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INTROLUCTION

It was not until the last decade of the nineteenth cen-
tury that physiolopglsts bocame aware of the significance of
differences discovered In the compogition and chemlcal be-
havior of the oroteins and suspected that the wniform nutri~
tional value heretolore atiributed to them was an erroneous
assumption. Rubner {(1897) was probably the first to posiu-
late that protelins may vary in ghysiological usefulness. It
is now a well mowm fact that oroteins from various sources
differ in the sxtent to wilch they moet the demands of the
organism for this nutrient,

Until 1900 very little was known about the guantitative

>

the amino aclds iIn the proteins, Thus, it

P

distribution o
is not surprising that there wzs little appreciation of thelr
relation to the nubritive value of the proteins and that in
many nutrition experiments, quantity rether then guality was
emphasiszed. AT this timoe,Pischer as well as XKossel and nis
co~workers developed chemical btechnigues for the isolabtion
of the di-amino and the mono-amino sclds. Hesults obbained
with the use of these new methods scon showed that the amino
acid content of the proteins varied widely. For example,
glladin was found deficient in lysine (Osborne and Mendel,

'1l; and Van 3lyke, '1l) and gelatine was proved entirely




"B
devold of cystine, valine, iscleucine, tyrosine, tryptophsne
and hydroxyglutamic acid (Lakin, 7120).

With these findings in mind, Osborne and Mendel {?'12)
initiated the classical studles which led to the developmend
of the concesnt, "indlspensable amino acids,” The biological
feeding experiment as developed by them, in spite of certain
limitations, has ylelded resulis of great signlficance in
studies peritaining to the nutritive value of the proteins.
Zarly Investigationg lnvolved thne use of dlets in which the
itrogen was suppllied ln the form of an isolated protein.

In 1012, Osborne and Mendel udemconsitrated that rats naintained
their welzsht over a long perlod of time but did not zrow
when gliadin was the sole source of protein in the test
ration. Inabllity to grow, they belisved, was dus to the

lack of lysine since gliadin had been found deflcient in

- this amino acid by chemical snalysis. These early studles

also presented evidence of the dietary ilmportance of trypto-
phane and lysine {(Osborne and Hendel, '14). The »dle played
by these amino =clds in malntaining good nubrition was
found to bhe different, tryptophane belng essential for main-
tenance of body weight and lysine for growth.

In 1915, Osborne and Mendel found that cystine was also

szenbl
1G]

i3

1 and at the same time sointed out that the guantity

a

of aminoe acid present in a protein was lmpoviant. Casein

e

fed at o hlgh level (18 per cent) was adeguate, wheress growth
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was retarded when 1t was incorporated in the dieb at a level
of @ per cent. VWith the work of Osborne and Mendel as a
background, Sherman ('25) demonstrated that growth was a
linear function of the guantlity of cystine in the diet.

These experiments led to differentiation of proteins
into three classes defined by Sherman ('37) a2s (1) "Complebes
maintaining life and providing for normal growth of the
young when used as the sole proteln foodj (2) "Partially in-
complete™: maintaining life but nobt supporting normal growth;
and {3) "Incomplete’; incapable either of malnbeining life
or of supporting growth when fed as the sole protoin.

Rose and hils co-workers have amplified the early experi-
ments in a most note~worthy mamier. The results have been
summariced recently by Ir. Rose (!'38), Nixtures of purifiesd
amino aclds were used as the sole source of nitrogen in the
ration in all of thelr exporiments, Thelr work hes clarified
the nubritional status of the various amino acids in the
diet,

Investigators were not content to allow studies pertain-
ing to the nutritive value of the probeins to stop with
qualitative studles of the btype heretofore described. They
goon stegped to the quantitative estimations. As a result
there have apneared in the literature methods for evaluating

mmerically the "biclogleal value" of a protein.



REVIEW OF LITERATURE

Development of the Method for the Determination

of the Blelogical Vaiue of Protelns

The early studies of Osborae and Xendel with isolated
protoins, the improvement of methods used for the estimation
of the quantitative distribution of the amino acids, and the
development of the "nitrogen-balance™ technigue have formed
a foundation upon vhich has been built a long series of ex-
perinents, desipned to measure the so-called "biologleal
value of §rooein."

However, investigetions up to the vresent time have
yvielded information inadequate from several standpoints. For
instance, in the experiments which were discussed in the pré~
vious section, growth and malntenance were used as the cri-
teria for judging the findings and have left the questions
of the abllity of proteins to meet the physiological demands
of reproduction, lacbation, mlddle age, and old age all un-
answered. AS early as 1920, Osborne and Hendel pointed out
the importance ol these factors but they believed even though
the tests were nobt made that "... there are to0 many other

nutritive factors involved in successful nutrition to ensble
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us, upon the basis of our prosent knowledge, to charge any
faliures of nutrition in the seceond gensration to ¢hemical
inadequacy of protein, ... It ssems Lo us,; however, that if
an animal is able to atbain adult size upon a diet which
furnishes nprotein from a single scurce, the nutritive value
of this protein is clearly sstablished."# The adeguacy of
telinsg for regroductlon, lactation and the main~
tenance of a normal life span is still an unexplored fileld
and all of our present concepts of »robtein values need re-
valuation in the light of these factors. ZSxperimental find-
ings obtained in experiments ¢f this wider sort today are
net as likely to be obscured as they were in the time of
Osborne and Mendel slnce we appreciate more clearly than
formerly the food factors necessary for the support of good
nutrition.

Hot only were the physilological indices used for judging
the value of the protein inadeguate in the early experiments
but they were cgualitative rabthor than guantitetive in nature.
Great progress has been made in developing experiments for the
evaluation of the biological value of proteins from this stand-
polinbs MNecCollum and bLavis ('18) were awong the first to in~
troduce the guantibtative viewpolnt in an attempt to nove
accurately compare the nubritional efficiency of one protein
with another. They demonstrated that with rations of the same

#08borne, Te Be, and Kondei, Ls Be, de 1L0le Chom., £l
Pe 279. {1920).
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energy value, § per cent of =milk protelin was adeguate for
crowth whereas the proteins of thoe wholes wheat kernsl fed
at the scame level supported growth at a2 subnormal rate,
equal to that produced Dy the iuncorporation of as little
as 4 per cent of mlilk srobein.

In 1916, Osborne aund Hendel, too, felt the nced of a
more refined method for the estimatlon of the blclogical
value of a protein., They attenpted to compare the valus of
proteins for growth by feeding the sawms quantity of food
for a certain interval, the protein factor being the only
varliable., fowever, they found it difficult te foree the
animals to est the same amount of food and in 1919, Osborne,
Kendel,and Terry developed a8 method whereby the relative
value of proteins for growth could be expressed numerically.

-

They reasoned that "Since food intake is guite closely regu-

»

lated by the calorific reguirements of the animal approxi-
mately as much food 1z caten under otherwise similar condi-
tions whether this contalns a high or low percentage of
protein,™s# They, therefore, fed &lets containing varying
percentages of the sawme proteins and then evaluated resgults

in terms of the gein in weight made per gram of protein ine-
gesteds Thus, they were able to estimate the relative growth-
promoting power of different probteing, and they found that
nroteing varled widelyv. However, Sherman {120) in his work

#0aborne, Te. Be, Mondel, L. B., and Ferry, K. Le, de BLOLle
Chem. 37; pe 225, (1919).




wlle-
on protein requirement for meintenance pointed out that pro-
teins whnich vary ln growth-promoting power may be more nearly
equally efflcient for maintenance of normal weight in adults,

Hoagland and Snlder (!'26) have used the method of
Osborne, IMendel, and Ferry ('19) extensively in the estima-
tion of the nutritional efficiency of many proteins, Their
work illustrated the relative ease with which this may be
done when the protein 1ls of good quelity as well as the
difficulties met in obtaining comparable values for inferior
proteins. For sxample, test animals which recseived beef ex-
tract as the source of proteln made negative total gsins
(range = 2 gm. to ~63 gm.). Thus, they were unable to assign
a mumerical value to this protein. On the other hand, when
veal was the source of protein, the animal added welght in a
conslstent manner so that when growth was expressed in terums
of geins made per gram of protein intake, the range in resulis
was very small {(2.24 gm. tC 2.42 gm.).

From these findings it 1s evident that a method whereby
the "low" proteins could be evaluated was needed. The nitro-
gen balance wmethod has proved Lo be such a method. However,
the nitrogen balance wmethod does not allow the estimation of
the comparative efficieney of the proteins for the support of
vital 1life functions such as growth, reproduction, and
lactatlion inasmuch as it permits evaluations in terms of

meintenance only. Seegers (!'37) is the only investigabor
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who has attempbed a soluticon of the many problems suvolved
in the utilization of protein during gestation.

Thomas (109) lantroduced the term bicloglecal velue®
and was the flest to conceive the idea of detbe srmining the
value of a protein by the nitrogen balance method, He
developed the tecimiqgue, using himself as the experimental
subject. He early recognizsed the necessity of accounting
for the "wear and tear™ quota of body protein. In order to
determine thils latter value ho fed himself a nitrogen-iree
giet during which time he determined the daily cutpubt of
nltrogen in the feces and the urine. These values he be-~
lieved repgresented hls miniwmm protelin regulrement and that
theorctically, 1t wes necessary that the diet provide at
least this much proteln, so as to prevent bhody loss of
nitrogen. Imring the nexbt perlod he supplemented the nitro-
sen-Iree dist with a glven amount of the protein food undsr
examination and again debermined the nitrogen output in both
urlne and feces, Tue difference in the quantity of anitrogen
excreted in the urine under the two condiltions represented
the amount of [ood nitrogen excreted by way of the urine.
From the results, Thomas calculabted the hiclogical value of
the proteln, which he defined as the number of parts of body
nitrogen replaceable by 100 parts of the nitrogen of the pro-
tein food. ¥He us three msthods of calcuiation, each

differing from the other asccording to the way he dealt with
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the nltrogen of the feces. IHe recognized that part of this
nltrogen was the result of endogenous metabollism and thatb
pert of 1t came from undigested food. However, he did not
have a satlsfactory method of differentiating these two
fracvlions. He investigated 16 foods and assigned the bilo-
loglecal value of 100 per cent to miik, meat and fish and used
these as the "mezssuring stick" for his other proteins., His
technigue was in many ways faullty. For example, the experi-
menbtal periods varied in length with no preliminary periods
and no attempt was made Lo insure 2 constant intake of either
nitrogen or calories Ifrom day to day, nor were the dlfferent
forms of nitrogen fed at comparable levels. Thomas believed
that protein is better utlilized when ingested in small por-
tions several tlmes during the day than when all of it is eaten
at one meal, However, he practiced this distributed intake
in only a few of his experiments. Also, in calculabing the
biologlcal value of his grotelns he selected data arbitrarily
discarding certaln data without any apparemt reason. However,
in spite of gll this, hls ideas form the basis for subsequent
methods developed for establishing the biological value of

proteins by the so-called "balsnce sheet method.”




Hethed of Letermining Biologlcal

Value of Protein

Development of techuique

General considerations., In spite of the fact that

Thomas developed the idea of the blologlcal value in 18509,
it was not until 1924 that Mitchell spplied the technigue

to the biclozgical feeding experiment, and presented a method
wiich has boen followed since that bime with but few alter-
stlons,. 7e used The rat as his Test animal. The formula
wizleh Hitchell used when stated in its giwmslest form
oxpressad biological value as 100 x RBody N spared in which

Food % absorbed
"Body N spared" was the difference bebtween the absorbed

nitrogen and the nitrogen of ewndogenous origin. Certain
spoecifiic dabta must be collected for the calculation of the
blological value of a protein by this formila, They ave:

(1) the nitrogen in the feces of endogenous origing (2) the

nitrogen of the feces of exogenous origing (3) the nitrogen

e

n the urine of endogenous origin; {4) the nitrogen in the

]

urive of exogenous origing and (5) the nltrogen of the food
absorbed.

In order to obtaln these date the assay perlod is
divided into two parts, In the first interval, a low nitro-

cen diet 1s fed for a period suificiently long to establish



/

-]lE5w
equllibrium. [ate secured during this peviod for the guantity
of nitrogen in the food, feces, wd urine, are uscd as g mezas~
ure of the nitrogen resulbding from bissue metabollism. In
the second part of the assay, the food mrotein under study
is oifered as the sole source of nltrogen In the test ratlon.
Nitrogen analysis of the food consumed and of the urine and
feces provided the nocessary date for the calculation of
the biologlical values,.

In ovder to obbaln trustworthy results, the anitrogenous
metabolism study must be conducted under cevibain definite
conditions, These conditlons as given by Kitchell are: (1)
the diet must contaln only the proteln {or mixture of pro-

s) that is being invesbigated; (2) the dlets must con-
tain no non-orotein nitrogenocus subsbances excepnd those
present in the feood under investigation; and (3) the food
intake rmist be sc adjusted as to compoesitlion and amound
that dietary protein willl not be used as source of energy.

In addition to these conslderations, iuvestigators
interested in the development of this type of exporiment
bhave found that certain detalls of experimental uwrocedure
nay influence the validity of resultz., These are: methods
used for the estimations of metabolic feecal nitrogen snd
urinary nitrogen of body origin, the kind of experimental
dlets used in the assay perlods, and the relative lengthsa

of the nitrogen-free and protein-feeding periods.



Deterpination of metabolic fsecal nitroren. Nitchell

{124) states, "The 'blolozlcal valuet of a proteln, as the
term was applied originally by Karl Thomas, referred to the
ubilization by the body of the products of protein diges-~

tlone. The blologlcal value was expressed as the perceniage

of the gbsorbed nlirogen which was rebtained Ly the body for

repalr or the construction of nitrogenous tissue., Hence,

differences of digestibliity of different proteins did not
affect their biologicel values.":* Indirvectly, however, the
influence of the digestiblilty is felt in the calculation of
the absorbed nitrogen. This involves the estimation of
nitrogen elimlnated in the feces. Howsver, this excretion
contains nitrogen Irom two sources, 1l.8., (1) undigested
food, and (2) nitrogenous magterial derived from bacteria,
epithelial cslls, the digestive secretions, bile and wmucus,
and under abnormal conditlons pus and blood. The nitrogen
from these labter sources is known as the mstabollc feeal
nitrogen and must be differentiated. Investigators disagree
on the constancy of the factor. MNartin and Robinson (122}
measured the fraction by the determination of the dally
excretion of nitrogen when a diet practically devoid of the
glement was fed. Although they assumed in their calculations
that the metabolic fecal nitrogen was constant regerdless

of the guvantity ol Tfood consumed, these workers make the
'35?511303;1@11, ﬁa H-, Jo 33101. {:‘)hemtg ..5_@.; po 878 (lggé)q
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statement that they belleve the Tallure to take the metabolile
nitrogen of the feces into account was a factor limiting the
accuracy in blological values determined by Thomas.

Nitchell {('24) is of the opinion that the mebabolle
fecal nitrogen is closely related to the quantity of food
consumed. Schneider ('34) has vpresented 1160 debterminations,
many of which were taken from the literabture, to supnort the
view that the fecal wmebabolic nitrogen in the rat comnsists
of two fractlons, one related to the bhody weight and the
other to the intake of dry food. Adolph and Tu (1'34), how-
cver, considered the intake of dry Food as the only contribub-
ing factor and even went so far as to use & constant figure,
1.4 gm., toc express the metabolic fecal nitrogen per gram
of food intake for all intaske levels throughoub their experi-
HentBe

On the other hand, Chiclr, Hutchinson, and Jackson (135)
have found only a rough general proportionality bebtween
fecal nitrogen and the intake of food upon & low nltrogen
diet. They write "Seeing that ln any case the amount of
the fecal endogenous nitrogen has relatively little influence
on the value of the expression ussd for calculating the
biological value.s., we have taken the mean value of the
actual faccal nlirogen exzcreted in all the nitrogen-free
experiments performed on any rat, as a reasonably pgood
estimate of the endopenous faecal nitromen for thab rab,..."s

*Chlck,; Ho, HutChinson, de.Ceil,, and Jackson, l.k., Biochen.
Jep, 2935 pe 1708 (1935).




This 1dsa of a lack of correlation between level of food in-
talte and fecal endogenous nltrogen has vesn supported by
French and Mattill (736).

z

Seegers and Mattill ('35) have avolded the controversy
by attempting to feed the nitrogenous ration at the zame
level as the non-nitrogenous dlet.

Enother factor which influences the guantity of meta-
bollc nitrogen appearing in the feces 1s the amount of rough-
age in tho diet (Mitchell, '24; snd Adolph and Wu, '34). Its
importance will be discussed in a laber section.

1Eitchell (1'24) has summarized the relative importance
of the metabolle fecal nitrogen figure in calculating the
biclogical value in the following paragraph, in which he
agrees 1ln his general concluslions with Chick, Hutchinson,
and Jackson ('35):

"An unsvoidaeble error enters into the method

here, bub is not thought to be serious, since an

vnderestimation of the metabolic nitrogen in a

period of protein feedlng would lead to an over-

estimation hoth of the food nitropen retalned in

the body and of the absorbed nibtrogen, the numer-

ator and the dencminator, respectively, of the

fraction determining the biologleal value sought
aftepl %

Betimatlon of urinary nltrogen of body origin. The

guantity of nitrogen in the urine resulting from the cata-~

bolism of dletary vrotein is comzmllicated by the fact that

#iitchell, Ho H,; Jo Biole Chem., 583 pe. 880 (1924).
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the urine also contains nitrogen resulting from the cata-
bollsm of the body tissues as well as that coming from food
socurces. Since the two types, i.,e., bthe endogenous and
exogenous nitrogen, cannot be separated by chemleal means,
they must be distinguished by an indirect method. The
method suggested by Thomas ('09) and later by Martin and
fiobinson ('22) was to cstimate the nitrogen arising from
endogenous sources by the feeding of o nitrogen-free diet,
Theoretlcally when such a diet contalns suilficient calories,
it prevents the oxidation of body protein for energy and

t is assumed that the nlirogen which appears in the urine

Faad

represents the quantity catabolized in the dally wear and
tear of body tissue. Hitchell ('24), in developing his
method, used data thus obbtained to represent the uwrinary
nitrogen of body orlgin for the determination of biological
values. Vhen this method of calculation is used 1t rmst be
assumed that the basal wetabolic rate of an gnimal is con-
stant at all times becsuse sas Smubs ('35) has shown there 1is
a close rolatlonsghip betwesn the botal endogenous excretion
of nlitrogen in the urine of the warm-blodded animal and its
basal metabolism. e belleved that the nitrogen catabolism
of any specles of animal may be calculated from its basal
heat productlion. Forbes,'ﬁriss, and Miller {('34) have found

that within certain limits there is a progressive increase

‘-b

n the rate of rise of heat production as food consumption
is increased. Therefors, the food intake dwring the nitro-

gen~-iree period should be relatively the same ag during the
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test period 1f the endogenocus urine nltrogen of the firsg
neriod is Lo Do used as a neasvre of the endogenous nitro-
gen in the latter period., Also, 1t must be assumed That
the cabtabolism continues at the same rate when rroteln is
fed as 1t does when no protein ig included in the diet.

t is

However, 1 ¥nown that the guantity of protein in the

diet way affect the basal metabolism of rats. Horst, ¥endel,
and Benedict ('33) for instance, found no signlificant
diffcrence in the basal metabollism of rats fed diets of high
provein and medlum protein content, but when the rats were
given a dlet of low protein value, the basal rate was dell-
nitely lowered.

