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ABSTRACT 

Four well-trained subjects worked for fifty 

minutes of every hour for six hours on a bicycle ergometer 

at loads requiring about 30 per cent and 50 per cent of 

the subjects maximal aerobic capacity. Subjects were 

studied when they received only water and again when they 

were fed 100 g and 200 g sucrose at the beginning of the 

fourth hour of work. The physiological responses of the 

men given the mid-shift feed of sucrose were compared with 

those obtained when no sucros e was fed . 

Tho re cpiratory quotients of men who received no 

sucro se during six hours at the two work loads, showed 

a continuous decrease in carbohydrate metabolism from 

70 per cent in the first hour to 30 per cent at the end 

of the sixth hour. This decrease in carbohydrate 

metabolism and corresponding increase in fat metabolism 

was accompanied by a continuous rise in oxygen uptake and 

heart r ate . Physiologically, these subjects exhibited 

relatively moru st r ain and were mechan ically less 

efficient at t he end of Lh0 work period than they were 

at the ot· :rt . 

~1en the sume subjects received a mid-shift feed 

of 100 g or 200 g sucrose at the end of the third hour 

of the work period , they displayed a significant increase 

in carbohydrate metabolism as shown by the higher 

respiratory quotient. This was associated with a lower 

rate of oxygen consumption and heart rate than in the 

fasting state . Subjects were mechanically more efficient 



at the higher work load and also showed less circulatory 

strain as evidenced by the lower heart rate and higher 

stroke volume. 

The best results were obta ined when 100 g sucrose 

was administered as a mid-shift feed, the extra ·benefit 

obtained with a feed of 200 g being small. Subjects 

working at the higher rate benefited more than men 

working at the lower rate. 
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CHAPrER 1 

1.1 INTRODUCTION 

According to Huxley's sliding filament theory for 

muscular contraction, actin and myosin filaments overlap 

and slide with the help of cross-bridges (61). The 

immediate available energy source is adensine triphosphate 

(ATP) which is hydrolyzed by myosin ATP-ase, yielding free 

energy for mechanical work. The concentration of ATP in 

muscle is limited, being, about 2,43 mmoles/1OO g of 

dry tissue (59). With thes e low ATP levels it becomes 

necessary for the enerey-producing metabolic processes in 

the muscle cell and other energy reserves to provide a 

continual replenishment of the ATP if contraction is to 

continue for any length of time. 

Immediate re-synthesis of ATP takes place by trans~ 

phosphorylation of phosphocreatine (PC) catalized by 

creatine phosphokinase, or from adenosine diphosphate 

(ADP). These two processes represent a significant 

source of ener gy for the contractile process. However, 

the concentratlon of PC in muucle io limited, being only 

about three times that of ATP in human muscle (59). 

During prolonged -work of heavy intensity, this energy 

store is expended almo t completely. 

It is well established that under conditions of 

adequate nutrition, the energy required for the re­

synthesis of ATP in the muscle during exercise, all 

comes from the oxidation, of the fat and carbohydrate 

reserves of the muscle itself or from those suppli ed to 



it by the circulatory system. However, the bulk of the 

ATP produced from both of these substrates comes from a 

single oxidative pathway, the Krebs cycle and the related 

electron transport system. The only differences between 

the oxidation of carbohydrates and fats are the methods by 

which the original substru.te , namely, glucose, glycogen, 

triglyceride or free fatty acid (FFA) i fed into this 

pathway and the amount of ATP produced per unit weight of 

the substrate. Both fat and carbohydrate participate in 

energy metabolism during exercise, but the proportions of 

energy derived from these two sources at different phases 

of exercise and at different levels of effort are not well 

established. 

Chri0tensen and Hansen (28), and Courtice and 

Douglas (33) provided indirect evidence that the proportion 

of energy for muscular work from the oxidation of fat 

increases during prolonged exercise while the subject is 

fasting. This conclusion was based upon an observed fall 

in the respiratory quotient (RQ) over the work period. 

The results of these earlier investigations have recently 

been confirmed by the application of radioisotope 

techniques (51,52,64,65,66,67,84,85,92,107). 

Measurement, by means of muscle biopsy, of the 

amount of glycogen in working muncle has shown that the 

glycogen stores a.re depleted by prolonged heavy exercise 

(17,18,19,55,58). Moreover, the capacity to continue 

strenuous exercise is affected when the glycogen stores 

are depleted. 

2. 



Studies have been made to determine whether the 

proportions of energy for muscular work from carbohydrate 

and fat sources can be altered by different dietary 

regimes and whether the subjects will benefit from these 

dietary regimes . Havel et al . (52) have reported a 

decreased mobilization and oxidation of FFA after 

ingestion of sucrose during exercioe. Data obtained by 

Bergstrtsm et al. (17) indicated that the glycogen content 

of muscle after exhaustive work was reotored to higher 

values by a carbohydrate-rich diet than by a high-fat or 

high-protein diet. The length of time that men can 

endure exhaustive work after three days on these differe·nt 

dietary regimes, is very significantly greater after the 

carbohydrnte-rich diet. Whether the proportions of 

energy ~or muocular work from carbohydrate and fat 

sources could be altered by a mid-shift feed of sucrose 

and whether the subjects will benefit from such a 

practice, is not known. 

of this study. 

This question forms the basis 

1.2 Statement of the problem 

The Bantu worker does most of the heavy muscular 

work in industry in South Africa. Following tradition 

. and personal choice he ho. one l arge meal in the late 

afternoon after work. From this it can be assumed that 

hi:.:; cnrbohydrate reserves would be depleted after three 

to four hours of physical work and that the energy for 

muscular work in the latter part of the shift would be 

obtained predominantly from the fat stores laid down 

3. 



during the previous 12 hours. The question has been 

raised as to whether a pre-shift or mid-shift feed of 

carbohydrate would improve their ability to do prolonged 

mus cular work. This would be s o only if the ingested 

ca rbohydrate i s nbs orbeu and meta boli sed during the shift. 

In order to examine t his que s t i on, respiratory quotients, 

which give some in<.lic 11tion o.f whether ca rbohydrates or 

fats are predominantly metabolis ed, were measured during 

a six-hour period of work in f asting men and men fed a 

mid-shift feed of 100 and 200 g of sucrose. Two work 

rates which gave oxygen consumptions of 1,0 and 1,5 

litres/min were chosen. These were equivalent to 

moderate and hard rates of work, respectively . 

1.3 Limitations of study 

Four well-trained Btintu subjects were used in the 

study reported on here. It is poss ible that their 

reactions might be di f fer ent from those of less-trained 

or unfit i ndivi duals performing similar exercise under 

the same conditions. 

The r es ul ts were obtained under comfortable temperature 

conditions, which does not necessarily mean that they would 

be the same in ext reme t emper a ture s ituations. 

I nsulin concent r ation in blood after s ucrose 

admi nistration was not moanurod nnd i t i s therefore not 

poosible to deter mine t he role played by insulin during the 

early rise in the RQ. It i s also not known whether the 

increased RQ was caused by the administered sucrose 

directly, or indirectl y by enhanced utilization of 



endogenous carbohydra te s timulated by a possible "insulin 

response". 

Significance of the study 

Some metabolic adaptations that occur in well-trained 

subjects performing prolonged moderate exercise under 

comfortable temperature conditions are illustrated. The 

metabolic responses of these subjects were determined while 

they worked for six hours receiving only water, and again 

when a sucrose solution was administered by mouth at the 

end of the third hour of work. The significance of the 

differences between the results of the sucrose and no­

sucrose experiments is discussed. 



CHAPTER 2 

SURVEY OF THE LITERATURE 

To determine the effect of sucrose administration on 

carbohydrate and fat metabolism during prolonged exercise 

at moderate and hard rates o:t' work, it was necessary to 

evaluate the metabolism of carbohydrate and fats during 

the exercise period. For this purpose, heavy reliance 

was placed on the respiratory quotient and it was therefore 

decided to carry out an extensive review of the literature 

of the respiratory quotient during work, and of all possible 

factors affecting it. 

Until about 15 years ago, carbohydrate was thought 

to be the only source of energy available for the working· 

muscle. The utilization of fat as a source of energy was 

thought by many to involve, first, a conversion to 

carbohydrate (44). However, recent evidence suggests 

that the plasma free fatty acids are an important source 

of fuel for muscular work. 

The relative amounts of carbohydrate and fats 

oxidized during muscular exercise can be determined from 

the nonprotein RQ during the steady state of exercise. 

This ratio is determined from the carbon dioxide (CO2) output 

Md oxygen (02) uptake aft r subtraction of the small amounts 

of CO2 nd o2 that a.ro connoc-t d with prot o.Ln metabolism. 

Ar; cnrbohydrate i s oxl d:lz d with an RQ of 1,0 and fat with 

a.n RQ of 0,7 the RQ vnlue of mixtures of carbohydrate and 

fat can be calculated. ThiD principle was formulated by 

6. 



Zuntz (108) and tables for this determination were modified 

by Lusk (74,75). 

Careful determination of RQ during muscular exercise 

have shown that the value of this ratio in exercise depends 

ma inly on three factors: 

a) The diet of the subject 

b) The intensity of the work and 

c) The duration of the work 

These will be considered separately. 

2.1 RQ and diet 

Early in this century, Zuntz (108) published results 

of experiments showing that the diet could influence the 

metabolism of the muscles. During mild exercise performed 

after a diet extremely rich in fat he found RQ values which 

suggested an almost exclusive fat oxidation. In 1920 

Krogh and Lindhard (73) studied changes in the RQ under 

various conditions ,of diet and exercise. They suggested 

that both at rest and during work, the proportion of fat 

and carbohydrate metabolised might be a function of the 

available supplies of these substrates. 

Benedict and Cnthcnrt (16) reported a considerably 

higher RQ during n. prelimin· ry rest-period in one subject 

on a carbohydrate-rich diet compurod to a control on a 

ce.rbohydr te-low diet, nnmely 0,85 u.n compn.red to 0,79. 

They stated: 

"During the perlods with muscular work, there was a 

mnrked increase in the respiratory quotient with 



both diets which was somewhat greater with the 

carbohydrate-rich diet." 

