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THEOREMS

1

Attention should be turned to the influence of nutrients on intelligence in man
rather than to their influence on bodyweight.

Il

Although there has been great progress in knowledge of the requirements for
various nutrients (Foon & NUTR, Bp., 1968), integrated information is still lack-
ing on requirements for an optimum diet.

Foob & NuTR. BD. (1968). Recommended Dietary Allowances,
Revised 1968, Nail, Acad. Sci. Pub.

111

In developing countries, faulty dietary patterns could in the long term be
altered by effective education.

BosLEY, B. & HUENEMANN, R. L. (1968) J. Am. diet. Ass. §3:99

v

Suitable fermentation of food would improve the biological value of cereals
and pulses in developing countries, in spite of the results of ANATHACHAR &
DESIKACHAR (1962) and KHANDWALA et al. (1962).

ANATHACHAR, T. K. & DesikacHar, H. S. R. (1962). J. scient.
ind. Res. 21C: 191. .

KHANDWALA, P, K., AMBEGAOKAR, S. D, PATEL, S. M. & Ra-
DHAKRISHNA Ra0, M. V. (1962). J. scient. ind. Res. 21C; 275.

v

Intake of protein-free diet is not recommendable as a routine test of protein
quality in trials with protein and non-protein diets provided separately and ina
restricted amount,

THais THESIS, p. BB,

VI

A strict limitation of egg consumption is not recommendable without taking
into account the total available amounts of other nutrients in human diets.

Vil

Use of antibiotics in feed of poultry and other animals should be restricted
immediately to avoid hazards to the public health.

Wageningen, 20th March, 1970.
M. R. NaGy



VI

Generally, addition of H,0, to milk should be allowed in developing coun-
tries.

IX
Propionic acid should be allowed as a preservative in bread in the Netherlands

X
Part-time work for married women should be encouraged in the Netherlands,
in spite of the general opposition of men to married women working mentioned
by SCHELLEKENS-LIGTHART (1962).

ScHELLEKENS-LigTHART, A. I (1962). In ‘De niet aanwezige
huisvrouw’ Hilversum, p. 131, Paul Brand N.V,
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1. GENERAL INTRODUCTION

Dietary proteins are important in biological functions. They are essential con-
stituents of a good diet. They are required for the maintenance of body tissues
and functions. They are also needed in growth, maturation, pregnancy, lacta-
tion, and recovery from injury and disease. Their functions are used directly
or indirectly as indices for estimating their nutritive value, that is, their efficien-
¢y to satisfy the optimum requirements of the living organism,. Differences in
the nutritive value of proteins can be related logically, for instance, to differenc-
esin:

a. composition

b. requirements of the living organism

c. indices expressing the nutritive value

d. conditions under which an index was estimated.

Proteins differ more in composition than any other group of biologically
active compounds. Genetical and environmental factors can affect the composi-
tion of proteins in the natural foods. Furthermore, different treatments of pro-
cessed foods can affect the composition of proteins. Differences between species,
ages and physiological states may or may not change the protein requirements.
Indices determining specific functions of proteins may rank them in different
manners from the indices measuring the overatl biological value. The number
of suggestions based on theoretical and experimental evidence for choosing
criteria for the nutritive value of protein and the conditions under which it
should be estimated is large. For detailed information on the literature evaluating
the nutrititive value of protein, the reader is referred to ALBANESE (1959),
Frost (1959), EL-SAMMAN (1961), LaBiB (1962), ALLI1SON (1964) and MITCHELL
(1964) who have extensively reviewed this subject. Briefly, however, one may
say that each suggested method has limitation(s).

It has been established that the protein metabolism is considerably sensitive
to energy content of the diet (MUNRO and NaismiTH, 1953; ROSENTHAL and
ALLISON, 1956). Animals fed on a protein-free diet to appetite, separately from
the protein (separate feeding), select a fixed ratio of protein-free diet (energy)
to protein (ABRAHAM et al., 1961). This ratio is higher for the good quality pro-
tein than for the poor quality protein (PoL and DEN HARTOG, 1966), When the
protein is mixed with the other constituents and is available throughout the
day (mixed feeding), animals have no opportunity to select their ratios of energy
to protein consumed. Moreover, when fed to appetite by the system of mixed
feeding, they do not eat equal amounts of diet containing proteins of different
qualities. They usually consume more of the diet containing the good quality
protein than of the one with the poor quality.

Therefore, it is important to understand the effect of protein types on rats fed
to appetite on a protein-free diet which is given separately from the protein diet
(separate feeding). Different protein types were used in this investigation to
represent an animal protein (casein) and a plant protein from cereals (wheat
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gluten), tubers (potato protein) or legumes (soya protein}. In spite of the labo-
rious and tedious work in the separate feeding system, this should provide in-
formation that food of natural origin eaten under normal conditions cannot
yield.

Rats were chosen for experiment, because of :

a. their ready availability,

b. their common use in the evaluation of proteins and amino acids,

¢. their convenient small size and relatively small feed intake and

d. their rapid growth, high fertility and short lifespan.

Generally, rats are used extensively for research in notrition to obtain a
better understanding of the function of foods and the effect of different factors.
The information collected is useful in further investigation on rats and usually
valuable in understanding human and animal nutrition,

The separate feeding system was used in three trails. Rats were fed on pro-
teins for an hour and during the following 23 hours they had free access to a
protein-free diet. In Trial 1, male rats were fed on an equal amount of nitrogen
(N) from either casein or wheat gluten to eat it all in the experimental period
(Expt. 1), which lasted 12 weeks after a training period. In Trial 2, the same
amount of N from casein, potato protein, wheat gluten and soya protein was
given daily to each male rat in the experimental period (Expt. 2), which lasted
16 weeks after a training period. In Trial 3, either casein or wheat gluten was
offered to appetite to both sexes for the 20 weeks (Expt. 3) after weaning. Free
access to the protein-free diet in the three experiments ensured that the energy
intake was high enough to keep breakdown of tissue protein to a minimum,
By providing the protein for only one hour each day, fasting levels of free
amino acids in blood can be estimated. Four criteria during the relatively
long trials were used to indicate and explain the overall biological values of
proteins.

These criteria were:

a. liveweight, b. feed intake and ¢. body composition in the three trials and d.
the free amino acids in the blood of rats in trials 2 and 3.

2 Meded. Landbouwhogeschool Wageningen 70-4 {1970)



2. EXPERIMENTAL PROCEDURES

2.1. GENERAL

Before the beginning of the experimental periods in trials 1 and 2, weanling
male rats were trained to eat daily 192 mg of nitrogen (N) in protein diets within
an hour and protein-free diet to appetite in the other 23 hours, However, there
was no need to train weanling male and female rats to eat the protein daily to
appetite within an hour in Trial 3. The two periods in which weanling rats were
trained in trials ! and 2 are referred to as training periods 1 and 2, respectively.
The periods following the training periods 1 and 2 and the weaning of rats in
Trial 3 are denoted as experimental periods, i.e., Expt. 1, 2 and 3, respectively.

Unless otherwise stated, the following was used in each trial.

2.1.1. Animals

Albino rats of the Wistar strain, bred by the Nethertands Institute of Nutri-
tion, were weaned at an average of 3.5,, 3 and 4 weeks of age intrials 1, 2 and 3,
respectively. Males were used exclusively in the three trials, whereas females
were included in Trial 3. The weanling animals were housed in individual
cages in trials 1 and 2, but in replicates of 15 rats per cage in Trial 3. Cages were
screened with raised screen bottoms, Rats were kept in an air-conditioned room
maintained at 21° to 23°C.

. When a population of rats was divided into different groups, each group had
- as far as possible a similar mean initizl weight and number of litter mates,

2.1.2. Drinking water
Fresh tap water was supplied constantly throughout the life of the rats.

2.1.3. Feeding

The weanling rats were fed on the protein for an hour and during the follow-
ing 23 hours a protein-free diet was given to appetite in other clean feed con-
tainers in the three trials. Spilt and surplus feed was removed from the cages be-
fore each change in feed type. This separate system of feeding was not used,
when the stock diet was given in a part of Training Period 1.

Commercial proteins containing more than 9.6 %, N were mixed with the pro-
tein-free diet up to this level in trials 1 and 2 (training and experimental periods),
whereas commercial proteins were used without the previous adjustment of the
N content with the protein-free diet in Trial 3. If the protein-free diet was mixed
with the protein to adjust the protein content, it was about a quarter of the total
mixture. Each rat was offered a restricted amount of 2 g protein diet containing
192 mg N in Expt. 1 and 2 for an hour a day, whereas the animals were given
the protein to appetite for an hour a day in Expt. 3. The 2 g of protein diet of-
fered in trials 1 and 2 were weighed and folded automatically into a piece of
non-absorbant paper by the method of PoL and pEN HarTOG (1966). The com-
mercial casein was obtained from De Meijerij G. A., Veghel. The commercial
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heated potato protein was bought from Avebe, Veendam. The commercial
heated soya portein was received from N.V. W, Ruitenberg Czn., Amersfoort,
The commercial heated wheat gluten was from Latenstein’s Fabricken N.V., Nij-
megen.

The protein-free diet and vitamins were the same as those used by PoL and
DEN HARTOG (1966), except for Expt. 3 in which vitamins A, D and E were mix-
ed with the protein-free diet to facilitate the handwork. Rovimix AD; type
325/65 30 mg and Rovimix E adsorbate 259, 200 mg were added per kg protein-
free diet in Expt. 3. These vitamins (Rovimix) were kindly supplied by F.
Hoffman — La Roche and Co., Ltd. Basle, Switzerland.

The necessary proteins and protein-free diet were prepared at convenient
intervals before use and kept in a deep-freezer at about -20°C to keep their
nutritive value. When they were given to the rats, they had the same temperature
as the air-conditioned room to prevent any possible effect of the low temperature
of the diet on the feed consumption and health of the rats.

The stock diet, used in a part of Training Period 1, was made as described by
DALDERUP et al. (1967) and was offered to appetite for the whole day, whenever
used.

2.1.4. Weighing

The rats were weighed on a Berkel balance type E. H., capacity 0.5 to 3,000 g,
at a fixed time of the day before offering the protein. The weight of animals was
recorded weekly, except for the Training Period 1, when the intervals were less
frequent.

The protein-free diet consumption was recorded by using the same balance,
except for the feed consumed in Training Period 1 which was not estimated.

The amount of the 2 g protein diet (192 mg N) not eaten was recorded on a
scale +,+-+ and ++4+ in Training Period 1, whereas it was weighed on a
laboratory balance with an accuracy of 4+ 10 mg in Expt. 1, and in Trial 2.
Protein intake in Expt. 3 was weighed on the Berkel balance and was recorded
daily. When the stock diet was used, feed intake was not estimated.

The weight of spilt and surplus feed was taken into consideration, when cal-
culating feed intake. If spilt or surplus feed had been moistened by urine or
drinking water, it was dried in an oven before weighing, then compensated for
the normal moisture content in the feed. This reduced the error which normally
occurs in routine work, although it is time-consuming.

2.1.5. Carcass analysis

Carcass water (W), dry matter (DM), crude fat (F) and nitrogen (N) were
estimated individually in trials 1 and 2 and on each 15 rats (replicate) as a whole
at the end of Trial 3 by the methods of Por and DEN HARTOG (1966).

2.1.6. Free amino acids in blood

Free amino acids in blood were estimated only in the rats of trials 2 and 3.
For hygiene, rats were moved to newly cleaned cages before blood sampling.
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Blood was collected from newborn rats in Trial 3 by decapitation, because it
could not be taken from the tails, However, blood from the other rats in trials
2 and 3 was taken from their tails by the following procedure. The tails were
warmed in water initially about 20°C higher than the rat’s body temperature
for about 5 min. They were immersed in absolute ethanol and then dried. As
small as possible a picce from the end of the tail was cut with sterilized scissors,
and the blood oozing out was sucked into a dried pipette that had previously
been moistened with heparin solution. The total blood in a pooled sample was
always 0.45 ml. The volume of blood taken from any rat in a pooled sample was
as far as possible similar to the volume of blood taken from other rats in the
same pooled sample. For example, if there were three rats in a pooled sample,
0.15 ml blood was sucked from each. Immediately after collection of blood the
wounded tail was treated with 6 9 collodium.

The pooled sample was deproteinized by the method of FoLin and WU (1919)
and HADEN (1923). The pooled sample was mixed with 3 ml distilled water and
allowed to stand for 10 min. Sulphuric acid 2/, normal concentration 0.5 ml
was added and the tube was shaken for about 2 min. Thereafter, 0.25 ml 10%/
{W/V) sodium tungstate was added drop by drop with shaking, after standing
for a minute another 0.25 ml was added. All contents were shaken thoroughly
for one minute and after standing for 10 min. they were centrifuged at about
4,500 r.p.m. for about 10 min and filtered. About 1 ml toluene was added to
the filtrate which was kept at about 4°C to await analysis. In trial 2, blood was
analysed within a week of sampling, whereas in Trial 3 blood was analysed after
the end of the trial.

The procedure of analyses was as follows:

Water and toluene were evaporated to dryness by heating a sample under
vacuum in a waterbath. The residue was dissolved in 1 ml hydrochloric acid 0.1
normal concentration containing 0.1 p. mole norleucine and transferred quanti-
tatively to a column of strongly acidic cation-exchange resin. Amino acids
were estimated with a Technicon Auto-Analyzer, using the 21-hour procedure,
by the methods of Moore and Stem (1954) and YeEmm and CockiING (1955)
adapted to the Technicon Auto-Analyzer {TECHNICON MONOGRAPH, No. 1,
1966).

2.1.7. Statistics

Standard errors (SE) are given with means in the results to represent the va-
riability of observations. The coefficient of variation (CV) was used for the
comparison of variations within two different groups of observations. Since the
standard deviation (SD) and CV can be ¢asily calculated from the SE given in
the tables, these values were not tabulated, The significance of a difference be-
tween any two means was determined by Student’s t test at a probability less
than 0.05 (P <2 0.05). The above calculations were not applied to the levels of
free amino acids in blood and their special caculations are explained in Chapter
6. SD, SE, CV, and t test were calculated as described by SNEDECOR (1946).
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2.2, TriAL 1

2.2.1. Training Period 1

Ninety-two weanling rats were housed individually. The period of 47 days
afier weaning was used for training. During this period, rats were given for 9
days after weaning the first commercial heated potato protein containing 6.4 %/
N manufactured from the new crop. This protein was not mixed with any
amount of the protein-free diet due to its initial low N content. None of the
rats consumed all the 2 g potato protein. The apparent ill-health of the animals
as judged both from the decrease in weight and their appearance did not en-
courage continuation of this for a longer pericd. Consequently, the stock diet
was given for the whole day for a further five days. After this, a second heated
potato protein from the same bulk batch as that used by Pot. and DEN HARTOG
{1966} was adjusted to 9.6 %, N and 2 g was offered for one hour daily per rat for
19 days. One rat died in this period after decreasing in weight for two weeks; its
data were discarded. At the end of this period, 559 of the rats still did not con-
sume 2 g of the second potato-protein diet. Nine rats were removed at random
to be used mn another investigation which was not refated to this experiment.
The remaining was divided into two groups. The first and second group were
fed, respectively, on casein and potato protein containing 9.6 %N in an amount
of 2g for one hour each day per rat for a week. In the following week, the rats
fed on potato protein were given the casein and vice versa. The animals were
weighed at the beginning and days 7, 14, 21, 28, 33, and 47 of Training Period 1,
The ability to consume 2 g (192 mg N) protein diet in one hour was observed in
the training period.

2.2.2. Experimental period { Expt. 1)

The period of 12 weeks after Training Period 1 is referred to as the experiment-
al period. The observation of the potato-protein consumption during the train-
ing period did not encourage the use of the second heated potato protein in
Expt. 1. After Training Period 1, the rats which were about 10 weeks old, were
divided into a casein group (Cn) and a wheat-gluten group (Gn). Sixteen rats,
eight from each group were taken at random and sacrificed for individual car-
cass analysis. Cn and Gn received daily 2 g protein diet containing 9.6%, N per
rat. The data of a sick rat of Gn in Week 7 of Expt. 1 were discarded from the
rats’ results of Week 7 and following weeks. Seven rats of Gn were removed at
random in Week 9 of Expt. 1 for another investigation not related to this one.

In Expt. 1, the weight was recorded weekly and the feed intake daily. The
carcass was analysed in eight rats of each group (Cn and Gn) at the end of
weeks 3 and 6 of Expt. 1; in eight rats of Cn and in four rats of Gn at the end
of Week 9 of Expt. 1 and in the remaining ten rats of Cn and in the remaining
five rats of Gn at the end of the experiment (Week 12).
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2.3. TriAL 2
2.3.1. Training Period 2

Fifty-one male rats were weaned and housed individually, Three rats were
sacrificed for individual carcass analysis at weaning. The period of 4 weeks after
weaning was used as a training period. The remaining 48 rats were given 2 g
protein containing 9.6% N daily for one hour. The source of protein was
changed every day so that each rat received casein, the third heated potato pro-
tein, heated wheat gluten and heated soya protein in each four days of the four
wecks of the training period. These proteins were newly manufactured and their
N content was higher than 9.6 %;. The rats were weighed weekly and feed intake
was recorded daily.

2.3.2. Experimental period ( Expt. 2)

The period of 16 weeks after Training Period 2is referred to as the experimental
period. After the training period, the rats were divided into a casein group (Cn),
potato group {Pt), wheat-gluten group (Gn), soya group (Sy). Eight rats, two of
each group, taken at random were sacrificed for individual carcass analysis.
Casein, the third heated potato protein, heated wheat gluten and heated soya
protein were given to Cn, Pt, Gn and Sy respectively. A restricted amount of
2 g protein diet containing 9.6 % N was offered daily to each rat for one hour.
Some rats did not eat all 2 g wheat-gluten or soya-protein diet. The quantity
which was not eaten was given by a stomach tube after homogenization with
_water. On the day of sampling the blood from Sy, rats were given all 2 g soya
' protein by stomach tube, because they needed longer to consume it than the

other proteins and some rats could not consume 2 g soya protein in one hour.
In the experimental period, the liveweights were recorded weekly, feed intakes
daily and the carcasses were analysed individually as follows:

12 rats (three of each group) at the end of Week 7 of Expt. 2 {about 14 weeks
old). .

12 rats (three of each group) at the end of Week 11 of Expt. 2 (about 18 weeks
old). :

16 rats (four of each group) at the ¢nd of Week 16 of Expt. 2 (about 23 weeks
old).

Free amino acids in blood were estimated in Expt. 2 in pooled samples at
three different times and ages. The 0.45 ml blood of a pooled sample were ob-
tained from three rats fed on the same protein and the three times were:

First time 50 min before giving the protein
Second time A. 45 min after giving the casein, third potato protein and
wheat gluten

Second time B. 30 min after gradually giving 2 g soya protein diet by stomach
tube over a period of 15 min
Third time 60 min after the second time
The rats were about 7 weeks old when the experimental period began, so that
ages at times of blood sampling in Trial 2 were about: 10, 14, and 18 weeks for Cn;
11, 15and 19 weeks for Pt; 12, 16 and 20 weeks for Gn; 13, 17 and 21 weeks for Sy,
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. 2.4. TriaL 3

Blood samples for amino acid analysis from newborn rats and their mothers
were taken shortly after birth, that is within a day. There were three pooled
blood samples from the newborn rats and three pooled blood samples from their
mothers. Each sample of mothers’ blood was obtained from the tails of six
animals which had borne 9 rats or more per mother on the same day. Each
sample of the newborn rats was obtained by decapitation of two newborn
rats from each mother (12 newborn rats). Mothers were bred on the stock diet.
The number of rats in each litter was reduced to seven individuals after birth.

Ninety male weanling rats were divided into a casein group (Cn &) and a
wheat gluten group (Gn 3). Each group was triplicated. The groups of 15 rats
were each housed in a Jarge cage. The feed cup was fastened in the middle of the
cage to give better opportunity to all rats in 4 replicate to consume the feedstuff
at the same time. Sieves over the catch pans under the rat cages were used to
facilitate separation of the faeces from the scattered protein-free diet. The posi-
tions of the cages of a certain replicate were random. The Cn and Gn were fed
to appetite for one hour daily on commercial casein containing 12.82% N and
commercial wheat gluten containing 12.78 9, N. No adjustment with the protein-
free diet for the N content was needed. The protein was not offered on Day 1 of
Expt. 3 (the day in which the rats were divided into groups), but the protein-free
diet was given to obtain the fasting levels of the free amino acids in the blood
before giving the protein on Day 2 of Expt. 3. Pooled bleod samples for the ana-
lysis of free amino acids, representing a certain replicate, were taken before gi-
ving the commercial protein on Day 2 of Week I and Day 1 of weeks 9 and 21 of
Expt. 3. After the blood samples were taken on Day 1 of Week 21 of Expt. 3, the
rats were sacrificed in the afternoon without offering feed during that day. The
carcasses were analysed for the replicate as a whole.

Ninety females were weaned two days after the males. They were treated in
the same way as the 90 male weanling rats, except for being two days later in
date than the males,

2.5. ABBREVIATIONS and SYMBOLS
For simplicity, abbreviations and symbols are used throughout this thesis,
They are arranged alphabetically for each subdivision of this section.

2.5.1. Rais’ groups
Abbreviations Explanations

Cn rats fed on casein {casein group)

Gn rats fed on wheat gluten (wheat-gluten group)
Pt rats fed on potato protein (potato group)

Sy rats fed on soya protein (soya group)

When age, sex and replicate of a group of rats are indicated with the prewous,
abbreviated, the method is as follows:
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1. A subscript number after the abbreviation of a group shows the approximate
age of the rats in weeks.

2. & or % after the abbreviation of a group illustrates that rats are male or fe-
male respectively.

3. Capital letter A, B or ¢ after and over the abbreviation of a group means
first, second or third replicate of a group, respectively.
For example, the symbol for male rats 24 weeks old fed on wheat gluten,

of Replicate A of this group is simply Gn,, 34,

2.5.2. Body composition
Abbreviations Explanations

DM dry matter

F crude fat (ether extract)

FDMY; fatin dry matter percentage

N nitrogen

NDM7; nitrogen in dry matter percentage
N/W nitrogen to water

W water

2.5.3. Abbreviations of scientific periodicals

Most names of scientific periodicals are abbreviated as described by BrowN
and STRATTON (1963).

* 2.5.4. General abbreviations

The common abbreviations and symbols in biology were taken mostly from
the publication of CONFERENCE of BioLOGICAL Epitors COMMITTEE on Form
and STYLE (1964).
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L. LIVEWEIGHT

3.1, INTRODUCTION

The liveweight of rats over a specific period illustrates the distance in weight
achieved by growth if growth is considered as a form of motion. The gain in
liveweight per unit time indicates rate of growth. These parameters are derived
from the same observation by expressing them in different ways. The first
liveweight, is integral of the second, gain in liveweight, whereas the second is
differential of the first, Generally, the increments or losses in liveweight show
the animal’s state better at any particular time than the liveweight which depends
s0 largely on the growth of the animal in all the foregoing intervals of time.

Increase in liveweight is only one feature of growth which is such a complex
process that 1ts precise definition is still debatable. However, it is a far easier
and far more accurate to weigh rats than to measure dimensions such as length,
width and girth, because these measurements have slight relative differences
and much more sensitive and laborious techniques are necessary. The fur may
hinder these measurements and measurements may be difficult, if the animal
will not keep still.

Growth can be used to study protein quality. Gain in liveweight of growing
animals under standard conditions is the simplest test of animal growth availa-
ble. Differences from one age to the next in liveweight gain or loss between rats
of similar initial weight have been used in these trialg,

Most attempts to fit mathematical curves to animal growth data have not
been completely successful, Due to the complexity of these mathematical sys-
tems, it is difficult to interprete them in a biologically meaningful manner.
Moreover, recent data do not agree well with them. As liveweight, for exam-
ple, exhibits differential growth rates for the different parts and tissues the
measurements themselves are complex. Therefore, no mathematical curve has
been fitted for growth data.

Rats seem to have no visible adolescent growth spurt as observed in the hu-
man being and other primates (TANNER, 1962) and they continue to grow for
a proportionally longer period after sexual maturity. It should be remembered
that although liveweight as criterion for growth is valuable, it must be particu-
larized and not applied in a general sense. Growth in linear dimension can
occure without increase in weight. So generalization about growth processes
from liveweight alone can be sometimes misleading and hazardous.

3.2, RESULTS
{Liveweight)
Unweaned rats were not weighed to avoid disturbance which sometimes

causes the mother to destroy her young. Anyway the liveweights before weaning
were of no interest in this study.

10 Meded. Landbouwhogeschool Wageningen 70-4 ( 1970)



3.2.1. Trial!
3.2.1.1. Training Period 1

The liveweights of rats during the training period are shown in Table 1. The
rats varied widely in liveweights at weaning (30-64g). All rats were used, what-
ever their liveweight. The large number of rats in Training Period 1 allowed a
better statistical analysis of the results. Decrease in liveweights of rats after a
week of training on the first commercial potato protein, which contained 6.3 %,
N and was given for 9 days, was 6.8 4- 0.3, range 1 to 14 g. After 5 days on stock
diet, the rats regained these weight losses and gained 15.1 &+ 0.5, range 1 to 24
g. On giving the second potato protein containing 9.6 % N, the rats changed in
weight by 2.6 4 0.4, range -7 to 14 g during Week 1; 8.7 4+ 0.3, range Oto 17 g
during Week 2 and 20.5 4 0.7, range 1 to 32 g during the total period of 19 days.
The rats fed on casein and potato protein in the last two weeks of Training
Period 1 gained 46.0 4- 0.9, range 29 to 63 g during this period.

TasLE 1. Liveweight of male rats during Training Period 1

- Weight (g)
;;::ggllg No. of rats i
Range Mean + SE

Beginning (weaning) 92 30- 64 48 + 0.9
Day?7 92 28— 55 41 + 0.7
Day 14 92 45- 85 63 & 1.0
Day 21 92 40- 90 66 + 1.0
_ . Day28 92 43100 74 £ 1.1
* ~Dayll 92 55-111 84 4 1.3
Day 47 83 99-158 131 =18

The rats could be divided into those that could and those that could not eat
192 mg N offered on days 21 and 33 of the training period (Table 2). Those that
ate the given amount gained significantly more in the whole period than those
that did not. There was no significant difference between the initial liveweights.
TABLE 2. Gain in liveweight of male rats in relation to a daily protein intake during Training

Period 1
Protein intake! No. of rats Weight at weaning  Gain in weight
® ()

During Day 21

2 g potato protein eaten by

each rat 23 48 4 1.72 231 £ 1.0

Less than 2 g potato

protein eaten by each rat 69 48 3 1.1 15.9 4+ 0.7
During Day 33

2 g potato protein eaten by

cachrat 47 49 + 13 420 +09

Less than 2 g potato

protein eaten by each rat 45 43 1+ 13 291 £ 13

1 2 g protein containing 9.6 %N were given for 1 h daily. ¥ Mean 4 SE.
Meded, Landbouwhogeschool! Wageningen 70-4 (1970} 11



3.1.1.2. Experiment 1

The liveweights and gains in liveweight of the rats fed on 192 mg N from ca-
sein or wheat gluten daily for 1 h during the 12 weeks of Expt. 1 are given in
Table 3, The large number of animals used facilitated the division into two simi-
lar groups. So the mean liveweights and SE of the Cn and Gn were similar at
the beginning of Expt. 1. The weights of the rats in Week 1 decreased in 14 and
30 individuals, increased in 16 and 2 individuals and did not change in 4 and 1
individuals with an average decrease of 0.2 + 0.7 and 4.1 4+ 0.5 g in the indivi-
duals of Cn and Gn, respectively. The difference in this decrease between the
two groups was significant. However, it did not result in a significant difference
in their liveweights. This was due to the small difference which was masked by
the variation within the groups. The weight of each rat in both groups increased
in Week 2 and in the successive weeks, except for an ill rat which lost 15 g in
weight during Week 7 of giving wheat gluten; its data were discarded from the
results of this week and following weeks. Comparison of the average weight of
the rats in one week with the next indicated no significant difference during any
week for Gn. This is also appilied to Cn from the beginning date and weeks 4,
6,7,8,9, 10 and 11 to the next week. This was due to the relatively small gain in
weight which was masked by the variation between individuals in their hve-
weights in addition to the decreasing number of animals in the groups with time
due mainly to sacrificing.

