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ABCTRAS

The problem of dietery slterstion end ito effects on
physiocel performwance hus long awsited experimentsl investi-
getion, 1In the poot, investigutors endeavored to deterxine
the edverse or beneficicl effects of dietery slterationa on
humean and animal growth, behavior, pethology, and intelli-
gence, £8 athletics grew in America, the coneciderstion of
d4iet incremsed bessuse of its inkerent importance in thre
treining of the individusl for physicsl performsnce. Be-
oruse of the lack of experimental evidence concerning
dietary alterution &nd its effeot on physiosl perfornance
this inveatigetion was undertaken to determine the effects
of high protein, high cartohydraute, and high fet diets on
the performence of forced but controlled sotivity in the
rale albino rat.

Thirty~two wezned (23-dsys=0ld) msale, slbino rets
of the 8prague~Davley Strein were used se experimenterl
enimels in this study. At twenty-three deys of rge, each
enimel was rendomly s«onigned to one of the following four
diet groups:

High protein « 50 per cent cszein, 30 rer cent

dextrose, 70 per cent hydrogensted

vegetable o01l,
1l
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High crriohylrnte = 20 per oernt cuseln, 60 per gent

dextroue, 10 per cent kydrcgenated
vagweteble oll,
High fat = 20 per gent oszein, 20 per cent dextrose,
80 per ceant kydrogensted vegeicble
oil.
Pelloving on #d justnent pericd of eilx waekz, eoch cnieel wes
epcigned to eisther ths short durvtion or long durrtion zow
tivity trestoent, The groups vere swutehed esccording teo
voluntsry zetivity, body welights, vnd diet trectuents,

The dist treutzents were edminlistered once & duy over
8 ld4-week pericd. 7The variousz experimesnts) exercise trocte
rents were sdzinlatered once s dsy, five diya a week over a
8-woek or 40-dry period.

Bogause ¢f fte inherent wuilue, snclycls of veriance
vee utilised rs the chief riatinticel method for the cnelye
ede of the duts obtuined. The Lollowing concluzions were
derived froz the dete snd yov obsorvationes

1. 7Thre distery slteretione of Lut, curbohydrais,

srd protein ured in thia study heve = cig-
rificence (0.000% level) effect on tha physicsd
verfornence of the male alkino rut,

e Thiz effact is observed in the twe types of

sxercire ured, tbort and long enturence, where

porked differences in YER ecores o be seen,



)
The protein, cerbohydrate, end control ani-
rele in the long enduriance progrun achieved
higher FzR ecorez than the protein cerbohydrnte,
control, and fet animels in the short enduraonce
group. #leo, the oxder of LR scores of each
diet group wvaried in each treining group, In
the short group, the fat dist group achieved
the highest PLR =core snd the protein group
the lowest; while in the long group, the pro-
tein diet group mchieved the highest PER
roore end the fet diet group the lowezt,



fincere epprecintion and acknowledgenent
to Dr. Willizm ¥, Heucner for his
ungelfish guidance end inspiration



Chepter

I.

II.

III.

IV,
v.

TAELE CP CONTEETT

IRTRCDOUCTION TO THE PROBLEM

Yeed for %the Problem, . .
Ccope of the StudYe o o
Definition of Terus « «
Limitatione of the Study,

REVIEX CP THE LITSRATUXE, .
Animel CStudlee. ¢ ¢ 4 o ¢ o o

Animal Ferformunce, .

Zxperimentsl Anizeals,
AdJustrent Yeriod . .
Treatrent « & & o v o
Trestrent Periodes . .
Huxber of inirels o
Trectzent of the Dauta

ARALYSIS CP DATA. o & o
CUMMARY ARD CORCLUCION:

REFEREHCEY o o o o o o o ¢ o« o &

ii

L ]
L]
L]
[ ]
L}

L]

¢ @ e 9

.« ¢ o o

Bumen Hutrition end Ihysical Activity
HETHCDS OF RETEARCE o o 0 o ¢ o 0 o o o

e o & @ @

e &6 & & & @

* @ & © ¢ @

s 8 o o

[ ]

» o @ &

e @ o o

.

e &5 o o

e o

® ® & o s &

® » & & v o

* & o o

e 5 & & a2

. & & =

e © & & o o

e
)
®

D=IW WO VNl

b



CHAFTLR I
INTRODUCZION TO THE FRCELEM

For nmeory yeers, investigstors have endesvored to de-
terrine the sdverse or beneficiel effects of dletary sltersa-
tions on human &rd anical growtb, bebavior, pathology, intel-
ligence, and physicel sctivity. The dietsry slterstions
usually huve been achieved by inoressing or decressing the
qusntity of protein, curbohydrete, or fat, end sdding or
subtructing vitspina end minerslde in the diets of experimentsl
subjeote, Cimulteneously, control subjects hxve been fed
diets containing adequate exounts of all these components,
Siriler environmenta and circucstsncea have been imposed upon
both the experimental &nd control subjects,

The belief thst only & "well-belanced” diet prevents
nutritionel disorders hres existed for many yesrs. If one
reade the literature, one will fird minimum snd mexicum vel-
ues for all) of the dietery components snd muet conclude thet
somevhere interredicte lies the well-balenced diet., This
intermediste srea 1g Justifiedle only decause of the fict that
each individusl vories considerubly in terns of metcbolic need,
hence the neceaéity for flexibility.

¥ith the growth ¢f athletics in imerice, the consider=

1
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ation of diet haz increused in view of 1te inherent icportarce
in the treining of the individusl for physicel performance,
Kecognizing thet it iz the dietary componerts vwhich provide
the neceasary fuel for energy expeniiture in athletic per-
formance, sthletic coaches and treiners have recormended
specific foods end diets es a mesns of improving athletic
performance with very little experimental evidence to Justify
or refute their choices., OCver the pmst decede, food supple-
ments, including vitarine, cirersls, whest germ, gelatin, urd
infinitum, heve been etezdily incresscing ss integrsl partis of
ethletes' diets; although numerous vwriters heve concluded thst
there is no evidence thut sthletio performzance is improved by
gsupplementing san elreedy nutritionclly sdequate diet, Many
coccher esubjectively believe thet the dietery needs of the
athlete are not the sere as those of the aversge individusl
snd that pertioculsar foods enherce the athlete's perforusnce.
If this is true, which dietary corxponents sre mwoat beneficisl
end whet gquantitative slterstions should be made 28 & result?

Becauze of the lzck of experirentsl evidence concern~
ing dietary alteration end its effect on physical performance,
this investigetion was undertsken to determine the effects of
high protein, high carbohydrete, end high fat diets on the
performsnce of forced but controlled activity in the cele
slbino reat.
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The problem of dietsry zltercztion snd its effects on
physicel performence hes long swuited experisentsl investi-
gation, HMinivum and mexircum velues for ecch dietery compo-
nent have been eztsblizhed, but 4o these sterderds hold for
subjects engzged in physicsl sotivity? ¥ill e rat which is
forced to exercise daily cover a cubstsntisl pericd of time
rerform better on & “balsnced diet” or a diet which is comw
rosed meinly of protein, csrbohydrete, or fat?