8. 

Christensen and Hansen (26-30) in an extensive and 

exacting series of inves tigat ions studied subjects engaged 

in exercise of such intensity that the metabolic processes 

were essentially aerobic. In subject living for almost 

a week on an extremely high fat diet, where less than 

5 per cent of the caloric intake was derived from carbo­

hydrate, RQ was low throughout the work period of about 

1,5 hours. They calculated that ~bout 70-99 per cent of 

the energy was obtained from fat metabolism. In subjects 

living on a carbohydra te diet, where 90 per cent of the 

food calories were derived from carbohydrate, RQ was high 

and it was estimated that 70-75 per cent of the energy was 

derived from ca rbohydrate. 

Iesekutz et al . (63 ) in an investigation using subjects 

+iving on four different diets and exercising at light work 

loads for 20 minutes, measured RQ during rest and work 

over a p() .r'od of to 70 dFJ.yo . Subjects receiving 

diets conta ining about 65 per cent carbohydrate had higher 

basal and working RQ's compared to those receiving diets 

containing 30 to ~.,- per cent carbohydrate. A reduction of 

the protein intake which caused a 50 per cent decrease in 

the oxidation of protein, did not cause any consistent 

chnng in the basal metabolic RQ or in the work RQ compared 

with th diet rich i n carbohydrate . 

Pruett (87 , 88 ) studying the effects of three different 

diets, namely , diets containing± 25 per cent,± 60 per 



cent and 87 per cent carbohydrate, showed that subjects 

on the high carbohydrate diet had h i gher working RQ ' s at 

both 50 per cent and 70 per cent of the maximal aerobic 

capaci t y compared with those on high fat diets. Exercise 

was performed until exhaus tion and lasted from 270 to 330 

minutes . 

Bergatr~m et al. (17 ) stud i ed the effects of three 

different die t s on t he r e- synthesis of muscle glycogen 

stores. Muscle glycogen stores were first depleted by 

exhaustive exercise at about 75 per cent of the subjects 

maximal oxygen uptake . Different subjects were then put 

on one of thr ee diets , i. e . mixed, protein- and carbohydrate­

rich diets f or three days and were then re- tested . The 

muscle glycogen averaged 1 ,75, 0,63 and 3,31 g/100 g wet 

muscle after t he mixed , protein and carbohydrate diet , 

respe ctively. Subjects who received the mixed and high 

carbohydr a te diet s , had significantly higher RQ's both at 

rest and during exe~cise compared with subjects who received 

the protein diet. 

Fasting had been shown to be associated with a 

decline in RQ' s in working men (54 ) . Henschel et al. 

studied four men walkin on a motor- driven treadmill a t 

ltbout 55 p r cent of Lhcl 1· mnx.imnl u rohic capacity for 

one hour euch day during :t throL:- da.y l'a•1ting period. A 

signific nt decline in RQ was observed during the three­

day fasting period . 

It is thus clear f r om t he literature that diet is a 

very important f actor influenc ing RQ. I ssekutz et al . 



(63) found that it is the amount of carbohydrate rather 

than the amount of f at in the diet which determines 

whether fat or carbohydrat e is the preferred fuel. 

2.2 RQ and intensity of wo rk 

10. 

Benedict and Cathcart (16 ), summarizing their results 

of s tudie s to inves tigate RQ during varying work intensities 

on a bicycle ergometer , otat cd : 

"Our final conclusion mu□ t be, therefore , that the 

more severe t h mus cular activity, the heavier is 

the draft upon the carbohydrate material in the 

body ." 

Chris tensen and Hansen ( 30) demons trated that the 

RQ was , among other things , ,1ls o dependent on the intensity 

of work. With inc.reasing intensity of exercise, RQ 

increased and approached unity. This means that, as work 

became heavier , carbohydrate delivered an increasing 

percentage of the energy. At near maximal work loads, 

RQ is usually above 1 ,0 (26,94 ,102) and values of 2,1 have 

been reported (78). The results of Christensen and Hansen 

have recently been confirmed by Isnekutz and Rodahl (69) 

as well RS by Herm nsen et a • (55 ). 

Several explanations have been proposed for the high 

RQ during heavy exercise . One explanation is that as work 

becomes more difficult, more energy is produced by anaerobic 

breakdown of glycogen in the muscles (8,56,71,96,104,106) . 

The lactic acid produced is oxidized with an RQ value of 

1,0, either in the working muscles themselves or elsewhere 

in the organism . Another expl nution is that during heavy 



11. 

exercise, with the production of lactic acid, pH shifts to 

the acid side and hyperventilation results. It therefore 

seems likely that the increase in RQ during heavy or near 

maximal exercise is partly or entirely due to an imbalance 

between the formation and. elimina.tion of acids (particularly 

lactic acid) and to their reu.ctlon with the bicarbonate pool 

of the body. Issekutz and Rodahl (69) found that the RQ 

after 3½ to 4 minutes of work, correlated with the changes 

of lactic acid level in blood. Robinson (94), after 

investigating the physical work capacity of different age 

groups, pointed out the parallelism between RQ and blood 

lactic acid level found during maximal work in adult men . 

The rise of blood lactate level and the decreas:e of 

blood co2 concentrntion observed during the first five 

minutes of exercise led Chri ntensen and Hansen to the 

conclusion that the work RQ could be used in metabolic 

studies only if the blood CO 2 and lactic acid concentrations 

reached a steady state after 10 to 30 minutes of exercise, 

depending on the rate of work performed. 

~Q and duration of exercise: 

An inverne rolo.tionnhip exists between work intensity 

and duration of exercj_oo and from tho previous s ection, 

thia su gents ti dlrect r .Rtton.hip between work intensity 

and RQ. 

In Christensen and Hansen's experiment (27) the 

relative work load was around 60 to 70 per cent of the 

maximum aerobic capacity, and the RQ dropped from 0,88 

to 0,80 during 180 minutes of work. The same tendency, 



with a decreasing carbohydrate combustion as work proceeded, 

was reported by Saltin and Stenberg (97), when they found the 

RQ dropped from 0,91 to 0,86 during 3 hours exercise at a 

relative work level of 72 per cent. 

Courtice and Douglas (33 ) studied the effects of a 

10 mile walk at a. rate of 4,'.? mils per hour on themselves. 

They concluded: 

"In the pout-absorptive subject who had previously 

been living on his normal diet it is shown that the 

respiratory quotient during the work rises somewhat 

above the preliminary resting value in the early 

stages and falls gradually as the work continues, 

and that these changes cannot be ascribed to the 

accumulation of excess lactic acid in the blood, 

to rise of body temperature, to a material degree 

of change in the CO 2 combining power of the blood, 

or to a developing ketosis. It is therefore 

concluded that the respiratory quotient under the 

conditions of the experiments can be taken as an 

index of the materials oxidized in the body, 

implying that during the course of the work about 

100 gm of carbohydrate were used and that as the 

work continues there is a substantial alteration 

in the ratio 01' cu.rbohydrn.te to fat metabolized.," 

Irma Ast r and ('/) studied four subjects while working 

for six hours of effective work at 50 per cent of their 

maximal aerobic capacity. Respiratory quotient decreased 

about one unit (0,1) during the work period. 



Pruett (87,88), studying the effects of three 

different diets reported a lower RQ at the end of work as 

13. 

compared to RQ values at the beginning of work. Subjects 

received standard, high fat and high carbohydrate diets 

for 14 days and they worked for six hours or until 

exhaustion at 50 per cent and 70 per cent of their maximal 

a erobic capacities. 

Olsson (82) studied three subjects during 11,5 hours 

of effective work time, pedalling a bicycle ergometer at 

54 per cent of the individual aerobic power. RQ declined 

about 1 unit (0,1) during the first 5 hours, after which it 

remained constant. 

Havell et al. (52) also showed a decline in RQ in 

subjects walking at 3 to 4 miles per hour on a treadmill. 

The work required an oxygen uptake of 1,0 liter per minute 

and was performed for 2 hours. Ahlberg in a study 

requiring &bout 50 per cent of the maximal oxygen uptake 

of the subjects, also observed a decline in RQ during the 

hour of exercise (1). 

Bergstrom et al. (17), and Hultman (58) confirmed 

the observations of other workers who reported a decline 

in RQ during prolonged exercise at 70-75 per cent of the 

m, xiruwn aerobic power. The decline in RQ had also been 

ob ... 1 rvetl n dogs running for periods of four hours on a 

treadmil l (6~,, 66, 67, 85). 

Little i nf o rmnt.Lon o nvn.ilable rega rding the RQ 

during prolonged exer cise at i ntenoities above 75-80 

per cent of the maximal aerobic capacity. Hedman (53) 



found that during cross-country skiing for 150 minutes at 

constant speed with a relative load of 82 per cent,RQ was 

essentially constant from start to finish. Hermansen 

et al. (55 ) presented results of a study with relative 

work loads of 76 and 79 per cent that supported the 

findings of Hedman. Hermansen concluded: 

"It is highly probable that at high relative work 

loads with RQ' s around 0,9, the glycogen stores 

in the exercising muscles is decisive for maximal 

work time." 

Prolonged exercise at work intensities of up to 75 

per cent of the maximal a erobic capacity, is associated 

with a dee ine in RQ with time. Exercise at levels above 

75 per cent maximal aerobic capacity is cha racterized by 

an unchanged RQ with time. This observation is inter­

preted as an inability o:t' tbe muscles to substit ute 

carbohydrate with fat (55) when working above a certain 

level. 

2.4 Other factors influencing RQ 

(i) Training : Well-trained subjects, having high 

aerobic power expressed as ml x kg x min, have 

a lower RQ not only at the same absolut e, but 

also nt the same relative work l oads as compared 

to subjects with low maximal oxygen uptakes 

(27). Hermansen (55), also in a cross ­

sect ional s tudy, report ed a lower RQ in trained 

as compared to untrained subjects performing 

exhRustive exercise a t 77 per cent of their 



maximal aerobic capacity. The same general 

type of response is obtained in subjects 

studied before and after several months of 

physical conditioning (96). 

