
the way, are an interesting hint of the 
significant role that the university is 
likely to have in the application of 
knowledge in a health service setting. 
Most research people-and perhaps uni- 
versity people generally-see the uni- 
versity's role as relating chiefly to in- 
quiry and on-campus instruction. But 
it now seems certain that the future 
of one or another form of university 
extension activity in the medical field 
is going to be very lively indeed. 

These observations have necessarily 
been limited to a few central questions 
concerning biomedical research and the 
relationship between government and 
the universities. There are other urgent 
questions. 

Science as a social and intellectual 
enterprise faces some crucial and dif- 
ficult issues today-issues relating to 
large-scale organization, to institutional 

the way, are an interesting hint of the 
significant role that the university is 
likely to have in the application of 
knowledge in a health service setting. 
Most research people-and perhaps uni- 
versity people generally-see the uni- 
versity's role as relating chiefly to in- 
quiry and on-campus instruction. But 
it now seems certain that the future 
of one or another form of university 
extension activity in the medical field 
is going to be very lively indeed. 

These observations have necessarily 
been limited to a few central questions 
concerning biomedical research and the 
relationship between government and 
the universities. There are other urgent 
questions. 

Science as a social and intellectual 
enterprise faces some crucial and dif- 
ficult issues today-issues relating to 
large-scale organization, to institutional 

vitality, to institutional vested inter- 
ests, and to the conditions surrounding 
scientific creativity. These issues will 
not be resolved by good will or 
good intentions. They will not be re- 
solved by any communication from a 
government official. They will not 
even be clarified to the point at 
which resolution is possible unless the 
leadership within the scientific com- 
munity examines them with unsparing 
honesty. 

Few if any fields of human en- 
deavor are able to look at themselves 
with any measure of objectivity. But 
scientists must try. 

In the meantime, communication be- 
tween the Department of Health, Edu- 
cation, and Welfare and the university- 
based scientific community must be 
open and effective. To facilitate such 
communication, the department will 
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establish a special Advisory Commit- 
tee on University Relationships. This 
committee will work with a depart- 
mental task force and with various 
government bodies such as the Fed- 
eral Council for Science and Tech- 
nology and the Interagency Council 
on Education, as well as with the 
President's Science Advisory Commit- 
tee and the newly appointed National 
Advisory Commission on Health Man- 
power. 

The programs of the National In- 
stitutes of Health represent an ex- 
traordinary and fruitful partnership 
between the federal government and 
the universities; and they have achieved 
a high level of excellence. 

The department is proud of the 
partnership and proud of the excel- 
lence, and it will do everything possible 
to preserve and enhance both. 
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Studies of the use of urea and ammonium salts as the 
sole nitrogen source open new important perspectives. 
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The cow has a key role as a pro- 
ducer of protein and also of many 
vitamins. Both milk and meat pro- 
teins are of high biological value. If 
the vegetable diet, containing mostly 
cereals, which is the normal diet of 
most of the world's population, could 
be supplemented by half a liter of 
milk per person per day, malnutrition 
would very nearly disappear. Since great 
losses occur when plant protein is 
changed into animal protein, it has been 
questioned whether there will be, in 
the future, any possibility of the produc- 
tion of animal protein in la more and 
more overcrowded world. In milk pro- 
duction the daily feed has to contain 
roughly 60 grams of digestible crude 
protein for each kilogram of milk pro- 
duced, in addition to the 300 grams 
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necessary for the maintenance of the 
cow. This is nearly twice as much 
protein as there is in 1 kilogram of 
milk. Because utilization of nutrients 
by the body in ruminants is very dif- 
ferent from the utilization in other 
mammals, the fermentation processes in 
the rumen, caused by microbial flora, 
being of decisive importance, a part of 
the protein in the feed of ruminants 
can consist of simple nitrogen com- 
pounds-for example, amides or am- 
monia. This view was presented as 
early as 1891 by Zuntz (1) in Ger- 
many, but utilization of nonprotein ni- 
trogen in the rumen is still not well 
understood. A great number of feeding 
experiments have been made in differ- 
ent countries to find out how muoh of 
the protein can be successfully replaced 
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by urea, which is readily decomposed 
to ammonia in the rumen. The prob- 
lem is complicated in the case of nor- 
mal feeding with plenty of protein. This 
is due primarily to the fact that the 
microbes in the rumen more or less 
decompose the different proteins of 
the feed to ammonia and that micro- 
bial pro.tein is again partly synthesized 
from the ammonia. There is danger of 
ammonia poisoning when urea is used 
as a supplement to normal feed, and 
thus the addition of only relatively 
small amounts of urea has been recom- 
mended in practice. 