.cove of the Ctudy

This study involved the dletary slterstione of protein,
carbohydrate, and fut in the diets of 32 mele sldbino ratis and
the effects these slterstions Lrd on their physicsl performe
ence, The study covered 14 weeks, beginning whken the arimels
vere 23 days old end ending at scerifice when the enimnls were
121 to 123 dsys old.

Zefinition of Terzg
The following terms are defined dbeceuse of their
specifio comnnctations in thie study:

High protein - Formuls &/xg
Cesein, High Frotein 500.0
Dextroee, Fydrute, Technicsl 300.0

Hydrogenated Vegetnble Cil 100.0






Vitamin Fortificstion Fixture GII
Cat. #40060

5.1t kix, Bernhert end Tomerelll
Cet. #170750

Non-llutritive Fiber (cellulose)
High cerbohydrate - Formuls

Cesein, High Frotein

Dextrose, Hydrate, Technicel

Hydrogenated Vegetable Oil

Vitonmin Fortificnticn Mixture GBI
Cat. #40060

felt ¥ix, Bermhart end Tomerelld
Cat. #170750

Kon-Yutritive Fibver (celluloze)
Figh fat - Formuls

Cesein, High Protein

Dextrose, Hydrete, Technicel

Fydrogenated Vegetable Oil

Viterin Fortificetion Mixture GEI
C&tg §4006°

Cslt Kix, Bernhart snd Tomorelll
Cat. #£170750

Fon=Nutritive Fiber (celluloss)

Control diet -~ Ttundsrd Wmyne Lsborotory Elocks

10.0
40,0

50.0

200.0
€00.,0
100.C

1C.0
40.0

50.0

200.0
200.0
500,0

10.0

40.0
50.0

Forced exercige « Thiz gtandcrd progrem was designed

using zmsale rats of the ‘prugue-dawley atrain,

#1) snimals were 70 deys of sge at the beginning



of tke program, The durntiion end intensity of
the progrsm were established eo thnt 75 per cent
of all guch enimele zhould huave Fer cent "hock-
Pree Tineo and Ier cant Fxpecteld Nevolutions of

75 or higher during tke finsl two weeks, Noted
below in Tuble 1 ere the first and lesat doys of
training of the eight-vesck, short~durstion, high-
irteneity ard long-durstion, low-inteneity en-
dur:nce training progress for adult mele rate in
controlled-running vheels,

Lizdtetions of the Itudy

Becnuse of time, erpence, snd uncontrollable condi-
tiore, many limitations and rentrictions were imposed on the
desizn of this investigation. The scope end depth of thie
study vere limited because only two exercive progrems were
included. Thum, &all generslizctions are limited specifically
to the chort and long endurcnoe prograns outlined elsevhere
in this paper, The number of snimels was chosen becuuse of
housing convenlenca and tire aveilcble for progrerming rnd
running the exercise wheele, rsther than determcining the exact
nunber necesaary for the estzblishment of statisticol signifi-
sance, Tho diets were desi;med 50 that & mexicum exount of &
specific compound wes utilized., This eliminated the deternine

ction of sny potentiml influence that a preogressive alterution
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of coxporent percentcges rpight heve had on enimel performance.
It chould elso be noted that casein was used as the protein
source, dextrose us the csrbohydrete eource, and hydrogencted
vegetoble 01l as the fzt source. It 1o these specific com=
pounds, rather than &1l proteins, &ll csrdohydrates, or rll
fats, that the resultec ere stiributed to. Air corditioning
and control of humidity were avsiloble in the living querte-
ers, dut the training erea lacked auch control, Therefore,

1t ves virtuelly impossible to determine the amount of en-
vironmnental ctress pleced upon the snircels and its effeot

on their physicel performence.

It is often ergued thet eninel etudies have no plroe
in physicsl education resecrch since the recults cennot be
epplied directly to humsn», However, mony expericental de-
slgns call for precise control of nsubjects, observations,
end verisbles over the majority of the subjecta' life spnxc,
Certoinly, with decigns of this neture, enimal experimen-
tation 12 far rore fensidble then studiss whick moke use of
human subjects,

It murt be reslized, by both those vho do enimtl re-
serrch and thore who rerd 1t, that the purnosce of enimal
ctudies 42 not to drevw inferences which sre immedistely op=-
vliconble to humsn populntions, but to provide recearchers
with innights which other tools end techniguer will not ele
low., It 42 in this cence thet animsl ctudies moy be thought
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of elmoet as pilot rtudies, for they provide the invezti-
gator with information concerning the pozeidble direction

of future rececrch,



CHLFTER IT
REVIDW OF THE LITHRATURE

The rautionel for sny dletary slteration muszt be
carefully investignted before that alterstion is imple~
rented, This survey of pertinent litersture wus directed
at goining inzight in terms of protein, earbohydrate, and
fet requirements and &lterstions in animsl und humen dlets
end the influence of such slterations on physical perform-

1) as1. 2%

ipdpel %

The informstion derived from enirel studies is of
interest mainly bYecsuse of its potentisl epplicetion to
kursns, Unfortunstely, rigid control in etudiea of thisz nae
ture ir extrezely difficult using humsn cubjects; therefore,
it i3 hoped that the sdventege goined in experimentsl cone
trol through the une of snimels 19 not offret by the limiw

tatione in the gpplicetion of enimel date to humens,

irotein Requiremente,—-Froteins are required by the
eninsl body for the replucement of the tissue proteins which

are broken down in the normsl metzbolic processes, axnd for

the building of new tiscuez in growth cnd reproduction.