(ii) Insulin: Insulin administration to the fasting 

normal org nism re ~ults in variable changes of 

small magnitude in the re □piratory quotient 

(47, 76, 90) . Insulin plus sugar causes a 

more abrupt and more pronounced rise in the 

RQ than does sugar alone. Courtice and 

Douglas (34,35) showed that an intravenous 

injection of 1 to 2 units of soluble insulin 

caused the RQ to rise± 0,1 during rest and 

exercise. 

(iii) Adrenaline: ·Dill, Edwards and de Meio (40) 

found that a subcutaneous injection of 0,5 to 

1,0 mg adrenaline during muscular work increases 

the HQ and the concentration of glucose and 

lactic acid in the blood, and concluded that 

the rise of the RQ i s ma.inly due to an increase 

in the proportlon of co.rbohydro.te oxidised. 

Courtice, Doue;lae n.nd Pri Dtley ( '34 ) studied 

the eff ect of a s.i.ngle subcutaneous injection 

of 0. 5-1.u mg n.dronaline in .two subjects during 

light and moderate muscular exercise. 

They stated: 

"The changes of r espiratory quotient, when 

followed in detail, appear to depend on the 
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accumulation and subsequent disappearance of 

excess lactic acid , and afford no evidence that 

there is an enhanced oxidation of carbohydrate 

in spite of the long maintained rise of blood­

sugar concentration . n 

Adrenaline i e known to be a very potent stimulator 

of gly-cog nol,Yeio, which in t urn will r esult in 

accumulntion of gl uco s e-6-phos phate. The latter 

inhibits hexokinas e powerfully (36). This 

inhibition of the hexokinase system has been 

held responsible for the reduced uptake of 

glucose from the blood and explains the hyper­

glycemia observed after adrenaline injection. 

(i v) Ni cotinic Acid : Nicotinic a cid (NA) has been 

shown to decrease the rate of mobilization of 

FFA at rest and t o inhibit 1..he j_ncrea snd 

mobilization which normally occurs when f asting 

subjects exercise (21) . Subjects who received 

NA during exercise or rest, had higher RQ's 

compured with subjects who did not receive 

nicotinic acid (21). The rise in RQ and fall 

in plasma concentr tion of 6lucose suggest that 

increased oxida tion of carbohydrate occurred in 

associa tion with decreas ed ava ilability of energy 

from FFA . Pn.u ot nl. (85) worki ne; on dogs 

confirmed thet:u ro nul t s . 'rhey found hat 

Na- nicotina t e decrea s ed t he t urnover r a t e and 

oxidation of plasma fr •o f n Lty ac i ds , ~nd 
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increased the RQ and rates of turnover and 

oxidation of plasma glucose in normal dogs 

running on a treadmill. Bergstrom et al. (19) 

studied t he effect of intravenous administration 

of NA on metaboli□m of muscle glycogen in man. 

The decre1we in glycogen content of the 

quadriceps fo rnorio muscle, induced by exercise, 

as determined in muscle biopsy specimens , was 

significantly larBcr after dmini st r ation of 

nicotinic acid than in the control studies. 

The RQ was significantly hicrher during prolonged 

exercise after admini stration of NA compared to 

the studies without NA. 

Ingestion of ca.rbohydrate : 

a) Resting experiments: 

Bachmann and Haldi (12) reported increased RQ's 

in resting subjects who ingested 50 g of glucose 

or fructose or 25 g of ea ch sugar. Edwards et al. 

(42) studied the effects of the ingestion of 50, 

75 or 100 g of glucose, fructose or galactose on 

the re spiratory quotient over a period of four 

hours in t wo re s ting normal men . All three sugars 

caused a. sign·ficant in.ere e iu RQ. 

Salt zman and Sn.lzano (9 ) otudied the effect of 

curbohydrn te inge(1tj_on. ( 930 kcal ) on respiratory 

gas exchange :Ln f l ve :re:,ting normal men. They 

confirmed the obs e.rvnt ions of Carpenter and Lee 

(22) on one sub ject , namely , that RQ is increased 
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by ingest ion of carbohydrate . 

b) Work experiments : 

Courtice and Douglas (33) reported a 

significant increase in the RQ in Courtice 

after ingestion of 100 g sucrose 4 hours after 

a 10 mile walk at '1 , 5 milco p'r hour. The 

same author also reported :1. l1iither RQ for 

themrielvcs durin0 a 10 mil wnlk as compared 

to a similar wa .k wi thoui, carbohydrate ingeot J.on . 

The walk was atarted 80-110 m·nutes after the 

inges tion of either 50 g elucos e or fructose 

mixed with 20- 40 g of bread. 

Wrightingt on (105 ) showed that a sugar load before 

the wo r k may influe nce the work RQ. I ssekutz 

(63) reported tha t inge tion of 100 g glucose 

two hours before exercise rcquirint; nn 0xy. en 

uptake of about 1 , 0 l iter per minute , cnuoed 

an increase in the exercise RQ. 

Havel et al . (52) , runong oth er phy iolo ,•ic al 

p, rameters, measured RQ in two subje cts 

receiving 25 g of sucrose every half hour and 

in four othe r sub jects r eceiving only water 

during a two- hour walk on a treadmill requiring 

about 1 lit er o2 pe r minute. Subjects who 

rece i ved sucro·1e had hi her R.Q ' s during and 

aft r t he wo rk pn r·lod :uJ compared to subject s 

receiving only wa t er . 

I s sekutz et al . (67) , studying the oxidation of 
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glucose during continuous glucose infusion in 

dogs running on the treadmill for four hours, 

reported an enhanced glucose utilization and 

higher RQ's as compared to dogs not receiving 

glucose infusions. 

Lactic acid and hyperventilation: 

Robinson (94) po inted out the parelleliom 

between the RQ and blood lactic acid level 

during maximal work. Issekutz found that the 

RQ after 3½ to 4 minutes of work correlated with 

the changes of lactic acid level in blood (69). 

This increase in blood lactic acid will displace 

carbon dioxide from blood bicarbonate with the 

result that there will be a loss of non-metabolic 

carbon-dioxide in the blood resulting in a non-

metabolic RQ. Hyperventilation either voluntarily 

or secondarily will also result in a loss of co2 
from the blood, r esulting in a high non-metabolic 

RQ. 

The effect of carbohydrate ingestion on the 

interrelationship between blood lactic acid and 

RQ in men during rest have been studied and 

reported on by several workers (12,42). 

The significance of RQ du:ring work 

RQ hns been shown to be v·iriable both in rest and 

oxo-rc · e • Many factors affect the RQ, some of which are 

non-motabolico Great cnution ::ihould therefore be used in 

the interpretation of RQ nnd situations where the validity 



20. 

of the RQ could be que s tioned, should be avoided. If 

carefully applied and interpreted a s shown by Christensen 

and Hansen (26-30) RQ provides a valid indica tion of the 

rela tive proport i ons of fat and carbohydrate used by the 

mus cl es during exerc i se. They concl uded, on the basis of 

measurement of CO 2 and lactate cont ent of the blood that 

a f t er 10 to 15 minutes of exerc i s e tltc HQ val ues at high, 

but not max 1mwn, work levels e;o.v n n. t ru " :repres entation of 

the fuels util ized. Th u oan,c l nvc:1 ti 11tors found, in 

agreement with the r esult s of Courtice and Douglas (33), 

that the RQ during prolonged work in the fasting state 

showed a clear tendency to decrease during the course of 

work and assumed this to be due to the progressive decrease 

in glycogen stores. 

Results obtained on the glycogen content of working 

muoclee , by the muscle-bi opsy t echnique, and the evidence 

from studies wi th c1 4- 1auolled gluco e and palmitic acid 

support the conclus ion of Chris tensen and Hansen t hat a 

low RQ during prolonged mus cular exercise is indica t i ve of 

a decr ease in the proport i on of mus cular energy derived from 

carbohydrate metabolism. There i s good evidence that during 

prolonged muscula r exerci0e of mod er a te intensity there is 

an increace in the concentra tion of FFA in plasma (21,51,52, 

64- 68,'77 ,8'1 ,85,87,88) and an increase i n t he turnover rate 

of Fl"/\ 1t0 rn0a ured by palmita te-1-c 1 4 (21, 51,52 , 64- 68 ,84, 

85 ). It hn.o been sh own that FFA turnover r u t 0 , uptake and 

ox · da tion l.nc1·o~ t11 1w p t.t: 1rn1t li FA concentration increaoes 

(4, 64 , 6:., , 6(> , 68 , 84 ). Under 'Lhene cJrc t.unntunces , an 

increase in pl asma F},A during exercise can be taken as an 



index of increased fat utilization. Paul et al. (85) 

showed a significant negative correlation between RQ and 

plasma free fatty acids in dogs. They also showed a good 

negative correlation between the percentage CO2 from plasma 

FFA and RQ as well as a good pos itive correlation between 

t he percentage CO2 from plasma lucose and RQ. 

When -Llio rolea 1J e or· 11'! 1'/\ f rom !'at depoto is blocked by 

NA (19) muscle glycogen was deplet ed at a faster rate 

during muscular exercise and RQ values were significantly 

higher. Paul et al. (85) working on dogs, showed that 

infusions of Na-nicotinate decreas ed the turnover rate and 

oxidation of plasma FFA in both normal and pancreatectomized 

dogs . RQ's were higher and rates of turnover and oxidation 

of plasma glucose in normal dogs were increased. 

Oral n.dministration of cn.rbohydrate is known to 

block the mobilization of :B':B'A fr om fat depots and the 

higher RQ's, and lower plasma F.FA reported by Havel (52) 

in exercising subjects who received carbohydrate, compa red 

with subjects receiving water only, are clear indications 

of a ohift towards carbohydra te metabolism. They also 

measured the turnover rate of palmitat e-l-C-14 and 

concluded that oxidation of FFA enterinG tissues accounted 

for 41 to ~9 p 1r cent of onorRY metabolism during exercise 

in t'twt .i.n r; oubject8 nnd 7 to JO p r c nt. in f ed subjects. 

Thw.~ n t.,h11't towards carl>ohyd.r-uto metabolj.mn had occurred 

as demonstrated by both HQ nnd isotope-dilut i on studie s . 