In experiments in which the purified 
feed used does not contain protein, and 
in which urea is used as the only sig- 
nificant source of nitrogen, the inter- 
pretation of the results is much clearer. 
Experiments of this kind have been 
carried out especially in the United 
States, with growing lambs, goats, and 
steers. The ruminal biosynthesis of all 
protein amino acids, even of essential 
amino acids, was demonstrated in these 
experiments (2). In spite of the relative- 
ly small amounts of protein which are 
needed for the growth of young rumi- 
nants-for example, for the rearing 
of a heifer, about 300 to 350 grams 
of digestible crude protein per day- 
optimum growth was not obtained with 
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urea as the sole source of nitrogen. 
W. R. Woods and A. D. Tillman (3) 
noted the growth-promoting effect of 
an alkaline mineral mixture when puri- 
fied diets with urea as the sole source 
of nitrogen were used. However, the 
growth of sheep was still inferior, when 
urea was used, to the growth obtained 
with soya protein (3). As may be seen 
from the foregoing findings, a cow pro- 
ducing, for instance, 15 kilograms of 
milk per day has to receive about 1200 
grams of digestible crude protein. It is 
thus understandable that milk produc- 
tion on a protein-free feed has not been 
investigated. However, many problems 
-for example, the capacity of the 
microbial flora of the rumen to syn- 
thesize amino acids and proteins, the 
origin of milk flavor, and the biosyn- 
thesis of different milk components- 
actually require the study of milk pro- 
duction on a purified feed, with urea 
and ammonium salts as the sole sources 
of nitrogen. Such a study is of course 
fundamental also from a practical 
point of view. 

Our studies on the production of 
milk with a purified, protein-free feed, 
with urea and small amounts of am- 
monium salts as practically the sole 
sources of nitrogen, were started in 
connection with a research project con- 
cerning the origin of the flavor sub- 
stances of milk. The question under 
study was to what extent the flavor 
substances are due to synthesis within 
the cow's body and to what extent 
they are derived from the feed. It was 
thus important to prepare a test feed 
which was as simple and as pure as 
possible. Proteins were replaced by the 
simple nitrogen compounds urea and 
ammonium salts, and the complex 
carbohydrates and other organic com- 
pounds present in plants were replaced 
by purified starch, cellulose, and sucrose. 

Feeding Experiments with 

Labeled Ammonia and Urea 

In our feeding experiments performed 
in the spring of 1958, in which a cow 
on normal feed was given one dose of 
ammonium sulfate labeled with .-5N, 
the degree of labeling of the amino 
acids, separated by fractionation after 
hydrolysis of the milk proteins, was 
determined. It was shown that in the 
milk obtained 15 hours after the feed- 
ing of 15N-ammonium sulfate all the 
protein amino acids studied were la- 
beled, but that the degree of labeling 
of the various amino acids differed 
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(4). The essential amino acids were la- 
beled more weakly than the nones- 
sential ones; this was natural, since 
the former are obviously formed only 
in the rumen by microorganisms, where- 
as the latter are also formed in other 
parts of the body, especially in the 
liver, from ammonia. When the labeling 
of glutamic acid, which was labeled 
more rapidly than any other amino 
acid, was taken as 100, the labeling 
of valine was 59; of lysine, 54; of 
phenylalanine, 50; of arginine, 41; of 
histidine, only 15. 

This experiment demonstrated that 
the microbial flora of the rumen is 
able to synthesize all the protein amino 
acids and that the amino acids 
formed are used for the synthesis of 
milk protein. The weak labeling of 
some amino acids suggested that their 
synthesis may form a bottleneck in pro- 
tein synthesis. Thus the possibility of 
developing in the rumen, by adaptation 
to a test feed, a microbial flora which 
could synthesize protein from ammonia 
more effectively than the rumen micro- 
organisms of cows on normal feed and 
thus make milk production possible 
seemed to deserve experimental study. 