Since early times the influence of muscular exercise
on protelin metabolism has beeon dlscussed and many conflici-
ing opinlons have been advanced. Hitechell, Beadles, and
Kruger in 1927 studled the gusstlon extensively and their
results showed that considerable muscular effort, either

statlc or motive, can be performed with no appreciable in-

crease in the total endogenous urinary nitrogen. Therefore,

the actlvibty or nervous btension of the animal should nob
affect the nltrogen excretlon., The above workers did find,
nowever, that 1f the food consumed did not furnish sufficlent
cnergy ror the specific activity, the muscle tissue itself
was sacrificed to the point where there was an apnarent in-

erease in the quantity of metabolic nitrogen in the urine.
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This agaln indicabes the need for adeguate calories in
formulating the experlmental diets used in this tyve of ex-
perinent.

Another factor {(Ashworth and Brody, 1533 Chick, Hutch-
inson, and Jackson, '35; and Freunch and Mattill, '38) which
has been found to affect the quantity of sndogenous nrltrogen
in the urine is the length of tiwme the animal is malntalined
on the unltrogen-free dicet. Those workers sll cobserved thab
the excretion of endogencus nitrogen tended bto diminish with
time. Chiek and her co-workers believed that a nitropen-iree
period, two to three days long, was adequabte since it in-
cluded the initlal ranid fall in nitrogen excretion. French
and HMatblll (138) found that for adult aenlimals and for wature
anlmals, four days were necessary before collections could
be sbtarted in the nitrogen-low feeding perlod but that an
interval this long was not sufflcient prepsration for ths
adelescent. In the latter group of rats, consbancy was nob
established even in ten days.

Vhen these factors are considered, it would seem, as
Chick ond her co-workers (135) so cogently state, "The esti-
mated endogenous urinary nitrogen (as réguived for the
calculation of blological value ol probelns by the balance
sheet wmothod) must be regarded as s somewhat arbitrary
quantity,.’*

#¥ohick, H., Iutchinson, J.C.le, and Jackson, He Meg
Biochems Je, 283 pe 1707, (1835).




Bxparimental diets used in the asgssay perlod. The suce

gss or fallure of the nltrogen balance debermination for

the estimation of the blologlcal value of protein depends to
a large degrce upon the nroper selection of the experimental
ration, Two types of diets are neseded, (1) the low-nitrogon
dlet Tor the determinatlon of nitrogen of ondogenous origin
and, {2) the diet containing the protein bto be assayed,

The formulation of the low-nitrogen diet presents the

aWal ‘1

more serious difflculty. 3ince tho animals recelving this

diet rapidly lose thelr appetites, it mwust be chosen with
great carc, MNany workers use dilebs conbalning no protein
but esdeguate in all of the other necessary food constltuents.
In this case, Boas-Fixsen and her co-workers (¥30) have
emphasized the necesslity of preveailng loss of appetite by
supplying sufficient vitamin B. |

Mitchell (1'24), however, has advocated the use of 4.0
per cent whole ogg in the low-nibrogen diet as this protein
has g very high bilological valuve, i.e., 96 and, bthms, does
not affect the endogenous nitrogen. This tgpe of diet was
also used by Morgan ('31) in some of her experimonds for
the determinatlion of the guantity of nitrogen excreted of
endogenous origin. The quantity of protein that should be
included in the dlebt in the second phase of the assay per-

lod has been discussed by csrbaln investigators. Thomas,

in his early work ('09), assumed that the protein was used
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to the same degree regaydless of the level of intake bubt it
has since been polnted out by Boas~Fixsen (735) that unloss
all of the absorbed nitrogen 1s bulilt up inbo a compound
such as '"Vorratselwelss,” thig assumpblon cannot be justi-
fied. MNitchell ('24), Vorgan {'31), and Boas~Fixsen and
Jackson {'32) have all found bthat the biologleal value of

a protein decreases as the percentage of protein in the btest
ration ig increased. Therefore, when the biological value
of two proteins are to he compared, determinabions must be
made at the same level of intake, It is advisable to use a
low level (5 per cenbt) since the sroteins do not seem to be
metabolized sconomically at the dgher levels {Chick,
Butchinson, end Jackson, '35).

The Inclusion of the vitamin B-complex in both the low-
nitrogen diet and the dleb contalnling the best probteln has
presented a serious Gifficuldy in the past because all
¥nown rich sources of the mutrient are high in nitrogen.
Yeast is such & food and one thabt workers have besn forced
to rely upon for supplying vitamin B, When 1t is added Lo
the dilet a consideorable guantity of a protein of uncerbtain
biological value is introduced. Various values have been
ascribed to yeast proteins; for examsle, Still and Kock {(3128)
have assigned a biologlcal valus of 24 to yeast proteins in
which case 1its use would lower the wvalus of the proteln being

assayed. On the othor hand, Mitchell ('24) reporited a bio-



logical value of 85. If the lattor value 1s correct, the
inclusion of a small amount of yeast protein in the dict
should not exort a measurable influsnce on the bicloglesl
value of the proteln being tested.

The importance of the other vitamins in relation to
nltrogen metabollsm hes not teen Lhoroughly investigatbed.
Boas~Fixsen (*30) has shown that vitamin Bp does not exert
an influence on the economical use of ingested nitrogen.

The work of Korgan and Osburn (f25) has indicated that
vitamin A 1s necessary for normal nitrogen metabollsm.
Since very few studies have been made on this toulc, it
seems wise to include sufPicient quantities of vitaming A,
I, and Becomplex in the test ration,

It is agreed by all workers thet the intaiie of calories
in the form of carbohydrate and fat mmust be great enough to
prevent the use of food protein or body protein for fuel.
The question has been raised as Lo the proportion of sach
of these that should be Included in the two test diebs needed
for conaucting the experlment because in certain abnormal
nutritional states, the amount of carbohydrate ingested af-
fects the lnbtensity of the protein cababolism, During periods
of nltrogen bunger or in fasting (¥urlin, ¥07; and Cathcart,
109), an excessive carbohydrate intake prevents the breake
down of body proteln., Likewise, in hyper-thyroidism shd

febrile conditions, nibtrogen equilibrium can be obbtained by
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feeding diets ceontaluing large amounts of carbohydraiss
(Shelffer and Caleman, 1093 and endall, '29), Under normal
conditlons, extra carbohydrate sparcs srotein if the two are
ingested at the same btime (Larson and (haikoff '37). To pre~
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furnish considerable of the calories in the form of fab.

1itehell ('34) has shown that while substitubtion of fat

for starch in the diet decreased its digestibllity, the

excretion of mebabolic nitrogen in the feces was nobt altered,.
It has been stated that the guentity and quality of the

roushage in the diet affects th

o
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tibllity of the protelna
LGolph mnd ¥Aar {'34) belleved that this was due to the laxa-
tive Influence szince crude flher from different sources did
not have the same sfiect. For tihls reason the only var

tlicn in the contents of the low-nltrogen diet and the test

diet should be tihe souree of the protein studisd.

Ape and slze of the btest animzsl emnloyed. The biological

A

values recorded in the literature have beau debermined with
the use of rats ranging in age from the very young to the
adult animal. HMitchell used animals varying from 60 to 250
gase in welght for ¢stablishing the details of his method.
Horgan {('31) likewlse aprarently believed that age wade no
approciable difference in the flinal rosult, for she used

rats of all ages in her cxperiments, Boas-Fixsen and her co-
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workers have employed the adult enlwmal in all of thelr
determinatiohs,

Althiough the vworkers are not consisbtent in tho type of
the tost animals uvsew, age 1s a facbtor that we feel should
be consldered. Miteliell (124) using young rats obbtained a

decrease 1n the blological value when the percentage of the
protein was lacreased in the diet. He thought that this
observation might be exnlained by assuming that protein can
be useé more economically for bthe malntenance of body tissue
than for growth. Thus, when the protein is supplied in the
diet at a low level, almost all is used for malntenance and

28 the povecentage ls increassed, more and more of it is used
for growth. Uhien the younger anlwmal is used the physiologi-
cal effect of bLoth malntensnce and growth on the bilological
value must e considered, whereas, with the adult anlmal the
influence of maintenance, only, enbters into the picturs,
Freach and Hattill ('36) found that the adolescent animal
apparently never reached a constant endogenous nitrogen
excretion, They ascribed tihis non-~abtiaimnment of an asproxi-
mate constancy to a heightened activity of certaln of the
endocrine glands In the growth gariod, that speeds up and
complicates protein metabolism. It is doubtful if any bilo-
logleal value obtained with the adolescent enimal possesses

any sipnlficance,

Test periodse. In conducting nitrogen balance experi-




mentg, two bypes of test periods are necessary, (1) the
"nitrogon-free” pericd, and (&) the period in which the
aninal vecelves the gprotein to be assayed. The relative

gseguence of these noriods in the oxperimentel seb~up and
the length of each apparently have a decided influence upon
the final results. Both periods are preceded by a "prelimi-
nary pericd" when the animals receive the specific test ra-
tion for a short time before the actual collection of meta-
bolle nroducts is initlated. This plen ellminates the
influence of previcus feeding on the nitrogen excretion.
hen the animal receives a diet very low in nitrogen,
probleng arise because the food lntake (Mason and Palwmor,
135) nrogressively decreases, Therefore, from thls point
of view it is hlghly desirable to make the prsliiminary period
as short as possible, HMason and Palmer {(¥35) found that
the cndogenous nitrogen excretion of adult rats decreased
only very slightly aflter the third day of feedling the low

nitrogen diet. This confirmed the work of Hitchell, Hevens,

2

and Eendell ('22) and of Chick and her co-workers {135).
However, Ashworth and Drody (133}, and French and Mattill
(156) found that in growing animals an equilibrium mlght
not he reached untlil 10 to 28 days had elapsed. In light
of these findings, French and Mabttlll ('36) have suggested
that the protein~free feeding test be made after the animal
has been fod the low protein dieb for at least one week,

The imgportant point 1s bo conbtinue the experiment until endo-
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genous catabollism hasg reached a nore or less constant level
({iindnsde, '26), IHany Investigabtors have used the averape
reogulis obbtained from two nitrogen~free geriods for the eatl-
mation of endogenous niltrogen metabolism, one preceding and
one following the feeding of the test protein. FHowever,
nown that the value obtalned in the second

ia often mmch lower than the one secured in the

1
)

first period, 7

The question thus arose as to which figure
represented the true value. In order to meet this diifficulty
Soeger and Hattill (135) arranged the feeding »églime so that
the order of the protein-feeding and the nitrogen-iree
vericds was not tle same for all animals of a Lest series.
This precaution permltbted gn average distribution of the
varlations Introduced by the relative relation of the nitro-

sen-free poriod to the rest of the experiment.

)
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The length of the collesction perl by the differ-
ent laboratories vary from two to seven days. However, the

mg jority of workers use seven days.

Humber of agssave pogslble with one animal. The mmber

of tests mﬁde with sach animal varles in the dlfferent
laboratories. Norgan and Kern {'34) and Scegers and Nattill
(1358} bested three proteins with one animal. However, Chick,
Boas-Fixsen, Hutchinson,and Jackson (¥35) kept the animals
on the experiment for nearly three months and tested as

many as elght protelns with cach animgl in this interval,



> To W
In the report of Miitchell and Carman {'26) one animal was
used for slx assay perlods. rater, Mitchell and Beadles
(¥3%) descrlbed experiments extending over {ive or six
balance perlods. However, in his early work Mitchell (134)
stated, "It is also advisable not to use one group of rats
for a very extended series of metabolism studles, since the
conditions lmposed seem to undermine the conditions of the
rats as reflected in progressively diminishing sppetibe.”#
In our experience, many tests made on one animel so im-
paired iIts nutritlional stalte, Involving as they do several
nitrogen-free poriods, that the last tests were probably in-
vallde. The idesal experimental situation is to use e rat for

one essay onlye.

Factors that affect the blologleal value of nroteina

The dlscussion in the preceding peragraphs indicates
that assays relating to the determination of the blological
valus of even one specific protein may vary greatly according
to the experimental conditions lmposed., These might be
called “experimental variations” and in most instances repre-
sent error. However, the blologlcal value of 2 protelin may
be aitered by factors that do not fall in this category. For
instance, many recent studies have shown that the biological

value of a proteln depends upon the treatwent to which 1t

*itchell, Ho H., J. Biol. Chem., 58; p. 901 (1924).
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was subjected prior to the test. The effect of toasting,
coocklng, auvbtocelaving, and sztracticn with aleohol have all
beont Investligated., All have been reported 28 causal ageats
in the lowering of the blological value. The exact change
in the melecule witleh causes the denaturatlion is nob defi~
nitely understoode. Contribubors on the sublect have agssumed
that 1% 1s a mlld hydrolysis {Chick and Mertin, '10: W and
W, 1253 and Lepeschking '22).

In the proseat study we are especlally interested in
the effect of heat upon the biclogleal walue and the digeasbi-
bility of protein. MNorgan in 1831 reporited that
ences observed between the biological values of raw and
toasted ceveal-proteing and of raw and toasted casein were
more than six times as great as thelr probazble error, bub
that the digestibility of the toasted protein and that of
the raw was bub little different. The results of experi-
ments by Chick and her co-workers ('35) have confirmed the
findings of liorgan concerning the effect of heat on biologi-
cal values but not on digestibility. They found that heat-
ing caseln at epproxzimately 1500C,. reduced its digestibility
from 83 to 73 per cent. Similarly the digestibiliby of
lactalbumin fell from 95 to 69 per cent. These latter find-
ings are in accord with the work of HMaynard and Tunison (¥32)
and of Schmelder ('32). They demonstrated that high temp-

ratures affected both the biological value and the digesti-



"

51~
bility of fish meals. Horgan and Kern In a later oubllica-
tilon ('34) found the supplomentary feading of lysine and

istidine withi the heat-treated nrobein produced n favorable
gifect, thus, indicabing that some damage had ocecurred to the
moleculs,

In direct contrast to the reports of the above investi-
gators are the findingcs of Seegors, Schulbz, and Hattill
{136) who sihowed that heating casein at 120°C, for two hours
or at 15000, for 30 minutes had no efiect on its bioclogical
value.

Yorgan and Bern (134) have also found that the heating
of beef muscle under varicus conditions, l,e., (1) boiling
in water wntil the internal tempeorature reached 849C., (2)
auboclaving at 185 pounds of pressure for 7 stinutes, and (3)

antoclaving at 15 pounds of pressure for 1 hour, lowors the

picological value, There was no suprecliable change in the
x ot -

bod

1pestibility of the weat. HNaynard and Tunison (!'32), too,

>

elleved that the method of hezating had a decided elffect,
since the nutritive valve of the oprotein of vacuum-dried
fish meal was suporior to flame~dried meal. On the other
hand, Seegers, Schuliz, and Mattill (!'36) in {lree series of
sxperiments on 24 anlmals demonsirabed that the biological
value of finely ground beef muscle dried at a low tempeora-

ture and fed at a lovel of B ner cent protein was noi lowered

by previous autoclaviuz Lfor one hour at 15 pounds of pressure.
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In their opinion, heat mﬁy affect various proteing differently.
In contrast to the influence of heat on beef proteins, the
bilological value and the digestibllity of llver proteins were
slightly lowered by heating for two wesks at 100°C. However,
when 1iver proteins were eztracted with alcohol, & striking
change in blological value occurred, It ia thelr belief bthat
the change in the nutritive value thus induced is the resulb
of dipestlive processes that have sroduced a product for ab-
sorption contalning aminc aclids in proportions that are not
ropresentative of the original protein. They do not belleve

-

the decreased digestibllity 1s due to slmple denabturation
because proteins denatured in vitro seem o bhe as well di-
gested as the originel., They think that slance the slcohoi-
extracbed llver proteins are not as efficiently digesbed as
untreated liver the change may be of a stercochemical nabure.
Thus, the concept of the nubritive walue of a prolbsl
must include not only its biologlcal walue but its coefficient
of digestiblility as well, The nitrogen balance method has
been used in making most of the more recent studies and by

this method the two factors may be taken into consideration.



PURSOSE OF THE ZTTDY

In voecent studies, comducted in the Hutrition laboratory
of the Toods and Tutritlion Subsechtlon of the Iowa Agrlcultural
Bxperiment Station, dealing with the effect on the well-being
of the albluno rat of feeding canned, aubtoclaved pork muscle
as the sole sowrece of proteln in an otherwise synthetic diet,
many observatlons have been made thabt cannot be explalned
adeguately in light ol knowm mubritional facts. TFor examnle,
the first goneration of animals that was fed the test ration

-

grew at approsimately a normal rate and maintsined ©

neir

adult welight for 1850 to 200 days (Dyar 135), After this,
thelr weight graduslly decllned, and they became gaunt, very
thin, and the muscles of the back legs became so atrophied
that the animal exhibited a condition simllar to a pavalysis
of thet reglon., Iyar also observed thalt bthe animals born
of parents receiving the diet containing the canned auto-
claved pork muscle did net grow to as great an advlt size
when glven the pork diet as Aid those animals fed bthe meat
diet {for one gencration only.

The reproduction and lactation performance {Dyar, 135;
and Gray '58) of the animals receiving the canned auboclaved

pork muscle was also much poorsy than that of a group of

control animels receiving a mlxed grain diet which had been
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proved capable of supporiting all the func tions of 1ife from
gensrabtlon to generatlon, IHowever, when the rats wvere nain-
tained on the diet supplomented with 2 gm. of raw liver
dally, they were able bo produce and rear younz in s manner
that compared favorably with Lhat of the animals fed the
srain ration (Rogosheski, '36).

Although the pork diet was deemed adequabe, many nutri-
tional factors may have served as contribubing causes of
these observabtions. For example, the diet as formilated
possibly may have been vnwittingly deficient in vitamin 5,
In certaln nmembers of the vibtamin B-comslex, or in some ag
yet wnrecognized dletary facbor. Or perhapns ths process of

suboclaving induced a rancidity thalt rendered imsporiant
distary constibuents Impctent (Mattill, '27). Or again,
autoclaving may have altered the sroteins of the meat muscle
so that they were no longer adequate as was supposed (MHorgan
and Xern, '34) for the malinbenance of 1ife functions in the
cxperimontal animals.

Before any disbery deficleney could be ascribed as a

causal agent in the physioclogleal disturbances observed,
it seewed necessary first Lo esbablish the nubribtlonal
status of the source of protein used in the test diet. The

investigation horeln reported deals with this problem.



EXPERIMENTAL

Design of IExperiment

The nutritional deficiency ascribed by Dyar (!'35) to
the feeding of a diet containing dried canned auboclaved pork
muscle may be due to the failure of the test animal to meta-
bolize the nitrogen of the diet elffliclently. The nitrogen
in the test diet imowm as Pork I, was derived from the pro-
teins of the pork mmuscle and the yeast used as a souvrce of
the vitamin B-complex.