The gains in weight varied from one week to another and their average shows
rhytmic flactuations which were mostly similar in the two groups. The weight
gain of Cn increased significantly in weeks 2, 3, 6, 8 and 11, decreased signifi-
cantly in weeks 5, 7, 9 and 12, and did not differ significantly in weeks 4 and 10
from the previous week. The same trend was found in Gn, except that the weight
gaininweeks 7,8,9,10, I1 and 12 did not differ significantly from each other.
Towards the end of Expt. 1, the SE increased with the decrease in number of rats.

The average weight of Cn was greater than that of Gn in each week of Expt. 1.
The difference in weights between the two groups increased with age, except
for the last week because the average gains in weight in that week in the two
groups were equal. The difference in liveweights of the two groups did not attain
a significant level in Week 1 but was significant in Week 2 and successive weeks.
This is shown by the higher weekly gain in liveweight of Cn compared to Gn,
except for the last week. The difference in the weekly gains in liveweight between
the two groups was significant, except in weeks 7, 9, 10 and 12 of Expt. 1. The
difference between the two groups in the gain in liveweight of each of the four
3-week intervals decreased with age. This difference was significant in the first
three 3-week intervals and insignificant in the last 3-week interval.

3.1.2. Trial 2
3.1.2.1. Training Period 2

During Week 1, the weights of two rats decreased by I and 2 g, respectively,
whereas each of the remaining 46 rats increased in weight. The decrease was less

12 Meded, Landbouwhogeschool Wageningen 70-4 (1970)
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than 5% of liveweight and can be considered negligible. In weeks 2, 3 and 4,
each of the 48 rats increased in weight. The mean liveweight and gain in live-
weight are presented in Table 4. The gain in weight increased significantly in
Week 2, did not differ significantly in Week 3 and increased significantly in
Week 4,

TaBLE 4. Liveweights of male rats during Training Period 2

No. of rats Liveweight {(g) Gain in liveweight (g
Beginning 48 38 + 0.5¢
Week 1 48 41 1+ 0.6 28 +02
Week 2 43 52 £ 0.6 108 + 04
Week 3 48 62 £ 0.6 103 + 0.3
Week 4 48 75 4 0.7 128 + 0.3

! Mean <+ SE.

3.1.2.2. Experiment 2

Table 5 represents the liveweight and gain in liveweight of rats fed on casein
alone, the third potato protein, wheat gluten and soya protein. None of the rats
in the table decreased in weight from any week to the next. The weight of Cn
was sometimes higher than that of Pt, but lower at other times. The difference
between their liveweights was in any week less than 59 of their weights in that
week. Their weekly gains in liveweight did not differ significantly in any week.
The result was no significant difference in liveweights between Cn and Pt. These
two groups can be considered similar in their liveweight. The average liveweight
of Sy was greater than that of Gn in any week. The difference in liveweights of
these two groups in weeks 2, 3, 4, 5, 6 or 7 of Expt.2 exceeded 5% of their
weights in the same week, whereas it did not in weeks 8 to 12, In Week 1, Gn
and Sy gained nearly the same average weight and therefore showed no signifi-
cant difference between their weights. In weeks 2 and 3, the gain in weight of Sy
was significantly higher than that of Gn resulting in a significant difference be-
tween their weights, The gains in weight of these two groups did not differ signi-
ficantly from each other in weeks 4, 5, 6 and 7 so that significant differences in
liveweights remained constant from week to week. In Week 8, Gn gained sig-
nificantly more weight than Sy, resulting in a decrease in the difference between
their weights. So there was no significant difference between their bodyweights.
The weekly gain in weight of Gn compared to Sy in weeks 9, 10, 11 and 12
fluctuated without significant differences and not resulting in any significant
difference between their liveweights.

The liveweight of Cn and Pt in the first week and successive weeks was greater
than that of Gn and Sy and the differences exceed 109/ of their weights in the
same week. The significantly higher gain in weight of Cn to that of Gn during
weeks 1,2,4,5,6,7,9, 10and 11 and their accumulation resulted in a significant
difference in the weights of the two groups in every week of Expt. 2. The signifi-
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cantly higher gain in weight of Cn than of Sy in weeks 1,2,3,4,5,6,7,9, and 10
and their accumulation resulted also in a significant difference in weights between
the two groups in each week of Expt, 2. The significantly higher gain in weight
of Pt than of Gn in weeks 1, 2, 3, 4, 6, 7, 8 and 9 and their accumulation resulted
similarly in a significant difference in the weights of the two groups in every
week of Expt. 2. The significantly higher weight gain of Pt than of Sy in weeks
1,2,3,4,6,7 8 and 12 and their accumulation resulted in a significant difference
in the liveweights of these groups in every week of Expt. 2.

3.2.3. Trial 3

The liveweights and gains of male and female rats fed on casein or wheat glu-
ten to appetite for an hour each day during five intervals of Expt. 3, each of 4
weeks, are listed in Table 6. The weekly changes in average liveweight and the
average change in liveweight (zains and losses) are shown in Fig. 1. Above is
plotted the liveweight attained at successive ages; below, the change in live-
weight from one week to the next.

Females were on average 3 g heavier than males at weaning, even though from
the same parents, The females were weaned two days later than the males. In
Week 1 of Expt. 3 (Fig. 1), the liveweight of males fed on either casein or wheat
gluten increased but of females decreased. From then until Week 19, the live-
weight of both sexes fed on casein or wheat gluten increased. In the 20th and
last week of the experiment, liveweight of the males fed on either of the two
proteins still increased but of females decreased. The decrease in weight of the
fernales in the last week of the experiment was associated with a decrease in in-
take of protein and protein-free diet without symptoms. The liveweight of the
males was higher than of the females on the same protein each week of the ex-
periment, except initially. The difference in liveweight between males and femal-
es increased with age throughout Expt. 3.

The liveweight of Cn was higher than that of Gn in both sexes. The difference
between the liveweights of the two groups increased during the first five and six
weeks for females and males, respectively. After this, the difference decreased.
The difference in liveweights between rats fed on each of the proteins at the end
of the experiment was 4%, and 2% related to the bodyweight of rats fed on
casein for males and females, respectively. This difference may be considered
negligible.

From Table 6, the gain in weight in the first 4 weeks was significantly higher
in Cngd than in Gngd. So their liveweights differed significantly, The gains in body-
weight by Cngd did not differ significantly from those of Gng in the second and
third 4 weeks of the experiment and the differences in liveweights remained sig-
nificant. In the fourth 4 weeks, Gng gained significantly more weight than Cn.
So the difference between their liveweights decreased and was not significant,
The gain in weight of Cnd did not differ significantly from that of Gngd in the
fifth 4 weeks, So their liveweights did not differ significantly either,

The gain in weight of Cn? in the first 4 weeks was significantly higher than
that of Gn@. So Their weights differed also significantly. In the second and
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‘third 4 weeks, the gain in weight was higher in Gn? than that in Cn%. Al-
though this difference was not significant, it was near the significant level
(P << 0.1). The difference between their liveweights decreased so much that
it was no longer significant. In the fourth and fifth 4 weeks, the gain in weight
of Cn? did not differ significantly from that of Gn?. So their liveweights did not
differ significantly from each other either. However, there was no significant
difference in the total gain in liveweight of Cn and Gn of the same sex during the
20 weeks of Expt. 3 and, therefore, no significant difference was found between
their weights at the end of the experiment.

3.3. DiscUssION
(Liveweight)

The liveweight sums up the successive changes in weight which have occurred
in all the preceding periods of the animal’s life, whereas the gain in liveweight
expresses the magnitude of a change in the animal’s weight during a specific
period of the lifespan.

Weaning weight of the rats in these three trails varied and the age range of
rats at weaning was seven days. Variation in the weaning weight was influenced
mainly by these age differences and by environmental and genetical factors. The
mean liveweight of male rats weaned on average at 1.5, 3 and 4 weeks in trials
1, 2 and 3 was 48, 38 and 55 g, respectively. Therefore, rats weaned at slightly
older ages had more liveweight than in rats weaned younger. In Trial 3, the
female rats weighed 58 g when weaned two days later than the males which were
55 g, even though males are heavier in liveweight from birth than females
(FARRIS, 1962) and onwards. The duration of rearing seemed to play a greater
role in differences in liveweights at weaning in these trials than the condition of
the mother, litter size, sex or heradity.

During the first week after weaning in these three trails, rats showed a de-
crease in liveweight or an increase which was the smallest weekly increment re-
corded in the test periods. The causitive factors which led to this inhibition of
gain in liveweight are complex, but they may include disturbance by isolation,
changing the cages, restlessness, reduced appetite change, to less nutritive food,
change in intestinal flora and in metabolism.

Further test periods in the trails shows that gain in liveweight was erratic,
being rapid in some instances and slow in others. Generally, liveweight gains
were greatest early in the experiments, For example, in Expt. 1, maximum week-
Iy gain for both groups occurred in the weeks 3 and 4, indicating, that the higher
activity of the growth mechanism occurred in the early stages of the experiment-
al period than in the latter ones. The liveweight curve for the trails is a charac-
teristically curved, apart from the points of inflection. This indicates that the
rate of growth, as measured by liveweight, changes with age and that as an
animal grows older its growth rate decreases. The irregularities in the curve of
the liveweight can be removed, if the data are treated statistically. In general, the
steep part of the bodyweight curve expresses rapid growth, whereas the horizon-
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tal one indicates the cessation of growth. The flatter portion of this curve was
not completely achieved in these trails. The gain in liveweight in the three ex-
periments did not follow exactly a smooth curve. This deviation may be due to
heritable characteristics or to growth disturbances resulting from changes in
food intake, bleeding, changing cages, changes in weather (thunder, atmospheric
pressure), sexual maturity, unaccustomed noise or unnoticed illness. During
Training Period 1, the effect of protein on gain was complicated by many factors.
The first potato protein used for 9 days, containing 6.3%, N was probably in-
sufficient to replace the endogenous N excreted. The solanin content of the pota-
to protein (Kon, 1928) may also have influenced the weight loss. Furthermore,
the weight loss may be related to the palatability of the food and reduced appetite
rather than to any serious reduction in amino acids and their availability per
unit potato nitrogen during the making of the protein concentrate. It seems that
palatability resulting from concentration of the protein sometimes considerably
influences the nutritive value determined by giving separately the protein con-
centrates.

During Training Period 1, rats on stock diet regained the weight loss and
increased much more rapidly in weight than with the previous diet, because the
stock diet has an acceptable flavour and a good nutritive value,

However rats fed on the second potato protein which contained 9.6%, N and
was from the same bulk batch as used by PoL and DEN HARTOG (1966} gained
weight contrary to the first potato protein. Alterations in the flavour of the se-
cond potato protein by mixing with some of the protein-free diet, higher ni-
trogen content, probable difference in solanin content and the older better
trained rats may have improved the gain in liveweight. On receiving casein in
Training Period 1, the rats consumed all the protein offered and increased in
weight rapidly, indicating its acceptable flavour and good nutritive value. The
gain in liveweight was higher on eating casein than the second potato protein.
This was apparently due to the greater intake of casein than of the second
potato protein. The increased intake perhaps could be due to differences in
protein quality or in interfering substances,

The rats that ate 2 g protein within an hour in Training Period 1 (Table 2)
were significantly heavier than those which did not. This was not due to a diffe-
rence in the initial liveweights, because they were similar. However, a further
division of the same rats in Table 2, made on the basis of their ability to eat up
to 1.5 g protein in an hour, confirmed the conclusion. This conclusion agrees
with that of OsrorNE and MENDEL (1919) who found that augmentation of
protein intake in mixed feed increases weight gain. After weaning, the gain
in liveweight during the first 4 weeks of trials I and 2 was 26 and 37 g, respec-
tively. This indicates that the training method in Trial 2 was superior to that in
Trial 1.

The weight of the rats at 4 weeks after weaning was 74 4+ 1.1 g in Trial 1 and
75+ 0.7 g in Trial 2 {end of Training Period 2). This similarity in liveweights
indicates that the growth retardation at the beginning of Training Period 1 was
without serious effect on the capacity of growth. The previous conclusion was
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confirmed by the fact that liveweight of Cn,g was 219 + 4.7 and 215 4 6.5 ¢
in Expt. 1 and 2, respectively.

To compare the effect of protein type on the liveweight in Expt. 1 and 2,
liveweights during 4-week intervals have been expressed as a percentage of
those of Cn, which gives a first numerical index indicating the effect of protein
type not only in the experiment but throughout life (Table 7). Similarly a se-
cond numerical index was calculated for the gain in liveweight {Table 7) and it
would appear to indicate the previous effect better than the first one during a
specific experimental pericd. Although the two indices were calculated from
the same results (liveweights), the first index decreased as the experimental peri-
od was prolonged, whereas the second index mostly increased. This can be clari-
fied by the fact that the first index was affected by the absolute difference in total
gains which increased by prolonging the experimental period, whereas the se-
cond was affected by the relative difference in gain which decreased. The third
numerical index can be the experimental t value and its P value (significance
Ievel). This index which was mentioned in the results of each trial is the most
important one. The first and second numerical indices for the nutritive value of
the protein cannot be completely compared in Expt. 1 and 2, because the live-
weights and ages of the rats at the beginning of the two experiments were dif-
ferent. These indices ranked the wheat gluten after the casein in the two experi-
ments, although their percentages were not indentical in Expt. 1 and 2 (Table 7).
These indices (percentages) could be better used for comparison within an ex-
periment. The difference in these percentages between Pt and Cn is not impor-
tant, because t tests of their weights and gains were not significant. The decrease
in growth rate with advancing age was one of the causes of the smaller gain in
weight in Expt. | than in the preceding training period. The average gain in
liveweight was 83 g during 47 days of Training Period 1 and 72 and 28 g during
the first 49 days of Expt. 1 for Cn and Gn, respectively. After Week 1 of Expt. 1,
though each rat (Table 3) increased in weight every week, this could not be
detected by significant differences between mean liveweights of Gn from one
week to the next. This applies also to Cn in weeks 4, 7, 8, 9, 10, 11 and 12 in
Expt. 1. This was because the average increase in liveweight was too small in
relation to the variation within the group to attain significance (P<0.05).
Comparison of liveweights in alternate weeks or with longer intervals between
records taken weekly in Expt. I should have shown significant differences,
because the differences between means increased relatively more than variance.
Gains in liveweight of the rats in Expt. I were not always significant between
each consecutive week. When there was no significant difference in the weeks
concerned, these were grouped. The periods, thus created, varied in duration
and seemed to indicate a certain periodicity of growth. The greater decrease
in liveweight of Gn than of Cn in the first week of Expt. 1 was influenced by a
difference in protein quality and by the rats’ lack of training to consume the
wheat-gluten protein.

The length of the experiment (12 weeks) did not alter the ranking for casein
and wheat gluten according to their nutritive value as measured by total weight
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gains or losses from similar initial liveweights at any period in Expt. 1 and 2.
Casein was significantly more nutritive than wheat gluten. Prolongation of the
experiment increased the scale units of ranking the proteins, because the diffe-
rence in total weight gains between both groups increased continually till the
end of Week 11 of Expt. 1 and 2, regardless of the variation within a group. The
generally increased standard error with decreased number of rats seemed to
mask the importance of the increased difference between liveweights of the two
groups in Expt. 1 and 2. The weights of Cn in weeks 2 and 6 of Expt. 1 were
approached by Gn in weeks 4 and 12, respectively. The higher nutritive value of
casein than of wheat gluten is in accordance with ALLisoN (1958), and TAGLE and
Donoso (1968). This is due to the better amino acid composition per unit N of
casein than of wheat gluten for rat growth.

The liveweights and gains did not differ significantly between Cn and Pt in
Expt. 2. This indicates a similar nutritive value for the casein and the third potato
protein. GrRoOT (1942) mentioned in two experiments that there neither was a
significant difference in weights between Cn and Pt when the proteins were given
at a [evel of 8 % or 11 % protein to four to six male rats and two to four female rats
for five to six weeks. The nutritive values of the three sources of potato protein
used varled largely. JosepH et al. (1963) observed significant differences in the
nutritive value of different sorts of potato flour.

The significantly higher weight and gain of Sy than of Gn in the first weeks of
Expt. 2 illustrate the higher nutritive value of soya protein for recently weaned
rats. This is in agreement with the data reported by Henry (1965), representing
the nutritive value of wheat gluten and soya protein in a testing period of 4
weeks for weaning rats. However, this superiority diminished later in Expt. 2.
Nossignificant difference in nutritive value between soya protein and wheat gluten
was found, as judged in a long experimental period of 8-15 weeks in Expt. 2.

The significantly higher weights of Cn and Pt than of Gn and Sy in Expt. 2
show the better nutritive value of casein and the third potato protein than of the
soya protein and wheat gluten at equal N intake with energy-yielding substances
to appetite. In general agreement with the result of Expt. 2, ALLison (1961) and
DuTtraA et al. (1967) showed that the nutritive value of casein exceeds that of
soya protein.

Ranking of casein, potato protein, wheat gluten and soya protein for their
nutritive values depended on the period of comparison within the experiment.
In Expt. 2, casein and potato protein shared first rank and soya protein and
wheat gluten were at 3rd and 4th, respectively in the first period of 4 weeks.
However, the soya protein and wheat gluten shared third rank from Week
g till the end of Expt. 2.

During Week 1 of Expt. 3, females in Cn and Gn lost 29 and 4%, from their
imitial liveweight, respectively, whereas males-in the two groups increased in
liveweight. This decrease is negligible. However the earlier described trend sug-
gests that the males adapted themselves better than females to adverse factors
which inhibited growth in the first week after weaning. Furthermore Cn adapt-
ed better than Gn in Expt. 3 asin Expt. 1 and 2.
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During the last week of Expt. 3, the liveweight of females on either casein or
wheat gluten decreased by 19, This decrease is negligible but may be due to
hearing the males squeak during blood sampling and to lack of males in nearby
cages in the last two days of Expt. 3 which were associated with a decrease in
feed intake without symptoms. Gain in liveweight was higher in the first eight
weeks of Expt. 3 than in the later twelve, when growth is slowing.

The weight gain during the week after bleeding in Expt. 3 (Week 9) was
less than that in the previous week. This decrease was greater in males than in
females, because sexually mature females probably adapted themselves better
than males to stress from bleeding.

During the first four weeks of Expt, 3, either sex gained more on casein than on
Ga, but for the rest of the trial mostly less. The greatest difference between Cn
and Gn was in Week 2 of Expt. 3, but the difference over the whole experiment
was not significant, suggesting that casein and wheat gluten had a similar nu-
tritive value as measured by gain in liveweight over a long period, if the two
proteins were given to appetite and protein intakes were not considered. This is
in accordance with CArRPENTER and DuckworTH (1951) indicating that the in-
feriority of proteins could be offset by feeding at higher levels or when consider-
ed over a long period.

The superiority of casein (good quality) was demonstrated by the rapid
growth, expressed by the gain in liveweight in Expt. 3. Rats seemed to adapt to
deficiency of some amino acids in the wheat gluten, especially lysine, by increasing
their protein intake in Expt. 3. So growth of rats fed on wheat gluten did not
decrease relative to maximum liveweight, but growth rate decreased. This shows
that growth is usually maintained with mildy adverse nutrition (inferior protein),
when adapted rats complete the genetically determined growth curve, unless
other environmental factors interfere. As maximum growth is essentially con-
trolled by genetic and environmental factors, superior protein will expedite this
maximum, whereas poor quality protein will delay it. If a. all the essential
amino acids are present in the natural proteins, b. the experiment is long enough,
¢. no toxins interfere and d. the rats are weaned normally, mostly the difference
in weight between groups should not be significant.

The total gain during Expt. 3 was about twice as much in males as in females
given the same kind of protein (Table 6). Birthweight of males is higher than of
females {(King, 1915) and difference increases with age (SLONAKER, . 1912).
Although this may be due to males eating more than females in Trial 3, the
sexual factors of growth are complex, Males grow faster than females, in spite of
consuming equal amount of diet (KM et al., 1952). Males are less active than
females (HircHcock, 1925). The weight of Cn@ was higher than of Gnd until
the Week 3 of the experiment (7 weeks of age), whereafter the reverse was true.
At an average of 8 weeks, FARRIS (1962) reported that rats reached sexual ma-
turity. Oestrogens inhibit growth, whereas the androgens stimulate growth
(TanG, 1941; EMMENs and PARkES, 1947; LIGHT and TORNABEN, 1953). The
sexual difference in liveweight (Fig. 1) is marked at 6 weeks of age (Week 2
of experiment) in accordance with the data of SPrRAY and WiDpowsoN (1950).
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Cng in Expt. 3 grew more rapidly than in Expt. 1 and 2 as seen by comparing
the gains in liveweight at the same age, mainly because each replicate of 15
rats was caged together and given protein to appetite in Expt. 3, whereas the
rats were caged individually and offered a restricted amount of protein in Expt.
1 and 2. Gn.$ differed between the three experiments in the same way.

During the 12 weeks of Expt. 1 and 2 (restricted protein feeding) the differenc-
es between liveweights of males fed on casein and wheat gluten increased with
age, whereas in Expt. 3 (protein to appetite) it decreased.

3.4. CONCLUSIONS
(Liveweight)

With the separate feeding, the type and quantity of protein affects the growth
rate as expressed by weight gains. Therefore, the time that maximum liveweight
is reached differs. Generaly, growth persists under the mildly adverse nutritional
conditions of protein feeding (suboptimum amount and inferior protein).

Increased intake of protein resulted in a significant increase in the gained
weight in Training Period 1 (Table 2). On casein and wheat gluten gains were
greater when fed to appetite in Expt, 3 than when restricted in Expt. 1 and 2,
because of increased intake of protein in Expt. 3.

The influence of the three sources of potato protein on liveweight varied
remarkably. In Training Period | the first potato protein decreased weight of
weanling rats, but in Training Period 1 the second potato protein which had
been used also by Pol and pen Hartog (1966} increased it. The third potato
protein in Trial 2 stimulated growth more than the second one in Training
Period 1. This was associated with increased protein intake during Training
Period 2. With the same amount of N, casein and the third potato protein in
Expt. 2 accelerated gains, but soya protein and wheat gluten slowed gains. Ini-
tially Sy grew more rapidly but later grew less rapidly than Gn in Trial 2.
In consequence, their liveweights were similar from Week 8 to the end of the
trial. Data of Expt. 2 agree with those obtained in Expt. 1, indicating that casein
stimulates growth, whereas the wheat gluten suppresses it.

If gain is accepted as criterion for the nutritive value of proteins, despite its
lirnitations, it may show a different ranking for the proteins according to how
they are compared. The difference in gains on the same batch of protein between
Expt. 1 and 2 was clearly not due to protein quality; difference in age and initial
liveweight had an influence. The similar total gains in liveweight of rats fed to
appetite on casein and wheat gluten during Expt. 3 may be misleading, in that
the amount of the two proteins eaten was remarkably different. Even if intake is
discounted casein was significantly more nutritive than wheat gluten early in
Expt. 3 as judged by weight gains. Although female rats in Expt. 3 were earlier
in this than the males, the difference in the nutritive values of proteins was smal-
ler for females. Duration of the experiment affects the nutritive ranking of soya
and wheat gluten. With the same amount of N, soya proved significantly
superior to wheat gluten from Week 2 to 7 of Expt. 2, but their nutritive values
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were later similar (Week 8 to the end).

Since factors varied in the experiments, differences are to be expected on using
a criterion to indicate the nutritive value. The nutritive value of different sources
of potato protein varied widely and the best potato protein used in this study
was the third one given in Expt. 2. Casein is superior for growth to wheat gluten.
The nutritive values of casein and the third potato protein were similar and
superior to soya and wheat gluten, Furthermore, the nutritive value of soya
protein was higher than of wheat gluten in a short experiment and similarly in a
longish one,
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4. FEED INTAKE

4.1. INTRODUCTION

Feed intake, as commonly estimated in nutritional studies, provides some
information on requirements. It is a component of equations for indices of
food digestibility, and utilization. It may indicate sickness, dietary deficiency,
imbalance or physiological state. It is a criterion of appetile, which affects
the nutritive value of a diet constituent and vice versa. The nutritive value of
a ration depends on such factors as quality, amount eaten, age and sex. Com-
parison of the intake which produces a desired fixed gain in liveweight or com-
parison of gains per unit intake has been used in evaluating nutritive value. In
practical terms, recording feed intake needs more effort, time and money than
recording liveweight.

Generally, animals on a good diet eat and grow more than animals on a poor
one. The most usual method to correct for the difference in feed intake in
evaluating the nutritive value of a diet is to calculate the efficiency of food con-
version which is gain divided by intake. Similar is protein efficiency ratio (PER),
i.e., gain per unit intake of protein. A low level of protein or inferior protein
in the diet usually decreases intake (OsBORNE and MENDEL, 1915). It has been
assumed that PER eliminates the factor feed intake and is superior to the cri-
terion gain on its own. As gain correlates highly with intake, Hegsted and Wor-
scester (1947) concluded that it is superfluous to measure feed intake for the
calculation of PER in ranking the protein. This conclusion was confirmed by
HeGsTeED and HAFFENREFFER (1949) and Sherwood and Weldon (1953). How-
ever MORRISON and CampBELL (1960) noted that although PER is a function of
growth, the coefficient of variation of gain was higher than that of PER calcu-
fated from the same result. Nevertheless, HEGSTED (1964) mentioned that this
advantage can be easier obtained by weighing many rats per assay instead of
weighing intake. JANSEN (1962) found that changes in the protein level affect the
PER less than liveweight. Derse (1960} reported that PER obtained with re-
ference casein varied between 2.5 to 3.3 in different laboratories. CHAPMAN et
al. (1959) and JANSEN (1962) lowered the coefficient of variation for test protein
by correcting for PER to a reference casein, whereas DERSE (1960) did not.

Intake is influenced by genetic and environmental factors, which include
species, strain, individuality, sex, age, activity, liveweight, livesize, health, fee-
ding pattern, diet pattern, temperature and emotion. Generally, intake per day
increases with liveweight, livesize and activity. Intake per unit liveweight is
inversely correlated with liveweight. It is generally assumed to be correlated
with the liveweight to the power of ¥/, (active metabolic mass).

Intake per unit livesize is usually more constant than per unit liveweight. How-
ever, intake per unit active metabolic mass is probably more constant than
intake per liveweight or size, if there was any accurate way of measuring it.

Differences in intake are generally attributed to appetite and palatability.
As appetite is a desire (FOWLER and FOWLER, 1964), it may not be subject to
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proper regulation. This is an oversimplication which covers a complex area of
investigations to explain the highly complex mechanism controlling eating and
the numerous related factors. Although sensations in the mouth are essential in
selecting and identifying food, they have little or no effect on long-term regula-
lation of intake in normal individuals (EPSTEIN and TEITELBAUM, 1962). Varia-
tions in intake are not haphazard and intake is assumed to be regulated by bio-
metric, short-term and long-term regulations (MAYER, 1953). The short-term
mechanism is a day-to-day regulation within the large range of the biometric
regulation. In the rat, the long-term regulation may function through a week or
more to carrect the short-term one. The short-term regulation may be partly
a glucostatic mechanism in which a low effective level of glucose in the blood
stimulates feeding and the long-term regulation by a lipostatic mechanism in
which hypothalamus modifies the general level of intake and the activity of the
animal in response to changes in body fat. Various regulatory mechanisms of
intake have been proposed and are partly conflicting.

Adequate intake is mainly determined by the energy requirement for basal
metabolism, physical activities or work and the specific dynamic effect of food.
Decreasing the energy value of an adequate diet over a wide range by mixing it
with kaolin or water (ADoLPH, 1947) increased intake to satisfy the animal’s
energy needs. This is limited by a maximum bulk of the diet which the animal
can consume. Animals tend to balance energy intake and energy output by
biochemical means and can store surplus energy consumed as fat. Generally
animals choose food and nutrients from experience.

