magnesium (mg) 

2Calcium (mg) 

Phosphorus (mg) 

Iron (mg) 

Zinc (mg) 

Selenium (µg) 

Note: Abbreviations UQ = upper quartile, LQ = lower quartile, RDA = Recommended Dietary 

Allowances, and LRNI = Lower Reference Nutrient Intake. 1Sample number n=26. 2 Adequate 

Intakes (AI). 3 Study Recommendations. 4Total Sugar intakes compared with Added Sugar 

Recommendations. 5 Sucrose intakes compared with New Zealand Nutrition Task Force 

Recommendations for Sucrose and other Free Sugars. 6Alcohol Advisory Council of New Zealand 

guidelines. (Salmon, 1991: IOM 1997; IOM 1998; IOM 2000; IOM 2001; IOM 2002; Matheson, 

2002). 

The protein intakes of New Zealanders are generall y high (Matheson, 2002). M ost study 

participants (96.2%) consumed greater than the Recommended Dietary A llowance for 

protein (0.8g/kg/d), and more than half of the study subjects (60.7%) exceeded the study 

recom mendations for protein ( I - I .4g/kg/d), represented in Fi gures 4.9 and 4. 10. Two 

participants were found to consume protein in amounts that far exceeded requirements (four 

times the Recommended Dietary Allowances, or greater than 2.8g/kg/d), although thi s wa 

not as common an occurrence in thi s group as previously thought (Pearce, 1988; Lemon, et. 

al., 1992; Tarnopolsky, 2000). However one study subject consumed less than the 
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Recommended Dietary Al lowances for protein , and three ( 11.5%) pa1ticipants were below 

the study recommendati ons for indi viduals regularly performing res istance tra ining. 

Proteins, peptides, and amino ac ids are required for structural purposes such as ti ssue 

structure, growth and repai r; also regulatory purposes such as hormones, transport systems, 

metabolism enzymes, and immune system funct ion; as we ll as a vari ety of other processes 

(M c urlan & Garlick, 2000; Tarnopo lsky, 2000; M atheson, 2002). Additional di etary 

protein is required by RTM for repai r of damaged musc le fibres, to provide for increased 

enzyme activ ity, and for musc le protein accreti on and musc le hypertrophy (Pearce, 1988; 

Lemon, 1998; Tarnopolsky, 2000) 

Intakes of dietary protein above study recommendations ( I - I .4g/kg/d) were not thought to 

provide additi onal benefit to muscle gai n, but up to 2g/kg/d should not lead to any adverse 

health effects (Tarn opolsky, et. al., 1988; Carro ll. 2000; Tarnopolsky, 2000). Intakes of 

dietary proteins above requ irements, increases the ox idati on of protein for energy and 

storage as body fat (Pearce, 1988; Lemon, et. al .. 1992; Tarnopolsky, 2000). In addition. 

protein intake above requirements may lead to reduced carbohydrate intake and therefore 

affect resistance exerc ise performance (Tarnopolsky, et. al.. 1988 ; Carro l I, 2000; 

T arnopolsky, 2000). Excessi ve protein in takes (greater than 2.8g/kg/d) increase urination 

and may lead to dehydration , increase ca lcium excretion, and may aggravate any ex isting 

renal disease due to increased strain on the kidneys (Lemon, 1998; Tarnopolsky, 2000). 

Figure 4.9: Comparison of Participant Protein Intakes with Recommended 

Dietary Allowances 
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Figure 4.10: Comparison of Participant Protein Intakes with Study 

Recommendations for RTM 
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The Acceptab le Macronutrient Di stribution Ranges (AM OR) for carbohydrate are 45-60% 

of total energy intake (IOM , 2002). Seventy one percent of study parti cipants fa iled to 

consume within these ranges (Figure 4.11 ). A ll participants consumed greater carbohydrate 

intake than the Recommended Dietary A llowances ( 130g), however the majority (92 .Y7c) 

were below the stud y recommendati ons (5-7g/kg/d) fo r RTM (Figure 4.12). 

The main function of dietary carbohydrate is energy suppl y. Carbohydrate is digested and 

absorbed into the body main ly as glucose, the major fuel of the body and its ti ssues 

(McGrane, 2000). In add iti on to thi s ro le, dietary carbohydrate is also required as a source 

of benefi cial vitamins, minerals, and non-nutri ents inherentl y contained within 

carbohydrate-rich foods such as fruits, vegetab les, and who le grains (L inder, 199 1 ). 

Carbohydrate intake is important for RTM as the preferred fuel for res istance training 

exercise (Liebman & Wi lkinson, 1994; M aughan, et. al., 1997; Hawley & Burke, 1998; 

Lemon, 1998; Gastin , 200 I ; Howe, et. al. , 2002). The study recommendati ons were based 

on the carbohydrate requirements for musc le glycogen repleni shment (Kleiner, 2000) 

retardation of musc le protein breakdown (Roy, et. al. , 1997 ; Gibala, 2000), and stimu lation 

of amino acid uptake by muscle fibres (Lemon, 1998 ; Gibala, 2000). 

Low intakes of carbohydrate lead to fatigue and often inadequate and unbalanced nutrient 

intakes (O' Connor, et. al., 2000). The low carbohydrate intakes of some RTM may lead to 
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decreased levels of musc le glycogen and therefore utili sati on of musc le protei n for 

g luconeogenesis to maintain blood glucose concentrations whi le exercising, and an 

associated reduction in res istance exercise performance (O 'Connor, et. al., 2000). 

Extremely low carbohydrate intakes (around 50- 1 OOg/day) lead to ketosis (Dri skell , 2000; 

M atheson, 2002), nausea, headaches, fati gue, and bad breath (O'Conn or, et. al., 2000). 

N one of the study parti cipants were found to fo llow extremely low carbohydrate diets, 

although two parti cipants had admitted to hav ing done so in the past. 

Figure 4.11: Comparison of Participant Carbohydrate Intakes with 

Recommended Dietary Allowances 
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Figure 4.12: Comparison of Participant Carbohydrate Intakes with Study 

Recommendations for RTM 
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An Adequate Intake for indi vidual of total dietary fibre from foods is 38g/d for males aged 

19-50 years (IOM, 2002). The maj ority (89.3%) of study subjects fai led to consume the 

Recommended Intakes for Indi viduals of dietary fibre; thi s is not surpri sing considering 

their low carbohydrate intakes, as indicated previously . 

The health benefits of fibre inc lude; maintaining gastroi ntestinal integrity and fu ncti on 

(Linder, 199 1 ); increas ing stomach di stension and producing a fee ling of fullness; slowing 

the absorpti on of food and therefore prov iding glycaemic contro l; binding to and causing 

the excreti on of bile ac ids, new bile acids are produced from cholestero l thus lowerin g 

cholestero l ; decreasing producti on of micelles from bile ac ids, thus sli ghtly decreas ing fat 

and cholesterol absorpti on; diluting, and poss ibl y binding to and removing, tox ic and 

cancer causing co mpounds; altering co lon pH, and therefore reducing bacterial reacti ons 

producing cancer-causing compounds; and the preventi on of consti pati on (Baghurst et. al. , 

1996). 

I f the low fibre intakes found in some of the study parti cipants (Fi gure 4. 13) continue into 

later li fe, these indi viduals ri sk increased incidence of atherosc leros is. some cancers, 

di abetes, and possibly some gallbladder disease (Baghurst et. al .. 1996). 

Figure 4.13: Comparison of Participant Fibre Intakes with Adequate Intakes 
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There is no Tolerable Upper Intake Level for cholesterol , as any incremental increase in 

dietary cholestero l above zero is thought to increase ri sk o f coronary hea11 di sease (IOM, 

2002). However two study parti cipants were consuming excessive leve ls of dietary 

cholestero l. 

M oderate intakes of dietary cholestero l, have onl y a small effect on blood cholestero l 

levels, and the main effect is via down regulati on of LDL receptors in vo lved in LDL 

breakdown and intern ali sati on. Excessi ve intakes of dietary cholesterol (around 800mg), 

have an apprec iab le effect on blood cholestero l (M ann, 2000), and the high intakes of study 

parti cipants are of seri ous concern as th is habitual level of cholestero l intake may lead to 

the development of atherosc leros is and heart di sease or stroke later in li fe (M ann, 2000). In 

additi on individuals with Famili al Combined Hyperlipi demi a (occurring in 10% of 

individuals with documented heart disease and around 0.5% of popul ati on), a conditi on 

assoc iated with increased low density lipoprotein (LDL) and very low density lipoprotein 

(YLDL) plasma cholesterol (Yoors-Pette & de Bruin , 200 I ), show a heightened sensiti vity 

to the effects dietary cholestero l and increased ri sk of coronary artery di sease (M ann. 

2000). 

It used to be rare to fi nd vitamin A deficiency in developed countries ( oy, 2000); and the 

1997 National Nutriti on Survey estimated that inadequate vitamin A intake occurred in 

1.9% of the populati on, wi th a hi gher prevalence of inadequate intake in males 19-24 years 

of age (M atheson, 2002). However the findin gs of thi s study indicated that two study 

parti cipants (7.1 %) were habituall y consuming less than the Lower Reference utrient 

Intakes for vitamin A (Fi gure 4.14). lf thi s situation continues for a significant peri od of 

time body stores of vitamin A will be depleted and symptoms of deficiency may ari se 

(M atheson, 2002). 

Vitamin A has important roles in vi sion, reproducti on, immune functi on, cell signalling, 

and cell differenti ati on and proliferati on ( oy, 2000). Defici ent vitamin A intake is 

associated with impaired immune system defence, impaired lymphocyte function , eye and 

vision problems, and are thought to lead to several types of cancer later in life (Noy, 2000). 
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Figure 4.14: Comparison of Participant Vitamin A Intakes with Recommended 

Dietary Allowances 
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Almost hal f (46.4%) of study participants were below the Recommended Di etary 

Allowances, and six (2 1 .4%) subjects below two thirds of the Recommended Dietary 

A llowances of Vitamin C (Figure 4.15). 

Vitamin C acts as an elec tron donor in enzymes required in co ll agen synthes is, 

neurotransm itter synthes is, and pituitary peptide production (Lev ine, et. of. , 2000; 

M athews, 2002). Vitamin Chas add iti onal ro les in connecti ve ti ssue components, aids i ron 

absorpti on, scavenges reacti ve oxygen spec ies, and regenerates a-tocopherol and 

glutathione antiox idants (lOM 2000; Thurnham, et. al.. 2000). 

Decreased phys ical performance has been shown with a vitamin C deficient diet 

(Fogelholm, 2000). 

At an intake of below IOmg/day of vitamin C in healthy subjects, deficiency symptoms 

would occur at around 40 days. Symptoms include bruising on the skin, haemorrhages 

occurring around hair fol licles, and bleeding gums. Further deficiency wou ld lead to joint 

pain and accumulation of fluid , slow wound healing, and even bone fractures (Thurnham, 

et. al. , 2000). 
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Figure 4.15: Comparison of Participant Vitamin C Intakes with Recommended 

Dietary Allowances 
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Eleven (39.3 %) study participants failed to meet two thirds of the Recommended Dietary 

Allowances of Vitami n E. 

Vitamin E is required for membrane structure and protecti on, modulation of enzyme 

acti vi ty, cell mediated immune response (Chow, 2000), nerve and muscle function, and 

male fertility (Linder, 199 I ). Vitamin Eis important in RTM as there may be an increased 

requirement for vitamin E in active individuals such as the participants of thi s study. With 

intense exercise there is an increase in free radical production by the body's normal energy 

producing reactions. High free radical level s are associated with cell and mitochondrial 

membrane damage (Fogelholm, 2000). Vitamin E offers some protection against the 

increased oxidative stress of physical activity (Hawley & Burke, 1998), and may aid 

recovery from muscle fatigue associated with intense exercise (Driskell, 2000). 

Low or deficient vitamin E in takes are associated with short red cell li fespan . There is an 

association with low vitami n E status and cell and mitochondria membrane damage, 

weaken ing immune defence system, aging, cancer, and coronary hea11 di sease (Chow, 

2000; Fogelholm, 2000). Participant intakes of vitami n E have been represented in Figure 

4.16, over the page. 
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Figure 4.16: Comparison of Participant Vitamin E Intakes with Recommended 

Dietary Allowances 
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One subject (3.6%) fa iled to consume two thirds of the Recommended Dietary A llowances 

and consumed less than the Lower Reference Nutrient Intakes of vitamin 86 dail y. 

Vitamin 8 6 deficiencies are rare, as this vitam in is read il y found in many foods , such as 

meat, fi sh, poultry, yeast, some seeds, and bran (Clarkson, 1998), however defi ciency 

indicators occur more rapidl y in hi gh protein diets (Thurnham, et. al., 2000), such as with 

thi s group of subjects. 

Vitamin 8 6 is in volved in several metabolic path ways in fuel oxidati on during exercise, for 

instance; amino acid ox idation; alanine formation in skeletal musc le and use in li ver for 

gluconeogenesis; glycogen phosphorylase enzymes; and .ft-oxidation of fatty acids for fuel. 

Therefore low vitamin B6 status may adversely affect exercise pe1formance and recovery 

(Sampson, 1997; M anore & Thompson, 2000). Participant intakes of vitamin B6 have been 

represented in Fi gure 4.17, over the page. 
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Figure 4.17: Comparison of Participant Vitamin 86 Intakes with 

Recommended Dietary Allowances 
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The median intake of fo late from foods in study parti cipants (30 I µg/d ) was sli ghtly hi gher 

than the median intakes of New Zea land males (278~tg/d) (Matheson, 2002). However, si x 

participants (2 1.4%) were below two thirds of the Recommended Dietary A llowances 

(Figure 4. 18). 

Folate has ro les as coenzymes in numerous reacti ons in vol ved in amino ac id and nucleotide 

synthes is (Shane, 2000). Defici ent intakes lead to a conditi on known as macrocytic 

anaemi a. Adequate intakes of fo late are lower blood homocysteine concentrati ons, and 

therefore ri sk of cardi ovascular disease (Matheson, 2002). 

Figure 4.18: Comparison of Participant Folate Intakes with Recommended 

Dietary Allowances 
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The mean sodium intake of study parti cipants w as 3826 mg; calculated from FoodWorks 

using the two three-day dietary records from the study. Twenty three (82 . 1 %) study 

parti cipants exceeded the Tolerab le Upper Intake Levels for sodium intake, 2300 mg (IOM, 

2004). Parti cipant sodium intakes are di splayed in Figure 4.19, below. 

Sodium is required for the regulation of vo lume, osmolality, and pH of cell s, and acti ve 

transport across ce ll membranes (Matheson, 2002). 

A previous study indicates high sod ium intakes (20,000mg) had no detrimental effects on 

muscular exercise ability (Fukuba, er. a l ., 1998), however there is concern regarding the 

effect of hi gh sodium combined with intense exerci se increasi ng the ri sk of hypern atremia 

leading to dehydrati on, oedema, hi gh bl ood pressure, and at worst, brain stem injury 

(Dri skell , 2000). High salt intake long term is associated with the development of 

hypertension, heart disease, stroke (M atheson, 2002), gastri c mucosa! damage, and gastri c 

cancer (Sheng, 2000). There is also some ev idence of increased calciu m urinary excreti on 

and negati ve calcium balance with hi gh sa lt intake over the long term (M atheson, 2002). 

Figure 4.19: Comparison of Participant Sodium Intakes with Tolerable Upper 

Intake Levels 
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One subject (3.6%) failed to consume the Lower Reference Nutrient Intakes of potassium 

(Fi gure 4.20). Potass ium defi ciency is rare, as it is common ly found in many foodstuffs 

(Wrong, 2000). Indi viduals found deficient in potassi um, in most cases have very low total 

food intake, as is the case with this study, the study participant found with low potassium 

intake has low total energy intake. 

Potass ium has important roles in ce ll fluid movement, and in nerve and musc le function. 

Adequate potassium aids the removal of excess sod ium, importan t in this group (Salmon, 

199 1 ). A deficiency in potassium would lead to fat igue, lethargy, muscle weakness, 

const ipation (Wrong, 2000), and would adverse ly affect hea lth and exerc ise performance. 

Figure 4.20: Comparison of Participant Potassium Intakes with Adequate 

Intakes 

10500 

0000 

C!l .s 7500 

s rooo 
' 17, 4500 :<l 
tl :.-OOO 0.. 

1500 

0 

Ranked Potassi.1mlntake of Participants Va-stts Al 

- Pctassiun 

3 5 7 9 11 13 15 17 19 21 23 25 27 
Rari-.ed Participarts 

Four ( 14.3%) pa1ticipants consumed less than two thirds of the Recommended Dietary 

Al lowances, and one pa1ticipant (3.6%) failed to consume the Lower Recommended 

utrient Intakes of magnesium. 

The roles of magnesium in the body include binding to compounds and neutralising the 

anion charge; binding to enzymes and other proteins and stabili sing the structure; ro les in 

nucleic acid and protein synthesis; mitochondrial ATP synthesis; second messenger 

systems; and protein, carbohydrate and lipid metaboli sm pathways (Rude, 2000). 
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A s energy requirements increase with increased exercise and phys ical activity, there may 

also be a concu1Tent increase in magne ium requirements (Deakin , 2000; Fogelholm, 2000). 

M agnesium has several important roles during physical acti vity; magnes ium is in vo lved in 

energy production reac ti ons, such as modulating rate limiting enzy mes; in musc le 

contracti on-exc itati on cyc les, M g2
+ is required to block Ca2

+ release from calcium channels 

and therefore lower intracellular Ca2
+ concentrati ons; in musc le and nerve excitat ion, by 

maintaining membrane electrica l potential ; and finally magnesium is a co-factor in an 

enzyme required in carbohydrate metaboli sm (Haymes & Clarkson, 1998). ln additi on to 

the above ro les, during intense exercise there is an increased loss of magnes ium, in sweat, 

urine and faeces (D eak in , 2000; Fogelholm, 2000). 

Long term low or deficient magnesium intakes may lead to hypertension , atherosc lerotic 

vascular disease, and osteoporos is (Rude, 2000). Low or deficient magnes ium intakes in 

active individuals such as the study participants may result in increased incidence of muscle 

cramps (Rude, 2000). Participant magnesium in takes compared to the Recommended 

Dietary A llowances, are displayed in Fi gure 4.2 1 below. 

Figure 4.21: Comparison of Participant Magnesium Intakes with 

Recommended Dietary Allowances 
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There are no avail able Recommended Di etary All owances for Calcium, so Adequate Intake 

levels are used as goals for indi vidual intake in stead ( IOM, 1997). Fi ve ( 17.9%) of the 

study parti cipants were below two thirds of the Adequate Intakes for calcium, and one 

(3 .6%) subject consumed less than the Lower Reference Nutrient Intakes. 

Ca lcium has a ro le as a second messenger, for example excitati on-contracti on of musc le 

fibres and nerve impul ses (Linder, 199 1; Chow, 2000); in protein acti vati on, for example in 

bl ood clotting enzymes (Chow, 2000); and is an important component of minerali sed 

ti ssue, such as bone and teeth , around 99% o f the body's calcium is found in the skeleton 

(Chow, 2000; M atheson, 2002). Ca lcium is an important nutrient for RTM as Ca2+ ions 

have an important ro le in musc le fi bres, where it initi ates musc le contracti on (Billeter & 

Hoppeler, 1992; Bowers & Fox, 1988; Gordon, er. al., 2000), and in motor neurons for 

nerve signalling during phys ica l acti vity (Haymes & C larkson, 1998). 

A n indi vidual in negati ve ca lc ium balance long term w ill lose calcium from bone mineral 

stores, lead ing to decreased bone mineral density and deve lopment of osteoporos is later in 

life (Chow. 2000). Thi s study also found hi gh sodium and protein intakes in study 

parti cipants, both of these nutrients are known to increase calcium excreti on from the body; 

combined with low calcium intake thi s may increase the ri sk of deve loping osteoporos is. 

The low calcium intake of some study parti cipants may lead to deleteri ous effects on bone 

density and musc le contracti on, which in turn would affect exercise performance (Dri skell , 

2000). Parti cipant intakes of dietary calcium have been represented in Fi gure 4.22, over the 

page. 
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Figure 4.22: Comparison of Participant Calcium Intakes with Adequate 

Intakes 
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New Zealand has low soil selen ium levels, low leve ls of selenium in pl ant and animal foods 

grown on ew Zealand soil s, and therefore intakes of New Zealanders (20-60,ug) are lower 

than many other countries (Thomson, 2004 ). The Dietary Reference In take for males 19-30 

years is 55,ug/d ( IOM, 2000). A reali stic goal for New Zealanders is thought to be a 

minimum intake of 35,ug/d, the leve l required to reach two thirds max imum glutathione 

perox idase acti vity in the blood (M atheson, 2002). Only one study parti cipant failed to 

reach the minimum intake goal of 35,ug/d se lenium (Fi gure 4.23). 

Selenium as a constituent of the many seleno-proteins has a number of important ro les in 

the body, such as thyroid hormone, reproducti on, and immune system function s (M atheson, 

2002). With intense and strenuous exercise there is an increase in free radical production 

by the body 's normal energy producing reacti ons (Deakin , 2000), therefore possibly 

increas ing the requirements of anti ox idants such as the seleno-protein glutathione 

peroxidase (L inder, 199 1 ). In addition energy requirements are increased, so there may 

also be a concurrent increase in se lenium requirement in energy production reactions 

(Deakin, 2000). 
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Figure 4.23: Comparison of Participant Selenium Intakes with Recommended 

Dietary Allowances 
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4.4.3 The Dietary Habits of Study Participants In Comparison 

with Previous Studies 

Pri or to starting the study, dietary recommendati ons were di scussed indi viduall y with 

parti cipants, and an in formati on sheet gi ven to each subject containing advice on 

appropri ate nutrition to max imi se musc le size and strength increase with resistance training, 

in an effort to standardi ze parti cipant intakes and prov ide optimum conditions to max im ise 

the acti on of HMB . However thi s ef fort at dietary standardi sati on had no effect on 

parti cipants eating habits, and dietary intakes as assessed by three day diet records at the 

beginning and end of the study showed no significant change over the duration of the study. 

Very few studies on the eating habits and dietary intakes of RTM were found. Diets of 

RTM were thought to be less ri gid and restri cti ve (Kleiner, et. al., 1994), and more varied 

than competitive bodybuilders (Sandoval & Heyward, 1991 ) . Some studies have indicated 

that protein intake of RTM were similar to that of other amateur athletes (Bazzarre, et. al. , 

1994) while others indicated protein intake far exceeded requirements (Pearce, 1988; 

Lemon, et. al. , 1992; Tarnopol sky, 2000). A previous study of 12 recreational re istance 

trained individual s indicated intakes of cho lesterol were high, while intakes of fibre, zinc, 

and copper were generally low compared to RDA level s (Bazzarre, et. al., 1994). 

114 



The fibre intake of study participants (24.9 ± 1.8g) agrees with previous study findings 

indicating low intakes (Bazzarre, et. al., 1994). The median fibre intake found during the 

current study was below the recommended dietary allowance. 

This study agreed with previous findings of high cholesterol intake in recreational 

resistance trained individual s (Bazzarre, et. al., 1994); the average cholesterol intake of 

study pai1icipants was 424.0 ± 30.8mg. 

The zinc intake of study participants ( 16.7 ± 1.0mg) differs to previous study findin gs 

indicating low intakes (Bazzarre, et. al., 1994). The zinc intakes of present study 

parti cipants were well within the recommended dietary intake range. 

Thi s study agrees with prev ious studi es indicatin g many misconcepti ons and inaccurate 

nutrition knowledge amongst RTM (Philen, et. of., 1992; Manore, et. of. , 1993; ay lor & 

Garg, 1996; Kleiner, 2000). The RTM in thi s study indicated popular media and websites 

(34.4%). family and friends (3 1.3%), and gym tra iners and staff (3 1.3 %) were the largest 

influences on diet and supplemen t use. 

4.5 Supplementation 

4.5.1 Supplementation Patterns Prior to the Study 

The use of supplements and supplementation patterns of RTM were of specific interest as 

few previous studies have evaluated supplementation pattern of RTM or distingui shed 

RTM from off-season competitive bodybuilders. The supplementation patterns cannot be 

compared to competitive bodybuilders, as the few studies that have been done indicate 

supplement use may in fact be greater in RTM than bodybuilders (K leiner, et. al. , 1994) 
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Over half of the RTM studied were regularly takin g dietary and sports supplements pri or to 

the study. Several parti cipants were taking more than one type of supplement, and one 

parti cipant admitted to taking 7 di fferent supplements. Protein powders were the most 

frequentl y used supplement. Thi s findin g was supported by prev ious studi es (Pearce, 1988; 

Bond & Keane, 1994; Naylor & Garg, 1996) . Thi s study found creatine to be the nex t most 

popul ar supplement, which differs to prev ious studi es which have found vitamin and 

minera l supplements to be more popular. The di fference in popularity of creatine use may 

refl ect the increased adverti sement and hence popularity of creatine in recent years. Bi as 

may have been introduced to the data on amount and frequency of supplement usage, due to 

the men who vo lunteered themselves for thi s supplementati on study. RTM with a hi gher 

use of supplements may have been more moti vated to take part in a study tri alling 

supplements, than RTM who do not usually take supplements. 

Over hal f of the study subjects be li eved that di et alone coul d not prov ide an adequate 

vitamin and minera l intake. It has been previously found that two of the major reasons for 

such supplementati on pattern s are the belief that vitamin and mineral requirements can not 

be met w ith food intake alone (Nay lor & Garg, 1996); and that protein and amino acid 

supplements are required to increase musc le size and strength gains (Lemon, el . al ., 1992; 

Bond & Keane, 1994; ay lor & Garg, 1996). However, thi s study did not evaluate beliefs 

regarding the hi gh intake and supplementati on of protein found to occur in RTM . 

The National Nutri ti on Survey showed that the most popular dietary supplements used by 

ew Zealanders were multi -v itamin and mineral supplements, used by 19% of the 

populati on, compared to use by only 6.5% of study participants. 

4.5.2 Supplementation during Study 

Product Acceptability 

The HMB supplement could be purchased in health stores and from supplement compani es 

in New Zealand as Ca-HMB powder, Ca-HMB in gel atine capsules, and as a flavoured 
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drink mix . The taste and smell of Ca-HMB powder was found to be very strong, di stinct, 

and unpleasant. Therefore for thi s study the Ca-HMB was measured into capsules to 

improve subject compli ance. The pl acebo was a simil ar looking powder (corn starch) in 

identical ge latine capsules so the two supplements would be indi stingui shable to subjects. 

Several prev ious studi es have added the HMB supplement to capsules as in thi s study. 

However other studi es have added HMB to a protein and carbohydrate shake or other 

fl avoured drink mi x (Ni ssen et. al., 1996; Kreider, et. al., 1999; Sl ater & Jenkins, 2000), 

and in some cases thi s altered the energy and protein content of the HMB supplemented 

group, causing a possible bi as in results (N issen et. al., 1996; Slater & Jenkin s, 2000). 