Dyarts study indicated that normal utilization probably
occurred early In experimental history but thatadefinite
break in the mechanism took place when the animal was ap-~
proximately one year old that was reflected in loss of body
welght. Inability to maintain adult welizht has not been
noted in rats Ted the stock colony ration {Steenbock V).

For this reason, male rats reared on the Steenbock V diet
in the pre-assay period were used as the control series in
the present experiment for determining whether or not, con-
tinued malntenance on the Pork I diet for a period of ore
vear resulted in physiological disturbances that affected

the protein mebtabolism. Nitrogen utilization of the pro-
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tein-mixture rcpresented in the Pork I diet was debermined

in normal ratg fed the Steenbock V ration at successive in-
tervals in the firgt year of 1if Mtrogen balance studies

P

were made when the animals were three, six and 10 months old.
The protelns appearing 1ln pork muscle and yceast were used
in malting the test. The data thus collected allowed the
calculation of the efficlency of the protein mixture in
terms of the blolopgical value and the coefficient of digesti-
Dility at the three age-levels.

In the selection of the specific 1ife periods for study,
meny factors were consldered. [rench and Mattill (736)

have chown that the resulis of nitrogen balance experiments

3,

ctained from adolescent rabs were not reliable. The male
animals of our stock colony are sexually mature when th hey
are three months old {(Barhart, '35) since sister mates have
produced, on the average, one litter by that time. At this
age then, adolescence does not inbroduce a factor of unre-
liability. The pericd of most rapld growbth has also been
reached at the end of three months (See figure 1.). Thus,
in studying nitrogen uwbtilization at intervals.in the life
of the mature »at, it seemed logical to start with a group,
three nmonths old. The biological value obtained with the
group of animals studied when six months old probably repre-
sents the true bilologlcal value of the speeific mixture of

proteins tested inasmuch as animals of ocur colony have then
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atbained their maximmn.aﬂulﬁ weight (See Fipure 1.) and
reached the height of reproductive activity (Zarhart, 1'38).
Theoretically, this weriod should represent the wortion of

sy

the 1life cycle of the rat when the nitrogen moetabolisn re-

lsted to maintenance is most constant. For these reasong,

the blological value i the coefficient of digestibility
obtained at this sge have been teken as the "yard stick®

for measuring the influence of experimental factors on ef-

ency of nitrogen utilization. The ten-month interval

fici
was chosen because a stwly of the growth of a group of ani-

mels reared on the pork diet, designated as Pork I, showed
that the anlmals maeintained their adult welpght until they
were approximately this old after which they gradually de-
clined in bwody weight. The interval apparently represents
a critical period In the lile cycle of the animal fed the
Pork T diet. Slince the stock rats do not exhiiblt loss in
body welght, animals of this age were chosen for the final
group in the control series for estimating whether or not

convinued maintenence on the Pork I diet resulted in physi-

ological disturbances that affected protein utllization.

In the first experimental series, two groups of animals
were fed, instead of the Steenbock ration, the Pork T dilet
mtil they were three moanths old and 10 monthis old, re-
spectively. The complete series (A, Table I), therefore,

rives information not only of the influence of age on ths

o
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biological ubtilization of the aitrogen bub of the eilfect of
previous dletary history as well.

As hag been pointed out before, the aninals reared on
the pork~céntaining diet were leoss successful in the pro-

o

ducing and voaring of young than were animals fed the stock

coleony ravion (Uyar, '35; and Gray, 'S56). Definibte improve-
ment was obteined in thie reproduction performance by the
addition of two gm. of fresh liver dally to the Foriz I ra=-
tion (Rogosheski, '36). Crowbth records of nurslings
throughoutv the entire lactation pericd excesded tihose ol
mirslings in the stock colony. These facts pointed to the

possibility that liver contained amino aclds tThat were capable

of malting good the suspected deficiencies of the Pori I ra-

tiom.
The results recorded by Rogosheski ('ou) sugsested a
second experimental series (Series B, Table I) Wheveby the

bilological ubilizatlon of the colliection of proteins pre
sent in pork musclie, liver, and yeast might e established.
In this instance, the mixture of Test proteins represented

5%
2ll sowrces of nitrogen in the Pork 7 diet, consisting ofﬂ
Pork I ad libitum and 2 gm. of Ifresh liver daily. Tinme
permitted the study of nitrogen utilization at the 1lO-month
interval only. It was bolieved that if the addition of the
rawy liver to the ration exerted a beneficial influence on

nitrogen metabolism, it should be evident at the time just
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prior to the nubtritional fallure observed in the animals

malatained on the Fork I diet.

It was realized that in the experliments heretofore de-
scribed the biological vulues and coefficlients of digesti-

bility obtalned Aid not represent the true measure of biow-
logical utilization of pork muscle, but of the mixture of
the nitrogen- contamnxnf substences present in rations Pori

I and Pork 7. Since workers have disagreed as to the effect
of heat on the blological value of meat proteins, it seemed
desirable to checlz thisg polnt., For the final exiperiment
(series ¢, Table I), dried canned autoclaved pork muscle was
féd as the test protein. Rabts grown for series A, that
already had been used for cne assay were employed as the
experimental animals.

The plan of the experiment and the test groups used

are summerized in btable 1.

Experimental Animals

The animals used in the experiments herein reported

were albino rats (Mus norvegicus albinus) of Wistar stock,

strain A, inbred by Drother and sister matings for 70 pgen-
erations. The sbtock from which they were taken had been

reared for 20 generations con a modification of Steenbock!s
grain diet {(Steenbock, 123). The constituents of this diet

were kept as constant as possible from season to seasen



Table T. Groups of tes]
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aninals used in the

experiment

Experinm
number

ent

Proteins
tested in
the assay

Pre-experi-
mental diet

Are of
animal
at time

Tumber of
assays per
exporimental

period of assay | group

A Pork rmuscle | 3teenbock V S MO 9

and yeast (Group 1 ) 8 mo. 2]

10 wo. g

Pori I S MO g

(Croup 2) 10 mo. 8

ji Porit mus- | Pork 7 10 mo. 10
cle, liver
and yeast

C Pork mus- | Steenbock V S MO a

cle only (Group 1) 6 Mo. 9]

10 no. a

Pork T S RO« G

(Groun 2) 10 mo. -
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General considerations

vihen the animals reached the proper age for the experi-
ment for winich they were planned, nitrogen balances were de-
termined. During this period the rats were housed in round,
large meshed (1/4 inch) cages, the bottoms of which were
raigsed cne and one-half inches from the suriace of the pyrex
vlate on vhich the cage was placed. During the agsay perlod
the cages were kept on large tables in a well venbilated
room where no other rats were housed. The food was offered
in 2 one-nalfl pint jar which was wired to the side of the
cage. Distilled waber was available from a fountein attached
to the outslde of the cage (See FigureIT'). On the bottom of
the pyrex plate two layers ol acid-washed filter paper, cut
to fit the dish closely, were placed to absorb the urine.
In prepsring these papers, they were first allowed to socak
24 hours in a two percent acetic acid solution. Ixcess
noisture was removed with suction. They were then soaked

ve minutes in a fresh acid solution, excess llguid rewmoved

bty
}.Ja

as Defore. This process was continued unbtil the rinsing
solution was colorless. Then the papers were soaked 10
hours in a solutlon containing 88 per cent alcohol (95 per-

cent )}, 10 per cent glacial acetic acid, and 2 per cent of




Figure II., Cage used for collection of samples,
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thymol. They were then air-dried, wrapped in heavy paper
and stored in a tizght metal container. The washing made

the {ilter paper nearly nitrogen-free.

Divisiong of the agsay period

The assay period was divided inte four waln intervals,
i.2., two nitrogen-low feeding periods each couposed of an
ad justment period of four days duration and a collection
pericd of seven days duretion, and two periods of feeding

he protein being assayed cach of which was compesed of an
ad justment period (four days) and the collection period
(seven days). The order of these intervals arce shown in
Table II. The two low nitrogen-feeding pericds were used in
order to secure as accuraste an estimation as possible of the
nitrogen of endogenous origin. In the original plan each
animal was to be used for assaying proteins from Ltwe scurces
so as to reduce the number of rats and balance periods needed.
In ectual expericence several of the animals mainbained on
the meat-conteining dlebs for 10 months were not physically

F
i

able to withstand two periods of the low protein feeding.
Therefore, only those animals that were considered physi-
cally it were used throughout the four phases of the ex-
periment. Adjustments necessary will be discussed later in

the texbt.
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The same type ol food was provided in the adjustment
period as was fed the rats during the collectlon period.
They were allowed to eat gd libitum during the adjustment
period and bthe average daily welght of food comsumed duriug
this period was offered to the animal each day during the
collection period. In nearly svery cazse all of the food
offered was consumed. The calorie intake of the animals
during these periods was entirely adequate and d¢id not dif-
fer significantly from the calorie intake of stock animals
of the same age {(See Table III). Seegers and lattill ('35b)
fed the same welght of food during the protein-feeding in-
terval as was pliven during the period of low nitrogen-feed-
ing. The animals used in our experiments lost weight during
the period of protein-feeding when this plan was usedg
therefore, they were allowed to e¢stablish a plane of food
intake for each of the four intervals.

A1l collection periods were of seven days duratlon.
The necessary amount of food for the first day of the col-
lection perlod was weighed on a torsion balance, to this
cuantity of diet, approximately 30 mg. of carmine was added.
The rats were offered this food at 10 P.M., eight hours be-
fore the initiation of the first collection period wiich
was made at 6 A.M. the following wmorning. The ratg with
their food containers, were transferred at this time to

the collection cage. This procedure elinminated the influence
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Table Iil. Bedy weights and weekly caloric intales of
aninals, 10 months old, fed certaln dlets

Steenbock V diet Low-nitrogen | Test ration
diet I
Rat Weight |Weekly Rat Welght|Weekly |Weight |Weekly
numher caloric | number caloric caloric
intake intake intake
S £ e
145506 370 279 16900 262 368 594 599
14803 312 177 16918 262 274 273 204
14602 313 222 17170 352 341 379 356
15534 333 177 17317 321 222 537 362
14973 300 300 17379 281 205 302 268
15036 330 242 17670 294 273 504 336
18088 384 242 17853 316 338 324 350
14912 360 279 17949 361 321 379 430
148%2 341 281 17990 249 234 270 155
Av. 336 218 314 287 329 329
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of the nitrogen lag in the urine from the previous diet.

» -

On the sixth day csrmine was again added to the food pro-

\

vided in order to wark the feces resulting from the food
consumed on the last day of tho collection period. AV 4
P.Ii. of this day, the food was removed from the cage. The
anlimal, however, remalined in the collection cage until

8ix o'clock the following morning. This again took care of

the nitrosen lage.
Loy o

Collection of Samples for Analysis

The feces and urine-soaked papers were placed in
flasks contbaining a & per cent hydrochloric acid solution
to which had been added 1 per cent of thymol.

The feces werc collected at 8 A.M. and 4 P.M. The two
collections were made to prevent contamination by urine
since Schneider ('35) has pointed out that this may be an
lmportant uncontrolled factor, especilally where one is
dealing with small amounts of fecal nitrogen. At the end of
‘the test period the hottoms of the cages and the pyrex
plates were thoroughly washed with hot 20 per cent hydro-
chloric acid from a wash bottle. These washings were added
to the flask ccntaining the filter paper sabturated with
Urine .

Blank collections were made alsc. Impty cages con-
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taining the filter paper were treated in the same manner as
the cages containing the rats. £fnalyses of these collsctions
snowed the guantity of nitrogen in the papers, and in the
solutions, as well as that which :might result from the ab-
sorption ol ammonia from the alr of the laboratory.

One~gram aliguots of food were weighed on the first,
third and sixth days of the collection period, mized, and

analyses made on composite samples thus obtained.

Diets

0Of the pre-experimental period

During the growth pericd the animals of the control
group {(Experiment 4, group 1) received the regular stock
colony ratlon, Steenbock V, which 1s a modification of the
stock ration described by Steenbock ('23). It had the
following percentage composition:

Ground yellow cornmeal o « « « « o 64

Linseed oil meal ¢ ¢ o o o o « o o« 16

Crude casein . « « « « v« o = » = & D

ALTAlTa o ¢ o o o o o o » » = & = 2

WaCl « v « o« o o« s o o s o o« o« o« 05

CaClz « « « o s o o o « o« = o« « « 0.5
Yeast cvee v « 4« o o v s s s s s a Llob

0

Irrgdiated yeast .o ¢« &+ ¢ o . . .
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Wheat 6T o« o « o o « 2 o « » o « 10,0

It was supplemented daily with lionified X1lim™ to which was
added cod liver oil {one teaspcon per quart) and trace miner-
als (2 ml. per quart of a solubion containing KI, MgSO4,
KoAlo(304) and CuSOyg. In adcition the rats received 5 gm.
of raw lean beef and 10 pm. of lettuce on alternate days.

The first serles of experimontal rats received the
Pork I diet during the period of rearing (Lxperiment A,
group 2). It contained the following ingredients:

Autoclaved canned pork muscle {(dried to
On@-half its Oriq'inal Weight) o, et evaxns 25 ox

Cornstarc}.l 6 ® & 0 &0 8D O VS G eIE SAa®YIO NG ES DL 55 Erﬂ‘
Yeast % B 8 20 0T LW B EEITESEFRNOPEIEIIIIOB ORI LN 56;&24

AE;&I‘ agar’ LAC I AR BRI A A NI A A AR A AR B A I A N N PR N RN | 2@1-

NaCl ceeosvoocavoecscscanscsossvesscaseccases L &
Osborne and Mendel salt mixture®™*.......... 4 gm.
Butter fat scseeveecscscsecccancanscanssces 8 il
008 1VEP 0Ll eeveevrancncceraccsasesannens 2 g

The pork used iln Formulating this diet ceme from a
lot of palred green skinned nams weighing 20 - 22 pounds.
A1l of the exbternal fet was removed by trimming and the
muscle was grouwnd once through a medium plate of a meat
grinder. One pouwnd of the ground muscle was placed in a
Ho. 2 enamel-lined tin can, sealed, and autoclaved for 65

*K1lim, The Borden Co., New York.

#*%0sborne, T.B., and Mendel, L.B., J. Biol. Chen.,
27, 225-229. 1919.
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ninutes at 15 pounds of pregsure. The cans were cooled
cuickly by dropping into a vat of cold water. ‘then thoroughly
cooled, they were gtored at room tempersture. Vhen a can
of meat was cpened the interstitial fat, which had collected
on the top, was removed and the remaining muscle tlssue was
spread one~halfl inch thick on trays, 1000 gm. to a tray, and
dried to one-half of its original weipght in a current of
warm air. The temperature of the drying oven was maintained
at 85°-95°¢.

The animals in experiment B used for testing the ef-
ficiency of liver in supplementing the proteins of the Fork
I diet were fed the Porit I diet already described gupplemented
with 2 gm. of fresh liver daily. This diet was known as
Pork 7. The calves! liver used for supplementary Ieeding to
the rats of the pork fed groups was nurchased fregh twice
weekly end cut into pleces weighing 2 zm. # 20 mg. These
pleces were placed in the freezing comparitment of a mechani-
cal refrigerator.

Group 1 of experiment C employed for determining the
biological adequacy of pork muscle alone slsc receilved the
stock ration In the growlng period while group 2 of this
experiment was malntained on Pork I diet during this interval.

The diebts were mixed twice weekly and stored in two
guart containers in an ice refrigerator. A fresh supply

was offered the rats daily and the weight of food consumed



wan recorded,

0f the assay woeriod

Ag salready noted, in the assay period the rats were
subjected to Tfour collectlion nerlods esach of seven days
duration. the Ilrst :nd third intervals, the animals
were given a diet low in nitrogen (See Table IV) and in the
gsecond and fourth periods they received the dlets containlng
& per cent of the respective proteins being tested,.

The Iive groups of animals in Series A of the experi-
ment were given the dlet contalning the proteins of pork
and veast during the second nl en balance periode The
composition of the dlet is shown in Table IV, The animals
in thils scries whieh were fed the Pork I ration for 10
months also recelved the test ration I lan the fourth balance
yeriod;

The animals of Series B, which had received the Pork 7
diet in tho pre-sxpsrimental perilod were pglven test ration III
in the sscond and fourth intervals. This ration consisted

-

of test ratlon I supplemented by 2 gm. of frozen raw liver
daily. The animalsg of the last series (Series C) used for
determining the bioclogical value of pork muscle alone re-
celved test ration IT in the fourbth balance pericd. This
retion was formulated by replacing the wyesast of test ration

I with cornstarch and feeding 0.2 mge of pure vitamin By



Table IV. The composlitlion of the diets used during the
assay periods
Dietls
Ingredient Low Test Test Test
nitrogent|{ raticn | ration ration
no. I. no. IX.# | no. I7I.
per cent |per cenbt | per cent | per cent
Cod-liver oil P 2 2 2
Butter fab 8 8 8 8
Agar-agar 2 2 2 2
HaCl 1 1 1 1
Osborne and lendel 4 4 4 4
salt mixbure
Cornstarch 83 70 75 70
Autoclaved pork - 3 S 8
wmiztle {dried to
one-half original
weight)
Yeast - S - 5
Liver (fresh frozen) - - - 2 .

#ally supplements of 200 mg. of Lilly liver extract number

343,
Guerranbt, '31), and 0.2

also given {(Rebtabion,

mon

Ay e

28 a source cof the vitamin G-complex {Sslmon and
of vitamin By crystsls were
Herck and fo. Inc., Rahway, N.d.).
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crystals and 200 mge of Idlly liver extract 343% dally bo
provide the vitamin Decomplex. This was necessary to di-
minlsh the quantity of nitrogen coming from sources othsr

than the pork muscle in the dlot.

Method of Analysis of Urine, Feces, and Food

Hydrochlorlc acld digests of the urine and feces were
prepared (Stearns, '29) by heating the six-day collections
for elght hours over a hot water bath. The following day
the solubtions were made up to volume {urine, 1000 ml.; Ffeces,
250 nml.)s The solubtions were transferred to eight-ounce
glass boettles capped with bakelite sboppers and stored at room
temperature until time for analysis.

For the énalysis of the nitrogen conbent, the Kjeldahl-
Guaning method was employed. FPifteen ml. of the urine di-
gest was introduced into an 800 nle Kjeldahl flask. To this
way added 25 mle of concentrated sulphuvric acid, 0.9 gm.
of mercurlc oxlde, und 15 gne. of potassium sulphate. The
mixture was digested in the usual manner until it was color-
less, afiter which 1t was heated for two hours. After cool-
ing, 300 mle. of tap water was added. The mercury was re-
duced by the addition of 1 gm. of sodiwn hype-phosphate snd

an excess {60 ml.) of a concentrated solution of sodium

#Ihe LLlVer BXLTACh Was Turnished by the Bll IALLy COe,
Indianapolis, Ind.
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hydroxide was carefully added. The sodlium h droxide was
édded from a burette. A "pinch" of granulated zine was
used to prevent "bumping." The flask was attached to the
distillation rack and thoroughly mixed. The contents were
brought to a boll and distilled as rapidly as possible for
cne-half hour. About 150 ml. of distillate was collected
during thils time. The nitrogen was collected as ammonium
hydrozide in a standard hydrochloric acid solution. The
amount of nitrogen was determined by titrating the remainder
of the hydrochloric acid with a stendard sodium hydroxide
solution with wmethyl red as the indicabor. The HCL and
HaCH solutions were approximately 0.1 N. The concentra-
tion of the standard alkali solution was checked against
potassium acid thalatbe (UseSeB.8.) once each month and the
allkkall was standerdized against the scid solution at least
once ezch week.