9
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froteins &digected ond eboorbed in excess of thece reguire-
nents are for the moct purt uced foy the production of
energy--clither stored ms occrbohydrute or fui, or expended
in work or hect,

Proteinc sre rade up of enino ecida., The rrounte
end proportions of theve exino nolds vary trecendously in
proteine from different sources, Inesmeeh eg meny exino
eoldas occur as conponerts of body preoteins, obviously e:ch
of these murt be rede eveileble, elther preforred in the
diet or by cyrthesis 4n tke organicm from other materlsle.
The recogrition of this feot reiees the queztion as to the
nutritional importence of the individuel emino acide,

Until compuratively recently, only three of these
conpounde, nuwmely tryptophane, lyeine, end histidine, hed
been chown to be indispensedble components of the dlet, In
1631, Rose (26) reported invectigeticns using dlets in whick
the proteins were replaced entirely by mixtures of highly
purified ermino acids., From this work it vas apperent that
the known anino aclds, when incorporeted in otherwise ede-
quate diete, were inozpable of supporting growth. This led
eventuwlly to the isolrtion end identificstion, by FNoCey,
Feyer, und Roce (24) of & new indispenceble dlstery conpone
ent, now known &2 threonine. Feedirg experiments with thia

ne¥ enino smecid incorporsted in sn otherwise adequate diet
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constituted the first successful effort to induce growth
in enimals mpointained upon dieta carrying eynthetic mixe
tures of highly purified eminc scidz 4in plece of proteins.
Following thiv diccovery, the inportence ¢f the 4ndividusl
axinoe acids vus deterwined by omitting thew from dieic one
or wore &t & tire. The kanown easgcentiecl enino secidsz fcer the
rat mey Ve sumnwrized wg follows:

Lyuine
Tryptorhane
Hiztidine
Zhenylelenine
Leucine
acleucine
Threonine
lethionine
Veline
Arginine
slthourh & runber of proteins ere locking in certein
of the esuentisl zmine scids (glicdin of wheat 1o deficiand
in lycine wnd gein of coxn dg devold of lyzine end trypto-
phene), the feedirg of o nixture of proteins of plunt und
eninel origin will usuvlly insure the precence of «ll the
necesgury ones, Iwo proteins, euch of which 3z defioiont
in one or rore of therse ecuentisl components, zey mulally
eupplomenf exch other to provide an rdeguate nource ¢f
nitrogen.
Bogan znd FPilcher (13), using rations vurying frow
7 per cent %o 33 per cont protein, found that roats on the

higher congentretions ..ide better guins thon thoze on the
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lover levels, Hogmn, Johncon, snd Lchworth (1$) reported
thes rete on & high protein retion (26.2 per cent) made
grester guins and etored nore water and protein, but lecas
fat, than did their pair mates on & low protein foed (10
per cent)., Forbec, Swift, Bleck, snd Kzshlenberg (12) de-
scribed etudies of the effects of four different levels of
dietary protein (10, 15, 20, &nd 25 per coent) when equi-~
calorie amounts of the rution were fed. With inoreesed
protein intuke there was an inoreese in totsl geinz, en
increzne in protein stored snd usually & decrease in fat
geined per unit of protein stored, Hamilton goncluded thet
the growth-promoting vzlus of a dlet 18 ircorecced sg the
protein of the ration is increcced fronm 4 to 16 per cent,
is unohenged betwoeen 16 snd 30 per cent, and ie deoreased
vhen the concentration of protein im above 30 per cent of
the food. Diets contuining lees than 16 per cent protein
produce guins having more fat but lesz protein then is pro-
duced on & well-bulanced retion. @ .ins of spproximately
the seme conpocition are produced dy foods ocoptuining dbetween
16 and 42 per cent protein,

¥cCoy (24) atudied the growth end body composition
of eninels receiving different levels of protein in the
diet, Vitaminefree, fet-free, eult-low cuzein wag substi-
tuted for & part of the dextrin of the bassl rstion to pro-
duce foods containing sbout 15, 25, arnd 40 per cent protein,
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Andmele receiving the high- znd rediuvn=protiein diets grew
pore rapidly than thoze receiving the low-protein ration.
In paired feeding experiments the rzte of growth end the
percentege of nitrogen of the enimsl pernllele the protein
inteke. The percentnge of fat in erimels on the 40 per
cent dlet wes consistently lower then i those from eitherxr
tke 25 or 15 per cent yations,

Alteration of protein quantity end quelity in the
rat without consideration for their physicesnl, wmental, wnd
behavioral developméent can csuse irrepaireble dunsge, Do
layed physical development end impeired lesrning ebility of
rat pups resulted from feeding s marginel diet, Under ex-
perimentel conditions, two low protein diets which provided
14 and 21 per cent sz oppozed to 25 per cent resulted in
differences in body weights rné intelligence (%, 16, 11).
¥hen aninals were fed & diet conteining insufficiert guane
tities of en essentisl anmino scid growth weo reterded or
ebnorzel tissue develowrent occurred., Changen in the celle
uler structure of the poncrecs have been reported when rats
were fod a low protein diet (27)., Chenges in the liver,
prineipnlly in groass appearence snd color, slight chonges
in the pancreas &and some etrophie changes in the epleen were
reported ez a recult of a forced~fed diet concisting of e
vitusine-sucroce mixture yplus corn, rice, wheat, and nilo

flour sa the sole source of protein (27). On the other hand,
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the cativity of reny liver encymen involved in emino scld
catzbolism increnses with on elevated dletury inteke of
protein., This cauces & high rete of decrinetion which in
turn cmusneec higrer dlood levels cf emcoris, Under experi-
pentel corditions, dists contecining either 25 or 80 per
cent cuwein were fed to control cnd exreriuental trectuent
groups recpectively. It wos found thet the meen blood om=
monisa level in tke retes on the 80 per cent rution wae more
than three tines higher than that of the contrel group re=-
ceiving the 25 per cont rotion. (33)

Fut Feguirements,=-In 1929, Burr end Burr (5) re-
ported & deficiency dicecee of the rat produced by the ex-
clusion bf fats from the diet, On such & ration sninmcls
grev for @ time, buf coon developed deficiency cymptomsi
the skin becurme scelyj the end of the tail appesroed influrwed
and swollen, end later became heevily soaled and ridged.
Investigators (6) concluded ths$ both linolenic wnd lino-
leic ecild are effective and are of about equel velue in
curing rets suffering from & fet deficiency. It hes been
further suggested that lincleio &nd linolenic acids are¢ es-
gential for the production of more highly unseturated fottiy
soids,

Evidenge hes scounulated for several yeers thet the

type rather than the qucntity of fat consumed mey be of
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isportrnce ix diletsyy elterztion. Cn diets conteipirg 20
por cent fet, rete hed the best growth rates when saturated
futty wvoids scccounted for %0 per cent of the frt, Cn tre
other hind, growth rete rey not be sn entirely relisble
eritorion, Orester longevity wue wevocivted with lover
grovwil retes when sniseslz were fed dietn of sither 27 per
vent rupesssd o1l or hutterfut., %he repezecd oll ardimels
hed & longer life spun thsn thoes of tbe butterfrnt grouyp,
with » mesn 1ife tpen of €69 »pd 545 duys respectively, (71)