4.2, RESULTS
(Feed intake)

Tables 8, 9, 10 and 11 and Fig. 2 summarize the amounts of feed eaten by
rats in this study. Daily or individual intake is sometimes mentioned in the
text. When the fixed amount of protein was given, the change in intake of pro-
tein-free diet directly reflects the change in total feed intake (energy) and in the
ratio of energy to protein. Therefore, the intake of protein-free diet was tabulat-
ed only in this case (Expt. 1 and 2).

Feed intake showed an irregular pattern for the daily or weakly change be-
tween animals as well as in individual animals. In general, the coefficient of
variation of daily intakes of a rat in a period was greater than that of weekly
ones. The same was true for the coefficient of variation in intakes between rats.

With increasing age, rats generally increased their intake and the increase was
more rapid in the first periods than in the last periods of the three experiments.
This can be clarified, for instance, by calculating total intake of every 3 weeks or
longer in these experiments.

The significance of a difference between two values depends statistically on
the difference in relation to the variance within two groups. The increase in the
variance within groups contributed to some insignificant results obtained. The
standard error increased in Expt. 1 and 2 with the decreased number of animals.
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4.2.1. Trial 1
4.2.1.1. Training Period 1

After weaning, none of the rats ate all 2 g of the first potato protein offered
daily for the first nine days. The mean daily intake was less than about 0.5 g.
As the rats lost weight, this training regime was unsuccessful. The stock diet
given to appetite for the next five days was eaten with good appetite and the
rats increased in liveweight. The 2 g of the second potato protein offered on
Day 15 of Training Period 1 was not all eaten by any rat on this or the next day.
They were eaten by 5% of the rats on Day 17 and by 459, of the rats on Day
33 of the training period. At the end of the training period, rats on casein ate
the 2 g within an hour, whereas 30%, of the rats on potato protein did not. The
ability to consume 2 g protein diet in some rats was not consistent. Some rats
decreased intake in one day, then increased it on the next day. However, this
variation diminished with increased time of training. The protein-free diet eaten
in the training period was not weighed.

42.1.2. Experiment 1

Each rat of Cn consumed the 14 g protein diet offered weekly. The same was
true for Gn except for three rats that ate on average 10 g protein diet from the
4 g offered in Week 1 of Expt. 1.

The intake of protein-free dict of Cn and Gn is shown in Table 8. Rats fed

TabLE 8, Effect of two protein types given in restricted amount® on intake of male rats

(Expt. 1).
Number of rats Protein-free diet in grams?
Experimental
period Casein Wheat-gluten Casein Wheat-gluten
group (Cn) group (Gn) group (Cn) group (Gn)
Week | 34 33 73 £ 1.8 75418
Week 2 k) 33 5+20 420
Week 3 34 33 83 4 2.1 72 + 18
Week 4 26 25 88 + 22 75+ 19
Week § 26 . 25 90 1 1.8 75+ 14
Week 6 26 25 95 + 1.9 78 £ 1.8
Week 7 18 16 89 4+ 3.1 73+ 17
Week 8 18 16 98 + 3.3 80 + 23
Week 9 18 g 94 4+ 3.1 81 + 18
Week 10 10 5 9% + 4.5 91 4: 50
Week 11 10 5 108 &+ 5.3 95 + 5.3
Week 12 10 5 106 4 4.6 100 + 5.1
First 3 weeks 4 33 231 £ 56 217 + 5.3
Second 3 weeks 26 25 273 £ 56 228 + 4.7
Third 3 weeks 18 9 28t + 9.1 238 £ 6.1
Fourth 3 wecks 10 5 313 + 126 287 + 140
1 Average weekly intake was 14 g protein containing 9.6% N.
2 Mean + SE.

3 Offered daily to appetite for 23 hours,
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on casein ate more protein-free diet than Gn except for Week 1 in which they
ate less. The difference between the two groups in weeks 1 and 2 was small
(3% and 59%) and not significant. However the change in Week 2 in Cn (4 1.7
4 0.96) and Gn (- 3.8 + 0.98) differed significantly. The difference between the
two groups in intake increased with age in such a way that weekly intake of Cn
was significantly higher from weeks 3 to 9. Generally, this difference decreased
and the standard error increased so that the intake of the two groups in weeks
10, 11 and 12 did not differ significantly. The weekly change in the intake of Cn
was a significant increase in weeks 3 and 8 and that of Gn in Week 10, whereas
the other weekly changes were not significant. Comparing the intake of protein-
free diet in a three-week interval with the following one revealed a significant
difference between the first interval and the following one in Cn, whereas their
intake in the second or third interval and the following one did not differ signi-
ficantly. In Gn, the difference was not significant between the first or the second
interval and the next one, whereas it was significant between the third interval
and the next interval,

4.2.2. Trial 2
4.2.2.1. Training Period 2

Each rat was given each of the 4 protein diets (2 g per day containing 9.6 %, N)
in turn in 4-day cycles during the training period. The amount not eaten by the
48 rats was 59, 139, 22%; and 33 %, of the casein, potato protein, wheat gluten
and heated soya protein, respectively, in the third 4 days of the training period.
In this period, more than 5% of the 2 g protein diet offered daily per rat was
not eaten by 14, 39, 39 and 46 rats out of 48 on giving casein, potato protein,
wheat gluten, soya protein, respectively. In the seventh (last) 4 days of the training
period, the amount of protein diet not eaten was 2%, 2%, 5% and 329, of the
amounts offered of the casein, potato protein, wheat gluten and soya protein,
respectively. In this period, more than 55 of the 2 g protein diet offered daily
per rat was not eaten by one, six, eleven and forty rats out of 48 on giving ca-
sein, potato protein, wheat gluten and soya protein, respectively.

The average weekly intake of the 14 g protein diets, regardless of the kind of
protein, and of the protein-free diet offered to appetite is shown in Table 9,
In Week 2, each rat increased its weekly intake of protein diet, resulting in a

TABLE 9. Feed intake of male rats during Training Period 2.

Traini iod Number of Protein diet! Protein-free diet? N9 in the two
raining perio animals (g ® diets
Week 1 48 58 +0.1° 36 £ 03 13
Week 2 48 11.0 £ 02 38403 2.1
Week 3 48 117 402 46 4- 0.9 1.9
Week 4 48 126 £ 0.2 43 + 0.9 20
L 14 g protein (2 g per day for 1 hour) containing 9.6 % N offered weekly by the separate feeding

system.
2 Given to appetite for 23 hours after eating protein for t hour each day. * Mean + SE.
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significant increase. In that week, 33 rats increased their weekly intake of pro-
tein-free diet, whereas 15 rats decreased it. The decrease was more than 109
of the intake of the previous week in 4 rats, The average increase in intake of
protein-free diet in Week 2 was significant. In Week 3, each rat increased its
weekly intake of protein-free dict, resulting in a significant average increase. In
that week, 38 rats increased their intake of protein, whereas 10 rats decreased it.
This decrease was more than 109 of the previous intake in 1 of the 10 rats. How-
ever, the increase in protein intake in Week 3 was statistically insignificant.
In Week 4, each rat increased its weekly protein intake, except one rat (3%
decrease). This increase was significant. In that week, 38 rats increased their
weekly intake of protein-free diet, whereas 10 rats decreased it. This decrease
was more than 109 in 4 rats out of 10. The increase in total intake of protein-
free diet during Week 4 did not differ significantly from that of Week 3. The
largest increase in the mean intake of the protein diet and protein-free diet in the
training period was in weeks 2 and 3, respectively, The relative increase in intake
of protein diet in Week 2 was greater than that in the protein-free diet. There-
fore, the N9, in the total feed increased by a factor of 1.5 in Week 2. The values
of this percentage were similar in weeks 2, 3 and 4, i.e., the change did not ex-
ceed 109 of these values,

4.2.2.2. Experiment 2

The weekly intake of protein diet of each rat was 14 g containing 9.6 % N.
The portion of the 14 g which an animal could not eat was given by stomach tu-
be. This occurred with some rats of Gn only till Week 4 and of Sy till the end
of the experiment.

TasLE 10. Effect of four protein types given in restricted amount® on the feed intake of male
rats (Expt. 2).

Protein-free diet? (g)
Experimental No. of rats in

period each group  Casein group Potato group Wheat-gluten Soya group
(Cn) (Py) group (Gn) Sy

Week 1 10 60 4-23* 55422 42 421 47 L 1.5
Week 2 10 70 £ 2.5 68 4+ 22 “H+25 53+ 1.6
Week 3 10 75 1 35 75 + 2.6 46 + 1.8 57 +20
Week 4 10 73 4 3.0 7 L22 46 £ 2.3 574+ 23
Week 5 7 82 & 45 72 + 24 50 £ 2.3 57 £ 23
Week 6 7 83 1 47 78427 53122 64 + 2.5
Week 7 7 85 + 45 83 £ 25 54 £ 26 66 4 2.6
Week B 7 79+ 55 85 + 2.1 57 £ 3.1 67 £ 24
Week 9 4 80 £ 5.1 84 1+ 36 60 + 4.8 62 1+ 7.5
Week 10 4 86 + 7.7 80 £ 34 60 + 3.1 65 £ 07
Week 11 4 88 + 5.0 83 + 338 60 4- 4.5 68 1+ 1.3
Week 12 4 84 4 4.1 88 + 4.1 61 + 4.9 68 4+ 2.6

* 14 g protein in the week (2 g per day) containing 9.6 %, N.
2 Given ta appetite for 23 hours daily after a 1 hour interval of protein feeding. ¥ Mean &+ SE.
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The weekly amounts of protein-free diet eaten by Cn, Pt, Gn and Sy are
shown in Table 10. The rats in Table 10 were the same rats indicated in Table
5 for liveweight (p. 15). The intake of protein-free diet of Cn was higher than
that of Pt in some weeks and lower in other weeks. The two groups did not
differ significantly in their intakes of protein-free diet during any weeck of Expt.
2. The intake of protein-free diet of Sy was higher than that of Gn, This was
significant in weeks 1-8 of the experiment and insignificant in Tater weeks. The
intake of protein-free diet of Cn and Pt was more than that of Gn and Sy. This
was significant every week except for Week 9 between Cn and Sy, because the
standard error for Sy in that week was the highest for the group in that experi-
ment.

423, Trial 3

The average weekly intake {protein diet, protein-free dict and total feed) of
the weanling rats given casein {Cn) and wheat gluten (Gn) to appetite for an
hour daily is shown in Fig. 2 (A and B). Table 11 represents the intake of these
rats during each 4-week interval and the total period of 20 weeks.

The intake of protein-free diet was higher in Cn than in Gn of the same sex
during each week of Expt. 3. Male rats cite more protein-free diet weekly
than females fed on the same protein, but less in Gn during the first 3 weeks of
Expt. 3. Weekly protein intake was less in Cn than in Gn of the same sex. Males
ate more protein weekly than females on the same kind of protein. The weekly
total intake of Cn exceeded that of Gn of the same sex. The weekly total intake
of males was more than that of females on the same protein, but less in Gn
during Week 1 of Expt. 3.

Differences in Table 11 between Cn and Gn of the same sex were tested for
their significance. Differences in the intakes of protein-free diet of males offered
either protein were significant. Differences in the total intakes of protein-free
diet of females given either protein were significant in the first 4 weeks, second
4 wecks and total of 20 weeks, but insignificant in the third, fourth and fifth 4-
week intervals. Differences in the intakes of protein diet of males given either
protein were significant. Differences in the total intake of protein diet of females
on either protein were significant during the first 4 wecks, second 4 weeks and
total 20 weeks. Differences in the total feed intakes of males on either protein
were significant during the first 4 weeks, second 4 weeks, fifth 4 weeks and total
20 weeks; and those of females were not significant during each 4-week interval
and total 20 weeks.

Table 12 shows the effect of the second blood sampling in Expt. 3, which was
taken on Day 1 of Week 9, on the feed intake of males and females on this day
and in this week in comparison with the previous one. Experiment 3 bepan two
days earlier for the males than the females. On the day of the second blood sam-
pling of the males, the protein intake of males and females decreased. It was
noteworthy that although there was no blood sampling from the females on
that day, they also decreased their protein intake. The same was true on the
day of the second blood sampling of the females. The percentage reduction was
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TaBLE 12. Change in feed intake as percentage! in the day and week of the second blood sam-
pling on protein to appetite (Expt. 3).

Male sampling time? Female sampling time3

Dietary group . Protein Protein-freediet Protein Protein-frec dict
Day Week Day Week Day Week Day Week

Malecasein (Cng) —75% —21% —13% — 4% —16% — 2% + 2% — 4%
Female casein (Cng) — 603, — 8% + 9% — 6% —74% — 5% —22% + 3%
Male wheat gluten

(Gnd) —69% —19% — 3% + 2% —13% —19%0 + 8% + 2%
Female wheat gluten
(Gn%) —58% —15% +18% — 1%, —55% — 6% —31% +0.59%

! (Feed intake of the day or week of sampling - the previous one) x 100/feed intake of the day
or the week of sampling.

2 Day 1 of Week 9 of the males in Expt. 3 corresponding in date with Day 6 of Week 8 of the
females in Expt. 3.

3 Day ! of Week 9 of the females in Expt. 3 corresponding in date with Day 3 of Week 9 of the
males in Expt. 3.

deminished by calculating the weekly intake, but not abolished. The percentage
decrease in protein intake of either sex after sampling the blood was the highest
which occurred from one day to the next in the experiment, whereas the change
in the protein-free diet was in the range of the other daily variations observed
without sampling the blood,

5N ‘ 4.3. DISCUSSION
(Feed intake)

Generally, the amount of feed intake increased with advancing age in the
three experiments due to increments in the required amounts of nutrients re-
sulting from catabolic and anabolic processes.

The irregular daily or weekly increase in intake may be due, for instance, to
periodicity and incidental factors, In general it was observed that intake tended
to decrease during the weekends, which were characterized by a decrease in the
surrounding sounds, days of changing the rats to clean cages, days of bleeding
the rats, days of sickness, days in which damage stopped the air-conditioning
system and so on.

The decrease in the average intakes of a group in any week of Expt. 1 and 2
did not exceed 109 of the intakes in the previous week, whereas the decrease of
a group in Expt. 3 did in some weeks. The number of rats in each group of Expt.
3 was relatively large till the end of the experiment. Therefore, the highest weekly
irregularity in feed intake of a group in Expt. 3 (Fig.2) will be discussed, if the
highest decrease exceeded 109 of the intake in the previous week. The highest
decrease in protein eaten weekly by Cng and Gngd throughout Expt. 3 was 21 %
and 19% in Week 9 of the experiment. Nevertheless, decreases in the protein-
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free diet eaten weekly by Cnd and Gng did not exceed 109, of the intake of pro-
tein-free diet in the previous week. It is possible that bleeding in Week 9 of Expt.
3 was a contributary cause in the remarkable decrease in the protein intake of
Cnd and Gng in that week. The highest decrease in the weekly protein intake of
Cn@ and GnQ throughout Expt.3 was 139, and 179, respectively, in Week 20
(last week). In addition the highest decrecase in the protein-free dict eaten by
CnQ and Gn? throughout Expt.3 was 129/ in the same week {Week 20). This
remarkable decrease in the weekly intake of females in Week 20 of Expt.3 was
mainly caused by reduction in feed intake in the last two days of this week. This
may have been due to the squeak of males on bleeding and to missing the
accustomed sounds of males in these two days.

The amount of blood taken from each rat in Expt. 3 was about 0.03 ml.
Since, the blood volume of the rat per 100 g liveweight is 6.7 ml (CARTLAND and
Koch, 1928) and slowly decreases with an increased liveweight (OrRMOND and
RiVERA-VALEZ, 1965), the blood taken would be about 1% or less of total blood
volume, The rat can probably tolerate this amount. However, bleeding was fol-
lowed by a reduction in protein intake of the rats from which samples of blocd
were taken or not. This shows that the effect scemed to be not only from blee-
ding, but also from disturbance by the squeak. Nevertheless, the change in the
protein-free diet was in the range of variation from day to day which occurred
without bleeding. The difference between the remarkable decrease in the pro-
tein intake and the slight change in the intake of protein-free diet may be due to
the protein diet being given for a one-hour period after bleeding, whereas the
protein-free diet for 23 hours. This supports the view that animals can better
adjust their intake by compensation over a longer period than over a shorter
period. This decreased protein intake may be an adaptation to decrease the
effect of stress on the breakdown of protein, which increased probably after
injury or disturbance. In Training Period 1, weaned rats ate too little of the
first potato protein to promote growth. The cause of the seriously reduced ap-
petite may be related to the protein diet, perhaps toxins in the potato protein.
It is unlikely to be due to serious damage to the protein composition or inavai-
lability of amino acids through processing. The stock diet was a good remedy
for the previous low intake and compensated growth in Training Period 1 due
to the good palatability and nutritive value. This supports the assumption that
the previous reduction in the feed intake was not due to infection,

The second potato protein resulted in a better appetite than the first potato
protein in Training Period 1. This may be due to virtual absence of the toxins,
to improvement in the flavour of the second potato source by mixing with some
of the protein-free diet, to the higher N content or to the rats being older and
more trained. Intake of the second potato protein was less than that observed
by PoL and DEN HARTOG (1966). So training to eat 192 mg N of the second pota-
to protein within an hour in Training Period 1 was not completely successful.
Causes may have been storage of the second potato protein near room tempera-
ture for about a year, differences in training techniques and normal variation
between trials.
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Training rats to eat the amount was easier with casein than with second potato
protein, probably because of palatability,

Generally in Training Period 1, rats could eat more protein as they were
trained and grew older.

In Training Period 2, the number of days before all the daily 2 g protein diet
was eaten within the hour increased in the order casein, third potato protein,
wheat gluten and soya protein. This order did not resemble the order of their
expected nutritive value. The method of training in Expt. 2 was similar to that
used by PoL and DEN HARTOG (1966). During Training Period 2, rats were less
successfully trained to eat 2 g protein diet within an hour than in the trial of
Poi and pEN HarRTOG (1966), in which only 6 out of 72 rats did not eat 3
g of potato-protein or wheat-gluten diet by the end of 14 days of training. In
Training Period 2, 1, 6, 11 and 40 rats out of 48 could not eat 959, of casein,
third potato protein, wheat gluten and soya protein, respectively, during the
28 days of Training Period 2. The different durations may be due to differences
in the proteins. They may also occur with one kind of protein, presumably
through differences in the natural product manufactured and to a minor degree
in a difference in the process of manufacturing. In Expt. 1 and 2,909, of the
rats could eat 2 g wheat-gluten diet within an hour at a similar age about 12
weeks regardless of differences in the previous training periods. Age may influen-
ce training. The ability to consume 2 g of the third potato-protein diet within an
hour was better than that of the first and second potato-protein diet. This is
possibly due to a difference in the quality of the potato-protein diets used in
addition to the difference in methods of training.

Rats on superior proteins (casein or the third potato protein) significantly
increased their weekly intake of energy earlier in the three experiments than
rats on inferior proteins (wheat gluten or soya protein). This difference is
mainly due to the difference in gains and consequently in liveweights.

The average intake of energy in each of the three experiments was significant-
ly greater in rats on superior protein than in rats on inferior protein. The diffe-
rence in gains and consequently in liveweights largely account for this result. As
the proportion of inferior protein which can be used for building tissue protein
is smaller than that of superior protein, more of the inferior protein is probably
converted to energy. Consequently, the energy required with inferior proteinis
smaller for synthesis of new protein tissues and for all tissue activities than with
superior protein. Therefore, the quality of the four proteins given throughout
this study could be recognized from the energy intake per unit protein intake.

Rats on superior protein {Cn) to appetite ate less protein than rats of the
same sex on the poor one (Gn} in Expt. 3. This shows the successful adaptation
system of rats to compensate deficiency in composition of the wheat gluten by
increasing their protein intake and probably using the extra amino acids as a
source of energy.

In Expt. 3, female rats ate to appetite less of the same protein dict, protein-
free diet and consequently total feed than males of the same age. The difference
in intake between females fed on either proteins was lower than between males.
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The sexual differences are mainly due to the higher gains in liveweight and
consequently the higher liveweight of males than of females. However, total
energy intake per unit liveweight of females was greater than of males. This
agrees with Boza et al. {1966) indicating that growth efliciency was signifi-
cantly better for male rats than for females. LIGHT and TorNABEN (1953) showed
that oestrogens stimulated feed intake and physical activity, whereas the andro-
gens reduced intake and physical activity,

There are mathematical relationships between (a) the ratio of the protein-free
diet: protein diet, (b) the reciprocal of this ratio and (c) the ratio of protein
diet: total feed in any specific period of an experiment. The three ratios express,
respectively, the same trend as (a) energy: protein ratio, (b) the reciprocal of
this ratio and (c) the percentage of the protein in the feed chosen or the energy
of protein to the total energy. The first ratio has the largest value of the three
ratios. It is represented in Table 13 for Expt. 3. If this ratio expresses the same
trend of optimum ratio of requirement, it suggests that optimum percentage of
protein in a diet for growing females is less than that for males. This may be
supported by that oestrogens decrease the growth of rats, but stimulate their
physical activity, whereas the reverse holds for androgens (LIGHT and ToRNA-
BEN, 1953). The ratio was obviously higher in superior protein than in inferior
one, This indicates that the optimum percentage of superior protein in a diet is
less than in inferior one. The difference in this ratio due to the quality of pro-
tein and sex suggests that the protein quality and sex must be considered
in calculating the requirement of the protein as a percentage of the total energy
requirement. However, this ratio depends logically on physiological state of the
animal.

TarLk 13, Effect of two types of proteins to appetite and sex on the ratio protein-free diet:
protein diet (Expt. 3).

Male rats Female rats

Experimental period  Cqein group  Wheat-gluten Casein group  Wheat-gluten

' (Cng) group (Gnd) {CnR) group (Gn¥)
First 4 weeks 4.4 24 5.2 33
Second 4 weeks 4.5 21 51 3.0
Third 4 weeks 4.8 2.2 54 34
Fourth 4 weeks 4.5 21 4.7 3.5
Fifth 4 weeks 4.4 2.1 4.6 3.0

20 weeks 4.3 2.1 50 33

4.4. CONCLUSION
{Feed intake)

On restricted protein in Expt. 1, the ratio energy: protein was significantly
higher on superior protein (casein) than on inferior one (wheat gluten). This
was confirmed in Expt. 2. On restricted protein in Expt. 2, this ratio was also
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significantly higher on superior proteins {casein and third potato protein) than
on inferior proteins (wheat gluten and soya protein). The ratios energy: casein
and potato protein were similar (no significant difference). On the other hand,
the ratio of energy to soya protein was significantly higher than that to wheat
gluten during the first stages of Expt. 2. Then these ratios were similar in the
later stages without a significant difference. On proiein to appetite, the ratio
energy: protein was also higher for superior protein (casein) than for inferior
{wheat gluten); in addition this ratio was higher for females than for males.
This suggests that males require a higher percentage protein than females.
Furthermore, the level of inferior protein required for both sexes is higher than
of superior protein.
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5. BODY COMPOSITION

5.1. INTRODUCTION

Gain divided by intake of feed or proximate constituent is usually used to
evaluate feed efficiency. This criterion assumes that gain has a constant percen-
tage of water, fat, protein and minerals. MiTCHELL and CARMEN (1926) and
KEys and Brozek (1953) indicated the necessity for the use of body analysis at
the conclusion of careful studies designed to test efficiency. A disproportionate
increase in one body constituent, such as fat, may be independent of gain.
MILLER and BENDER (1955) reintroduced the use of carcass analysis in estima-
ting the nutritive value of proteins. Since body constituents can vatry indepen-
dently of each other and, therefore, can occupy varying amounts of a total body
mass, liveweight may reveal little. Carcass was, therefore, analysed in the re-
cent study. If the bodily protein-again and gain in liveweight give different
values for protein quality, protein increment is undoubtedly better. But, evalua-
tion of protein quality by carcass analysis is laborious and in some instances
impossible.

Walter, fat and protein are the major body constituents and significant changes
in their relative amounts can occur within the lifespan. Changes in rats were
investigated by HaTa1 (1917), MouLToN (1923), CHANUTIN (1931), and Spray
and WippowsoN (1950). In general, the percentages of fat and protein increases,
and the percentage of water decreases with age. Of the three major constituents,
fat is the most variable and to remove this variability from experimental data,
fat-free composition is usually used. On this basis water and protein content in
adult people and rats do not differ greatly, although the maximum fat content
in the rat is about half that in man (SpraY and WippowsoN, 1950). However,
studies with laboratory animals hardly indicate quantitative relationships be-
tween body components in man. Water and protein expressed on the fat-free
basis reach almost constant levels. MouLTON (1923) considered this as chemic-
al maturity and found that it was reached at an age of 50 days in the rat. Logi-
cally, however, this noticeable constancy (compositional homoeostasis) can
alter with factors such as genetics and diet. The concept of fat-free composition
is biologically artificial, because a part of the body fat is essential for life. Lean
composition considers this but the amount and classification of vital lipids need-
ed for life under different conditions has not yet been precisely defined.

Generally, the ratio nitrogen: water (N :W) increases with age, since N per-
centage increases and the waler percentage decreases with age. BENDER and
MILLER (1953), DRrEYER (1957), and RAFALSKI and NoGaL (1966) showed the
ratio N:W in rats of any age was almost constant, The calculated regressions
which related this ratio to age varied in their constants. FORBES and YOHE (1955)
stated that differences in the ratio N :W can be due to the different strains of
rats. There is, however, some difference of opinion whether sex has any effect on
the ratio N :W. DrEYeRr (1957) found that female rats had a significantly higher
ratio than male rats and, therefore, two regression equations for the correlation
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of this ratio with the age of female and male rats were calculated separately.
Henry and TootHIL (1962) confirmed the existence of a sex difference in the
ratio N :W. Nevertheless, BENDER and MILLER (1953) and RAFALSKI and NOGAL
(1966) calculated one regression equation for both sexes, as they observed no
sex difference in the ratio N:W. This relative constancy of the ratio N/W at
any age is doubted by FOrBEs and Yout (1955), WippowsoN and MCCANCE
(1963) and HEGGENESS (1965). The regression equation relating the ratio N :W
to age was derived experimentally from results of rats covering a portion of
the age range, but not all of it.

Moreover, the procedures of different investigators differ sufficiently to cause
differences. The important poiat in investigating the existence of a close rela-
tionship between nitrogen and water is to calculate nitrogen content indirectly
from water content. This is an easy, labour-saving and cheap method for pro-
tein evaluation recommended by BENDER and MILLER (1953). However, this is
expected to be less accurate than the direct method of N estimation. FORBES and
Yone (1955) indicated that determining N content from water content could
cause an error of 209 in estimating the net protein content and it is considered
safer to estimate N directly.

Asrawms (1966) stated that no improvement was obtained in using liveweight
instead of age in the indirect calculation of body N. RAFALSKI and NoGAL
{1966) showed that the calculated N content of rats 26—45 days old from age,
liveweight, body water or body dry matter (DM) did not differ significantly
from estimating N content chemically. The difference between the estimated N
and the calculated N from body dry matter had a greater coefficient of varia-
tion (3.6 %) than that (29,) from liveweight or body water. They reported that
a group of four rats was enough to calculate N. The above review emphasizes
that before applying a formula for calculation of N, the relation between N
and other constituents should be established for individual laboratories. Since
this has not been investigated previously in the Netherlands Institute for Human
Nutrition, it was necessary to estimate directly N content in the rats used for
obtaining better information.

5.2. ResuLTS
{Body composition)
5.2.1. Trial 1

Table 14 represents the body composition at different ages of rats fed on a
restricted amount of casein and wheat gluten protein in Expt. 1. In Cn and Gn,
the DM %, of the rats sacrificed at any of the four stages 1, 2, 3 and 4 in Expt. 1
was significantly more than the initial value, whereas the DM %, of rats fed on
the same protein did not differ significantly between any two of the four stages.

There was no significant difference between the DM % of rats fed on casein
and wheat gluten at the same stage.

In Cn and Gn, the initial value of FY; was significantly lower than the value
at any of the four successive stages, whereas F % of rats fed on the same pro-
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tein did not differ significantly at any combination of two of the four stages.

There was no significant difference in F % of Cn and Gn at the same stage.

In Cn, N %, was significantly less initially than at the four successive stages, and
the N % at the first stage was significantly less than at the three successive stages,
whereas the differences in N % between all other combinations of values were
not significant, In Gn, the N9 was significantly less initially than N9 at the
first, second and third stage, whereas the differences in N 9/ between the other
combinations werg not significant.