Young et al . (10'1) in very prolonged exercise at a 

moderate rate (1,2 litres/min oxygen uptake) stat e that 



the quantity of carbohydr te utilized, a s determined by 

c14 studies of glucose rate of turnover and metabolism, 

is less than they would have predicted from RQ values 

during exercise. They were, however, not confident 

about the accuracy of their RQ value s during work. 

Ahlborg e t al. (2), Bergs trom t o.1.(17,18), 

Hermanson t al. (55), and Hultman (58) using muscle­

biopsy t echniques to measure the glycogen concentration 

of working mus cle, found a good correlation between the 

amount of lucose utiliz c-)d during work, as calculated from 

the RQ and oxy ren con urnp-L :Lons , nd the decrease in mus cle 

glycogen in the thigh mus cle·i . This applied over a wide 

range of RQ values and glyco en concentrations. More 

recent work seems to indicate that the period of the 

greates t r eduction in munclc glycogen during prolonged 

work, coincide with the peviod of the greatest decline 

in RQ (82) • . 

These later studies have confirmed the observations 

of t he earlier workers on RQ during prolonged aerobic 

exercise. The validity of the RQ at high or near 

maximal work intensities has st i ll to be confirmed. 



CHAPTER 3 

METHODOLOGY 

3.1 General outline 

Four well-t rained Bantu male o in th · ge group 

18-22 years were used as s ub,j ects i'or the experiment. 

Before the main experiment wuo ~tarted, the sub jects went 

through a four-week training regime 'ts cieocril>ed by 

Williams et al. (104). To maintain their state of 

training, the training programme was folJ.owed on Mondays 

and Saturdays n.lthough no observations were made on these 

days. No attempt was made to alter their standard 

compound diet consisting of± 13 per cent fat ,± 14 per cent 

protein and ± 73 por cent c -rbohydrutc (~ 5). Their 

physical churacteristics a re given in Tnbl I. 

TABLE 1 

Subject Weight 
(kg) 

Height 
(cm) 

Max o2 ml/kg 

J 71 , 5 173,3 47,8 
Fa 59,0 165 ,0 45,0 

A 60 ,0 163 ,0 45 ,0 
Fe 65 ,0 1.67 , 4 46 , 6 

Studies were made ol' oach t~ubjoct nt two work 

lo'nd , on1 requiring un oxye, n upt,uk o:f' 1 ,0 litre per 

minut.e u.nd. the other 11n oxy on uptn.ko of 1,5 litres per 

minute . These loads corresponded , respectively , to+ 

30 per cent nnd ± 50 per cent of the groups' average 

m .ximum oxy~en uptake. Studies were conducted on pairs 

of subjec ts on four days per week and each pair of subjects 
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were studied according to the following schedule:-

Week Work rate Sucrose Total number of 
administration observations 12er 12air 

1 1,5 litres o2/min None 8 

2 It 100 g 8 

3 n 200 g 8 

4 1,0 litre o2/min None 8 

5 II 100 g 8 

6 II 200 g 8 

Thie experimental a pproa ch wa us ed i n preference to 

isol t ed tudies on the effect of s uc r ose admi nis t ration 

during exercis e, because, firstly, any day- to-day va ria t i on 

in diet would have been compensated for during the six weeks 

duration of the investigation, and, secondly , all results 

were comparable on a weekly basis. By conducting the studies 

on four days of the week, except Mondays, any possible "Monday 

effect" wa s elimina ted. 

3.2 No-sucrose weeks 

Each morning of th e tcJnt days ob s ervat i ons were made 

0 1 th• s u bject after ha had been r est ing in a lying position 

on 1t c ouc h f or at least one hour at room temperature. 

Expi r ed ai r wn.s collected in Douglas bags for five minutes. 

A Coll i ns ma sk, fitted with a low- re s istance breathing 

valve and having a dead s pace of 100 ml , was used. The 

subj ect was then weighed, and his recta l temperature 

measured with a clinical thermometer ins erted to R depth 6f 

a bout 8 cm . 

Work consi t ed of p dalling a bicycle ergometer (11) 

at c ontinuotu:i f ix d wo r k l oad for fifty minutes of every 
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hour for six hours. Recordings of heart rate were made 

with a standard electrocardiograph (ECG) during the 45th 

minute of every hour of exercise. Expired air was 

collected from the 46th to 49th minutes of exerc·ise. The 

subject stopped at the 50th minute of exercise to be weighed 

and for hipi r ectn.l t mp .rn.tu.r 1 ·to be mor:..1.sured . Work was 

resumed ut the 60th minute. An nit ,mpt was made to prevent 

subjects from becoming d~hydrated by administering drinking 

water to replace weight loss other th n that due to voided 

urine. 

Sucrose weeks 

Du.ring the second , third , fifth and sixth weeks, 

100 g and 200 g of sucrose were administered orally 

immediately nfter work was re urned for the fourth hour . 

Tho 0ucro13c wn.G dissolved .Ln i.he amount of water required 

to compensate for the hourly weight loss . The solution 

was flavoured with lime juice, which was also used during 

the first and fourth control weeks . Observations were 

conducted in the same way us during the no-sucrose weeks. 

Additional samples of expired air were collected after 15, 

25 and :35 minutes of the administration of sucrose. 

Additional observations 

(i ) Blood-lactic acid content : Blood samples 

were collected from the subject's pre-heated 

f:Lngertip at th ond of the first and sixth 

hours of work durinB the first, second and 

third weeks. 



(ii) 

(iii) 

(iv) 

Blood-glucose content: Fingertip blood 

samples were collected from two subjects 

on two days during the first week and again 

on two days duri ng t he third week of the 

experiment. Samples were taken during 

resting, and during the second , fourth 

and sixth hours of work. 

Urinary ketone excretion: On two days 

during both the first and third weeks urine 

samples were collected on two subjects for 

the det ermination of ketone-body content. 

Samples were t aken at t he end of the second, 

fourth and final hours. The subjects 

emptied their bladders every hour. 

Cardiac output: Cardiac output was measured 

on two su'bj ects , twice weekly during the 

first, second and third weeks. Observations 

were made at the end of the second, fourth 

and sixth hours of' work. 

Analytical procedures 

(i) Expired-air samples: Dougl as bag volumes 

were measured with a chain-compensated 

spirometer, Samples of expired air were 

collected in two butyl rubber bags of 2 to 

2½ litres capaci ty and analysed on a Beckman 

LB 1 infrared medical gas analyser for carbon 

dioxide content . The apparatus was calibrated 

with hieh pu:r.ity nitrogen and about 4 per cent 



carbon dioxide in air . The remainder of the 

air was then analysed for oxygen content on 

two Beckman Model E2 paramagnetic oxygen 

analysers according to the method described 

by Strydom et al . (101). From the carbon 

dioxide and oxyBen contents of the samples 

and the corrected volume of expired air at 

STPD, oxygen uptake and RQ's were calculated. 

RQ's determined in this way agreed well with 

those obtained by a ccepted chemical methods 

(14). 

(ii) Blood-lactic nc.id w s ano.lyoed by the method 

of Barker and Summerson (13) with some 

modifications by Hullin and Noble (57). 

(iii) 

(iv) 

(v) 

Blood -glucose content was det ermined by the 

o-toluidine method as reported by Hyvarinen 

and Nikkila (62). 

Urinary ketones were determined according 

to the method descri.bed· by Michaels et al. 

(80) 0 

Cardiac output was measured by means of a 

carbon dioxide re-bren.thin procedure 

described by Defares (38) . A rapid infrared 

carbon dioxide meter wa used for following 

the changes in P002 during re-breathing. 

Arterial Pco2 was determined by using the 

Bohr formula , and dead space wus estimated 

by the method of Asmussen and Nielsen (6). 



Statistical analysis 

To test for differences between the no sucrose and 

sucrose experiments, t wo-way analysis of variance were 

done separately on the results of each work rate and hour. 

A 5 per cent level of significance had been used. 

28. 



CHAPTER 4 

RESULTS 

Average results are given in Figures 1-15, and 

Tables 2 and 3. 

In order to establish differences between the 

reactions for no-sucrose nd 100 g , no- ucrose and 200 g, 

and 100 and 200 g sucrose, an analysis of variance was 

performed on the results. These analyses with respect to 

29. 

RQ, oxygen uptake, pulmonary ventilation and heart rate are 

given in Tables 4-7. 

4.1 Respiratory exchange 

(i) Respiratory quotient 

(a) Work rate 1,5 litres o2/min. (Fig. 1) 

The decrease in RQ when no sucrose and 

sucrose was given was similar during the first 

three hours of work. During this period, RQ 

decreased from about 0, 90 to about 0,83. 

Du.ring the no-sucrose experiment, RQ continued 

to decrease to the fourth-hour value of 0,80, 

after which little change occurred. 

When 100 g of sucrose was given, RQ 

increased significantly during the fourth 

hour and althou hit declined thereafter it 

remained oienlfica.ntly higher during the 

fifth and six th l1 our·s as compared to 

the value in the no- ,ucrose 

experiment . AdminisLrution of 200 g of 



sucrose caused a rapid increase in RQ to reach 

a peak, during the fourth hour, of about the 

same value as that obtained with 100 g. 

This increase was maintained until the fifth 

hour, after which the RQ decreased during the 

final hour. The response obtained during the 

fifth and sixth hours with 200 g was 

significantly different from that obtained 

after adminiAtration of 100 g of sucrose. The 

peak RQ value aft er administration of sucrose 

usually equalled the value observed during the 

firs t hour of work. 

(b) Work r ate 1 8 0 litre o2/min (Fig. 2) . 

When no sucrose was given,RQ decreased 

continuously until the fifth hour, after 

which there wa no change. A dose of 100 g 

of sucrose after the third hour caused a 

rapid and significant increase in RQ during 

the first fifteen minutes , and a peak value 

was reached a t the fourth hour. Thereafter 

RQ decreased towards the sixth hour but still 

remained significantly h' her than the 

correspondin vro.lu for no sucrone . A 

similar effect wa achieved after th . 

administration of 200 g of sucro e. The 

peak RQ value after administration of 100 g 

sucrose equalled, and that of 200 g usually 

exceeded, the value observed during r est : 

30. 