Supplement Compliance 

Supplementation compli ance was moni tored by subject reca ll of remaining supplement 

capsul es during the fina l visit , and no signi f icant difference was found in the number of 

capsules remaining between treatment groups (Table 6. 1 in Appendix 11 ). Seru m and/or 

urinary HMB leve ls were not monitored for supplement compli ance. as in prev ious studies 

due to ti me and resource constra ints ( issen et. of .. 1996: Kreider et. o/., 1999; Gall egher, 

et. al. , 1996; Vukovich et. o/ .. 200 I ). 

Subject supplementati on compli ance may have been affected by the large capsule size used 

(s ize 00), and the number of capsules required to be consumed (6 capsules per day, di vided 

into 3 doses of 2 capsules throughout the day) . In additi on, compliance may have 

decreased due to difficulty col lecting the supplements once each week, as each subject was 

required to pick up packets of supplements from one of three locations; the M assey 

U ni versity Recreation Centre, the ACT Recreation Centre, or the New Market Ol ympic 

Pools and Fitness Centre. Each parti cipant was aware of the days and times the supplement 

capsules were deli vered to these venues, and were encouraged to meet w ith the researcher. 

The subjects often fai led to do thi s, and co llected their capsules later. 
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Participants were asked to discontinue use of other sports supplements prior to beginning 

the study period, inc luding other HMB products, protein powders, protein shakes, protein 

bars, and products contai ning creatine to reduce the possibility of a synergistic effect on 

HMB from other sports supplements. This was explained to subjects both verbally and was 

included in the written in formati on sheets al l subjects received. However whi lst analysing 

the dietary food records, it was discovered that seven subjects had continued to use protein 

powders and bars. and one subject had consumed a sports drink containing creatine and 

leucine. The subject consuming leucine and creatine was subsequentl y removed from the 

study. The use of protein supplements by a few of the subjects may introduce a bias when 

analysing food records and habitual protein intake:-. o f RTM during thi s study. Protein 

supplementation should not influence the effect of HMB on strength or body composition 

during thi s study. as two previous studi es found no synergistic effect of protei n and HMB 

supplementation ( i ssen. er. al., 1996; Kreider, er. al .. 1999). 

4.6 Health and Lifestyle 

One participant admitlecl to steroid use in the past, and was exc luded from the study. The 

same participant was the only competiti ve boclybuilder in the study group. The desi re to 

compete may have influenced his decision to take steroids. Two subjects were taking 

medications, which might have been affected by the HMB supplementation, and were 

contacted regarding thi s poss ibility. 

4.6.1 Caffeine Consumption 

Tea, coffee, and carbonated beverages are the most popular drinks consumed in NZ 

(M attheson, 2002). M ore than hal f of the study participants (54.8%) consumed two or 

more caffeinated drinks per day, and two (6.3%) participants consumed fi ve or more. 

Caffeine leve l greater than Smg/kg of body mass are thought to stimulate fat metabolism 

during the initial 15 minutes of exercise (Hawley & Burke, 1998; Burke, et. al. , 2000)., 
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stimulate the central nervous system (Armstrong, 2002) possibly decreasing perception of 

fatigue, and may have a direct effect on musc le contraction (Hawley & Burke, 1998; Burke, 

et. al. , 2000). 

There is a risk of large doses o f caffeine and abuse of diureti cs in competiti ve bodybuilders, 

who utili se caffeine containing products to stimul ate diures is and enhance musc le definiti on 

pri or to competiti on (Armstrong, 2002). Thi s study suggests that hi gh caffeine 

consumption may also be cause for concern in these RTM when high caffeinated beverage 

consumption was combined with use of a fat burner supplements containing hi gh amounts 

of caffeine. Two subjects ( 17.5%) regularl y used ··fat burner supplements" prior to the 

study, one subject usually consumed 2-4 caffeinated beverages per day in addit ion to this, 

and the other subject consumed five or more caffeinated beverages. The caffeine content of 

beverages such as coffee, tea, and carbonated drinks ranges from 30- 100mg. ··Fat burner 

supplements" may contain I 00-200mg caffeine per serve (Burke, et. al. , 2000), and 1-3 

serves per day are recommended. The National Heart Foundati on of ew Zealand 

recommends that consumpti on of caffeinated beverages should not exceed the equi va lent of 

five cups of coffee (Mattheson, 2002). There is increased ri sk of side effects at 9- I 3mg/kg 

body mass such as headaches, insomnia, and gastrointestinal problems (Hawley & Burke, 

1998). Recent research indicates an influence of caffei ne on plasma homocystei ne 

concentrati on, and a possible relationship between caffeine and increased blood pressure in 

hype,tensive individuals (M attheson, 2002). 

4 .6 .2 Smoking Habits 

Four ( 12.9%) study participants were smokers. There was no significant difference in 

di stribution of smokers between the treatment groups; in addition there were no correlati ons 

found between smoking and strength performance during thi s study. Thi s differs from 

previous studies that have found detrimental effects of cigarette smoking on performance 

such as greater perceived exertion, symptoms of fati gue, exhaustion, shortness of breath, 

and leg pain with exercise compared to non-smokers (Huie, 1996). It was unlikely with the 

low number of smokers and low smoking frequency in thi s study that any significant 

relationship would be found. 
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4.6.3 Alcohol Consumption 

Alcohol is considered to be one of the most commonly used drugs in ew Zealand 

(M atheson, 2002). The Alcohol Advi sory Counci l of New Z ealand advises men to drink no 

more than 2 1 standard drinks per week, and no more than 6 standard drinks per drinking 

session. Binge drinking is defined as males consuming more than six standard drinks i n a 

single drinking session (Matheson, 2002). 

The percentage of study part icipants who consumed alcohol (78. 1 <'.k ) wa!-> actuall y less than 

expected, based on the percentage of New Zealand males w ho drink alcohol (88 9'c ) 

(M atheson, 2002). However the percentage of study pai1icipants who binge drank (259'c), 

was greater than ew Zealand populati on norms ( I 7C/c ). There are several reasons for these 

differences, as alcohol intake pattern s tend to vary with age. gender, ethn ic ity (Matheson, 

2002). current enro lment in terti ary education, and in volvement in sport (Le ichliter, el. al .. 

1998; o· Brien & L yons. 2000). In addi ti on young males between the ages 18-2-1- years 

have an increased incidence of problem drinking (O'Brien & Lyons: 2000 M atheson, 

2002). 

The alcohol consumption of parti cipants was not thought to adversely affect the results of 

the present study. There was no significant difference found in alcoho l consumption 

between the treatment groups, no relationship between amount of alcohol usually consumed 

and strength or strength change during the study, and no reduction in dietary carbohydrate 

intake due to high alcohol consumption, a concern in some studies (Burke, 1996; Burke 

200 I ). Bias may be introduced into these results in two ways; both serve to underestimate 

actual quantitie of alcohol consumed. A standard drink contains I Og of alcohol, general ly 

less than the usual serving per alcoholic beverage. In addition, sel f reported alcohol intakes 

are also thought 10 underestimate actual intakes (Mathe on, 2002). 

A lcohol is an ergolytic or performance impairing drug (O ' Brien & Lyons, 2000). A lcoho l 

consumption 24 hours prior to physical acti vity has been shown to have a signi ficant 

negative effect on aerobic perf ormance, dehydration, and decreased muscle glycogen levels 
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due Lo inhibition of gluconeogenesis by alcohol dehydrogenase (O' Brien & Lyons, 2000). 

Alcohol ingestion immediately prior to, and during exercise has been shown to decrease 

performance (O ' Brien & Lyons, 2000) v ia impaired psychomotor skills (Ebert, 2000; 

Burke, 200 1). vesti bular (balance) system. temperature regulation (Burke. 1996), and 

possibly weakened heart pumping force (0 ' Brien & Lyons, 2000). Acu te or chronic 

alcohol consumption decreases protein synthes is, especially protein synthesis of Type II 

muscle fibres (DiPasquale, 2000), repair o f musc le damage and recovery (Ebert , 2000), 

decreases testosterone levels, and increases corti sol leve ls (DiPasquale, 2000). In addition, 

athletes who com,urne alcohol at least once a week have al rnost twice the i njury rate of non­

drinkers (O'Brien & Lyons, 2000). 

However there were sorne concerns about the deleteriow, effects of alcohol on the long 

term health of study parti cipants and their exerci se performance. Two subjects went so far 

as to describe their drinking habits as .. a blow-out of spirits, etc once a month" . and .. unti l I 

can·t walk. and pass out". Long term health effects of excess ive alcohol consumption 

include direct damage of organs such as brain. li ver, intestines. and panc reas; increased ri sk 

of disease such as breast cancer, stroke. and cardiorn yopathy; increased ri sk of tra ffic 

related morbidity and mortal ity; and increased incidence of some mental hea lth disorders 

(Matheson, 2002). 

4 . 7 Limitations of This Study 

This study hoped to avoid some of the methodological problem of previous studies, in 

parti cular the limited supplementation duratio n of many previous studies. However due to 

time constraints, the upplementation period of thi s study was reduced to 9 weeks and not 

the I 0- 12 weeks ori ginally planned. Another methodological problem of prev ious studies 

was low sample numbers, this study hoped to overcome thi s problem as well. 

Unfortunatel y, response to thi study was not as high as hoped, and compliance was less 

than expected also. The problem with small sample numbers is the low stati stical power of 

results. 
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A s discussed before. a high proportion of study subjects were students . This study was 

adverti sed in numerous gyms throughout Auckland, including two on University campuses. 

However there was a di sproportionately high response rate from students. Unfortunately 

thi s may bias the results as the dietary and exercise habits of students may not reflect that of 

the general population RTM. 

The methods used to estimate body composi tion in thi s study also had l imitat ions. The 

equation used to estimate percent body fat and fat free mass from skinfo lds was the Durnin 

& Womersley four-site method (Hawes & Martin. 200 I ; Durn in & Womersley. 1974), 

developed on a Scotti sh population. However thi s study also inc luded four Asian ( 12.5%) 

and two Indian subjects (6.3%), therefore reduc ing the validi ty of this equation in this 

instance. Body fat and fat free mass were also es timated using the bioelect rical impedance 

analyser, however rel iability was reduced as the regression equation used by the 

bioelectrical impedance analyser software was unknown. 

Lack or significan t strength increases may have reflected low training intensity duri ng the 

study. Training sessions were not supervised. and subject compliance was assessed via 

record s kept by subjects in the training log books prov ided. Training loads may not have 

been intense enough to promote strength increase, and training logs not representative of 

actual train ing vo lume (Panton, et. al., 2000). In addition, not al l training records were 

returned at the end of the study, therefore train ing compliance reflected only those records 

that were returned. In addition strength testing was performed the same day as BIA testi ng, 

and after a four hour fast (required fo r B IA ). Possible lowering or depletion of muscle 

glycogen stores with the four hour fast may have reduced strength performance. However 

the same effect would have been present in both treatment groups. 

A further limitation of this study was that limb cross secti onal area was not measured to 

estimate musc le size in response to resistance training with HMB supplementation. 
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Subject di etary intake was assessed using estimated food record s. Thi s is not an accurate 

measurement of food intake or dietary habits, merely an estimation of food intake over a 

defined peri od of time. Di sadvantages of thi s method include; bi as due to mi sreporting 

(there is thought to be a correlati on between BMI increase and underreporting) (de Vries, 

er. al., 1994 ); all subjects must be literate and moti vated to keep record s (Todd, er. al. , 

1983); the validity of thi s method is unknown, and estimated energy intakes from thi s 

method is lower than doubly labelled water or supervised feeding methods (de Vri es, er. al. , 

1994); limited record peri ods don' t include seasonal vari ati ons in food intake (Beaton, 

1994); the act of recording food intake may alter subject's food intakes and underestimate 

usual intakes (Lee, & Nieman, 1996). 

Use of food compos iti on tab les and databases introduce errors when foods chosen from the 

database differ in growing, storing, process ing, and/or cooking methods; bi oavail ab ility of 

indi vidual nutri ents due to season or region; substi tuti on o f simil ar food for food item or 

rec ipe not contained in the database; and incorrect identi ficati on of food item in the 

database (Lee, & Nieman, 1996 ). 

The FoodWorks database used to analyse and estimate the nutri ent intake of parti cipants 

has inherent errors assoc iated with its use. Nutrient analysis via a food composition 

database gi ves estimations onl y, as the nutri ents contained in food vary with agri cultu ra l 

prac ti ces, locati on, season, storin g, and cooking processes. However these types of 

vari ati on in nutrient content of food are random (Deakin , 2000). Foods contained in the 

database are l imited; when informati on on a food or meal type was unavail able a substitute 

food or meal was chosen, decreasing the accuracy of the actual nutri ent values (Deakin , 

2000). Use of nutrition content from supplement labels was also inaccurate as labels did 

not represent the entire nutrient compos ition of the supplement (Deakin , 2000). 

M easurement of serving sizes and amounts actuall y consumed was difficult as thi s relied on 

subject estimation or measurement. Human error when ente1ing food and measures into the 

database was also found to occur. 
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One food substitution common in thi s study was the use of canned tuna in brine, as there 

was no canned tuna in spring water in the database. This may result in an overesti mat ion of 

the sodium content of the diets analysed when tuna was consumed. A nother limi tation 

found when using the FoodWorks nutrient database, were that leuci ne i ntakes could not be 

monitored. Leucine intake affects natural HMB production in the body. However it was 

unlikely that HMB production in the body would be high enough to affect the resul ts of the 

study even with high leucine intakes. 

Participants were asked to discontinue use of other sports supplements prior to beginning 

the study, and during the sllldy peri od, including other HMB products. protein powders, 

protein shakes. protein bars. and products con tain ing creatine to reduce the possibil it y of a 

synergisti c effect on HMB from other sports supplements. However, during the study 

subjects were not mon itored for compli ance and a few subjects actuall y consumed protein 

bar~ and protein drinks and recorded these in their diet record~. One subject had consumed 

a sports drink containing creati ne and leuci ne, and hi :-. result~ were remo ved from the study. 

A final l imitati on was that the study did not measure plasma HMB concen trati on:-. for 

supplementation compliance. due to re~ource constraints. This study relied on subject 

recall of number of cap:-.ules remaining at the end of the 9 week supplementati on peri od. a 

less accurate measure of supplementat ion compliance. 
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Chapter 5 Conclusions 

Recreational resistance training 1s a sport redolent with misconceptions and inaccurate 

nutrition knowledge (Nay lor & Garg, 1996), and therefore a good market for emoti vely 

adverti sed, yet un-tri alled .. sports supplements" (Philen, et. al .. 1992; Burke, et. al .. 2000). 

HMB may be one of these over-hyped and cleverly marketed products, as it seems that not 

all of the marketing claims made abou t HMB have been satisfactoril y proven. 

From the results of this study, the fo llowing conclusions have been reached: 

Y There was no beneficial effect of HMB supplementation on change in body 

compos ition as indicated by body weight, indi vidual sk in fo lds, fat mass, fat free mass, 

or percent body fat. These results agree with the majority of previous stud ies, which 

also found no beneficial effect of HMB supplementation on body composition change 

in response to resistance exerci se. 

·y There was a significant increase in strength with HMB supplementati on in response to 

resistance exercise. Percent change in leg extension strength increased significantl y 

greater (P=0.041) in the HMB group compared to the placebo group. 

1" There was strong resistance to change in eating habits in thi s group of RTM; none of 

the subjects significantly changed their dietary intakes during the study. Thi was 

despite individual dietary counselling and provision of a handout, on dietary 

recommendations appropriate for RTM, in an effort to standardi se participant intakes. 
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l' There were significant differences fou nd in sugar, glucose, fat, saturated fat , 

monounsaturated fat, sodium, and calcium intakes between participants of European 

and non-European ethnic ities. Parti cipants of European ethnicity tended to consume 

greater amounts of the above nutrients. 

l'' There were also significant differences found in consumption of percent energy from 

carbohydrates, percent energy from fats, intake of maltose and cholestero l between the 

HMB and placebo groups. The HMB group consumed significantly greater percent 

energy from carbohydrates, and maltose intakes. 

l' M ost (96.2%) participants consumed greater protein than the Recommended Dietary 

Al lowances (0.8g/kg/d ), and more than half (60.7%) also consumed greater protein than 

study recommendat ions for RTM ( I - I .4g/kg/d). Two parti cipants consumed greater 

than four times the Recommended Dietary Intake (>2.8g/kg/d). Excessi ve protein 

intakes were not as common as pred icted prior to this study. 

·r M ost (7 1 .4%) participants failed to consume within the Acceptable Macronutrient 

Di stribution Ranges (45-65%) of total energy as carbohydrates. M ost participants 

(85.7%) also failed to reach the study recommendations (5-7g/kg/d) for RTM . 

l' Eleven (39.3%) of the study participants fai led to consume two thirds of the Adequate 

Intakes of fibre. 

'l' Quarter (25.0%) of the study participants consumed less than the Recommended 

Dietary Allowance of Vitamin A , and two (7. I%) pa1ticipants consumed less than the 

Lower Reference Nutrient lntake (300µg). Thi s study indicates a greater incidence of 

inadequate vitamin A status than the 1997 National utrition Survey of the New 

Zealand population. 

l' Six (2 1.4%) of participants consumed be low two thirds of the Recommended Dietary 

Allowances of Vitamin C. 
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)" Eleven (39.J<lc ) of participants consumed less than the Recommended Dietary Intake of 

v itamin E ( I 0mg). and 17.9% fa i led to consume two th irds of the Recommended 

Dietary Intake. 

)" One (3.6%) participant consumed less than two thirds of the Recommended Dietary 

Allowances and less than the Lower Reference Nutrient Intake of vitamin 8 6 ( 1.0mg). 

)" Six (2 1.4%) of participants consumed below two th irds of the Recommended D ietary 

Allowances of fo late. 

)" Most (82. 1 %) of participants exceeded the Tolerable Upper Intake Level of sodium 

(2300mg). 

·r Six (21.4'/'c) subjects fai led to consume two thirds of the Adequate Intakes. and one 

(3.6% ) subject failed to consume the Lower Reference Nutri ent Intake of potassium 

(2000mg). due to low total energy intake. 

)" Four ( 14.3%) subjects consumed less than two thirds of the Recommended Dietary 

A llowances of magnesium and one subject (3.617c) consumed less than the Lower 

Reference utrient Intake o f magnesium ( 190mg). 

)" Five ( 17.9%) participants fai led to consume two thirds of the Adequate Intakes of 

calcium and one subject (3 .6%) failed to consume the Lower Reference Nutrient Intake 

of calcium (400mg). 

T One (3.6%) subject failed to consume the minimum selen ium intake recommended to 

New Zealanders (35µg) to reach two thirds of maximum plasma glutathione perox idase 

activity. The same subject also consumed below two th i rds of the Recommended 

D ietary Allowances. 
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'Y Thi s group of RTM ri sk some potenti al health ri sks associated with their habitual 

alcohol intakes and binge drinking habits. The maj ority (78 %) of parti cipants regularl y 

consume alcohol, and one quarter (25%) consume greater than six standard drinks per 

drinking session on average. 

·r Thi s study also hi ghli ghted some potenti al hea lth ri sks assoc iated with habitual caffeine 

intakes. There was some ri sk of excess i ve caffeine consumpti on when "fat burner" 

suppl ements were combined with hi gh caffeinated beverage consumption. Two (6.3%) 

parti cipants were found to consume fi ve or more cups of caffeinated beverages per day. 

The deleterious effects on long term hea lth and res istance exercise performance may be 

prevented by increasing the awareness of thi s potenti al problem in RTM . 

5 .1 Study Recommendations 

Fro m the results of thi s study and prev ious studies in the literature rev iew, several 

recommendati ons can be made to improve the nutriti onal status o f RTM fo r both long term 

hea lth and optimal resistance exercise performance. 

''f' Results from thi s study suggest that supplementing with HMS 111 trained individuals 

may act to improve strength in response to res istance training. 

T RTM need to be made more aware of the recommended protein intakes to promote 

musc le hypertrophy in response to resistance exercise, these intakes are eas il y 

achievable in a normal New Zealand diet, and protein intakes above these 

recommendations will not promote additional musc le hypertrophy. In addition some 

education on the dangers associated with excess protein intake is advisable. 

T RTM need to be educated on the optimal carbohydrate intakes required to promote long 

term health and for fuelling and recovery following resistance exerci se, and the danger 

to health of not abiding by these. 
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Y Data obtained during thi s study on the dietary intakes of RTM indicate, RTM should be 

encouraged to consume a diet providing adequate sources of vitamin A , vitamin C, 

vitamin E, vitamin 86. fo late, potass ium, magnesium, calcium. and selenium; the 

vitamins and mineral s found to be lacking in the diets of some study participants. In 

addition RTM need to be made aware of the importance of adequate vitamin and 

mineral intakes for long term health, as well as exercise performance. RTM may need 

to be educated on the food sources of these nutrients and how to include them in a 

healthy and varied diet. 

Y RTM need to be made more aware of the ri sks of exce~sive cholesterol con~umption, 

and the sources of cholesterol in thei r diets. The high choles tero l in take of most 

participants and excess ively high intake of some participan ts may have an appreciab le 

effect on their blood cholestero l (Mann, 2000). High cholestero l intake combined w ith 

high sod ium. inadequate fibre and vitamin E intakes found in over half of study 

participant:-. may lead to the development of atherosc lerosi:-. and hea,1 disease or stroke 

over time (Mann. 2000). 

'l' RTM need to be made more aware of the ri sks of excess ive sodium consumption. and 

the sources of :-odium in their diets. The high sod ium intake of some parti cipants puts 

them at ri sk of increased ca lcium urinary excretion (Matheson. 2002). High sodium 

intake combined with high protein and low calcium intakes of pa11ic ipants may 

produce negative calcium ba lance, and over time lead to decreased bone mineral 

density and osteoporosis. High sodium intake combined w ith intense resistance 

exerci se also puts participants at increased risk of hypernatremia leading to 

dehydrati on, oedema, high blood pressure, and at worst, brain stem injury (Driskell , 

2000). 

T RTM need to be made more aware of the ri sks of excessive caffeine consumption, and 

the sources of caffeine in their diets. 
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''( RTM need to be made aware of the adverse effects of alcoho l consumption on general 

health and res istance exercise performance. Education of RTM on the adverse effects 

of alcohol on resistance training performance and retardation of musc le protein 

synthesis may help to improve their nutrition status and long term health . In addition 

educati on of uni versity students on the dangers of binging on alcohol may improve their 

nutriti on status and health . 

5.2 Further Research 

Further research is required to assess the diets of resistance trained indi viduals to confirm 

the potential deficiencies, excesses, and other nutriti onal problems assoc iated with this 

group, found in thi s study. The inclusion of women would indicate any gender effec ts on 

the diets and exercise habits of resistance trained individual s. It is supposed that the 

motivation for performing resistance exercise may differ between the genders, and 

therefore this may affect the resistance training, other exerc ise, and eating habits of 

res istance trained indi viduals. 

Further stud y of HMB supplementati on in RTM should include some estimati on or 

measure of musc le growth during the supplementati on peri od, for instance measurement of 

limb cross secti onal area, Dual X-Ray Absorptiometry (DEXA), Computed Tomography 

(CT ), and M agneti c Resonance Imaging (MRI). 

Further research is also required to elucidate any effect or relationship between HMB 

supplementation , endurance exercise, and immune function. A few studies have 

investigated the effects of HMB supplementation on markers of musc le damage in 

endurance exercise, and the effects of HMB supplementation have been investigated 111 

animals in stressed conditions, however little has been done on the poss ible effects of HMB 

on immune system function in humans during stressed conditions. Therefore it may be 

u eful to investigate the effects of a period of HMB supplementation on markers of immune 

system function and muscle damage, fo llowing a marathon or other endurance event. 
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HUMAN ETHICS APPLICATION 

1. DESCRIPTION 

1. 1. Justification 

This study will compare a group of 25 body builders given the dietary supplement, HMB (beta­
hydroxy beta-methyl butyrate), with a control group of 20 bodybuilders given a placebo, in a 
randomised fashion, over the 10-week study period. The supplementation group will receive lg of 
HMB, 3 times per day in a capsule. The control group will receive a similar capsule 3 times per day 
containing a safe inert substance such as starch. The same weight-training programme will be 
performed by all participants at the same frequency and intensity, and dietary intake will be 
standardized as much as possible. Results for muscle strength, body composition, and body fat 
distribution will be compared in both groups. 

HMB is produced naturally in the body during the metabolism of the amino acid leucine. Leucine 
occurs naturally in the diet in foods such as dairy products, meat, fish, eggs, cereals and fruits. Normal 
production of HMB in the body is thought to be around 0.2-0.4 grams per day, depending on the 
leucine content of the diet. HMB also occurs in small amounts in the diet, in such foods a:s · catfish, and 
some citrus fruits. 

Commercial advertising for the HMB dietary supplement has been aimed at strength athletes, with 
claims of; increased anabolic effects from exercise therefore increased gains in strength and muscle 
mass, increased fat oxidation by muscles causing increased body fat loss with exercise, and anti­
catabolic activity and therefore inhibition of muscle tissue breakdown with intense exercise. 

Many studies of HMB have been done prior to this study. Several studies of HMB supplementation in 
animals have shown increases in lean muscle mass, but HMB supp!e:mentation :n humans has shown 
indeterminate evidence. There have been concerns regarding the methodology of previous human 
supplementation trials such as short study period, small study population numbers, lack of dietary 
control during the study, use of untrained subjects or unspecified length of previous training 
experience. The purpose of this study is to validate or dispute claims of increased strength and muscle 
mass gain, and body fat lo~;;, with exercise, due to supplementation ·.vith HMB in ;:e:;istance train~ 
men. 

Previous problems in study methodology hope to be avoided by increasing the study period, increasing 
the study population number, assessing subjects dietary intakes, using previously trained subjects (at 
least one year of weight training experience) to avoid any training effect, and riilldomly allocating 
participants to the supplementation or control group. 

1.2. Objectives 

The objectives of this study follow: 
• To assess and compare muscular strength in the HMB and control groups before, during and at the 
end of a 10-week weight training programme. 
• To assess and compare body composition in the HMB and control groups before, during and at the 
end of a 10-week weight training programme. 
• To assess and compare body fat distribution in the HMB and control groups before, during and at 
the end of a 10-week weight training programme. 
• To assess the effectiveness of the standardization of the dietary intake regime. 
• To determine whether HMB does indeed increase muscle strength and mass in resistance trained 
men. 



1.3. Procedures for Recruiting Participants and Obtaining Informed Consent 

Jasmine will contact the New Zealand Federation of Body Builders' committee about advertising the 
study in their monthly Auckland newsletter. Flyers and brochures will be distributed throughout 
Auckland gyms and health centres (See pp.1-3). People who are interested in participating may contact 
the researcher by phone, or post forms included with the brochure, to request more information. The 
researcher will mail a detailed outline of the study to all those interested (See pp.4 - 8), along with an 
'invitation to participate' Jetter (See p.9), 'consent' form (See pp. I O - 11 ), and stamped and self­
addressed envelope. People wishing to participate may contact the researcher by phone or return the 
completed 'consent' forms. People who contact the researcher by phone wishing to participate, will 
have their signed consent forms collected by the researcher on her first visit. A non-random 
convenience sample of 45 men with previous weight training experience of greater than one year will 
be recruited. 