The differences in N % between Cn and Gn were not significant at the first,
second and third stages, whereas the N9 of Cn at the fourth stage was signifi-
cantly higher than that of Gn.

In Cn and Gn, FDM %, was significantly less initially than at the four stages.
In Cn, the differences in FDM %, between any two of the four stages were not
significant. In Gn, the difference in FDM % between the first and fourth stage
was significant, whereas there were no significant differences between the rest of
the combinations of four stages.

FDM % of Cn did not differ significantly from that of Gn in any stage,

In Cn, the NDM 9%/ was significantty more initially than at the first and second
stage, whereas the differences in NDM 9 between any other combinations of
the beginning and the four stages were not significant. In Gn, the NDM %, was
significantly more initially than at the four successive stages, whereas the diffe-
rence in NDM Y, between any two of the four stages was not significant.

+ There was no significant difference in the NDM 9/ of Cn and Gn at the same
stage.

In Cn, N/W %, was significantly less initially than at the four successive stages.
The N/W 9 of Cn in the first period was significantly less than that of the three
successive stages, whereas there were no significant differences between the other
combinations of the four stages. In Gn, N/W % was significantly less initially
than at the four successive stages and N/W %/ at the first, second, third stage
were significantly more than at the fourth stage, whereas there were no signifi-
cant differences between N/W 9/ of the other combinations of the four stages.

The N/W 9, of Cn was significantly more than that of Gn at the second and
fourth stage, whereas the difference at the first and third stage was not signifi-
cant.

The average amount of DM in Cn and Gn increased with age. In Cn, diffe-
rences in DM (g) between the second and third stage and between the third and
fourth stage were not significant, whereas those between the other combinations
were significant, i.e., 0 + 1,0+ 2,04+ 3,0+ 4,14+ 2,1+ 3,1+ 4and
2 + 4. In Gn, the differences in DM (g) between the initial and the first stage, be-
tween the first and second stage, between the second and third stage and be-
tween the third and fourth stage were not significant, whereas those between the
other combinations were significant,

DM (g) in Cn was significantly more than in Gn at the same stage.

The average amount of F in Cn or Gn increased with age. In Cn the difference
in F (g) between the beginning and any of the four stage, between the first
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stage and the third or fourth stage were significant, whereas those between the
first and second stape, between the second and two successive stages, and be-
tween the third and fourth stage were not signicant. In Gn, the differences in
F (g) between the first and second stage, between the second and third stage,
and between the third and fourth stage were not significant, whereas those be-
tween the other combinations were significant, i.e., between the beginning and
the other stages, between the first stage and third or fourth stage and between
the second and fourth stage.

The Cn contained on an average more F (g) than did Gn at the same age.
The difference was not significant at the first, third and fourth stage, whereas the
difference at the second stage was significant,

Average N (g) in Cn and Gn increased with age. In Cn, the differences in N
(g) between the beginning and the four successive stages and between any two
of the four stages were significant. In Gn, the differences in N (g) between the
beginning and the first stage and between the third and fourth stage were not
significant, whereas those between the other stages were.

Cn contained significantly more N (g) than Gn at the same stage.

The coefficient of variation as an indicator for the variance of the values tend-
ed to be slightly more in Cn and to increase slightly with age. Mostly, it did not
differ greatly between Cn and Gn at the same age and between different ages in
a group.

5.2.2. Trial 2

Tables 15.1-15.2 show body composition at different ages of rats fed on a
restricted amount of casein, potato protein, wheat gluten and soya protein.
Table 15.3 represents the average body composition of the 10 rats of each group
during the experimental period.

DM of rats one month old rats was 309/, It increased significantly by 3 per-
centage units in rats two months old. It continued to increase significantly in
the rats 3.5 months old which were sacrificed from Cn, Pt, Gn and Sy by 4, 4, 3
and 2 Y%, units respectively {compared with rats 2 months old). The increase in
DM % of rats. 4.5 months old of Cn, Pt and Gn compared to rats 3.5 months
old fed on the same protein was insignificant, whereas in Sy this increase was
significant (39 units). DM % of rats 5.5 months old did not differ significantly
from that of rats 4.5 months old of the same group. There was no significant
difference in DM &, of rats 5.5 months old and rats 3.5 months old of the same
group except for Sy. In Sy, rats 5.5 months old had significantly more DM ¢
than rats 3.5 months old. .

At 3.5 months of age, DM % did not differ significantly between Cn, Pt and
Gn. DM % of Sy 3.5 months old was 2 percentage units less than of rats on the
other proteins at the same age (Cn, Pt and Gn). This difference in DM % be-
tween Sy and Pt was significant, whereas it was not significant between Sy and
Cn or Gn. At 4.5 and 5.5 months of age, there were no significant differences in
DM %, between the four groups. Average DM Y% of ten rats in each group, sa-
crificed at the different stages, did not differ significantly between the four treat-
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TabLE 15.3 Average effect of four proteins fed in restricted amount! on the body composition
of 10 male rats sacrificed at about 3.5, 4.5 and 5.5 months of age (Expt. 2).

Dietary group Casein (Cn) Potato (Pt) Wheatgluten(Gn)  Soya (Sy)
No. of rats 10 10 10 10

Dry matter (DM} %, 375 105 379 +05 366 + 0.6 364 L 06
Crude fat (F) %, 145 +07 149 4+ 06 134 + 0.5 129 + 0.6
Nitrogen (N) % 3.01 £ 0.03 297 4 0.03 2.86 4 0.02 2.96 + 0.07
Fat/Dry matter

(FDM) %, 385 +14 393 £+ 11 366 + 1.1 354 114
Nitrogen/dry matter

{NDM) % 8.05 4 0.19 7.86 + 0.14 7.84 £ 0.16 8.13 £ 0.16
Nitrogen/water

{(N/W) % 482 4 0.03 4.79 &+ 007 4.52 £ 0.05 4.65 + 012
Initial liveweight g 75 + 1.1 76 + 1.7 5 + 1.7 % 09
Dry matter (DM) g 78.5 144 75.5 + 42 510 +24 510 + 26
Crudefat (F} g 305 424 299 + 20 187 412 18.2 4+ 0.9
Nitrogen (N) g 6.28 4 0.32 5.91 + 028 398 £+ 0.15 4.13 £ 0.19
1 2 g containing 9.6 %4 N per rat for one hour daily.
2 Mean + SE.
ments (Table 15.3).

F of rats one month old was 99%,. This value did not change significantly
from then until two months of age. It increased 4, 5, 4 and 2 units at 3.5 months
of age in Cn, Pt, Gn and Sy, respectively. These increases were significant, ex-
cept for Sy. The increase in F %, from 3.5 to 4.5 months of age was insignificant
but from 2 to 4.5 months was significant in all four groups. From 4.5 to. 5.5
months in a same group there was no significant difference. From 3.5 to 5.5
months the only significant difference was for Sy where F %] increased by 3 units.

At 3.5, 4.5 or 5.5 months of age, there was no significant difference in F%;
between the four groups. Average F%, for all three stages of sampling in the
total of ten rats in each group differed significantly only between Pt and Sy
(Pt being 2 percentage units highear than Sy). '

N of rats one month old was 2.639%. It increased significantly (.24 units in
rats 2 months old. N %} of rats fed on any protein did not differ significantly be-
tween 3.5, 4.5 and 5.5 months of age. These averages were higher than N % of
rats 2 months old, except for Gn 5.5 months old and the increases were statisti-
cally significant in Cn 3.5 and 5.5 months old (0.19 units) and Sy 3.5 months old
(0.13 units), whereas the other changes (the increases and decrease), were in-
significant. N 97 of the total of ten rats fed on either casein or potato protein was
significantly higher than of rats 2 months old {beginning of the experiment),
whereas average N7, of the rats of Gn and Sy did not differ significantly from
the initial value,

At 3.5 months of age, Cn had significantly more N9 (1% protein) than Gn,
whereas there were no significant differences in N %, in other combinations of the
four groups. At 4.5 months of age, N% did not differ significantly between
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groups. At 5.5 months, the same was true except for that of Cn which had sig-
nificantly more (1.5%, protein) than Gn. According to the average N % in the
total of ten rats in a group at the three ages, the descending order of the four
groups was Cn, Pt, Sy and Gn, respectively, and differences between these
groups were not significant except between Cn and Gn.

The FDM of rats one month old was 31 9. This value decreased in rats 2
months old but insignificantly. There were no significant differences in FDM 9
of any group between the three stages (3.5, 4.5 and 5.5 months of age). The
FDM %, in any of the four groups at any of the three stages was more than at
weaning, This was significant for Cn 5.5 months old, Pt 4.5 and 5.5 months old
and Gn 4.5 months old. Average FDM %/ in the total of ten rats of Cn, Pt or
Gn was significantly more than that of the rats at weaning. Average FDM %, of
ten rats of Sy had a similar trend, but the difference was not significant.

At 3.5, 4.5 and 5.5 months of age, there were no significant difference in
FDM % between groups. Average FDM %, of ten rats in each group did not
differ significantly between the four treatments, except that FDM % of Pt was
significantly higher than of Sy.

The NDM in rats one month old was 8.99%. This value decreased in rats two .
months old but insignificantly. There were no significant differences in NDM %
of any group between the three experimental stages, except for Sy at 3.5 and
4.5 months of age. NDM %, of any of the four groups at any of the three stages
was lower than that of rais two months old (weaning). These were significant
for Cn at 5.5 months of age, Pt at 5.5 months of age and Gn at 4.5 months of
age. Average NDM ¥ of ten rats of Cn, Pt and Gn was significantly less than
at the beginning of the experiment, except for that of Sy which had less, but the
difference was not significant,

At 3.5, 4.5 and 5.5 months of age, there was no significant difference in
NDM % between the four groups. Average NDM 9 of ten rats in each group
did not differ significantly between the four treatments.

N/W % increased significantly during the training period. N/W ¥, of any
group at any of the three experimental stages was greater than at the beginaing
of the experiment. These increases were significant, except for Sy at 5.5 months
of age. Average N/W %, of ten rats of each group was significantly higher than
during training. N/W % in any group at the three stages did not differ significant-
ly from one stage to another except in Cn between 4.5 and 5.5 months of age.

At 3.5 months of age, there were no significant differences in N/W 9/ between
the four groups except for Cn which had significantly higher N/W 9 than Gn,
At 4.5 months of age, there were no significant differences in N/W % between
the four groups. At 5.5 months of age, there were no significant differences in
N/W % between the four groups, except for Cn which was significantly higher
than Gn. N/W Y in the total of ten rats did not differ significantly in the four
groups except for the casein and potato groups which was significantly higher
than the wheat-gluten group.

DM, Fand N (g) increased significantly in the training period. They were about
double values at weaning, They continued to increase throughout the experi-
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ment in the four groups. Although this increase from one age to the next was
sometimes insignificant during the experiment, it was considered an important
increase which was masked by a relatively high variability within the groups.

At 3.5, 4.5 and 5.5 months of age, there were no significant differences in
DM, F and N (g) between Cn and Pt and between Gn and Sy, whereas those of
Cn and Pt were significantly higher than those of Gn and Sy.

Gn,, (rats 14 wecks old fed on wheat gluten) had significantly less N2,
N/W 9, and N (g) in Expt. 2 than Gn,, in Expt. 1. They did not differ signifi-
cantly in N (g), when Gn was corrected for the average difference in liveweight,
which was 10 g and not significant. Gn,g in Expt. 2 had less N9, N/W %, and
N (g) and more liveweight (6 g) than Gn, ; sacrificed in Expt. 1. These differences
between the two experiments were only significant for N %. The Gn,, sacrific-
ed in Expt. 2 had less N$;, N/W %, and N (g) and liveweight (32 g) than Gn,,
in Expt. 1. These differences between the two experiments were only signifi-
cant for N and liveweight. N %, N/W %, N (g) and liveweights of Cn,, sacrific-
ed in Expt. 2. were between the values of Cn 45 and Cn 4 sacrificed in Expt. 1.
Cn, 4 sacrificed in Expt. 2 had less N%, N/W 9 and N and more liveweight
(5 g) than Cn,, sacrificed in Expt. 1. These differences between the two experi-
ments were only significant for N% and NfW %/, The Cn;,, sacrificed in Expt. 2
had the same average weight (243 g) as Cn,, in Expt. I. There were no significant
differences in N 9, N/W %, and N (g) between these rats in the two experiments.,

5.2.3. Trial3

Table 16 shows average body composition of three replicates of male and
female rats fed to appetite, on casein or wheat gluten for an hour a day.

In males, Cn had significantly more DM % (1.9 units) than Gn but in females,
Cn had significantly less (1.4) than Gn. In Cn, males had significantly more DM
% (1.7) than females but in Gn, males had significantly less (1.6) than females.

Inmales, F % of Cn was insignificantly higher (2.5) than of Gn, but in females,
that of Cn was significantly less (2.4) than of Gn. In Cn, males had significantly
higher F 9/ (3.4) than females but in Gn, males had significantly less (1.5) than
females. g

There was no significant difference in N9, between Cnd and Gnd, between
Cn% and Gn@, between Cnd and Cn? and between Gnd and GnQ.

In males, FDM %, of Cn was insignificantly higher than of Gn. FDM %, of
Cn% was significantly lower than of Gn%. In Cn, males had significantly higher
FDM % than females but in Gn males had insignificantly lower FDM %/ than
females.

There was no significant difference in NDM % between Cnd and Gngd, be-
tween Cn% and Gn®, between Cng and Cn? and between Gngd and Gn?. There
was no significant difference in N/W % between Cnd and Gnd, between Cn?
Gng, between Cnd and Cn? and between Gnd and Gn%.

In males, Cn had significantly more DM (g) than Gn but in females, Cn had
insignificantly less than Gn. On casein or wheat gluten, males had significantly
mote DM (g) than females.
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In males, F (g) of Cn was significantly higher than of Gn but in females, Cn
had significantly less than Gn. Males had significantly more F(g) than females
on the same protein.

Cn had slightly but insignificantly more N (g) than Gn (the same sex). Males
had significantly more N (g) than females on the same protein.

A significant difference in W9, was not always associated with a significant
difference in N'%, N/W %/, quantity of W or DM of the same rats. Although
rats of casein differed significantly in DM % from rats fed on wheat gluten and
of the same sex, their liveweights did not. In spite of the significant difference in
F % of females between the two proteins, there were no significant difference in
N2,

3.3 Discussion
{Body composition)

The methods of analysis do not yield the exact amounts of water (W), fat
and protein in the body. Complete recovery of the entire weight of animals by
determining chemical components is not expected. However the experimental
errors are relatively small. W, even allowing for bound W, was not all the water
in the body but a large majority of it under standard conditions in the three
experiments. The materials extracted by ether were designated crude fat (F)
in accordance with the AMERICAN ASSOCIATION OF OFFICIAL AGRICULTURAL
CHEMISTS (1965). The ether extract contains not only triglycerides but also other
fatty materials. There is a small amount of fatty materials in cells which is not
extracted by the method used. Furthermore, not all nitrogen (N) determined
was protein N. The usual factor to convert N to ‘crude protein’ is 6.25 but
the conversion factor varies between proteins. Factors of 5.7, 6.38 and 5.34~
6.00 were reported for cereal proteins (TkACHUCK, 1966b), milk proteins
(McCance and WibpowsoN, 1960) meat proteins (HARTOG, 1966), respec-
tively. Therefore, N was reported as such in the tables and the term protein re-
fers to crude protein in the ensuing discussion, Generally many ways of analysis
may lead to the object; the best way will depend on the purpose of the study and
the practical possibilities for the measurements. Although different chemical
methods of estimation of a component may give different values, HAaTAI (1917)
indicated that in view of size of individual variation such a difference can be
neglected. The total W of the body was the largest single component on direct
chemical analysis, W% was not reported in the result, as it can be easily derived
by substracting DM % from 10Q. Hence, an increase in DM %, means a decrease
in W %. The coefficient of variation for W ¥ is less than for DM %, as the stan-
dard deviation is the same for DM 9, and W %/, and W % is greater than DM %},
in the rat. The sum of W, F and protein accounted for 4 957 of liveweight
excluding salts which were not estimated.

The rat with most F % in a group at any time had least W %, N% or NDM %;.
This is not mainly due to the replacement of W or N by F. The calculated N9,
on a fat-free basis and N/W 9/ for the rat of the highest F %, were neither the
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highest nor the lowest within the rats sacrificed from a group in a period._ Con-
sequently, this increase in F 37 is to a large extent due to the accumalation of
water-free F in the body. Generally, the change in F% had a greater effect
on DM % than that in N 2, because changes in F 3] were mostly larger.

The individual variation in F 9, was mostly larger than that in N9, DM 2] or
W /. This can be indicated by calculating the coefficients of variation of these

constituents for the same rats. This would show that N %/, DM 97 or W%/ varied
in relatively narrow limits. Hence, N/W %, would vary similarly, which agrees
with the resuits of Bressani et al. (1965). The significant differences in N %,
and N/W % in the results of the experiments indicated that the relative constancy
of these parameters was affected by the kind of protein fed in a restricted amount
during the long period in Expt. 1 and 2.

It is usually assumed that rats sacrificed at a specific age should be similar in
gross body composition to other rats, if they were sacrificed at that age. This
assumption is substantially correct, if the number of animals is statistically
enough. This number depends on variation of the constituent studied. Unfortu-
nately, too few rats could be analysed on some occasions. The DM, F and N (g)
in the rats increased with age. These increases were sometimes statistically in-
significant. However, it is logically a real increase. Statistically the level of
significance may be obtained by increasing the number of animals or the diffe-
rence magnitude by prolonging the experimental period. Because the same rat
could not be analysed at different ages, there were some discrepancies in the ef-
fect of age on body composition. Since rats sacrificed from the wheat-giuten
group at the fourth stage of Expt. 1 had 2 % more F than those at the third stage,
a similar increase in DM Y, was expected, which was not actually observed.
Statistically, the increases in F $ (29} and in DM 9 (0.1 %) of the wheat-gluten
group during the fourth period of Expt. 1 were insignificant, Generally, the
increases in N 9 throughout the experiments were smaller than those of F%.
Therefore NDM 7/ decreased throughout the experiments. In general, the DM %,
F%,N%,DM,W, F and N (g) increased with age, whereas the W%, decreased.
These effects of age on body composition were more marked earlier in life than
later. These conclusions generally agree with those reported by others (HATAL,
1917; SprAY and WIDDOWSON, 1950).

When the 45 observations of DM % in a group (3 replicates x15) were used
instead of the three observations of Expt. 3 (the three averages of the three re-
plicates) in t test, it resulted in a higher probability of significance. It seemed
that if the number of F %, observations in Expt. 3 was increased from 3 to 45,
the difference in F §; between Cnd and Gng would achieve significance (P < 0.05).
This might be unexpected for the differences of N %, between Cn and Gn of the
same sex in Expt. 3.

The data show that calculating N %; from the estimated DM %, or W ¢/, would
not be completely successful and body composition cannot be compietely pre-
dicted from the liveweight. However, body analysis did not yield any more use-
ful information in ranking the proteins than that obtained from liveweight, ex-
cept as confirmation.
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On feeding a restricted amount of protein, data of Expt. 2 confirmed and
extended the observations of Expt. 1, indicating that intake of the similar
amounts of different N sources for a longish period resulted in significant dif-
ferences in N %, N/W %, quantities of DM, F and N of the animals. Further-
more, F%, of the total of potato group sacrificed in Expt. 2 was significantly
more than that of soya group. This shows that the quality of protein can signi-
ficantly affect body composition. Generally, the superior protein alters body
composition more rapidly than the inferior one. These differences would de-
crease if the experiment was prolonged as long as the deficiency is not too
severe. Generally, the effect of changes in the percentages of the estimated
constituents on their amounts were too small compared with changes in live-
weight.

In Expt. 1 and 2, the rats of the same group were from the same colony and
were treated alike in the trials except in the training period and in age at the be-
ginning of the experiments. Cn was more similar in composition in Expt.  and
2 than Gn, probably because Cn from 7 to 10 weeks old in the two experiments
was more similar in the protein quality fed than Gn. The similarity of the ex-
perimental procedures in Expt. 1 and 2 would be expected to yield values more
similar than those cited under other experimental details in the literature. How-
ever, a comparison of groups on the same protein in Expt. 1 and 2 revealed
some significant differences in body composition. Hence comparison of these
values with those in the literature would reveal more variation which mostly
depends on the differences in the experimental procedures. Generally vatues of
body composition reported by different investigators are highly various
in strain, age, number of animals, feeding, method of analysis, statistical evalua-
tion and other points in the experimental procedures to be judged for all the
true causes of differences.

With casein to appetite, F %, in males was significantly higher than in females
but with wheat gluten significantly lower. This contradictory results were not
associated with marked differences in the liveweight or total feed intake of Cn
and Gn of the same sex. The higher F %, in males than in females disagrees with
the results of SPray and WipbowsoN (1950). However, the data of BRESSANI
et al. (1965) show that males exceeded the females in F% and the reverse ac-
cording to the protein fed in their short experimental period and in general
agreement with the results of Expt. 3. These data point out the well known rela-
tion between protein metabolism and the metabolism of energy-yielding sub-
stances which seemed to be affected not only by proteins, but also by sex. The
mechanisms, whereby this results in rats, may include a diminished thyroid ac-
tivity, contributing to the deposition of the extra fat and probably leading to
changes in the metabolism through alternative enzymic pathways of interme-
diate metabolism, KaunItz (1958) reported that certain constituents in the diet
may give a similar effect.

Sex has no significant effect on N/W 9/, when the protein was given to appetite.
Furthermore, the average N/W 9, of males was higher than that of females
fed on the same protein. This disagrees with the conclusions of DrevER (1957)
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and Henry and TooTHILL (1962} but agrees with the findings of BENDER and
MiLLer (1953) and RAaFALSKI and NoGaL (1966).

N (g} in Cn did not differ significantly from that in Gn of the same sex, when
protein was to appetite, in spite of the difference in the protein quality. Animals
adapted themselves to the difference in the protein quality by a greater intake of
inferior protein than of superior, High intake of wheat gluten seemed to increase
the amount of the limiting amino acids, and extra amino acids seemed to be
converted to energy.

Giving the protein to appetite (Expt. 3) resulted in a significant difference be-
tween DM %, of the males on casein and wheat gluten, whereas giving a restrict-
ed amount of protein (Expt. 1 and 2) did not. This can be attributed partly to
F%,. Difference in W%, or N/W 9 between males on casein and wheat gluten
attained the significant level on giving restricted amounts of protein, whereas it
did not on protein to appetite, The same was true for N quantity. This is mainly
clear from the significant difference in liveweights between males on restricted
amounts of casein and wheat gluten, whereas liveweights of males fed on to
appetite casein and wheat gluten were similar at the end of Expt. 3. In spite of
the difference in the total energy intake, males on casein did not differ signifi-
cantly from males on wheat gluten in their F9, when they ate the protein re-
stricted or to appetite, partly because of the relatively large variation in F% of
the rats,

Male rats fed on restricted amounts of protein (Expt. ! and 2 )had signifi-
cantly lower DM %}, F% and N/W 9/ than males of similar age and given the
same protein to appetite (Expt. 3). The N9 of the male rats on a restricted
amount of protein was less than that of the males of similar age and fed on the
same protein to appetite. The difference in N %; achieved the significance between
feeding on restricted wheat gluten and to appetite, whereas it did not between
feeding on casein restricted and to appetite. The quantities of DM, F and N in
the males fed on restricted amounts of casein and wheat gluten were lower than
those of the males of similar age and fed on the same protein to appetite, due
to the lower liveweight and percentages of body constituents. This may indicate
that giving protein to appetite enables the animal to attain the genetically de-
termined properties sooner than giving the restricted amount of protein.

Mostly, the effect of dietary proteins on body composition (percentages) did
not reveal significant differences. This shows that the body exhibits a remarka-
ble compositional homoeostatis. Nevertheless, this constancy can be altered
by dietary proteins. Alteration depends on the inferiority and feeding period.

5.4, CONCLUSIONS

{Body composition)
On feeding males on the same amount of N (192 mg daily), the quantities
{DM, F and N} and the percentages of the body components (DM %, F%, N%,

FDM$%, NDM %, N/W %) differed significantly between the animals fed
on superior proteins (casein and the third potato protein) and between those
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on inferior proteins (wheat gluten and soya protein) in some cases. The signifi-

cant differences between rats fed on superior and inferior proteins were as fol-

lows: :

a. quantities of DM and N between the rats fed on casein and wheat gluten and
sacrificed at any of the four stages of Expt. 1

b. quantities of F between the rats fed on casein and wheat gluten and sacrificed
at the second stage of Expt. 1

c. N% between the rats fed on casein and wheat gluten and sacrificed in the
fourth stage of Expt. 1

d. N/W ¢/ between the rats fed on casein and wheat gluten and sacrificed at the
second or fourth stage of Expt. 1 (end)

e. N% and N/W 9, between rats fed on casein and wheat gluten and sacrificed
at 3.5 months old, 5.5 months old or as a total (10 rats) in Expt. 2

f. DM % between rats 3.5 months old fed on potato protein and soya protein in
Expt. 2

g. F%, between the total of ten rats, sacrificed during the three stages, fed on
potato protein and soya protein in Expt, 2

h. FDM %, between the total of ten rats fed on potato protein and soya protein
in Expt. 2

i. quantities of DM, F and N of any combination between the casein group or
potato group and wheat gluten group or soya group for each subgroup sa-
crificed at any specific stage or the total of a group sacrificed at the three stag-
es of Expt. 2.

These significant differences indicate that the superior protein can significantly
increase not only the quantities of body components (DM, F and N), but also
their proportions compared to the inferior protein, Furthermore, N % and N/'W %,
are slightly, though significantly, affected by the quality of the protein given in
a restricted amount for longish experiment.

Although giving the protein to appetite did not result in significant differenc-
es between the weights of casein and wheat gluten groups of the same sex at the
end of Expt. 3, significant differences between their body constituents were found
in some cases, i.e., DM Y%, F%, FDM Y%, quantities of DM and F, but not
NDM %, N/W?Y, and the quantities of N. These differences of male rats fed
on either protein differed in some instances in their significance and direction
(positive or negative difference) from the female rats fed on the same proteins.

In general, age influence was confirmed by a decrease in W 9 and an increase
in N%, F% and quantities of DM, F, W and N.
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6. FREE AMINO ACIDS IN BLOOD

6.1. INTRODUCTION

Free amino acids in blood are the building blocks of protein metabolism. They
are derived mainly from dietary protein and breakdown of tissue protein and
can be synthesized into cellular structures, broken down or absorbed while re-
maining chemically intact. The body contains less amino acids in free form than
in protein-bound form. Concentrations of free amino acids in blood are less
than in tissues and dynamic relationships exist between blood and tissue levels.

During the last decade free amino acids in blood have increased in significance
because of improvements in methods of estimation. Values might indicate in-
born errors in amino acid metabolism (HOLT and SNYDERMAN, 1964), protein
adequacy of the diet (ALMQuisT, 1954; SNYDERMAN et al., 1968), amino acid
requirements (McLauGHLAN, 1967) and amino acid availabilities (GUGGEN-
HEIM et al., 1960; CHILDs and Comas, 1964). WHITEHEAD and DEaN (1964) re-
ported that values were reliable indicators of protein malnutrition before there
are gross clinical symptoms. PEREIRA et al. (1968) suggested amino acid ratios
as a parameter for assessing nutritive value of a dietary protein and nutritional
status of a community. Many studies have shown that after animals eat a pro-
tein, limiting amino acids decrease in blood relative to other amino acids
{LoNGENECKER and HAUSE 1959; MoRrRIsON et al,, 1961; PucHAL ¢t al., 1962,
HnrL and Ousen; 1963 and SweNDSEID et al., 1963). DeaN and Scotr (1966}
used free amino acids in chicken blood to detect deficiencies and excesses of
dietary amino acids.

Generally, changes in levels of free amino acids in the systemic blood after
protein meal depend upon the previous levels before protein-feeding, the a-
mount and the composition of the protein, rate of the stomach emptying, the
rate of release of free amino acids from the protein during digestion, the availabi-
lity of amino acids, the rates of absorption of amino acids, the amino acid me-
tabolism of absorbing cells, the role of the liver in regulating amino acid me-
tabolism and the rates of removal of the absorbed amino acids from the blood.