4 etudy by Cerrcl snd Bright (8) ven &erlgred te
detercine whotler chenging the relative proportion of curboe
hydrete end fat in the diet would influence retrlolie ree-
groneces in rats t¢ different souraes of the two nutriente,
Four sirbobydrate~fut covbinstfons (glucece end frustoce
ench with corn o4) (CC) end with hydrogenated coconut oil
(3CO)) vere corbined in high crurbohydrnte~low fot erd low
esrbohydrate-high 1t dietc, TIrotein snd cutloric weluer of
61l dieta were equivelent, ZIipght groupe of v:le weernling
ruts were sach fed one ¢f the erzperimeniel dicts for tve %o
four vesks, Heducirg the cerbohydrate~to=fet rrtio from
6415 to 15:25 (by velght) resulted iz the following chunges
in liver furctionst 1) paxrked reduction or ccrplete climins-
tior of responeer to ihe glucose=bephosphetere ond fructese
diprosphotaee engvme eywiems to dietery fructoce; ?) signif-

icant increcce in respcuse of glucoce=-ferhovphetine to dleltury
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HCCG3 %) decrertea in liver glycogen to e 4ifferent extant
with different cerbohydrate~fut conbinntionsy 4) etriking
increeses in totel lipid in fatc fed CO or HCO vwith glu=-
coce; and $) incresses incholesterol in ruts fed CO, end

in phospholipid in rutz fed HCO,

z (2 8 erepta.-=rny experimenters hzve
gtudied the influence of individual ocsrbohydrates on growth
(16), on the utilization of other dietsry components (9),
and on body cozmposition (7, 21, 22)., There is now & sube
etantial body of evidence thet in & number of different wiys
different kinds of dietery curbohydrste produce different
effects in enimrls, To euphzssirze this difference an experi-
ment in which the carbohydratez etudied formed 80 per cent
of the diet cen be cited (2), Dextrose, fructose, liguid
glucoce, snd suorose were the experimentsl carbohydrstes
while eptarch served ne the control. The menn body vweights
of the rats in all treztzent groups increseed stendily
throughout the experiment. At the termination, the ruts
given dextrose inoreased cignificuntly lease in welght then
those given diets containing liquid glucose or sucroce, The
mean weights of the heert, kidrey, liver, end epleon were
calouleted &3 percentuges of body weight., The orgun weights
of the control group vere uced ws noxrmel vslues. The re-

sults are &3 followe:
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Diey Compuric

Liquid glucose Ko ¢ifference

Dextrose Haeart welght grester

guoroee Huzrt weight end kidney
weight grester

FPructose Heert, kidney, end liver

welghts greatsr
As oompered with velues found with the control diet, carcaus
end liver fat were inorerced by muorowe snd fruotose diets
but not by dextrose and liguid glucone dietn. 411 high
cerbohydrate diets resulted in lower liver proteiln then the
control diet, 1he difference wes greatest with the fructose

#nd sucroce diets,

Anircel) Pe P2 QTR

For decudes men has wondered if elterstion of the
quentity of the three dietsry components of protein, carbo-
bydrete, end fat would enhance his performance in terws of
vhyzical perforvence. Animsal experiments have shed some
light on this topic znd are utilized because of the Aiffi~
culty ercountered when trying to control weriables in
gtudien with hurens,

Invectigators keve found thet & diet containing be-
tween 14 and 18 per oent protein is beet suited for the
spontanecus ectivity of elbino rets (28). No chenge 4n
rctiviiy vweo observed until the protein cortent reached 50
to 54 per cent. Above that level, e depreseion of ectivity
ocourred (15, 26). Diets contazining 66 per cent csrbohydrate
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or 43 per cent fat did not influence the szmount of epon-
tanecus eotivity (23). Ltudles of spontuneous sotivity
of ratc fed diets high in either fzt or protein indicstad
that a2 cuch &s 56 per cent of the osloxric velue of food
mey come from fat without depreezing ectivity.

In the ebove experimenie, sotivity wns defined as
the sxmount of sotivity which wes of @& completely voluntery
nature, Thers are meny other veriebles which may have been
opersting in the sbove experiments which have not beeﬁ noted,
Very little work hes been done on the effects of sltering
the quantity of each dietary component in regsrd to forced

or contrcllied exercise,

Focuning sttention on the stetue of /mericim nutri-
tion providez the investigstor some ineight es to the renge
and ecope of dietary needs inherent to ell individuslas, 2
cozparison of precent dsy dlets in the United ftotes with
dietes et the beginning of the century shows that the ineri-
can diet iz higher in £ll nutrientsc. Fifty of the dietary
atudies mede by Atwater and hiz sssociatez of the Cffice of
Experimentsal Stations between 1895 and 19073 were recalculuted,
The comparison showed thet 50 per cent of the dietery stud=-
ies mnde by Atwater were below 1958 K. tionsl Kesearck Courcil

recorrended sllowancea of caloium, riboflovin, vitszin 4,
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ascorbvin acid, &nd thizmine, The perocent of cslories from
fats has incresced, 7The diete of 1895 and 1909 econteined
1%) grees of fet which wus 38 per cent of the totel czlore-
ies, coxpured to 155 grams or 44 per cent of the totul
culoriez of 1955 (30).

The sversge Aserican consumes approximetely 40 per
cent fuot, 40 per cent carbohyldrste, snd 20 per cent protein
in cddition to an eseortment of vitzminz snd minersle in
hiz dally diet, Protein in the diet is necessery to sfford
sources of nitrogen and emino scids to be utilized in the
syntheziz of bcdy protein snd other nitregen contsining subdb-
stences. Frotein is involved in e variety of important
netibolic functiorns. Protein in excess of requirecents
gcrvee only &8 & source ¢of energy since it cun not be ctored
g2 a protein und presents the kidrney with excess orguinic
acids to filiter end excrete. Fet is #n importsnt humen
dietury coxponent, becruse of its high fuel value, becsuce
of the esrential fatty acids in natursl fute, and dbacrurce
fats ore cerriers of tkhe fst scluble vitsminc, The optimel
emount of f&t in the dilet cennot be stated with exactrese
but the N tionsl Reseerch Counoil, the Britiish ledicel An=-
sociation, end the Americun Nudicsl Ascocintion's Council
on Foode &nd Hutrition recomnend that the averrge diet should
contain 20 to 25 per cent of ite celories es ful &nd thet the

diet of the sctive person, child, £nd adolescent rhould con-
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tzin 30 to 25 per cent (25). The velue of carbohydrstes
lies esolely in thelr capecity to provide fuel for energy
expenditure, Of the three components, carbohydrestes ere
the roust flexitle vhen vlterztion cf dietery guentity io
in guestion,

Cver the yecrs, coaches heve beon &ttenpting to
control the dietn of their etihletes in order to insure zanxi-
cun performence quring cozpetition. These cozches Leve bLeen
under the belief thet the incluclon or exclusion cof certuin
fooda in the ddet ilopsirs or sids performence of the sthe
lete, Urnfortunately they Leve hed little zciertific bezxie
for theixr endesveors end ss & recult they heve relied upon
pest traditions, unfounded beliefs, ¢nd the clever Fadizon
tvenue sdvertizerente of big businescs,