1.4. Procedures in which Research Participants will be Involved 

There will be four visits to each study subject. The procedures carried out during each visit are 
outlined below. 

Week O,Visit One (approximately one hour required) 
• A 3-day dietary record sheet will be given out to each study participant, which will be collected in 
a week time, at the next visit. The researcher will explain what the dietary record sheet involves, and 
how to fill them out to each participant (See pp.12 - 14). 
• Training Jog books will be made up for each participant for weeks one to five, and handed out 
during visit one. The weight-training programme has been designed by a qualified Personal Trainer 
(Network Fitness New Zealand NZQA accredited). The programme will be explained individually, 
including instruction on how to perform each exercise. This will enable all subjects to familiarise 
themselves with the exercises, and weight loads required, before commencing the programme (See pp. 
1_5- 43). 
• Muscular strength will be measured during a series of trials assessing grip strength, back strength, 
and leg strength. These trials will be done in a safe environment and under supervision, using hand and 
back/leg dynamometers, which are safe and easy to use (See pp.44 - 45). 

Week 1,Visit Two (approximately one hour required) 
• A questionnaire will be administered to assess demographic details, eating and exercise habits, and 
previous supplement usage (See pp.46 -62). 
• The 3-day dietary records will be assessed and dietary aims for the study duration will be 
discussed individually (See pp. 12-14). 
• The following anthropometric measurements will be taken; eight skinfold measurements will be 
made using skinfold calipers (this causes a slight pinching of the skin, but no pain), girth 
(circumference) measurements, bone breadths, height, and body weight will also be measured (See pp. 
63 - 64). 
• Bioelectrical Impedance (BIA), used to assess body composition, will be measured. This device 
uses electrodes placed on the hands and feet, to transmit a minute current throughout the body. The 
measurement takes only a few minutes, and is completely safe and painless (See p.65). 
• Each subject will be given a 10 week supply of either the placebo capsule or the HMB capsule 
depending on whether they are in the control or intervention group. 

Week 5,Visit Three (approximately one hour required) 
• Assessment of muscular strength (as in visit l) (See pp.66 - 67). 
• Training log books will be made up for each participant for weeks six to ten, and distributed during 
this visit. The weight-training programme will again be explained individually, including instruction 
on how to perform each exercise, if required (See pp.15 - 43). 

Week 11,Visit Four (approximately one hour required) 
• 3-day dietary records (as in visit 1) (See pp.12 - 14). 
• Anthropometric measurements (as in visit 2) (See pp.68 - 69). 
• Bioelectrical Impedance Assessment (as in visit 2) (See p.70). 
• Assessment of muscular strength (as in visit 1) (See pp.71 - 72). · 



1.5. Procedures for Handling Information and Material Produced In the Course of 
Research, Including Raw Data and Final Research Reports 

All information will be collected as hard copy, no audio or video records will be used. 

All participants will be given a code number. A separate master file will be kept, linking subject name 
and address to code numbers. This master file will be kept under lock and key and stored in a separate 
location to other study data. Only the supervisor and researcher will have access to this list. 

Data collection forms will be identified by code number only. When organising interviews, the 
researcher will place removable name and address labels on each subject's data collection forms. ,These 
labels will be removed and destroyed once the interview in complete and data collected. All data will 
be stored on the researcher's hard drive or personal H: drive on the network and will be accessible by 
password only, by the researcher or her supervisor. The password will be changed regularly to 
maintain security. All completed data collection forms will be stored in locked filing cabinets in the 
nutrition research rooms, which is locked and alarmed when no one is present 

No subject will be identified either by name or code number in the final research report, or in any 
conference presentations or scientific papers that may result from this work. 

Each subject will receive a brief summary of the findings of the study, and individual fitness 
assessments, when complete (See pp.73 - 80). 

1.6. Procedures for Sharing Information with Research Participants 

At the completion of the study, each subject will receive a summary of their personal results, dietary 
assessments, body measurements, and strength measurements (See pp.73 - 80). 

1. 7. Arrangements for Storage and Security, Return, Disposal or Destruction of Data 

The hard copy of all data will be kept in a locked data storage room, in a building fitted with a burglar 
alann. Only authorised personnel have ·access to this room. The file connecting the subject's names, 
addresses, and phone numbers, will be kept in a separate file in a separate room, under lock and key by 
Patsy Watson, Programme Leader in Human Nutrition. The subject's identity will not be revealed in 
any results, thesis, or research papers resulting from this work. Original data will be destroyed after 10 
years. 

2. ETHICAL CONCERNS 

2.1. Access to Participants 

People who are interested in participating may contact the researcher by phone, or post forms included 
with the brochure, to request more information. The researcher will mail a detailed outline of the study 
to all those interested (See pp.4 - 8), along with an fovitation to participate' letter (See p.9), 'consent' 
form (See pp.10 - 11), and stamped and self-addressed envelope. People wishing to participate may 
contact the researcher by phone or return the completed 'consent' forms. People who contact the 
researcher by phone wishing to participate, will have their signed consent forms collected by the 
researcher on her first visit. The information sheet (See pp.4 - 8) will explain the rights of all 
participants, including the right to decline to take part in any part of the study, at any time. Assurance 
of confidentiality is clearly stated. Participants will have the opportunity to ask questions of the 
researcher and/or supervisor at any time, before signing the consent form. 



The consent · form will be signed by the participant in the presence of a witness (other than the 
researcher), and by the above witness. The consent form includes the name of the researcher and her 
supervisor (See pp.10 - 11). 

2.3. Anonymity and Confidentiality 

The measures taken in 1.5 and 1.7 will be used to ensure the anonymity and confidentiality of all 
participants. 

2.4. Potential Harm to Participants 

No adverse effects have been found in previous studies of HMB supplementation in humans, using 
either acute or chronic supplementation patterns. HMB is a legal supplement for use in sports, 
accepted by the International Olympic Committee (IOC) . The training log book, given out to all 
participants, includes a section on each page for recording any adverse effects experienced by 
participant during any stage of the study. Participants are advised to immediately contact the 
researchers if any adverse side-effects are experienced, so that the cause may be determined. If side­
effects continue, participants will be advised to withdraw from the study. 

There is no risk of harm to any of the participants involved in this study, if all exercises are conducted 
in a safe environment and according to instructions given. The weight-training programme has been 
designed by a qualified Personal Trainer (Network Fitness New Zealand NZQA accredited), who has 
also checked all exercise descriptions to ensure the instructions are clear, and the exercises are safe to 
perform. The researcher herself, has already followed the weight training programmes that will be 
used in the study for about six weeks without harm or any side effects. If any participant is injured 
during _the course of this study, they will be covered by ACC. 

All strength tests will be supervised, and done in a controlled manner. When the skinfold 
measurements are taken, only a slight pressure is felt by subjects. The Bioelectrical Impedance 
Assessment transmits a minute current throughout the body, only taking a few minutes, and is 
completely safe and painless. 

All pai:ticipants have the right to decline to take.part in any part of the study ifth~y feel uneasy. 

2.5. Potential Harm to Researcher(s) 

The study methodology involves no harm to the researcher. All mail will be forwarded through an 
address at the university, and the researcher's home address will not be made known to participants. In 
case of emergency, the researcher will carry a mobile phone when she visits subjects in the study. If 
she feels threatened, she will leave the premises immediately. 

2.6. Potential Harm to the University 

This study can bring no potential harm to the university. The strict anonymity, confidentiality and 
professional attitude during collection and handling of data should avoid any potential embarrassment 
to the University. 

The dietary supplement HMB will be provided in powder form by Musashi, including certificates of 
analysis of purity, at reduced price to the University for the purposes of this study. 

2.7. Participant's Right to Decline to Take Part 

The information sheet and consent form, clearly state that the participant can decline to take part in the 
study, can decline to take part in any section of the study, can decline to answer any question, or can 
withdraw from the study, at any time. This message will be repeated yerbally during phone calls and 



visits during the study period. Experience has shown us that if a subject decides to withdraw from a 
study after it has started, and this is declined, they are no longer cooperative and their results are 
affected and cannot be used. Hence we prefer to let them leave at any time, although this is 
inconvenient to the researcher. 

2.8. Uses of the Information 

The information obtained from the study will be analysed and written up as a research report (thesis), 
presented as a conference paper, and if suitable written up as a paper for publication in a scientific 
journal. Each participant will receive a brief summary of his individual results, and study results as a 
whole. 

2.9. Conflict of Interest/Conflict of Roles 

There is no conflict of interest for either the researcher or the supervisor involved in this study. 

2. 1 O. Other Ethical Concerns 

If the researcher finds any participant with any serious social or family problems, she will listen 
attentively, and then refer the participant involved to the appropriate support organisations. · If the 
researcher finds any participant with serious financial problems, she will refer the participant involved 
to Work and Income Support Services. If the researcher finds any participant with any health 
problems, she will suggest the participant involved see their General Practitioner. 

3. LEGAL CONCERNS 

3. 1. Legislation 

3.1.1. Intellectual Property Legislation e.g. Copyright Act 1994 
Any scientific material will be appropriately referenced. The data collected will belong to 
Massey University. 

3.1.2. Human Rights Act 1993 
Any questions and procedures have been carefully designed to contain no verbal or physical 
abuse, and contain no insulting or derogatory remarks directed at any section of the 
community. 

3.1.3. Privacy Act 1993 
The information required will be collected directly from the participant, and recorded as hard 
copy. No video or audio records will be used. Measures to ensure confidentiality for 
participants are detailed in sections 1.5 and 1.7. These confidentiality measures will also 
cover those who choose to withdraw from the study at any stage. 

The information collected will only be used for the purposes outlined in the information 
sheet. Publications will contain none of the participant's names or any information that may 
identify then. Massey University is clearly identified as the body responsible for this study. 

3.1.4. Health and Safety in Employment Act 1992 
No potential health hazards are foreseen. 

3.1.5. Accident Rehabilitation Compensation Insurance Act 1992 
The researcher will be covered by ACC. 
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3.1.6. Employment Contracts Act 1991 
Not applicable. 

3.2. Other Legal Issues 

Not applicable. 

4. CULTURALCONCERNS 

We don't see any cultural concerns or conflicts being raised with this research. 

5. OTHER ETHICAL BODIES RELEVANT TO THIS RESEARCH 

5.1. Ethics Committees 

None. 

5.2. Professional Codes 

Not applicable. 

6. OTHER RELEVANT ISSUES 

None that we perceive at this time. 



Watson, Patsy 

From: 
Sent: 
To: 
Cc: 
Subject: 

Turner, Merle 
Friday, 26 July 2002 13:44 
Watson, Patsy 
Chamberlain, Kerry 
HUMAN ETHICS APPROVAL APPLICATION: MUAHEC 02/063 

"Pilot Study of HMB Supplementation of Resistance Trained Men" 
Jasmine Thomson 
Department: 
Supervisors: 

Institute of Food Nutrition and Human Health 
Patsy Watson, Megan Merilees 

Thank you for the above protocol which was received and considered by the Massey University, Albany Campus, 
Human Ethics Committee at its meeting held on 25 July 2002. 

The Committee would like to commend you on your full and detailed application. 

Your protocol is provisionally approved, subject to you confirming formally 

1. That there is no conflict of interest between the researcher and Musashi as suppliers of HMB. 

2. That this is clearly not a clinical trial, and participants are covered by ACC. 

Please note that from 2002, the Committee is requiring that the following statement be included at the bottom of 
Information Sheets: 
"This project has been reviewed and approved by the Massey University Regional Human Ethics Committee, Albany 
Campus, Protocol MUAHEC 02/063. If you have any concerns about the conduct of this research, please contact 
Associate-Professor Kerry Chamberlain, Chair, Massey University Regional Human Ethics Committee, Albany, 
telephone 09 443 9799, email K.Chamberlain@massey.ac.nz." 

Yours sincerely 

Associate-Professor Kerry Chamberlain, Chair 

Massey University Regional Human Ethics Committee: Albany 

Merle Turner 
Secretary 
Massey University Human Ethics Committee, Albany 
Study Centre, Massey University at Albany 
ph (09) 443 9799, extn 9539 
Fax (09) 414 0814, internal 9414 
email M.L.Turner@massey.ac .nz 
www.massey.ac.nz/-muhec 



2 August, 2002 

Ms Merle Turner, 
Secretary 
Massey University Human Ethics Committee, 
Albany Campus 

Dear Merle, 
Re: MUAHEC 02/063 'Pilot study of HMB Supplementation of Resistance trained 

men.' - Jasmine Thomson 

Thanks you very much for your email of 26/7 /02. We appreciate the comments of the 
ethics committee, and answer them as follows. 

1. I confirm that there is no conflict of interest between the researcher and 
Musashi as suppliers of HMB. Musashi has agreed to supply the HMB at cost 
price, and have asked for nothing in return as they feel the advantages of their 
product are well documented. However we are in the process of developing a 
memorandum of understanding with Musashi via the research office to protect 
the intellectual property of the researcher and the University, in case Musashi 
change their mind and ask to use the results. 

2. This project involves a nutritional intervention, and is not a clinical trial. All 
subjects will be covered by ACC. 

3. The statement that the ethics committee has reviewed the project has been 
included at the bottom of the information sheets. (See attached pp. 1,3,8) 

Thanks you for your consideration. We look forward to receiving your approval for 
our project. 

Yours sincerely, 

Patsy Watson 
Programme Leader in Human Nutrition. 



,, MasseyUniversity 

6 August 2002 

Jasmine Thomson 
C/o Patsy Watson 
Institute of Food Nutrition and Human Health 
Massey University 
Albany 

Dear Jasmine 
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Auckland, N ew Zealand 

Principal: 64 9 443 9700 ext · 

Regional Registrar: 64 9 443 

ext 9516 

Facsimile: 64 9 414 0814 

HUMAN ETHICS APPROVAL APPLICATION-MUAHEC 01/063 
"Pilot Study of HMB Supplementation of Resistance Trained Men" 

Thank you for your application. It has been fully considered, and approved by the Massey 
University, Albany Campus, Human Ethics Committee. 

If you make any significant departure from the Application as approved then you should return 
this project to the Human Ethics Committee, Albany Campus, for further consideration and 
approval. 

Yours sincerely 

~~-/ --------------·-··· 
Associate-Professor Kerry Chamberlain 
Chairperson, 
Human Ethics Committee 
Albany Campus 

cc Patsy Watson 
Institute of Food Nutrition and Human Health, 
Massey University, Albany 

Te Kunenga ki Purehuroa 
Inception to Infinity: Massey University's commitment to learning as a life-long journey 
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Appendix 2 

~.2 Study Flyer and Brochure 

WANTED 
MEN AGED 20-30 YEARS 

WHO WANT TO GAIN LEAN MUSCLE!! 
[ave you ever wondered if all those expensive 'body-building' supplements actually 
,ork? Can you trust supplement companies using persuasive advertising gimmicks 
1ch as 'before and after' photos rather than real scientific evidence? 

FREE 10-WEEK WEIGHT TRAINING 
PROGRAMME 

Designed by a qualified personal trainer from Les Mills 

FREE STRENGTH TESTING 

FREE DIETARY ASSESSMENT 

FREE BODY FAT AND SKINFOLD 
MEASUREMENTS 

Using BIA Instrumentation and ISAK approved skinfold callipers 

~ you are male, aged between 20-30 years, and have been training with weights for at 
:ast 1 year, I need you. My name is Jasmine Thomson, and as part of my Master in 
cience degree in Human Nutrition, I will be researching HMB supplementation of 
!Sistance trained men. In addition to all of the above, you may also receive free HMB 
1pplementation for the duration of this study. See the free brochure for more details, or 
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Name _______________ _ 

Address _ ____ _________ _ 

Phone 
(home) 

Phone 
(work) 

For more information, please send this completed 
f orm to; 

Jasmine Thomson 
C/0 Patsy Watson 
Programme l eader in Human Nutrition 
institute/or Food, Nutrition, & Human Health 
Massey University 
Albany Campus 
Private Bag 102 904 
North Shore Mail Centre 
AUCKLAND 

............................ 
More good news! 

To study the effects of HMB supplementation, we 
are asking for 45 volunteers to participate in a I 0-
12 week study. Each participant should be male, 
aged from 20-30 years, with at least I year weight 
training experience. 

Each of you will receive our 10-week weight 
training programme, designed by a qualified 
personal trainer, with the aim of increasing muscle 
mass and strength. Also, at certain stages 
throughout the study period, we will do free 
strength testing using dynamometers, free body fat 
and skinfold measurements using BIA 
instrumentation and ISAK approved skinfold 
callipers, and free dietary assessment and advice. 

But wait! There's more! 25 volunteers will get 
free HMB supplementation (20 will receive a 
placebo). 

(.'\\ 
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INSTITUTE OF FOOD, NUTRITION AND 
HUMAN HEAL TH 

PIiot StudV or HMB 
Supplementauon or 

Resistance Trained Men 

Wanted 
Men Aged 20-30 Years Who Want to Gain 

Lean Muscle! 
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The full name of this product is beta-hydroxy beta­
methylbutyrate. HMB is produced naturally in the 
body when the amino acid leucine is metabolised. 
The body only produces about 0.2 to 0.4 grams of 
HMB per day, and this depends on how much 
leucine you eat. HMB is also found in low levels 
in some of the foods you eat, such as catfish (I 
don't know anybody who eats this!), and some 
citrus fruits. 

HMB is currently being sold as a 'body-building' 
supplement in health and nutrition stores 
throughout New Zealand. In fact you have 
probably already heard of it. 

WhltlftlMlit 

The advertising for HMB supplements is aimed at 
body builders and weight lifters . HMB 
supplementation is claimed to; 

Increase the anabolic effects of exercise, therefore 
increase strength and muscle gains. 

Increase fat oxidation by the muscles, therefore 
increase body fat loss. 

Have anti-catabolic activity, therefore decrease 
muscle tissue breakdown during intense 
exercise. 

There is some evidence for these claims in animal 
studies. But human studies of HMB 
supplementation done so far do not conclusively 
support these claims. 

The good news is, there is no evidence of adverse 
effects associated with consumption of HMB 
supplements in humans. And, in this study we will 
be using the recommended dosage of 3g/day, to 
ensure the safety of all involved . 

ro, 11 ••••• , .. lllllrmil 

My name is Jasmine Thomson. As part of my 
Master of Science degree in Nutritional Science 
at Massey University, I am doing research on 
HMB supplementation of resistance trained 
men. 

Patsy Watson, the Programme Leader in Human 
Nutrition at Massey University is also involved 
in all aspects of this research. 

If you want to participate in this exciting study, 
or for more information, please contact Jasmine 
on; 

Ph. 413 8977 Ph. 021 210 6269 

Email; thomson jasmine@xtra.co.nz 

This project has been reviewed and approved by 
the Massey University Regional Human Ethics 
Committee, Albany Campus, Protocol 
MUAHEC 02/063 . If you have any concerns 
about the conduct of this research, please contact 
Associate-Professor Kerry Chanberlain, Chair, 
Massey University Regional Human Ethics 
Committee, Albany, Telephone 09 443 9799, 
email K.Chamberlain@massey.ac.nz. 



Appendix 3 

6.3 Invitation to Participate and Study Information 

Sheet 

Pilot Study of 11MB Supplementation of Resistance Trained 
Men 

Invitation To Participate 

To ________ ___, 

' 
As a requirement of my Master of Science Degree in Nutrition, at Massey University, 
Albany Campus, I am conducting a 'Pilot Study of HMB Supplementation of 
Resistance Trained Men'. You will have read a little about this study in the articles, 
notices, and brochures advertising for men who have trained with weights to 
participate. 

Tbankyou for your reply to be included as a participant in this study. This letter is to 
let you know that you fulfil the criteria we are looking for, and should you accept this 
invitation you will be randomly selected for either the HMB or placebo 
supplementation groups. This letter is an invitation, and as an invitation, you have a 
choice of accepting or declining to take part. 

Attached is an information sheet for p~icipants, that outlines what is required of you 
during the 10-week study period. Please read through this thoroughly before making 
your decision. 

I will contact you over the next week to confirm your decision. If you have any further 
questions, please feel free to contact me on  

Thankyou for your time. 

Yours Sincerely 

Jasmine Thomson 
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MASSEY 
UNIVERSITY 

INSTITUTE OF.FOOD, NUTRITION AND HUMAN HEALTH 

Pilot Study of 11MB Supplementation of Resistance Trained 
Men · 

STUDY OUTLINE FOR PARTICIPANTS 

This Pilot Study is being conducted by Jasmine Thomson, as part of her Master of 
Science degree in Nutritional Science, at Massey University, Albany campus. Patsy 
Watson, Programme Leader in Human Nutrition at Massey University, will be involved 
in the supervision of all aspects of this study. 

RMB (BETA-HYDROXY BETA-METHYLBUTYRATE) DIETARY 
SUPPLEMENT 
HMB (beta-hydroxy beta-methylbutyrate) is produced naturally in the body during 
metabolism of the amino acid leucine. Leucine occurs naturally in the diet in foods 
such as dairy products, meat, fish, eggs, nuts, chocolate, cereals, vegetables, and fruits. 
Normal production of HMB by the body is thought to be from 0.2 to 0.4 grams per 
day, depending on the amounts ofleucine in the diet. HMB may also occur naturally in 
the diet in small amounts, in foods such as catfish, and some citrus fruits. 

The dietary supplement HMB, has recently become available over the last few years in 
health and nutrition stores throughout New Zealand. HMB advertising has been aimed 
at weight lifters and body builders, with claims of: 
• Increased anabolic effects of exercise, therefore increased gains in strength and 
muscle mass. 
• Increased fat oxidation by the muscles causing increased body fat loss with 
exercise. 
• Anti-catabolic activity, therefore inhibition of muscle tissue breakdown during 
intense exercise. 
• A possible role in the immune system enhancing muscle recovery from exercise. 

Several animal studies have shown HMB to increase lean muscle mass. But, overseas 
studies of HMB supplementation in humans has been equivocal, some support the 
above claims, others do not. Concern has been raised about the methodology of some 
of these studies. 

No adverse effects of HMB supplementation have been reported, either using acute 
(large amounts over a short time) or chronic ( smaller amounts over long periods) 
supplementation patterns. HMB is a legal supplement for sports use. It is not banned 
by the International Olympic Committee (IOC). 



STUDY OUIT.JNE 
The aim of this study is to find the effect of HMB supplementation, if any, on gain of 
fat free mass, compared to a placebo. We are using resistance trained men rather than 
sedentary individuals (starting a resistance training programme), as we feel that the 
HMB supplement is marketed to this group. 

All participants of the study will be given the same training programme. Regular 
strength and body composition measurements will be taken during the study period, as 
outlined below. 

Participants will be randomly divided into two groups (HMB supplementation or 
placebo). 

REQUIREMENfS OF PARTICIPANTION 
The following gives an outline of the requirements of the study, and what will be 
involved for those of you that agree to participate. The researcher will explain the 
requirements of the study individually, and answer any questions you may have at each 
stage. Participation in this study is voluntary, and it is entirely up to you to decide if 
you want to be included. 

The study will involve four visits by the researcher. There is an initial consultation and 
education visit, and thr~ additional visits to obtain measurements and data. The study 
duration will be 10-12 weeks in total, 10 weeks of this involves the weight training 
programme. 

(1). VISIT 1: 
Initial Consultation and Education 
The initial consultation will occur about 1 week before you begin the weight training 
programme. 

(a). Three Day Dietary Record 
A 3-day dietary record sheet will be given out to each study participant to be collected 
in a week time, for initial dietary assessment. The researcher will explain this to you, 
instructions also are included on the record sheets themselves. 

(b ). Weight Training Instruction 
Training log books will be made up for everyone participating in the study. These will 
be handed out to you at the initial education session. The weight training programme 
will be explained individually, and instruction on how to perform each exercise will be 
given. This will enable you to familiarise yourself with the exercises, and experiment 
with weight loads to find your individual levels, before commencing the programme. 

(c). Assessment of Muscular Strength 
A series of trials will be perfonned to assess strength. 
Grip Strength - This is tested using a hand dynamometer. It is a measure of static 
hand grip strength. The dynamometer is clenched with as much effort as possible for 
2-3 seconds. Both right and left hand grips will be tested over 2-4 trials each. 



Back Strength - This test is done with the back/leg dynamometer. It will be done 
over 2 trials, with a 1 minute rest period between each trial You will be asked to 
stand on a platform, hold the dynamometer handbar, and use your back to make a lift. 
Leg Strength - This test is also done with the back/leg dynamometer. It will be done 
over 2-3 trials, with a 1 minute rest period between each trial. You will be asked to 
stand on a platform, hold the dynamometer handbar, and use your legs to make a lift, 
similar to a squat exercise. 
1 Repetition Maximum Bench Press - The one repetition maximum (1 RM) is the 
heaviest weight you can lift for one attempt. We will select a starting weight that is 
close to your perceived !RM. For each attempt where you are able to perform more 
than one lift, the weight is increased in 5, 2, or 1kg increments, after short rest periods. 
The first IRM test will be carried out on the bench press. 
1 Repetition Maximum Leg Extension - 1bis test is also done using the lRM 
principles discussed above. This second !RM test will be carried out on the leg 
extension machine. 

(2). VISIT 2: 
Beginning of Weight Training Programme and Supplementation 
The second visit will involve the following; 

(a). Questionnaire 
A questionnaire will be administered to each subject participating in the study. 

(b ). Dietary Advice Session 
After the 3 day dietary records have been collected, the researcher will discuss with 
you, your individual dietary aims for the study duration. You will be asked not to 
consume any other dietary supplements over the period of the study. This will 
especially include other HMB products, protein powders, protein shakes, 
protein/sports bars, and products containing creatine. 

(c). Anthropometric Measurements 
Anthropometric profiles involve three parts, skinfolds, girths, and breadths/lengths. 
Skinfold Measurements -
• The anatomical landmarks required for the skinfolds will be marked on your body 
with a felt tip pen. 
• 8 skinfold measurements will be taken along the right hand side of your body 
including; triceps, subscapular, biceps, iliac crest, supraspinale, abdominal, front thi~ 
and medial calf. 
• You will feel a slight pinch of the skin fold callipers, for 2-3 seconds. 
• Each skinfold measurement may need to be taken 3 or 4 times to ensure accuracy. 
1bis entire process will take about half an hour. 
Girths - The girths that will be taken are as follows: 
• The arm-relaxed girth is a measure of the circumference of the arm while the arm is 
relaxed at the side of your body. 
• The arm flexed and tensed girth is a measure of the maximal girth of the arm, while 
the biceps muscle is fully contracted. 
• The waist girth, is a measure of the narrowest circumference of the waist. This 
measurement is taken with normal expiration. 