Although free amino acids in blood have proved a reasonable criterion, re-
sults have been conflicting. Several factors can inierfere and further investiga-
tions are still needed. In most studies large amounts of proteins have been used
for short periods, whereas especially in developing countries people eat little
protein. Probably such human diets are less deficient in one or more amino acids
than experimental proteins or amino acids.

I studied free amino acids in blood at different stages in Expt. 2 and Trial 3.
In Expt. 2, I estimated levels of free amino acids in blood before and after the
rats had eaten 192 mg nitrogen from casein, potato protein, wheat gluten or
soya protein. In Trial 3 where blood samples were taken from the same rats
except at birth, only fasting values at about 4, 12 and 24 weeks of age were
estimated before providing casein and wheat gluten to appetite for one hour
daily. Information with respect to these concentrations of free amino acids in
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blood may provide valuable indexes of metabolic interrelationships and clue to
the reactions involved in protein nutrition.

6.2. RESULTS

(Free amino acids in blood)
6.2.1. Experiment 2

Fig. 3A.-6C. show the levels of free amino acids in blood of Cng (Fig. 3),
Pt3 (Fig. 4), Gng (Fig. 5) and Sy (Fig. 6) at three ages after the protein depriva-
tion for 23 hours, with protein-free diet to appetite (first sampling = fasting
level), and 45 and 105 min. after giving the 192 mg N (second and third samp-
ling). Fasting values in Pt, 5 are not available.

Values were usually higher after than before the protein meal and the highest
percentage increases were generally observed in Cn, .

Individual decreases in values at the second sampling were as follows:

a. Cn,q: none {Fig. 3A.). Cn,,: histidine (12%), arginine (5) %, glycine (13%),
alanine (129%), serine (7°%), and glutamic acid (49) (Fig. 3B.). Cn,5: argi-
nine (3 %), taurine (12%7), glycine (1297), alanine (7 %), glutamic acid (5 %) and
serine (1 %} (Fig. 3C.).
b. Pt;,: methionine (379;), histidine (23%), arginine (22%), valine (5%),
total essential amino acids (457), taurine (28 ), glycine {19%7), alanine (15
%), glutamic acid (159%), and serine (12%;) (Fig. 4A.). Pt,4: threonine (2%),
histidine (2 %), serine (6 %;), alanine (5 %), glutamic acid (2 %) and glycine (1 %)
{Fig.4C.).
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FiG. 3A. Levels of free amino acids in the blood of male rats 10 weeks old fed on caseine
(Cnyod) before and after feeding 192 mg N. Rats were in Week 3 of Expt. 2.
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Fig. 3B. Levels of free amino acids in the blood of male rats 14 weeks old fed on casein

(Cn,43) before and after feeding 192 mg N. Rats were in Week 7 of Expt. 2.
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FiG. 4A. Levels of free amino acids in the blood of male rats 11 weeks old fed on potato pro-
tein (Pt,,3) before and after feeding 192 mg N, Rats were in Week 4 of Expt. 2.
See Fig. 3B. for times of sampling.
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FiG. 4B. Levels of free amino acids in the blood of male rats 15 weeks old fed on potato pro-
tein {Pt;sJ) after feeding 192 mg N. Rats were in Week 8 of Expt. 2. See Fig. 3B.
for times of sampling.
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Fig. 4C. Levels of free amino acids in the blood of male rats 19 weeks old fed on potato pro-
tein (Pt;53) before and after feeding 192 mg N. Rats were in Week 12 of Expt. 2.

c. Gn,,: arginine (229,), Iysine (119), histidine (9 %), glutamic acid (11%),

glycine (5%) and alanine (1%) (Fig. 5A.). Gn,q: arginine (3%}, taurine
{17%;) and glycine (8 %) (Fig. 5B.). Gn,q: nothing (Fig. 5C.).
d. Sy,;: methionine (409,), histidine (27 %), arginine (119%), threonine (9%),

total essential amino acids (5%), lysine (3%;), glycine (30%), serine (21 %),
alanine (14 %)), and glutamic acid (14%,) (Fig. 6A.). Sy,,: methionine (10%)),
glutamic acid (59%,), glycine (4 %) and alanine (2%,) (Fig. 6B.). Sy,, : methionine
{13%7), glycine (12 %), glutamic acid (8 %) and serine (3 %) (Fig. 6C.).
Most of the decreases in values at the second sampling were reversed at the
third sampling. Exceptions to this were: in Cn,, arginine (18 %), histidine (10
%), glutamic acid (6 %)), glycine (6%;) and alanine (2°); in Cn,q alanine (7%);
in Ptyy glutamic acid (4%)); in Gn,s arginine (397) and glycine (11%); in
Sy, methionine (36 %) and glycine (5%). If an amino acid did not decrease at
the second sampling, it sometimes did so at the third sampling in relation to
fasting level: in Cn,, phenylalanine (39); in Gn, 4 lysine (22%,) and histidine
(1%). Sometimes, an amino acid which decreased at the second sampling and
increased at the third sampling did not attain the fasting level, These amino
acids were glutamic acid in Pt,,, alanine in Pt,,, lysine in Gn, , and methionine
in Sy,,.

Average values at the three ages increased in each group after the protein meal
at the second or third sampling, Exceptions to this were: '
a. inCnnone
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(Gn,s3) before and after feeding 192 mg N. Rats were in Week 9 of Exnt. 2. See

FiG. 5B. Levels of free amino acids in the blood of male rats 16 weeks old fed on wheat gluten
Fig. 4C. for times of sampling.
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Fic. 5C, Levels of free amino acids in the blood of male rats 20 wecks old fed on wheat gluten
(Gnapd) before and after feeding 192 mg N. Rats were in Week 13 of Expt. 2.
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FiG. 6A. Levels of free amino acids in the blood of male rats 13 weeks old fed on soya protein
(Sy133) before and after feeding 192 mg N. Rats were in Week 6 of Expt. 2. See
Fig. SC. for times of sampling.
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b. in Pt at the second sampling methionine (159%), histidine (149%), arginine

(13%), threonine {<C 0.577). alanine (20%), glycine (11%), serine (99%),

glutamic acid (8 %) and taurine (<< 0.5%) and at the third sampling alanine

(14 %), glutamic acid (4 %;) and glycine (3%)

in Gn at the second sampling arginine (5 %)

. in Sy at the second sampling methionine {23 %), glycine (16 %), glutamic acid
(99%), serine (5%) and alanine (I1%,) and at the third sampling methionine
(187%).

On average of about 22 changes after the protein meal, there was an increase
in all amino acids: tyrosine (90%;), isoleucine (65%%), leucine (559%), valine
(50%), phenylalanine (389;), taurine (28°%;), threonine (239, lysine (20%)),
arginine (20%;) methionine (18%,), serine (18 %;), histidine (9 %), alanine (5%),
glycine (2 9;) and glutamic acid (2 7).

"The range in the levels of each amino acid in a group (three ages) at fasting
(3 values mostly) or after protein-feeding (6 values mostly) overlapped with that
of the other three groups. Exceptions were:

a. Threonine was higher in fasting Pt than in other fasting groups and less in

fasting or protein-fed Gn than in any other group.

b. Lysine was less in Gn before or after the protein meal than in other groups.

c. Taurine was more in fasting Gn than in any other group.

d. Tyrosine differed between fasting Cn or Pt and Gn and between protein-fed
Cn and Gn. The differences disappeared if tyrosine and phenylalanine were
added together.

e. Serine differed between fasting Gn and Pt or Sy but total of serine and glyci-
ne was similar.

f. Glutamic acid was higher in fasting Pt and lower in fasting or protein-fed
Gn than in the other three groups.

(=W ¢}

Among fasting rats, average values were highest for lysine, valine, isoleucine,
leucine, methionine, tyrosine, serine and alanine in Cn; threonine, glycine and
glutamic acid in Pt; taurine in Gn; phenylalanine, histidine and arginine in Sy.
Among protein-fed rats, the same was found but average values of serine in Cn
and isoleucine and alanine in Sy were higher than in the other three groups.
Generally, levels of most amino acids were higher in Cn and lower in Gn than
in other three groups.

The highest value for any amino acid was 91 pmole for glutamic acid in Pt,
at the second sampling and the lowest 3.0 pmole for methionine in Gn,, at
the first sampling. The highest levels were usually glutamic acid followed by
alanine and the lowest methionine. Of the essential amino acids, the highest levels
were usually threonine followed by lysine and the lowest methionine, Average
fasting levels were in the descending order glutamic acid, alanine, threonine,
serine, lysine, taurine, glycine, arginine, valine, leucine, isoleucine, histidine,
tyrosine, phenylalanine and methionine.

- Fasting values were lower in Cn,g than in Cn,, or Cn ;o and higher in Cn,,
than in Cn,,. Average levels after protein-feeding were, however, lower in Cn 4
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or Cn,, than in Cn,,, except for taurine (24 %4), tyrosine (2 %) and methionine
(1%) in Cn,,. Average levels after protein-feeding were lower in Cn, 4 than in
in Cn,4. Fasting levels were lower in Pt, 4 than in Pt ,, except for glutamic acid
(69) and taurine (3%,). Average levels after protein-feeding were lower in Pt 4
or Pt,s than in Pt,,, except for taurine (34 %) and glutamic acid (13 %) in Pt,,
and taurine (24%), glutamic acid (169) and alanine (3%,) in Pt,s. Average
levels after protein-feeding were lower in Pt,, than in Pt, s, except for taurine
(89). Fasting levels were lower in Gn,, or Gn,, than in Gn,,, except for
lysine {8¢%,) in Gn;, and threonine (49;) in Gn,s. Fasting levels were lower
in Gnyo than in Gngg, except for lysine (31%) and glutamic acid (11 %%).
Average levels after protein-feeding were lower in Gn,e or Gn,g than in
Gn,,, except for lysine (439%), taurine (13%), and phenylalanine (5%) in
Gn,, and serine (79) and tyrosine (<<0.5%;)) in Gn,q. Average levels after
protein-feeding were lower in Gnyg than in Gnge, except for tyrosine (209),
serine (10%;), alanine (5%) and valine (3%). Fasting levels were lower in Sy,,
than in Sy, 5, but higher in Sy ,,than in Sy, ;, except for taurine {22 9;), tyrosine
(5%), threonine(2 %;)and arginine (<<0.5 %) in Sy, ;. In consequence, fasting levels
in Sy, were lower than in Sy, 5, except for taurine (15 %). Average levels after pro-
tein-feeding were lower in Sy,, and Sy,, than in Sy, ;. Exceptions to these were
threonine (14 %), serine (14 %), histidine (13 %), glutamic acid {11 %), isoleucing
(3%), glycine (2%4), leucine (! %) and lysine (< 0.5%) in Sy, and threonine (8 ;)
and serine (2%() in Sy,,. The average levels after protein-feeding were lower in
Sy;; than in Sy, 4, except {or taurine (23 %). Usually amino acid levels before or
after protein-feeding decreased with age but there were clear exceptions.

Each essential amino acid in Fig. 3-6 was recalculated as percentages of the
total essential amino acids. Generally, the variations in essential amino acid levels
after protein-feeding or at different ages were reduced by expressing them
as percentages of the total.

TaBLE 17. Average essential amino acids in Expt. 2 expressed as percentages of total essential
amino acids

Casein group Potato group Wheat-gluten Soya group

(Cn) {PY) group (Gn) (5y)

Threonine 26.2 39.3 22.5 26.2
Lysine 227 16.7 13.2 18.8
Valine 12.8 10.3 12.2 119
Leucine 10.8 9.7 13.5 11.7
Isoleucine 58 5.0 6.1 6.2
Histidine 4.2 1.5 59 . 4.9
Phenylalanine 4.0 18 53 45
Methionine 28 2.0 3.2 2.0
Arginine 10.5 9.5 14.2 13.9
‘Total essential )

amino acids 1009, 1009, 10094 1009,

1, Values in parenthesis are the changes since the previous.
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Therefore, Table 17 represents the average of these calculations for each group.

The decreasing order, threonine, lysine, valine, leucine, isoleucine, histidine,

phenylalanine and methionine was similar in the blood samples. The excep-

tions to this were as follow:

a. Lysine was less than valine and leucine in protein-fed Gn,; and Gn,,.

b. Valine was less than leucine in 8 out of 9 cases in Gn.

¢. Isoleucine was less than histidine in 2 of the 3 samples in fasting Gn,,, Gn,¢,
Sy, and Sy, .

d. Histidine was usually less than phenylalanine in the four protein-fed
groups.

Arginine was more than histidine and sometimes than lysine. Generally,

arginine varied in order more than other essential amino acids. Ratios of threo-

nine to other essential amino acids, ratios of valine to leucine, isoleucine or

phenylalanine, ratios of leucine or isoleucine to phenylalanine and ratios of

histidine to phenylalanine were higher in the blood samples than in the proteins.

6.2.2. Trial 3

Fig. TA shows the free amino acid levels in blood of newborn rats and their
mother, Fig. 7B-D shows average fasting levels of free amino acids in blood of
replicates of male or female rats fed to appetite on casein or wheat gluten for
one hour daily, when they were about 4, 12 and 24 weeks old in Trial 3. Un-
fortunately, certain blood samples were not available for analysis:

a, Sample C of the newborn rats and Sample C of their mothers (2 samples

out of 6).

b. Eleven samples out of 12 taken at weaning; the remaining sample was

Cn A,
¢. Two samples out of 12 taken in Week 8 at 12 weeks of age, i.e., Cn,,J3€ and

Cn,,$°.

6.2.2.1. Newborn rats and their mothers

Average respective values for histidine, glycine, valine, tyrosine, phenylalani-
ne, methionine, leucine, isoleucine and serine levels in the two samples from
newborn rats were 193, 112, 67, 55, 44, 33, 29, 26 and 19, more than in their
mothers, whereas glutamic acid, alanine, threonine, taurine, arginine and lysine
levels were less (59, 32, 22, 19, 15 and 89). The trend in the difference between
levels of amino acids in each sample of the newborn rats and their mothers re-
sembled the average trend, except for lysine and serine. Lysine level of newborn
rats was 28 % lower in the pooled Sample A and 129 higher in the other Sample
B with a lower average (8 %) compared with their mothers. Serine level of Sample
A and B in new born rats was lower and higher, respectively, than in their
mothers. The ratio eesential: non-essential free amino acids in blood was larger
in newborn rats than in their mothers.

66 Meded. Landbouwhogeschool Wageningen 70-4 (1970)



I Sample A, of newborn rats

100 -
E Sample Az of tha mothers of newhorn rats in
Sample A,
a | D Sample B of newborn rats
o
=] p
m 50 § Sample B; of the mathars of newborn rats in
§ = Sample. By S
H 8 1
< Y H =SS
w ] mr = B
3 -4 H H - -l =N
H B H HN B
O H BB § HH HS
: {E{E 1 B By
2 H HY BHH mh
1 H B H HH
o LGN BE HH B

b
5]
®

2
E
]

=2

(&)

Iscleucine
Histidine
yrosine
Taurnne
Glygine
Serine
Alanine

Arginine
T

Threonine
Lysine
Valine
Leucine

°
s
=
e
£
i)
=
d of newborn rats and their mothers after

FiG. TA. Levels of free amino acids in the bloo
delivery in Trial 3.

100
a -
g _
o J
oad
2 50
E
8
pag
w4
-
(=]
2-
1- Hl-l
0 0dnnnitln
g .
@ ® s £
< c o = =
T s F E B § g 2 o o @
hagqgifggo—ﬁc—::ﬁ;

Fic. 7B. Fasting levels of free amino acids in the blood of female rats 4 weeks old after feeding
a protein-free diet to appetite for the 23 hours following weaning of Replicate A
which was given casein to appetite after sampling the blood. Rats (Cn,3*) were at the
beginning of Expt. 3.

Meded, Landbouwhogeschool Wageningen 704 (1970) &7



l males on casaein (CnJ)

E males on wheat gluten (Gnd')

P77 O n T Y I T T T
(777 T T RERREEEEE LI LT

fernales on wheat gluten (Gn @)

D females on casein (Cn Q)

I,

100

aoo1a W ooL/TToON 7

suuefy
suueg
A
suune ]
BUISOIAL
suubny
esutuoIIeN
euuegjAusyd
supnsiH
SUIINTJOS|
eUINe"|
aultep

BUISA]

SuIOBIY ),

Fig. 7C. Average fasting levels of free amino acids in the blood of replicates of rats 12 weeks

old fed on the protein to appetite for one hour daily. Rats were in Week 8 of Expt. 3.
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old fed on the protein to appetite for one hour daily. Rats were in Week 20 Expt. 3.

See Fig. 7C. for dietary groups.
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6.2.2.2, Differences in amino acid levels between rats on casein
and wheat gluten to appetite (Expt. 3)

The range in values in replicates of Cn was compared with that of Gn of the
same age and sex. Differences in any two ranges of Cn and Gn, which did not
overlap between two groups were calculated as follows:

a. Protein difference (D}) as an absolute value = the lowest value (umoles/100
ml blood) of the higher range — the highest value of the lower range.

b. Percentage of protein difference (D,%) = D, x 100/lowest value of the
higher range.

Values of D, %, were arranged in decreasing order and followed by the values
of D, between brackets.

I. Male rats twelve weeks old. The range in valine, leucine, isoleucine, histidine,

phenylalanine, methionine, arginine, serine, alanine, total non-essential
amino acids or total amino acids overlapped in replicates fed on the two pro-
teins (casein and wheat gluten) to appetite. The lowest value of threonine, lysine,
total essential amino acids or tyrosine in replicates fed on casein was higher
than the highest value in repicates fed on wheat gluten, whereas the reverse was
found for taurine and glycine. The value of D, %, was 45, (22) for lysine, 18 %/,
(11) for taurine, 16 % (8) for threonine, 139/ (28) for total essential amino acids,
1% (1) for glycine and 1%, (<< 0.5) for tyrosine.

I1. Female rats twelve weeks old. The range in lysine, valine, leucine, isoleucine,

histidine, phenylalanine, methionine, arginine, total eesential amino acids,
tyrosine, taurine, serine or total amino acids overlapped in replicates of Cn;,%
and Gn,,%. The lowest value of threonine in replicates fed on casein was higher
than the highest in replicates fed on wheat gluten, whereas the reverse was found
for taurine, glycine, and total non-essential amino acids. The value of D, %,
was 159 (8) for threonine, 7% (15) for total non-essential amino acids, 5%
(2) for glycine and 2% (1) for taurine.

III. Male rats twenty-four weeks old. The range in lysine, valine, leucine,

isoleucine, histidine, phenylalanine, methionine, arginine, total essential
amino acids, tyrosing, taurine, glycine, serine, alanine, total non-essential ami-
no acids or total amino acids overlapped in replicates of Cn,,3 and Gn,,d.
The lowest value of threonine in replicates fed on casein was higher than the
highest in replicates fed on wheat gluten. The value of D, % was 129 (5) for
threonine. :

IV. Female rats twenty-four weeks old. The range in lysine, isoleucine, histi-

dine, phenylalanine, methionine, tyrosine, taurine, glycine, serine, alanine
or total non-¢ssential amino acids overlapped in replicates of Cn,,? and Gn,,?.
The lowest value of threonine, valine, leucine, arginine, total essential amino
acids or total amino acids in replicates fed on casein was higher than the highest
value in replicates fed on wheat gluten. The value of D, %, was 18% (11) for
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threonine, 129 (23) for total essential amino acids, 129 (3) for arginine, 6%
(1) for valine, 6 % (1) for leucine and 4 % (15) for total non-essential amino acids.

6.2.2.3. Sexual differences in amino acid levels (Expt. 3)

The range in levels of each amino acid in replicates of male rats was compared
with that of female rats fed on the same protein to appetite and for the same
age. Difference in any two ranges, which did not overlap in the two sexes were
calculated in the same way as D, and D, %, but were designated D, and D, %,
respectively, i.e., sexval difference absolute and as a percentage. Reported
values of D, %, were arranged in decreasing order and followed by the values
of D, in parenthesis.

I. Rats twelve weeks old fed on casein (Cn,,). The range in methionine, argini-

ne, taurine, glycine, serine or total non-essential amino acids overlapped in
the two sexes. The range in threonine, lysine, valine, leucine, isoleucine, histidi-
ne, phenylalanine, total essential amino acids, tyrosine, alanine or total amino
acids in the males was higher than in females. The value of D, % was 249 (3)
for isoleucine, 229 (3) for tyrosine, 19% (9) for lysine, 19% (4) for valine,
1292 (26) for total essential amino acids, 11 % (2) for leucine, 6%, (23) for
total amino acids, 6%, (<< 0.5) for histidine, 49/ (2) for alanine, 4%; (2) for
threonine and 19 (<< 0.5) for phenylalanine.

I1. Rats twenty-four weeks old fed on casein (Cn,,). The range in valine, leu-

cine, isoleucine, histidine, phenylalanine, methionine, arginine, total essen-
tial amino acids, tyrosine, taurine, glycine, serine, alanine, total non-essential
amino acids or total amino acids in the blood overlapped in the two sexes. The
range in lysine or threonine in females was higher than in males. The values of
D, % were 14 % (8) and 79 (3), respectively, for lysine and threonine.

II1. Rats twelve weeks old fed on wheat gluten (Gn,,). The range in threonine,

valine, leucine, isoleucine, histidine, phenylalanine, methionine, arginine,
total essential amino acids, tyrosine, taurine, glycine, serine, alanine, total-non-
essential amino acids or total amino acids overlapped in the two sexes. The ran-
ge in lysine in females was higher than in males. The value of D, % was 239 (8)
for lysine.

IV. Rats twenty-four weeks old fed on wheat gluten (Gn,,). The range in lysine,

valine, leucine, isoleucine, histidine, phenylalanine, methionine, arginine,
total essential amino acids, taurine, glycine, serine, alanine, total non-essential
amino acids, or total amino acids overlapped in the two sexes. The range in
threonine in blood of females was higher than in males, whereas the reverse was
found for tyrosine. The value of D, %, was 8 % (3) for threonine and 4 % (<< 0.5)
for tyrosine.
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6.2.24. Changes in amino acid levels of the same rats at dif-
ferent ages (Expt. 3)

The changes in levels of free amino acids in the blood with age were consider-
ed as absolute and relative values. Changes in amino acids at two ages of the
same replicate were calculated according to these two formulae:

a. Age difference (D,) as an absolute value = amino acid level in wmoles/100 ml
blood - respective level at the preceding age

b. Percentage of age difference (D, %) as a relative value D, x 100/highest
level at the two ages

The calculations were carried out to two decimal places and the results were

rounded to the first figure without decimals. The calculation of the results from

the two formulae resulted in either increase or decrease with age. To show the

importance of the changes in such levels with age, the results of a replicate were

arranged in a descending order according to the value of D, %. When two values

of D, %, for different amino acids were equal in a replicate, they were arranged

in accordance with the absolute value D,. The results of D,%, followed by that of

D, between parenthesis express:

a. changes from the beginning to the beginning of Week ¢ of Expt. 3 {4-12
weeks of age) which include only Cn%*.

b. changes from the beginning of Week 9 to Week 21 of Expt. 3 (12-24 weeks
of age) which include:

L. two replicates of females on cascin (Cn@* and Cn2Q®)
I1. two replicates of males on casein (Cnd* and Cng®)

I11. three replicates of females on wheat gluten (Gn24, Gn%®?, Gngc)

IV. three replicates of males on wheat gluten (Gng3*, Gng®, Gngc)

The total levels of amino acids in Cn@* at 12 weeks of age were higher than
4 weeks of age. According to D, %, and (D,) values, increases with age were as
follows: threonine 339 (17), tyrosine 29 %, (3), histidine 27 % (2), arginine 19 %
(6), serine 14%; (6), leucine 129 (2), valine 11 % (2), lysine 5%, (2), phenylalani-
ne 5% (<< 0.5), isoleucine 094 (0) and methionine 0% (0) but decreases as fol-
lows: glycine 159, (7), alanine 9 %, (6) and taurine 2% (1).

Total levels of amino acids in Cn@* at 24 weeks of age were higher than at 12
weeks of age. From D, %/ and {D,) values, increases with age were as follows:
threonine 359, (28), valine 27%; (7), leucine 27% (7, serine 25%, (15), lysine
259 (12), phenylalanine 25%; (3), methionine 239 (1), isoleucine 20% (3),
histidine 189 (2), tyrosine 17 % (1), alanine 14 % (10), taurine 13 % (), glycine
11°; (8) and arginine 39 (1).

Total levels of amino acids in Cn%® at 24 weeks of age were higher than at
12 weeks of age. From D, % and (D,), increases with age were as follows:
histidine 20% (2), serine 17% (8), isoleucine 16% (2), methionine 149 (1),
threonine 13 % (8), phenylalanine 139 (1), valine 129 (3), glycine 10% (4),
leucine 5% (3), lysine 4% (2) and tyrosine 1% (< 0.5). However, the decreases
with age were taurine 34 % (21), alanine 6 7} (3) and arginine 5%, (1).

In Cn% (12~24 weeks of age) levels of amino acids, except for arginine and hi-
stidine increased more with age in Replicate A than in Replicate B. The greatest
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differences in D, in these two replicates in a descending order were taurine,
threonine, lysine, serine and alanine. Levels of taurine, alanine and arginine in
Cn%* increased with age but decreased in Cn@®. The other free amino acids in-
creased with age in Replicate A and B of Cn%.

Total levels of amino acids in Cn3*12 weeks of age were higher than at 24 weeks
of age. From D,%, and (D,) values, the decreases with age were as follows:

tyrosine 42% (7), isoleucine 409 (5), valine 37%, (11), threonine 329 (21),
methionine 30% (2), leucine 26 9(6), phenylalanine 26%; (3), histidine 25 %
(3), alanine 22% (15), arginine 21%, (6), lysine 209 (10), serine 17% (9),
taurine 14 % (7) and glycine 7% (2). -

Total levels of amino acids in Cnd® at 12 weeks of age were higher than at 24
weeks of age. From D, % and (D,) values, the decreases with age were lysine
449 (22), isoleucine 43 9/ (6), valine 329 (7), serine 30%; (14), leucine 30 %, (6),
tyrosine 29% (4), histidine 279 (2), threonine 199 (10), arginine 199 (5),
phenylalanine 19%/ (2), methionine 199 (1), alanine 8%} (5), taurine 8%, (4)
and glycine 4%, (1).

In Cng (12-24 weeks of age), levels of amino acids decreased with age in
Replicate A and B, These decreases were greater in Replicate A thanin B, except
for the reverse of lysine, serine and isoleucine. The greatest differences of D,
values between these two replicates in a descending order were for lysine, threo-
nine, alanine, serine and valine.

Total levels of amino acids in Gn@* at 12 weeks of age were higher than at
24 weeks of age. From D, % and (D,) values, the decreases with age were tyrosi-
ne 33% (), leucine 32% (7), isoleucine 32% (4), methionine 309 (2), arginine
28% (8), taurine 27 % (18), phenylalanine 26 % (2), histidine 24 %, (2), valine 22%,
(4), alanine 15% (9), serine 12 %; (6), glycine 2% (7) and threonine 1 % (<0.5),
but the increases lysine 119 (5).

The total levels of amino acids in Gn3® at 12 weeks of age were higher than
at 24 weeks of age. From D, %, and (D,), decreases with age were

tyrosine 33%; (3), isoleucine 319, (3), histidine 29%, (3), leucine 27%; (5),
glycine 239 (10), phenylalanine 229, {2), taurine 20%; (13}, methionine 199,
(1), arginine 16 % (4), valine 15%, (3), alanine 14 % (8), serine 14 %; (7), lysine 1 %
(<0.5); threonine increased by 26 % (12).

Total levels of amino acids in Gn@€ at 12 weeks of age were higher than at the
age of 24 weeks. From D, % and (D,) values, decreases with age werg

tyrosine 437% (4), glycine 379 (16), histidine 359, (3), leucine 329, (6),
methionine 32 % (1), phenylalanine 309 (3), serine 29 %, (14), taurine 26 %, (17),
isoleucine 259 (2), valine 17%; (3), alanine 15% (7} and arginine 9%, (2); lysine
and threonine increased by 4 % (2) and 29 (1), respectively.