It hes been gererslly scoumed thet carbohydrete la
the main and primsry energy scurce during ezercise. ZILrreri-
nents with high cirbohydrate diets kove shown 25 per cexnt
(72}, 11 per cent (14), znd 8.% per cent (4) ircrezses in
rusculxr efficiency. It wiur zloo found thzt & eubiect could
continue etrenuouz work three times se lorg on & higzh core
bohydrete diet ss on & high fuzt dlet (20). ¥t hee been
concidered only us reserve fuel, ured meinly during recovery.
Eowever, in recent yeor:s evidence heg sccumuldeted which ceems
1o cuggent that the ploome free futty zelde sre en ioportent

fuel for prolonged ruceulor woerk and thet corbohyirete
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meteboliom sterts to pluy & mejor role cnly in heavy exer-
cise vhen the oxygen supply of the pucecle becoxes insuffi-
cient (13)., Alco, the oxygen uptrke of the skeletal ruacle
in man 18 80 high thet it cennot be explcined dy the oxideae
tion of glucoee slone (1). Znother study (17) rhowe thrt
on the besis of respiratory quotient velues, frt epresred
to be the principle energy source in men exercicing efter
en overnight fzet,

In light of the contrrdictory recults from tre sbove
studies, 4t seens of conviderzble przcticel importence to
study the effects of high curbohydrate fut, wnd protein
diete on physicel perforcance.



CILAFPER IIX

HETHODS OF REUEARTH

This invesctigotion wes underislken to deterrine the
effects 0f high protein, high curbohydrate, ernd high fat
on the performance of forced but controlled activity in the
mcle albino rat.

Fxperizentel Dezign

Weened (23-dayz-old) male rats of the {preogue-
Dawley Strein were utilized we experimentsl mninsls in thins
investigation,

To permit adjustuent to the lsborutory énvironment
and the experimental diets, sll cnimels wers housed for ciz
veeks in standurd, 1nd1viéual ceges for small enipsls,

Theae cages shall be ¥arerred to uc “sedentary ccges" hero~
insfter, &nd sre 24cr, long by lBca, wide by 1l8om. tell,

For two veeks prior to the commencement of the trzining phase
of the etudy, the animels were permitted voluntury sctivity
in exercise wheels, of the type described by Fichter and

22
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¥Weng (23), which were atteched to their individuzl soden-
tary cages. This wes done ro thet the animels were amble
t0 learm kov to run and to becors scqusinted with sn exer-
cise wheel, At the end of the voluntury motivity perioed,
the anirzla veres returned to a sedentary existance, except
for their exercise bout each dsy, for the remeinder of the
study.

Trast-en

l. &t tventy-three duys of ege, evch enimel wese
rsndocly essigned to one of the following four diet groupe:

(2) High protein - received casein, 500.0 g/kg
or 50 per cent, dextrcse, 300.0 g/kg or 30
rer cent, hydrogenated vegetrdle oil, 100.0
&/kg or 10 per contj und vitenmin, sclt mix;
&nd non-nutritive fiber in = combinstion of
10 per cent,

(b) High caxrbohydrate « reoceived ceseiln, 200.0
g/kg or 20 per cent, dextrose, €00.0 g/kg or
60 per cent, hydrogenate vegetcble oil, 100.0
g/kg or 10 per cent} snd vitemin, salt mix;
&nd non-nutritive fiber in a combinstion cf
10 per cent.

(c) High fzt = received casein, 200.0 g/kg or 20
per cent, dextrore, 200.0 g/kg or 20 per cent,



(4)

2.
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hydrogennted vegetcble oil, 500.0 g/ka
or 50 per cent} eond vitamin, sult sixy and
non-putritive fiber in & combination of 10
per cent.
Control diet = received stundexrd Wayne
Luboratory Elocke,
At nixty-five doyn of ege, exch animal was eao-

eigned to one of two activity trestmentsz. The groups were

watched sccording to activity records compiled over the
tvo weeks thzt the enimals hsd smccess to thelr individuel
exercice wheels, according to body weighte, snd eccording
to diet treatments,

(=)

(v)

A CThort durztion rumning group wee subjected
to & short-durstion, high~intensity program
of intervsl running in controlled exercise
vheels for eccell snimele, By the end of the
eighth week of trsining thezo sniiuls were
conpleting six, ten-sminute bouts, with two
end 8 helf ninutes of rest between boutsn.
Zsoh bout consisted of ten repetitions of ten
seconds of work elternsted with forty seconds
of rest, This group ren at plx feet per
eecond during the work intervzls.

A Iong duretion running group wue subjected

t0 a long-durution, low-intensity progrum of



continuous running in the controlled exer-
cice wheel for emull animnls, Dy the end

of tho eighth week of training, thece eni-
puls were coxpleting two, twenty-five-
minute bouts, with twvo and & helf minutes

of rest batween bouts. This group ren st
two feet per second during the work intervsl.

The controlled exercice wheel, designed, constructed,
tnd tested at Michigan State University, wes utilized in this
etudy., With this epparztus, the speed ard duration of run~
ning oun be contrelled reprrutely end in conbinstion,

Efther intervel tredining or continuoun regicmens of exercice
can be conducted depending on the objectives of the invese
tigator.

ntment P 2
The diet trecimentn were sdminiatered once a dey,
seven duye & week, in the sftermcon over & l4-woek period,
The various experiuentsl exercise treatmenta were rdminice
tered once & doy, betwesen 6:00 A.X. &nd 11:00 AK,., five
dcye & veek (Monduy through Pridey). There trenituents

vere continued over & eight-week or forty-doy period.

Thirtyetwo Iprogue-lewley Ttrein mele rats were
utilizged as the experirentsl snimelds in this invectigetion.
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Foted below, in Tuble 2, is the combinrtion diet group-
training grouvp design ond the distridution of anirmelds in
ech of the lianted categorien,

TABLE 2
Diet Group , 2 Gro
Frotein 8 4 4
Fat 8 4 4
Cerbohydrzte 8 4 4
Control 8 4 4
intme C;v_

Throughout ths exyerircont, &1l of the anirels re=—
ceived water snd were fed their specific dilets wrd libitux,
Each anizel wes handled, fed, and wotered deily.