The difference between the reactions to 100 g 

and. 200 g of sucrose was sta t .ist i qally 

significant for all hours after sucrose 

ingestion. 

(i i ) Oxygen uptake (Fig . 3). 

31. 

(a) Work rat e l,2 litres o2/min. When no 

sucrose was given , a s teady incr ae in oxygen 

uptake durine; the six-hour work pGriod was 

observed. When sucrose was given, oxygen 

uptake remained practically ~changed after 

the third hour . Oxygen ~ptakes for the fourth, 

fifth and sixth hours were s ignificantly lower 

compared with those obtained in the experiments 

during which no sucrose was a4mini tered. A 

significant differ nee was observed between 

the results obtained after admipistration of 

100 g and 200 of s ucrose during the fifth 

hour. 

(b) Work rat e 1 ,0 litre o2/min, Oxygen uptake 

increased with time when no sucrose was given. 

Administration of' ucrose after the fourth 

hour prevented a . urther increase in oxygen 

uptake . Th . oi ,•~nificnntly higher oxygen uptake 

ob erved durino; dm n · otra t ion of 200 g was 

already present before sucrose adminis trat ion. 

The difference b t ween wo rk rate when 100 and 

200 g of sucrose wu• adminis tered was 

significant during the fourth, fifth and sixth 
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hours of work. 

(iii) Carbon dioxide output (Fig. 4) 

Carbon dioxide output remained fairly unchanged 

during bot h work loads for the whole period 

during which no sucrose was given. 

Sucr ose cn.usr.d n. mn.rknd incronso in cri.rbon 

dioxide production at both work t. o:ui ;: • 

effect was more pronounced when 200 g was 

administered . 

(iv) Pulmonary ventil ation (Fig. 5) 

(a) Work rate 1 1 5 litres Q2LwJl. Pulmonary 

ventilation remained relatively constant for 

the whole six hours of work when no sucrose 

was given. One hundred grams of sucrose 

caused a sli~ht but significant i ncrease in 

ventilation durin the fourth hour. There 

was no significant difference between the 

values for the fift h and sixth hour observed 
. 

fo r no-sucrose and 100 g of sucrose. 

(b) Work rate 1 1 0 litre o2/min. Pulmonary 

ventilation during the no-sucrose experiment 

remained relatively unchanged during the entire 

s ix hour. Administration of 100 g or 200 g 

of sucrose 1·onult(3d in a signif'ic 1nt i ncrease 

in ventilatlun du.C':lng the fo ur th and .l'ifth 

honru . Last-hour values were cl os e to those 

ob:;erved when no sucrose was given. There 

wuo a significant difference between the 
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ventilation responses foll owing administration 

of 100 g and 200 g of sucrose in that the 

latter produced higher values. 

Circulatory re s ponses 

( i) Heart rates (Fig . 6 ). 

(a) Work rate 1, 5 lit r es o2/m~n. Average 

heart ra te changed l i t tle during the fi r s t 

three hours of al experiment s . When no 

s ucrose w s given , av rage heart r ate~ showed 

a continuouo inc rea□ e dur ing t he s econd three­

hour period f rom 118 to l28 beats per minute. 

When 100 g of sucr os e was given, heart rate 

continued to i nc r ea s e towards the fo urth hour 

and then r ema i ned constant until the s i xth 

hour. Values f or the fif th and sixt h hours 

were s tat istical ly si nificantly diffe r ent 

from those of the corresponding hour of the 

non- sucros e study . 

The r esponses ob t j_ned by t he 200 g d or;e was 

very similar to t hat f or the 100 g do s e . 

Although heart r at e remai ned unchanged a f t er 

the fourth hour , re ults f or no-sucrose and 

200 g of sucrone wer e s ignif icantly different 

only f or the fi na· hour . The r esul ts obt a ined 

with 100 g and 200 g wer e slgnif ic~ntly 

diffe r ent only for t he fifth hour. The ne t 

r es ult s wi th the twC1 du Ges se em t o be the same . 



(b) Work rate 1 , 0 litre o2~. Average 

heart rates remained practically unchanged 

throughout the whole six-hour period during 

which no sucrose was given. The overall 
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result of administration of 100 g of sucrose was 

one of no change . On the other hand, a dose 

of 200 g caused a significant cardio- acceleration 

in the fourth and fifth hours . Sixth-hour 

values, although still elevated , did not, however, 

differ significantly from tho~e of the no-sucrose 

experiment. There was u s i cnificant difference 

between the re sults for 100 and 200 g of 

sucrose in the fourth, fifth and sixth hours. 

(ii) Cardiac output (Figs. 7 and 8). 

Cardiac output measured in two subjects at the 

higher work load showed the following: 

(a) Cardiac output had no time trend and was 

not influenced by either 100 g or 200 g 

of sucrose . 

(b) Stroke volume decre· sed with time . This 

trend was elimina ted by adrninistr tion of 

sucros e. 

(c) The calculated arterial P002 was not 

influenced by time or administration of 

sucrose. 

(d) Mixed venous Pco2 was increased after 

·~· administration of sucrose with 200 g 

causlng a bi ~ rer riue th n 100 g . 



Blood constituents 

(i) Lactic acid (Fig. 9). 

Lactic acid had no time trend and was not 

influenced by a dose of 200 g of sucrose. 
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When 100 g of sucrose was given ; lactic acid 

values for the sixth hour were lower than those 

for the first hour. 

(ii) Glucose (Fig . 10). 

Average values for blood glucose on two 

subjects showed a decrease f rom 85 mg% 

during re s ting to about 73 mg% after six 

hours of work. 200 g of sucrose increased 

blood glucose levels to 88 ·mg% during the 

fourth hour of work and these levels 

eventually dropped to about 78 mg% during the 

sixth hour. 

Urinary ketones 

(i) Total ketones (Fig. 11). 

Total urinary ketones expressed as milligram 

of acetone per hour showed a decrease during 

six hours of work. Administrat ion of 200 g 

sucrose r esulted in a higher excret ion for 

the sixth hour . 

( j i ) B-OH butyric acid (Fig . 12) . 

This f r act ion of the ketone bodies decreased 

with time when no sucros e was given . 

Administration of sucrose caus ed a mnrked 

reduct ion in the excretion of thi metubolite. 
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Acetoacetic acid (Fig. 13). 

Acetoacetic acid showed little change during 

six hours of work when no sucrose was given. 

When 200 g of sucrose was given it was 

increased almost three-fold during the fourth 

and sixth hours. 

Utilization of carbohydra tes (Fig. 14). 

Calculations based on RQ and assuming a calorific 

value of 4,0 cal/g of carbohydrate, ave the following 

information. 

(i) 

(ii) 

Work rate 1,5 litres o2/min. When no sucrose 

was given , a total of 260 g of carbohydrates 

was utilized during the six hours of work. 

During this period 170 g was utilized during 

the first three hours and 90 g during the 

second three-hour period. When 100 g of 

sucrose was administered, utilization of 

carbohydrate during the second three-hour 

period increa ed to 155 g , caus ing a rise 

of 65 g comp red with the re sults of the 

no-sucrose study . Calculations for the 200 g 

sucrose dos e showed that the carbohydrate 

utilization was i nc r eased t o 185 g during the 

second three-hour period thus r esulting in an 

increase of 95 g . 

Work rate 1,0 litre o2/ min . A total of 185 g 

of carbohydrat e wa3 utilized during the six 



hours, of which 120 g was used du;ring the 

first three hours and 65 g during the second 

three-hour period. A dose of 100 g of 

sucrose caused a utilization of 120 gin the 

second three-hour period, while 200 g caused 

a utilization of 150 g for this period . Thus 

utilization was increased by 55 g and 80 g 

when 100 g und 200 g of sucrose were given 

respectively. 

Calorie from carbohydrate and fat. (Fig. 15) 

Fig. 15 shows that the percentage calories derived 

from carbohydrate declined from about 70 per cent in the 

first hour to 30 per cent in the fifth and final hours of 

work. The decrease was steepest during the first three 

hours of work, namely, from about 70 per cent to about 

40 per cent. A dose of 100 g of sucrose caused a return 

to first-hour vaJues with a subsequent decline to reach 

the third hour or higher values at the end of the sixth 

hour. 

Body weight loss 

The average body weight los es during the s ucro 0 e 

and no-sucrose experiments are gi vem in Table 2 . Total 

weight losses for the higher work load varied from 1,38 kg 

to 1 , 65 kg over the six-hour period and was apparently 
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only slightly influenced by ... uc r ose i nDes t ion . A similar 

tendency wn. , obs erved at tlle l ower wor k l oad wher e the total 

weight lo:n va.ried from O, 79 to 1 , 26 k ti; . 
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Rectal temperature 

Table 3 shows the average rectal temperature 

during the six hours of work of all experiments. The 

biggest change in rectal temperature was observed during 

the first hour of exercise in all exper i ment s after which 

little change occurred, Rectal temper a tures during the 

sucrose experiments did not differ from thos e observed 

during the no-sucrose experiment s . 
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CHAPTER 5 

DISCUSSION 

The ability of muscle in vivo to perform prolonged 

moderate exercise is among others dependent on a cohtinuous 

resynthesis of ATP. Substrates like carbohydrates and fat; · 

from the intramuscular stores or supplied to the muscle by 

the circulation,are necessary for this purpose. The 

circulation is also r esponsible for a continuous supply of 

molecular oxygen for the aerobic oxidative processes as 

well and for the removal of the products of catabolism. 

Substrate utilization during prolonged exercise is 

the main emphasis of the s tudy r eported on here. The 

RQ during the work period was used as a relat ive index of 

carbohydrate and fat metabolism. The validity of the RQ 

as a relative measure of the car bohydrate and fat metabolism 

during moderate exercise was discussed and reviewed in 

Chapter 2. The accuracy of the RQ measurements used in 

this investigation had to be considered and examined 

critically before any evaluation of the carbohydrate and 

fat metabolism during the exercise period could be made. 