In Gn? (12-24 weeks old), total levels of amino acids increased with age in
the three Replicates A, B and C. Threonine level decreased slightly in Gn@4,
but increased markedly in Gn@® and slightly in Gn@C. Lysine level increased
markedly in Gn@* and slightly in Gn%®; it decreased slightly in Gn$<, These
three replicates tended to increase or decrease similarly for the other amino
acids, but magnitude varied.
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Total levels of amino acids in Gng* at 12 weeks of age were higher than at
24 weeks of age. From D, ¥, and (D,), the decreases with age were

methionine 44 % (2), isoleucine 329 (4), histidine 28 %/ (3), valine 27%, (6),
tyrosine 27% (4), alanine 269, (19), leucine 239 (5), phenylalanine 22% (2),
arginine 199 (5), taurine 18 { (11), glycine 18 9, (9), serine 17 % (10) and threo-
nine 15% (7); lysine increased by 329, (11).

Total levels of amino acids in Gng® at 12 weeks of age were higher than at
24 weeks of age. From D, % and (D,), the decreases with age were

methionine 307 (1), valine 299 (6), leucine 25% (5), isoleucine 25‘7 (3,
histidine 25%; {2), taurine 249 (16), alanine 15°%; (9), phenylalanine 139 (1),
arginine 119%, (3), serine 10%; (5), glycine 9% (4), threonine 7% (3) and tyrosine
2% (0); lysine increased by 16 % (5).

Total levels of amino acids in Gnd® at 12 weeks of age were higher than at

24 weeks of age. From D, %, and (D,), decreases with age were

histidine 40 % (3), leucine 36 % (6), isoleucine 35 % (3), valine 33 % (5), methlo-
nine 30%; (1), taurine 25%, (15), glycine 24%; (9) phenylalanine 249, (2), tyro-
sine 16 % (2), alanine 139 (6), serine 139 (5), arginine 12 % (2), and threonine 1 %
(70); lysine increased by 8 % (2).

In Gng (12-24 weeks of age}, each level of amino acids decreased wnth agein
each replicate, except for lysine which increased.

6.2.2.5. Change in amino acid levels of the same and different
rats with age (Trial 3)

1. From birth to weaning. Amino acid levels in the sample at weaning (Cn,$*)

were higher than the average levels in samples of newborn rats, except for
lysine, valine, histidine, tyrosine and glycine, which were lower. However, levels
of phenylalanine 4 tyrosine and serine 4 glycine at weaning also were higher
than those at birth. Lysine, valine and tyrosine levels were within the range for
newborn rats. The reverse trend was marked for histidine (529 lower at wea-
ning than at birth).

II. From weaning to 12 weeks of age. Average of replicates for levels of each
amino acid in Cnd ,Gnd, Cn% and GnQ at 12 weeks of age was higher than that
in the sample at weaning (Cn,$*), except for lysine in Gn,,3 (28 % lower),
isoleucing in Cn,,9 (69;), methionine in Gn, 3 (19%), in Cn,,? (5%) and in
Gn,,9 (119%), arginine in Gn,,3 (2%), alanine in Gn,,3 (6%), in Cn,;2(14%)
and in Gn,,2 (17 %), taurine in Cnd, (2 %) and glycine + serinein Cn, 3 (13%)
and in Cn;,Q (16%). Amino acid levels at weaning were within the range in
levels of isoleucine in replicates of Cn,,9, methionine in replicates of Cn,,%
and of Gn,,?, arginine in replicates of Gn,,3, alanine in replicates of Gn,,d3,
taurine in replicates of Cn,,J and glycine 4 serine in replicates of Cn,,d.
Therefore, there is a marked decrease (reverse trend) for lysine in Gn,,3,
methionine in Gn,,J, alanine in Cn,,%? and in Gn,,? and glycine 4 serine in
Cn,,%.
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III. From 12 to 24 weeks of age. This has previously been described in details
for the same replicate at different ages (6.2.2.4). Generally, most amino acid levels
decreased in replicates of Cn, 43, Gn, .3 and Gn,,Q at 24 weeks of age ; the reverse
was found in replicates of Cn,,%. Within a replicate at 24 weeks of age there was
a decrease in the level of taurine in Cn,,%® and an increase in the level of threo-
nine in Gn,,¢ and of Iysine in Gn,,9*, Gn »,3* and Gn,,3®. The ranges in these
amino acids in replicates (same protein and sex) at 12 and 24 weeks old over-
lapped. These amino acids are still included in the remarked amino acids of
reverse trend, because the variability of an amino acid in the same replicate is
less than that between replicates.

IV. From weaning (4 weeks) to 24 weeks of age. As indicated, the change of
amino acid levels in Cnd, Gnd and Gn? usually differed in trend (increase
then decrease) during the two ages of 4-12 and 12-24 weeks; however there was
an increase in CnQ in both periods. Amino acid levels at weaning were within the
respective ranges in the three replicates of Cn,,J, except for threonine, histidine,
tyrosine, phenylalanine - tyrosine, methionine and taurine. The value of
methionine and taurine at weaning was higher than the highest level of each
of these amino acids in the three replicates of Cn,,d, whereas for threonine,
histidine, phenylalaning, + tyrosine were lower than the lowest value. The level
of lysine, isoleucine, phenylalanine, methionine, arginine, glycine, or alanine at
weaning was higher than the highest level of each of these amino acids in repli-
cates of Gnd;,, whereas the reverse was found for threonine and tyrosine.
Furthermore, level of valine, leucine, histidine, phenylalanine + tyrosine, tauri-
ne, serine or serine + glycine level was within the respective range of Gn,,J.
Each amino acid level at weaning (Cn,$*) increased in the same rats at the end
of Expt. 3 (Cn48%).
Moreover, amino acid levels at weaning were lower than the lower limits of the
respective range in replicates of Cn,, 2, except for isoleucine, phenylalanine,
phenylalanine - tyrosine, methionine, taurine, serine, glycine, serine 4 glycine
and alanine levels which were within the range. Level of isoleucine, leucine
phenylalanine, methionine, arginine, glycine, glycine + serine or alanine at
weaning were above the upper limits of the range in replicates of Gn,,%,
whereas the reverse was found for lysine and threonine. In addition, valine,
histidine, tyrosine, phenylalanine + tyrosine, taurine or serine at weaning was
within the respective range in replicates of Gn,,?. Generally, total essential
amino acids in male and female rats fed on casein increased on average at the
end of Expt. 3, whereas those on wheat gluten decreased or increased slightly.

6.3, DISCUSSION

(Free amino acids in the blood)

There were not enough data for ideal statistical analyses. Therefore, most
differences were not conclusively assignable to proteins type, age, or variation
within a treatment. In the literature (McLAUGHLAN et al., 1961 ; SWENDsEID et al.,
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1963}, such levels of a pooled sample from a group were compared with those of
another group without statistical analysis, presumably, because amino acids are
expensive and laborious to estimate. Furthermore, variations between group
means are lower than between individuals, With the progress in analytical pro-
cedures, a cheaper, easier, more accurate and precise method of determination
may become available to facilitate such investigations. Marked trends in the
amino acids determined were observed and give a clue to the interrelation be-
tween the protein composition and metabolism. Unfortunately, amino acids
were not estimated in the four proteins. It was assumed that their amino acid
contents were similar to those reported by ELLINGER and BoyNEe (1965) for ca-
sein and PoIN and FauconNeau (1966} for potato protein, wheat gluten and soya
protein (Table 18). It is unlikely that any sample of the protein supplied would
coincide with that cited in the literature. In fact, a wide scatter among individual
published values from different laboratories has been demonstrated by EwART
(1967). Nevertheless, TkacHUCK (1966a) found that amino acids were similar
between major types of Canadian wheat.

The increases in most levels of free amino acids in the blood after eating the

TaBLE 18. Amino acid composition of the proteins in mg/16gN and their recalculation in pmoles percentage
of total essential amino acids.

Casein? Wheat gluten? Potato protein? Soya protein?

mg(16gN pmoles 9%, mg/16gN pmoles % mg/16gN umoles %, mg/16gN pmoles %

Threonine 44 11 2.6 9 4.1 11 4.0 10
Lysine 8.8 16 1.6 5 718 18 6.6 14
Valine 74 16 4.4 17 5.7 16 55 14
Leucine 10.0 20 1.0 23 71 18 19 18
Isoleucine 6.0 12 4.2 14 44 11 5.1 12
Total branched

amino acids 234 48 15.6 54 17.2 45 13.5 44
Histidine 35 6 2.2 6 1.8 4 2.8 6
Phenylalanine 6.0 9 54 14 4.7 9 54 10
Methionine 33 6 1.4 4 1.3 3 1.3 3
Arginine 4.1 6 36 9 48 9 76 13
Total (EAA) 53.5 100 324 100 41.7 100 46.2 100
Tyrosine 6.6 35 26 4.0
Glycine 2.2 3.2 4.0 4.4
Serine 5.9 4.8 4.1 5.1
Glycine + Serine 8.1 8.0 8.1 9.5
Alanine .5 2.6 36 4.6
Glutamic acid 23.6 376 10.7 18.6
Total (NEAA) 41.8 51.7 25.0 36.7
EAA/NEAA 1.3 0.6 1.7 1.3

1 From Ellinger and Boyne (1965).
2 From Poin and Fauconneau (1966).
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four proteins are in general accord with results of many investigators (RI-
CHARDSON et al., 1953; DENTON and ELVEHIEM, 1954 ; LONGENECKER and Hau-
SE, 1959 ; GUGGENHEIM et al., 1960; MCLAUGHLAN et al., 1961 ; SWENDSEID et al.,
1963). The generally higher increases in free amino acids in Cn, 4 than in others
of Expt. 2 were due to the rather lower fasting levels or higher levels after fee-
ding. Furthermore the rats were younger and the generally high essential amino
acids in casein may also coniribute,

Generally, levels of free amino acids in blood are controlled by the balance
between their entry and exit from plasma. The remarkable decrease in one of the
free essential amino acids in blood after a protein meal may refer to the limiting
amino acids in proteins for growth. This accords with the assumption of LONGE-
NECKER and HAUse (1959) that essential amino acids are taken from the blood
by tissues in proportion to the animal’s needs. A true decrease must be more
than experimental error. To considet a change in free amino acids after giving
the protein as a marked decrease, it had to be more than double the coeflicient
of variation of the norleucine equivalent in standard runs of this amino acid
(0.1 umole/ml), except for methionine. For the latter, it was considered that it
had to exceed fourfold its norleucine equivalent in the standard runs, because
its peaks were relatively small on the recording paper, Table 19 represents the
coeflicients of variation of the amino acids and the values to be exceeded. These
variations are in general agreement with the reproducibility of + 3 to 7% re-
ported by ALam et al. (1966). Similarly, HamiLton (1963) found that most
ninhydrin-positive compounds can be estimated at 10~% mole to within 5%,
However, very large or small peaks of amino acids may result in a larger varia-
tion. The marked decreases in the free lysine levels in the blood of Gn,; and Gn, ¢
after feeding wheat gluten probably indicate the well known fact that lysine is
the first limiting amino acid in wheat gluten for growth (How and DoOOLEY,
1963). Nevertheless, this was not observed in the later period in Gn,,. This may
be partly because of adaptation. In addition that the rat’s requirement
for lysine as a percentage of protein decreases with age (Roa et al., 1959; and
SMiTHand JOHNSON, 1967). As free threoning, branched amino acids (valine, leucine

TanLE 19. Coefficients of variation (CV) of norleucine equivalent of standard runs of the
amino acids in Experiment 2.

Amino acid Coefficient Value ta be Amino acids Coefﬁ.cienl Value to be
of variation  exceeded? of variation  exceeded!

Threonine 4.6% 9.2%  Arginine 31% 62%
Lysine 4.5% 9.0%  Tyrosine 26% 52%
Valine 7% 7.4%  Taurine 8.6% 17.2%
Leucine 2.3% 4.6%, Glycine 4.4%, 8.8%
Isoleucine 3.2% 6.4%  Serine 6.9% 13.8%
Histidine 2.4%, 4.8%  Alanine 3.5% 7.0%
Phenylalanine 2.0% 4.0% Glutamic acid 3.2% 6.4%,
Methionine 2.0% 8.0%

! Assumption in the discussion for marked change.
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and isoleucine), phenylalanine and phenylalanine 4 tyrosine did not markedly
decrease in the four groups after protein-feeding, these amino acids may not be
seriously limited in the casein, potato protein, wheat gluten and soya protein,
i.e., not the first limiting one. After protein-feeding, the markedly decrcased
levels of methionine in Pt,,, Sy, 3, Sy, and Sy, probably show that the amount
of sulphur amino acids is limiting in potato and soya proteins for the rat. In
spite of the lower amount of sulphur amino acids in potato protein than in soya
protein, Pt adapted themselves better to the methionine deficiency than Sy.
This indicates that there are also other factors. These factors may be the rate
of amino acid release during digestion, their availability, the proportion of the
amino acids to each other in the protein in regard to the rat’s requirements and
interfering substances. Generally, the decreases in the sulphur amino acids could
not easily be explained because of

the varied roles of methionine in intermediary metabolism

. the sparing action between sulphur amino acids

the relatively large experimental error in regard to the other amino acids

a possible change in metabolic requirement either as such or as a methyl
donor compound as suggested by SWENDSEID et al. (1968).

After protein-feeding, histidine and arginine levels decreased markedly in
Pt,,, Gnys, Sy;a and Cn,,. These two amino acids should not be limiting for
growth in the four proteins. Such decreases are probably connected with meta-
bolism interrelations rather than with a deficiency in histidine and arginine of
the four proteins for growth. The decrease in arginine after protein-feeding may
be partly due to its conversion in appreciable amounts in the intestinal cells to
ornithine (FINCH and Hirp, 1960), to its involvement in the urea cycle and to
its heavy contribution to the metabolic demands for non-essential N other than
protein synthesis as such (KING, 1963). The decrease in histidine may also be
influenced by a similar factor, because it is converted in appreciable amounts
in the liver to carnosine which can be a source of histidine for organs (ELWYN,
1968). Although percentage glutamic acid in the proteins is the highest of the
amino acids, its level decreased markedly in Pt,,, Gn,,, Sy,s, Sy;: and Cn,,
after protein-feeding. Moreover, the percentage glutamic acid in the proteins
fed in a suboptimal amount are more than that in the body proteins (PoIN and
FAuCONNEAU, 1966), except for potato proteins, These decreases may be partly
due to

a. the lowest rate of absorption for glutamic acid among the amino acids

(DELHUMEAU et al., 1962)

b. the transamination of glutamic acid with pyruvate in the intestine (FINCH

and HIrD, 1960)

c. the large quantity of glutathione put out by the gut and liver which can serve

for the transport of glutamic acid (ELwYN, 1968).

Glutamic acid is involved extensively in brain metabolism (QUASTEL and
QUASTEL, 1961) and intestinal metabolism (SPENCER and KNoX, 1960). General-
ly, older animals adapted themselves better to this decrease. After protein-
feeding, alanine decreased markedly in Pty, Sy,3;, Cn,, and Cn,q. This may

aoge
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be partly due to feeding suboptimal amount of N in relation to the rat’s re-
quirement. In addition the percentage of alanine in the proteins is lower than
in the proteins of the rat’s carcass (POIN and FAUCONNEAU, 1966). After eating
casein, potato protein and soya protein, serine and glycine decreased markedly
in some cases. In general, the percentage decrease in glycine levels was mostly
more than in serine, This may be partly due to conversion of glycine to nucleic
acid derivatives needed for growth and low conversion of threonine to glycine,
In addition the amount of serine and especially glycine per 16 gN of the pro-
teins fed in suboptimal amount was lower than that in the proteins of rat carcass
{PoIN and FAUCONNEAU, 1966). KING (1963) also showed that glycine in the rat’s
carcass is the highest of the amino acids. Generally, the decreases in non-essen-
tial amino acids in the blood are difficult to explain due to the nemerous factors
affecting their levels, including the capacity of the body to synthesize them, and
their interconvertibility. Nevertheless the decreases show that their rate of up-
take in the cells was greater than their rate of input. This is important because
non-essential amino acids may be regarded as physiologically essential and they
exert sparing action on the non-gssential amino acids. As indicated previously,
factors decreasing their levels may include the suboptimal amount of N fed,
and their lower rate of absorption in the intestine than for essential amino acids,
Probably, rats make better use of non-essential amino acid at the later ages.

The decreases in free essential amino acid levels after protein-feeding were
divided by the requirements of these amino acids for young rats reported by
RAO et al. (1959). The results were arranged in a descending order in Table 20
to test whether they indicate the first or perhaps more limiting amino acids in the
protein. The order in which an amino acid became limiting with respect to these
results changed with time of sampling and age for the same protein. In general,
the decreases in amino acid levels after feeding the protein was not completely
successfull to predict the first limiting amino acid for growth during a relatively
long period in Expt. 2. If the decreases in arginine and histidine (Table 20)
were not considered, the first limiting amino acid would be methionine for Pt, ,
Sy.3, Sy;; and 8Sy,, and lysine for Gn,,; and Gn,,. These data show that de-
creases in the levels of free amino acids in blood as an indicator to the limiting
amino acid in the protein must be interpreted with caution. The factors which
probably interfered in Expt. 2 (and masked the unique amino acid composition
of the given proteins) include the following:

_a. availability of amino acids

b. the dynamic state of many body proteins which can contribute to the pool

of free amino acids such as the admixture of the ingested protein with the

endogenous protein in the intestinal tract (NASSET and Ju, 1961; TwoOMBLY

and MEYER, 1961)

the amino acid metabolism of the absorbing cells

the special role of the liver in regulating amino acid metabolism

€. the comparative strength of the concentrative processes and the comparative
rates of reactions yielding and utilizing the amino acids (CHRISTENSEN,

1963)
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TanLe 20. Decreases in essential amino acid in relation to requirements by the growing rats?
when male rats were fed on restricted amount of four proteins at different ages
{Expt. 2).

Age
approx. Protein fed Samplingtime  Descending order of the decrease?
(week)

10 casein second no decrease
10 casein third no decrease
average no decrease
14  casein second arginine and histidine
14 casein third arginine, histidine and phenylalanine
average arginine, histidine and phenylalanine
18 casein second arginine
18 casein third no decrease
average arginine
1 potato second arginine, methionine, histidine and valine
11 potato third no decrease
average arginine, methionine and histidine
19 potato second threonine and histidine
19  potato third no decrease
average no decrease
12 wheat gluten  second arginine, histidine and lysine
12 wheatgluten  third lysine
average arginine and lysine
16 wheat gluten second arginine
16  wheat gluten  third arginine, lysine and histidine
average arginine and lysine
20  wheat gluten  second no decrease
20  wheat gluten  third no decrease
average no decrease
13 soya second arginine, methionine, histidine, threonine and
lysine
3 soya third methionine
average methionine
17 soya second methionine
17  soya third methionine
‘ average methionine
2 soya second methionine
21 soya third methionine
average methionine

! (Fasting level - the level after feeding the protein) / requirement of this amino acid for

growing rats reported by Roa et al,, (1959).
2 Amino acids in italics decreased more than the value to be exceeded in Table 19,

f. hormonal effects (CHRISTENSEN, 1963)
g. the variation in fasting level which is assumed to approach steady-state
levels of free amino acids in the blood.
After protein-feeding, the percentages of increase in tyrosine levels were the
greatest of the amino acids. This may be partly due to the sufficient amount of
phenylalanine + tyrosine in the four proteins, a rapid conversion of phenylala-
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nine to tyrosine and a relatively slower metabolism rate of tyrosine. McMeNA-
MY et al. (1962) showed that liver uptake of tyrosine was higher than liver me-
tabolism in the contrast to phenylalanine. The percentage increases in the
branched chain amino acids -isoleucine, leucing and valine- were among the
greatest of the amino acids, perhaps because they are among the most rapidly
absorbed amino acids (DELHUMEAU et al., 1962) and are slower metabolized by
the liver than other amino acids (MILLER, 1962). The average percentage increas-
¢s(2 %) in glycine and glutamic acid were lowest of the amino acids after feeding
the proteins. This may be partly due to their low absorption rate, feeding sub-
optimal amount of N and their extensive involvement in the metabolism and
being the least absorbed amino acid by the intenstine (RopiNsoN and FELBER,
1964).

Surplus amino acids in natural proteins in relation to the requirements did
not usually result in distinctly higher levels of the free amino acids. This may
be partly so because the liver generally destroys faster the amino acids which are
provided in larger amounts in the proteins and the pathways of breakdown are
not easily saturated. Mostly, the direct relation between the levels of most in-
dividual free amino acids in the blood and their respective content in the pro-
teins was vague. Nevertheless, the data show that proteins affect amino acid
metabolism in some way.

The ratios of threonine to other essential amino acids, valine to leucine,
isoleucine or phenylalanine, leucine to phenylalanine, isoleucine to phenylala-
nine and histidine to phenylalanine were higher in blood than in the proteins.
Such data show that rats modify the ratio between essential amino acids of the
the proteins eaten in a tendency to maintain a relatively uniform mixture of
free amino acids in blood. This in general agrees with Guaccrt et al. (1963) and
GANAPATHY and Nasser (1962). Comparison of the ratios of essential amino
acids in the four proteins with those subsequently found in the blood reveals
that essential amino acids are drawn from the blood at different rates. This may
be partly due to differences in the requirement for the synthesized proteins
or differences in degradation rates. It seemed that the differences in breakdown
play the main role with advancing age. Generally, as the animals grow older,
the differences in rates of degradation increase in importance. As threonine was
probably the lowest of the amino acids drawn from the essential ones, it had,
as expected, the highest levels between the free essential amino acids in the
blood.

Ratios of phenylalanine: tyrosine in the fasting levels were lower on feeding
192 mg N from superior protein (0.5-1.0) than from inferior protein. The avera-
ge of their ratios in Expt. 2 were 0.6, 0.9, 1.3 and 1.3 in Cn, Pt, Gn and Sy, re-
spectively. Furthermore, there was a tendency for this ratio to be related rough-
ly to the gains in liveweight between the four groups. When liveweight of the
rats did not differ significantly in Expt. 3, the ratio in Cn was similar to that in
Gn of the same sex and age. The average of ratios phenylalanine: tyrosine in
Expt. 3 was 1.2 in Cn,9*; 0.6 in Cn,,$ against 0.7 in Gn,,J, 0.8 in Cn,,%
against 0.8 in Gn,,?; 0.8 in Cn, 3 against 0.7 in Gn,,$ and 0.9in Cn,,9 against
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1.0 in Gn,,%. The data are in general agreement with the result of WHITEHEAD
and DEAN (1964), indicating a lower ratio in healthy children well fed compared
to children with protein malnutrition. Nevertheless, it is clear that this ratio
varied with sex, age, protein and individuality. There was a tendency for this
ratio to be higher in females than in males and at 24 weeks of age than at 12
weeks in Expt. 3.

The increasing order of ratio glutamic acid: alanine in the proteins (3.0-14.5) is
potato protein, soya protein, casein and wheat gluten, whereas the ratio in
blood (0.4-1.7) was Gn, Cn, Sy and Pt. This shows that the ratio in proteins
was not reflected in the free amino acids in blood. This conclusion is in general
agreement with that of PERAINO and HARPER (1963).

At fasting in Expt. 2, average ratio of essential: non-essential amino acids
was higher on feeding superior protein (0.8 in Cn or Pt) than that on feeding
inferior protein (0.6 in Gn or Sy). This accords generally with the results of
SwENDSEID et al. (1963) for the influence of casein and wheat gluten on this
ratio. This ratio increased mostly after providing the four proteins. This may
be partly because the non-essential amino acids are absorbed more slowly as
a group than the essential ones (ADIDI et al., 1967). However, the difference in
this ratio was not proportional to the difference in growth rate.

Free lysine levels in the blood before and after protein-feeding were the lowest
in Gn among the four groups fed on a restricted amount of protein during Expt.
2, The average fasting level of free lysine in blood, the most expected limiting
amino acid in the wheat gluten was also lower in Gn than in Cn of the same
sex at 12 and 24 wecks on protein to appetite in Expt. 3. However, the ranges of
free lysine levels overlapped in the two groups {Cn and Gn), except for male
rats 12 weeks of age in Expt. 3. The overlapping ranges in two groups in Expt. 3
were concomitant with no significant difference in weights between Cn and
Gn in Expt. 3 and vice versa. In general, levels of free lysine in blood slightly
reflected the low content of Iysine (mg/16N) in wheat gluten. This agrees with
the low values in species such as chicken, dog, rat and man, when different pro-
teins limiting in lysine were fed (RICHARDSON et al., 1953; DeNTON and EL-
vEHIEM, 1954; LONGENECKER and HAUSE, 1959; Gray et al., 1960; McLAUGH-
LAN et al., 1961; MorrisoN et al., 1961; ALBANASE and ORTO, 1963; LONGE-
NECKER, 1963; HiLL and OLSEN, 1963; SWENDSEID et al., 1963; MCLAUGHLAN,
1964). The relationship between low levels of free lysine in blood and its low
content in wheat gluten was markedly due to the large difference in lysine con-
tent {g/16N) between wheat gluten and the other proteins, being among the
highest essential amino acids in blood and probably the low masking effect of
other factors such as availability and metabolism interrelations. Furthermore,
MEISTER (1965) reported that lysine does not participitate appreciably in re-
versible transamination or deamination reactions (metabolicably inert) as com-
pared to most of the other amino acids.

Free threonine levels in Gn were lowest of the four groups before and after
feeding a restricted amount of protein in Expt. 2. This may be partly related to
the low amount of threonine in wheat gluten among the four proteins. On casein
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and wheat gluten to appetite in Expt. 3, the fasting levels of free threonine were
markedly lower in Gn than in Cn of the same age (12 and 24 weeks old) and
sex, in spite of the similar amount of threonine caten from the two proteins.
This indicates that metabolism interrelations are the main cause and probably
related to the too low lysine content in wheat gluten, Fasting levels of free
threonine in Pt were the highest of the four groups in Expt. 2. Furthermore,
Ievels of free threonine in Pt after feeding-protein were mostly highest in Expt,
2. As casein contains more threonine than potato protein (PoiN and FAucon-
NEAU, 1966), metabolic interrelations are probably the main cause. This proba-
bly shows that free threonine levels in the blood was affected more by the ratio
of amino acids in the proteins than by threonine levels in the proteins. Gray et
al. (1960), MorrisoX et al. {1961) and SanauuIa and HARPER (1963) found also
that plasma threonine levels were unrelated to the amount in the diet. However,
threonine does not participate in the general exchange of amino acid nitrogen
and fifth to a third of dietary threonine is cleaved to glycine and acetate (Mgr-
STER, 1965). Before and after protein-feeding, levels of free valine, leucine,
isoleucine, histidine, phenylalanine, methionine and arginine in the blood over-
lapped in the four groups of Expt. 2. This also applied to the fasting levels of
rats fed on casein and wheat gluten to appetite in Expt. 3. This masked effect
of these amino acids eaten on free amino acids in the blood can be caused by
many factors including metabolic interrelations of amino acids, competitions
for renal tubular reabsorption or other causes already discussed. Feeding on
192 mg N of potato protein and of wheat gluten which contain low and high
amounts of glutamic acid, respectively, resulted in a reverse relation for free
glutamic acid in blood, i.e., high and low levels in Pt and Gn, respectively.
Furthermore levels of glutamic acid in Gn before and after protein-feeding
were lowest of the four groups. This may be partly because glutamic acid as
glutamine was more needed for degradations of amino acids of wheat gluten
which were not used for protein synthesis than those in the potato protein.
Although potato protein clearly contains less glutamic acid than the other pro-
teins, the fasting levels of glutamic acid in Pt was the highest of the groups in
Expt. 2. This shows also the importance of the metabolism interrelations in
regard to the composition of the proteins. Fasting levels of free taurine in Gn
were highest of the four groups in Expt. 2 due to a probably high conversion,

Although there are rough relationships between the levels of free amino
acids in blood in some cases and their respective content in the protein source,
it is clearly not accurately reflected in the fasting or fed levels and patterns of the
free amino acids in blood.