Tres t 1@ Dots

The following dzts were collected during the study
end analyzeds

l. Deily records were kept of the boly weighte of
8ll enimslst

() Body weight tefore exercice

(b) Body weight sficr exercice

2, D:1ly records were kept of the envircnnentsl
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conditions in the room where the nnimels were exercicedi

(s) Adir temperature

(b) Percent husidity

(o) Barometric rrescure

3¢ Delly recoxrds were kept of the controlled exerw
¢ice whesl settings uced with the rhort and long rununirg
groupst

(=) Acceleration tinve

(b) ¥ork time

(¢c) Eest tine

(d) Repatitions per bout

(e) Nurber of douts

(£) Tize between bouts

(g) Amount of chock uvailsbdle

(h) Speed

4. D:=11y records were kept of the treining results
for each of the tvo exercise groupo:

(s) Totel expected revolutione

(b) Total revolutions run

{c) Percent expected revolutione

(d) Totel work time

(@) Curulative durstion shook

(£) Percent chock free time

5. 4Anglysis of voriance, correletionc, snhd mDeerns

vera uned in the etatizticel ensdynis of the corplled dets



fror this investipation,
6. Theece apimels were s2lso utilized in two other

etudies involving blood presrureu,



CHAFTER IV
ANALYSTS OF DATE

Thin study involved the dietury wltorz{tions of pro=-
tein, corbohydrste, snd fut in the diets of 32 mele slbire
rots end the effectn those clterstions had on their physicel
rerforncnce, The study covered 14 weeks, beginning whken the
snincls were 23 deys old end ending &t scerifice when the
enimels were 121 to 123 days old, Over this period of
time dete wen pccurulated denling with the aspecto of the
dadly life of the erxperimentezl snimels, the environmental
conditions, snd the training resultes recorded for euch
enimsel,

Becnuze cf 4ts inherent velue, anclysie of verlsnce
wveg utilized sa the chief stetistical method for the unely-
gie of dsta obinined in this estudy.

Tnbleo 3 through 6, end Grepha 1 through 8 provide
the snsly=iec of veriance, menn, stenderd deviation, and
visusl interprotations of the detu compiled from this study,
Aninal Bumber, Training Group, Diet CGroup, &nd Training
Group plus Diet Group tire the crtegory varicbles; wheroza
Body VWeight Befors Training, Body Welght After Truining,

29



Body ¥Weight Lors, Percent Body ¥Weight Lorsz, IXER, end POF

ere dependent vericblez,
The following rointe chould be noted:s
(1) Diet Oroun end Truining have deen defined in

(2)

(

)

Chapter 1, therefore, reiteration iz rot nec~
escaxy.,

ininules Fumber $, 13, srd 18 cdececszed for
rezgone of unknown origin, The date obtained
from there onimels wes not ured 4in order to
fecilitote ercy statietiosl progromming and
interpretetion,

The terms IR snd ICP cghould be defined in
order to facilitate understending of the date
rresented here, I3 ocmndbe defined ns the per-
cent of expected revolutions. The plorning of
the exercice progrors wes guch thst en aninmel
vea expected to run & set number of revolu-
tions in the exercice whesl in o gilver amount
of time ond at e psrtlculer rste. For exemple,
1% on senircsd wes expeoted to rmun 400 revolu-
tions wrd then run 450 or 350, itz FiR would
be 112.5 per cent or 87.5 per cent recpsctively.
PCP 4s the percentrge of ghock free time. The
progrexg were baced cn e tipe principsl, o
sxrorged ap to sllow the animels 8 predetermined



21
soiount of scceleretlion end performence tine,
If they f£riled %o medntsin the reguired proe,
n otimwletory chocking devics wes utilized to
facilitote their performsnce, The percent
chock free time during esch exercine period
wag celoulated by @ividing the suvteined
shock time by the progrsm time znd cubiructing
from 100, TFor example, if cumulative cheok
tine wes 50 teconds end program time woz 1,200
peconds, the ITF would be 95.8 per cent,

Zach table erd gresrh hen been designed for ensy
reading snd interpretution, Upeoclal asttention rhould be
devoted to the dspendent varisblec, Body Welght, ILR, snd

P slro, the ostegory vericble Treining Group snd Diet
Group (Tecble 6) end Grurhs 1 through 8, tince they ere of
oxtreze importance in this study of snimel parforusance,

T ble ¥ provides a summary of individusl snizmel
gsoores over the 40~dey truining period. It wuz ecrlier
gteted that aninmels which had FIR welues of 75 or bdeiter
xoy be considered capable perforrers. Tuble 3 indlectes
thet only Animel Fumber 19 f:iled to schieve the 75 per
cent eriterie, The dnta for this enimel was included in
the staetisticel enulysis becouce of the alrendy small sample

eize,
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SLE 3
innlysis of verlence, xeans, end stondard devictionad
vhere the cetegory vericble iz enimel number

CATLGORYs BODY WEIGHT EODY WEIGET BCDY ¥EIGHT
ANINAL BLPCRE S PTUR JEIER]
NUFBER KEAR 5.D,* FMEAN fieDos MEAN TeDs

1 246,6 7.66 245.9  17.0 0.7 16.1
2 256.5 24.25 253.1 23.4 a3 2.2
3 312.3 70,78  T03.5 2444 8.8 22.3
4 309.6 29,60 301.5 46,5 8.0 79
6 326.,0 32,21 J18.2 34.0 Te7 15.4
7 344.1 34,01 3%6.4 24.4 Te7 16.0
8 3516,2 29.47 312.5 285 BT 245
9 287.2 5479 285.3 29.5 1.9 16.1
10 254.2 23,10 260.1 21.9 4,1 2.5
11 296,2 24,07 292.7 23.9 35 1.9
12 277.7 25.58 274.7 25.1 3.0 1.8
14 32241 21.67 316.5 22.5 5.6 2.5
15 32745 22,15  323.0 21.5 4.5 23
16 348,0 22,30 277 541 10,73 22.8
17 277.7 20,28 276.9 23.4 0.7 15.6
19 250,11 36,87 246.8 357 Fe2 2.2
20 23849 27,21 23€.6 22.9 247 1.2
2 31247 28,37 309.2 28.1 35 2.0
22 208.1 25.93  303.9 24.9 4.1 2,8
23 3127 34,01  507.4 335 53 242
24 252,5 37.80 247.8 3941 4.6 22,7
25 285,9 21.16 285.5 7.1 0.4 15.5
26 270, 25 45 266.8 250 Jed 1.9
28 227.5 8, 6 225,9 11.5 1.6 6.2
29 229.2 28,69 318.4 32.8 10.8 22.1
30 3057 29,97 301.0 29.0 447 2.2
1 300.7 25.99 301.0 3l.1 0,2 22,1
32 34545 27.85 340.2 22.7 5.3 3.1

*Whero Se Do Wil reprecent Standard Deviation

The oversll Kean weas 294.6 and the oversll Standard Devietion
wea 42,0 for Jogy Welght Befora.

The oversll lMHesm ven 290.2 end the overull Standerd Devimtion
wen 42,1 for Dody ¥elaht Aflor.