5.1 Measurement of RQ 

i) Ac curacy of the RQ measur em nt: 

The RQ is the ratio of the volume of CO2 

produced to the volume of o2 consumed per unit 

of time. From t his it is clear that the 

concentration of oxygen and car bon dioxide 

have equal weightings in the RQ equation. 



The accuracy of any RQ is therefore dependent 

on the accuracy of the determination of the 

oxygen and carbon dioxide concentrations in 

expired air. 

The Haldane mothod, based on the "chemical 

trapping 0 principle of CO2 and o2 , has 
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generally been accepted as the standard method 

for the determination of the RQ. Physical 

methods were used to determine RQ in the present 

study, applying the same precautionary measures 

as described earlier (14). 

Physical methods have been shown to be as 

accurate for the determination of RQ as the 

accepted standard chemical method, the only 

prerequisite being the proper use and frequent 

calibration of the apparatus. Under these 

conditions, RQ calculated by chemical and 

physical methods were almost identical (14). 

It can, therefore, be stated with confidence 

that the RQ values reported on in this work, 

possess the required degree of accuracy necessary 

for the overall evaluation of carbohydrate and 

fat metabolism during prolonged exercise. 

ii) The non-protein RQ 

Th average person derives about 7 to 15 per 

cent of his total energy from the metabolism 

of proteln. This variation in the metabolism 



41. 

of protein is mainly determined by the protein 

content of the diet. 

Under conditions of adequate nutrition, 

protein ha s been 0hown to play only a minor 

role in t he metabolic oxidat ion of substrates 

during exercise. Protein metabolism as 

measured by the nitrogen excretion technique 

is not higher during exercise compared with 

resting conditions (86, 107). Similar 

findings have been reported by Hedman (53) in 

skiers during 2½ hours of skiing at a rate 

requiring about 82 per cent of the maximal 

aerobic capacity, amounting to a total 

expenditure of about 3 000 kcal. Even after 

exhaustion of the glycogen depot s , continued 

exercise did not raise the nitrogen excretion 

significantly (25,79). 

It therefore seems as if a r elati vely constant 

amount of protein is metabol ized per 24 hours, 

irrespective of whether exercise is performed or 

not. In the calculation of RQ, the oxygen 

required and the carbon dioxide formed for the 

oxida tion of prot ein are all included, unless 

corrected for. Cor r ect i on f or protein 

metabolism i s usu l l y made by m usuri ng the 

protein met a bolism by moans of the nitrogen 

excretion technique. The oxygen required for 

and the carbon dioxide formed in the oxidation 
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process for the observed amount of protein, are 

then subtracted from the total oxygen consumption 

and carbon dioxide output measured during the 

observation period. The respiratory quotient 

so obtFined i a known as the non-protein RQ. 

The _respiratory quotients measured in this 

study were not corrected for protein metabolism 

and are therefore not non-protein RQ's. For 

the following reasons , it was thought defensible 

to use the measured RQ's without correction for 

protein metabolism:-

a) Nitrogen excretion in urine has been 

shown to be unchanged by exercise. 

b) The amount of protein metabolized during 

the six-hour experiments could be assumed 

to be cons tant and the error introduced 

by not cor recting for protein metabolism, 

is relatively cons tant and would apply to 

both sucrose and non sucrose experiments . 

c) Even if a correction is made for protein 

oxidation, such a correction makes only an 

insignificant difference in the RQ and 

would result in a change amounted to only 

a fract i on of one per cent . 

Int erpretation of the RQ 

The physiological observa t ions, indicate that 

none of the f actors which infl uence the RQ , 
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e.g. hyperventilation, hypoventilation and 

lact ic acid i n blood, could have been 

responsible f or the observed RQ du.ring exercise 

in the fasting state. 

5.2 Fa t and carbohydrat e met abolism during exercise in 

the fasting state 

The results on RQ of fas t i ng men obtained in this 

study during prolonged exercis e agre0 wi th t hose reported 

by a number of wor kers (2 , 30, 51 , 97). IL wa :3 found t ha t the 

RQ dec reased from 0,94 at the beginning of exercise to 

0,80 after six hours of work at both work intensities. 

From the s e RQ values it was calculated that 68 per cent of 

the caloric requirements f or the first hour was supplied 

by the metabolism of carbohydrate and that only 30 per 

cent came from this source in the sixth hour. It is 

interesting to no te that RQ fell to the same level at 

the end of t he s ixth hour at both work levels. This low 

level of RQ was reached a t the end of the fourth hour at 

the high rate of work and one hour later at the lower r a te 

of work. It can be concluded that the working muscle has 

to _rely more and more upon fat metabolism for its oxidative 

processes towards the end of prolonged exercise. There is 

indirect support for this contention in the five-fold 

increase in blood FFA ' s aft er s even hours of exercise at 

5,6 k/ hr on the treadmill in t he fas t i ng s tate (77) and in 

the high t urnover and oxidation rates of pal mitate-l-c14 , 

given by intravenous infusion, during mus cular exercise 

{21 , 51 ,52). 



The continuous increase in fat metabolism with time, 

as indicated by the decrease in RQ, was associated with a 

continuous increase in oxygen uptake as well as heart rate 

at the higher work load. This finding is in accord with 

that of Krogh and Lindhard (73), who showed that the 

relative change from carbohydrate to fat metabolism reduces 

the mechanical eff.'iciency by five to ten per cent. A 

decreased mechanical efficiency was also reported by 

Henschel et al. (54) in fasting subjects walking on a 

treadmill. They showed a negative correlation between 

efficiency and the percentage of calories derived from fat. 

In the present experiments first-hour oxygen uptake values 

were used as baseline to calculate the percentage change 

in oxygen uptake with time. By the end of the second hour, 

oxygen uptake increased by two per cent, whilst by the end 

of the sixth hour, oxygen uptake increased by nine per cent. 

The bicycle ergometer used in the experiments was a constant 

work load ergometer of the type described by Atkins and 

Nicholson (11). The .work load performed was thus constant 

and could therefore be excluded as a cause of the increase 

in oxygen uptake with time. 

Kok (71) also reported a continuous increase in 

oxygen uptake with time in subjects exercising for prolonged 

period on a bicycle ergometer. However, subjects showed 

this increased oxygen uptake with time only when they 

worked at lcvolc: requirinp: more than 40 per cent of their 

ma.ximnl nerobic c11pac t t,y. Th e increased oxygen uptake 

with time wtrn al>sent in work lou.ds requiring less than 40 

per cent of the maximal aerobic capacity, which again is 
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confirmed by the findings of the present study. I. Astrand 

(7), however, interpreted an increase in oxygen consumption 

during work as being due to deterioration of muscular co-

ordination. Our subjects did not show any sign of loss 

of co-ordination during the work period of six hours. 

The increase in utilisation of fat during prolonged 

exercise was accompanied by a decrease in the excretion of 

ketone bodies in urine. Skeletal muscles as well as heart 

muscles have been shown to have a high affinity for these 

substrates (50,95). Normally B-hydroxybuturate and 

acetoacetate are not major sources of energy because of 

their low concentration in blood plasma, but the situation 

may be quite different during prolonged exercise in the 

fasting state and effective utilization of these substances 

in working muscle may account for the decreased excretion 

of ketone bodies in the urine. 

It will be noted that the RQ before exercising 

averaged 0,94 in these experiments. This is higher than 

is usually found in the post-absorptive state. It is, 

however, consistent with the findings of other workers 

(16,17,26-30,63,73,88) who reported higher RQ after 

carbohydrate rich diets as compared to high-fat diets, or 

diets low in carbohydrate content. The subjects of the 

present experiments were fod o. diet containing a very high 

proportion of mealie meal in the diet (46). 

5.3 Effects of mid-shift feed of sucrose on fat and 

carbohydra te metabolism 

Within 15 minutes of ingestion of sucrose at the 



end of the third hour of the six-hour period of work there 

was a significant rise in RQ. The peak value of the RQ 

occurred an hour after ingestion and the RQ remained 

significantly higher than that for the control and fasting 

values for the remainder of the work period. The rise in 

RQ was significantly higher after administration of the 

200 g dose than after administration of the 100 g dose and 

it was maintained at the higher level for a longer period. 

The question that must be answered is whether the 

early rise in RQ after the ingestion of sucrose really 

means that a change occurred in the proportions of 

carbohydrate and fat metabolised. Courtice et al. 
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(34,35) showed that an intravenous injection of 1 to 2 

units of soluble insulin caused the RQ to rise during rest 

and exercise, but that the increase was not as rapid nor as 

consistent as after a subcutaneous injection of 0,5 mg of 

adrenalin. The ingestion of glucose leads to an increase 

in insulin level in blood in association with a rise in 

blood sugar level (72,93,100). The results of these 

experiments showed that blood sugar concentration rose 

during exercise after t he inges tion of sucrose for a period 

of one hour and i t can be ass umed that blood insulin levels 

also rose during that period. 

Whether a significunt incrGaso in blood insulin 

occurs during exercis e after the ingestion of sucrose and 

whether this could account for the rise in RQ observed, is 

open to conjecture. Intravenous infusion of glucose dj_d 

not result in as s i gnificant, or as cons istent, an increase 



in blood insulin after exercise as it did in men at rest 

(87). Furthermore, it is generally agreed that insulin 

is not the only factor which facilitates the uptake of 

glucose and its oxidation in cells during muscular 

exercise (31,49,60,87,92,93,99,103,107). For example, 

47. 

there is evidence that the lowering of blood sugar by 

exercise still occurs in pancreatectomised animals and in 

diabetic humans (41,99). At present, and until measurements 

of blood insulin are made in experiments similar to those 

reported in the present study, it must be accepted that the 

part insulin plays in the rise in RQ after the . ingestion of 

sucrose during muscular exercise, is still an open question. 