• The gluteal girth is a measure of the largest protruding area of the buttocks, while 
you stand with feet together, gluteal muscles relaxed. 
• The final girth measurement is the maximal calf circumference. 
Breadths/Lengths -
• The width of the humerus, and femur will be measured using sliding callipers . 

. • Height will be measured while you stand without shoes, heels together, back 
straight, buttocks, shoulders, and head against the wall. 
• Weight will be measured on a scale, while you stand straight, .looking ahead, feet 
together. 
( d). Bioelectrical Impedance Monitor (BIA) 
The BIA gives a measurement of body fat. You will be asked to lie stationary, while 
electrodes are attached to your right hand and left foot. The measurement will only 
take a few minutes, and is completely painless. 

(3). VISIT 3: 
Mid-Point of Study Duration 
Visit 3 will involve the following; 

(a). Weight Training Instruction 
The weight training programme for weeks 6 through 10, will be explained to each 
subject, with instruction on how to perform each new exercise. The weight training 
programme has been split up with a different set of exercises for weeks 1 through 5, 
and weeks 6 through 10, to keep the programme interesting for you, and prevent your 
muscle gains reaching a plateau due to lack of stimulation 

(b ). Assessment of Muscular Strength 
As in visit 1. 

( 4). VISIT 4: 
Final V1Sit 
This is the final visit by the researchers for data collection purposes. 

(a). Three Day Dietary Record 
As in visit 1. 

(b ). Anthropometric Measurements 
As in visit 2. 

(c). Bioelectrical Impedance Monitor (BIA) 
As in visit 2. 

( d). Assessment of Muscular Strength 
As in visit I. 

SUDY CONFIDENTIALITY 
All infonnation provided, and measurements taken are for the purpose of this thesis. 
Your identity will be kept confidential, and will not be published in any results, theses, 
research papers, or other publications. Your identity will only be recorded or 
published as a code number, which only the researcher can identify. All of your 



personal details will be kept separate from other information in the study in a locked 
filing system, by Patsy Watson, Programme Leader in Human Nutrition and supervisor 
of this study. 

YOURRIGHTS 
Participation in this study is voluntary, you are under no obligation to participate. If 
you decide to take part in this study you have the right to the following conditions; 
• You may refuse to answer any question(s). 
• You may choose not to have any particular measurement( s) taken. 
• You may cease to participate in this study at any time. 
• You may ask any questions you have, at any time during the study. 
• You may have a family member, or friend present for moral support during any of 
the visits by the researcher. 

SUMJ\1ARY OF YOUR MEASUREMENTS AND RESULTS 
Once the study has been completed, the results of your measurements and dietary 
assessments will be made available to you, along with an explanation of all such results. 

CONSENT 
Before the study commences, you will be asked to sign the attached consent form 
stating that you are aware of all requirements of the study, your rights as a participant, 
and have accepted the invitation to participate. 

CONFIRMATION OF STUDY PARTICIPATION 
Please take the time to read through and understand all of the information presented 
here on what will be involved should you choose to participate in this study. Once you 
have made your decision, please contact the researcher, Jasmine Thomson on 413 
8977, or 021 210 6269, or simply mail the completed consent form to the address 
below. 

RESEARCHER CONTACT DETAILS 
Jasmine Thomson 
Address: Jasmine Thomson 

C/0 Patsy Watson 
Programme Leader in Human Nutrition 
Institute for Food, Nutrition, & Human Health 
Massey University 
Albany Campus 
Private Bag 102 904 
North Shore Mail Centre 
AUCKLAND 

Phone:  
 

Email:  
This project has been reviewed and approved by the Massey University Regional 1-hnnan Ethics 
Committee, Albany Campus, Protocol MUAHEC 02/063. If you have any concerns about the cooduct 
of this research, please contact Associate-Pro~ Kerry Chamberlain, Chair, Massey University 
Regional Hwnan Ethics · Ccmmittee, Albany, Telephone 09 443 9799, email 
K.Chamber~.ac.nz. 1, - 161 
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Consent Form 

I assert that: _________ _, 

I have read through and understand all infonnation given to me regarding my 
participation in this study. 

I have had the opportunity to ask questions, and any questions I have at this 
time have been answered adequately. I understand that I may ask additional questions 
throughout the study should any arise. 

I am aware that participation in this study is confidential and no information 
that may identify me will be published or released to persons outside of this study. 

I understand that participation in this study is voluntary, and I may decline to 
answer any question, or cease participation in this study at any time. 

If I should suffer any side effects while participating in this study I know who I 
should contact. 

I have no known medical condition/s, that may be_aggravated h~taking.part in 
weight training exercise. Therefore, I release those conducting this research of any 
liability for direct or indirect injury or loss, sustained by me or any parties associated 
with me, resulting from my participation in this aspect of the study. 

I hereby freely give my consent to participate in the Pilot Study of HMB 
Supplementation of Resistance Trained Men, that will be conducted with the approval 
of the Massey University Human Ethics Committee, Albany Campus, Auckland. 

Participant Signature _______ _ Date ----
Witness Signature Date - ---

Please fill out your contact details, over the paf(e. 



Contact Details 

Name -----------------
Address ______________ .:..._ ___________ _ 

Phone ________ (home) 

Phone ________ (work) 

Mobile (optional) _______ _ 

Email(optional) _____________ _ 

Please send this form to; 
Jasmine Thomson 
C/0 Patsy Watson 
Programme Leader in Human Nutrition 
Institute for Food, Nutrition, & Human Health 
Massey University 
Albany Campus 
Private Bag 102 904 
North Shore Mail Centre 
AUCKLAND 



Appendix 4 

6.4 JJ-hydroxy-JJ-methylbutyrate Certificate of Analysis 

and Gelatin Capsule Receipts 

Certificate of Analysis 
DATE: DEC.14,2001 

lNVOICE NO.NTNS01376 

PRODUCT: HYDROXYMETHYL BUTYRATE (CA SALT) 

BATCH NO. 20011118 

QUANTITY: 300KGS (12DRUMS) 

P.0.No.: T5681 

Results: 

Appearance white crystalline powder 

Ca content 13 .70% 

HMB content ·~ 84.69% 

Loss on Drying 1.52% 

Pb <l Oppm max. 

As <2ppmmax 

TRANS CHEM PTY LTD 
. ABN 96 064 545 473 

U~a, 112-118TaJaveraRd I 
Orth Ryde NSW 211 a 

PO Box 1864 
Macquarie Centre NSW 2113 

Ph· Australia 
- -· _D2....::..98..:..:8:.:....7.:..::_1688 F • ax. 02 9RA7 11. 1., 



0 Massey University 

MASSEY UNIVERSITY 
Institute of Food, Nutrition & Human Health 
PRIVATE BAG 102 904 
North Shore Mail Centre 
AUCKLAND 

SUPPLIER: 

Pharmaceutical Compounding 
Birkenhead 

Customer No: 

Supply To: Authorised by 
Kay Rowbottom Patsy Watson 

Order No: I Date: 
1120 3646 26 November 2002 
Ship To: 
IFNHH, Building 22 
Albany Campus 
Eastbome Rd, off Old Albany Highway 
ALBANY 

A TIN: Kay Rowbottom 

Account Item Code Coding Description QTY Estimated 
$ Value 

1120 1222 NUT Double O gelatin 1,000 ~ 
capsules -~b, 
For: Jasmine 
Thomson 
Postgrad Student 



Tax Invoice / Statement 

Invoice Date 

Tax Invoice 

Reference 

Page 

Invoice To: 

Cash Sale 

Prescribing Doctor: 

..---
Description 

27/11/2002 

24182 

Empty Gelatin Caps No.00-1 OOO 

Payment Terms: Please pay on receipt of goods. 

Please return this portion with payment to: 

PHARMACEUTICAL COMPOUNDING NZ LTD 
PO Box 34897 
Birkenhead 
Auckland New Zealand 

Deliver To: 

Cash Sale 

PHARMACEUTICAi 
COMPOUNDING 
35L Enterprise Street, PO Box 348 
Birkenhead, Auckland, New Zeala 
Ph: (0 9) 480 2660 fax: (09) 480 26 

www.pharmaceutical.co.nz 

  

DIMITRI - MASSEY UNIVERSITY 

Dispensing Pharmacist: Denis Kay 

·- - ·-- - · .. ·--- ··-- ·---
Quantity Unit Price (ex GST) Disc% 

1.0 32.000 EA 

Sub Total 

GST 

Invoice Total 

Pa id 

Balance Due 

Customer: 

Invoice Number: 

CASHS 

24182 

27/11 /2002 

$ 36.00 

Date: 

Amount: 

$ 

$ 

Please indicate if receipt required: D 

Am 

3 

3 

' J 

2 



Appendix 5 

6.5 Resistance Training Log Books One and Two 

Official Weight Training Log Book 1 

For the Pilot Study of HMB Supplementation of Resistance 
Trained Men 

Code Number ------

If this Training Log Book has been lost or misplaced .... 
If found, please contact Jasmine Thomson  
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Pilot Study of HMB Supplementation of Resistance Trained 
Men 

Weight Training Programme Instructions 

Weight Training Programme 
Th.is programme has been designed by Mark Woodgate, a qualified Personal Trainer 
for Les Mills, Hamilton. The aim of this programme is to maximise muscle growth and 
strength. 

Weight training is required to be performed 3 times per week. The weight training 
programme has been designed to take no longer than 40-50 minutes on each of these 
days. Each major body part is trained once a week, except for abdominals which are 
trained on 2 days, workouts 1 and 3. 

Warm-Up 
A wann-up of 3-5 minutes should be done prior to any weight training session. Th.is 
can be done on the 'cardio' equipment at the gym, jogging, or other wann-up exercise. 
Also prior to perfonning the first set of exercise for each major body part , a warm-up 
set of the first exercise may be done at 50% of the normal starting weight for 15-20 
repititions. 

Weight Training Structure 
Each set of weight training exercise should be done to muscular failure, i.e. you are not 
able to do ~ more repetitions with good form at that weight. If you are able to do 
more than the required repetitions, do so, but put the weight up for next time! 

The programme is set out in a pyramid design, which means that with every subsequent 
set, the weight will be raised, and repetitions decreased. 

Rest Periods 
The rest times between sets are given in the training log sheets, later in the book. Rest 
times are generally 90 seconds between sets except for abdominals and calves, which 
only require 30 seconds. 

The other exception is, prior to the final 2 sets of each body part, which are performed 
as a dropset, there is a rest period of only 30 seconds. While performing the dropset, 
there is no rest period between these final 2 sets. As soon as you have completed the 
second to last set, immediately decrease the weight by about 10%, and start the final 



exercise set. In some cases the dropset is done on the same exercise for both sets, in 
other cases the dropset may use 2 different exercises for the same body part. 

The rest time between body parts is always 120 seconds. 

Repetitions Range 
The number of required repetitions for each exercise will be given in the training log 
sheets, later in the book. The repetition range is generally 8-12 repetitions, except 
abdominals and calves, which require 15 repetitions. The other exception is while 
performing the dropsets, the first set of the dropset, is for 10 repetitions, the final set 
immediately following is for 5 repetitions. 

Again, we are aiming for muscular failure! So if you are able to do more repetitions 
with good form, you should do so, and the next week put the weight up! 

Repetition Tempo 
During each repetition concentrate on counting 1 second for the lifting phase, pause 
and contract the muscle for 1 second, then 2-3 seconds for the lowering phase. When 
paused at the mid-point of the movement, make sure you give an extra squeeze of the 
muscle at this point, and concentrate on the particular muscle you are working. 

Remember, the emphasis of this weight training programme is on the intensity not the 
duration! 

On the following pages are some instructions and diagrams on how to perform each 
exercise used in this programme. 
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Exercise Instruction 

AIJuominals 
Bench Crunch (Floor Crunch) - On a bench, or mat, position your knees together, 
feet flat about 30cm from your bottom, place your hands lightly behind your head. 
Push your lower back into the bench/mat, and raise your shoulders in a rolling motion. 
Pause and contract your abdominal muscles, then slowly lower your shoulders back to 
the start position. Your abdominal muscles should be tensed for the entire movement. 

llench Tuck (Sealed knee-up) - Sit at the end of a bench, hands holding the bench 
directly behind your bottom. Stretch your legs out straight in front of you oIT the edge 
of the bench. Contract your abdominals and pull your knees in towards your chest, 
pause, then slowly extend your legs back to the start position again. 

Hanging Leg Lifi - Grip a chin-up bar with hands slightly ~ider than shoulder width 
apart. Use your lower abdominals to raise your knees as high as possible, pause, then 



·slowly return to the start position. Do this movement slowly,.and don't use momentum 
to swing yourself 

I 
Leg Lift (Incline Leg Lift) - Lie with your anns at your sides, legs straight up in the 
air, perpendicular to the floor, and feet together, heels pointing up. Keep your 
shoulders firmly on the bench/mat, and slowly lift your hips to about 10-15cm off the 
bench/mat, pause, then lower back to the start position. You may increase the 
resistance by performing this movement on a incline bench. 

Leg Raise - Lie on a bench, hold the bench above your head, or position your hands 
under your hips. At the start position, .your legs are straight up in the air, 
perpendicular to the floor, and feet together. Keep your legs straight, as you slowly 
lower you legs as far as you can without letting your lower back lift off the bench. 
Pause, then slowly raise your legs back to the start position. Throughout this 
movement use your abdominals to press your lower back finnly into·the bench. 



Oblique Dench Crunch - Position yourself the same as bench crunch above, or you 
may place your feet in the air with your knees bent at a 90° angle. Curl your shoulders 
up, use your oblique muscles twist your shoulders so that your left shoulder aims for 
your right knee .. Pause, then slowly lower your shoulders to the start position. Repeat 
this for your right shoulder and left knee, this counts as one repetition. 

Reverse Crunch (Incline Reverse Crunch) - Place your anns above your head, and 
flatten your back against the bench/mat. Roll your pelvis and knees towards your 
chest. Exhale while contracting your abdominals. Slowly lower your pelvis back to 
the start po'sition, maintaining tension on your abdominals the entire movement. To 
increase resistance change the start/finish position, so that your legs are extended and 
parallel to the bench/floor. Another way to increase resistance is to perform this 
movement on a incline bench. 



Swiss Ball Crunch - Lie on your back on Swiss ball, with the ball positioned in the 
small of your back. Hold your hands lightly at your head, elbows out. Slowly curl 
your body up into a crunch, pause, then slowly lower yourself until you are fully 
stretched over the ball. Concentrate on tensing your abdominal's for the entire 
movement for this exercise to be effective. 

Swiss Ball Obliques - To work your obliques, position yourself as above on a Swiss 
ball. Siowly curi your body up into a cnmch position, then twi.;t i.o one side and rea.:.h 
towards your knee, pause and contract your obliques, then slowly lower yourself until 
you are fully stretched over the bail. Repeat for the other side. This counts as one 
repetition. 

Back 
Barbell Bent-Over Row - Stand with your feet shoulder width apart, knees bent, back 
flat and parallel to the floor, and bottom out. At the start position, grip the barbell 
with hands shoulder width apart, arms extended to half-way between your knees and 
ankles. Raise the bar straight up, until level with the bottom of your ribcage, pause, 
then return to the start position. 



Cable Row - Sit at a cable row machine, feet on the metal footrest, and knees slightly 
bent. Grip the handle of the pulley with palms facing inwards, and arms fully extended. 
Keep your back stationary, while you draw your arms towards you until the handle 
reaches your stomach, pause, then extend your arms slowly back to the start position. 

Lat Pull Down - Sit at a lat pull-down machine. Hold the pulldown bar with an 
overl~and grip, about twic~ shoulder width distance ~part. Pull down the bar until it 
just touches the top of your chest, you may arch your back slightly, but don't Jean 
back. Pause, then slowly let the bar raise to the start position. Make sure you keep 
your elbows directly under the bar during this movement. 

Biceps 
Barbell Curl - Stand straight, with your feet shoulder width apart, chest out, and 
shoulders squared. Hold the bar with a palms up grip, arms extended downwards, the 
bar resting on your thighs. Use a curling motion to lift the bar towards your chest, 



pause, then slowly lower the weight until your anns are ahnost straight, and your 
biceps still tensed. During this movement, keep your elbows stationary, and don't lean 
backwards or use momentum to swing the barbell. 

Hammer Curl - Grip dumbbells with pahns facing in towards each other, arms fully 
extended down each side of your body. Curl both dumbbells upward in an arc, pause, 
then slowly lower the weights back to the start the start position. Your palms should 
remain facing each other throughout the movement. Don't lean forward or backward, 
or use momentum to swing the weights. 

Preacher Curl - Use a preacher curl bench and machine, or a preacher curl bench and 
ezy bar to perfonn this exercise. If using an ez:y bar, grip with your hands shoulder 
width apart, and palms up. Curl the bar upwards towards your chin, just to the point 
where the resistance starts to let up, pause, then slowly lower the bar until your anns 
are fully extended. Take care not to lean your shoulders forward. 



Spider Curl (Reverse Preacher Ezy Bar Curl) - Use the opposite side of the 
preacher curl bench, in a standing position. Curl the bar upwards. Your body and 
shoulders should remain stationary. Then slowly lower the bar until your arms are 
fully extended. 

Calves 
One Leg Calf Raise - Stand on a block, or on the floor. Stand on the ball of your 
right foot, with a dumbbell in your right hand, pahn facing your body, with your left 
foot off the floor. You may hold onto a wall or sturdy piece of eq·uipment for balance 
if needed. (If you are standing on a block, lower your right heel as far as possible) 
raise up on your toes as far as possible, pause and contract your calf, then lower to the 
start position. Finish all repetitions on your right leg, then repeat with your left leg. 



Seated Calf Raise - Sit on a seated calf raise machine. Slowly lower your heels until 
your calf muscles are stretched, pause, raise your heels pressing with the balls of your 
feet as high as possible, pause, slowly lower back to the start.position. 

Standing Calf Raise - Stand straight, knees slightly bent, your weight resting on the 
balls of your feet, on the platform of a standing calf raise machine. Slowly lower your 
heels until your calf muscles are stretched, pause, raise your heels pressing with the 
balls of your feet as high as possible, pause, and slowly lower back to the start 
position. 

Toe Raise on Leg Press Machine - Sit at a leg press machine, position the balls of 
your feet on the foot plate, your heels extended over the bottom edge of the foot plate. 
Lift the weight until your legs are straight, but your knees not locked out, this is the 
start position. Release the safety stops. Press your feet up onto your toes raising the 
footplate, pause, then slowly lower back to the start position. If you point your feet 
straight you will work both heads of the gastronemius muscle, feet inwards you work 
the outer head, and feet outwards you work the inner head. 



Chest 
Barbell Bench Press - Lie on a bench, with your feet resting flat on the floor, a little· 
wider than shoulder width apart. Your hips must remain flat on the bench, but your 
back may arch slightly. Hold the barbell with a grip slightly wider than shoulder width 
apart. At the start position, your arms should be fully extended, the barbell held above 
the middle of your chest, elbows locked. Lower the barbell to the middle of your 
chest, pause, then force the barbell back to the start position. Inhale as you lower the 
barbell, and exhale as you raise it. 

Dumbbell Bench Press - Lie on a bench, with your feet resting flat on the floor, a 
little wider than shoulder width apart. At the start position, your anns should be bent, 
elbows out, holding a dwnbbell in each hand, palms facing your feet. Press the 
dumbbells straight up, pause, then slowly lower to the start position. Inhale as you 
lower the dumbbells, and exhale as you raise them. 



Dumbbell FJys - Lie on a bench, with your feet resting on the floor, a little wider than 
shoulder width apart. At the start position, your arms should be extended, holding a 
dumbbell in each hand, palms facing each other, elbows slightly bent. Slowly lower the 
dumbbells to each side, keeping your elbows only slightly bent, until your arms are 
horizontal, no lower than level with the bench. Pause, then lift the dumbbells back up 
to the start position. The dumbbells should follow an arc-like 1;·.otion. Inhale as you 
lower the dumbbells, and exhale as you raise them. 

Hamstrings 
Bent Knee Deadlifts - Hold a barbell with hands shoulder width apart (one hand palm 
down, the other hand palm up), arms e>..'tended, barbell resting across your thighs. 
Position your feet about shoulder width apart. Bend your knees and sink down to a 
half squat position, while keeping your tor_c" 11.oright, and lower the bar to a point half 



way between your knees and ankles. Keeping your back flat, and head up. Pause, 
then return to the starting position focussing on squeezing your hamstrings and glutes'. 

Lying Leg Curls - Lie on a lying leg curl machine, the machine pad on the back of 
your ankles. Curl your legs up in an arc, until the machine pad reaches the top of your 
hamstrings. Pause and contract your hamstring muscles, then lower the weight slowly 
back to the start position. Keep your hips down throughout the movement. 

Stiff Legged Deadlifts - Hold a barbell using a pronated grip, arms fully extended, 
barbell resting across your thighs. Your legs should be very slightly bent, your body 
straight, shoulders back, and head up looking forward. Bend forward at the hips, back 
straight, push your bottom out and lower the bar until you feel a good stretch in your 
hamstrings. Pause, then return to the starting position focussing on squeezing your 
hamstrings and glutes'. 



Swiss Ball Hamstring Cuds - Lie on a mat on the floor, with your heels on the 
middle of a swiss ball. Raise your hips off the floor, so you are resting on your 
shoulders. Bend your knees, and use your hamstrings and gluteal muscles to roll the 
ball towards you until it reaches your bottom, and your feet are flat on the ball. Pause 
and contract your hamstrings, then straightenyour legs back to the start position. You 
must ensure that your hips are raised off the floor for the entire movement. You 
should also concentrate on contracting your hamstrings as hard as you can for this 
exercise to be effective. 

Quadriceps 
Barbell Lunges (Front Lunges) - Posjtion a weighted barbell across the back of your · 
shoulders, and stand with your feet approximately 20cm apart, pointed straight ahead. 
Keep your back straight, ~boulders square, and your head up. Step your right leg 
forward until your knee i_s at a 90° angle, your thigh parallel with the floor, and shin 
perpendicular with the floor. Using your quadriceps and hamstrings, lift your right leg 
back to the start position. Repeat trus procedure with your left leg. This is counted as 
one repetition. Inhale as you lower yourseU: and exhale as you raise yourself back to 
the start position. 
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Exe1·cise Instruction 

Leg Extension - For this exercise you will work one leg at a time. Position the back 
of your knees at the edge of the padded seat, and position the leg you are working, 
under the extension pad, with the pad resting on the lower part of your shin. Hold the 
seat or handles of the machine to stabilise your body, and make sure your lower back is 
pressed into the padding of the seat behind you. Slowly raise the weight for a count of 
one, until your knee and hip is parallel to the floor, then lower the weight for a count 
of one, until your knee is bent at 90°. Inhale on the upward motion and exhale on the 
downward motion. Finish all repetitions on one leg, then do the same number of 
repetitions for the other leg. 



Bad,ell Squat - For safety it is recommended that a squat rack is used. Position the 
barbell across the back of your shoulders. ·Hold the bar with your hands spaced about 
double shoulder width apart. Stand straight, look straight ahead, space your feet about 
shoulder width apart, toes facing slightly outward, your weight resting on the balls of 
your feet. Slowly lower your hips until your thighs are parallel with the floor. 
Immediately press the weight up again, from the heels of your feet, to the start 
position. Inhale as you squat down, and exhale as you rise. 

Leg Press - Sit at a leg press machine, with your feet on the foot plate at shoulder 
width apart, and pointed slightly outward. Bend your knees and lower the w'eight as 
far as possible, but don't let your hips rise off the seat. Pause, then slowly raise the 
weight to the start position pushing through your heels until just before your knees are 
locked out. 



\'\Talking Lunge - Sland straight, with your feet approximately 20cm apart, pointed 
straight ahead. Hold a dumbbell in each hand, palms facing your body. Stepping with 
alternate legs, lunge across the floor with each repetition. Remember, when you lunge, 
your k.J1ee should be at a 90° angle, your thigh parallel with the floor, and shin 
perpendicular with the floor. 

Shoulders 
Bent Over Dumbb_ell Raise (Bent Over Deltoid Rise) - Stand with your feet about 
30cm apart, and knees sHghtly bent. Bend at your waist until your back is parallel to 
the floor, holding a pair of dumbbells in each hand, anns extended to the floor. This is 
the start position. Bend your elbows and raise the dumbbells until your upper arms are 
in line with your back, pause, then slowly lower the weights to the start position. 
Inhale as you raise the weights, exhale as you lower them. You may also do this 
exercise with straight arms, and a slightly lighter weight. 

Dumbbell Side Raise (Lateral Raise) - Stand straight, with your feet shoulder width 
apart, arms at your sides, holding a dumbbell in each hand, with palms facing your 
body. Lift the weights up and out to the side, until parallel with the floor, level with 
your shoulders. Pause, _then slowly lower to the start position. Keep )'llili' arms 
straight and your pabns down throughout the movement. · 

Seated Dumbbell Shoulder Press - Sit on a bench that has a short straight back. 
Grasp a dumbbell in each hand, at shoufdct- leve~ palms facing forward, elbows out. 
Press the dumbbells up and inwards in an arc until they almost touch, elbows just short 



ur locknut. p:.iusc. tlic11 slowly lower the dumbbells back to the stnrl pusitiu11. Keep 
your bnck pressed into the l.,r1ck ur the bench. 

Stamliug U:irlJcll Press - Stai1J straight, feet shoulder width apart, knees slightly bent. 
I lokl a barbell with a palm up grip, just wider than shoulder width apart, positioned i.i1 
line with your collarbone. Press the weight up, until your arms are fully extended, 
pause, then slowly lower tu the start position again. Be careful not tu arch yuur back 
as yuu Ju this 111uve111e11t, and keep your elbows in. 

Triceps 
Close Grip Ucuch l'rcss - Lie on a bench, feet resting flat on the Oour, a lillle wider 
tlm11 sliuulJcr wiuth apart. Use an ezy bar or hold a straight bar with a grip about 
20-30 cm apart. Start with arms fully extended straight upholdong the 1.mr level with 
your chest, lower the bar slowly to your upper chest, pause, then pre~s the bar back up 
lo the start position. Take care not to flare your elbows out during this 111ovement, 
keep them strnight. Julmle as you lower the bar, exhale as you raise the bar. 



French Press - You may wish to use ;:1 spotter for this exercise. Lie on a bench, 
holding an ezy bar using an overhand grip. Your arms extended straight up, the bar in 
line with your eyes. Slowly lower the bar until it is ahnost touching your forehead, 
then raise the bar back to the start position in u.11 arc-like motion, and lock elbows out 
at the top. Take care not to flare your elbows out during this movement, keep them 
straight and your upper arms stationary. 

Triceps Pushclown - Grip the bar with an overhand grip, your feet should be 
shoulder-width apart, and knees slightly bent. At start position your forearms should 
be parallel with the floor, keep your upper arms steady, and elbows close to your body. 
Push the bar down as far as possible, pause and contract your triceps muscles, then 
slowly raise the bar to the start position. 