The experiments on protein-free feed 
with urea nitrogen and ammonium 
nitrogen as the sole sources of nitrogen 
were started with one cow in the 
autumn of 1961 and with another at the 
beginning of 1962. A very slow adapta- 
tion procedure was used. When one 
of the test cows (Eiru) was given a 
dose of ~'N-labeled urea after having 
been on the test feed for 6 months 
and the labeling of the amino acids 
of milk protein was quantitatively de- 
termined 6.3 hours and 20 hours after 
the administration of 15N, the labeling 
of essential amino acids generally, and 
especially of some of them, was found 
to be strongly increased relative to 
values obtained in experiments with a 
cow not adapted to the test feed. An- 
other experiment, in which 15N-am- 
monium sulfate was given the same 
test cow after it had been on test feed 
for 25 months, gave similar results. 
The results show that a dose of 15N- 
urea and a dose of 15N-ammonium sul- 
fate labeled most of the amino acids 
of milk protein to practically the same 
degree, and, further, that the effects on 
labeling of feeding test feed for 6 
months and for 25 months were similar. 
The curves in Fig. 1 illustrate the ef- 
fect of adaptation to the test feed on 
the labeling of some essential amino 
acids of milk protein. 

The labeling experiments with dif- 

ferent cows on normal feed give results 
that differ quantitatively from one an- 
other, but the labeling of tryptophan 
(not estimated in the first experiment) 
and of histidine has always been the 
lowest of the values for labeling of the 
essential amino a,cids. 

Test Feed and Milk Production 

The composition of the test feed 
used in these experiments in two dif- 
ferent time periods is given below (5). 

1) Briquettes, about 9 grams each 
(paired figures in parentheses are per- 
centages of dry substance for 1962-63 
and 1965, respectively): a-cellulose 
powder (9.5; 9.9); starch (57.0; 52.9); 
sucrose (20.9; 23.1); salt mixture (8.2; 
8.9); urea (94 percent) plus ammonium 
salts (6 percent), calculated as urea 
(4.4; 5.2). Water content, 15 percent. 
Besides these briquettes some test cows 
were occasionally fed sugar-free bri- 
quettes. 

2) Wet cellulose paste mixed with 
water (paired figures in parentheses 
are percentages of dry substance for 
1962-63 and 1965, respectively): a- 
cellulose powder (60.3; 57.3); starch 
(19.5; 16.4); sucrose (12.1; 12.2); salt 
mixture (7.1; 8.8); urea (1.0; 5.3). 
Water content, 75 percent. 

3) Cellulose strips with precipitate 
of silicic acid, or without it. Water 
(75 percent); urea (4 percent of dry 
substance) and salt mixture (3 percent 
of dry substance). 

4) Plant oils, 50 to 130 grams per 
cow per day. 

5) Vitamins A and D: A (37,500 
to 100,000 I.U. per cow per day) and 
D2 plus D3 (7500 to 20,000 I.U. per 
cow per day). 

6) Vitamin E (a-tocopherol), 30 
milligrams per cow per day in 1965; 
after that, 330 to 500 milligrams per 
cow per day. During the first years no 
vitamin E preparation was used. 

7) Salt mixture. The composition of 
the salt mixture has been changed to 
some extent during the experiment on 
the basis of the analysis of feces. 
The mixture contains at present (in 
grams per measure of dry mixture): 
sodium, 6.9; potassium, 12.5; calcium, 
14.4; magnesium, 5.3; chlorine, 11.0; 
sulfur (as sulfate), 3.8; phosphorus, 
14.8; iron, 0.238; zinc, 0.085; manga- 
nese, 0.038; copper, 0.015; selenium, 
0.003; boron, 0.003; cobalt, 0.001; 
iodine, 0.001; molybdenum, 0.0006. 

Most of the time the starch used 
has been potato starch; this contains 
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only 0.02 percent of nitrogen, whereas 
the maize starch contains 0.09 per- 
cent. The amount of nitrogen-contain- 
ing impurities in the test feed is so 
small that the urea and ammonium ni- 
trogen account for 99.5 percent of the 
total nitrogen. 