‘“he overrll Mean wes 4,.%9 end the overzll Ctondard Deviaiion
was 14,0 for Body Welpght Loon.
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TABLE 3 (Continued)

CATIEGORT s PERCERT BODY  FERCERT EXPECTED  PCRCZNT CFHOCK
HIV.AL WEIGHT LCOD REVOLUZICHD FREE TI¥E

JIBLR ¥ELR 2.D MNLIE S FEAN SeDe
1 0.2 6.6 9504 29,0 79.8 20.8
2 l.2 0.7 €6.9 8,6 4.2 .4
3 2.7 6.7 82.5 8.2 78.1 c.0
4 2.4 13.6 85.2 20.5 74.8 21.1
6 2.3 4.5 75.1 21.0 68.9 16,0
7 2ol 4.) 80.6 25.0 T74.2 15.9
8 1.1 0.7 l12.9 19.9 68,7 9.2
9 0.7 55 79.0 3% 5T.4 276
10 1.5 0.8 94,9 24,2 B7.3 11,1
11 1,1 0.6 115.1 355 60.1 10.2
12 1,0 0.6 86.6 15.8 B82.5 9.6
14 1.7 0.8 103.7 3642 80.9 18.3
15 1.% C.6 £1.6 18,3 T7.9 11.3
16 3.0 6.8 ¢l.7 25.7 80.6 17.4
17 0.2 5.8 111.5 47.3 83.3 13,0
19 1.2 0.7 58.4 4.4 €647 12.4
20 0.9 0.5 83.1 27.1 T0.8 24.8
21 l.1 0.6 08.7 7.8 79.1 15.4
R2 1.3 0.8 109,.9 17.6 88.9 10.3
23 1.7 0.6 124.% 45.0 0.5 T.7
24 1.6 6.9 82,7 28.4 76.8 14.7
25 0.1 5e1 o7.8 20.8 8349 14.2
26 l.2 0.6 108.2 28.5 87.4 €9
27 1.3 0.6 T3.4 29.7 75.8 14.3
28 C.7 2.6 $6.0 27T 86.4 133
29 3ol 6.2 T8.4 14.9 TSl 13.8
30 1.5 0.6 6.2 18,9 76.5 11.4
%1 =0.1 T.T $0.8 20.1 82.0 %46
32 1.5 0.8 105.1 3648 8%.0 15.7

The overall Mean weg 1.4 and the overall Stenderd Devietion
was 4,6 for ZPercent Body Yeirhd loes,
The overull Meun wod 9 .3 and. the overall Ctenderd Deviction
vas 30.8 for . pos Royoldut
The overell Mecn wes 79,7 end the oversll Htandard Devistion
wes 16.5 for Percent fhock Free Tire.
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Tuble 4 utilizes the truining groups, short end
long, 82 its category vrrinble., Ikis provides informaticn
concerning theo differonces between the two treining groups
2o & vhole, It is of extircme importunce to note thet a
coupurizon of short ecgeinst lorng is of little vslue becuause
porforrince ia relative to the objectives of each partiowlar
progrex, 7This table ie useful chiefly in anelyzing the per-
forrence within eoch group.

Tcble § shows the effect of diet es & category
varisble, but omite the independent effect of treining
group per ee. 4An irteresting point oen be mude concerning
the differerces in body weight between diet groupe, 3Body
veight wua not controlled in termas of the amount of food
consuzed esch dey. The enirels vwere permitted complets
freedom of food inteke. Large body weight differencec be-
tween diet groupe could be obwerved vo early us the second
weck, Thesme differences became grecter in the performance
period of the study end continued to incressge up to sacri-
fice during the fifteenth week. 7The 0.0005 level ¢f cig-
nificence indicates the importeance of diet to snicel vwelght.
Hovever, severnl elternctive rensons exist for the marked
differences other than dietery composzition itzelf. For
exenple, the texture end tzote of the vericus foods mey
have been either desirsble or disegreesbls, 4. » result,

one group of srisnsle may heve eeten oonsileritly more then
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TAZLE 4

Anelycvis of verdisnce, mesns aend stendurd deviutione:
where t:re category varisble 1o trsining group

CATIGCRY BCOY WEIGET BOCY WLIGHT BCIY WIIGET
TRAINING BEFORE LPIER o
GROTP MELR HeDo ¥irN Sele LAAN. | E.D.
GHORT BUDUR~
ANCE 288.1 41.3% 293.5 42,3 4.6 17.%
LONG ENDURe
ANCE 290.4 42,4 286,5 41.6 4.1 6.9
APPROXIMATE
CIGNIFICANCYE
PROBABILITYS 0.002 0.004 0.565

The overell Kern and Standard Devigtion was the rame no
ghovn in Tedble 3 for gl DEFENDINT VARIABLIE

CATEGORY FERCENT BODY PFPIRCENT EXIHCTED FPLRCENT UHOCK
TELINING ¥LIGHT LOGS KEVOLUTIORG FEZS TIkE
GROUP MEAN S.Do  MEAN S.De MEMN CeDe
SHORT ENDUR-=

ANCE 1.4 5.9 91.8 33.7 7.8 18.7
LORD ERDUR=-

£NCE 1.3 2.1 92.9 2647 82.0 12,9
AFPRCXIFATE

SIGNIPICARCE




TABLE §

dnrlyecis of verisnce, momns tnd sluanderd devistionsy
wvhere the cutegory vericble 1z diet group

CATIGCRY 1 BOOY WZIGHT ECDY ¥WEIGET BODY WEICHD
DILT BEPORR AFTER v
GROUD ¥EIR  £.D.  MEAN  ©.D.  KSAE  £.D,
Control 3252 30,8 F19,1 32,7 6,1 6.1
Cerbohydrates 27%.2 30.6 272.5 31,6 .7 8.7
Pay 2?0.2 3801 266.3 3906 309 1901
Frotein 312.4 594 50T e 2 39.2 Sed 11.3
AFTROLIMATE
SIGHIPICAECE
FROBABILITY: 0.,0005 0.000% C.023

The overzll Xezns end Utandard Devietions verc the £suo &8
chown in Teble 3 for gll) PLIEKDLET VARIABLILL listed,

CATIQORY s FERCENT BCLY  PLRCZET BXTECTED FreCeyt CHUCK
DIET WEIGKHTD 1058 REVOLUTIONS PRy TG
GROTY KEAH BeDo FELN SeDa EGib Cede
Control 1.8 5.0 92:6 28,5 7906 15.5
Cerbohydrate 1.0 2.8 038 31.6 8l.% 177
F&t 1.3 6.6 86.1 2808 76.8 17.6
Protein 1.6 Ve G5.7 %1.8 80,7 14.7

AYTROXIMATSE
CIGHIFICAKCE
FRCBABILITY 0.149 0.001 0.CC6
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«nother group.

T:ble 5 would indicete thet & high Zat dilet 1s not
corducive to optinel physiocel sotivity.

T ble 6 end Grephs 1 through 8 represent the most
veluadble dete obtzined from thiz study. The importance of
oclassifying the snimels by both Diet Group snd Training
Group is shown by the fzot thet mean differences in ell
vericdbles except Body Welght loss end Percent Body Welght
Loss reached the 0.0005 level of significance.