Weighted Ilench Dips - Position two benches parallel to each other. Balance 
between the benches in a sitting position, supporting your body weight with your 
hands on one bench on either side of your body, and feet on the other bench. Keep 
your body close to the bench where you have placed your hands. Slowly lower your 
body, bending your elbows to a 90° angle, pause, then raise yourself to the start 
position. To increase the resistance, place a weight on your lap as you do this 
exercise, or raise your feet by placing them on a Swiss ball instead of the bench. 



Weight Training Workout 1 
Wee~ 1 throug~5 

t:Number j 

Muscle Group Exercise 

Abdominals Bench Cnmches 
-

I I 

I Swiss Ball Oblique Crunches 

I I 
-

I Reverse Crunches/Bench Lei! Raises 

Chest Bar Bell Bench Press 

I I 
I I 

I Dumb Bell Flys 

I I 

I Dumb Bell Bench Press/Dumb Bell Bench Press 

Triceps Close Grip Bench Press 

I I 

I French Press 

I I 

I Tricep Pushdowns/Triceo Pushdowns 

Biceos Bar Bell Curls 

I I 

I Preacher Curls 

I I 

I Hammer Curls/Hammer Curls 

Note any effects on muscle soreness, strength, and/or recovery time 

Set No. 
Rqd. 

Wt. Reps. 

1 15 

2 15 

1 15 

2 15 ~ 

DS 15/10 

1 12 . 

2 10-
-

3 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Re~ Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

30 

0/120 

90 

90 

90 

30 

0/0 



Weeks I through :, 

t~:Number 

Muscle Group Exercise Set No. Rqd. Wt. Reps. Rest (s) 
Reps. 

Calves Standing Calf Raise l 15 30 

I I 2 15 30 

I Seated Calf Raise l 15 30 

I I 2 15 30 

I Toe Press/foe Press DS 15/10 0/120 

Quadraceps Leg Extension l 12 90 

I I 2 10 90 

I I 3 8 90 

I Bar Bell Souat I 10 90 

I I 2 8 30 

I Leg Press/Leg Press DS 10/5 0/120 

Hamstrings Lying Leg Curls I 12 90 

I I 2 10 90 

I I 3 8 90 

I StiffLe22ed Deadlift I 10 90 

I I 2 8 30 

I Lying Lei! Curl/Lying Leg Curl DS 10/5 0/0 

Note any effects on muscle soreness, strenf(th. and/or recovery time 

Note any side-effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc 



Weight ·1·raining Workout 3 
Weeks 1 t~rough 5 

Muscle Group Exercise 

Abdominals Incline Leg Lift 

I 
.. 

I 

I Bench Crunch 

I I 

I Hancine: Lee: Raises/Bench Tuck 

Back Cable Row 

I I 

I I 

I Lat Pull down 

I I 

I Bar Bell Bent Over Row/Bar Bell Bent Over Rov. 

Shoulders Seated Dumb Bell Shoulder Press 

I I 

I I 

I Bent Over Dumb Bell Raise 

I I 

I Dumb Bell Side Raise/Dumb Bell Side Raise 

Note any effects on muscle soreness, stren~h, and/or recovery time 

Set No. Rqd. 
Wt. RerK, 

1 15 

2_ 15 

1 15 

2 15 

DS 15/10 

-- 1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Reps. Rest (s) 

30 

30 

30 
: 

30 

0/120 

90 
-

90 -

•. 90 

90 

30 

0/120 

90 

. 90 

I 90 

90 

30 

OiO 



l'bysical Activity Kecord Sheet 

Monday truesday Wednesday ' mtursday . 

. 

---

.. 

-
~ 

-;-

--
--

. 

-
. 

Friday Saturday Sunday Notes 

An example on how to fill this Physical Activity record, appears at the front of the Training Log Book 
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Weight Training Workout 1 
Weeks 6 through 10 

Muscle Group Exercise 

Abdominals Bench Oblique Crunches 

I I 

I Reverse Crunches 

I I 

I Incline Leg Lift/Incline Leg Raise 

Chest Bar Bell Bench Press 

I I 

I I 

I Dumb Bell Bench Press 

I I 

I Dumb Bell Flys/Dumb Bell Flys 

Triceps Tricep Pulldowns 

I I 

I Weil!hted Bench Dips 

I I 

I French Press/French Press 

Biceps Preacher Curls 

I I 

I Spider Curls 

I I 

I Bar Bell Curls/Bar Bell Curls 

Note any effects on muscle soreness, strength, and/or recovery time 

Set No. 
Rqd. Wt. 
Reos. 

1 15 

2 15 

l 15 

2 15 

OS 15/10 

1 12 

2 JO 

3 8 

1 10 

2 8 

OS 10/5 

l 10 

2 8 

1 10 

2 8 

OS 10/5 

I JO 

2 8 

1 10 

2 8 

OS 10/5 

Note side effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

30 

0/ 12( 

90 

90 

90 

30 

0/0 



Weight Training Workout 2 
Weeks 6 through 10 

Muscle Group Exercise 

Calves Toe Press 

I I 

I One Legged Calf Raises 

I I 

I Standing Calf Raises/Standin2 Calf Raises 

Ouadraceos Leg Extension 

I I 

I I 

I Leg Press 

I I 

I Walking Lunge/Walking Lunge 

Hamstrings Bent Knee Deadlift 

I I 

I I 

I Swiss Ball Leg Curls 

I I 

I Lying Leg Curls/Lying Leg Curls 

Note any effects on muscle soreness, strenmh, and/or recoverv time 

Set No. Rqd. Wt. Reps. 

1 15 

2 15 

l 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

I 10 

2 8 

DS 10/5 

I 12 

2 10 

3 8 

I 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Note Swiss Ball Leg Curls should be done to musculat failure, you may be able to 

complete more than 10 reps, the average is usually 15 reps. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