Since most of the awmonia passss over during the {irst
10 minutes of the distillation it is advisable to have at
least 70 ml. of liguid in the recelving flask. Therefore,
S0 ml. of carbon dioxide-free water was added to the 25 ml,
of standard hydrochloric acid solution used. The tip of
the distilling tube reached within one-fourth inch of the
bottom of the flask. There is always a tendency toward a
local ccencentration of ammonia. This was prevented by shal-

ing the distillate from time to time during the first 10
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mimutes. Brooke ('32) has obgerved that the tyve of trap
used hetween the Kjeldahl flask and the condenser greatly
affects the accuracy of the determination. The Lype siiown
in the illustration (FigureIIl ) was used in our determina-
ticns and proved satisiactory.

The nitrogen in the feces was determined in the same

o

way. Twenty-Ifive ml. aliguots of the acid digest were used.
Samples taken from the food composltes were weizhed

onto glazed paper and bransferred quantitatively to the

Kjeldahl [lasks. Oamples weighlng approximately three grams

were used. They were digested and distilled by the same

metiiod as was used for the urine and feces.

Accursacy of the Analytical Method and of the

Urine Collection

The reliability of the mebthod used for analyzing for
nitrogen was checked by determining the quantity of nitrogen
in 25 ng. of chemically pure creatinine and in a standard
creatinine solution containing 0.372 mg. per ml., (See Table
V). The theoretical guantity of nitrogen in all of the
samples tested was £.292 mg. VWhen the dry creatinine was
uged the sample analyzed 2.404 mg. glving an ervor cof 1.21
per cent. The average per cént error obtained with the

s011d material and with the solution was 1.00. This was

thought to be within the limits of the accuracy of the ex-



trogen analyses.,
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Figure ITI.




perimental procedure.

The acld digests contained colloidal-like particles
which settled out on standing and witich adhered te the
pipette when the sawmple was measured. It was, therefore,
thought advisable to checlk the accuracy of the measurement
and at the same time the homogenelbty of the aliguots used
for the nitrogen analysis. Two series of nitrogen determi-
nations were made on a urine digest. Twelve determinations

were made in each seriez. The procedure was as follows:

Series I

The sanmnles were measured from a 25 ml. pipevte. The
pipette was allowed to drain for 30 seconds and the
lest drop of the solution was removed by touching the

tip of' the pipette to the side of the flask. The di-

gest was heated Tor two hours after it was colorless.

Series I1:

The samples were measured from a 25 ml. pipette as
before. The pipette was then rinsed with epnroximately

15 ml. of tap water to remove the last trace of urine,

The washings were added to the contents of the digestion

flask. The digest was heated for two hours after it

was colorless.

The results of these tests are shown in Table VI. The
differences observed in the mean results are nct statisti-

celly significant, and since the method of measuring de-
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Table V. Accuracy of the method used for nitrogen analyses

Creetinine|Size of| Determined| Theoretical Error
sample | nitrogen nitrogen
mg. ng . ng. nge. per cenl
Dry 25 G.384 0.202 0.092 1.00
25 9,554 2.292 0.262 2.82
25 G.274 9.292 TO.OIB -0.20
Average S.404 0.112 1.21
ml.
Standard 25 9.384 9.292 0.092 1.00
solution 25 9.330 3.292 0.038 0.40
contain-
ing 0.372
S PEr
ml,
Average 9.357 0.060 0.70




Table VI. Accuracy ol method used for measuring aliguots
f an acid digest Irom one solution of urine

Series I Series II
Heasured without rinsing Pipette rinsed after
pipette measuring
Size of [0.1347H | Hitrogen Size of|0.1347W Nitrogen
sample Icl sample HCL
wml . jus iy 0. mla mle pitlegs
25 B.93 16.84 25 Ta.46 17.84
25 9.40 17.73 25 Q.23 17 .41
25 9.07 17.11 ; 25 2.04 17.05
25 8.20 186.78 25 8,96 18.20
25 B.99 16.96 25 D630 17.54
25 8.99 16.96 25 9.15 17.26
25 8.92 16.82 25 8.94 16.86
25 8.79 16.58 25 230 17.54
25 8,63 16.37 25 911 17.18
25 8.850 16.69 25 9.26 17.46
25 8.83 16.84 25 8.68 16.37
25 8.93 16.78 25 9.54 17.99
A.VeI’&ge 16 087? 3 O 037“'@ 1728 £ O ® 53‘§§‘

*Standard deviation.
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scribed in Series I was simpler than that in Sories II
was chosen as the procedure for the measuring of the
samples.

The method used for the collectlon of wrine and its

"

analysis Inbtroduced many possibilities of error. Therefore,

]

e

i accuracy was chededbdy a recovery experiment in wiich a
standard smmonliuvm chloride solutlion was dripned onbo the
filter paper through the {loor of the metabolism cage.
Thirty-one ml. were sprinkled over the floor of the cage

in 1 mi. portions over a period of Lwo days. The papers
were collected and the cages washed as described previously.
The actual guantity of nitrogen in the 31 ml. portion of
the sclution used was 232.04 mg.; 233.55 ng. were recovered,
an error of 0.60 per cent (See Table VII). The method used
is thereflore more accurate than the old metiod developed

by Hevens {'21) vwherein he attemnted to remove all traces
of ailtrogen from the papers by washing with.suction. His

error was 2 to 3 per cent.



Table VII. Reliabllity of the wmethod used for urine col-
lectlon '
Cage mumber | NHyCL Mitrogen in | Hitrogen in | Hitrogen
solution HHA0L NH4C1 soaked | recovered
solution ‘papers
1 31.0 252.04 232.07 223.68
2 31.0 232,04 237,50 254,11
) 31.0 232.04 241,20 237 .61
4 Blank lank 5639
Average 253.53




PLANS ADOPTED FOR THI CALCULATION OF RIOLOGICAL VALULD

ATD COTFFICIENTS OF DIGESTINILITY

The letabolic Iecal Hitrogen

For the calculation of bioclogiecal vaiues, two factors
are esgential. They are: (1) the wuantity of nitrosen ab-
en retained

sorbed, and (2) the quantity of absorbed nitro

i~

G2

by the body. The amount of aitrogen absorbed 1s represented
Dy the dirfference between ingested nitrogen and nitrogen of
undigzested food. The nitrogen in the feces Ifrom undigested
food is thecoretically the quantity of nitrogen in the feces
over snd above the amcunt wilch has its origin in digestive
juices, epithelial cells, mucus, bacteria, blood, and pus.

That is, it is the amount of nitrogen in the feces of exo

CF o
FEN

enous orlgin. As has been zointed out before, there is
considerable controversy as to the method of debermining

the endogencus fecal nitrogen. Some of the workers (Iit-
chell, '24; and Adolph and Wu, '34) bellieve that endogenous
fecal nltrogen is directly related to the dry welght of food

a

consumed, obhers (Schneider, '35), that it is relabed to
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ther of these but that it is a constant value for sach in-
dividual animal. Therefore, before the bilclogical value of
the »robeins of canned sutoclaved pork muscle could be cal-
culated freom the data collected in ths present experiment
it was necessary Lo determine whether or not any correlation
existed between body weight of the experimental animal, the
welpnt of dry food ingested, and the output of fecal nitro-
gen during the feeding period of the low-nitrogen diet. The
individual data frowm which these correlatlions were calculated
are shown in Pables VIII, IX, and X. A close examlnabtlon of
the individual values and of the averages (Table ¥XI) indi-
cated that probably no significant corrclabion existed be-
tween the factors. In many insbances, the average fecal
niltrogen excreted in the period of low-nitrogen feeding by
two uniike groups of animals was almost ldentical in spite
of differences observed in body weight and guantity of Lood
consumed. For example, Inspect the results obbtained in the
experiments with the third and feourth groups listed in Table
XI. The significance of these observastions was borne out by

simple correlation (See Table XII). The coefficients varied
widely and while a certain few bordered on signifi icance, one
case only couvld be Judged highly signifilcant, l.e€., body
weight end fecal nitrogen excrebtion of the animals that had
received the mixed pgrain diet for a perliod of six months.

Heither were the diffcerences between the fecal nitrogen
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Table VIII. Food consumption, fecal nitregen excretion, and
body welight of wmale albino rats, three months
old, receiving & low-nitrogen diet

Pre-experimental Rat Dry weight of| Fecal Bedy
diet nunber | food consumed| nitrogen | weight
e e e
Steenbock V 196886 50.63 78 .64 164
19702 30.08 V.68 207
19703 48.99 63.15 202
18768 65,75 69.31 228
19807 53.55 94,76 229
19808 45.81 02.93 220
20338 41 .32 82.48 198
20399 3789 89.57 161
20431 42.58 80,91 186
Av. 46.17 81.04 127.2
Pork I 19693 04.64 110.72 193
10694 54.37 10G.03 190
19701 b8.19 TO.24 196
18766 4872 89.37 200
19767 6557 137423 213
198086 59.56 122.89 205
20305 48.73 86.81 130
20307 59.09 201.96 184
203588 51.96 116.33 200
Av. 54.98 105.89 19547
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Table IX. TFood consumption, fecal nitrogen excretion, and
body welght of male albino rabs, six wonths old,
receiving a low-nitrogen diet

Pre«experiﬁental Rat Dry welght of | Fecal Body
diect number | food consumed | nitrogen welght
Steenbock V 19235 45 .85 123,40 264
19345 54,14 96.68 267
19332 75.28 140.20 303
10544 78.29 125,33 26¢
19328 55.50 98,68 2306
19334 59,33 112,00 257
19206 81,34 120,31 511
192335 70,80 137.11 311
19245 657.08 138.65 554
Av. BS .69 121.59 283.6




Table X.

w3 -

Fgod consumption, fecal nitrogen excretion, and
body welght of male albino rabs, 10 wonths old,
receiving a low-nitrogen diet

Pre-experimental Rat Dry weirht of Tecal ody
diet mmber | food consumed | nitrogen welpghd
@n .l‘:flﬁa Tile
Steenbock V 16900 88 .54 118.63 594
169138 856,57 112.15 268
17170 81.80 101.84 3656
17317 714 22,73 326
17324 - - ——
17379 £9.18 88.57 286
17690 05.39 106.65 294
17853 81.05 111.08 320
17949 1704 132,28 368
17950 55.01 80.72 250
AV 71.28 108,29 319,.0
Pork I 167206 43. 71 168.556 219
16789 354.60 SL.40 2&5
18790 33.69 68.65 194
16893 54,64 83.34 306
17186 BO.11 101.865 342
17469 45,18 808.94 295
17884 27.14 76.13 272
AV 435.29 O%7L.07 266.0
Pork 7 18727 60.11 95.70 273
16728 61 .01 107.8% 280
16751 38.28 68.18 210
16885 45,54 71.01 273
10896 54.64 901.606 B4R
17470 85.12 116.97 340
17895 53.75. 85.20 274
AV, 55 .49 C0.63 281.7

#First low-nltrogen feeding period.

v




able XI.

~68-

Surmnary Average food consumpti 01, £
SRXCIrS Ll.L OH, &

and bhody welght of male

e
1

cal nitrogen
bino rats

recelving a low-nliltrogen diet
Pre- Age— | Humber Average |Average Average
experimental | group |animels|weight of| body feeal
diet food con-|welght nitrogen
sumed
£ille &g. é.::;_:..
Steenbock V 3 mo. g 46.17 187.2 8L.04 & 8.0
6 1m0, 9 65.6¢ 283.6 |121.59 a 15.1%
10 nmo. 9 Tla28 310.0 [108.20 & 10.2+¢
Poric T D MO 9 54,98 18E8.7 105,89 18.2%
10 mo. 7 435,29 200.0 | 97.67 & 33.2%
| Pork 7 10 wo. 7 55.40 2817 | S0.63 2 1B8.3%
#Standard deviation.




Table XIT. Data showing the relabtion cf food conswipbtion and
body 1c’ght to fecal nitros men excereted in the low-
nitrogen feeding period

Pre- Age~ | Iumber Simple correlation coefl-
experimental| group of ricients
diet animals| Food con-|Body welght Value
swption and fecal |necessary
and fecal| nitrogen |for sig-
nitrogen niflicances
Steenbock ¥ 3 Mo, g ~O.219 20,002 0798
Poris I 0 +0.652 +0.830 0.798
Both 18 40,4 54 +0.122 0.590
groups
Steenbock V 8 mo. 2 +0.561 <0730 0.758
Steenbocls V |10 mo. ¢ +0,.712 +0.652 0.708
Porlz T and 14 +0.341 +0.006 0.0661
Poric "7t
Both 23 +0.452 +0.324 0.526
oroups

lgﬂjdwmﬁ”%nh
Tach group too small to treat individually.



O
values of the six groups significant (value of T, l.4;

value necessary for simmificance, 3.51). Thus, we can only
conclude in light of these observatlions that fecal nitrogen
of endogenous origin is a specific value for each rat, re-
presented by the nitrogen excreted in the feces during the
low-nitrogen feeding period. All calculations in the pre-
sent experiment have beon made on this basis. The conclusion
supports the view advanced by Boas~Fixsen and her co-workers
{(135). It 1s interesting to recall that they, as we, have
employed adult rats conslstently in protein utilization ex-
periments.

In some cases the guantity of body nitrcgen sxcreted

e

n the feces during the low-nitrogen feeding period exceeded
the total fecal nitrogen excreted in the assay period. In
these cases, it was assumed that all of the food nitrogen
was absorbed. This plan has also been wsed by Hitchell and

Carman {'28).

The Urinary Nitrogen of Endogenous Origin

The quantity of absorbed nitrogen retained by the ani-
wal body may e estimated by determining the differcnce be-
tween the urinary nitrogen output during the assay period
and the urinary nitrogen of endogencus origin. The excreo-

tion of nitrogen during the low-nitrogen feeding perlod may



I
be tealzen as the guantity of endogenous urinary nltrogen.
This value is influenced Dby the previous feod ingested by

-
J

the anlmal, making i necessary to feed the low-nitrogen
dlet for a few days before the collecticns are started. The
length of time necessary for the adjusbment to btake place
has been discussed in & previouns section. Since workers
disagree as Lo how long a period is regquired for the sta-

-

bilization of the nitrogen excretion, the time needed by the
anlwals used in the present experiment to adjust to the low-
nitrogsn intake was debtermined with a group of rats grown
especilally For this purpose. These animals were reared on
the various pre-experimental diets and were representative
ol the three sge-groups used in the investigation. They

- were glven the nitrogen-low diet for three consecutive col-
lection periods of 11 days each. The results of the test
are gnewn in Table XIIX. 1In every case, the urinary out-
put of nitrogen was markedly lower in the second test period
than in the Ifirst, while the quantity excreted in the third
pericd was only siightly lower than that in the second
period. HMitchell snd Carman (1'26) have obzserved that the
change in the values of endogencus urinary nitrogen is a
linsar function of time. Our data do not confirm their
finding (Table XIII). We believe thab the snimals reached
an approximate nitrogen equilibriuvm in the second period of

low-nitrogen feeding in thls eiperiment.




Table XIII. The body welght and urinary nitrogen excretion of a group of male albino
rats for three consecutive low-nitrogen feeding periods

Ape~proup| Pro-experimental [ RIRat First period Second period | Third neriod
diebt nunber] Body | Urine Body | Urine Body | Urine
welght| nitrogen) welzht| nitrogen) weight) nitrogen
& WG L. Hie g ng.
S WO Pork I 20060 || 220 425.97 204 | 514,55 190 276.52
20059 || 200 317.18 77 | 275,26 166 264,74
3teenbock V 20061 | 223  |543.92 206 | 329.00 190 302,78
10054 || 285 487.58 238 | 340,79 218 | 325.07
6 Mmo. Steenbock V 19469 || 250 £18.42 227 [ 331.60 217 52 67
19464 || 242 539,99 320 |398.47 301 | 378,75 Y
[
10 mo. Poric I 17186 || 338 449,55 312 | 327.67 208 | 294.90 :
16893 || 323 363,05 3504 | 303,02 293 309,22



B
To test this asswmption further, comparisons were made
of the quantity of uvrinary nitrogen and fecal nitrogen ex-
creted during the two low-nitrogen feeding periods that were
uzed in all of the experiments of the present study (Tables
XIV, XV, and XVI). The data are summerized in Table XVII.
In every individual case, the excretlon of aitrogen in the
urine was lower in the second perlod of low-nitrcgen feed-
ing than in the First. The fecal nitrogen remained roughly
constant. In the original plan, we had hoped to use the
averare excretion of nitrogen in the urine in the two periods
of low-nitrogen [eeding as the index of urinary endogenous
nitrogen. The findings precluded the use of the plan. It
was decided, Iinstead, that the nitrogen excretion of each
animal during the second low-nitrogen feeding period would
be taken as representative of the nitrogen of endogenous
origin. The adopbtion of this plan eliminated mathematical

adjustments in the calculations. The fact that the excre-

2o

sion of the element by the special group of rats used to
test this problem was relatively constant alter a period
corresponding to the second nitrogen-free feeding period of
the actual experiment validates this decision.