Data of Expt. 3 suggest that an interaction of protein type, age and sex af-
fects the metabolism of amino acids in some way. Levels of lysine, the first
limiting amino acid in wheat gluten, were markedly higher in Gn,,? than in
Gn,,3. At 24 weeks of age, levels of threonine, the second limiting amino acid
in wheat gluten (How and DooLEy, 1963), in these rats were also markedly
higher in females than in males. This may indicate that females adapt them-
selves better to deficiency of lysine and threonine in wheat gluten than males.
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Differences in average levels of individual free amino acids between males and
females changed the trend (positive or negative) either by advancing age or
feeding other protein, except for arginine, tyrosine and alanine. The markedly
higher levels of most amino acids in Cnd than in Cn? at 12 weeks of age over-
lapped in the two sexes or were reversed at 24 weeks of age. This is because most
of the amino acids in Cn,,? increased in the last 12 weeks of Expt. 3, whereas
they decreased in males. In consequence, the average of amino acids inCn,,
showed the same effect, except for arginine, taurine and glycine. These excep-
tions are also interesting, because the pattern of arginine (HILL and OLSEN,
1963), cystine (SWENDSEID et al., 1963) and glycine in casein is probably lower
than requirements. In Gn,,, males had higher average levels of free amino
acids in the blood than females, except for lysine (markedly), leucine, phenyla-
lanine, arginine, methionine, total essential amino acids, taurine and serine. At
24 weeks of age, the exceptions were lysine, threonine (markedly), methionine,
arginine and total essential amino acids. The results probably indicate that
metabolism of amino acids is affected by sex in some way. This in general agrees
with the conclusion of OEPEN and OEPEN (1965) of the existence of sex-specific
differences in the concentration of serum amino acids. In addition, age and
protein types can enhance or mask the sexual effect with other factors.

With age, most free amino acid levels in blood tended to decrease during
Expt. 2 (10-21 weeks old) in male rats fed on a restricted amount of casein,
potato protein, wheat gluten and soya protein. This tendency was also confirm-
ed in Expt. 3, when the rats ate casein and wheat gluten to appetite and blood
samples were taken from the same rats at 12 and 24 weeks of age. Furthermore,
the ratio of protein consumed to appetite to liveweight also decreased from 12
to 24 weeks of age in Trial 3 as in Trial 2. Before 12 weeks of age in Trial 3,
most levels of amino acids generally increased from birth to weaning at 4 weeks
of age and from the beginning to Week 8 of Expt. 3 (4-12 weeks of age as shown
in Cn,.d, Gn,,3, Cn,,? and Gn,,% and after this age decreased from Week 8 to
20 of Expt. 3 (12-24 wecks old} except for Cn,,?. In general, these decreases
suggest that growing animals tend to maintain high levels of circulating free
amino acids in blood which have a curve-shape with advancing age. These high-
ly homoeostatic levels decreased as growth begins to cease and they indicate pro-
bably a kind of ageing processes. This decreasc in general agrees with the state-
ment of ALBANASE (1359) that children have higher fasting levels of plasma
amino nitrogen than adults. With advancing age, some levels of amino acids in
a pooled sample (replicate) dit not change unlike most amino acids. Such reverse
change in a replicate at two ages is considered marked, if it exceedes the values
in Table 19. Similarly, levels at two ages which do not overlap with the levels
compared in other rats are also considered marked. These markedly reverse
trends with age were as follows:

a. Decrease in histidine level from birth to weaning (Trial 3).

b. Decrease in levels of lysine, and methionine in Gn, glycine + serine in Cn%,
and alanine in Cn@ and in Gng from weaning to 12 weeks old (Expt. 3).

¢. Decrease in level of taurine in Cn%® and increase in the level of threonine in
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Gn%® and of lysine in Gn@* and in Gng® from 12 to 24 weeks of age (Expt. 3).
e. Decrease in methionine and taurine in Cnd and increase in lysine and threo-
nine levels in Gn? from weaning to the end of Expt. 3.

The marked decrease in histidine from birth to weaning may be due to con-
version of histidine to other compounds such as carnosine and B-alanyl- histi-
dine. The marked decrease in lysine in Gnd and others at 12 weeks of age in
Expt. 3 can be related partly to lysine deficiency in wheat gluten and the lower
amount of wheat gluten ¢aten per g gain in liveweight of males (1.6%) compared
with females (1.96). Since, it is well known that wheat gluten is not deficient in
methionine, the marked decrease of methionine levels in Gn, 3 may be related
to the marked increase in taurine levels. The marked decrease in alanine levels
of females in Week 8 of Expt. 3 (Cn,,% and Gn | ,$) suggest a sexual difference in
the metabolism of amino acids. This is also observed in primary results during
the recent investigation. Serine level was added to glycine leve! and similarly
tyrosine to phenylalanine, because of interconversion of glycine and serine and
the conversion of phenylalanine to tyrosine are metabolic phenomena of con-
siderable significance in mammalian tissue. The marked decrease in glycine +
serine level in Cn,,% was mainly due to decrease in glycine level. This may be
partly due to glycine more required in growth to form components such as nuc-
leic acid derivatives and to the lower amount of glycine eaten to appetite from
casein (SWENDSEID et al., 1963) than from wheat gluten. The marked decrease in
taurine in Cn,$® may be due to the deficiency of cystine in casein and the ten-
dency of the animal to maintain methionine higher, The marked increase in the
level of threonine in Gn,,% may be an adaptation to deficiency of threonine in
wheat gluten, The marked increase in lysine in Gn,, 24, Gnyy3* and Gn,,3®
may be also a similar adaptation or due to the decreased requirement of Iysine.
The amino acid levels at weaning were never lower than the lower limits of
ranges in Cn, o3 and Cn,,? in Expt. 3, except for taurine in Cn,,d, whereas 7
amino acids out of 14 determined had a reverse trend in Gn,,& and Gn,,$. This
low level of taurine may be partly due to the deficiency of cystine in casein and
consequently the formation of taurine. The lower seven amino acids cannot be
related to their deficiency in wheat gluten, because the amount of most of them
which was eaten to appetite was more in wheat gluten than in casein. Further-
more, the levels of limiting amino acids, lysine and threonine, in wheat gluten
were higher in Gn,,9 than the value of the rats at weaning (Cn,?*). This means
that metabolic factors masked the composition of the proteins. The marked
exceptions which were found in some cases with advancing age in Expt. 3 may
indicate in general an adaptation in the metabolism for correcting deficiency and
excesses of amino acids in the protein. Furthermore, the inconsistency of the
result also may be partly due to the degree of adaptation.

In general, wheat gluten tended to reduce average levels of most amino acids
in blood, when the protein was supplied in restricted amount or to appetite.
This was more in 12 weeks old male rats in Expt. 3 than in females and the rever-
se later (24 weeks old).

Generally, fasting levels of free amino acids in blood did not relate well with
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increased protein intake. This in general agrees with those found by IsoBe et al,
{1964) in man. Nevertheless, the too high intake of the inferior protein (wheat
gluten) in Expt. 3 compared with Expt. 2 for a longish period was reflected
slightly by an increase in some levels. Level of lysine, threonine, isoleucine,
phenylalanine, tyrosine, taurine or serine was lower in fasting Gn,, in Expt. 2
than in replicates of Gn,, in Expt. 3. However, levels of methionine showed a
reversed trend and the levels of the other six amino acids overlapped in rats with
free access or restricted intake of wheat gluten. Similarly, fasting levels of amino
acids in Gn,od in Expt. 2 compared to those in Gng, in Expt. 3 led to the same
conclusion. On the other hand, fasting levels of amino acid in Cn in Expt. 2
and 3 reveal contradictory tendencies due to the high levels in Cn,, of Expt. 2.

The ratio of threonine to lysine in the female rat after parturition was less
than one (on average 0.8), whereas this ratio in the virgin female rat was more
than one, except for Gn,,$® which was one. This difference may be due to preg-
nancy. It is well known that metabolic balance of nutrients in some aspects is
changed in pregnancy. Nevertheless, it is also probably due to the difference
in feeding. The pregnant rats were allowed free access to protein the whole day,
whereas non-pregnant rats were fed on protein for one hour daily. This may
elevate threonine levels in the blood of protein-starved rats more than lysine
levels. The threonine is particularly resistant to deamination and accumulates in
blood, when amounts of amino acids are released through tissue breakdown
during protein starvation as reported by CHARKEY et al. (1953).

Generally, most amino acid levels in blood of female rats post partum were
lower than those of non-pregnant rats. This in general agrees with the conclusion
of SouparT (1959), OepEN and OEPEN (1965) and BIorNessé (1968). The ten-
dency for low values in pregnancy may be partly due to failure to compensate
for the normal gestational increase in plasma volume (CaToN et al., 1949), hype-
ramino-acidurca (WALLRAFF et al, 1950) alteration in nitrogen metabolism
(Macy and HUNSCHER 1934), active transport of amino acids through the pla-
centa against a concentration gradient and the increased cellular uptake of
amino acids (BJORNESIO, 1968) in response to pregnancy.

Most free essential amino acids in blood were higher in the newborn rats
than in their mothers. This in general accords with the results obtained in gui-
nea-pig and rabbit (CHRISTENSEN and STREICHER, 1948) in man (BIORNESIS,
1968) and in sheep (HUGGETT and SLATER, 1966) indicating generally greater but
occasionally lower levels of individual free amino acids. The difference in the
levels of free amino acid of the newborn rats and their mothers is caused by
many factors. Such factors may include the previous effect of pregnancy, the
selective concentration capacity of the placenta (HAGERMAN and VILLEE, 1960)
and difference in the enzymic activity between newborn rats and their mothers
(MATHEWS and PARTINGTON, 1967). Morrow et al. (1967) showed that liver
homogenates from foetal rats had less catabolic activity (per mg N per hour) for
free hydroxyproline and proline than from adult rats.

To solve a problem is to create new problems; new knowledge immediatelly

reveals new areas of ignorance.
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6.4. CONCLUSIONS

{Free amino acids in blood)

In most instances, higher levels of free amino acids were recorded after eating
proteins than during fasting, i.e., on the protein-free diet. Generally, the percen-
tage increases in tyrosine or the branched amino acids (isoleucine, leucine and
valine) werg highest of amino acids, whereas those of glycine and glutamic acid
were lowest.

Detection of limiting amino acid(s) in the proteins -casein, potato protein,
wheat gluten and soya protein-from the levels of the free amino acids in blood
before and after eating proteins was not completely successful, Free arginine and
histidine levels decreased to a great extent in some instances after eating casein,
potato protein, wheat gluten and soya protein in spite of being probably, not
the most limiting amino acids in these four proteins. This probably indicates
metabolism interrelations. Care must be taken, therefore, in the interpretation
of levels of free amino acids in the blood as an index for limiting amino acids,
i.e,, they may not reflect the exact limiting order of the dietary amino acids
Nevertheless, the data show that wheat gluien is deficient in lysine and soya
protein is more deficient than potato protein in methionine.

Markedly, fasting levels of free threonine and glutamic acid in blood of Pt3
and taurine in Gnd were the highest values of the four groups on feeding 192
N in Expt. 2. Moreover, levels of free threonine, lysine and glutamic acid in
blood of Gnd before and after feeding on the proteins were the [owest values.
When fed on casein and wheat gluten to appetite (Expt. 3), free lysine and threo-
nine were mostly lower in blood of male and female Gn than in Cn. Although
there were sometimes rough relationships between the levels of free amino acids
in blood and their contents in dietary proteins, rats modify the ratio between
essential amino acids of dietary proteins to maintain almost constant ratio
between free essential amino acids in blood. Generally, variations in the levels
of free essential amino acids in blood due to feeding, ages, individuals or amount
of protein were reduced on expressing them in percentages of the total essential
amino acids,

At 12 weeks of age in Expt. 3, levels of lysine were markedly higher in blood
of Gn@ than of Gng. At 24 weeks of age, level of free threonine were also mark-
edly higher in blood of Gn$ than of Gng. This suggests that females adapt them-
selves better for the deficiency of lysine and threonine in wheat gluten than males.

With age, most free amino acids in the blood, though not the same, increased
from birth to weaning at about 4 weeks old, from beginning to Week 8 of Expt.
3 (4-12 weeks old) as shown in Cn,,d, Gn,,J, Cn,,? and Gn,,9, then decreas-
ed from Week 8 to 20 of Expt. 3 (12-24 weeks old) except for Cn,,%. Further-
more, most free amino acids in blood of male rats also decreased in many cases
in Expt. 2 with age from 10-21 weeks, in spite of the difference in the amount
and type of the protein in Expt. 2 and Expt. 3. It is noteworthy that a markedly
reversed trend (decrease) was found in level of free histidine from birth to
weaning. Furthermore, levels of free lysine in blood of rats on deficient diet in
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lysine increased with age, whereas most free essential amino acids decreased.
Genereally, intake of wheat gluten compared to casein tended to reduce the
average levels of most free individual amino acids in the blood, when restricted
or fed to appetite. Most fasting levels of free amino acids in the blood of Gn
were lower on restricted amount of wheat gluten (Expt. 2} than on free access
to the protein (Expt. 3).

Most essential amino acid in the blood of newborn rats were higher than
their mothers. Furthermore, rats post partum had lower levels of free amino
acids in the blood than virgin rats.

Data of the experiments show that alteration in levels of free amino acids in
blood is affected by the interaction of protein type, age and sex in addition to
other factors such as pregnancy and metabolic interrelationships.
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7. GENERAL DISCUSSION AND CONCLUSIONS

The liveweight, feed intake, body composition and free amino acids in blood
indicates that significant differences resulted from protein types in the experi-
ments. The effect of protein on animals is a parameter of the nutritive value of
dietary proteins. Such experiments with growing animals and tests on the whole
animal are most common. The weight of rats under the experimental conditions
classified the proteins into two major categories: superior proteins and inferior
ones. Superior proteins were casein and the third potato protein and inferior
proteins wheat gluten or soya protein. The livewecight of rats given equal a-
mounts of protein ranked them in the same order as the classical test of biolo-
gical value. Nevertheless, this criterion ranked the casein and wheat gluten in
the same order on feeding of the two proteins to appetite after a long-term ex-
periment (Expt. 3). Correcting for an equal protein intake on the free access to
protein also ranked these two proteins in the expected order. Energy intake and
liveweight ranked the proteins in the same order. However, recording feed in-
take is more laborious than recording liveweight. The nitrogen content of the
rats ranked the proteins in the expected order as the parameters liveweight and
feed intake, but it is of course a more direct index of protein quality than the
other indices. Determination of nitrogen, however, is more time-consuming and
thus expensive than weighing. Indeed the nutritive value of dietary proteins in
the experiments correlated nicely with the three criteria of gain in liveweight,
energy intake and gain in body nitrogen. The detcrminations of nutritive value
were complicated in the long-term experiments regardless of the criteria used
since the difference between animals changed widely in most cases. The gain
in liveweight, feed intake and nitrogen as indices sum up changes in individual
body tissues and they suffer from the experimental error and difficulties which
are inherent in these determinations. The free amino acids in blood did not rank
the proteins fed in the expected order. They are not a perfect screening method
for protein status of a population under the experimental conditions. Various
factors affect the concentration of free amino acids in blood. Their levels are,
however, sometimes very useful and provide a better understanding of protein
nutrition,

In the three experiments, there was a regular relationship between rate of
growth and feed intake. The relationship between weight gain and nitrogen in-
take is curvilinear, possibly semilogarithmic but essentially linear at low nitro-
gen intakes (ALLISON, 1964). The nitrogen intake required for growth varied
with dietary protein types, sex and age. To reach about twice the initial live-
weight (75 g) in Expt. 2, rats on casein, potato protein, wheat gluten and soya
protein ate about 7, 7, 16, 16 g of nitrogen, respectively. The amounts of total
nitrogen which resulted in a 5.5-fold increase in weight of males (55 g) at the
end of Expt. 3 were 40 and 65 g from casein and wheat gluten, respectively. In
Expt. 3, females consumed freely 27 and 37 g N from casein and wheat gluten
to gain less than half the total weight gained by males.
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From logical point of view, poor intake means poor diet. Nevertheless, feed
intake by itself tells mostly nothing about the nature of inferiority or superiority
of proteins. Weight gain can be related to the protein intake as an index of the
nutritive value of proteins, namely the protein or nitrogen efficiency ratio. This
index can be defined as the liveweight gain relative to a unit weight (gramme) of
protein or nitrogen consumed. The data in the three experiments show clearly
that the higher nutritive value of protein (casein and third potato protein
against the wheat gluten and soya protein), the greater the protein or nitrogen
efficiency ratio. These ratios decreased in general with advancing age since the
gain in liveweight diminished and the protein intake increased. The changes in
the protein or nitrogen efficiency ratio with age or different nitrogen intakes of
the same protein were greater for the superior protein than for inferior protein.
The value of protein or nitrogen efficiency ratio was not characteristic of a
protein and varied under different conditions. Such ratios are not always addi-
tive for mixed proteins and they may differ between species and with physiolo-
gical state. Therefore, these values in the three experiments must be interpreted
cautiously due to differences in procedures.

The total gain in liveweight in Expt. 1 was equivalent to retention of 3.6 and
1.3 g of nitrogen from casein and wheat gluten, respectively. This means that
about 259, and 99 of the same nitrogen intake of casein and wheat gluten were
retained in the rat for growth during the 12 weeks of Expt. 1. Similarly, 25%;
and 21%, 119, and 129 of the same nitrogen intake of casein, potato protein,
wheat giuten and soya protein, respectively, were retained by the rats for growth
during the 16 weeks of Expt. 2. During the 20 weeks of Expt. 3, 209/ and 149 of
the free nitrogen casein were retained in males and females, respectively, for
growth, whereas nitrogen gained from wheat gluten were 129 and 109 for
males and females, respectively, The data show that nitrogen retention is less
in females than in males and higher for superior protein than inferior one. The
difference between total nitrogen intake and gain in body nitrogen could re-
present the nitrogen needed from the different protein types for maintenance
together with some loss through excretion. This reveals that superior protein is
also better in nutritive value for maintenance than inferior one. Furthermore,
the females need proportionally more of total protein for maintenance (per
gramme liveweight) than males.

Gain in liveweight generally correlated well with gain in body nitrogen. How-
ever, the differences of actual nitrogen gained between proteins used were larger
than those calculated from gain in liveweight only. This is mainly because the
nitrogen percentages of the gains in liveweight are not exactly the same.

The units in which results\ are expressed vary with the parameter. Hence for
all, casein is made 100 to facilitate comparison (Table 21), Table 21 shows that
the criteria of nitrogen gain pn restricted protein resulted generaily in a larger
difference between proteins than the other criteria (energy intake and weight
gain), whereas the three critéria were similar with free access to protein.

Free amino acids levels in blood under the experimental condition were not a
parameter of overall biologic value and probably indicate specific functions.
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TabLE 21. Total of weight gains, energy intakes and nitrogen gains compared with those of
rats on casein as 100.

Protein Casein Potato  Wheat-gluten Soya
Expt. o Criterion group {Cn) group(Pt) group (Gn} group(Sy)

feeding 3 °
1 restricted?  energy intake 100 - - 88 - -
1 restricted weight gain 100 - - 53 - -
1 restricted nitrogen gain 100 - - 16 - -
2 restricted energy intake 100 - 98 67 - 77
2 restricted  weight gain 100 - 94 49 - 49
2 restricted  nitrogen gain 100 - 86 44 - 47
3 to appetite  energy intake 100 100 - 93 98 _
3 toappetite  weight gain 100 100 - 96 97 -
3 to appetite  nitrogen gain 100 100 - 97 98 -

! For an hour daily.
2 192 mg N daily.

The data show that it is very difficult to express the nutritive values in a single
universally applicable figure for each protein. Results in one experiment may
not necessarily allow deductions to be made for the other experiment. No single
criterion of the nutritive value of protein with one method of feed assignment is
superior to all others.

Rats had great recuperative power, provided the adverse conditions are not
carried too far or continued too long. On feeding inferior protein to appetite,
the rats slowed up in growth until the genetical growth curve is reached or
approached once more, and subsequently followed. Female rats adapted them-
selves better to inferior protein than males perhaps because the two x-chromo-
somes provide better regulatory forces than one x and the small y chromosome.

In general, it is not practical to use changes in concentrations of free amino
acids in the systemic blood as a measure of protein quality. This in general ac-
cords with the finding of GOLDBERG and GUGGENHEIM (1962). That an abnor-
mally low level of a particular amino acid in the plasma indicates a deficiency of
that amino acid in dietary protein (LONGENECKER and HAUSE, 1959; RICHARSON
et al., 1953; ALMQUIST, 1954), is sometimes not correct. This agrees with the
conclusion of CHRISTENSEIN (1963) and MoRRiSON et al. (1961). Alteration in
the levels of free amino acids after feeding was not completely successful index
of the order of limiting amino acids in the proteins. Fasting levels for amino
acids probably did not reach a static minimum. However, the base line must to
some degree level or stabilize amino acid nutrition and approximates to steady
states between entry and exit in the blood. To explain that every amino acid
follows a particular pathway is not practical and profitable. Free amino acids
in the blood tend towards uniformity and stability in normal body states, The
changes in free amino acids suggested the existence of homoeostatic mechanisms
through several types of control phenomena. Increases in free amino acids in
the blood did not parallel the amino acid composition of the diet and this is in
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accordance with FRAME {1958). The relation between amino acid composition
of proteins and free amino acids in blood is not direct or simple. The studies show
interrelations of quality, amount of protein, sex, and age with levels of free
amino acids in blood. These levels sometimes responded to an inadequate in-
take of the corresponding amine acids in the proteins. Growth and free amino
acid levels do not correlate well, as MCLAUGHLAN (1964) also concluded.

Meded. Landbouwhogeschool Wageningen 70-4 (1970) 91



8. SUMMARY

8.1. ENGLISH

Three experiments were carried out to obtain more knowledge about the use
of feeding protein diet separately and protein-free diet to estimate the biological
value of proteins.

Proteins were given in three experiments for one hour daily and free access to
protein-free diet for the following 23-hour. In Expt. 1, casein and wheat gluten
were eaten daily in an amount of 192 mg nitrogen (N) per male rat for 12 weeks
after a training period. In Expt. 2, these two proteins in addition to potato
protein and soya protein were given daily in an amount of 192 mg N per male
rat for 16 weeks after a training period. In Expt. 3, casein and wheat gluten
were given to appetite for three replicates of weanling male or female rats for
20 weeks. Liveweight, feed intake and carcass analysis of water, fat and N were
recorded in the three experiments. Levels of free amino acids in blood (FAA)
before and afier the protein meal were estimated at different intervals in Expt.
2, and fasting levels (before giving the protein) of the same rats at different ages
were determined in Expt. 3. Furthermore, FAA of some newborn rais and their
mothers (Trial 3} on the day of birth were estimated.

As judged from the effect of the protein types on different parameters, casein
and the third potato protein ranked alike in their nutritive value. They were
superior in their nutritive value to wheat gluten and soya protein (heated).
The wheat gluten was inferior in nutritive value to the soya protein in a relatively
short experimental period, but similar in a relatively long experimental period.

On an equal amount of N, rats on inferior proteins increased in weight more
slowly than rats on superior proteins. Prolongation of the experiment with re-
stricted protein resulted in a similar total gain in weight, when the difference in
the protein quality was not too large (wheat gluten and soya protein). Further-
more, rats on proteins with large difference in quality also gained similar total
liveweight, when the proteins (casein and wheat gluten) were offered to appetite
for a relatively long experiment (Expt. 3).

The ratio of energy to protein was higher on giving superior protein to appe-
tite or in restricted amount than on inferior protein. When the protein was to
appetite, rats seemed to adapt themselves to the deficiency of amino acids (AA)
in wheat gluten as judged from the similar liveweight of the casein and wheat-
gluten group of the same sex in Expt. 3 by increasing the protein intake.

On restricted protein, the percentage and quantities of the component of the
rats’ bodies determined did not differ significantly between casein and potato
groups and between wheat-gluten and soya group, whereas there were signifi-
cant differences between the casein or potato group and wheat-gluten or soya
group. These significant differences indicate that superior protein can increase
rapidly not only quantities of body components but also some of their propor-
tions. The ratio of N to water and N % are slightly, though significantly, affected
by the quality of protein in a restricted amount over a relatively long period
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{Expt. 1 and 2). However this ratio and percentage varied generally in relatively
narrow limits in the three experiments. Although there were no significant
differences between the weights of the casein and wheat-gluten group of the
same sex at the end of Expt. 3, significant differences between their body consti-
tuents were found in some cases but not between the amount or percentage N.
In general, age influence was confirmed to be a decrease in water percentage and
an increase in nitrogen percentage, in fat percentage and in the quantities of the
body components.

In most instances, higher levels of FAA were recorded after eating proteins
than during fasting on the protein-free diet. Generally, the percentage increases
in tyrosine or the branched amino acids (isoleucine, leucine and valine) were
highest of FAA, whereas those of glycine and glutamic acid were lowest.

Detection of limiting amino acid(s) in the protein — casein, potato protein,
wheat gluten and soya protein - from the levels of FAA before and after eating
proteins was not completely successful. Free arginine and histidine levels de-
creased to a great extent in some instances after eating casein, potato protein,
wheat gluten and soya protein in spite of being probably, not the most limiting
AA in these four proteins. This probably indicates metabolism interrelations.
Care must be taken, therefore, in the interpretation of levels of FAA as an
index for limiting AA, i.e., they may not reflect the exact limiting order of the
dietary AA. Nevertheless, the data show that wheat gluten is deficient in lysine
and soya protein is more deficient than potato protein in methionine,

Markedly, fasting levels of free threonine and glutamic acid in blood of pota-
to group and taurine in blood of wheat-gluten group were the highest values of
the four groups on feeding 192 N in Expt. 2. Moreover, levels of free threonine,
lysine and glutamic acid in blood of wheat-gluten group before and after feeding
on the proteins were the lowest values. When fed on casein and wheat gluten to
appetite (Expt. 3), free lysine and threoning were mostly lower in blood of males
and females of wheat-gluten group than of casein group. Although there were
sometimes rough relationships between the levels of FAA and AA contents in
dietary proteins, rats modify the ratio between essential AA of dietary proteins
to maintain almost constant ratio between essential FAA. Generally, variations
in the levels of essential FAA due to feeding, ages, individuals or amount of pro-
tein were reduced on expressing them in percentages of the total essential amino
acids.

At 12 weeks of age in Expt, 3, free lysine levels in blood of wheat-gluten group
were markedly higher in females than in males. At 24 weeks of age, levels of
free threonine in blood of wheat-gluten group were also markedly higher in
females than in males. This suggests that females adapt themselves better for the
deficiency of lysine and threonine in wheat-gluten diet than males.

With age, most FAA, though not the same, increased from birth to weaning
at about 4 weeks old, from beginning to Week 8 of Expt. 3 (4—12 weeks old) as
shown in males and females of casein and wheat-gluten group at 12 weeks of
age, then decreased from Week 8 to 20 of Expt. 3 (12-24 weeks old) except
for females of casein group at 24 weeks of age. Furthermore, most FAA of
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male rats also decreased in many cases in Expt. 2 with age from 10-21 wecks,
in spite of the difference in the amount and type of the protein in Expt. 2 and
Expt. 3. It is noteworthy that a markedly reversed trend (decrease) was found in
level of free histidine from birth to weaning. Furthermore, levels of free lysine in
blood of rats on deficient diet in lysine increased with age, whereas most free
essential FAA decreased. Generally, intake of wheat gluten compared to casein
tended to reduce the average levels of most individual FAA, when restricted
or fed to appetite. Most fasting levels of FAA of wheat-gluten group were lower
on restricted amount of gluten (Expt,2) than on free access to the protein
(Expt. 3). ‘

Most essential FAA of newborn rats were higher than their mothers. Further-
more, rats post partum had a lower level of FAA than virgin rats.

Data of the experiments show that alteration in levels of FAA is affected by
the interaction of protein type, age and sex in addition to other factors such as
pregnancy and metabolic interrelationships.
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© 8.2. SAMENVATTING

Om de voedingswaarde te bepalen van verschillende soorten eiwitten werden
drie uitvoerige experimenten met albinoratten uitgevoerd, waarbij de eiwittenen
het eiwitvrije voer afzonderlijk verstrekt werden.