Weight Training Workout 3 
Wee}ls 6 through 10 

~~~Number I 

MuscJe Group Exercise 

Abdominals Reverse Cnmch 
-

I I 

I Swiss Ball Crunch 

I I 
-

I Bench Crunch/Oblique Bench Cnmch 

Back Bent Over Bar Bell Rows 

I I 

I I 

I Cable Row 

I I 

I Lat Pull Down/Lat Pull Down 

Shoulders Standing Bar Bell Shoulder Press 

I I 

I I 

I Dumb Bell Side Raise 

I I 
Bent Over Dumb Bell Raise/Bent Over Dumb 

I Bell Raise 

Set No. 

1 

2 

:' 1 

.,-2 

DS 

1 

2 

3 

1 

2 

DS 

I 

2 

3 

1 

2 

DS 

Note any effects on muscle soreness, strength, and/or recovery time 

Rqd. 
Wt. Reos. 

15 

15 

15 

15 

15/10 

12 

10 

8 

10 

8 

10/5 

12 

10 

8 

10 

8 

10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Reps. Rest I 

3.0 

30 

30 

30 

0/1~ 

90 

90 

90 

9C 

3( 

0/1 

9i 

9 

9 

9 

3 

0 



Monday Tuesday M'ednesday 
' 

Thursday 
-

-

---

.. 

-
-
~ 

-c -- .. 
--

-

-
-

Friday Saturday Sunday Notes 

An example on how to fill this Physical Activity record, appears at the front of the Training Log Book 



Weight Training Workout 1 
Weeks 6 through 10 

~ode Number 

te 

Muscle Group Exercise 

Abdominals Bench ObliQue Crunches 

I I 

I Reverse Crunches 

I I 

I Incline Leg Lift/Incline Leg Raise 

Chest Bar Bell Bench Press 

I I 

I I 

I Dumb Bell Bench Press 

I I 

I Dwnb Bell Flvs/Dwnb Bell Flvs 

Triceps Tricep Pulldowns 

I I 

I Weighted Bench Dips 

I I 

I French Press/French Press 

Biceps Preacher Curls 

I I 

I Spider Curls 

I I 

I Bar Bell Curls/Bar Bell Curls 

328 

Note any effects on muscle soreness, stren~th, and/or recovery time 

Set No. 
Rqd. 

Wt. 
Reps. 

1 15 

2 15 

1 15 

2 15 

DS 15/10 

I 12 

2 10 

3 8 

I 10 

2 8 

DS 10/5 

I 10 

2 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

Note side effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc. 

Reps. Rest (s: 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/121 

90 

90 

90 

30 

0/12 

90 

90 

9C 

3( 

0/1 



Weight Training Workout 2 
Weeks 6 through 10 

t°"• Number 
te 

Muscle Group Exercise 

Calves Toe Press 

I I 

I One Legged Calf Raises 

I I 

I Standing Calf Raises/Standing Calf Raises 

Quadraceps Leg Extension 

I I 

I I 

I Leg Press 

I I 

I Walking Lunge/Walking Lunge ___ 
Jk / 

Hamstrings Bent Knee Deadlift 

I I 

I I 

I Swiss Ball Leg Curls 

I I 

I Lying Leg Curls/Lying Leg Curls 

Note any effects on muscle soreness, stren~h. and/or recovery time 

Set No. 
Rqd. Wt. 
Reps. 

1 15 

2 15 

1 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

l 12 

2 10 

3 8 

l 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc 

Note Swiss Ball Leg Curls should be done to musculat failure, you may be able to 

complete more than 10 reps, the average is usually 15 reps. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



Weight Training Workout 3 
Weeks 6 through 10 

Muscle Group Exercise 

Abdominals Reverse Crunch 

I I 

I Swiss Ball Crunch 

I 
--c 

I 
. . 

I Bench Crunch/Oblique Bench Crunch 

Back Bent Over Bar Bell Rows 
-I I 

I I 

I Cable Row 

I I 

I Lat Pull Down/Lat Pull Down ,, ,, (\ 
-- ~ 

Shoulders Standing Bar Bell Shoulder Press 

I I 

I I 

I Dumb Bell Side Raise 

I I 
Bent Over Dumb Bell Raise/Bent Over Dumb 

I Bell Raise 

Set No. 

1 

2 

1 

2 

DS 

1 

2 

3 

1 

2 

DS 

1 

2 

3 

1 

2 

DS 

Note any effects on muscle soreness, strength, and/or recovery time 

Rqd. 
Wt. 

Reos. 

.. 15 

15 

15 

15 

15/10 

12 

10 

8 

10 

8 

10/5 

12 

10 

8 

10 

8 

10/5 

Note any side-effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc 

Reps. Rest (s) 

30 

30 

30 

30 
-

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



- ··J ..., ........... ---- 9 --J ------ - ----· 
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"' 

-

-

.. 
-

:: 
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.. 
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-
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' 

An excunple on haw to fill this Physical Activity record, appears at the front of the Training Log Book 
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Weight Training Workout 1 
Weeks 6 through 10 

~ode Number 

te 

Muscle Group Exercise 

Abdominals Bench Oblique Crunches 

I I 

I Reverse Crunches 

I I 

I Incline Leg Lift/Incline Leg Raise 

Chest Bar Bell Bench Press 

I I 

I I 

I Dumb Bell Bench Press 

I I 

I Dumb Bell Flvs/Dumb Bell Flvs 

Triceps Tricep Pulldowns 

I I 

I W eismted Bench Dips 

I I 

I French Press/French Press 

Biceps Preacher Curls 

I I 

I Spider Curls 

I I 

I Bar Bell Curls/Bar Bell Curls 

Note any effects on muscle soreness, strenf(th, and/or recovery time 

Set No. 
Rqd. Wt. 
Reps. 

1 15 

2 15 

1 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

Note side effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

30 

0/121 

90 

90 

90 

30 

0/0 



Weight Training Workout 2 
Weeks 6 through 10 

~ode Number 

te 

Muscle Group Exercise 

Calves Toe Press 

I I 

I One Le22ed Calf Raises 

I I 

I Standing Calf Raises/Standing CalfR.aises 

Quadraceps Leg Extension 

I I 

I I 

I Leg Press 

I I 

I Walkin2 Lunge/Wal.king Lunge 

Hamstrings Bent Knee Deadlift 

I I 

I I 

I Swiss Ball Leg Curls 

I I 

I Lyin2 Le2 Curls/Lying Leg Curls 

Note any effects on muscle soreness, stren,!lh, and/or recovery time 

Set No. Rqd. 
Wt. Reps. 

I 15 

2 15 

l 15 

2 15 

DS 15/10 

I 12 

2 10 

3 8 

l 10 

2 8 

DS 10/5 

l 12 

2 10 

3 8 

I JO 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Note Swiss Ball Leg Curls should be done to muscu/at failure, you may be able to 

complete more than 10 reps, the average is usually 15 reps. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



Weight Training Workout .1 _ 
Wee~ 6 through 10 . 

Muscle Group Exercise 

Abdominals Reverse Crunch .. 

I I -
I Swiss Ball Crunch 

I I 

I Bench Crunch/Oblique Bench Crunch 

Back Bent Over Bar Beli Rows 

I I 

I I 

I Cable Row 

I I 

I Lat Pull Down/Lat Pull Down 

Shoulders Standing Bar Bell Shoulder Press 

I I 

I I 

I Dmnb Bell Side Raise 

I I 
Bent Over Dmnb Bell Raise/Bent Over Dwnb 

I Bell Raise 

Set No. 

1 

2 

1 

2 

DS 

1 

2 

3 

I 

2 

DS 

1 

2 

3 

1 

2 

DS 

Note any effects on muscle soreness, stren~h, and/or recovery time 

Rqd. 
Wt. Rens. 

15 

15 

15 . 
~ 

15 
~ 

15/10 

12 
-

10 

8 

10 

8 

10/5 

12 

10 

8 

10 

8 

10/5 

Note any side-effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc 

Reps. Rest ( 

30 

30 

30 

30 

0/12 

90 

90 

90 

90 

3( 

0/1 

91 

9 

9 

9 

3 

0 



Physical Activity Record Sheet 

Monday tTuesday Wednesday r.Ibursday ' 

" -

---

-

~ 

.,. --
--

-

Friday Saturday Sunday Notes 

-

An example on how to fill this Physical Activity record, appe.ars at the front of the Training Log Book 



Weight Training Workout 1 
Weeks 6 through 10 

~ode Number 

te 

Muscle Group Exercise 

Abdominals Bench Oblique Crunches 

I I 

I Reverse Crunches 

I I 

I Incline Leg Lift/Incline Leg Raise 

Chest Bar Bell Bench Press 

I I 

I I 

I Dumb Bell Bench Press 

I I 

I Dumb Bell Flvs/Dumb Bell Flvs 

Triceps Tricep Pulldowns 

I I 

I W eiehted Bench Dips 

I I 

I French Press/French Press 

Biceps Preacher Curls 

I I 

I Spider Curls 

I I 

I Bar Bell Curls/Bar Bell Curls 

Note any effects on muscle soreness, stren;!th, and/or recoverv time 

Set No. Rqd. Wt. 
Reos. 

l 15 

2 15 

1 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

l 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

Note side effects such as nausea, dizzyness, stomach cramvs, headaches, increased thirst, etc. 

223 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

30 

0/12( 

90 

90 

90 

30 

0/0 



Weight Training Workout 2 
Weeks 6 through 10 

Muscle Group Exercise 

Calves Toe Press 

I I 

I One Legged Calf Raises 

I I 

I Stand.in!! CalfRaises/Standim:1 CalfRaises 

Ouadraceos Leg Extension 

I I 

I I 

I Leg Press 

I I 

I Walking Lunge/Walking Lunge 

Hamstrings Bent Knee Deadlift 

I I 

I I 

I Swiss Ball Leg Curls 

I I 

I Lying Leg Curls/Lving Leg Curls 

Note any effects on muscle soreness, stren1t1h, and/or recovery time 

Set No. Rqd. 
Wt. Reos. 

1 15 

2 15 

I 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

I 10 

2 8 

DS 10/5 

I 12 

2 10 

3 8 

I 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Note Swiss Ball Leg Curls should be done to musculat failure, you may be able to 

complete more than 10 reps, the average is usually 15 reps. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



Weight Training Workout 3 
Wee~ 6 through 10 

Muscle Group Exercise 

Alxlominals Reverse Crunch 
-

I I ' 

I Swiss Ball Cnjnch 

I I -c-

I Bench Cnmch/Obliaue Bench Crunch 

Back Bent Over &lr Bell Rows 

I 
,_ 

I ,-

I Cable Row 

I I 

I Lat Pull Down/Lat Pull Down 

Shoulders Standing Bar Bell Shoulder Pr~ 

I I 

I I 

I Dumb Bell Side Raise 

I I 
Bent Over Dumb Bell Raise/Bent Over Dumb 

I Bell Raise 

Set No. 

1 

2 

1 

2 

DS 

1 

2 

3 

1 

2 

DS 

I 

2 

3 

1 

2 

DS 

Note any effects on muscle soreness, strength, and/or recovery time 

Rqd. 
Wt. Reos. 

15 
.. 

15 

15 

15 

15/10 

12 

10 

8 

10 

8 

10/5 

12 

10 

8 

10 

8 

10/5 

Note any side-effects such as nausea, dizzyness, stomach cramps, headaches, increased thirst, etc 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/12( 

90 

90 

90 

90 

30 

0/0 



-
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-
-:: 

-

-

.. 

:' 

"' 
.. 

--

-

:Friday Saturday Sunday Notes 

An example on haw to fill this Physical Activity record, appears at the front of the Training Log Book 



Weight Training Workout 1 
Weeks 6 through 10 

Muscle Group Exercise 

Abdominals · Bench Oblfoue Crunches 

I I 

I Reverse Crunches 

I I 

I Incline Leg Lift/Incline Leg Raise 

Chest Bar Bell Bench Press 

I I 

I I 

I Dumb Bell Bench Press 

I I 

I Dumb Bell Flvs/Dumb Bell Flvs 

Triceps Tricep Pulldowns 

I I 

I Weililited Bench Dios 

I I 

I French Press/French Press 

Biceps Preacher Curls 

I I 

I Spider Curls 

I I 

I Bar Bell Curls/Bar Bell Curls 

Note any effects on muscle soreness, strenf,(th, and/or recovery time 

Set No. 
Rqd. 
Reos. 

1 15 

2 15 

1 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

1 10 

2 8 

1 10 

2 8 

DS 10/5 

Note side effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc. 

Wt. Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/12C 

90 

90 

90 

30 

0/121 

90 

90 

90 

30 

0/0 



Weight Training Workout 2 
Weeks 6 through 10 

Muscle Group Exercise 

Calves Toe Press 

I I 

I One Legged Calf Raises 

I I 

I Standing Calf Raises/Standing Calf Raises 

Quadraceps Leg Extension 

I I 

I I 

I Leg Press 

I I 

I Walking Lunge/Walking Lunge 

Hamstrings Bent Knee Deadlift 

I I 

I I 

I Swiss Ball Leg Curls 

I I 

I Lving Leg Curls/Lying Leg Curls 

Note any effects on muscle soreness, stren~h, and/or recovery time 

Set No. 
Rqd. Wt 
Reos. 

1 15 

2 15 

1 15 

2 15 

DS 15/10 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

1 12 

2 10 

3 8 

1 10 

2 8 

DS 10/5 

Note any side-effects such as nausea, dizzvness, stomach cramps, headaches, increased thirst, etc 

Note Swiss Ball Leg Curls should be done to musculat failure, you may be able to 

complete more than JO reps, the average is usually 15 reps. 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/120 

90 

90 

90 

90 

30 

0/0 



Weight Training Workout 3 
Wee~ 6 through 10 _, 

Muscle Group Exercise 

Abdominals Reverse Crunch 

I I 
., I Swiss Ball Crunch 

- I I 
.. 

I Bench Crunch/Oblique Bench Cnmch 

Back Bent Over Bar Bell Rows 

I I 

I I 

I Cable Row 

I I 

I Lat Pull Down/Lat Pull Down 

Shoulders Standing Bar Bell Shoulder Press 

I I 
I I 

I Dumb Bell Side Raise 

I I 
Bent Over Dumb Bell Raise/Bent Over Dumb 

I Bell Raise 

Set No. 

1 

2 

1 

2 

DS 

1 

2 

3 

1 

2 

DS 

1 

2 

3 

1 

2 

DS 

Note any effects on muscle soreness, strenJ!(h, and/or recovery time 

Rqd. 
Wt. Reos. 

15 
. 

15 

15 

15 
-

15/10 --
12 

10 

8 

10 

8 

10/5 

12 

10 

8 

10 

8 

10/5 

Note any side-effects such as nausea, dizzvness, stomach craml)S, headaches, increased thirst, etc 

Reps. Rest (s) 

30 

30 

30 

30 

0/120 

90 

90 

90 

90 

30 

0/12( 

90 

90 

90 

90 

30 

0/0 



Monday Tuesday Wednesd·ay ITTmrsday -
-

"" 
-

--

.. 

- ' 

~ 

"" -- .. 

--
-

-
-
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.. 

An example on how to fill this Physical Activity record, appears at the front of the Training Log Book 



Appendix 6 

6.6 Study Questionnaire 

Pilot Study of 11MB Supplementation of Re~istance Trained 
Men 

Study Questionnaire 

Code Number 

Date 

Time ofDay 



1. 

Questionnaire Part 1. Demographic Questionnaire 

Please answer each question carefully. 
Tick the boxes following all answers that apply, unless instructed otherwise. 
Answer the questions on the left side of the page, the right side will be used by 
the researcher. 

Fill in your answers below; Researcher Use Only 
Please state your date of birth 1.Age 

2. (a)How would you describe your ethnic group? 2(a). Ethnicity 
i. European Go to question 3 1. =l 
ii. Maori Go to question 3 ii. =2 
iii. Pacific Islander Go to question 3 iii =3 
iv. Asian Go to question 3 iv. =4 
v. Indian Go to question 3 V. =5 
vi. Other VI. =6 

2. (b)Ifyou answered other, please use your own words 2(b). Ethnicity 
to describe your ethnic group 

3. What is the highest level of education you have 3. Level of Education 
completed? Secondary 

4thFrom =l 
SthForm =2 
6thForm =3 
7thFrom =4 

Work Trainin@ =5 
Tertiary =6 
Certificate =7 
Diploma =8 

Degree =9 



14. If you are currently employed full-time, how 4. Occupation 
would you descnbe your occupation? ISCO Coding 1999 

i Legislators, Administrators, 

and Managers =1 
ii Professiooals =2 
iii Associate Professionals & 

Technicians =3 
i e.g. Legislators, Senior Business Administrators iv Clerks =4 

Special Organisation Administrators, Corporate v Service & Sales Wcrkers 
Managers, General Managers, etc =5 

ii e.g. Physical, Mathematical, Engineering, & vi Agriculture & Fishery 
Science Professionals, Life Science & Health Wcrkers =6 
Professionals, Teaching Professionals, and vii Trades Workers 
Other Professionals =7 

iii e.g. Physical Science & Engineering Associate viiiPlant/Machine Operators/ 
Professionals, Life Science & Health Associate" Assembler =8 
Professionals, Other Associate Professionals ix Elementary Occupations 

iv e.g. Office clerks, Customer Service Clerks, etc =9 
V e.g. Personal & Protective Services Workers, x Amled Fcrces = 10 

Salespersons, demonstrators, & models, etc 
vi e.g. Market Orientated Agricultural, Fishery 

Worker, i.e. Farmer, Crop Owner, Forestry 
Worker, Fishery Worker, Hunter/Trapper, etc 

vii e.g. Building Trade Worker, Metal/Machinery 
Trade Worker, Precision Trade Worker, and 
Other Craft Related Workers 

viii e.g. Industrial Plant Operators, Machine 
Operator/Assembler, Driver & Mobile 
Machinery Operator. 

ix e.g. Labourer & Related Elementary Service 
Worker, i. e. Caretaker, Cleaner, Messenger, 
Doorkeeper, Refuse Collector, Packer/Freight 
Handler, Other Labourer. 

5. (a)Do you have a history of any long term medical 5(a). Long Term Medical 
condition? Conditions 
Yes Yes =I 
No § Go to question 6 No =O 
Don't Know Go to question 6 DK =8 



5. (b)Ifyou answered yes above, please specify 5(b). Medical Condition 

6. (a)Over the last three months have you taken any 6(a). Medication Use 
medications? Yes =1 
Yes No =O 
No § Go to question 7 DK =8 
Don't Know Go to question 7 

6. (b) If you answered yes above, please specify 6(b). Medication Use 

6. (c)Ifyou answered yes to question 6(a), were the 6(c). Prescription 
medications Doctor =1 

Prescnbed by your doctor? ~ Chemist =2 
Prescribed by your chemist? Self =3 
Self prescribed Other =9 
Other 

7. (a)Over the last three months have you taken any 7(a). Supplement Use 
herbal preparations, dietary supplements, or Yes =1 

~rts supplements§ No =O 
DK =8 

No Go to question 8 
Don't Know Go to question 8 



7. (b)Please record below, all the information you can 7(b). Supplements 
regarding supplements you are currently taking. 
Name Brand Dose Freq. 

(amount 
taken (how 
each often the 

time, e.g. supple-
number mentsare 

of tablets, taken per 
weights, day) 
volumes) 

7. (c) Feel free to supply interviewer with an empty bottle or container, or 
photocopy of the supplement label. 



8. Are you currently, r have lu ever used steroids? 
Yes 
No 
Don't Know 

8. Steroid Use 
Yes 
No 
DK 

=1 

=O 
=8 



Questionnaire Part 2. General Dietary Questionnaire 

9. (a)How would you descnoe your diet? 9(a). Eating Habits 
i. Eat a variety of all foods, including animal i. =1 

products C ii. =2 
ii. Eat eggs, dairy products, fish and chicken, but iii. =3 

avoid other meat L iv. =4 
iii. Eat eggs, dairy products, fish, but avoid chicken v. =5 

and other meat L vi. =6 
iv. Eat eggs and dairy products, but avoid all meats vii. =7 -and fish viii. =8 ,__ 
v. Eat eggs, but avoid dairy products, meats, fish ,__ 
vi. Eat dairy products, but avoid eggs, meats, fish ,__ 
vii.Eat no meat, fish, milk, or eggs 

r--

viii.Other -

9. (b)Ifyou answered other above, please specify 9(b). Eating Habits 

10. (a)Are there any foods or drinks you don't consume · lO(a). Food Aversions t: to allergies or§ Yes =l 

No =O 
No Go to question 11 DK =8 
Don't Know Go to question 11 

10. (b)Ifyou answered yes above, please specify lO(b). Food Aversions 



11. Do you think that a diet consisting only of whole 11. Food Beliefs 
foods (no vitamin, mineral, or other dietary Yes =l 
supplements) adequately provides your body No =O 

with all the nutriei it reqT? DK =8 
Yes 
No · 
Don't Know 

12. On average, how many servings of fruit do you 12. Fruit Consumption 
eat per day? 
Includes fresh, frozen, canned preserved, or i. =5 
stewed ii. =4 
1 serving equals 1 medium piece of fruit, 2 111. =3 
small pieces of fruit, or 112 cup stewed fruit. iv. =2 

i. Don't eat fruit V. =1 
ii. Less than 1 serving a day DK =8 
iii. 1 serving a day 
iv. 2 servings a day 
v. 3 or more servings a day 

13. On average, how many servings of vegetables do 13. Vegetable 
you eat per day? Consumption 
Include fresh, frozen, and canned 1. =6 
J serving equals 1 medium potato or kumara, 11. =5 
112 cup cooked vegetables, 1 cup salad iii =4 
vegetables iv. =3 

i. Don't eat vegetables V. =2 
ii. Less than 1 serving a day vi. =1 
iii. 1 serving a day DK =8 
iv. 2 servings a day 
v. 3 servings a day 
vi. 4 or more servings a day 

14. On average, how many servings of cereals such as 14. Cereal Consumption 
noodles, pasta, or rice do you eat per day? i. =6 

1 serving equals 1/2 cup of cooked noodles, ii =5 
pasta, or rice. iii. =4 

i. Don't eat cereals iv. =3 
ii. Less then 1 serving a day V. =2 
iii. 1-2 servings a day vi. =1 
iv. 3-4 servings a day DK =8 

v. 5-6 or more servings a day 
vi. 7 or more servings a day 



15. On average, how many servings of breakfast 
cereals do you eat each day? 
1 serving equals 2 weetbix, 112 cup museli, I 
cup cooked porridge, or I cup other breakfast 
cereal 

i. Don't eat breakfast cereals 
ii. Less then 1 serving a day 
iii. 1-2 servings a day 
iv. 3-4 servings a day 
v. 5-6 or more servings a day 
vi. 7 or more servings a day 

16. On average, how many servings of breads and 
bakery products do you eat per day? 
I serving includes I slice, bun, roll, or pita of 
bread or toast, I medium.muffin, or pastry. 

i. Don't eat bread or bakery products 
ii. Less then 1 serving a day 
iii. 1-2 servings a day 
iv. 3-4 servings a day 
v. 5-6 servings a day 
vi. 7 or more servings a day 

17. On average, how many servings of dairy products 
do you eat per day? 
Include milk, cream, yoghurt, cottage cheese, 
cheese, etc. 
I serving equals I cup milk, cottage cheese, 
I tub of yoghurt (-150g), 2 slices of cheese. 

i. Don't eat dairy products 
ii. 1 serving a day 
iii. 2 servings a day 
iv. 3 servings a day 
v. 4 or more servings a day 

15. Breakfast Cereal 

Consumption 
i. =6 
ii. =5 
iii. =4 
iv. =3 
v. =2 
vi. =1 
DK ::::;8 

16. Bread and Bakery 

Product Consumption 
i. =6 

ll. 

iii. 
iv. 
v. 
vi. 
DK 

17. Dairy Product 

Consumption 

=5 
=4 
=3 
=2 
=l 
=8 

i. = 5 
11. =4 

iii. = 3 

IV. =2 

V. = 1 
DK =8 



18. On average, how many servings of meat do you 
eat per day? 
Include redmeat, poultry, fish, and seafood 
1 serving equals 2 slices of cooked meat 
(-lOOg), 3/4 cup mince or casserole, (-195g), 
1 medium fish fillet (-1 OOg), 1 medium steak 
(-J 20g), 2 chicken drumbsticks or I chicken 
leg (-110g), 1 medium paua (120g), 3 medium 
muscles (30g), 1 ldna (JOOg) · 

i. Don't eat meat or meat products 
ii. Less than 1 serving a day 
iii. 1-2 servings a day 
iv. 3-4 servings a day 
v. 5 or more servings a day 

19. Is salt normally added during the preparation or 

~~ of your fuo~ 

Don't Know LJ 
20. (a)Do you drink caffeinated drinks? 

!J'e:lude coffee, tea,§cola, and energy drinks 

No Go to question 21 
Don't Know Go to question 21 

20. (b)Ifyou answered yes above, how many caffeinated 
drinks would you consume per day? 

i. <1 caffeinated drink 
ii. 1 caffeinated drink 
iii. 2-4 caffeinated drinks 
iv. 5 or more caffeinated drinks/day 

21. (a)~~/ou usually drink§alcoholic drinks? 

No Go to question 22 
Don't Know Go to question 22 

18. Meat Consumption 

1. =6 
ii. =5 

iii. =4 
iv. =3 
V. =2 
DK =8 

19. Salt Consumption 

Yes = 1 
No 

DK 
=O 

=8 

20(a). Caffeinated Drinks 
Yes = 1 
No 

DK 
=O 

=8 

20(b). Caffeinated Drink 

Consumption 

i. 

ii. 

iii. 

iv. 

=1 

=2 

=3 

=4 

21(a). Alcoholic Drinks 

Yes = 1 

No =O 

DK =8 



21. (b)Ifyou answered yes above, how often do you 
consume alcoholic drinks? 

i. < 1 time/month 
ii. 1-2 times/month 
iii. 2-3 times/week 
iv. l time/week 
v. daily 

21. (c) When you drink alcoho4 what type of alcoholic 
drink do you usually consume? 
Such as beer, wine, spirits, etc. 

21. ( d) When you drink alcoho4 how much do you 
usually drink? 
One standard drink equals 300-350mL of beer, 
1 glass of wine (JOOmL), a measure of spirits 
(30ml) 

Number of standard drinks 

22. (a)~:;e you ever smok§ed? 

No 
Don't Know 

22. (b)~~/ou currently sm§oke? 

No Go to question 23 
Don't Know Go to question 23 

21(b). Alcoholic Drink 

Consumption 
i. 
ii. 
iii. 
iv. 
v. 

=l 

=2 

=3 
=4 
=5 

21(c). Type of Alcohol 

Usually Consumed 
Beer = 1 

Wine =2 
Spirits/Liquers = 3 

Other =4 

21(d). Amount of Alcohol 
Usually Consumed 
Number of standard drinks 

22(a). Past Smoking 
Habits 
Yes = I 
No =O 

DK =8 

22(b). Present Smoking 

Habits 
Yes 

No 

DK 

=I 
=O 

=8 



22. (c)How many cigarettes would you usually smoke 22(c). Smoking Quantity 
per day? i. = 1 

i. Less than 5 ii. =2 
ii. 5-9 iii. =3 
iii. 10-14 iv. =4 
iv. 15-20 v. =5 
v. 20 or more 



Questionnaire Part 3. Physical Activity Questionnaire 

23. How long have you been training with weights? 23. Resistance Training 

Experience 
Years= 

24. How long have you been following the same 24. Pattern of Resistance 
weight training programme? Training 

\<4 weeks =l 
\<8 weeks =2 

\<12~ =3 

> 12weeks =4 
>6months =5 

25. (a)Do you regularly perform any other exercises or 2S(a). Physical Activity 

sports other than Tght lg? Habits in Addition to 
Yes Resistance Training 
No Go to question 26 Yes = 1 

Don't Know Go to question 26 No =O 

DK =8 

25. (b)Ifyou answered yes above, please describe this 2S(b ). Physical Activity 
physical activity in your own words Habits in Addition to 

Resistance Training 

26. (a) What is the average frequency of weight training 26(a). Frequency of 

you usually perform each week? Resistance Training 
Frequency 



26. (b) What is the average frequency of other physical 26(b). Frequency of Other 
. activity you usually perform each week? Physical Activity 

Frequency 

27. (a) What is the average duration of each weight train- 27(a). Average Duration 
ing session? of Resistance Training 

Minutes 

27. (b)What is the average duration of other physical 27(b). Average Duration 
activity you usually perform? of Other Physical Activity 

Minutes 

28. (a) Who designed your previous weight training 28(a). Source of Resistance 
programme? Training Programme 

i. Sports Coach i. =1 

ii. Personal Trainer/Gym Staff 
.. 
ll. =2 

iii. You designed it yourself iii. =3 

iv. Training Partner/Friend iv. =4 
v. Other v. =5 

28. (b)Ifyou answered other, please explain 28(b). Source of Resistance 

Training Programme 

Continued 

28. (c)Please describe, in your own words, your 28(b). Resistance Training 

current weight training programme. Programme 

Include exercises, reps, and sets where you can. 

Continued over the paKe 



28. (d) Fee/free to attach a photocopy of your training programme to this 
questionnaire 

29. Do you plan to compete in a bodybuilding comp- 29. Competitive 
etition in the next 6 months? Bodybuilder 
Yes § Yes =l 
No No =O 
DontKnow DK =8 



30. (a)ls your bodyweightlrelative, stable? 30(a). Stable Bodyweight 

Yes Yes =1 
No No =O 
Don't Know DK =8 

30. (b) How long have you been at your current body 30(b). Current Body 
weight? weight 

i. Less than 6 months 

~ 
i. =4 

ii. Greater than 6 months ii. =3 
iii. Greater tbn one year ill. =2 
iv. Greater than two years iv. =1 

31. How long have you been following your current 31. Current Eating Habits 
eating habits? i. =4 

i. Less than 6 months 

~ 
ii. =3 

ii. Greater than 6 months iii. =2 
iii. Greater tbn one year iv. =l 
iv. Greater than two years 

32. (a)Since beginning weight training, have you ever 32(a). Restrictive Dieting 
undergone restrictive dieting practices, for Practices 
example dieting for competitive bodybuilding Yes =l 

or to make a body right car gory for sport? No =O 
Yes DK =8 

No Go to question 33 
Don't Know Go to question 33 

32. (b)Ifyou answered yes above, please explain the 32(b). Restrictive Dieting 
restrictive dieting practices you have followed Practices Continued 



--
33. (a)Have you recieved 8 advice in the past? 33(a). Received Dietary 

Yes Advice 
No Go to end Yes =1 
Don't Know Go to end No =O 

DK =8 

33. (b) If so, please indicate the sources of the dietary 33(b). Sources of Dietary 
advice you have received in the past? Advice 
Tick yes or no to each option below Yes =1 

Yes No No =O 
Family/Friends DK =8 
Trainer/Gym Staff Total Score 
Nutritionist/Dietitian 
Doctor 
Other Gym Users 
Media/Websites 
Other 

33. ( c) If you answered other above, please explain 33(c). Sources of Dietary 

Advice Continued 

Your contribution to this study is greatly appreciated Thankyou. 

247 



Appendix 7 

6. 7 Data Collection Form 

Visit 1 Visit 2 Visit 3 Visit 4 

Code Number 

Site 

Triceps 

Sub scapular 

Biceps 

Iliac Crest 

Supraspinale 

Abdominal 

Front Thigh 

Medial Calf 

Height (cm) 

Weight (kg) 

Date 

Time 

Anthropometric Restricted Profile 
Skinfolds (mm) 

Visit 2 Visit 4 

Trial 1 Trial 2 Trial 3 Mean Trial 1 Trial 2 Trail 3 Mean 

. ' ~ .:;' . ' ' ~ . . ~ 

'_:".,,,;---:\ \_,-,(~ '.(;> ;.:,: ·, 
" , <' ' • '' > • ~ ' ' ' , 
, ~ ; , ,, ' ' , , .• ,h' • , ' , $ ', ' ,, , 

': ::· ' (, . ', : , , ,· : ·, ·~;'' ; '. . ; ,' . ' 

,, ,,: ' " 



Bioelectrical Impedance Analysis 

BIA Visit 2 BIA Visit 4 

Fat Mass 

%Fat Mass 

FFM 
(Fat Free Mass) 

%FFM 
(% Fat Free Mass' 

A.$Sessment of 1.Vluscular Strength 
Quadriceps 

lRM Leg Extension Rjght Leg Maximum Left Leg Maximum 

Visit 1 

Visit 2 

Visit 3 

Visit 4 \ 

Ch~st 

1RM Bench Press Maximum Bench Press 

Visit 1 

Visit 2 

Visit 3 

Visit 4 

Biceps 
1RM Single Ann 

Bicep Curl (Preacher Right Ann Maximum Left Ann Maximum 
Bench) 

Visit 1 

Visit 2 

Visit 3 

Visit 4 



Appendix 8 

6.8 Procedures for Testing Isotonic (Dynamic) 

Strength on the Leg Extension, Bench Press, and 

Preacher Curl Apparatus 

Strength Testing Using the One Repetition Maximum Method 

The 1 RM method was chosen to test strength because it was useful in predicting 

performance in other dynamic activities (Wilson, 1994); the protocol has good reliability 

(Wilson, 1994); and used resistance exercise machines which reduced risk of accident. 

Prior to testing strength, each subject completed a five minute warm up on their preferred 

aerobic exercise apparatus (Dowson, 1999). The strength testing apparatus was adjusted 

for each individual, and seat and bench positions noted for later retesting. In addition a 

warm up was done on each strength test exercise using a load estimated to be 40-60% of 

the individual's perceived IRM, for 5-10 repetitions. Between each set subjects were 

given a one minute rest period, and allowed to stretch if required. Next, a weight close to 

60-80% of the subject's perceived IRM was chosen for 3-5 repetitions. Load increments 

became smaller (1-5 kg increments) as the weight came closer to the perceived IRM of 

the subject. Each attempt where the individual was able to perform more than one lift, 

the weight was increased, until failure to complete full range of motion during a lift 

(Kraemer & Fry, 1995). The researcher observed subject technique to ensure full range 

of movement was completed for each exercise attempt, as well as offering encouragement 

to each subject. 



Leg Extension Apparatus . 

A single leg extension exercise was used to assess strength of each leg during this 

exercise. The subject was positioned with the back of their knees on the edge of the 

padded seat, with the tested leg W1der the extension pad, the pad resting low on the shin 

of the leg. The subject was asked to hold the handles of the machine and was belted into 

the machine to stabilise the body. From a starting position where the knee was bent at a 

90° angle, the participant was asked to raise the weight until knee and hip were parallel to 

the floor. This was counted as one repetition. 

Bench Press Apparatus 

The bench press barbell was previously marked at two points 40cm from the centre of the 

bar, so that hand positions of all participants would be tested in the same position each 

attempt. Each participant was asked to lie on the bench under the Smith Press machine 

and position themselves so the centre of their pectoral muscles was in line with the 

barbell. From chest position, the bar was raised until arms fully extended, for one 

repetition. With the aid of the spotter the barbell was returned to the rack. 

Bicep Preacher Curl Apparatus 

Each subject was positioned on the Preacher Curl bench, with triceps pressed firmly 

against the bench padding. Subjects were advised that elbows should not move to either 

side or come off the bench for the lift to be collllted. The subject was asked to fully 

extend the arm to be tested, and the chosen dumbbell placed in position by a spotter. 

From the start position, the subject was asked to raise the weight as far as possible and 