It may be inbteresting at this point to note the guantity
of endogenocus urinary nitrogen excreted per gram of body
weight by the rat. The rate of tissue mebabolism in animals

varying in regard to dietary history and age was found to be



Table XIV. The body welpght, fecal nitrogen excretion, and urinary nitrogen excretion
of male albino rate, bhree rionths old, receiving a low-nitrogen diet

Pro~experimental dlet | Rat number Mrat period Second period
Body Qecal Trine wouy | Peeal Urine
welghtinltrogen| nitrogen) woeight inltrogen nltrogen
Steenbock V 19695 e 78.64 266.04 | 164 78.64 191,41
19702 216 88.97 594 .54 207 {765 26480
19705 203 4,53 u.‘.q v.)v.. 202 65415 226 9717
19768 286 106‘uk 515,08 228 69,31 259,54
18807 226 ROIRRE 297.14 || 229 4.76 2065.74
18308 222 114,19 £035.606 220 92,93 260.33
20338 203 |115.15 593.54 180 82,48 264.93
20399 169 116,33 295,70 181 89.57 242,56
20431 182 04.09 259.81 | 166 80.91 £235.90
Av. 202,11103.7¢ 559.17 197.2) 81.04 246423
Porlk I 19695 192 1113.00 S00 « L7 193 1110.72 222,84
19694 185 85.20 315,88 | 190 108,03 211.72
16701 195 90,16 S83.74 || 196 7024 267.40
10766 200 |102.48 515,308 200 8007 253,30
19767 2l3 [126.51 370,96 215 |137.23 859,85
19806 202 [135.28 344,72 | 2056 [122.8 854,11
20305 183  [124.97 288.31 180 86,81 288.49
20307 188 [136.80 uuﬁodo 184 101,596 233,30
20396 205 30 « 37 357.91 || 200 |116.33 250.42
AVa 195,8[111.80 351.76 1085.7(105.562 250.16
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Table XV. The body welght, fecal nitrogen ezeretion, and urinary nitrogen ezcretion
nit

of male lOLnO “ats, six months old, receiving a low-nitrogen diet
Pre-experimental diet | Rat number First neriod Second period
Body | Fecal Urine iy | Fecal Urine
wolgnt mitrogen|nitregenlivelsht Mitrogen [nitrogen
L A Lg . £ L T
Steenbock V 10235 282 | 100.46 473,72 264 125.40 | 343.39
19345 274 | 104.71 487,44\ 267 098.68| 589.63
19532 320 | 113.01 £LU.98| 303 140.20| 394,54
19544 269 | 107.22 478,39 269 125,33 | 244.49
19328 262 | 104,13 522.14) 236 08.681 309.36
190334 263 | 110.80 441,09 287 112,00 380.092
13206 318 | 118.22 460,400 311 120,31 444.56
19233 327 | 1R8.18 586.41| 311 137.11 Qw.oé
19245 348 | 136.95 554,64 334 138.65| 439,09
Av. 208.7 11%.38 499.02 ZBS.q 121.855 ] 368,85
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Table XVI. The body weight, fecal nitrogen excretion, and urinary

«76 -

7
/
I3
K

exceretion of male albino rats, 10 moniths o0ld, receiving

nitrogen diet

Rat

‘First period

Pre-experimental dist - g
number | Body Fecal Urine Body
weight |nitrogen [nitrogen|| welght
Steenboeck V 16900 388 114.38 484 .20 382
16918 272 87.13 3565.96 262
17170 369 113.54 502 .56 358
17317 321 113.60 425,97 321
17324 242 91.95 485.65 -
17379 311 92.75 329,00 281
17670 308 104,07 462.54 261
178583 529 68,52 656,68 316
179249 366 114.94 540,13 361
17990 271 85.01 372,49 249
Av. 317,7 98,59 461.52 313.4
Pork I 18726 308 112,12 440,96 219
16789 334 43,55 983.91 255
18790 194 68.65 420.20 -
16893 316 96.85 418,31 306
17188 542 101,65 407.40 325
17469 331 551.32 295
17894 294 108.43 378.82 272
Av. 302,7 577.88 278.7
Pork 7 189727 289 106.73 371,52 273
16728 277 106,78 387 .25 260
16791 219 72.23 366 .64 210
16895 314 68,08 477 .36 273
16896 355 88.45 485,36 342
17191 195 57.90 |1083,.92 -
17470 368 g81.68 391.94 340
17895 279 86,97 590,54 274
Av. 287.0 83.98 468 .44 281.7







;

/

ody welght, fecal nitrogen excretion, and urinary nitrogen
tion of male albino rats, 10 months o0ld, receiving a low-

gen dlet o
diet | Rat - First period Second neriod
number | Body Fecal Urine Body Fecal Urine
weight |nitrogen |nltrogen|| welght | nitrogen |nitrogen
om. Mg, me . & . ng. mg.
16900 368 114,38 484.20 382 118,63 508.16
16918 272 87,13 $55.96 262 112,13 238.49
17170 369 113,54 502.56 358 101.84 142,12
17317 321 113.60 425,97 321 122.73 322.48
17324 242 91.95 435,65 - —-— -
17379 311 92.75 328.00 281 88.5%7 561.70
17670 308 104,07 462,54 291 106,65 308.02
178353 329 63,52 656 .68 318 111.08 352.84
17249 366 114.94 540.13 361 132.28 390,61
17990 271 85,01 372 .49 249 80.72 290,97
317.7 98,59 461.58 313.4 108,29 301.82
18726 308 112.12 440,96 219 168.58 379.33
16789 334 49,55 983.91 255 91.40 265.17
16730 194 68.65 420.20 - - .
16883 316 96.85 418,31 308 83,34 267.64
17186 342 101.65 407.40 325 98.54 136.64
17468 331 351.32 285 03.94 355,561
17894 204 108.43 378.82 272 76.13 365,83
302.7 377.88 278.7 101.98 295.09
18727 289 109,73 371,52 273 93.70 308.21
16728 277 106.78 387.25 260 107.687 502,25
16791 219 72.23 366,64 210 68.18 251.36
16895 314 68.08 477.36 273 71.01 298,37
16896 355 88.45 485,36 3542 91.66 317.44
17191 195 57.90 1093.92 “ - -
17470 368 81.68 591.94 340 116.97 349.98
17895 279 86,97 390.54 274 85.20 298,37
287.0 83.98 468.44 281.7 80.63 303,71







Table XVII. The average body welghl, fecal nitrogen excretion, and urinary nitrogen
excretion of male albino rats receiving a low-nitrogen diet

Age-group| Pre~experimental dlet Tirst pericd Third periocd
Body | Fecal Urine Body | Feeal Urine
weight| nitrogen| nitrogen| welght| nitrogen|nitrogen
S Mo, Steenboclk V 202.1 |103.76 350 .17 187.2 8L.04 246,23
Pork I 195,989 | 111.50 | 351.76 195.7 [105.89 |256.16
6 mo. Steenbock V 298.1 | 113.38 |499.02 | 283.6 [121.59 |3568.83
10.mo. Steenbock V 317.7 | 98.59 |461.52 |313.4 |108.29 |301.82
Pork T S02.7 377.88 | 278.7 | 101.98 298,090
Poric 7 237.0 | 83.98 |468.44 | 281l.7 | 90.63 |303.71

=Ll



roughly constant in the nresent experiment. IIndogenous
urinary nitrogen excretlons rangsd from L.C te l.4 wmz. per

gram of body weight. The values obtsined with the use of

the different experimental groups were not significantly

L)

different. Therelore, the average vaiue, 1.2 mg. of nitro-
gen ner gram of body weight may e talken to represent the

tissue catabolism ol the rat. This closely approximates

the value {1l.3 mg.) reported by Morgan and Kern (1'3Z) vhen

they used adnlt rats for experimental purposes.

The Calculatican of the Biological Value and

the (oefficient

The bioclosical protein may be represented LY

en retained »
1 absorbed

The type of data neccessary

100 x food nitroz
food nitroge:r

for the calculation of the biclogical value of any protein

is showm in Table XVIII.

Table XVIITI. Data necesasry Tor the calculabtion oi the
r:‘

biologsical value and the coefficient of di-

gestlbility

Exeretions in low=-ni-~ Excretions in Hitrogen
trogen feeding pericd assay period consumed
Hetabolic Metabolic Fecal Urinary
fecal urinary nitrogen | nitrogen
nitrogen nitrogen

110.%72 222.84 158.70 376.82 897,74

v ‘




Ly de N

H

e procedure for the calculations are as follows:

155.70 mg. § - 110.72 mp. W = 44.98 mg. W, which is the
guentity of nitrogen present in the undigested food;

397.74 mg. H - 44.98 mg. ¥ = 882.76 mg. W, which is the

gquantity of nitrogen absorbed from the food;

~
376.82 ng. N - 222.84 mg. ¥ = 155.98 mg. W, which 1s t‘e\~

. . . s . o /

gquantity of urinary nitrogen derived from food Y

nitrogen;

852.76 mg. M ~ 155.98 mp. N e« 698.76 mg. N, which is
the guantity of absorbed nltrogen retained by
the body;

G8B.70 = 100 = 81l.2, the bleological value of
ab”.Vb

)
©

DO

tein.
It will be noted that the nitrogen derived from the
low-nitrogen diet was omitted in the calculation. This value

oy

1s relatively constant for the entire group of animals since
all received the major part of the nitrogen in thelr vitamin
supplement (99.02 mg.) which was gilven in the same gquentity -7
each day. For this reason we have not used it in our calcu-
lations. It has also been peoinbted out by Boas-Fixsen and

her co-workers (132) that "The nitrcogen ingested during the
nitrogen-Iree experiment ls 30 small in emount, coupared with

the other values involved that it can be disregarded.™w

#*Hoas~"lxsen, l.f., and dJdackson, H,.il., Bilochem. J.
263 pe 1920 (1932)



The coefllclent of digestiblility is the percentage of

<
the food nitrogen Ingested that is absorbed.

calculated from the above data is,

852,76 x 100 or 95.0.
é 9‘701(; 2.2:

The coeflfiicient

il
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Biological Value

The biologleal valus of the nroteins of canned auboclaved

porlk muscle and yoast

The biological value. The biclogical value of the pro-
D

Py B

teins of canned auntoclaved pork muscle and yeast as deter-
with animals that had been rearced for glx months on a
mixed grain dlet (Series 4, group 1) was 76.3 (See Table
¥IX). A&s has been pointed out before, this group is the one
that we are using as the "measuring stick® for comparing
the resulis obtalned in other experiments. e regard the
value, 76.3, as the brue blological value of the proteins
cf the Pork I diet. .

The individual determinations obbtalned with talis group
of rats were very consistent having a relatively =mall rangs,
Le8uy; 72.0 to 83.8 ard a standard deviation of only 4.4.

As Mitchell, Burroughs, and Beadles ('38) have atated, "The

g,,J

variablility of individual determinations of the blclogical
value of a protein is The resuliant not only of technical
error in method, but alsc of individual differeaces in pro-
bein utilization in metabolism.”s They found the variability,

*iitchell, H.H., Burroughs, Wise, and nealdes, Jehe, de HU-
trition, 1l1; p. 259 (193u)




Table XIX. The biologlcal value of the proteing of canned autoclaved pork muscle and
yeast determined with wmele albino rats, six months old reared on a mixed
graln dieb (Serics A, pgroup 1)

1Period of assay|Ret number|Average|fain during|Nitrogen| Fecal Urine [3iological
body test period|conswmed|nitrogen|nitrogen value
welght

Low-nitrogen 19235 264 -2 29,67 | 1283.40 | 543.39

feoding 19545 267 ~18 153,00 J8.68 | 369.65

neriod 19532 303 ~22 146,27 | 140,20 | 3G4.54
10344 206 -18 148,15 | 125.33 | 36L.94:%
19328 236 - 4 135.85 98.68 | 415.75%
19334 25% -18 136.26 | 112,00 | 380.09
19296 311 -1 150,38 | 120.31 | 444.36 1
19233 311 ~10 143,52 | 137,11 | 394,54 Y
19245 334 -16 141,12 | 158.60 | 438.09 !

Av. 283.6 16540 140.25 121,59 595,70

Proteln feed- 192355 296 + 3 1132.06 | 170.89 | £19.08 83.8

ing period 19345 291 +22 1220.18 | 215.87 GEZ.75 Thod
19332 328 + 3 1103.98 | 207.78 | 084.28 72.0
19344 28 - 8 815.46 149.47 59900 70.0
19328 250 - 4 647.86 | 128,70 | 876,76 739
19334 279 214 1107.85 | 187.89 | ©19.98 76.5
18896 331 +18 1162.08 | 194,07 | 838.70 82.4
19233 585 *22 1196.94 | 204.11 | €97.30 73.2
19248 35% +22 1269.57 | 208,35 | G77.66 80.1

Av. S05.7 +11.3 [1072.66 | 184.98 | G29.16 763

wAverages of two periods.
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as measured by the standard deviation, to e 3.7 in 30 of

thelyr wmore recent determinations. The standard deviations

(9]

of the groups varied from 1.7 to 7.2. The variztion in re-
sults obtained in simllar debocrminations of biological value
by Iorgsn and Kern ('34) in four test groups when re-calcu-

lated in bterms of the standard deviasbion was 3.5 to 7.8.

Seegers and Mattlill ('35) revorted the variatlon o

1

thelr
experiments as oprobable error. The range in the value of
their probable errors was 1.8 to l.l. These results compared
very favorsbly to the probable errors revporited by Vorgan and
erm ('34). Thus, the variebility of the results obbtained

in our lsboratory does net differ greatly from that observed

by other workers.

The eflfect of gme of the test animal. Since one of the

objectives of the experiment was to determine the efficiency
of protein metabolism at different periods in the 1life cycle
of the rat, the bilological value of the proteinsg of the Pork
I diet was determined with test animals reared on the stock
ration for three months, six months, and 10 months (Series
&, group 1l}. The rcsults obbained ave recorded in Tables
XI¥, XX, and XXI. It may be observed that a progressive
lowering of the biological value of the proteins occurred as
the animal increased in age. The values obiained and their

standard deviaticns were: (1)when the rats were three months

old, 83.4 = 6.3; (2) when six months ¢ld, 76.3 % 4.4, and



Table XX. The biological value ol the zroteins of cammed autoclaved pork muscle and
determined with male elbino rats, three months old, reared on a

yeast

mixed grain diet (Series A, grouvp 1)
Period of assay|Rat number|Average|Celn during|llitrogen| Fecal Urine |Blologlcal
body test perlod|consumed|nitrogen|nitrogen value
welght
Low-nitrogen 19695 164 ~- 8 138516 78.:64 | 121,41
feeding 19702 207 -22 122,25 7760 264480
period 18703 o ~15 136,90 63.15 22677
19768 228 - 3 143.40 GQ.0L | 209454
1980Y 229 ~14 32465 04.76 263:74
19808 220 ~-12 128,42 02.93 | 286433
20338 198 ~18 128,42 BLe42 | 2064:93
20399 161 ~ 6 125,98 82.07 | 2£2.56
20431 166 - 8 128.32 80.91 | 235.96
Ave 197.2 -12.1 131.72 81.04 | 246.23
Protein fesd- 15695 175 21 595.25 | L0G.73 | 3821L.14 VG0
ing period 19702 229 +1 790405 138.61 | 385.3b 3B ek
19703 221 414 B14.55 | 147.76 | 330.34 85.8
19768 235 4+ 2 97885 | 186,68 | 445.62 7844
19807 24 417 06H.26 | 184,10 | 467.93 76,7
19808 246 412 B77.77 ) LVT7.85 | 440.36 78,1
20338 213 + G 294,83 | 135.82 | 387.78 8343
20399 171 -5 561.86 | 108.30 | 281.92 V2,8
20431 182 0 675.36 | 105.70 | 292,47 90.5
Ave 211.3 + 6.6 783,76 | 143.69 | 369.83 85.4




Table XXT. The biological wvalue of the proteins of canned aubtoclaved pork muscle and
yoast debermined with msle albino rats, 10 months old, resred on a mixed
grain diet (Series A, group 1)

Period of assay|Rat number|Average |Gain during|liitrogen| Iecal Urine |[Biological
bedy |test period|consumed|nitrogen|nitrogen| value
weight
@0 E}n ‘:’4__(’2. }‘Tﬁa ;“':‘:&o
Low-nitrogen 16900 382 ~24 156.95 | 118.83 | 309.16
feeding 16918 262 ~-12 127,37 | 112,13 | 238.49
period 17170 358 -14 134.14 | 101.84 | 148.12
17317 321 -10 153.65 | 122.73 | 322.48
17379 281 ~10 133,26 88,57 | 361L.70
© L7670 291 - 6 144,54 | 106,65 | 308,02
17853 316 - 8 149.93 | 111.08 | 352.84
17949 361 =14 148.76 | 132.28 | 390.61
17980 249 - 2 135,18 80,72 | 280.97
Ave 31%:.4 -11.2 140.95 | 108.29 | 3501.82
Protein feed- 16900 3924 + 8 087+24 151.54 T14.56 87.5
ing period 16918 275 18 7279 .4 136.83 | 469.38 G7.2
17170 379 L2 806,08 | 142.67 | 424.84 63.1
17317 a37 10 1102.35 | 187.67 | 568.90 76,2
17879 302 L4 715.27 1358 ..4%7 474 .48 [RIGTN2
17870 504 L8 897.60 | 186.73 | 563.63 89,5
17883 524 L 8 051.00 177.15 634436 68.2
17949 372 £18 859.07 | 187.02 | 728.80 58.0
17990 270 -12 308.95 BALTT | 4£94.17 35 . 4%
LV, 5291 L 5.8 Bi7.31 | 151.87 | 563.65 67.8

tmitted, because the animal

had diarrhea during the assay period
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3) when 10 months old, 67.8 z %9.0. The standard deviations
ghow that the animels Iin the yownger and older groups vere
more varisble in their reacticus to the experiment than were
the animels composing the six-month group. The significance

-,

of the differences observed in the mean values was tested dy
an anzlysis of wvariance, The differences werec found hizhly
significant as judged by values of F (F = 9.88; value neces-

sary for gignificance, 3.37). Therefore, it must be con-

and less efficlently abt progressive intervals in its 1life
history.

These Ifindings are in accord with the meagre data pre-
gented Dy Basu and Basalk (137) wlth pairs of animmls of the
seme body welght wiich Indicsted that as rats increased in
size {which we have Interpreted to mean an increase in ape),

the biologlcal value decreazed (Table XXII).

Table ¥XIT. Data reported by Basu end Basak {137)%

Sundricd polished rice v~ Sundried pulished rice
Body welght Biologlecal Body weight Biological
value value

104 95 102 04
146 _ 80 143 a2
163 77 160 77
200 76 202 83
224 75 222 69
£90 75

-

#Basu, Ke.P., and Dasak, M,N,, Ind. J. Med. Res., 24; p, 1046
and 3047 (1937)
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The significance of the results obteined in this experiment

711l be discussed further in a later sectlon.