Different test cows were given bri- 
quettes, cellulose-rich paste, and cellu- 
lose strips in different proportions ac- 
cording to appetite. Thus the feed of 
one cow differed from the feed of an- 
other to some extent. Roughly speak- 
ing it can be said that the test feed 
contained potato starch, cellulose, and 
sucrose in the following proportions: 
potato starch, 50 to 55 percent of the 
total carbohydrates; cellulose, 25 to 30 
percent; sucrose, 17 to 23 percent. 
The success of the urea feeding is de- 
cisively dependent on the composition 
of the carbohydrates fed (6). The pro- 
portion of starch in the feed cannot 
be reduced very much without an ac- 
companying drop in milk production. 

In the adaptation of the cows to the 
test feed the amount of normal fodder 
was gradually decreased and the amount 
of test feed was correspondingly in- 
creased. The transfer to the test feed 
with the first two cows of our experi- 
ments was made over a period of 4 to 
6 months; later on, with other cows, 
this period was reduced to 2 or 3 
months. The test cows were fed twice 
a day. The cows producing large 
amounts of milk (more than 10 to 12 
kilograms per day) ate their larger ra- 
tions gradually all day long and regu- 
lated in this way the intake of urea. 
There was thus no need to divide the 
feed repeatedly into small portions. In 
contrast, the dry cows consumed their 
small rations in a very short time. 

As indicated above, the nitrogen con- 
tent of the feed has been raised con- 
siderably during the experiment. For 
fear of ammonia poisoning, urea and 
ammonium salts were at first used 
cautiously. The largest amount of urea 
(amm,onium nitrogen included) used 
during the first 2 years was only a little 
more than 400 grams per day during 
the period of highest milk production. 
However, since analysis of the rumen 
contents and blood showed that am- 
monia had not accumulated in the 
rumen (7) and that the ammonia con- 
tent of the blood had not risen, the 
amount of nitrogen in the feed was 
raised, beginning in 1964; since autumn 
1965 the clows, weighing about 450 
kilograms each, have received as much 
as 650 grams of urea per day. 

To promote rumination, various meth- 
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Fig. 1. Labeling of the essential amino acids of total milk protein 6.3 hours after 
the cow had been fed a single dose of "5N-urea. The results are expressed as a per- 
centage of the labeling of glutamic acid. At left, results of a feeding experiment 
with a cow on normal feed (17 March 1966); at right, results of a feeding experiment 
with a test cow (20 October 1962) 6 months after the start of the experimental 
feeding. Histidine and tryptophan have the lowest labeling in both experiments, but 
the increase in their labeling in the cow on the experimental feed is remarkable. 
[Determinations by M. Kreula and T. Moisio] 

ods have been used. Rumination in a 
lactating test cow has been markedly 
stimulated through the feeding of about 
half a kilogram of polyethylene pellets 
per day. In order to increase the secre- 
tion of saliva the test cows have been 
allowed to chew rather hard rubber 
tubing; this is placed above the feeding 
trough so that the saliva flows back 
into the mouth. The cows chewed the 
tubing very eagerly during the first 
years, when urea was used in the feed 
in smaller amounts than later on. At 
present they have lost to a great de- 
gree their interest in chewing the tub- 
ing. Eagerness to chew the tubing and 
thus promote the secretion of saliva 
may be connected with an inadequate 
intake of nitrogen. 

The digestibility of the urea and the 
nitrogen balance were determined sev- 
eral times, through the method of col- 
lecting feces and urine separately and 
the method of feeding chromic oxide 
(Cr2O3) as the marker and collecting 
feces and urine together. In addition, 
when the digestibility of nitrogen alone 
was to be determined, the chromic 
oxide method was used. Raising the 
urea content in the feed enhanced the 
digestion coefficient for urea nitrogen 
from 63 ? 0.97 to 70 ? 1.2 when the 
nitrogen consumed (in grams of nitro- 
gen per kilogram of organic food) was 
raised from about 18 to 23. The in- 

crease in the digestion coefficients when 
more urea was fed was statistically 
highly significant. The nitrogen bal- 
ance (in grams per day) averaged about 
+ 13 when the cow was on a higher 
urea ration. 