pause at the top of the movement. This was collllted as one repetition. 



Appendix 9 

6. 9 Three Day Dietary Record Sheets 

3-Day Diet Record 

Instructions 
On the following pages, spaces have been provided to record everything you eat and 
drink, over three days. These three days should include two weekdays, and one 
weekend day, but it is not necessary to be 3 days in a row. 

(1). The record for each day may start at any time during the day, but must continue 
for 24 hours. 

(2). Record as accurately as possible, all food and drink consumed on the diet record 
sheets provided. 

(3). Record the volume of each food using weights or volumes that occur on the 
packaging of the food, or measure food with measuring cups, tablespoons, or 
teaspoons, weigh the food on kitchen scales, or record number of units eaten e.g. slices 
of bread, number of apples, etc. 

( 4). Describe the cooking method used. 

(5). Record recipes of home prepared dishes where possible, and the proportion of the 
meal you consumed. · 

(6). Record the cuts, and type of meat, type of milk, bread, brand names etc. 

(7). After any meal if there is edible food left over, the amount must be estimated and 
subtracted from the amount originally recorded. It is not necessary to include bones, 
fruit peel, cores, or stones, as these are already accounted for. 

An example of a diet record is given over the page; 



Code Number 

Date -(fl.. 

Pa eNumber 

Time Quanti Food T e and Brand 

1.J.O 

,,. 



Code Number 

Date 
; 

Page Number 

Time Quantity Food Type and Brand 



Appendix 10 

6.10 Dietary Recommendations 

Dietary Recommendations For the Duration of This Study 
You are asked not to consume any other dietary supplements for four weeks prior to 
beginning the study, and for the duration of the study period. This especially includes 
other HMB products, protein powders, protein shakes, protein/sports bars, and 
products containing creatine. Dietary supplements such as creatine, have been shown 
in studies to influence the effect of HMB on the body, therefore continued use of 
additional dietary supplements, may invalidate the results of this study. By following 
the diet examples given over the following few pages, you will easily be able to achieve 
your protein, vitamin and mineral requirements by eating whole foods. 

Dietary energy, protein, and carbohydrate recommendations for strength training 
athletes, such as yourselves, are given below. 

Energy 
There are several methods used to predict the energy requirements of individuals, but 
for the purposes of this study we will be using the recommendations from the 
American Dietetic Association for strength trained athletes and body builders. The 
energy intake recommended for male bodybuilders wanting to maintain current body 
mass is 44 kcal/kg/day; to increase body weight but minimise fat gain is 52-60 
kcal/kg/day; to maintain muscle, increase muscle definition but lose body fat is 30 
kcal/kg/day. 

These are suggested values only, due to the large number of factors that influence the 
energy requirements of an individual. The basal energy requirement is the energy 
required to run body systems and is influenced by age, sex, body size (lean mass and 
fat mass), and some genetic influence. The thermic effect of food is the energy 
required to digest, absorb, transport, metabolise, and store the nutrients provided from 
food, and is influenced by energy provided during a meal and throughout the day, the 
percentage of protein, carbohydrate, and fat in a meal and throughout the day, and 
level of obesity. Energy required for physical activity depends on daily activities and 
exercise duration and intensity, and involuntary muscle contractions such as shivering 
and fidgeting. Other influences on energy expenditure include temperature, stress, and 
medications/drugs. 



Protein 
Protein requirements of strength athletes who have been training for greater than one 
year, are in the range 1-1.4 g/kg/day. Intakes of dietary protein above these 
requirements, provide no added benefit to muscle gain. There is not thought to be any 
adverse health effects from consuming a diet of less than 2g/kg/day of protein. But 
there is concern that excess intakes of protein over long periods increase calcium 
urinary excretion, and aggravate any existing renal disease. 

Table 1; Examples of Food Portions Containing 15g of Protein 
Red Meat 
50g lean cooked meat 
2/3 cup meat casserole/stew 
2 slices bacon 
Poultry and Eggs 

75g lean cooked mince 
1 large/2 small sausages 
1 thick slice of ham 

60g cooked, skinned chicken/duck/turkey 
Fish 
I small, baked fillet offish 
7 oysters 
Milk and Dairy Products 

75g canned salmon/sardines 
112 cup of mussels 

400mL milk 300mL yoghurt 
100g cottage cheese 1 milkshake 
Soy Products/Beans/Lentils/Chickpeas 
450mL soy milk 3/4 cup tofu 
1 cup kidney/baked beans 112 cup humus 
l 112 cup lentils/haricot beans/chickpeas 
Nuts and Seeds 
112 cup almonds/cashew nuts 
3 Tolsp pumpkin seeds 
Breads and Cereals 
3 cups cooked rice/pasta 

Carbohydrate 

1 cup brazil nuts 
8 Tolsp sunflower seeds 

6 slices whole-grain bread 

1 hamburger patty 
2 slices luncheon 

2 large em 

50g canned tuna 

60g hard cheese 

1 cup soy beans 

l 112 cup walnuts/hazel nuts 
10 Tolsp sesame seeds 

1 cup muesli (fruit and nut) 

Carbohydrate requirements range from 5-7g/kg/day (50-55%) for strength-trained 
athletes to l 2g/kg/day ( 60-70%) for endurance-trained athletes. The New Zealand 
Nutrition Taskforce recommends 6 or more servings of breads and cereals, 3 or more 
servings of vegetables, and at least 2 servings of fruits per day. 

Table 1; Examples of Food Portions Containing 20g of Carbohydrate 
Bread and Baked Products 
2 slices thin bread 
112 long roll 
1 crumpet/English muffin 
5 Ryvita crackers/cream crackers 
2 plain Digestives 
I Fruity-bix bar 
Breakfast Cereals and Grains 

1 slice thick bread 1 dinner roll 
112- l pita bread 112 bagel 
1 scone/muffin 2112 Gingemuts 
2 Salada crackers 112 fruit/iced bun 
2 thin pancakes 1112 pikelets 
112 Mother Earth/Uncle Toby's cereal bar 

I cup cooked porridge 2 Weet-bix 1/3-1/2 cup muesli 
2 cups plain popcorn 112 cup cooked pasta/rice/noodles 
1 cup Cornflakes/Rice bubbles/Light 'n Tasty/Stamina, etc 
Vegetables 
112 cup corn/yams 
2112 cup peas 
1 cup pumpkin 
Fruit 
1 medium banana 

1 cup beetroot/mixed veges/broad beans 
1 medium potato/kumara/taro/parsnip 

1 large apple/pear/oran~,reach 



2 large apricots/kiwifruil/grapefruit20 cherries/grapes 
I cup canned/stewed fruit 2 Tolsp raisin/sultanas 
Dairy Products 
400mL milk 300mL plain yoghurt 
2 scoops ice-cream 
Confectionery and Drinks 
I Tolsp jam/honey/sugar 

Meal Frequency 

300mL sports drink 

12 strawberries 

200rnL fruit yoghurt 

The timing of meals and snacks, especially protein intake is important for resistance 
trained athletes. To consume the amount of food required to fuel your training, eat 
frequently throughout the day, plan for 5-6 meals/snacks in a day. To maintain blood 
amino acid levels, try to include a serving of protein-rich foods in each of your meals 
and snacks throughout the day. Following training you should try to consume a snack 
or meal that provides high carbohydrate and moderate protein levels, as this will 
increase your levels of anabolic (protein synthesis) hormones, muscle protein synthesis, 
and decrease proteolysis (muscle protein breakdown). 

Example 1 
For a 70kg man, protein requirements are 70-98g per day, carbohydrates requirements 
are 350-490g per day, with the rest of the daily calories made up of fat. An example of 
a maintenance diet is included below. 
Foods Amounts PROCg) FAT(g) CARB(g) 
Breakfast 
Cereal, mixed type lcup Q_ 2 30 
Trim milk 1/2 cup Q_ 7 
Sliced Banana on cereal l banana l l 31 
Multi-grain Bread, toasted 2 slices ~ 0 21 
Margarine spread on the toast 2 tsp. Q_ 7 0 
Peanut butter spread on the toast l Tolsp ~ 8 2 
Berry Jam spread on the toast l Tolsp Q_ 0 14 
Morning Snack 
Apple 1 apple Q_ l 11 
Cream Cracker, low-fat 4 crackers 1 5 24 
Cottage Cheese, low fat 20g ~ 0 0 
Tomato, raw 1 tomato l 0 3 
Spread cottage cheese, and place tomato slices on the crackers, add pepper to taste. 
Lunch 
Multi-grain bread 4 slices .2 1 41 
Tuna, canned in spring water 45g 11 1 0 
Mayonnaise, reduced fat l Thlsp Q_ 6 7 
Salad, no cheese or dressing 112-113 cups of salad Q_ 0 1 
Olives, sliced 4 olives Q_ 1 0 
Margarine, spread on the bread 4 tsp. Q_ 15 0 
Make the above ingredients into sandwiches 
Potato, microwaved, no salt 1 medium potato 1 0 21 
Chives, sprinkled on potato 1 tsp. Q 0 0 
Mayonnaise, reduced fat 1 tsp. Q_ 1 1 
Muesli bar, fruit flavour 2 bars l 12 36 
Afternoon Snack 
Apple 1 apple Q_ I 11 
Cream Cracker, low-fat 4 crackers 1 5 24 
Smoked Salmon slices l slice 1 1 0 
Tomato, raw 1 tomato l 0 3 
Cucumber slices 4 slices ~ 0 1 

.--



Post-Workout Snack 
Muesli bar, fruit flavour 2 bars l 12 36 
Yoghurt, reduced fat, fruit flavour 1 small carton 1 3 22 
Dinner 
Prime Beef Mince 45g lQ 3 0 
Drain the fat from the mince when cooking if possible. 
Olive Oil, used to cook the mince 1 Tolsp Q 14 0 
Pasta sauce, tomato based 2 Tolsp l 0 6 
Add pasta sauce and additional spices to mince while cooking 
Fresh pasta, boiled 200g 14 1 48 
Salad, no cheese 2-21/2.(:ups of salad 2. 0 3 
Italian style salad dressing, lite 1 serving Q 0 
Soft Brown Bread Roll 1 roll .5. 2 24 
Margarine, spread on bread roll l tsp. Q. 7 0 

Example 2 
For an 80kg man, protein requirements are 80-1 l 2g per day, carbohydrates 
requirements are 400-560g per day, with the rest of the daily calories made up of fat. 
An example of a maintenance diet is included below. 
Foods Amounts PRO(g) FAT(g) CARB(g) 
Breakfast 
Cereal, mixed type l 112 cup 2. 3 45 
Trim milk 112cup Q. 1 7 
Sliced Banana on cereal 1 banana l 1 31 
Multi-grain Bread, toasted 2 slices 1 0 21 
Margarine spread on the toast 2 tsp. Q. 7 0 
Peanut butter spread on the toast l Thlsp .5. 8 2 
Berry Jam spread on the toast l Tolsp Q 0 14 
Boiled Egg l size 7 egg Q. 5 0 
Morning Snack 
Apple 1 apple Q 11 
Cream Cracker, low-fat 6 crackers .5. 7 36 
Cottage Cheese, low fat 20g 1 0 0 
Tomato, raw l tomato l 0 3 
Spread cottage cheese, and place tomato slices on the crackers, add pepper to taste. 
Lunch 
Multi-grain bread 4 slices 2. 1 41 
Tuna, canned in spring water 45g 11 l 0 
Mayonnaise, reduced fat 1 Thlsp Q 6 7 
Salad, no cheese or dressing 112-113 cups of salad Q 0 1 
Olives, sliced 4 olives Q l 0 
Margarine, spread on the bread 4 tsp. Q. 15 0 
Make the above ingredients into sandwiches 
Potato, microwaved, no salt 1 medium potato 1 0 21 
Chives, sprinkled on potato 1 tsp. Q 0 0 
Mayonnaise, reduced fat l tsp. Q l l 
Muesli bar, fruit flavour 2 bars 1 12 36 
Afternoon Snack 
Apple 1 apple Q. 1 11 
Cream Cracker, low-fat 6 crackers .5. 7 36 
Smoked Salmon slices 1 slice 1 1 0 
Tomato, raw l tomato 1 0 3 
Cucumber slices 6 slices Q 0 l 

Post-Workout Snack 
Muesli bar, fruit flavour 2 bars l 12 36 
Yoghurt, reduced fat, fruit flavour l small carton 1 3 22 
Creamed rice, canned, reduced fat l cup 2.- 6 33 

• 



Dinner 
Prime Beef Mince 45g lQ 3 0 
Drain the fat from the mince when cooking if possible. 
Olive Oil, used to cook the mince 1 Tolsp Q 14 0 
Pasta sauce, tomato based 2 Tblsp l 0 6 
Add p~ta sauce and additional spices to mince while cooking 
Fresh pasta, boiled 200g 14 48 
Salad, no cheese 2-2112-eups of salad Q 0 1 
Italian style salad dressing, lite 1 serving Q 0 1 
Soft Brown Bread Roll 1 roll 2 2 24 
Margarine, spread on bread roll 1 tsp. Q 7 0 

Example3 
For a 90kg man, protein requirements are 90-126g per day, carbohydrates 
requirements are 450-630g per day, with the rest of the daily calories made up of fat. 
An example of a maintenance diet is included below. 
Foods Amounts PRO(g) FAT(g) CARB(g) 
Breakfast 
Cereal, mixed type l 112cup 2 3 45 
Trim milk 112 cup Q 1 7 
Sliced Banana on cereal 1 banana l 1 31 
Multi-grain Bread, toasted 3 slices Q 1 31 
Margarine spread on ·the toast 2 tsp. Q 7 0 
Peanut butter spread on the toast l Tolsp 2 8 2 
Berry Jam spread on the toast 1 Tolsp Q 0 14 
Boiled Egg 1 size 7 egg Q 5 0 
Morning Snack 
Apple 1 apple Q 1 11 
Cream Cracker, low-fat 8 crackers I 10 48 
Cottage Cheese, low fat 20g .4. 0 0 
Tomato, raw 1 tomato 
Spread cottage cheese, and place tomato slices on the crackers, add pepper to taste. 
Lunch 
Multi-grain bread 4 slices 2 l 41 
Tuna, canned in spring water 45g ll 1 0 
Mayo1U1aise, reduced fat 1 'Iblsp Q 6 7 
Salad, no cheese or dressing 112-113 cups of salad Q 0 l 
Olives, sliced 4 olives Q l 0 
Margarine, spread on the bread 4 tsp. Q 15 0 
Make the above ingredients into sandwiches 
Potato, microwaved, no salt 1 mediwn potato 1 0 21 
Chives, sprinkled on potato 1 tsp. Q 0 0 
Mayo1U1aise, reduced fat 1 tsp. Q l 1 
Muesli bar, fruit flavour 2 bars l 12 36 
Afternoon Snack 
Apple 1 apple Q l 11 
Cream Cracker, low-fat 8 crackers I 10 48 
Smoked Salmon slices l slice 1 l 0 
Tomato, raw l tomato l 0 3 
Cucumber slices 8 slices Q 0 1 
Post-Workout Snack 
Muesli bar, fruit flavour 2 bars l 12 36 
Yoghurt, reduced fat, fruit flavour 1 small carton 1 3 22 
Creamed rice, canned, reduced fat l 112 cup 11 9 49 
Dinner 
Prime Beef Mince 45g lQ 3 0 
Drain the fat from the mince when cooking • 



Olive Oil, used to cook the mince 1 Thlsp Q 14 0 
Pasta sauce, tomato based 2 Thlsp l 0 6 
Add pasta sauce and additional spices to mince while cooking 
Fresh pasta, boiled 200g 14 1 48 
Salad, no cheese 2-2112..cups of salad 2. 0 3 
Italian style salad dressing, lite 1 serving Q 0 1 
Soft Brown Bread Roll l roll .i 2 24 
Margarine, spread on bread roll 1 tsp. Q 7 0 

Example 4 
For a 100kg man, protein requirements are 100-140g per day, carbohydrates 
requirements are 500-700g per day, with the rest of the daily calories made up of fat. 
An example of a maintenance diet is included below. 
Foods Amounts PRO(g) FA T(g) CARB(g) 
Breakfast 
Cereal, mixed type l 112 cup 2 3 45 
Trim milk 1/2Cup Q. l 7 
Sliced Banana on cereal 1 banana l 1 31 
Multi-grain Bread, toasted 3 slices Q. 1 31 
Margarine spread on the toast 2 tsp. Q 7 0 
Peanut butter spread on the toast 1 Thlsp .i 8 2 
Berry Jam spread on the toast l Thlsp Q 0 14 
Boiled Egg l size 7 egg Q_ 5 0 
Morning Snack 
Apple l apple Q l 11 

Cream Cracker, low-fat 10 crackers 2 12 60 
Cottage Cheese, low fat 20g 1 0 0 
Tomato, raw l 112 tomato 2. 0 5 
Spread cottage cheese, and place tomato slices on the crackers, add pepper to taste. 
Lunch 
Multi-grain bread 4 slices 2 41 
Tuna, canned in spring water 45g ll 0 
Mayonnaise, reduced fat l Thlsp Q 6 7 
Salad, no cheese or dressing 112-113 cups of salad Q 0 l 
Olives, sliced 6 olives Q 2 0 
Margarine, spread on the bread 4 tsp. Q 15 0 
Make the above ingredients into sandwiches 
Potato, microwaved, no salt l 112 medium potato 1 0 31 
Chives, sprinkled on potato 1 tsp. Q 0 0 
Margarine, spread onto hot potato 1 tsp. Q 4 0 
Muesli bar, fruit flavour 2 bars l 12 36 

Afternoon Snack 
Apple 1 apple Q 1 11 
Cream Cracker, low-fat 10 crackers 2 12 60 

Smoked Salmon slices 1 slice 1 1 0 
Tomato, raw l 112 tomato 2. 0 5 

Cucumber slices 10 slices Q 0 
Post-Workout Snack 
Muesli bar, fruit flavour 2 bars l 12 36 
Yoghurt, reduced fat, fruit flavour 1 small carton 1 3 22 
Creamed rice, canned, reduced fat 2 cup 11 13 26 
Dinner 
Prime Beef Mince 50g ll 3 0 
Drain the fat from the mince when cooking ifpossihle. 
Olive Oil, used to cook the mince 1 Thlsp Q 14 0 
Pasta sauce, tomato based 2 lblsp l 0 6 
Add pasta sauce and additional spices to mince while cooki'l&.. 



Fresh pasta. boiled 200g 14 1 48 
Salad, no cheese 2-2112-eups of salad l 0 3 
Italian style salad dressing, lite 1 serving Q 0 1 
Soft Brown Bread Roll 2 rolls 10 4 48 
Margarine, spread on bread roll 2 tsp. Q 7 0 

Examples 
For a 110kg man, protein requirements are 110-154g per day, carbohydrates 
requirements are 550-770g per day, with the rest of the daily calories made up of fat. 
An example of a maintenance diet is included below. 
Foods Amounts PRO(g) FAT(g) CARB(g) 
Breakfast 
Cereal, mixed type 1112 cup 2 3 45 
Trim milk l/2Cup Q. 1 7 
Sliced Banana on cereal l 112 banana l 1 46 
Multi-grain Bread, toasted 4 slices 2 1 41 
Margarine spread on the toast 2 tsp. Q 7 0 
Peanut butter spread on the toast 2 Tblsp 10 17 3 
Berry Jam spread on the toast 1 Tblsp Q 0 14 
Boiled Egg 1 size 7 egg Q. 5 0 
Morning Snack 
Apple 1 apple Q 1 11 
Cream Cracker, low-fat 10 crackers .2. 12 60 
Cottage Cheese, low fat 20g 1 0 0 
Tomato, raw l 112 tomato l 0 5 
Spread cottage cheese, and place tomato slices on the crackers, add pepper to taste. 
Lunch 
Multi-grain bread 4 slices .2. 1 14 
Tlllla. canned in spring water 45g ll 1 0 
Mayonnaise, reduced fat 1 t/4 Tblsp Q 8 9 
Salad, no cheese or dressing 112-113 cups of salad Q 0 
Olives, sliced 8 olives Q 2 0 
Margarine, spread on the bread 4 tsp. Q 15 0 
Make the above ingredients into sandwiches 
Potato, microwaved, no salt 2 mediwn potatoes 2 0 41 
Chives, sprinkled on potato 1 tsp. Q 0 0 
Margarine 1 tsp. Q 7 0 
Muesli bar, fruit flavour 2 bars l 12 36 
Afternoon Snack 
Apple 1 apple Q 11 
Cream Cracker, low-fat 10 crackers .2. 12 60 
Smoked Salmon slices 1 slice l 1 0 
Tomato, raw l 112 tomato I 0 5 
Cucumber slices 10 slices Q 0 
l'ost-Workout Snack 
Muesli bar, fruit flavour 2 bars l 12 36 
Yoghurt, reduced fat, fruit flavour 1 small carton 1 3 22 
Creamed rice, canned, reduced fat 2 cup 11 13 66 
Dinner 
Prime Beef Mince 50g 11 3 0 
Drain the fat from the mince when cooking if possible. 
Olive Oil, used to cook the mince 1 Tblsp Q. 14 0 
Pasta sauce, tomato based 3 Tblsp l 1 8 
Add pasta sauce and additional spices to mince while cooking 
Fresh pasta. boiled 250g 11 1 61 
Salad, no cheese 2-2112-eups of salad I 0 3 
Italian style salad dressing, lite I serving Q. 0 1 



Soft Brown Bread Roll 
Margarine, spread on bread roll 

·~· 

2 roll 
2 tsp. 

10 
Q 

4 
7 

48 
0 
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6.11 Subject Compliance 

Table 6.1 Subject Compliance 
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Appendix 12 

6.12 Individual Results Summary 

Swnmary of Results for __________ _ 

Below are your . results for all measurements taken during the duration of this study. 
Also included with these results, is an explanation of what the values for your results 
mean, and how they compare with population nonns. 

(1 ). Dietary Intake 
The 3 day dietary records you completed as part of visits 1 and 4 have been analysed 
and summarised below. Included, is a comparison of the New Zealand Recommended 
Dietary Intakes (RDis), and your personal daily nutrient intakes. 

Table 1; Comparison of Personal Mean Daily Nutrient Intakes and the New 
Zealand Recommendations 

Nutrient 

nergy (kJ) 

nergy (kcals) 

rotein (%) 

arbohydrate (%) 

Males 19-64 
years 

11-15 

50-55 

30-33 

\<12 

onounsaturated Fat(%) \<20 

rotein (g/kg/day) 1-1 .4g/kg/day 

Average 
Intake/Day 

Visit 1 

Average 
Intake/Day 

Visit 4 



Males 19-64 
Average Average 

Nutrient Intake/Day Intake/Day 
years 

VISit 1 Visit 4 

Carbohydrate (g) 5-7g/kg/day 

!Fibre (g) 25-30 

trotal Sugars (g) \<15% 

!Alcohol (g) \<60 

Water (g) 1500-2000mL 

Iron(mg) 7 

Calcium (mg) 800 

Sodium(mg) 920-2300 

Folate (mcg) 200 

Zinc (mg) 12 

!Vitamin A (mcg) 750 

!Vitamin C (mg) 40 

!Vitamin B6 (mg) 1.3-1.9 

Vitamin B 12 (mcg) 2.0 

Niacin (mg) 19 

Riboflavin (mg) 1.7 

trbi--,~. (mg) 1.1 

!Vitamin E (mg) 10.0 

!Magnesium (mg) 320 

!Potassium (mg) 1950-5460 

**Selenium (mg) 85 

Phosphorus (mg) 1000 

• l stan:larddrink~ lOgofakoool. 
•• This is the New l.ealand RDI ooly, not the Auslralian RDI ~eh is 150 rrq/day. 
••• This is the Australian RDI, New Zealand has DOt adoped these values. and airrmtly has no selcmum remo11 e .datiom. 



The New Zealand RDI uses values adopted from the Australian RDI, except where 
stated. These recommendations are mean daily nutrient requirements aimed at 
population groups, rather than the requirements of specific individuals. The RDI can 
be used for athletes due to the large safety margins built into the nutrient 
recommendations, with a few exceptions, such as percentages of energy from 
carbohydrate and protein, which will increase with physical activity. See below. 

Summary of Good Food Sources of the Nutrients Discussed Above 
Protein 
Protein requirements of strength athletes who have been training for greater than one 

· year, are in the range 1-1.4 g/kg/day. Intakes of dietary protein above these 
requirements, provide no added benefit to muscle gain. There is not thought to be any 
adverse health effects from consuming a diet of less than 2g/kg/day of protein. But 
there is concern that excess intakes of protein over long periods increase calcium 
urinary excretion, and aggravate existing renal disease. 

Healthy food sources that are rich in protein include lean meats, chicken, fish, seafood, 
eggs, low-fat dairy products, dried peas, beans, and lentils. 

Carbohydrate 
Carbohydrate requirements range from 5-7g/kg/day (<55%) for strength-trained 
athletes to 12g/kg/day (60-70%) for endurance-trained athletes. The New Zealand 
Nutrition Taskforce recommends 6 or more servings of breads and cereals, 3 or more 
servings of vegetables, and at least 2 servings of fruits per day. 

Good food sources of carbohydrate include fruits, vegetables, legumes, breads, and 
cereals (includes rice, pasta, breakfast cereals, etc). 

Dietary Fat 
Dietary fat is required for essential fatty acids omega-3 and omega-6, and fat soluble 
vitamins A, D, E, and K. Fats are required for an energy source, formation of 
membranes in the body, lubricants, and signalling molecules such as the sex hormones. 
Saturated Fat - these fats occur in animal products such as dairy products, meats, as 
well as the vegetable oils palm oil, and coconut milk, be wary of the saturated fat 
content of processed foods. Saturated fats negatively effect total cholesterol and LDL 
cholesterol (bad cholesterol) levels. 
Unsaturated Fats Polyunsaturated Fatty Acids - include omega-3, and omega-6 
fatty acids. Good sources of omega-3 fatty acids include oily fish, soybean oil, 
mustard oil, and flax-seed oil. Healthful properties associated with omega-3 
consumption include lowered blood pressure, and reduced risk of thrombosis (blood 
clots). Good sources of omega-6 fatty acids include sunflower seed oils, and corn oils. 
Healthful properties include lowering of total cholesteroi and LDL cholesterol 

Monounsaturated Fatty Acids - Good sources of 
monounsaturated fatty acids include olives, olive oil, and canola oils. 

Iron 
Haem iron, which is more easily absorbed by the body, is found in foods such as meats, 
chicken, fish, seafood. Non-haem iron is found in plant foods such as vegetables and 
some fruits, iron supplements, and iron fortified ..foods. Non-haem iron is not as well 



absorbed by the body, with less than 5% being absorbed. Consumption of vitamin C 
increases iron absorption. Excessive intakes of some grains, soy products, legumes, 
nuts, and calcium may inhibit some non-haem iron absorption. 

Calcium 
Dairy products, green vegetables, whole grain cereals and breads, canned fish with 
bones, tofu, beans, nuts, and calcium fortified products are all a good source of 
calcium. 

Sodium 
High dietary intakes of sodium over long periods of time are associated with the 
development of hypertension (high blood pressure) which is a risk factor for heart 
disease, stroke, and renal failure. Also damage of the gastrointestinal tract, possible 
leading to gastric cancer. Be aware of high amounts of sodium (as salt) in processed 
foods. 

Folate 
Folate is commonly found in foods such as liver, egg yolk, nuts, green leafy vegetables, 
citrus fruits, peas, and fortified cereals. 

Zinc 
Rich sources of zinc include organ meats, other red meats, and shellfish. Zinc is also 
found in whole grain cereals, nuts, and legumes. Excessive intakes of some grains may 
reduce the absorption of zinc by the body. 

Vitamin A 
Animal fats and fish oils are good sources of vitamin A. Plant foods such as vegetables 
and fruits are good sources of carotenoids which may be converted to vitamin A in the 
body. Vitamin A is toxic in excessive amounts, via supplementation. 

Vitamin C 
Food sources of vitamin C include all fruits and vegetables, especially cantaloupes, 
kiwifruit, strawberries, lemons, oranges, broccoli, capsicums, cauliflower, spinach, 
tomatoes, brussels sprouts, and asparagus. Vitamin C enhances the absorption of iron 
in the gut. 

VitaminB6 
Food sources include cereals, organ meats, other meats, chicken, fish, fruits. 

Vitamin B12 ( cobalamin) 
Food sources include meat, dairy products, and seafood. 

Niacin 
Good food sources of niacin include meat, chicken, fish, legumes, peanuts, and some 
cereals. 

Riboflavin 
Some sources of riboflavin are milk, eggs, liver, other meats, green vegetables, and 
small amounts occur in cereals. · 



absorbed by the body, with less than 5% being absorbed. Consumption of vitamin C 
· increases iron absorption. Excessive intakes of some grains, soy products, legumes, 
nuts, and calcium may inhibit some non-haem iron absorption. 

Calcium 
Dairy products, green vegetables, whole grain cereals and breads, canned fish with 
bones, tofu, beans, nuts, and calcium fortified products are all a good source of 
calcium. 

Sodium 
High dietary intakes of sodium over long periods of time are associated with the 
development of hypertension (high blood pressure) which is a risk factor for heart 
disease, stroke, and renal failure. Also damage of the gastrointestinal tract, possible 
leading to gastric cancer. Be aware of high amounts of sodium (as salt) in processed 
foods. 

Folate 
Folate is commonly found in foods such as liver, egg yolk, nuts, green leafy vegetables, 
citrus fruits, peas, and fortified cereals. 

Zinc 
Rich sources of zinc include organ meats, other red meats, and shellfish. Zinc is also 
found in whole grain cereals, nuts, and legumes. Excessive intakes of some grains may 
reduce the absorption of zinc by the body. 

Vitamin A 
Animal fats and fish oils are good sources of vitamin A. Plant foods such as vegetables 
and fruits are good sources of carotenoids which may be converted to vitamin A in the 
body. Vitamin A is toxic in excessive amounts, via supplementation. 

Vitamin C 
Food sources of vitamin C include all fruits and vegetables, especially cantaloupes, 
kiwifruit, strawberries, lemons, oranges, broccoli, capsicums, cauliflower, spinach, 
tomatoes, brussels sprouts, and asparagus. Vitamin C enhances the absorption of iron 
in the gut. 

Vitamin B6 
Food sources include cereals, organ meats, other meats, chicken, fish, fruits. 

Vitamin B12 (cobalamin) 
Food sources include meat, dairy products, and seafood. 

Niacin 
Good food sources of niacin include meat, chicken, fish, legumes, peanuts, and some 
cereals. 

Riboflavin 
Some sources of riboflavin are ~ eggs, liver, other meats, green vegetables, and 
small amounts occur in cereals. · 



Thiamin 
Good sources include whole grain cereals, pork, dried peas and beans. Other sources 
include other meats, fish, vegetables, fruit, and dairy products. Cooking foods causes 
the loss of about 25% of thiarnin form foods. 

Vitamin E 
Vitamin E is a fat soluble vitamin, therefore is absorbed with fats and oils such as 
vegetable oils, wheat germ, rice bran, and nuts and seeds. 

Magnesium 
Good sources come from green leafy vegetables, legumes, tofu, nuts, and whole 
grains. 

Potassium 
Sources include fruits such as avocado, banana, cantaloupe, orange juice, and 
watermelon. Vegetables such as lima beans, potatoes, tomatoes, spinach, and 
pumpkin. Potassium also occurs in fresh meats. 

Selenium 
Selenium in New Zealand soils is low, therefore selenium in plant and animal products 
is also low. Foods containing selenium include seafood, non-refined cereals, dried peas 
and beans, and chicken. Australian wheat products contain higher levels of selenium 
than New Zealand. 

Phosphorus 
Sources of phosphorus include meats, milk, eggs, and cereals. 

(2). Assessment of Muscular Strength 
The results of your strength assessments at visits 1 and 4, have been recorded below. 
This will allow you to see any strength gains you achieved during the course of this 
study. 
VISit 1 Visit 4 

Left Hand Left Hand 

Right Hand Right Hand 

Back Back 

Leg Leg 

Total Strength Total Strength 

Relative Strength Relative Strength 



Table 2; Table of Strength Test Norms 
... ... 

Male 
... tefi · .. Right .. .. - ... . ~· . · ·tutai ·· . .... 

Back Relative 
Strength Hand Hand 

(kg) 
Leg (kg) Strength 

Strength 
Assessment (k~) lb) lk.!!) 

Excellent >68 >70 >209 >241 >587 >7.50 
Good 56,,.67 62-69 177-208 214-240 508,,586 7. 10~7.49 
lA.verage 43-55 48-61 126-176 160-213 375-507 5.21-7.09 
Poor 39-42 41-47 91-125 137-159 307-374 4.81-5.20 
VervPoor <39 <41 <91 <137 <307 <4.81 

Relative SlreDgth is calail.ated from total &trmgth (kg) divided by body~ (kg), 

The results of your 1 Repetition Maximum for bench press and leg extension exercises 
during visits 1 and 4, have been recorded below. 
Visit 1 Visit 4 

Bench Press Bench Press ----- -----

Leg Extension ____ _ Leg Extension ____ _ 

(3). Anthropometric Measurements 
Your anthropometric Measurements are as follows; 
~ili2 V~4 
Skinfolds 

*Triceps *Triceps 

* Subscapular * S ubscapular 

Biceps Biceps 

Iliac Crest Iliac Crest 

* Supraspinale * Supraspinale 

*Abdominal *Abdominal 

*Front Thigh *Front Thigh 

*Medial Calf *Medial Calf 

Sum of 6 Skinfolds Sum of 6 Skinfolcls 
*Indicates the skinfoldmcasurementsused to calculate the 'Sumof6 Skinfulds'. 

Girths 

Arm (relaxed) ____ _ Arm (relaxed) ___ _ 

Arm (flexed/tensed) ____ _ Atm (flexed/tensed) ____ _ 



Table 2; Table of Strength Test Norms 
. .. . Male . . ... . Left ··· Rigiit . ·- .. ... . - .. Totai . 

Back Relative Strength Hand Hand 
(kg) 

Leg (kg) Strength 
Strength Assessment (b) ~) (b) 

Excellent >68 >70 >209 >241 >587 >7.50 
Good 56~67 62-69 177-208 214.,240 508,,586 7. 10,,7.49 
Average 43-55 48-61 126-176 160-213 '575-507 5.21-7.09 
Poor 39-42 41-47 91-125 137-159 307-374 4.81-5.20 
VetYPoor <39 <41 <91 <137 <307 <4.81 

Relative &rmgth is calcu1ated frcm tcul slreDgth (kg) divided by body weight (kg), 

The results of your 1 Repetition Maximum for bench press and leg extension exercises 
during visits 1 and 4, have been recorded below. 
Visit 1 Visit 4 

Bench Press Bench Press ----- -----

Leg Extension ____ _ Leg Extension ____ _ 

(3). Anthropometric Measurements 
Your anthropometric Measurements are as follows; 
Visit 2 Visit 4 
Skinfolds 

*Triceps *Triceps 

* Subscapular * Subscapular 

Biceps Biceps 

Iliac Crest Iliac Crest 

* Supraspinale * Supraspinale 

*Abdominal *Abdominal 

*Front Thigh *Front Thigh 

* Medial Calf *Medial Calf 

Sum of 6 Skinfolds Sum of 6 Skinfolds 
*Indicates the skinfold measurc:ments used to calculate the 'Smn of 6 Skinfulm". 

Girths 

Arm (relaxed) ____ _ Ann (relaxed) ___ _ 