The effect of the pre-oxperimental diet. The effect

————

of long maintenance on a meat diet upon the utilization of
nrotein by the rat was studied in this experiment. The data
pertaeining to the biological value of the proteins of canned
laved nork muscle and yeast as determined with animals
reared on the pork-ccontalning diet (Series A, group 2) are

presented in Tables XXIIT and XXIV. The average value ob=-

tained when three-month old animals, whiese pre-experimental
diet was Steenbock V, were used (See Table Xi). A4gsin as
was'found with the use of the animals of 3eries A, group 1,

the bLiological value of the test proteins was lower wvhen the
rats were 10 months old than when they were three. The

value obtained with the use of rats, 10 months old, was higher,
although not statistically different, then the corresnonding
value secured with rats of this gge in the control groun
(Series A, group 1). Therefore, continued Teeding of the

Pork I diet has not Impeaired protein uwbtilization. It shcould
be noted that the value approximated the "trus" Liclogical
value of the proteins of the Fork I diet (Six-month group,
geries A, group 1). Thus, a general upward trend ig indi-

cated which may mean that in the long period of pork admini-

stratlon, the animals have bDecome so accustomed to metabo-



Table XXITT. The blological value of the protoins of canned autoclaved pork muscle
and yeast determined with male albino rats, threec months old, rearved
on the Pork I dlet (Series A, group 2)

Period of assay|Rat mumber|Average|Gain during|litrogen| Fecal Urine Blological
pody |test period|consumed|nitrogen|{nitrozen| wvalue
weight
Low-nitrogen 19685 193 ~10 138,50 | 110.72 22,84
feeding 19694 190 - 158,30 | 109.03 | 211.72
period 19701 196 - 9 139,62 79,24 | B67.40
19766 200 - 8 132.94 89,37 | 833,30
1976%7 2135 ~ 6 143,27 | 137.23 | R39.838
19806 205 ~10 156445 | 122.28 | 354,11
20305 180 -18 132.28 66,81 | 258.49
20307 184 - 4 141,07 | 101.96 | 233.30
203598 200 - 8 136,00 | 116.33 | 250.40
A'Vn 195 -‘7 hend 8'7 157060 105189 250016
Protein feed- 19693 210 +12 897.74 | 185,70 | 376.82 81.9
Ing pericd 19694 2086 +11 BO7.67 | 140.21 | 364.37 803
19701 210 =+ 8 793.97 | 125.84 | 370.96 86.1
19766 210 +12 841.50 | 149.74 | 382.62 5049
19787 223 4+ 7 BO0L12 | 1Bl.12 | 456.43 76 .8
190806 215 +15 903.45 | 120.71 | 411.82 9%.2
20305 182 + 4 562.28 | 106.11 | 344.85 80.4
20307 188 +12 T12.88 | 117,91 | 483.78 73.2
20398 215 + 6 G65.04 | 120.26 | 338.13 86.7
AV 206.6 249.7 726,07 | 141.94 | 380.94 82.2




Table JXXIV. The blological value of the proteins of canned autoclaved pork muscle
and yeast determined with male albino rats, 10 months old, reared on the
Poric T dlet (Series A, group 2)

=Lye-

Period of assay|Rabt number|Average|Gain during|Nitrogen| Tecal Urine Biclogical
body test period|consumed|nitrogen|nitrogen value
weight
Exle il e e e nZe
Low-nitrogen 16726 219 -14 112.65 168.55 379.33
feeding 16789 2565 ~18 118.25 91,40 265.17
period 16790 194 - 8 100.91 £8.65 2204204
16795 506 - & 12722 83634 267.64
17186 542 16 156,44 101.65 407 . 404
17469 295 wld 137.04 23,94 365.81
17884 278 -21 116.06 76.13 365,23
AV, 269.0 14,1 124,08 97 .66 352.92
Protein feed- a6 263 w34 249,45 88.2 70679 o
ing period 16789 285 -14 432.67 90.24 390,04 Tle.1
16790 174 - 8 362,03 68.52 | 365.54 -= died
16893 2L & 2 V27444 135.96 467 . 49 704
17166 542 w4 706.02 145.81 | 492.08 8742
17469 529 - 9 689,85 1352.84 408.91 80.1
17894 302 L1 862.56 121.3 577.04 72.1
16789 254 -12 710.€1 146.4) | 53L.64 504
16893 311 =10 655,69 120.04 585.40 81.0
17469 305 6 824,74 127,50 511,16 81.6
Av. 208.6 - Ted ¢19.10 123.49 439,61 5.4

wiMlret low-nitrogen feeding neriod
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lizing the aspecific set of proteins tested, that utillzatlon

actually has been enhanced.

The bioclocical value of tho oroteins of csimed aukoclaved

pork muecle, yeast ané raw llver

Yhether or not the addition of raw liver to the Fork I
diet supplemented the proteins of this diet was studied by
determining the blologlcal valuwe of the mixbture of proteluns
represented in pork, liver, and yeast. Rats, 10 months old,
fod tune Pork 7 diet in the pre-assay period were used for the
experinent,. The results of these delterminatlons are shownm
in Table ¥XV, The liver appavently does not contain any
amino acids that supplement the pork proteins in any seffect-
ive way since the biological value of the mixture (71.3)
was not slgnificently different from that of the proteins
of pork and yeast (Series A, group 1, dbiologlcal value 67.9;
Series 4, group 2, biological value 75.3), Therofore, we way
conclude that the improvement in roproduction, lactation,
and growth of young observed when the Pork I diet was supple-
mented with fresh liver was not due to & better protein

mizture.

The bilolornical value of the proteins of canned aubtoclaved

nork muscle

In this experiment, the biological value of the pro-
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teing of cammed auboclaved porit muscle has been determined.

The study was conducted lfor two reasong. In the Ilwrst place

it was thought that the proteins of the yeast vwaich served
ag the souwrce oi the vitamin B-complex in the Pork I raetion

might affect the biclogical value of the protein of camnned

autboclaved pork muscle. In the seccnd place, the question

has continually risen in the leboratory in comnection with

the project, "ieat in Nutriticn," as to whether ovr not ithe

autoclaving process altered the protelins so that they were
no longer nubtritionally adeguate.
Ia this series (Series () 1t wmay be recalled that

the vitemin B-complex was supplied by the pure vitamin B,

s

crystals and Lilly liver extract 343.

The resulis of the experiment are shown in Table XXVI.

x*

The average blologlcal value of the pork smscle determined

six mentha old, rveared on the Steenbock V ration
> >

to be 72.5, standard deviation of 5.9. This

1

ot differ cm the bioclogical

o
@
t-J
5
o)

Pan
-3
o

+3) obtained vhen yoast was used as the source of

the vitamin B-complex. Xitehell (124) found the hicloglcal

the proteins of yeast te be relatively hizgh (85).

Thus, as was shown toe be actually the cass

of yeast in the tesgt rabtion should not exert any arnpreciavle

effect uwpon the bilological valuve of the test protein. This

Tinding will validate any experiments conducted in the pasit,



Table XXVI. The biological value of the of’ canned autoclaved pork muscle
ﬂetnfﬁ$ned with male albino *x nronths old, reared on a mixed
grain diet (Series C, group

Period of assay|Rat nvmber|Average|Cain Hltrogen| Tecal Urine [Biological

Dody test peo c nsuned nitrogen|nitrogen value
weight
1 o fou M it e pistors

Low-nitrogen 192885 | 264 12067 | 123.40 | 343,32

feeding 19545 267 133.00 08,68 | 369.63

period 19532 503 146 .27 140.20 | 394.54

19344 269 148,15 | 120,33 | 301,94
193838 236 133.85 98.68 | 415,754
19354 25% 136 .26 112.00 | 380,09
15296 311 150.38 | 120.31 | 440.36
19233 311 143,58 | 137.11 | 394.54
18245 5354 141.12 138.65 £39.09

AVQ ’ 285&6 }.‘2‘0925 121059 593!70

Protein feed- 19255 g57 ~14 493,83 | 115.74 | 458.74 75,6

ing period 19345 270 ¢ 667.48 | 146,24 | 511.09 7.2

19332 514 0 740,54 168,00 | 608,19 20.0
19544 271 - 2 0B2.065 | 1584.90 | 45€.14 84.9
19328 252 + 4 5357.29 149.20 467 o 95 70 o 4it
19334 266 v 4 649.66 151,56 | 492.84 81,5
19296 320 T12 772,02 | 1B8.68 | B57.04 84.7
19235 315 - 2 6l8.77 150.86 181,05 85.7
19245 341 + 7 748426 17586 87 . Q4 83.4
Av, 289.6 + le4 656,72 | 152.12 | 510.01 79 ed

#Average of two periods.

#n0alenlated on second endogenous urinary aitrogen only.
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when investigators were forced to rely upon yeast as a

source of the vitamin D-couplex in the test ration.
The blological value obtained for the pork muscle

~

(76.3) is very similar to bthe value assigned this protein

o

¥ Miltchell, Beadles, and Kruger ('27). These workers found
rork tenderloin to have & biological value of 79 and in
aeneral, they found thet different cuts possessed rather

consbant bi
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eraging about 74. Fresh

dried, was used by HMltchell and his co-

p

vork, ground and

o ke

vorkers. ince the value 76.3 obtalned in the laboratory
sc closely approximates the average valus cbserved by Mit-
chell (74) we can conclude that the process of autoclaving
does not Jower the biclogical value of the pork muscle. In
this conclusion, we agree with Mattill who observed that the
proteins of beef were not affected by autoclaving. On the
other hand, Morgan and Kern ('34) are of the opinlon that
prolonged and drastic heating decreases the biological value
of beef proteins. In view of the results cobtained, we can-
not ascribe the autritionel faillure observed in animals
reared on the experimental diet, Pork I, to the deleterious
effect of heat.

When this protein was tested with the use of two groups
of rats three months old and 10 months old, respectively,
less efficient uwtilization occurred when the rats were 10

months old than when they were only three months old (Tables



Table XXViI.

The bilcloglcal vaelue of the
determined with male albino
zroup 1)

srain diet (Sexles C,

protein of canned auvtoclaved pork muscle
rats, three months old, reared on a mixed

Period of assay|Rat number|Average|Galn during|litrogen| Fecal Urine Blologlecd
pody |test period|consumed|nitrogen|nitrogen value
weight
S e TT mEe mes
Low-nitrogen 19698 164 ~ 8 138.16 78:64 | 191:41
feeding 19702 207 ~22 122.25 7765 264,80
perlod 19703 202 ~15 136.90 65.15 226.77
19768 228 - £ 143.40 69,31 | 259.54
19807 249 ~14 132.65 94.76 | £63:74
19808 220 ~12 128.42 82.93 | 266:33
20338 198 =16 128.42 82.48 | 264.93
20399 161 “ G 125.98 89.57 242056
20431 166 ~ 129,52 80.91 255.96
AV. 197.2 121 13172 8ls04 | 246.23
Protein feed- 19695 168 44 446 451 106.47 | 3532.93 66 &
ing period 19702 207 <6 525.14 7706 209.99 39.0
19703 210 28 568.28 | 118.78 | 315.88 58.7
19768 251 - 2 586.10 134,44 | 35877 80.9
19807 235 <6 B7220 | 124.94 | 363.10 84.5
150808 223 45 627 .46 117.99 | 346.05 85.8
20338 - ~ - — -
203599 162 - 4 424,92 B¢, 07 258,21 9€a3
20431 171 42 CO5.553 89.76 251.¢8 98.8
Av. 200.9 +3.2 544.27 | 107.12 | 312.08 86.9




Table XXVIIX. The blological value of the proteins of canned aubtoclaved nork muscle
determined wlith male albino rats, 10 months old, reared -n a mixzed
grola diet (series ¢, group 1)

Period of assay|Rat number|Average|fiain during|liit rogcn Fecal Urine Biological
body |test period consumed |[nltrogen |nitroge value
welsht
e £tk e T . Mmfe g e
Low-niltrogen 16900 582 136,85 | 118.63 | 309.16
feeding 16918 262 127,17 | 1i2.13 | 238.49
poriocd 17170 358 134.14 | 101.84 | 142.12
173517 521 189,65 | 122.73 | 322.48
17379 281 135.26 88.57 | 361.70
17870 291 144,84 | 106.65 | 308.02
17853 316 148.93 | 111.08 | 382.84
17949 361 148.76 | 132.28 | 390.61
17990 249 155.18 S0.72 | 890,97
Av. 513.4 140.95 | 108.20 | 301.82
Protein feed- 16900 406 635,32 | 130,60 | 522.04 68,4
ing periocd 16918 274 418.82 | 106.37 | £02.88 60.2
17170 - - ~— - -
17317 327 T76.56 | 146,37 | 488,91 78.0
17375 278 564.62 | 116.29 | 443.29 84,5
17670 281 £05.00 | 141.01 | 446.85 75.5
17853 3282 704 .34 Bl.07 | 407.93 83,7
17940 361 712.92 | 141,13 | b26.94 80.6
175580 240 5435.94 105.54 376.09 83.7
Av. S1l.1 624,20 | 120,77 | 4569.33 76,9
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XXVII anc XXVIII). The differences whlle not as greabt as
thoge observed in the previcusg control determinations {Series
A, group 1) were significant. Thus, further evidence of the
effect of age upon results secured in the determination of
bicloglcal values was obtalined., The animals reared on the
Pork I ration for three months gave a slightly lower average
blological value for the proteins (See Table XXIX) than did
the correspondling animals reared on the grain dlet. Iowever,
the differences were not significant. We were unable to
checl this value usling animalg that had been reared on Pork
I ration until 10 months old since a larges number of the
animals In this test did not withstand the rigid dletary
regime imposed during the asaay period.

A surmery of the resulis obtained in all experimental

series of this Investlgation is gilven in Table XXX.

The physlological significance of the partition of nitrogen

in the urine

W oo ————

A study of the partition of nitrogen in the urine re-
vealed the physiologlcal significance of the decrease in the
Piologlcal value of pork proteins as the animals increased
in age. The data are recorded in Table XX{I.

The degree to which the rat utilizes the nitrogen of
its food changes as the animal becomes older. In the three-

month-old rats of Series A, group 1, 53 per cent of the niitro=



Table XXIX. The biological value of the protein of canned avtoclaved pork muscle
determined with male albino rats, three months old, reared on
diet (Serles C, group 2)

the Porit I

Period of assay|Rat number|Average|Galn during|Hltrogen| Fecal Urine |Biological
body test period|consumed|nitrogen nitrogen value
welght
Lovw-nitrogen 19693 193 ~10 138.50 | 110.72 | 222.84
feeding 19694 190 - 8 138.30 | 109.03 | 211.72
perlod 19701 196 - 3 139.62 Te24 | 287.40
197866 200 - 8 132.94 89.37 | 233.30
19967 213 - 6 143.27 | 137.23 | 250.83
19806 205 -10 136.43 | 122.28 | 354,11
203095 180 ~16 132.28 86,8! 238.49
20307 184 ~ 4 141,07 | 101.96 | 233.30
20398 200 - 8 13G.00 | 116.33 | 280.40
Av. 195.7 - 8.7 137.60 | 1056.89 | 250.16
Proteln feed- 19693 212 412 828.27 | 138.82 | 399.80 70.5
ing period 19694 210 416 662.73 | 139.22 | 353.91 T7.5
19701 214 412 633.62 | 132.06 | 374.80 81.5
19766 222 +16 704,90 | 194,069 | 408.99 707
19767 230 + 8 T04.00 | 178.28 | 452.068 67.9
19806 218 + 8 564,65 | 112.81 | 297.57 -
20305 - - - - - -
20307 - - o - - -
20598 209 410 E52.55 | 122.24 | £71.33 06.2
Av, 2lC.4 +11,7 G35.95 | 145.48 | 365.60 77 o4
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Table XXX, Summary; biologlcal values

I. Arranged according to the proteln assayed.

Experimentall Assay protein |Pre-experimental diet {Age of test [Number of|
series animal assays
mo.
A Pork and Steenbock V 3 9
yeast group 1 8 g
10 %
Pork I 3 9
group 2 10 8
B Pork, yeast, | Pork 7 10
and liver
c Pork Steenbock V 3 e
group 1 3 2
10 e
Pork I 3 6
group 2 10 -
ITI. Arranged according tc the age cof the animal
Age of test Experimental [Pre-experimental diet|Assay protein{Number of|
animal series 883ays
3 mo, A Steenbock V Pork and g
A Pork I yeast g
C Steenbock V Pork 8
C Pork I Pork 6
6 mo. 4 Steenbock ¥ Pork and 9
yeast
c Steenbock V Pork g
10 mo, A Steenbock V Pork and 9
A Pork T yeast 8
B Pork 7 Pork, yeast, B
and liver
c Steenbock V Pork 8







yloglecal values

;0 the protein assayed.

;8in [Pre-experlimental dlet |Age of test [Number of Biological value
animal assays Mean |Standard Range
deviation
mo.
Steenbock V 3 9 83.4 6.3 1
group 1 §) %] 6.3 4.4 N
10 9 67.8 9.0 2
Pork I 3 9 82.2 5.6 20
group 2 10 8 75.4 8.6 N
ast, | Pork 7 10 8 T1.3 7.7 295
2p
Steenbock V 3 e 86.9 9.7 3
group 1 8 9 79.3 5.9 20
10 8 76.9 8.8 24
Pork I 3 6 T7.4 10.4 26
group 2 10 - - - -
to the age of the animal
il |[Pre~experimental diet|Assay proteln|{Number of Bioclogical value
88s8ays Mean Standard Range
deviation
Steenbock V Pork and ] 83.4 6.3 10
Pork I yeast 9 82.2 5.6 20
Steenbock V Pork 8 86.9 9.7 3&
Pork I Pork S T7.4 10.4 20
Steenbock V Pork and g 76.3 4.4 13
yeast
Steenbock V Pork 9 79.3 5.9 20
Steenbock V Pork and S 67.8 | 9.0 23
Pork I yeast 8 76.9 " 8.8 28
Pork 7 Pork, yeast, 8 71.3 7.7 26
and liver ’
Steenbock V Pork 8 76.9 8.8 |24
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Table XXXI. Daba to show the relatlonshlp beltween the age of
the test animal and percentgge of absorbed nitro-
gen excreted in the urine, and the percentage of
urine nitrogen derived from food

Pre~experi- | Source of | Age of | Per cenb of | Per cent of | Bio=

mental diet | proteins test | absorbed exogenous logl-

animal | nitrogen nitrogen cal
excrebed in | in the value
Ko the urine urine
Steenbock Porl and
v yeast 3 16 33 83ed
6 22 37 7663
10 32 46 6748

Pork I Poriz and

yeasb 3 18 o6 8649
10 23 29 75.4
Steenbock Porlk 3 12 21 82.2
v alone & ig 23 7223
10 25 34 769

pPork 7 Porl,

yeast,

and

liver 10 52 32 Tled




-101-
gen in the urine was derived Irom food sources. Later, at
slx months, 37 per cent of the urine nitrogen was of exog-
enous origin, and at 10 nionths, 46 per cent. The same
change in the proportion of exogencusg nitresen in the urine
occurred In 10 rats comprising Series ¢, but was not as

.

maried in the urine of animals of 3eries A, zroup

0

The percentage of the abaorbed food nitrogen that ap-
peared in the urine excreted by the various experimental

w

sroups was also calculated. A progressive increase in the
percentage ol absorbed food nitrozen excreted as the rats
increaéed in aze was ccnsistently demonstrated in all groups.
If the average is taken of the values cbtalned with the use
of each apge group of animals, results may be swmarized as

follows: at three months of age, 16 per cent of the ab-

o

N

sorbed nitrogen of the food appeared

'3

n the urine; at szix
montha, 20 percent; and 10 months, 28 per cent. As the rat
became older, less and less of the dietary protein was
utilized. Explanations for the phenomenon may be found in
the principles of the general theory of protein metabolism.
Although the period of most rapid growth i1s over waen
the rat is three months old, the bholy continues to increase
in size thereafter. New tissue is belng laid dowm constant-
1y untlil the animel is at least five or six months old. The
sﬁall quantity of nitrogen derived from food in the urine

of rats in the present experiment when they were three
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months may Le accounted for by the incressed demands of ths
body for "buﬁlﬂlnr sbones" Lo synthesize new tissue over
and above the guantity of nitrogenous material required for
maintenance. However, when the rat is slx meonths old, body
demands Ior altrogen are largely those ol meintenance and
1ittle 1s required for storage as new tlssue. We, therefore,
shonld expect to find, as we did, an increased guantity of
nitrogen excreted in the urine that had its origin in food
prrotein. At 10 months, metabolic

rocessges begin to slacken.

i3

The enimsl is less active. ©ell activity has decrsased.
Since wear and tear of body tissues are reduced even the
bodily demarSs for nitrogen, for purposes of maintenance, de-
crease. In the experimental groups, 10 wmonths old, ths in-
reased percentage of nitrogen excreted in the urine coming

&

from food is a reflection of normally lowered metabolism.
It is to De noted that while the partition of the
nitrogen in the urine of sbtock animals progrecssively inQ
creasing In ége md fed the proteins presenf in the pork
diets followed thils trend, the excretvion of food nitrogen
was slightly higher in all age-groups In this series than

it was in corresponding groups where the rats were given the

proteing of pork alone. Thils was probably due to the fact

-

that some of the nitrogen-carrying constitutents of the yeast
cannot be utilized by the test animal for either building or

repalir purposes.
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Although the Iindings are in accord with mebabolic

theory, ancother reason for the lncreased cuanbity oi food
9 4 ¥

nitrogen appearing in the urine cf the older animal must

W
g

anol be overlocke espeacially since theorsetically rabts are
gtlll in the prime of l1ife when they are 10 months old. The
observations may also mesm thet the oldest animal was losing
unduly large quantities of nitrogen through the kidney
tissueg. lolse and Smith ('27) have pointed out that
slomerular and tubular changes sre present as normal oc-
currence in the lidneys of rats fed an adequate diet con-
talning casein as its protein for 180 days after unl-
lateral nephrectomy. In the rat, glomeruli continue to be
formed for the first 100 days of life. Injuries produced
during this tlme ave provably repaired through processes

of growth. In older animals this does not take place.