Apart from a possible effect of endogenous insulin 

on the early rise in RQ after sucrose administration, 

there are two other factors to be considered. Firstly, it 

is well known that ingestion of sucrose during rest is 

associated with an increase in lactic acid concentration in 

blood (12,42). It is this increased lactic acid concentr­

ation in blood that was held to be responsible for the 

non-metabolic increase in RQ following sucrose administration 

(12,42). It is doubtful whether lactate concentration in 

blood could have been responsible for the changes in RQ 

after ingestion of sucrose. Lactic acid concentration in 

blood was not measured when the peak values in RQ were 

observed. Figure 9 sh ow s that lactic ·acid concentrations 

in blood at the end of t he experiment were slightly lower 

when the subjects rec eived sucrose as compared to the 

no-sucrose experiment s . RQ was, however, still significantly 

higher during the last hour of exercise in the sucrose 



48,, 

experiments as compared to the no-sucrose experimentso 

The second factor that could possibly have influenced 

the RQ in the sucrose experiments was the increased ret.piratory 

ventilation observed in the sucrose experiments. It is 

tempting t ,o regard the increase in ventilation observed as 

hyperventilation. It is however not supported by the 

finding on arterial P002 • Estimations of arterial P002 

did not differ significantly from those observed for men 

in the fasting state. Saltzman et al. (98) recently 

reported unchanged arterial Pco2 in resting subjects who 

received about 230 g of carbohydrate in which sucrose was 

included. The same authors also observed an increased 

pulmonary ventilat ion brought about by an increased tidal 

volume. The increase in minute ventilation in the present 

study could not, per se, have been responsible for the rise 

in RQ because the RQ remained significantly higher compared 

with the no sucrose experiment, even after the minute 

ventilation had returned to control levels. 

There may be some doubt whether the rise in RQ during 

the first hour after the ingestion of sucrose indicates 

an increase in the rate of carbohydrate metabolism and 

a decrease in the rate of fat metabolism . This doubt is 

not present in the last two hours after the ingestion of 

sucrose because the oxygen consumption in that period does 

not increase with time as it does when the men are fasting. 

This indicates, as mentioned in the previous section, that 

the mechanical efficiency of the work decreases with 

prolonged exercise in the fasting state with a change to 
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fat metabolism. When sucrose is administered the 

decrease in mechanical efficiency is prevented. The 

improvement in mechanical efficiency following 

administration of sucrose is good evidence that the 

working muscles are metabolising a higher proportion of 

carbohydrates and that t h is is reflected in the rise in 

RQ. It should be s t a t ed that the oxy~en-sparing effect 

of sucrose ingestion is not due to anaerobic metabolism 

because there was no difference between the concentration 

of lactic acid in blood in the first and sixth hours. 

There is little in the literature which has a · 

direct bear ing on the s ub ject of feeding during prolonged 

exercise. Christens en and Hansen (26) exercised subjects 

on a fat diet to complet e exhaustion. At the point of 

exhaustion, the subject wa s given a solution containing 

200 g of glucose to drink. His blood sugar level, which 

had dropped to 60 mg'/o, immediately increased to values 

above 100 m~ and the subject was able to continue work 

for an hour or more. His RQ did not increase, indicating 

that his muscles were st i ll burning mainly fat. There is 

no explanation for the unchanged RQ in Christensen and 

Hansen's experiments, but an adaptation of the enzyme 

system due to the f a t diet in favour of fat metabolism is 

probably not excluded. Under these conditions, it is 

quite poss ible t hut t he glucose fatty acid cycle n.s 

proposed by Randl e et al.. (91 ) was operl;j Ut, g , in which 

case the high fat metabolism would have suppressed 

oxidation of carbohydrate, which in turn could explain 

the unchanged RQ. Mager et al. (77), who studied men 



over a seven-hour period of exercise at 5,6 km/hour on a 

t readmill, noted that the FFA level in blood rose five­

f old when the men were in the f asting state and that 

intermittent ingestion of carbohydrate during the period 

of exercioe prevented this rise in FFA level. Under 
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these conditions it could be assumed that the oxidation 

of FFA was correspondingly decreased in the fed subjects 

as the turnover and oxidation of free fatty acids have 

been shown to be a function of their concentration in the 

bl ood (4,64,65,66,68,84). Havel et al. (52) showed that 

in a shorter period of work 25 g of sucrose fed at the end 

of each half hour suppressed the significant rise in blood 

FFA observed in the fasting s tate. They measured the 

t urnover rate of palmi tate-1-014 and concluded that 
oxidation of FFA entering tissues accounted for 41 to 

49 per cent of the energy metabolism during exercise in 

fasting subjects and 7 to 10 per cent in fed subjects. 

They sta ted further that "the decreased mobilization of 

FFA after the ingestion of carbohydrate seemed to account 

almost entirely for their decreased oxidation during 

muscular exercise". 

Administra tion of sucrose caused an increased 

excretion of urinary ketones as well as a change in the 

ratio of 3-0H butyrate/acetoacetate. It was suggested 

that the r atio of these two s ubstances in blood r eflect s 

the i ntra-mitochondrial dihydronicotinarnide adenine 

dinucleotide/nicot i namide adenine di11ucl eotide (NADH/ NAD ) 

ratio (70). Depending on thi~ ratio part of the 

acetoacetate is reduced to form 3-0H but yrate. It was 



also suggested that the redox pair 3-0H butyrate/ 

acetoacetate acts as a hydrogen shuttle transferring 

reducing equivalents from cytoplasmic NADH to the 

intra-mitochondrial respiratory chain (39,70). It is 

obvious that the· ketone bodies fulfill an important role 

in cellular m0taboli sm and cannot be regarded as merely 

breakdown products of fat metnbolism. The significance 

of change in ratio in the excretion of the ketone bodies 

is not known but could be indicative of a change in 

glucose and fruc tose metabolism at cellular level. 

From the above it seems safe to conclude that the 

ingestion of 100 g or 200 g of sucrose during prolonged 

work of moderate intensity leads to a definite shift to 

carbohydrate metabolism. The early rise in the RQ after 

sucrose ingestion might be an overestimation of the 

carbohydra te metabolism due to the poss ible effect of 

insulin on RQ. Even if such an influence did exist, it 

should have little more effect than merely reducing the 

absolute value of RQ. This argument is substantiated 

by our finding on blood glucose values after sucrose 

ingestion. Blood insulin levels are known to follow 

blood glucose concentration after glucose ingestion 

(72,93,100). The difference in the fourth-hour value 

for blood glucose was only about 7mg;'/o between the no 

sucrose experiment and tho expe riment when subjects 

received 200 g of sucrose. It is fair to assume then 

that the peak RQ value was reached at a stage when blood 

insulin levels had r eturned to about control levels and 

that insulin could have influenced the RQ only in the 
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early phases of the RQ rise. 

5.4 Utilization of--™bohydrate 

These experiments showed that there is a 

significant dose-response effect with the ingestion of 

100 and 200 g of sucrose. Calculation of carbohydrate 

utilization in the last three hours of work shows that, 

at the higher rate of woxk, 90 g of carbohydrate was 

oxidised during fasting, 155 g aft er administration of 

100 g sucrose and 185 g after administr· tion of 200 g 

sucrose. Comparable figures for carbohydrate utilisation 

at the lower work rates were 65, 120 and 150 g of 

carbohydrate, respectively. Thus, although there is a 
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definite dose-response effect, the increase in carbohydrate 

utilisation at both levels of work was less when the dose 

of sucrose was increased from 100 g to 200 g than when 

it was increased from O g to 100 g. In practice the 

major effect of a mid-shift feed of sucrose on carbohydrate/ 

fat metabolism would be obtained when a dose of 100 g of 

sucrose is fed. 

Circulatory changes 

The reduced carbohydrate utilisation during 

prolonged exercise in the fasting state is associated 

with a slow, continuous increase in heart rate and oxygen 

consumption. Cardiac output, measured in two subjects, 

was unchanged and the incl'ease in oxygen consumption must , 

therefore have been due to an increase in a rterio-venous 

oxygen difference. The increase in heart rate, in 

conjunction with no change in cardiac output, points to 
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a decrease in stroke volume. The reason for the decrease 

in stroke volume is not obvious . Ekelund (43) in a otudy 

on 18 male subjects working at an average work load 

r equiring about 50 per cent of the im.ximal oxygen uptake 

f or one hour, 1uso report ed a decrease in stroke volume 

during t he work period . Cobb and Johnson (32), Ahlborgh 

(1), and 01G s on (82) reported similar findings . 

Saltin ~nd Stenberg (97) studying 4 well-trained 

subject s during 180 minutes of work on both a treadmill 

and a bi cycle ergometer at an oxygen uptake of 75 per cent 

of the individuals maximum.; reported a decrease in stroke 

volume with an increase in heart rate. They considered 

t he increase in heart rate to be due to the dehydration of 

the subjects during exercise, which amounted to between 

thr ee and five per cent of the body weight. The subjects 

i n the pres ent study ended the six- hour p:iriod with a 

water deficit of± 1,5 litres, but it is unlikely that the 

water deficits were responsible for the increase in heart 

r ate. When the men received a mid-shift feed of sucrose 

they reached the same degree of water deficit without 

showing the increase in heart rate after the fourth hour. 

Rectal temperatures were also found to be similar in all 

experiments and could therefore be excluded as a possible 

explanation for the higher hHnrt· r ate and lower stroke 

volumes observed in tho no- sucrose experiments . The most 

r easonable explanation for the increase i n heart rate 

appears to be t.hat it i o due to the incn?ase in oxygen 

uptake . Such an a ssociation i ci well document ed (5,7,8,28, 

30 , 71) • 



As indicated above, heart rate did not increase, 

nor did oxygen consumption, when sucrose was ingested 

mid-way during the six-hour period of work. There was 
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no significant difference between the cardiac outputs in 

the f _asting st te and after feeding of sucrose, and thu.s 

stroke volume was higher after sucrose ~dministration than 

in the fasting state. This finding supports the conclusion 

that the increased heart rate and decreased stroke volume 

observed in the fast ing experiments, were due to the 

increase in fat metabolism , and not to dehydration. 

Cardiac output was determined by a co2 rebreathing 

technique, which allows the estimation of the partial 

pressure of carbon dioxide in the mixed venous blood. 

The mixed venous P002 obtained by rebreathing was found 

to be consistently higher in the sucrose experiments 

compared with the fasting experiments. With the unchanged 

arterial carbon dioxide concentrations in a:11 experiments, 

it is felt that the higher mixed venous CO2 concentrations 

in the sucrose experiments confirm the metabolic nature of 

the higher RQ and carbon dioxide production observed after 

sucrose ingestion. 