T:ble 6 comperes the cstegory verisble, diet-training
group, sgninct the previoucly noted dependent verisbles., Zvcch
groph gives the viewer & visusl impression of the delly PR
serd Body Weight of & particulsr dist-training group., Cure
prisingly within the short endursnce group, the animale on
the fot retion mchieved the higbest FER of 93.8 per
Cerbohydrate, 91.3 per cent, control, ¢1
tein, G0.7 per cent, diet snimels .
the 15ng endurance group, one finds thet the srnimsls on the
protein retion achieved the higheet PER of 100.6 per cent,
followed by carbohydrate, 56,5 per cent, control, §5.6 per
cent, and fat, 75.8 per cent, It is interesting to note thut
carbohydrate and control diet animels were second snd third
in performance both in short end long endurunce, But, there
wves & corplete reversel of pocition for fat end preﬁein’diet
enfusle, Animals on the fut diet were last in the chort



T/BLE €

Analysis of veriance, mesns and etundzrd devistions
wbers the category varicble is diet-tredining group

CATSGORY BODY WIIGHT BCDY WEIGET BODY YEIGHT
DITT-TRAINING BLPORY AFPTER LOCS
QrouP FEIN SeDe FEAN E.D. FELR 2.D0
CHCPRT/CONTROL 325.2 29.4 318.5 32,9 6.6 15.7
CHORT/CARBUKYDRATEZC0,5 23.8 288,1 26,6 2.4 1.1
(‘I’IU'> /FA” 268 2 35.3 265.2 39.1 209 22-5
SHORT/FROTELN 308.7 48.6 302.3 48.4 €.3 15.8
I-'OlﬁG/GOIiLHOL 5 4 3505 320:3 3206 500 207
1ONG/CARBOIYDRATE 259 8 29,0 256.8 28.4 %0 3T
LOI G/FA” 272 9 41.5 267.8 4004 501 1301
1OHG/PROTEIN 316.1 27.2 2,1 26,5 4,0 2.4
APTROXIVATE
CIGKIFICARCE
PRCBABILITYS 0.000% 0.0005 0.046
CATEGCGRY ITZRCLET BODY EACEHT EXVTCTED TIERCLNT [HOCK

TRAINING QICUD WwLIQUT 100 HBeVOLTTICLT FREE TIMS
AND DIET GQROUP NEAN 8.0 MNIAR® SeDe KELK  CoDe
nHORT/ﬁOL:LROL 109 6 01 91.2 2900 79 ¢6 1600

SEOKT/CARBCHYORATE 0.8 37 Gle3  34.3 767 21.5

3 HLRT/FAT 0.9 8.1 03.8 34,1 77.2 20.7

f‘FUI’sT/PFOLEIH 109 4 6 90.7 37.2 77o6 16.0

LOHG/CO}uRCL 1.5 0.7 G5.6 2045 79-7 14.0

LONG/CARBOBYDRATE 1.1 1.4 66.5 8.6 5.9 1l.2

LONG/FPAT 1.7 3.9 75.8 14.5 76 3 12.4

LCHG/TROTEINR 1.2 0.7 100.6 24.4 83,6 1l2.8

AFYROXINALTE

SIGHIFICANCE

PROBABILITY S 0.184 0.0005% 0.000%




39
endursnce progrem and lastd in the long endursrcej while
enirsls on the protein diet were last in the short endure
ence program &nd first in the long endurince, %The original
hyvothesdis thet there night bte & difference in perfornsnce
&3 influenced by veriocus diets hes been substsntizted ot
the 0,0005 level of significunce., From the data socumulsted
in this particuler study, it msy bes epeculsted that the
short end long exercise progruns involve different metadbolioe
requirenents, poseidbly different metebolic psthways, end
pore then likely different energy expenditures,

Except for the fot-fed, long~endurince erimelz, the
FER of each of the other groups follow similar petterns es
{1lustreted in Grsphs 1 through 8, An interesting, but for
from substentiated, observation i1s that &s bdody weight in-
creasea over tine, ISR decrecses, There ore many possidble
explanations for this occurrence, For instence, body weight
oay influence snimel perforzerce after a given point, or the
progrem difficulty increszing ss a function of time m=y be

the pole cuuoe of the FIR decreussce,
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CHAYTER V
CUIMMARY AXD CORCLULIONS

In lieu of the lack of oxperimentsl evidence cone
cerrning diletary slterstion snd its effect on rhysicsl pere
forrmznce this investigntion was undertrken to determine
the effects of high protein, high carbohydruate, end high
fat d4ets on the perforrence of forced but controlled sc-
tivity in the mrle slbine rat,

Thirty-two verned, (23-drys-old) nale, albino rats
of the Eprugue-~Devwley Ctrzin were used e experimentsl ani-
relo in this study. Following an edjusiment period of cix
wveeke, each snimel wvug ascigred to either the short durei-
tion or long dureticn sctivity treotment., The following
conclusions have beea derived from the snulycis of the duta
end rew obcexrvations odbieined fros this superdicental ine
vestigation.

1. The dleinry sltercilonsz of fot, curbohydrecte,
vnd protein uced in this study heve & significant (0,0005
levcl) effect on the rhyeiczal performence of the msle slbino
ret.

2. "hiz effect iz obrerved in the two types of
exercire ucsed, ghort and long endurcnce, where murked

40
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differences in IZR ccores osn be ceen, The protein, cor-
bohydrate, and cortrol animels in the long endurance pro=—
gram achieved higher PER scores thon the protein, carbo-
hydrate, control, erd fet enimsls in the short endurance
group. Also, the order of ILR scores of each diet group
veried in each treining group. In the ghort group, the fat
dist group echieved the highest ILR score &nd the protein
group the lowest; while in the long group, the protein diet
group achieved the highest FLR ccore end the fat diet group
the lovwest,

3« 411 onimals except nuwber 19 achieved 8 75 per
cent or better IER score, which wes the oriterion euch enie
pel had to meet t0 be conmidered & capeble performer,

4. Grzphs 1l through 8 indicete thet ILR socoresz and
Body Weight varied from dey Yo duy over the 40-day trainirg
pericd., Except for Gruph 7, long erdurcnce cnd fot fed ani-
nals, FER scores and daily Body Weight ecores followed very
siziler patternc. It mey be concluded that the difference
in daily FER scores may be a function of progrem difficulty,
a reflection of the dletaxry influence on the physical perw
fornence, or 8 reflection of how well the mninnl wes cble to
run. Fore than likely it is a coxbinstion of &ll three yone-
zibilities,

9+ There iz substrntisl evidence from the tebles
&nd graphe that body weight mey influence ILK tooresi however,

no definite stotement oon be made,
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