But if kidney damagze i1s responsible for the increased
excretion of food nitrogen in the older rabs the leslon
must be attributed only to the effect of age, and not to
the influence of the pre-sxperimental diet, because the
animals reared for 10 months on the meat-contalning dists
(Poriz T and Pork 7) excreted no greater a proportion of
the abscrbed nitrogen than 41d the animals reared for 10
months on the mixed grain diet. This is very interesting,
since ths animals Ffed the meat diets often excreted urine

which contained blood that could be detected by gross ob-
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servaticn. The kidneys of some of the old animals also
had a wmottled appearance upon auwtopsy. In spite of this,

the biological velue of the proteins tested shows that these

B

imalg were utllizing nitrogen in a mammer that was normal

)

or rats ol thelr age.

3ince Tactors such as continued growth at three months
and a decreased rate of mebabolism with possible kildney
damage at 10 monthg, complicate the plebure, our hypothesis
has boen confirmed that an experimental animal approximately

six months o0ld is the best type of animal for use in the

egtablishing the blological value of a protein.

Digestibility

The dlgestibllity of the various protein mixtures that
have Dbeen assayed for blological values was debermined by
calculating the coefficlents of digestibility. This de-
termination is as important as thabt of the'biological value
since it is impossible to secure a complete pleture of the
ability of the animal to utilize the protein ingested with-
out this information. Two situatlons may oceur. First,
Seegers and ¥attill ('35) have showm that the low biological
value of alcohol-exbtracted liver is due to its poor di-
gostiblllty because the amino acids absorbed are not repre-
sentatlve of the original protein. Second, even though the

bioclogleal value may be high as is the case with autoeclaved
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beef muscle (Seegers, Schultz, and Wabtill, '36), in reality
the animals derive benefit fran only one-half of the pro-
teins eaten becsuse only this provorticon is digested (Seegers,
and Mattill "35).

The coelfficlents of digestiblliiby obtained with The
use of gll zvoups in the hresejt experiment wers very con-
stant. Individusl data pertalining to each experimental
group ave showmn in Tables XXXIT - XVII. The digesti-
bility of the various proteins tested ranged from 92 to 96
per cent in spite of differences in age of the test rats
and the kind of pre-experimental diet to which the animals
were accustomed. Thus, the proteins in pork muscle alone,
in the Pork I dlet,; and in the Pork 7 diet do not anpear
to differ in degree to which they are acted upon by the en-
zynmes of the intestinal tract.

Fitchell {127) has determined the biological value of
pork but he does not give the coefficient of digestibility
of its protelns. Uowever, a comparison of the vid uwes that

he presented for the tobtal nitrogen in the feces and the

s

fecal nitrogen of endogenous origin indicate that the pro-
teins of pork were well digested. Norgan and Kern (134)

v,

testing the aubtoclaved proteins of beef muscle, found the
coefficlent of digestibility (98) to be as high as that
characteristic of raw meat. 3eegers and Mattlill ('35), how-

ever, describe a progressive lowering of the digestibility



Table XXXITI. The coefficient of dilgestibility of cerbtain protein mixtures determined
wlth male albino rats, three months old, reared on a mlxed grain diet
(Series A, group 1, end serles C, group 1)

Rat Fecal Canned autoclaved pork muscle and Canpned autoclaved pork muscle
number |nitrogen yeast
of en- Fecal Nitrogen |Hitrogen| Coefl- Fecal Nitrogen|lNitrogen| Coef-
dogenous [nitrogen| from un- |consumed|ficlent|nitrogen|from un-|consumed| ficient
orligin digested of di- digested of di-
food gesti- food gesti-
bility bility
%a ‘%‘ Ml e Eﬁg‘- E&i'- mo .1_2524
19595 78.64 || 109.73 31.09 | 595.23 | 94.8 [|106.47 27.83 1446.51 93.8
19702 77.65 || 139,61 61.96 790,05 | 92.2 77.06 C.59 |523.14 $9.8
19703 63.15 || 147.76 84.61 81l4.563 | 89.6 (116,78 53.63 [568.28 90.6
19768 6031 || 188.68 | 117.37 | 978.95 | 88.0 |[134.44 65.13 [586.10 88.9 L
19807 04.76 || 184.10 BO.34 | 965.26 | 90.8 |124.94 30.18 |672.20 95.56 §
i9g08 92.93 || 1Y7.55 84.62 | 877.77 | 90.4 ||317.99 26.06 1627.46 96.0
203538 82.48 || 135.82 53.34 | 842.83 | 93.7 - - -— ~—
20599 88.57 106.30 16,73 561.86 870 89.87 0.00 |424.92 160.0
20431 80,91 | 105.70 24.79 | 675.36 | U6.4 89,76 8.85 |508.,53 98.2
Av, 92.5 95.3




Table X¥XIII. The coefflclent of digestibility of certalin protein mi
with mele aldiro rats, six months old, reaved on =z

(serles A, group 1, and serles ¢, group 1)

A
X

ures determined
mixed zrain diet

Rat Fecal Canned autoclaved pork muscle and Canned autoclaved pork muscle
number | nitrogen veast
of en~ Fecal |Hitrogen|Nitrogen|Coef- [ Fecal Hitrogen| Nltrogen|Coefl-
dogenoug(|nitrogen| from un-|consuned| ficlent nitrogen| from wi-| consumed|ficient
origin digeated of di-~ digested of di-
food gesti- food pesti-
bility bility
g, . mz . g . Afe HiEe mg .
19255 | 123.40 || 170,89 47.49 [1132.06 | 95.8 | 115.74 - 473.85% -
19345 98.68 || 213.57 | 114.89 |1220,12 | 90.6 | 146.24 47.56 | G6'7.48 2.9
19332 | 140.20 || 207.78 67.58 |1103.98 | 93.9 [ 168.00 27.80 | 740,54 96,3
19344 | 120.33 || 149.47 24.14 | 813.46 | 97.0 | 154,90 29.57 | 652.63 9545
18328 28.68 || 128,70 30.02 | 647.86 | 95.4 | 149.20 50.562 | bB7.29 51l.4
19334 | 112.0C || 187.89 75.82 [1107.85 | 93.2 | 1Bi.&6 32.56 | 648.66 03.9
19206 | 120.31 || 194.07 73.76 |1162.08 | 93.7 || 1H6.68 56437 | 7T72.02 95,3
19233 | 137.11 || 204.11 67.00 |1196.94 | 94,4 | 150.86 15.75 | 618477 97.8
19245 | 138.55 | 208.38 6971 |1R269.57 | 94.5 [ 175.96 B7.31 | 748.26 85,0
Av. 94,3 94.8

=L0T~



Table XXXIV. Tne coefficient of ngbotlbility
v1th male albino rats, 10 months

of certain protein mixbtures determined
old, reared on a mizxed grain diet

(Seracu A, group 1l and seriss (§, group 1)
Rat Fecal Canned autoclaved vork muscle snd || Canned auteclaved pork muscle
nwnber| nitrogen yeast
of en- Fecal Hitrogen|Hlitrogen|Coefl~ Pecal | Hitrogen |Nitrogen|Coel-
dogenous|nitrogen|fros un-|consumed|ficient|nitrogen| from un~ |[consumed|ficient
origin digested of di- cdigested of di~
food pesti- food geasti-
bility bility
mge T2 e 2. mge . T e

6900 | 118.63 || 151.54 32.91 987.24 | 96.7 |130.60 11.97 |885.32 28.2
16918 | 112.13 || 136.83 24.70 TRT.44 | 96.6 [108.37 - 418,82
17170 | 101.84 || 142.67 40.85 | 80B8.88 | U4.9 —— - -

7317 | 122.73 || 187.67 64.94 (1102.35 | 94.1 (|146.37 23.64 |778.56 g'7.0
17379 88.57 || 152.47 43,80 | 715.27 | 93.9 [116.29 27.72 |654.62 95.0
17670 | 106€.65 186.73 60.08 | BI7.00 | 93.3 [141.0% 34,50 |52D0.60 94.2
17853 | 111.08 j| 1%7.15 65,87 | 951.00 | 93.1 81,07 - 704 .34
17949 132.28 || 187.02 54.74 | 859.07 | S5.6 [|141.13 8.85 (712,92 98,3
17990 80.72 84.7 4,05 | 308.95 | 98.7 [103.34 22.62 (545,94 95.2
Av. 95.0 6.4

80T~



Table XXXV. The coefflclent of digestibility of certain nrotein mixbtures determined

with male albino rats, three months old, reared on th

A, group 2, and series €, group 2)

¢ Pork I diet (Series

Rat Fecal [[Canned autoclaved pork muscle and Canned autoclaved pork muscle
number nitrogen veast
of en- Fecal |Nltrogen | Nitrogen|Coef- Pecal |Witrogen |Nitrogen|Cosf-~
dogencuginitrogen |[from un-~ |consumed |ficlent|nitrogen| from wn- |consumed|ficient
origin digested of di- digested of dil-
food gesti- Tood gosti-
bility bility
niZ e :’zige %o iﬂ‘&o %o :f_?ig;n i"._léi-
19693 | 110.72 || 155.70 44.98 | BO7,.74 | 9E&, 138.82 28.10 |628.27 95.5
19694 | 109,03 || 140.21 31.18 | 807.67 | 96.1 139,22 30.19 |GER.73 95.5
19701 79.24 || 125.84 46.60 | 793.97 | 94.1 ||132.06 52.82 (635.62 91.3
18766 89,37 || 149.74 CCL.37 | 841,50 | 92.8 |194.69 105.32 |704.90 85.1
19767 | 137.25 || 181.12 43,89 | 890.12 | 95.1 |178.28 41,05 |704.30 04,2
19806 | 122,28 || 180,71 58.45 | 903,456 | 93.5 ||112.81 —-— 564.65 -
20305 86.81 || 105.11 18,30 | £62,28 | 96.8 - -~ - -
20307 | 101l.96 | 117.91 15,986 T12.88 | 97.8 - - - -
20398 | 116.33 || 120.26 3.93 | 665,04 | 99.4 |122.24 5.91 |b52.55 98.9
Av. 85.6 93.4

~60T~



Table XXXVI.
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The coefficient cof dlgestibility of certain

protvein mixtures determined with male albino
rats, 10 months o0ld, reared on the Pork I
diet (Zeries 4, group 1)

Rat Fecal nitrogen|) TFecal (UHitrogen |Wiitrcgen|Coefficlent
number |of endogenous |nitrogen|Ifrom un-|consumed [of digesti-

origzin digested Vility

food
i me. mee me .

16726 168.55 88.27 80.28 249,45 67.8
1878¢ 01.40 90.24 1.18 4352.67 98.7
16780 68.65 68.52 C.13 362.03 99,9
16893 B354 135.96 52.62 T .44 22.8
171886 101.65 143.21 42.16 706.02 24.0
17469 03.94 132.84 52,890 608.85 94.1
17804 76.13 181.32 |105,19 862.56 87.2
18789 01.40 146.4% 55.01 710.61 92.2
16893 83434 120.04 36.70 655.5¢ 94.4
17469 83.04 127 .50 53.56 824,74 95.9
Ave. 91.9
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Table XEVII. The coefliicient of digestibility of the pro-
teing of the Pork 7 diet determined with nmale
albino rats, 10 months old, reared on the
Pork 7 diet (Series B

Rat [Fecal nitrogeny Fecal |Illtrogen |Nitrogen|Coefiicient
number{of endogenous [nitrogen|from un-|consumed|of digesti-

origin digested Lility

food

:%‘ EE. lil”- 21.‘:.‘..
16727 93.70 127 .55 534895 94856 96.4
18728 107.67 138.22 27.58 | 746.15 96.3
16791 SIS 97.44 29,26 | 707.9C 0G.2
16898 71.01 129.29 68.28 | 825.27 92.9
16868 01.66 90.15 1.51 11033.11 U8.5
17470 116.97 Q725 — 1028.62
17895 85.20 110.02 24.82 | 369.68 97 .2
16727 05.70 143.36 43,66 | 808.35 039
wres inv.es 128.73 2L.00 | 796.61 074
18791 63.18 188.54 | 121,16 | BG8E.01 86.0
16895 71.01 48 .47 - 460.37 ——
17470 116.97 160.07 43.10 |1184.21 96.4
Av. 95,1




of Deef protein as the intensity of heat is increased. The
results obtained in this investigetion are the first re-
corded that ascribe a hipgh bilological velue and a high
coefficient of digestibility bto autoclaved meat ruscle.

The pork proteins used in our test diet, the feeding of

wiilch leads invariably to nutritional disaster are, therefore,
of high biological efficiency.

The relative dilgestibiliity of pork alone, and of a

-

combination of pork, yeast, and liver was 95 and 96 per cent
respectively (Table X¥XVIII). We had nmore or less expected
to find thalt the proteins of the camnned auboclaved nork
muscle alone were more completely digested than those of the
Pork I dieb, since iiltchell ('24) gave the coefficient of
digestlibllity of yeast proteins as 77. Proteins heving

such a low coefficient of digestibility when incorporuted

in a diet might appreciably affect the apparent digestibility
of the proteins ol the original diet.

The question of the relation of the guantity of en-
dogenous nitrogen exereted in the feces to the weight of
the food consumed has been discussed in the Review of
Literature. The coefficients were calceulated with the use
of uncorrected fecal endogenous nitrogen figures. We be-
lieve that the constancy of the individual values obtalned

for the coefflcient of digestibility supports the view that

{5

endogencus fecal nitrogen is independent of the weight of



Table ZXXVIII.

Summarys cosefliclents
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of digestibility

Lxperi-|Assay Pro-ezperi~ | ige of | Fumber |Coeflliclents of
nensal |protein | mental dieb | tLest of digestibility
geries animal | assays | Yean |Standard
deviation
mo.
A Pork Steenboclk S g 92.5 5.8
and group 1 6 9 0443 1.7
yeast 10 9 95.0 1.9
Pork I, 3 ! 25.6 2,8
croup 2 10 8 01.9 D 2%
B rork, Pork 7 10 8 95.1 5.6
yeast,
and
liver
G Pork Steenboeck Y, 3 8 SB.3 4.7
group 1 S 9 94,8 2.1
10 g 96,4 2.0
Pork I, 3 o] 934 4.9
group 2 10 - - -

¥hen rat
abandard

is omitted, wean = $54.6,
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the food consumed. Ve believe these data lend supsort to
the method we have adopted. Error in the estimating of endo-

of di-

v

genous nitrogen in the feces affects the coefficien

gestlbllity whereas 1t does not affect the biologlical value.

Factors Affecting the Varlability in Individual

Determinations

The variationa observed in the individusl determinations
ol the stawnderd esagy oblained with the use of the animals six
monthg old and reared on the Steenbock V¥ diet (Series L&, group
1) have been discussed. The mean bilological value was 78.3,
standard deviation, 4.4. It has been shown that the varia-
tlon, measured in terms of the standsrd deviation approximated
that of Morgan and Xern {34), Seoegers and Mattill ('35), and
tiltchell, Burroughs, and Beadles (¥36), Mitchell, probably
being the authority in the field of protein utilization.

However, the varlations obtelned within every determinaw-
tlon made wlth other experimenbtal groups employed in this
study were greaber than the variation obtained with the con~
trol group, as showm by ranges in blological values and the
standard deviatlons. These data are tabulated in Table XXX,
Ranges In individual resulis secured with the different
zperimental groups varied from 13 to 33; the average range was

20, The varlstion is spproximstely that recorded by other
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workers In the fleld {See Teble XMXIX), and probably should
not be consldered as unrsasoneble, since the whole determing-
tion is fraught with many possible sources of error from the
chemleal, biclogical, and manipulative standpoints. 4s
Nitchell ('36) hss pointed out, the error represented in
estimation of blologiecal values iz an accumulabion of not
only the unavoldable ervror in technigue but also of the
individual variabllity of the btest animal, Since the gtand-
ard determination was apparently so much more reliasble than
any other obtalined, it sesmed impoftant to search our data
Tor reasons for the Ilncreased variabllity observed in the
obther experimental lots.

While it is possible to secure a uniformity in experi-
ments conducted with rats three months old egual to that ob-
tained with animels six monthes old, it 1s Just as likely that
the use of animals of this gge may inbtroduce Increased varia~
tlon {Table XXK)Q L rat in this age-group may chance to be
that animal of an average group thal continues actlve growbh
longer than usual. A blological value obtained with the use
of such an animel will be high because the protein of the diet
is belng deposited as new tilssues, For example, with three
of the rats three months o0ld, biological values of 96, 96,
and 99 were obtained, meaning 1f the possibility of experi-
mental error is excluded, that alwmost perfect utilization of

the proteln occurred. IL was thess animals that were wholly
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Table XXXIX, The varliabllity in blologicael values withian

assay groups obtalned by different investi~

gators
Viorker Frotein sbtudied | Range |Length | Average
of value
range
1e Hlichell Milk 83~100 19 23
2. Horgan sand
Kern Raw meat 55-73 is 6%
3. Boag-Fixsen
and Jaclkson | Whole maize 6592 29 84
4., Braman Cottongsesd meal | 75~80 15 e
5., Basu and
Basak Sun-dried
polished rice 69-84 25 80
6. Socogers and Drisd whols
Mabtthill liver 3E~563 25 88
7. Schneider Fish meal 56«82 26 71
8+ Bethke and
co=-workers Linseed meal 5879 21 7O
1. Mitcholl, M. He, J. Blol. Chem., 58; p. 907 (1924).

Horgan, A. F., and Kern, G. H., J, Nutrition, 73 p. 371
(1934).

Boag-Fixsen, H. A., and Jackson, H. M., Blochem. J., 26;
pe 1928 (1932).

Braman, W, We, Je Hutrition, 43 p. 255 (1931).

Dasu, K. P., and Basak, M. ., Ind. J. led. LNos., 24;
De 10486 (1937},

Seegers, W. We, and ¥attlll, He. 2., J« Hutrition, 10;
peo 208 {1935),

Schnelder, Be Ho, Jo Agre Res., 44; pe. 725 (1932).