In deze experimenten werden de ciwitten elke dag gedurende 1 uur verstrekt;
de overige 23 uur hadden de dieren ad libitum de beschikking over het eiwitvrije
voer. In experiment 1 werden, na een trainingsperiode, caseing en tarwegluten
aan mannelijke ratten gedurende 12 weken dagelijks gegeven in een hoeveelheid
van 192 mg stikstof per dag. In experiment 2 werden, evencens na een trainings-
periode, caseine, (verhit) tarwegluten, (verhit) aardappeleiwit en {verhit) soja-
eiwit dagelijks gegeven aan mannelijke ratten gedurende 15 weken in een hoe-
veelheid van 192 mg stikstof per dag. In experiment 3 werden gedurende 20
weken caseine en tarwegluten ad libitum gegeven aan drie groepen gespeende
mannelijke en vrouwelijke ratten. In de drie experimenten werden de voedsel-
consumpties, de lichaamsgewichten, en de water-, vet- en stikstofgehaltes van
de dieren bepaald. In experiment 2 werden met verschillende tussenpozen de
vrije aminozuren in het bloed védr en nd de eiwittoediening op verschillende
leeftijden van de dieren bepaald. Voorts werden in experiment 3 de gehaltes van
vrije aminozuren in het bloed van sommige pasgeboren ratten en van hun moe-
ders op de dag van de geboorte bepaald,

Yolgens de gesteldecriteria {groei, voedselconsumptie en lichaamscomponen-
ten) bleck dat caseine en aardappeleiwit {van de derde partij} een gelijke voe-
dingswaarde hadden. Hun voedingswaarde was groter dan die van tarwegluten
en sojaeiwit. De voedingswaarde van tarwegluten was kleiner dan die van soja-
eiwit in een betrekkelijk korte proefperiode, maar gelijk in een langere proef-
periode. ,

Bij een gelijke stikstofopname groeiden ratten op de eiwitten van hogere
biologische waarde aanvankelijk sneller dan op eiwitten van lagere waarde.
Deze groeiverschillen verdwenen in de loop van de tijd, mits het verschil in
biologische waarde niet te groot was zoals bij tarwegluten en sojaeiwit. Bij ad
libitum-toediening van eiwitten met grote kwaliteitsverschillen (caseine en tar-
wegluten) over een betrekkelijk lange periode werd geen significant verschil in
lichaamsgewicht waargenomen (experiment 2).

De verhouding encrgie: eiwit, zowel bij ad libitum- als bij beperkte eiwit-
voedering, was groter wanneer de dieren eiwit van hogere biologische waarde
kregen dan wanneer zij eiwit van lagere waarde ontvingen.

Wanneer het eiwit ad libitum verstrekt werd, konden de ratten zich aanpassen
aan het aminozuurtekort in tarwegluten door hun eiwitopname te vergroten;
dit blijkt uit de gelijke gemiddelde lichaamsgewichten van de dieren van hetzelf-
de geslacht op caseine en tarwegluten in experiment 3.

Bij beperkte eiwitvoedering waren er tussen de groepen op caseine en aard-
appeleiwit- en tussen de groepen op tarwegluten en sojaciwit geen significante
verschillen in hoeveelheden en gehaltes aan water, vet en stikstof van de karkas-
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sen. De verschillen tussen de caseine (of aardappeleiwit)-groep en de tarweglu-
ten (of sojaetwit)-groep waren echter significant. Deze verschillen wijzen erop
dat eiwit van goede kwaliteit niet alleen een snelle toeneming van de hoeveelhe-
den van deze lichaamscomponenten kan veroorzaken, maar ook van enkele van
hun verhoudingen. De verhouding stikstof : water en het stikstofpercentage wer-
den significant beinvloed door de kwaliteit van het eiwit, wanneer dit eiwit in be-
perkte hoeveelheid verstrekt werd gedurende een betrekkelijk lange periode
{experimenten 1 en 2).

Deze verhouding en dit percentage varieerden in de drie experimenten in het
algemeen binnen nauwe grenzen. Hoewel er geen significante verschillen in ge-
wicht waren tussen de grocpen op caseine en tarwegluten van hetzelfde geslacht
aan het einde van experiment 3, waren er in enkele gevallen wel significante
verschillen in hun lichaamssamenstelling, maar niet in stikstofgehalte of hoe-
veclheid. Bij toenemende leeftijd werd een afneming in het percentage water,
een toeneming in de percentages stikstof en vet en ook een toeneming van de
hoeveelheden van deze componenten waargenomen.

In de meeste gevallen werden na het eten van eiwitten hogere gehaltes aan
vrije aminozuren waargenomen dan pedurende de periode waarin de ratten
slechts eiwitvrij voer kregen. In het algemeen waren de verhogingen van de
percentages tyrosine of van de aminozuren met vertakte ketens (isoleucine, leu-
cine en valine) het hoogst en die van glycine en glutaminezuur het laagst.

Vaststelling van het beperkende aminozuur of aminozuren in de gevoerde
eiwitten (caseine, aardappeleiwit, tarwegluten en sojaeiwit) door een vergelijk
van de gehaltes van de vrije aminozuren in het bloed védr en nd het eten van de
eiwitten is niet mogelijk gebleken. In sommige gevallen daalden de gehaltes aan
vrij arginine en histidine aanzienlijk na het eten van cascine, aardappeleiwit,
tarwegluten en sojaeiwit, ondanks het feit dat deze aminozuren niet de meest
beperkende aminozuren van deze eiwitsoorten zijn. Dit wijst waarschijnlijk op
een onderling verband in de stofwisseling. Er is daarom reden tot voorzichtig-
heid bij de interpretatic van de gehaltes aan vrije aminozuren in het bloed als
aanwijzing van beperkende aminozuren. De gegevens tonen echter aan dat
tarwegluten een tekort heeft aan lysine. Sojaeiwit heeft een groter gebrek aan
methionine dan aardappeleiwit,

Op eiwitvrij voer waren de gehaltes aan vrije threonine en glutaminezuur in
het bloed van mannelijke ratten van de aardappeleiwitgroep, en de taurinege-
haltes in het bloed van mannelijke dieren van de tarweglutengroep de hoogste
van de vier groepen, die dagelijks 192 mg stikstof kregen in experiment 2. De
gehaltes aan vrij threonine, lysine en glutaminezuur in het bloed van manne-
lijke ratten van de tarweglutengroep waren voor en na toediening van de ciwitten
het laagst. Wanneer de eiwitten ad libitum verstrekt werden (experiment 3),
waren de gehaltes aan vrije lysine en threonine in het bloed van mannelijke en
vrouwelijke ratten op tarwegluten lager dan bij die op caseine.

Hoewel er soms enige overeenkomst was tussen de gehaltes aan vrije amino-
zuren en de aminozuurgehaltes van de verstrekte eiwitien, passen ratten de
verhouding tussen essenticle aminozuren van de toegediende eiwitten aan om
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een vrijwel constante verhouding tussen de aminozuren in het bloed te hand-
haven.

In het algemeen werden variaties in de gehaltes aan essentiéle aminozuren
tengevolge van de voeding, leeftijd, individuele verschillen of de hoeveelheid
verstrekt eiwit gereduceerd door ze uit te drukken in percentages van de totale
essentiéle aminozuren.

Op een leeftijd van 12 weken waren in experiment 3 de gehaltes aan vrije
lysine in het bloed van ratten, die tarwegluten ad libitum kregen, aanzienlijk
hoger bij de vrouwelijke dan bij de mannelijke dieren. Op een leeftijd van 24
weken waren bij de ratten, die tarwegluten ad libitum kregen de threoninege-
haltes in het bloed van de vrouwelijke aanzienlijk hoger dan in dat van de man-
nelijke dieren. Dit wijst er op dat vrouwelijke ratten zich beter aanpassen aan
een lysine- en threoninetekort in tarwegluten dan mannelijke ratten.

De gehalies aan de meeste vrije aminozuren in het bloed, hoewel niet steeds
dezelfde, namen toe met de leeftijd: vanaf de geboorte tot een leeftijd van 4
weken, vanaf het begin tot de 8¢ week in experiment 3 (4-12 weken oud), en
namen dan van de 8¢ tot de 20e week van experiment 3 af (12-24 weken oud),
behalve bij de dieren (¥) van 24 weken op caseine. Verder namen de vrije amino-
zuurgehaltes in het bloed van mannelijke ratten ook af in vele gevallen in ex-
periment 2 met de leeftijd van 10-21 weken, ondanks het verschil in hoeveelheid
en soort van eiwit in experiment 2 en experiment 3.

Het is opmerkelijk dat een omgekeerde neiging (afname) gevonden werd in
het histidinegehalte vanaf de geboorte tot aan het spenen.

Verder namen de gehaltes aan vrije lysine in het bloed van ratten op een
dicet met een lysinetckort toe met de leeftijd, terwijl de gehaltes aan de meeste
vrije essentiéle aminozuren afnamen. In het algemeen verminderde de toedie-
ning van tarwegluten de gemiddelde gehaltes aan vrije individuele aminozuren in
het bloed, zowel wanneer het in beperkte mate, als wanneer het ad libitum ver-
strekt werd, ’

De meeste gehaltes aan vrije aminozuren in het bloed van ratten op eiwitvrij
voer waren lager wanneer de hoeveelheid tarwegluten beperkt was dan bij ad
libitum verstrekking (experiment 3).

De gehaltes aan de meeste essentiéle vrije aminozuren in het bloed van pasge-
boren ratten waren hoger dan in het bloed van hun moeders. Verder hadden
ratten post partum meestal lagere gehaltes aan vrije aminozuren in het bloed dan
maagdelijke ratten.

Gegevens van de experimenten tonen aan dat veranderingen in de gehaltes
aan vrije aminozuren beinvioed worden door wisselwerkingen tussen de socort
eiwit, de leeftijd en het geslacht, naast andere factoren als zwangerschap en stof-
wisselingsrelaties.

Meded. Landbouwhogeschool Wageningen 70-4 (1970) 97



ACKNOWLEDGEMENTS

I am thankful to all humanity who have contributed to scientific knowledge
therefore to my education.

I am most grateful to my supervisor Prof. Dr. C. DEN HARTOG, who en-
couraged me in this study with especial interest, characteristic enthusiasm,
stimulating criticism and kindness.

I am indebted to the staff of the Netherlands Institute of Nutrition (N.I.V.V.)
and the Department of Nutrition of the Agricultural University in Wageningen
(L.H.) where this study was carried out. Partly, the Marketing Board for Dairy
Products, The Hague, and the International Technical Assistance Department
of the Ministry of Foreign Affairs, The Hague financially supported this
research.

I also express my gratitude to Dr. L. M, Dawperup (N.LV.V)), Dr, E. H.
GrooT (L.H.) and Dr. G. PoL (formerly of N.LV.V.; now at Honig Glucose
N.V., Koog aan de Zaan) for scientific advice; Mr. J. C. Rigg (Centre for
Agricultural Publishing and Documentation-PUDOC-, Wageningen) for ad-
vice on the English, Mr. G. H. M. KELLER, F. J. M. SCHOUTEN, P. vaN KLEEF,
W. vAN CAPELLEVEEN, G. VAN TINTELEN, W. B. vaN Haarp (N.LV.V), B. L.
GuNDLACH (L.H.), and to Miss W. A, H. VELTMAN (NLL.V.V)) for assistance.

I can hardly express my gratitude to my fiancée Drs. E. BuLeveLD for her
moral support while preparing this thesis.

68 Meded. Landbouwhogeschool Wageningen 70-4 (1970)



REFERENCES

AsraHAM J., CaLET, C., RERAT, A, and JacguoT, R. (1961). C.r. hebd. Séanc. Acad. Sci.
Paris 253 2768.

Aprams, J. T, (1966). In ‘recent advances in Animal Nutrition® p. 232. J. and A. Churchill
Ltd., London. .

ADIDE, S A, Gray, §. J.,, and MENDER, E. (1967). Am. J. clin, Nutr. 20: 24,

ADOLPH, E. F. (1947). Am. J. Physiol. 151: 110.

AvLam, S, Q., RoGers, Q. R., and Harper, A. E, (1966). J. Nutr, 89: 97,

ALBANESE, A. A. (1959). In *‘Protein and Amino Acid Nutrition’. p. 297. Academic Press,
New York.

ALBANESE, A. A., and OrTo, L. A, (1963). In ‘Newer Methods of Nutritional Blochemlstry
{Albanese, A. A ed.) Vol. 1, p. 1. Academic Press, New York.

ALLISON, J. B. (1958) Ann. NY Acad. Sci. 69: 1009.

ALLISON, J. B. (1961). Fedn Proc. Fedn Am. Socs exp. Biol. 20: 66.

AvrLison, J. B_(1964), In *“Mammalian Protein metabolism’ (Munro, H. N. and Allison, 1.B,, ed.)
VYol. 2, p. 41. Academic Press, New York.

Armouist, H. J. (1954). Archs Biochem. Biophys. 52: 197,

AMERICAN ASSOCIATION of OFFICIAL AGRICULTURAL CHEMISTS (1965). In ‘Official Methods
of Analyses’ (HorwrTZ, W., ed.} p. 346. A.O.A.C., Washington, D.C, 20044,

BeNDER, A. E., and MiLLER, ID. 8. (1953). Biochem. J. 53: VI1.

BiorNEssO, K. B. (1968). Clinica Chim. Acta 20: II.

Boza, I, BROGGER, ¥, G., and VareLA, G, (1966)., Rev, Nutricidn animal, Madrid 4:
47,

Bressant, R., Brasam, J. E., ELias, ., and ZaGHis, S. DE (1965). Nutrition Dieta 7: 161.

BrownN, P., and StraTTON, G. B. (1963), In *World List of scientific periodicals’. Vol 1-3,
Butterworths, London.

CarpentER, K. L. and DuckworTH, J. (1951). 1. Apr. Sci. 41, 297.

CarTLAND, G, F., and KocH, C. (1928). Am. J. Physiol. 85: 540,

Caton, W. L, Rory, C. C,, Rem, D. E., Gison, J. G., 2nD (1949). Am. J. Obstet. Gynec.
57:471.

CHANUTIN, A, (1931), J. Biol. Chem. 93: 31.

CHAPMAN, D. G., CastiLLo, R, and CAMPBELL, J. A. (1959). Can. J. Biochem. Physiol. 37:
679.

CHARKEY, L. W., ManNING, W. K., KANO, A, K, Gassnir, F. X., Hopwoop, M. L., and

~  Mabpsen, 1. L. (1953). Pouli. Sci. 32: 630.

CHiLps, G. R., and Cowmss, G. F. (1964), Poult, Sci. 43: 12220,

CHRISTENSEN, H. N. (1963). Fedn Proc. Fedn Am. Socs exp. Biol. 22: 1110,

CrrisTensen, H, N,, and STREICHER, J. A. {1948). J. Biol. Chem. 175; 95.

CoNFERENCE 0f BioLoGicAL Eprrors, CoMMITTEE on ForaM and StyLE (1964). Style manual for
biological journals, Second edition. Am. Inst. biol. Sci., Washington D.C,

Darperup, L. M., KeLLer, G. H. M., Vissgr, W., Vries, J. E. DE, and Hasarp, W. B. vaN
(1967). Yoeding 28: 558.

Dean, W. F., and ScotTt, H. M. (1966) J. Nutr. 88: 75,

DEeLHUMEAU, G., PrRATT, G. V., and GiTLer, C. (1962) J. Nutr. 77: 52.

DenTON, A. E., and ELVEHIEM, C. A. (1954), J, Biol, Chem, 206: 449.

Dersg, P. H. (1960) J. Ass. Off. agric. Chem. 41; 192,

DrevER, I. 1. (1957). Br. J. Nutr. 11: 22.

DuTRrA DE OLIVEIRA, J. E., DE SouzA, N., DE REZENDE, T. A., YALENTE, L. R, Boyp, Y. F., and
Dacey, E. E.(1967). J. Fd Sci. 32: 131.

ELLINGER, G. M., and BoyNg, E. B. (1965). Br. J. Nutr. 19: 587.

EL-SamMaN, S. (1961). The biological value of proteins in mixed grass hays. p. 39. Thesis,
Wageningen.

Meded, Landbouwhogeschool Wageningen 70-4 (1970) 99



ELwyn, D, H. (1968). In *Protein Nutrition and Free amino acids patterns’ (LEATHEM, J. H.,
ed.). p. 88. Rutgers Univ. Press, New Brunswick, New Yersey.

EMMENS, C. W., and PARKER, A. 8. (1947). Vitamines and Hormonges. 5: 233.

ErstEIN, A, N, and TeiTELBAUM, P, (1962). J. comp. and physiol. Psychol, §5: 753,

EwART, J. A. D, (1967). I. Sci., Fd Agric. 18: TI1.

Farris, E. (1962). In ‘The Rat in laboratory investigation’ (Farris, E. J., and GriraTH, J. Q.
Jr., ed.} p. 3 Hafner Publishing Company, New York,

Finch, L. R., and Hirp, F. J. R, (1960). Biochim. biopys. Acta 43: 268.

Foun, O., and Wu, H. (1919). I. Biol, Chem. 38: 81.

Forees, R. M., and YoHg, M. (1955). J. Nutr. 55: 493,

Foweer, H. W,, and FowLEr, F. G. (1964). In ‘The Concise Oxford Dictionary of Current
English’, p. §5. Oxford Univ. Press.

Fraume, E. G. (1958) J. Clin. Invest. 37; 110.

Frost, D. V. (1959). In ‘Protein and Amino Acid Nutrition’. (ALBANESE, A. A. ed.) p. 225.
Academic Press, New York.

GANAPATHY, S. N., and NasseT, E. S. (1962). J. Nutr. 78: 241.

GOLDEERG, A., and GUGGENHEm, K. (1962), Biochem. J. 83: 129,

Gray, I. A., Ousen, E. M., Hie, D. C., and Branion, H. D. (1960). J. Biochem. Physiol.
38:435,

GrooT, E. H. (1942), Archs néerl. physiol. 26: 472.

Guacay, L., Ronchg, F., and AssoLito, A. (1963). [tal. J. Biochem. 12: 355.

GuGGeENHEM, K., HALEVY, 8. and FriEDMANN, N. (1960). Archs Biochem. Biophys, 9%: 6.

Hapen, R, L. (1923). 1. Biol. Chem. 56: 469.

Hacerman, D. D, and ViLLeg, C. A. (1960). Physiol Rev.d40: 313,

HAMILTON, P. B. (1963). Analyt. Chem. 35: 2055.

HartoG, C. DEN (1966). ‘Nieuwe voedingsieer'. p. 143 Aula-Boeken, Utrecht.

HaTtaL 5. (1917). Am. J. Anat. 21:23.

HeGGenEss, F. W, (1965). J. Nutr. 86: 265.

HeGsTED, D. M. (1964). In ‘Nutrition, A comprehensive treatise’ (BEaToN, G. H. and Mc.
HEenry, E. W, e.d.) vol. 1, p. 130. Academic Press, New York.

Hecstep, D. M., and WoORSCESTER, J. (1947). J. Nutr. 33: 685.

HegstED, D. M., and HAFFENREFFER, V. K. (1949), Am. J. Physiol. 157: 141,

Henry, K. M, (1965). Br. Nutr. 19: 125,

HEenry, K. M., and TooTHiLL, J. (1962). Br. J. Nutr. 16: 125.

HiLe, D. C,, and OvLsen, E. M. (1963). J. Nutr. 79: 303,

Hitcheock, F. A, (1925). Am_J. Physiol. 75: 205,

HoLrt, L. E. Jr., SNYDERMAN, S. E. (1964). In ‘Mammalian Protein Metabolism’ (MUNRo,
H. N, and ArLLison, J. B, ed.). vol. 2, p. 321, Academic Press, New York.

How, E. E., and DooLey, C. L. (1963). J. Nutr. 81:379.

HucceT, A. ST. G., and SLATER, J, 8. (1966). Biochem. J. 98: 43P.

IsoBE, S., ICHINGSE, Y., KAGA, A., and NAGAMINE, S. (1964). Jap. J. Nutr. 22: 102,

Jansen, G. R. {(1962). J. Nutr. 78: 231.

JoserH, A. A., CHouDHURI, R. N. R, INDIRAMMA, K., Rao, M. N, SwaMINATHAN, M.,
SREENIVASAN, A, and SUBRAHMANYAN, V. (1963). Fd. 5c¢i., Mysore 12: 255.

Kaunrrz, H. (1958). Perspect. Biol, Med. 1:293.

KEevys, A., and Brozexk, 1. (1953). Physiol. Rev. 33: 245,

KM, K. S., MAGEE, D. F., and Ivy, A, C. (1952). Am. 1. Physiol. 169: 525,

KinG, H. D. (1915) Anat. Rec. 9: 213,

King, K. W. (1963). Fedn Proc¢. Fedn Am. Socs. exp, Biol. 22: 1115,

Kon, S. K. (1928). Biochem. J. 22: 261.

Lagis, A. L. (1962). Potato Protein. Their properties and nutritive value. p. 75. Thesis, Wa-
geningen.

LicHT, A. E,, and TorNABEN, J. A. (1953). ]. Nutr. 49: 51.

LONGENECKER, J. B. (1963). In ‘Newer Method of Nutritional Biochemistry’ (ALBANESE,
A. A ed)vol. 1, p. 113. Academic Press, New York.

100 Meded. Lardbouwhogeschool Wageningen 70-4 { 1970}



LoNGENECKER, J, B., and Hause, N, L. {1959). Archs Biochem. Biophys. 84: 46.

Macy, I. G., and HunscHer, H. A. (1934). Am. J. Obstet. Gynec. 27: 878.

MaTHews, J., and PARTINGTON, M. W. B, (1967). Biol. Neonat. 2: 273.

MAYER, J. (1953). Physiol. Rev. 33:472.

McCance, R. A., and Wippowson, E. M. (1960), Spec. Rep. Ser. med. Res. Coun, 297,

McLaucHLAN, J. M. {1964), Can. J. Biochem. 42; 1353.

McLAUGHLAN, J. M. (1967). Fedn Proc. Fedn Am. Socs. exp. Biol. 26: 469.

McLauGHLAN, J. M., NoEL, F. J., Mogrrison, A. B, and CaMeBELL, J. A, (1961). Can. J.
Biochem. Physiol. 39: 1669,

McMenamy, R, H., SHOEMAKER, W. C,, Ricemonp, J. E., and ELwyn, D. (1962). Am. J.
Physiol. 202: 407.

MESTER, L. (1965), In ‘Biochemistry of the amino acids’. vol. 2, p. 491. Academic Press, New
York.

MiLLER, D. 8., and BEnpER, A. E. (1955). Br. J. Nutr. 9: 382.

MiLLER, L. L. (1962). In ‘Amino Acid Pools’ (HoLpEn, J. T., ed.) p. 708. Elsevier, New York,

MitcHiELL, H. H. (1964). In ‘Comparative Nutrition of Man and Domestic Animals’. vol. 2,
p. 575. Academic Press, New York.

- MrtcheLL, H. H., and CArMEN, G. G. (1926). Am. J. Physiol. 76: 398.

Maore, S., and SteiN, W, H, (1954). J, Biol. Chem, 211: 895.

MorrisoN, A. B., and CAMPBELL, J. A. (1960). J. Nutr. 70: 112,

MorrisoN, A, B., MipDLETON, E. J., and McLauGHLAN, J. M. (1961). Can. J. Biochem.
Physiol. 39: 1675.

Morrow, G. (I11), Kivirikko, K. 1., and Prockop, D. 1. (1967). J. clin. Endocr. 27: 1365.

MouiLton, C. R. (1923).J. Biol. Chem. 57: 79,

Munro, H. N. and NawsmTH, D. J. (1953). Biochem. J. 54: 191.

Nasser, E. 8, and Ju, J. 8. (1961). J. Nutr, 74: 461.

OereN, H., and OcpeN, L. (1965). Klin. Wschr. 43: 211.

OrMOND, A. P. Jr., and RrvERA-VELEZ, J. M. (1965). Proc. Soc. exp. Biol. Med. 118: 600.

Osnaorng, T. B., and MENDEL, L. B. (1915). J. Biol. Chem. 20: 351.

PeramNo, C., and HarPer, A, E. {1963). J. Nutr. 80: 270.

PEREIRA, S. M., BEGUM, A., SUNDARARAL, R,, and Dumm, M. E. (1968). Am. J. clin. Nutr.
21:167.

Poin, R., and FauconnNeau, G., (1966). Soc. chim. Org. Biol. (ViGNEroN, M., ed.) p. 159. Paris.

Powr, G., and peN HarTOG, C. (1966). Br. J. Nutr. 20: 649,

PucHaL, F., Hays, V., W, Speer, J. C.,, Jongs, J. D., and CaTrON, D. V. (1962). J. Nutr. 6:11

QuastEL, J. H., and QUASTEL, D. M. J. (1961), In ‘The Chemistry of Brain Metabolism in
Health and Disease’. p. 53. Springficld, III, Thomas.

RaraLski, H,, and Nocal, E. (1966}. VIIth International Congress of Nutrition, Hamburg
(personal communication).

Rao, P. B. R,, MerTa, V. C,, and Jounson, B. C. (1959). J. Nutr. 69: 387.

RicHAarDSON, L. R., BLavrock, L. G, and LyMman, C. M. (1953). J. Nutr. 51 515.

Rogenson, J. W, L., and FeLeer, J. P. (1964). Gastroenterologia, Basel 101: 330,

RosENTHAL, H. L., and AruisoN, J. B. (1956). 1. agric. Fd Chem. 4: 792.

Sanaduia, J. C. and Hareer A, E. (1963). Am. J. Physiol. 204: 686.

SHeErwooD, F. W., and WELDON, V. (1953). J. Nutr. 49: 153,

SLONAKER, J. R. (1912). J. Anim. Behav. 2: 20.

SmitH, E. B., Jounson, B. C. (1967).J. Nutr. 21: 17,

SNEDECOR, G. W, (1946), In “Statistical Methods Applied to Experiment in Agriculture and
Biology’ p. 47, 77 and 89. Towa State College Press.

SnypErMaN, S. E., HoLr, L, E., Jr., NorTON, P. M., RoiTMAN, E., and PHANSALKAR, S. V.
(1968). Pediat. Res. 2: 131.

SouparT, P. (1959). Annls. Soc. r. Sci. méd. nat. Brux. 12: 33.

SPENCER, R. P., and Knox, W. E, (1960), Fedn Proc. Fedn Am. Socs exp. Biol. 19: 886.

Seray, C. M., and WippowsoN, E. M. (1950). Br. J. Nutr. 4: 332,

SwenDseID, M. E., VILLALOBOS, J., and FrieDRicH, B, (1963). J. Nutr. 80: 99.

Meded. Landbouwhogeschool Wageningen 70-4 (1970) 101



SWENDSEID, M. E., YaAMADA, C. VINvaRD, E., and FiGueroa, W. G. (1968). Am. J. clin.
Nutr, 21: 1381.

TaGLE, M, R,, and Donoso, G. (1968). J. Nutr. 93: 579,

TANG, Y. Z. (1941). Anat. Rec. 80: 13.

TaANNER, J. M. (1962). In *Growth at Adolescence’ p. 223 Blackwell Sci. Publ., Oxford.

TECHNICON MONOGRAPH, No. 1. (1966). ‘Techniques in Amino Acid analysis’ (SumipT, D.1.,
¢d.). Richard Wenzel, Buch- und offsetdruckerei, Goldbach-A schaffenburg, frohnwie-
senstrafle 1-3,

TkAcHUCK, R. (1966a). Cereal Chem. 43: 207.

TracHUCK, R. (1966h), Cereal Chem. 43: 223,

TwomsLy, J., and MEYER, J. H. (1961). J. Nutr. 74: 453.

WaLLRAFF, E, B, Bropig, E, C,, and Borpen, A. L. (1950). J. clin. Invest. 29: 1542,

WHITEHEAD, R. G., and DeaN, R. F. A. (1964), Am. J. clin. Nutr. 14: 313,

WippowsoNn, E. M., and McCance, R. A. (1963). Proc. R. Soc. (B) 158: 329.

Yemm, E. W, and Cocking, E. C, (1955). Analyst, Lond. 80 209.

102 . Meded. Landbouwhogeschool Wageningen 70~¢ (1970)