Arm(flexed/tensed) ____ _ Artn(flexed/tensed) -----



Waist (minimum) ___ _ Waist(minimum) ___ _ 

Gluteal (maximum) ____ _ Gluteal (maximum) ___ _ 

Calf (maximum) ___ _ Calf (maximum) ___ _ 

Waist to Hip Ratio ____ _ Waist to Hip Ratio ____ _ 

Breadths/Lengths 

Humerus Humerus ----- -----

Femur Femur ----- -----

Height (cm) ____ _ Height (cm) ____ _ 

Weight (kg) ___ _ Weight (kg) ___ _ 

Body Mass Index (BMI) ____ _ Body Mass Index (BMI) ____ _ 

Skinfolds - Individual skinfolds measurements give an indication of subcutaneous fat 
thickness (thickness of fat layer under the skin), and fat distribution on your body. The 
higher the skinfold measurement (mm), the more body fat is present. The sum of 6 
skinfolds is also used as a measure of body fatness. There is increased risk of adverse 
health effects when the sum of 6 skinfolds values reach 106-130 or greater. 

Girth measurements - give an indication of relative muscular development of certain 
body areas during the study period. These girth measurements will also give some 
indication of fat distribution on your body. 

The waist to hip ratio is calculated using the circumference measurement of the waist, 
compared to that of the gluteal circumference. This provides a quick measure of body 
fat distribution, specifically central body fat, and the associated health risk. There is 
increased risk of adverse health effects when the waist to hip ratio exceeds 0.91-0.93. 
High measures of central body fat indicate an increased risk of morbidity and mortality 
from diseases such as heart disease, diabetes, hypertension, high blood cholesterol 
levels, and obesity. 

Bone breadths - are used as a measure of body frame size. This is a more accurate 
measure than BMI (below), for individuals who have a high body weight due to large 
bone and muscle mass. Some norms for elbow breadths have been given below, but 
keep in mind that these values have been taken from American individuals, and may 
not apply to New Zealander's. 



Table 3; Table of Humerus (elbow) breadth measurements and Associated Body 
Frame Size 

Male Bod Frame Size 
Small Medium 

18-24 6.6 or less > 6.6 to <7.7 7.7 or 
25-34 6.7 or less > 6.7 to <7.9 7.9 or 
35-44 6.7 orless > 6.7 to <8.0 8.0 or 
45-54 6.7 orless > 6.7 to <8.1 8.1 or 
55-64 , 6.7 or less > 6.7 to <8.1 8.1 or 
65-74 6.7 orless > 6.7 to <8.1 8.1 or 

Body Mass Index (B:MI) - is a ratio of body weight to height. This is used as an 
indication of obesity. In New Zealand, a BMI value of 25-29.9 is considered 
overweight, 30-40 obese, and >40 morbidly obese. This measure may not be useful for 
athletes with high muscle mass, such as body builders and other strength athletes, as 
for the sedentary population. 

( 4). Bioelectrical Impedance Analysis (BIA) 
Your percent body fat as measured by the BIA Monitor is as follows; 
Visit 2 Visit 4 

% Body Fat ____ _ % Body Fat ____ _ 

Table 4; A Representation of Population Ranges of Percent Body Fat 

8% 

' 0 ' 5 
Esseoo.l fat 

5 

BODY FAT PERCENTAGES • MEN 
10% 15% 2t% 25% 

' ' ' ' 10 12 21 25 
Optimal Hea Ith 

12 11 
Optimal fitness 

13 
Atbletic Gr~ups 

38% I 
f 

Thankyou for your participation in this study. If you have any further questions on 
the meaning of your results, please contact, Jasmine Thomson on 413 8977 or 021 
210 6269, or email thomson_jasmine@xtra.co.nz. 



Appendix 13 

6.13 Chemical Synthesis of HMB (B-hydroxy-B­

methylbutyrate) From Diacetone Alcohol 

Initially, HMB was chemically synthesised by Pressman and colleagues in 1940 to 

study the kinetics, mechanism, heat of reaction, reaction velocities, and influence of 

an acid or base catalyst on hydration, dehydration and decarboxylation reactions of /J­

hydroxy-isovaleric acid and /J, /J-dimethylacrylic acid. The study included a 

description of the chemical synthesis of /J-hydroxy-isovaleric acid, from diacetone 

alcohol by the chloroform reaction. This process has been described in detail below. 

A solution of 320g sodium hydroxide is made up to l .5L with water. Once this 

solution has cooled, 230g chlorine, and 1 OOg of diacetone alcohol is added, and mixed 

vigorously. The solution increases in temperature due to the exothermic nature of the 

reaction, and the chloroform is distilled out as it is formed. Excess chlorine is 

removed using sodium bisulfite (Pressman, et. al., 1940). 

A volume of 1250mL, of 6N Sulphuric acid is added to the solution. The solution is 

then extracted with 8 1 L volumes of ether. The ether is then extracted using 20g of 

calcium hydroxide made up to 200mL with water, forming a thin paste. The extract is 

diluted to 400mL, then filtered and carbonated until neutral pH, tested by acid-base 

titration using phenolphthalein. The solution is filtered with 'hyflow' diatomaceous 

earth (Pressman, et. al., 1940). 

Calcium .,8-hydroxy-isovaleric acid crystals are separated and concentrated to 250mL. 

The crystals are then dried in a vacuum over phosphoric anhydride at a temperature of 



70 °C. The crystals were found to be contaminated with chloride in this experiment. 

A solution of 34g silver nitrite made up to 500mL with water is brought up to boiling 

temperature, and then the calcium ft-hydroxy-isovalerate salt is added. Silver ft­
hydroxy-isovalerate is precipitated immediately (Pressman, et. al., 1940). 

While still hot, this mixture is filtered with 3g 'hyflow'. As the mixture cools, crystals 

are separated. The mixture is extracted another two times. The crystals are dried at a 

temperature of 78 °C over phosphorus peroxide. This method produces 8.5g of Silver 

/3-hydroxy-isovalerate (CsHs03Ag) (Pressman, et. al. , 1940). 

Patents US5028440, US4992470, US5087472, US5348979, 

and US5360613 

In the early '90's Nissen and colleagues began experimenting with HMB 

supplementation of animals. The process used to synthesise HMB for the purposes of 

these studies was similar to that described by Coffman and colleagues in 1958, above. 

In a 5000mL round bottom flask, with a condenser attached, 3785mL of 5.25% 

sodium hypochlorite, 45g of sodium hydroxide powder, were added and mixed using 

a magnetic stirrer. Then 150mL of 1,4-Dioxane, and 93mL of 4-Hydroxy-4-Methyl-2-

Pentanone were added. The mixture was refluxed for 40 minutes using the attached 

condenser (Nissen, 1990; Nissen, 1990; Nissen, 1991; Nissen, 1992; Nissen, 1993). 

The solution was transferred from the flask to a waterbath or washtub under an 

extraction hood, and allowed to cool for 30 minutes. Using concentrated sulphuric 

acid, the acidity of the solution was adjusted to pH 5, to stabilise the HMB (Nissen, 

1990; Nissen, 1990; Nissen, 1991; Nissen, 1992; Nissen, 1993). 

Transfer the mixture to cooling pans, placed under an extraction hood, or use a steam 

table to increase evaporation. Sodium sulphate salts will precipitate out of the 

mixture overnight, to form slurry (Nissen, 1990; Nissen, 1990; Nissen, 1991; Nissen, 

1992; Nissen, 1993). 



Transfer the slurry from the cooling pans to a washtub and add concentrated sulphuric 

acid to adjust the acidity of the solution to pH 1. Depending on the volume of the 

mixture at this point, the salts and solution may be extracted separately. Transfer the 

solution to a 1 OL bottle, and wash with 2L ethyl acetate, about four times. Save the 

ethyl acetate layer, which contains the HMB, discard the final acid layer. The acetate 

layer is placed in a flask in a Roto Vap (Rotary Evaporator) which enables the rapid 

removal of solvents from solutions, at a temperature of 50 °C. The salts may begin to 

precipitate out, and are solubilised in pure water. An equal volume of ethyl acetate is 

added to this solution and it is re-extracted. The ethyl acetate layer is saved, and again 

placed in the Roto Vap at 50 °C. The temperature is increased to 70 °C (Nissen, 1990; 

Nissen, 1990; Nissen, 1991; Nissen, 1992; Nissen, 1993). 

The remaining solution contains HMB. Calcium hydroxide powder is added to the 

HMB acid, while stirring until a neutral pH is reached. pH is measured using pH 

paper strips. At neutral pH the HMB solidifies, therefore is dissolved in hot 95% 

ethanol. Any substance that has not dissolved is removed via centrifugation or 

filtration. The solution is cooled at -20% freezing for 1-3 days, until the mixture 

crystallises. The HMB crystals are filtered under vacuum and excess liquid removed 

(Nissen, 1990; Nissen, 1990; Nissen, 1991 ; Nissen, 1992; Nissen, 1993). 

The HMB crystals are redissolved in hot 95% ethanol, cooled and refiltered. This 

process generally takes 3 repetitions to purify the crystals and remove all yellow 

coloration. The HMB crystals are placed in a pan and freeze-dried to produce an 

anhydrous (no water present) calcium HMB powder (Nissen, 1990; Nissen, 1990; 

Nissen, 1991; Nissen, 1992; Nissen, 1993). 

Commercial synthesis of HMB was thus far, uneconomic, used large volumes of 

solvents, produced large volumes of waste-products, had low yield recovery, and was 

an extremely slow process (Barac, 1998). Therefore in 1998 George Barac of Iowa 

State University began the development of a more efficient and environmentally 

friendly chemical process for the commercial manufacture of HMB. 



The HMB product yield was increased from 50% to 70% and operation costs 

substantially reduced, after changes were made in types of solvents used for separation 

of HMB, and reactor design and engineering. Several solvents were identified with 

superior partition coefficients and selectivity's for HMB, for example methyl-ethyl 

ketone, and hexanol which work as physical extractants, and methyl-ethyl ketone 

solutions of tertiary fatty amines and chloroform solutions of tri-octyl phosphine oxide 

which work as reactive extractants (Barac, 1998). 

Patents US 6090978, US 6031000, US 6248922, and US 

6392092 

The first patent describing the commercial manufacture HMB was filed in 1996, it 

was titled, 'Process for manufacturing 3-hydroxy-3-methylbutanoic acid. This method 

is based largely on a change in reactor design to include an external heat exchanger, 

which regulates the temperature of the reaction mixture, and therefore ultimately 

increases the yield and decreases reaction time compared to previous processes 

(McCoy et. al. , 2000; McCoy et. al. , 2001; McCoy et. al. , 2002). This large scale 

manufacturing process is used in all four of the above patents, and HMB products 

displaying the patent number US5348979 on the label (www.hmb-mti.com, 2002). 

This process will be discussed in detail below. 

Initially, reactor 1 is charged with an oxidant such as sodium hypochlorite, sodium 

hypobromite, sodium hypoiodite, calcium hypochlorite, and calcium hypobromite or 

calcium hypoiodite. In general, 12.5-15% sodium hypochlorite is used. The amount 

of oxidant used is greater than 757L, and most preferably greater than 4542L. The 

temperature of the oxidant is lowered to 0-5 °C using the cooling jacket and external 

heat exchanger on reactor 1. Once the temperature has been lowered, diacetone 

alcohol is added slowly over a 4-8 hour period. The amount of diacetone alcohol 

added, is in the ratio 1 : 12 pounds of oxidant, generally 900 or more pounds of 

diacetone alcohol is added. The addition of diacetone alcohol is slow, and the 

reaction mixture is put through the cooling loop to maintain a temperature below 10 

°C, and preferably in the range 0-5 °C, as this is an exothermic reaction (McCoy et. al., 

2000; McCoy et. al., 2001; McCoy et. al., 2002). 



Figure 1: Diagram Showing Reactor 1 (McCoy et. al., 2000; McCoy et. al., 

2001; McCoy et. al., 2002). 

Once diacetone is added, the temperature of the reaction mixture is maintained at 3-10 

°ᑊ�C. Carbon monoxide will begin to form, so it is vented off. Hydrochloric acid, 

preferably 1700-2120 pounds at 32% concentration, is added, and temperature 

maintained at 10-20 °C using the cooling loop and external heat exchanger. pH is 

maintained at 3.0-3.5, with stirring, using the agitator on reactor 1. Once the pH has 

reached this range, the mixture is allowed to settle, and two layers are formed. The 

bottom, haloform layer is drained off, then any remaining water is removed using 

vacuum which may be attached to reactor 1 (McCoy et. al., 2000; McCoy et. al., 

2001; McCoy et. al. , 2002). 



The reaction mixture is cooled to 25 °C, with stirring, to form thick, white slurry. 

Hydrochloric acid is added to adjust the pH to within the range 3.0-3.2, and the 

product is stirred for another 10-30 minutes using the agitator on reactor 1 (McCoy et. 

al., 2000; McCoy et. al., 2001; McCoy et. al., 2002). 

HMB is extracted from the slurry, using a polar organic solvent such as ethyl acetate. 

Once the mixture is allowed to settle into layers, the organic solvent is extracted via a 

decant tube. This procedure may be repeated 2-3 times. Each time the pH must be 

checked, as it tends to increase (McCoy et. al., 2000; McCoy et. al., 2001; McCoy et. 

al., 2002). 

The salt waste contained in reactor 1, is re-dissolved using water and heat under . 

vacuum, then once it has cooled is pumped into the waste tank. The HMB-solvent 

solution contained in the extraction tank is placed under vacuum to recover the 

solvent by distillation and condensation, into the recovery tank (McCoy et. al., 2000; 

McCoy et. al., 2001; McCoy et. al., 2002). 

The HMB crude oil is transferred from the extraction tank to reactor 1 through a bag 

filter, where it is heated under vacuum to 60-70 °C to remove any remaining organic 

solvent via distillation. A sample of this mixture may be checked for remaining 

organic solvent, via high performance liquid chromatography analysis. HMB is 

removed from reactor 1, and stored in tote bags (McCoy et. al., 2000; McCoy et. al., 

2001; McCoy et. al., 2002). 

Reactor 1 is charged with 5000-9000 pounds of ethanol or toluene, stirred by the 

agitator, and heated to 25 °C (McCoy et. al., 2000; McCoy et. al., 2001; McCoy et. al., 

2002). 

The crude HMB is now transferred to the recovery tank, and heated to 30 °C. 500-800 

pounds of calcium hydroxide, calcium oxide, calcium carbonate, or calcium acetate is 

added, slowly, with cooling to maintain the temperature at 30-45 °C. The pH of the 

mixture is adjusted to 6.5-7.0 using calcium hydroxide. Then the recovery tank is 

purged and the temperature maintained at 45 °C (McCoy et. al., 2000; McCoy et. al., 



2001; McCoy et. al., 2002). 

Figure 2: Diagram Showing Relationship of Reactor 1 to the Recovery 

Tank, Extraction Tank, Holding Tank, and Waste Tank (McCoy et. al., 

2000; McCoy et. al., 2001; McCoy et. al., 2002). 

The extraction tank is purged with nitrogen. Celite, a diatomite or cellulose filter 

media, is added to the mixture in the recovery tank. The mixture is filtered using a 

18-inch, 12-tray Hiagara filter, that has been preheated with atmospheric steam. Once 

the filtrate is clear, it is transferred to the extraction tank. The mixture is cooled to 30 

�Cࢣ° , and then seeded with HMB. Seed crystals, in this case already formed HMB 

crystals, decrease the nuclei induction phase, therefore time taken to form crystals, 

also the crystals are often more uniform. The mixture is further cooled to 30 °C, over 

a period of 4 hours, and will begin forming milky, white slurry. The mixture cooled 

to 20-25 °C, over a 4 hour period, then cooled to 0-5 °C over a 2 hour period, and 

maintained at this temperature for an hour (McCoy et. al. , 2000; McCoy et. al., 2001; 

McCoy et. al., 2002). 

Prior to use the centrifuge is purged with nitrogen. An ethanol wash is added to each 

centrifuge batch, and the filtrate waste product disposed of. After centrifugation at 

600rpm, the entire batch is placed in a dryer at 45-50 °C for 24 hours. Once the first 



sample shows a loss of 0.1 % moisture, the batch is loaded into the blender and 

screener. The batch is put through a 600-micron screen to remove lumps, and then 

stored in drums as finished HMB product. This process has an average yield of 0.44 

pounds of HMB for every 1 pound of diacetone alcohol (McCoy et. al., 2000; McCoy 

et. al., 2001; McCoy et. al., 2002). 

Figure 3: Diagram Showing Relationship of Reactor 1 to the Recovery 

Tank, Extraction Tank, Centrifuge, Dryer, Blender, and Screen (McCoy et. 

al., 2000; McCoy et. al., 2001; McCoy et. al., 2002). 

Filter 

Microbial Synthesis of HMS 

Galactomyces reessii has been found to produce HMB from .,8-methylbutyric acid 

(MBA). Up to 40g of HMB per litre has been produced experimentally when pH, 

dissolved oxygen, and substrate concentrations were controlled for (Lee, et. al., 1997). 

A two-step batch-fed fermentation process was used for this HMB production method. 

There were several reasons for this, initially, the Galactomyces reesii culture grows 

more efficiently in a slightly acidic media, but this was found to increase the 



degradation of HMB. The inclusion of MBA in the culture medium was found to 

inhibit culture growth at concentrations of more than 5g/L. The addition of MBA in 

high concentrations was also found to inhibit HMB production (Lee, et. al., 1997). 

The culture media was a Luria broth, consisting of 1 Og yeast extract, 5g tryptone, 1 Og 

sodium chloride, and 1 Og of glucose per litre of broth. The Basel fermentation (GI) 

medium consisted of 40g glucose, 13g ammonium hydrogen phosphate, 7g potassium 

dihydrogen phosphate, 0.8g magnesium sulphate, 3g yeast extract, lg sodium 

chloride, 0.1 g iron(II) sulphate, 0.05g calcium chloride, and 1 OmL of trace element 

solution per litre of media (Lee & Rosazza, 1997; Lee, et. al., 1997). 

The Galactomyces reessii cells were cultivated at pH 6.5, with 28% ammoruum 

hydroxide added to supply nitrogen, for 19 hours. The seed culture is harvested by 

centrifugation and inoculated into the fermentor medium. MBA is added, but kept to 

less than 20g/L. A glucose solution is continuously fed at constant flow into the 

fermentor to decrease the utilisation of HMB as an energy source and increase final 

yield of HMB. Dissolved oxygen (DO) is maintained at 20% air saturation, due to 

HMB sensitivity to DO (Lee, et. al. , 1997). 

The maximum HMB yield produced experimentally was 38g/L after 136 hours, a 

conversion yield of greater than 50% (Lee, et. al. , 1997). 

The conversion of beta-methylbutyric acid to beta-hydroxy-beta-methylbutyric acid is 

thought to be via ft-oxidation. j3-methylbutyric acid is transformed to isovaleryl­

Coenzyme-A catalysed by acyl-Coenzyme-A synthetase. Isovaleryl-Coenzyme-A is 

converted to methylcrotonyl-Coenzyme-A catalysed by acyl-Coenzyme-A 

dehydrogenase. Methylcrotonyl-Coenzyme-A is hydrated to HMB-Coenzyme-A 

catalysed by enoyl-Coenzyme-A hydratase. The final step is the hydrolysis of J3-
hydroxy- j3-methylbutyric-Coenzyme-A to ft-hydroxy- j3-methylbutyric (Lee & 

Rosazza, 1997; Lee, et. al., 1997). 



Figure 4: The Proposed Biosynthesis of HMB from MBA by the Micro­

organism Galactomyces reesii (Lee & Rosazza, 1997). 
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For this method of HMB synthesis to become commercial, strains of Galactomyces 

reesii that utilise larger amounts of leucine, or alpha-ketoisocaproic acid as substrate, 

and decreased HMB degradation during this process, would be required (Lee & 

Rosazza, 1997). 



Other Methods of HMB Synthesis 

Throughout the years several other methods of HMB synthesis have been proposed to 

try to improve the economic processing on a large scale, increase the yield of HMB 

(Nissen, 2000), and decrease the production of large amounts of environmentally 

undesirable waste products (Lee, et. al., 1997). However the most common synthetic 

process for the production of HMB for the use of animal or human supplementation 

appears to be the methods described above using diacetone alcohol ( 4-hydroxy-4-

methyl-2-pentanone) as the substrate, and various catalysts and large scale reactor 

designs. Several patents describing alternative methods of HMB synthesis have been 

reviewed below. 

Patent U52650936 

In the year 1948, a patent was filed by Schmidt & Wuppertal-Vohwinkel in Germany, 

shortly afterwards in 1953, the patent was filed in the United States. The patent was 

titled 'Preparation of Hydroxy-Carboxylic Acids'. This patent describes the synthesis 

of polyhydroxymonocarboxylic acids via the oxidation of reducing sugars with 

oxygen and air, in an alkaline solution, to produce a polyhydroxymonocarboxylic acid 

with one less carbon atom than the substrate. Yield is increased with the use of 

catalysts nitrobenzene, p-nitrobenzoic acid, m-nitrobenzoic acid, o-nitrobenzoic acid, 

and o-nitrophenol. The process has been described in detail below. 

Approximately 150g of saccharose sugar are dissolved in 1200mL water. 

Hydrochloric acid is added to invert the solution. With addition of the catalyst (see 

examples of catalysts used, above), the solution is poured into a 75mm vertical glass 

tube. Oxygen is introduced via a clay filter candle at the bottom of the glass tube. A 

funnel at the top of the glass tube is used to add 14 7 .5g potassium hydroxide mixed 

with 950mL water, drop-wise for a 2 hour time period. Due to the exothermic nature 

of this reaction, the temperature of solution increases and is maintained at 40-42 °C. 

Oxygen is passed into the glass tube for a further 2 hours, then air for a period of 4 

hours (Schmidt & Wuppertal-Vohwinkel, 1953). 



Titration may be used to test how the oxidation has progressed. Once oxidation is 

complete, the solution has the pH neutralised with glacial acetic acid, and decreased in 

volume in a vacuum. Potassium arabonate is formed and crystallises out of solution. 

Further potassium arabonate may be crystallises out using a methanol wash (Schmidt 

& Wuppertal-Vohwinkel, 1953). 

The final products obtained have melting points between 215-220 °C. Good yields are 

obtained with the conversion to calcium arabonate using calcium oxalate, thereby 

decreasing the production of by-products. Any residual catalyst remaining in the final 

product, not removed with the methanol wash, may be removed using animal charcoal 

(Schmidt & Wuppertal-Vohwinkel, 1953). 

Patent GB647094 

Meanwhile a patent was filed in England titled 'Improvements in and Relating to the 

Manufacture of Isovaleric Acid', by applicants Bing and colleagues, in 1950. This 

patent described improvements to be added to the method of synthesis of HMB to 

increase the yield, and decrease production of isomer by-products. This method of 

production of HMB (termed isovaleric acid in this patent), used the substrate methyl 

isobutyl ketone which has a high level of purity, and produces a high yield of 

isovaleric acid, and the useful by-products chloroform or bromoform. The theoretical 

yield of this synthesis method is 55-60% isovaleric acid with up to 60% chloroform or 

bromoform by-product. 

Methyl isobutyl ketone oxidation is catalysed usmg a solution of alkali metal 

hypohalite such as alkali metal hypobromite, or more preferably, alkali metal 

hypochlorite. Or by treating a suspension of methyl isobutyl ketone, in aqueous alkali 

with bromine, or more preferably chlorine. External cooling is used to keep the 

temperature low during the addition of the alkali metal hypochlorite (Bing, et. al., 

1950). 

The aqueous layer containing the isovalerate alkali salt is separated from solution. If 

an alkali metal hypochlorite is added to methyl isobutyl ketone, or chlorine is used to 



treat a suspension of methyl isobutyl ketone and sodium hydroxide, the upper 

chloroform and unreacted-reacted ketone layer is separated by distillation at a boiling 

range of 110-120 °C. If bromine is used to treat a suspension of methyl isobutyl 

ketone and sodium hydroxide, the lower bromoform layer is drawn off (Bing, et. al. , 

1950). 

Isovaleric acid is further separated via concentration and acidification with dilute 

sulphuric acid, then distillation at boiling range 170-180 °C (Bing, et. al., 1950). 

Specific examples of catalysts and temperature ranges used have been given in this 

patent, but it is not necessary to cover this process in such detail for this thesis (Bing, 

et. al. , 1950). 

Patent JP8198800 

In the year 1996, a patent was published in Japan by Kunio and Takashi, titled 

'Production of 3-substituted-3-methylbutanoic acid'. This patent outlined a process of 

synthesising HMB using an inexpensive substrate and catalyst, producing a high yield, 

for use as an intermediate in perfume, medicine, agro-chemical and other chemical 

production. 

The substrate 3-hydroxy-3methylbutanol is oxidised with oxygen in the presence of 

water, and a platinum- or palladium-based catalyst to produce 3-hydroxy-3-methyl 

butanoic acid. The catalyst is prepared by supporting platinwn or palladium and 

another metal, for example lead or tellurium on a carrier of active carbon or alumina. 

The reaction is carried out preferably at 70-90 °C and preferably in a 1-1 Okg/cm2 

oxygen gas atmosphere (Kunio & Takashi, 1996). This patent also discusses the 

preparation of 3-methyl-3-methoxybutanoic acid from 3-methyl-3-methoxybutanol 

using the same procedure, but this is not relevant to this thesis. 



Patent .JP9087270 

A year later in 1997, Kunio and colleagues filed a second patent also titled 'Production 

of 3-substituted-3-methylbutanoic acid'. lbis patent outlined a different process to 

synthesise HMB, required as an intermediate in the manufacture of chrysanthemum­

monocarboxylic acid ester for use as an insecticide. 

The substrates used are 3-hydroxy-3-methylbutanal and/or 3-methoxy-3-

methylbutanal, and are reacted with a hypochlorite such as sodium hypochlorite in the 

presence of an N-oxyl compound for example 4-benzoyloxy-2,2,6,6-

tetramethylpiperidinyloxy at a temperature of 5-30 °C. The pH of the reaction mixture 

may need to be adjusted based on the substrate used, and is achieved by the addition 

of a salt such as potassium dihydrogen phosphate (Kunio, et. al., 1997). 



Appendix 14 

6.14 Correspondence 

thomson jasmine 

From: 
To: 
Sent: 
Attach: 
Subject: 
Jasmine: 

"Steven L Nissen·  
"thomsonjasmine· 
Thursday, 23 May 2002 1 :50 
Meta-analysis manuscript AJCN.doc 
HMB Research 

Thanks for your letter. Depending on the amount needed I can provide you with pure HMB either 
as a powder or in capsules. We also have placebo capsules. All I require is a completed 
protocol. 

This product is of the highest grade and is what is used in the commercial product. All the safety 
studies have been done with this product. As far as published safety data, the J of Nutrition 
article published about at year ago is the most up to date. A summary is on the HMB web site­
HMB.org. I can send you a hard copy is you provide your address. 

Lastly, are you sure you want to study HMB alone? There are 9 studies published on HMB in 
weight lifting already. The novelty of your study may be with trained subjects but that has also 
been done. I have attached a paper that is now being reviewed that summarizes all types of 
supplements in weight lifting that may give you a better picture. 

I would look at adding something to HMB to examine the synergistic effects on muscle gains. We 
have some basic data (in vitro) to suggest that HMB and leucine may have some synergism. If 
this would be of interest again we could provide the treatments and placebo (may have to be a 
drink). 

Let me know what you think. 

Steve Nissen 



thomson jasmine 

From: 
To: 
Sent: 
Subject: 
Jasmine: 

"Steven L Nissen·  
"thomsonjasmine· 
Thursday, 30 May 2002 11 :28 

I am absolutely positive there is not am manufacturer of HMB in Australia. There are several 
companies that sell HMB but it is mostly imported from China and almost all of it is poor quality. 
In addition I am not sure you will get a good purity answer from an independent labs that are not 
familiar with the procedure for analysis. Our labs use a combination of HPLC, NMR, and GCMX 
as well as heavy metal analysis on all samples to assure purity. This is the only way to be sure. 
If you wish we can analyze the sample for you. 

I assure you it will be no problem importing HMB from the US we have collaborated on many 
studied around the world will little difficulty. 

Good Luck 

Steve Nissen 

thomson jasmine 

From: 
To: 
Sent: 
Subject: 
Jasmine: 

"Steven L Nissen· <  
"thomsonjasmine" 
Thursday, 30 May 2002 11 :28 

To make thinks clear. Metabolic Technologies (MTI) has a licence from Iowa State University to 
market HMB world wide. Iowa State has patents in most parts of the world that protect the use of 
HMB by anyone other than MTI. Thus there is no legal source of HMB in the world other than 
through MTI. All other products are unlawful. Iowa State has taken legal action against several 
companies-some of which are in Australia to curtail unlawful use. 

S to summarize, anything that is sold or manufactured outside of this patent license cannot be · 
trusted. MTI is therefore the only company in the world that is licensed to manufacture and 
distribute HMB. The manufacturer of HMB varies but both the current manufactures are making 
HMB at the pharmaceutical level of purity. 

I know you don't need to know all the details of the business structure on HMB but I hope- this 
gives you an idea of how the process works and why I am concerned that you don't provide test 
subjects with something that will harm them. I hope this helps. 

Steve Nissen. 



YMCA North Shore 
5 Akoranga Drive, Northcote, Auckland 9 
Tel: (09) 480 7099 Fax: (09) 480 7099 

Head Office: YMCA of Auckland Inc. 

YMCA 
Private Bag 92150, Auckland, New Zealand. 
Tel: (09) 303 2068. Fax: (09) 377 6770 
E-mail: northshore@nzymca.com 

Fitness & 
Recreation: 

Website: www.nzymca.com 

2 October 2002 

To whom it may concern: 

Re: Jasmine Thompson 

This letter is to confirm Jasmine Thompson and client will be using YMCA North Shore 
Fiintss Cc::ntre free of l:harge during the following times: 

Mom - Fri 12 noon - 4pm 
Mon - Thur 7pm - 8.30pm 

Jasmine is from Massey University and will be conducting specific exercises for study 
purposes only. 

Yours sincerely / 

_./ ~~-.,.A . 
/. ... - r/f/ ' 

c._------ -. 
Shirley McKain 
Fitness Centre Manager 

We Build Strong Kids, Strong Families, Strong Communities 

• Auckland 303 2069 • North Shore 480 7099 • Ellerslie R Centre 579 4716 • Glen Innes Fitness Centre 527 3260 
• Lynfield Recreation Centre 627 1642 • Massey Le;,,. •<11J .,•111 t! o,jj 8100 • Mt Albert Recreation Centre 846 0788 
• Tepid Baths 379 4745 • Hamilton City Leisure Cenm ,38 2529 

Accommodation : • Hostel 303 2068 • Mt Ruapehu Chalet 480 7099 

Camps: • Camp Adair, Hunua 292 4886 • Shakespear Lodge, Wnangaparaoa (09) 424 7 111 • Waiwera Lodge (HBC) (09) 424 7111 
Pools: • Glen Innes Aquatics Centre 527 3260 • Point Erin 376 6863 • Tepid Baths 379 4745 