5.6 Comparisop of the results of the two work 

intensities 

Apart from minor differtnce s in the ru Gult u of tho 

two work intensities ~tudied, it can be concluded that 

the results are comparable. The changes in heart rate 

and oxygen uptake during the lower work intensity in the 

fasting state were not as obvious as during the higher 



work load. The effect of a mid-shift feed during the 

lower load, is also not as clear cut as that for the 

higher load. The differences in the results obtained 

on heart rate and oxygen uptake at the two work intensities 

are not easily explained. It is poss ible that the 

differences between fat and carbohydrate metabolism 

during exerciEJe are better defined the higher the energy 

requirements for a particular task. 

5 . 7 Validity o.r resul 1,u.....9.£.1uined on f ou,t_~b.i ects 

As can be seen from Tables 8 and 9, there were 

only small differences between the re sults of the four 

subjects obtained during the sucrose experiments. The 

results of each subject at any condition were also found 

to be highly reproducible. The relative uniformity 

of the results of the four subjects and the almost 

predictability of the course of events following ingestion 

of sucros e under the prenent conditions , suge;est that 

the r eE:rults could also be applied to a 11::1. rgE)r numb er of 

sub ject s . 
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CHAPTER 6 

Summar_y and conclusions 

The purpose of this study was to examine the effect 

of a mid-shift fe ed of sucrose on the proportions of fat 

und carbohydrate oxidized during prolonged work. Four 

well-trained ,, heal thy young Bantu males receiving a 

standard compound diet, worked for fifty minutes of every 

hour for six hours on a bicycle ergometer . Two work 

loads were investigated: one requiring about 30 per cent 

and the other about 50 per cent of the subjects ' maximal 

aerobic capacity. Respiratory, circuJ a.tory and some 

bi_ochemical changes were r1tudied when the men received 

only water and again when they were fed 100 g and 200 g 

sucrose . 

It was found that: 

a) When men work continuously at a moderate 

(1,0 litres/min oxygen consumption) or hard 

rate (1,5 litres/min oxygen consumption) for 

six hours, the r e~piratory quotient decreased 

from 0,94 to 0 , 80. In classical concepts 

thin indicn.tes that 68 per cent of the 

ualoric ruquit·ument cumeD t'rorn carbohydrat es 

ini tialJ.y ,Uld that only 30 per cent comes 

from that source at the end of the work 

period. . This change in metab olism i s 

associated with an increase in oxygen 

consumption and heart rate , indicating; that 
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the men were being less effective mechanically 

towards the end of the work period when they 

were using predominantly fat metabolism. 

b) A mid-shift feed of 100 or of 200 g of sucrose 

in water caused an immediate rise in RQ which 

persisted for tho rest of the work period. 

This was associated with a lower rate of 

oxygen consumption than in the fasting state. 

While there may be some doubt about the 

immediate increase in RQ being due to a shift 

tewards carbohydrate metabolism after the 

ingestion of sucrose, there can be little 

doubt that this is the case from the end of 

the first hour onwards, after the ingestion 

of sucrose. 

c) There was a significant dose-response effect 

with 100 and 200 g of sucrose. The increase 

in RQ was proportionally greater after 

administrating 100 g than after 200 g of 

sucrose, from which it can be concluded that 

the major benefit of administering a mid-shift 

feed of sucrose is obtained with 100 g. 

Although some add ed benefit is obtained with 

an extra 100 g, the additional benefit is 

small. Men working at the higher work rate 

benefited more than when they worked at the 

lower rate. 
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Recommendation 

The doubt about whether the rapid increase in RQ 

after the ingestion of sucrose is due to a change from fat 

to carbohydrate metabolism or whether it is due to an 

alteration in blood insulin level following the ingestion 

of sucrose, could be resolved by ingesting c14 sucrose and 

studying the output of c14o2 in expired air. In view 

of the practical importance to industry of showing whether 

or not carbohydrate given during a mid-shift feed is 

actually metabolised during the remainder of the shift, 

a study with c14 sucrose appears to be fully justified; 

its scientific value in solving the above problems in not 

in doubt. 
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TABLE 2 
BODY WEIGHT CHANGES KG 

Time Work load Sucrose R 1 2 3 4 
0 65,44 65,28 64,93 64,63 64,38 

vo2 100 65,65 65,37 64,98 64,70 64,53 
1,5 1/min 200 65,21 64,96 64,63 64,30 64,36 

0 65 ,36 65,39 65,23 65,03 65,00 • VO 2 100 65,95 65,97 65,76 65,58 65,58 
1,0 1/min 200 65,74 65,77 65,53 65,34 65,50 

TABLE 3 
RECTAL TEMPERATURES 0 c 

Work load Sucrose Time 
R 1 2 ) 

. 0 36,9 37,7 37,8 37,8 
vo2 100 36,8 37,7 37,7 37,7 
1,5 1/min 200 36 ,8 37,7 37,7 37,7 

0 36,9 37,4 37,4 37,4 . vo2 100 36,6 37,3 37,4 37,4 
1,0 1/m.in 200 36,8 37,4 37,6 37,6 

5 6 
64,18 63,9( 
64,29 64,0C 
64,10 63, 3t 

64,79 64, 6L 

65,42 65,1;: 
65,33 65 ,2~ 

4 '5 
37,8 37,9 
37p8 37,9 
37,8 37,9 

37,4 37,5 
37,5 37,5 
37,7 37, 7 

Total 
wt. loss 

1,54 
1,65 
1,38 

0,72 
0,83 
0,52 

6 
37,9 
37,9 
37,9 

37,5 
37,6 
37,7 

Wt. loss 
as% 
2,35% 
2,51% 
2,12% 

1,10% 
1,26% 
o, 79% 

--..J 
\A 
• 



Work 
rate Hour 

5000 4 

5 
6 

3000 4 

5 

-

Work 
rate Hour 

5000 4 

5 
6 

3000 4 

5 

6 

TABLE 4 
PULMONARY VENTILATION 

Between no sucrose Between no sucrose 
and 100 grams and 200 grams 

of sucrose of sucrose 

s s 
N.S. s 
N.S. N.S. 

s s 
s s 
N.S. N.S. 

TABLE 5 
OXYGEN CONSUMPTION 

Between no sucrose Between no sucrose 
and 100 grams and 200 grams 

of sucrose of sucrose 

s s 
s s 
s s 

N.S. s 
N .S. s 
N.S. N.S. 

S = Significantly different 
N.S.= Not significantly different 

Between 100 5ra=s 
and 200 grams 

of sucrose 

s 
s 
N.S. 

s 
s 
s 

Between 100 grams 
and 200 grams 

of sucrose 

N.S. 
s 
N.S. 

s 
s 
s 

-.J 
..p. . 



Work 
rate Hour 

5000 4 

5 
6 

3000 4 

5 
6 

Work 
rate Hour 

5000 4 

5 
6 

3000 4 

5 
6 

-

TABLE 6 
RESPIRATORY QUOTIENT 

Between no sucrose Between no sucrose 
and 100 grams and 200 grams 

of sucrose of sucrose 

s s 
s s 
s s 

s s 
s s 
s s 

T_:._BLE 7 

HEART RJ-_ TE 

Between no sucrose Between no sucrose 
and 100 grams and 200 grams 

of sucrose of sucrose 

N.S. N.S. 
s N.S. 
s s 

s s 
N.S. s 
N. S. N .S. 

S = Significantly different 
N.S. = Not significantly different 

Between 100 grams 
and 200 grams 

of sucrose 

N.S. 

s 
s 

s 
s 
s 

Between 100 grams 
and 200 grams 

of sucrose 

N.S. 

s 
N.S. 

s 
s 
s 



TABLE 8 
WORK RATE l ,5 LITRES o2/ MIN 

Pulmonary Oxygen Respiratory Heart 
Ventilation Consunrntion Cuotient Rate 

Sucrose 4th 
5 6 4 5 6 4 5 6 4 5 6 Suo _i ect Load Hour 

Fa 100 95 97 99 93 88 93 ill 110 l07 96 92 92 

200 106 101 94 93 93 92 ll2 110 1 0 5 97 96 9l 

J 100 111 96 95 97 95 94 115 108 105 lOI 95 94 

200 110 108 102 99 97 93 113 l l5 112 102 98 94 

Fe 100 104 99 96 96 94 94 111 1 06 104 98 93 93 

200 108 112 96 98 95 92 115 118 111 98 98 97 

Ar 100 100 102 102 99 96 95 110 10 4 108 104 96 93 

200 115 113 103 100 97 95 114 ll8 109 108 101 93 

Aver age 100 1 05 98 98 96 93 94 112 107 106 100 94 93 

200 110 108 99 98 96 93 11 4 I 115 109 101 98 94 

Figures for sucrose loads of 100 and 200 expressed as percent a ges of those fo r 

nos ·crose l oad 



Sub j ect 

Fa 

J 

Fe 

Ar 

Average 

TABLE 9 
WORK RATE 1 10 LITRE o2/MIN 

Figures fo~ sucrose loads of 100 and 200 expressed as percentages of those 

f or no sucrose load 

Pulmonary Oxygen Respiratory Heart 
Ventilation Consumntion O.uotient Rate 

Sucrose 4th 
5 6 4 5 6 4 5 6 4 5 6 Load Hour 

100 103 103 86 97 100 93 115 ll.4 106 100 97 95 

200 114 110 100 102 104 98 112 121 116 llO 106 105 

100 110 109 102 10~ 102 98 114 111 107 105 llO 101 

200 114 119 105 103 103 96 117 120 114 101 109 99 

100 103 104 93 100 103 98 113 ill 107 103 102 102 

200 116 125 98 105 112 102 ll3 116 105 ll5 118 115 

100 110 107 102 108 100 102 111 109 106 103 100 98 

200 114 115 107 llO 108 106 115 120 ll2 114 108 95 

100 106 106 96 102 101 98 113 111 106 103 102 99 

200 114 117 102 105 107 100 117 119 112 llO 110 '.104 

-.J 
-.J 
• 
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