Bethke, Re M., Bohstedb, G., Sassaman, H. L., Kennard,
D. Cu, and Bdingbon, Be H., Je Agre Res., 583 pa 860
(1928},
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resoponsgible for the incrcased veariation in the resulits obe
talned with two lots of this age-group.

The data {Table X¥X) also show that employment of ani~
wals 10 months old wmay be expected to introduce exitrems varia-
tion counslistently. The range in the resulbts of the four setls
of determinatlions msde with this age-group was very close bo
25, in contrast to one of 1€ obbtained in the test made with
the standard group.

In light of these observations, we found it inbteresting
to examine in a prelimlaayy fashior supporting data obtained
in the assays as well as many gross observations, to find if
rossible, the underlying causeg of the wvariabiliity. Thils sbudy
resolved itself inbto two divisions, (1) the relation of the
characteristics of the growth of the animal in the pre-experi-
menial period to the variabllity of the individual biological
values obbained ln the varlous assays, and (2) the relation
of ths physical condlflon of the animals in the specific
groups at the time of the assay to the uniformity of the

final results of the cxperiment.

Relation of rate of prowth of aninmal in pre-experimental

porliod to verisbility

The individual curves deplecting the rate of growth for
the 55 animals used in the assays were plotted. The curves
for each group studied are shown in Flgures IV, V, VI, VII

VIITI and I« Ab the end of three wmonths the rabs in all
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experimental groups were of normal bhody welght. The range
in body weight was approximately 75 grams. The groups
grown for siz months were also normzl In slze, the extreme
dgifference in body welghts belng 80 grams. Such a range in
body weolghts can be expocted in groups of normal animals
ol these ages (Timson '32). However, the varlations in the
size of the individuval animals at the end of 10 months of
growth was much greater than that observed at the earlisr
periocds of 1life hilstory, being 211 grams. The ranges in
bioclogical values obbained for the three age-zroups do not
appear o be assoclated with the degree of variation noted
in body welghts of the three age-groups sbtudled as shown in
the tabulatlons listed below:

Table XL. Range in bedy welght of test animals and the
varistions in viological values

Ag Range in Range in bilologleal values obbained
of body weight
nimals Test 1 Test 2 2 Tost &  Test 4
e
3 WO 75 16 20 33 26
6 mo. g0 15 20
10 mos 211 25 24 28 26

The variations in individual blologlcal values obbtained with
the groups three months old were as greabt ag those observed

in the groups of animals 10 monthé 0ld in 50 per cont of the
asgays made., Therefore, varlations in body welght of test

rats appavently do not affeect the variatlon in biclogical
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values obtained. This ldea was further supported when the
data pertaining to the four sets of determinations made with
rats 10 months old were analysed. The individual body weights
of rats reared on the Steenbock V ration varisd by 120 grams,
those of the rats fed the Pork I ration by 142 gramg, and
those on the Pork 7 dlet by 170 grams, An increase in
variabllity in body weight of the experimental animal did not
increase the variasbliity of the biologleal value obtained
with each experimental group (See Table below).

Table XLI. Range in body welight of rats, 10 months old, and
the variations in blolegical values

Pre~experimental | Range in body | Range in bilo- Average
diet weight at the | logical values |blological
time of the obtained in value
assay each asgsay “w__
gEte
Steenbock V¥ 120 25 67,8
24 7649
Pork I 142 28 T5e4
Pork %7 170 26 76e9 AJ

Thus, the studlies indlcate that variation in resulis ob-
tained in the blological analysils of proteins does not sriss
from differences in welights of rats composing any test group.
Further studies are to e made relative to this subject.

The great variability in body weight in the groups of
rats receiving the pork diets was due to the fact that certain

of the animals were nobtasble to maintain their aduli weight
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after :hey had reached 170 days of age. Irastic losses
occurred in some of the enimals. We wondered whether or nob
the rats that exhiibited grest losses in body welgsht were the
animals that caused the variatlon in results obbzined in
groups they represented., Ve feared that possibly the use of
these rats in our final analyses introduced srror.

In order to study this problem, the animels werse divided
into two classes, those thalt malintained thelr sduli welgbt and
those that dld not maintalin thelr adult weight. Of the 28
animals in the three groups, 10 rats lost weight. OFf these
10, five dled during the assay, and ons of the others lost so
much welght during the colleetion perilod that the blologlcal
value could hot be determined. The remaining four ylelded
resultes, which were well within the range of the biologlical
values obtained with the animals that vere able to mainbain
thelir welght {See¢ Table XLII).

Therelore, the lnclusion of data pertaining to these

gnimals in final analysls dld not lead to wrong conclusions.

The physical condition of the animsls

in ezamination of the average rate of growth on the
animals, 10 months old (Figuvre X), showed that in early
periods of the 1life hilstory the rate of growth of the animals
recelving the pork rations was.as good as that of the animals

recelving the Steenbock V dlet. Howevor, when the animals fed
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Tatle XLIT., The biological values obtained with animals

that had failed to malntain their adult weight,
and average biologlcal value of the assay repre-
sgnted and its range

Rat Biological Average Range of
number value biological individual
obtalned value biological
with use obtalned values of
of this rat in the assay the assay
17780 84,7 769 24
17894 721 7044 28
18791 698 V6.9 26
17895 80,7 76.9 26
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the Pork I diet were apgroximabtely 160 days old they started
to decline slowly In weight. At this time they began to
exhiblt wmany signs of malnutrition. The picturs described by
Iyar was confirmed in all esseantials, Although the dabta pre-
ented In a previocusg section show that the condition cannot

be attributed elther %0 poor cuality or to poor utilizatlion
of the proteins in that dlet fed. The use of animals showing

all symptoms of malnutrition for the determination of biolo

0

al values concernsed us. It scemed very possible their use
night introduce variations of sulficient size to invalidate
the experlment. The loss in the asdult weight of the animals
reared on the Pork 7 diet was even greater than that of the
animals fed the Pork I dists Apparently the protelms of the
liver supplement had no supplementary value In maintaining
the adult rat in a stabe of good nutrition.

The contours of the growth curves were refloected in the
physical condition of the anlmel., The animals in all groups
at three months were in excellent condition, having clean,
smooth, and glossy fur, bright orange-colored teeth, deep
pink eyes and paws, normal nervous tension, and a youbhful
appearance. They were alert and active. The animals at six
months were also in excellent condition. ney locked maturs,
having develeped an accummlation of fat pads vhich gave thenm
the heavy appecarance typical of well-nourished rats of this

ags. The animals at 10 monthe receiving the mixed grain dieb
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were, on the whole, active and clean, with swmooth, well-
groomed fur and good posture. Of the 9 rats in the group,
all hut two were classed as being in good or excellent
condition (Table XLIII). &bt autopsy no obvious gbnormalities
ware observed in the internal orguns. However, five of the
group had mild lung infectlons, indicated by pus and mucus
in the lung tissues. One had an infection in the inner ear.

Animals, 10 months old, thab had been grown on the Pork
I diet were dirty, thelr fur was dull, they were thin, exitremely
gaunt, letharglc and inactlive and many showed signs of dyspned,
Cf this group of nine animals, three were judged as being in

-

good nutritional condition, and all cothers in a falir or poor

stabe. Six of the animals had ulecers of the stomach, one

had pits on the surface of the kidney, and all had severe lne

=]

fections of the luuzs., Nalnubtrition was eswvecially marksd
in the animals vreceiving the llver supplement in additlon to
the Pork I dlet., Of thls group of rats fed Pork 7, only one
was rated as belng in good shape, the others were physieal
wrecks. Ab aubtopsy, seven of the nine animals had stomach
ulcers, thrsee had motiled kidneys, and all had lung lnfection.
In spite of the inferior physical condition of the 10
month animals reaved on the pork diets the variations in the
individual determinations of the biologicsal values determined
with them was not asny greater than the variations in values

obtained when the physleally superlor group was useds (See
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Table XLIII. The physical condition of the animals reared for 10 mont
various pre-experimental diets as determined by gross ob

Pre-experimental |Rat number Condition before the assay period
diet General condlition|Normallty of excretions
Steenbock V -1 16800 Good Normal
16918 Fair "
17170 Good "
17317 Excellent "
1737¢ u "
17670 Good #
17853 Pair "
© 17949 Good n
17960 " Slight diarrhea
*17324 - Poor n "
Pork I 16726 Good Normal
16789 Fair Blood in urine
16893 Good Normal
17186 " f
17469 Fair "
17893 " "
17894 " "
*#16790 Poor Diarrhes
#16954 " "
Pork 7 16727 Poor Normal
16728 i n
15791 " n
16895 Failr "
16896 Good - Blood in urine
17470 Fair Normal
17895 n ‘ "
#1719 Poor Bleood in urine
#16955 " Diarrhea

*Animals died
#*Data for autopsy unfortunately lost
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reared for 10 months on the

armined by gross cbservations

1¢ gssay period

Condition at sutopsy

allty of excretions |[Quantity Stomach Kldneys Legree of |Cccurrence
of body lung in- of other
fat fection infections
Normal ++ No ulcers Normal 2 None
n - i 1 fn 5 n
1" o L] 114 n 1 1"
" - 1 i 1 0 f
7" + " 1" 1t 0 1}
t P 3 Pr EX) et
" +4 No ulcers Normal 0 None
i + 11} 1t n 0 Ear
light diarrhes Py F s 3t 43
" n - No ulcers Normal 21 None
Normal - Ulcers Mottled 2 None
lood in urine - " f 12 ft
Normal + No ulcers Normal 4 "
" + Lining rough " 5 "
" + " " Mottled 19 n
" - Ulcers Normal 24 "
f ek 5 3 ¥ 3¢
Diarrhes - Ulcers . * 20 None
it - " s 20 3]
Normal - Dlcers Normal 7 None
" + No ulcers n 8 "
" - Ulcers " 5 t
" + " Pitted 29 "
locd in urine + " Normal 13 "
Normal ++ No ulcers " 8 "
" 3 3¢ 3% 3t 3t
lood in urine - Ulcers 5% 15 None
Diarrhesa - " * 20 Penis
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range of individual bilological values obdalned with each
group, Table XLI). Therefore, 1t seems that the poor physi-
cal condition induced by the feeding of the pork-contain-
ing dlet did not affect the variabiliby of the blological

value determinatbions.
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SUMBIARY

Dyar ('35) reported that a diet containing dried canned
autoclaved pork ruscle as its source of protein is nutri-
tionally inadeguate for the support‘of norral life processes
such as growth, adult maintenance, and the propasabion of
the gpecles in the albino rat. This early study indi-

cated that although growbh progressed at a normal rate

during the early life history of the male animal, after 10
months the rat no longer was able to meintain its adult

welpht and sign after sign of nubritional failure appeared.
The proteins in the diet employed by Dyar were derived from
sutocloved canned poric muscle and the yeast which served as

the source of the vitamin B-complex. The present investi-

1

gation was planned to determine whether or not the nubri-

|5

tiomal failure was due to inefficlent utilization of thav
proteins.

Two factors mey have induced ineflicient utilization.
Pirst, autoclaving the protein-mixture reprezented in the
pork may render 1t less valuable from a matritionel stand-
point than the wnireated protein. Second, continued main-
tenance on the dlet containing pork may cause pathological

changes in the animal so that 1t no longer utilizes protein
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of the jood yuality In a normal waye.
In order to study these poinits two experiments were
plonned. In the first experiment, the utilization of the

protelin represented in the Pork I diet (canned aubtogclaved

g

-

pork muscle and yesast) was teste

0

ti:@ uge of normal

{n
jo2
=
e
#

rats taken from the stock colony alt successive intervals
in theilr adult 1life. Resulis obtained with these groups
wore compared with those obtained in a second experiment
wherein the avallibillty of the protelns of the Pork I diet

*

to the animal was determined with animsls of the same age

»

as the control groups of the first experiment bul reared dur-

&

,.

ing their entlre 1ife history on the Pork I diet.

The blological utilizatlion of the protein-mizture of

-

the Pork I ration hes Deen determined in terme of its bio~-

e

logical value and it

ed

coefficlent of digestibility. These
values were estimated by the balance-sheet method described
by Mitchell ('24). The metliod used in calculebing results
was glightly different than that used by Mitchell, since

we were unsvle to dewmonstrube thaet the guantity of endogenous
fecal nitrogen was related to food intake. Therefore, we
designated the guantity of nitrogen excreted in the feces
during the pericd of low nitrogen feeding as the nltrogen

of endogenous origin.

Hitrogen balence studies were made when the animals

vere three, six, and 10 months old. The Diological values
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determined with the use of animals of thease various ages
were 83, 76, and 08 respectively. The gradual decline in
the valuss.as the animal became progresgsively older may be
explained on the basig of the principles of protein meta-
volism. At three months, the enimal is still growing, and

no doubt large cuantities of the nitrogen are 1aid down in

Hh

ne form of new tissue, btherelfore, the appasrently high bio-

ct

lopical walue results. The rat at six months reguires pro-

tein only for maintenance. At 10 months the rate of metabo-

Lism of the animal has decrsssed go that even lesg |

S

[

needed for malntenence at this age than formerly. The
tenadility of thils view is confirmed by the small guantity
of nitrogen derlved from food sources that was found in the
urine of the younger animal, in contrast to the larger pro-
rortion present in the urine execreted by the two grouns of
clder animals. The lncreased percen%age of foocd nitrogmen

.

in the urine mirht also be explalned on the basis of loss
of nitrogen through the kidney bissues, since lHolse and
Smith ('27) have found thalt under normal conditions, kidney
damage appears in rats of this age.

e blological value, 76, obtained with rats six months

old probably represents the true biolegical value of the

specific proteins of the Pork I ration, since, the animals

-

et this age have just reached bhelr maximum adult welght

C

¥

and also, thelr protein needs for maintenance are probably
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characteristic of the normal adult rat. The biological
value obtained with asnimels of this ape wag used in all
comparisons as the "measuring stick" of efficiency. This
experiment shiows that the autoclaved nroteing of the test
diet are well utilized by the rat.

The utilization of the proteins of the Pork I ration
by two groups of anlmals that had veen maintained upon the
pork-containing ration {(Pork I) for three months and 10
months, respectively, was conipared to ubtllizatlion by the
control animals. It was found that each group was able to
utilize the proteing of the canned autoclaved pork muscle
nd yeast as efficiently as animels of the same age reared
on the sbock colony diet (biologlcal values, 82 and 75).
This shows That continued maintenance on the diet containing
autoclaved pork muscle didl not produce rhysioclogical or
pathological disturbances that affected the ability of the
animal to utilize the proteing of its dieb.

Improvement in reproduction, lactation, and growth
of young had been noted in previous experiments vwhen teat
rats were fed the Pork I ration supplemented by raw liver.
This linding ralsed the questlon whether or not the good re-
sults were due to an improvement in the quality of the
dietary proteins. An experiment was planned to investigate

this possibility. Rats were grown on the supplemented diet.

Wihen they were 10 months old they were used to determlne the
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biological values of the proteins of the diet. The re-
sulls of this experiment were comparcd to those cobtained in
the preceeding series. The proteins of the Pork I dieﬁ whoen
supplemented with raw liver were no better ubtllized than were
the proteina of the unsupplemented ration.

The studles reported above do not give an index of the
biological value of pork muscle but of the proteinz of pork
rscle and yoast. The comparatively high biological value
obbained for the wmixture may be due to the amino acids pre-
sent in the yeast. I seo, aos supplementary material they
nay obscure the effect of heating., Investigators have dls-
agreed as to the influence of increased bLemperature upon the
biologleal value of proteins, Therefore, balance studies
wvere made using the canned aubtoclaved pork muscle alone as
the source of the protein. The biological valus thus ob-
tained (78) was similar to that obbtained when pork and yeast
were the sources of the protein (76). It agrees with the
bioclogical value reported by kitchell for the proteins of raw
pork ruscle. Therelore the process of auboclaving probably
has not reduced the blological value of the pork muscle in-
corporeted in the test ration.

Determinations of biological value do not give the
entire pictures of protein utilization. For exampls, even
though a blological value is high, a low coefficient of

digestibility means that In the final analysis only the
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vortion of the ingested protein represented by the coefl-
flcient of dligestibility is availeble for use by the animal.
In the present investigation, the digestivbility of the pro-
tein may have been reduced by the canning nrocess. There-

o

.1ty of the proteins were

-
‘e

ore, the coelficlents of digestibl
determined for the various groups represented in the three
series of the experiment. The results were sgtrilking in

their similarlty. Alwost complete digestion of the protein
mixtures wag observed in all cases.

A vrelininaery study has been made of some of the
factors that may Influence the variablility of results ob-
tained in determinations of blological values. Veriations
in wody weight of the test animal, tho fallure of the ex~
perimentel ralt to maintain adult weight, and the physical

condition of the ftest animsl avparently do not affect the

wniformity of any specific assay.
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COHCLUSIONS

l. The biologleal value of the proteins reprcesented in
the pork-containling diet fed az the expoerimental rabtion in
the project of the Foods and Mutrition Subsection, Iowa Agri-

cultural Experiment Station entitled, Mealt in Hutbtritlon is
T H

highe Therefore, the inabllivy of the test aniwel rearved

on the Pork I ration to maintain adult welight and the result-
ing nutritional fallure is not dus to the poor quality of the
nroteins of the diet.

2, Continued maintenance on the pork diet for as long as
10 months does not influence the abllibty of the animal to
utilige the proteins of the meab diet.

3¢ Pork proteins ere utilized less efficlently as the
test animal increases 1in age.

4, Liver does nob contain a collection of amino acids
that are capable of improving the quality of ithe protelns of
the pork-containing ration., Any improvement in the nubtri-
tional state of the rat horetofore atiributed to the addition
of liver to the test ratlon must be ascribed to some other
liver component. |

5. The nutritional failure induced by fesding the ration
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contalning canned auboclaved pork muscle is nob due to & low
digestibility of the proteins. The ulcers present in the
lining of the stomach of the rats reared on the pork diets do
not affect the abllity of the animal to digest the proteins
of the rations.

Ge Since the blological valuwe of the

v

roteins of pork
mascle which have bsen auboclaved for one hour and five mine-
utes at 15 pounds of pressure ls zg high as that reporbted by

e

Mitchell for raw pork muacle, the blological value of the pro-
telns of the meat diet apparently is not lowsred by the aubto-
claving process.

7+ The Tollowing items should recelve considerabion when
the technigue for determining the blological value of a pro-
tein 1is belng established:

A. ¥Yoast apparently can be included in the test
ration as a source of the vitamin B-complex
without affectlng the results obtalned in a
determination of a blological value of a specific
proteing

Be EZndogenous fecal nitrogen is nobt related to the
dry weight of food consumed or to the body weight
of the animal. Instead it seems to be a constant
value for each individual rabs

C» Nitrogenous btilssue catabolism in the period of

low-nitrogen feeding does not become constant
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until 11 days have elapsed;
& rabt approximabely five or six months old is
the best type of experimental animal to employ
in conducting a determination for the biologi-
cal value of a protein
The pre-assay diet of the test animel does not
affect the utilization of proteln in the assay
period.
Poor physical condition of the teost animal does
not scem Lo increasc the variablility of b

determination of bilological value.
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