The results of studies to determine 
the dependence of the digestion co- 
efficient on the amount of nitrogen fed 
agree with the observation of Raleigh 
et al. (8), who found in experiments 
with steer calves, that the digestibility 
of nitrogen significantly increased with 
each increase in the nitrogen content 
of the diet fed, regardless of the source 
of the supplement. In their experiments 
urea, used as the sole supplement to 
raise the nitrogen content of a low- 
quality meadow-hay roughage from 8.8 
to 19.2 grams of nitrogen per kilo- 
gram of organic substance, was found 
to be highly toxic. 

The raising of the urea content of 
the diet greatly increased the milk yield. 
It also greatly reduced or totally re- 
moved a probable symptom of nitrogen 
deficiency which was observed when 
the feed with low nitrogen content was 
used: the continuous thinning or loss 
of the hairy coat of the fore part of 
the cows' legs, especially that of the 
hind legs, about 2 months after calving, 
and the rapid regrowth when the daily 
milk yield had decreased to about 7 
kilograms. 
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The estrus of the test cows has been 
regular and easy to observe. However, 
many of the cows have required sev- 
eral services. Each of the test cows 
has become pregnant, and two of the 
test cows, Eiru and Aino, have al- 
ready calved three times. It is possible 
that at least one of the reasons for the 
requirement of several services is the 
deficiency of vitamin E. The test cows 
were not given vitamin E preparations 
until the end of 1964. During 1965 
they were fed a-tocopherol daily (30 
milligrams per cow); since January 

y/ COW MILK 
YEAR No. KG 
62-63 1 2141 
62-63 2 1967 
63-64 3 1932 
63 4 1999 
63-64 1.2 2027 
64-65 5 2266 
64-65 3.2 2205 
64-66 6 4325 

1966 the amount has been increased 
to 330 to 500 milligrams. The vita- 
min E in the plant oil fed is probably 
not sufficient to satisfy the need of the 
milking cow for this vitamin, especially 
because polyunsaturated fatty acids en- 
hance the requirement for vitamin E. 

Altogether six cows have been fed 
the experimental feed (Fig. 2). The 
first four test cows (all Ayrshire breed) 
were chosen as representatives of cows 
with a relatively low milk yield (2500 
to 3500 kilograms of milk and 104 
to 154 kilograms of fat per year) on 

FAT 
KG ?/o 
131 6.1 
110 5.6 
113 5.9 
80 4.0 

119 5.9 
121 5.4 
139 6.3 

STANDARD MiLK 
(684 kcal/kg) 

ENERGY- PROTEIN- 
BASIS 

KG 
2440 
2310 
2065 
1970 
2375 
3043 
2921 
5147 
4760 
3100 

PROT. SUGAR BASIS 
KG '/, KG ?/o KG 
78 3.7 97 4.5 2745 
74 3.8 87 4.4 2392 
66 3.4 89 4.6 2403 
63 3.2 88 4.4 1936 
76 3.8 96 4.7 2580 
98 4.3 106 4.7 2800 
93 4.2 99 4.5 2949 

164 3.8 190 4.4 5147 
3.8 4.7 - 4520 
4.4 4.5-' 3060 

DAYS 

Fig. 2. Milk production of test cows on experimental feed. The milk yield was cal- 
culated both on the basis of energy (standard milk, 684 kilocalories per kilogram 
of milk) and of protein (standard milk, 3.2 percent protein). The large numbers 
on the curves refer to the test cows, the small numbers to the calving times during 
the experimental feeding (for example, 3 = cow No. 3, first calving; 3.2 = cow 
No. 3, second calving); the end points of the curves represent the calving days. 
The annual milk yields may be seen from the curves. [No curves are shown for 
cows No. 2 and 4 as both cows died during the test period (7).] The feeding experi- 
ments were performed in cooperation with M. Lampila (1961-63) and T. Ettala 
(1963- ). 
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normal feed because the protein re- 
quirement of such cows can more easily 
be satisfied. Only cow No. 6 (Metta) 
had produced on normal feed as much 
as 4000 to 6000 kilograms of milk 
and 167 to 244 kilograms of fat per 
year. The feed adaptation of test cow 
No. 5 (Jairu) was started when she 
was a heifer, 2 months before her first 
calving. 

Figure 2 shows the annual yield of 
milk, milk fat, milk protein, and milk 
sugar for each of the test cows on the 
experimental feed for various lactation 
periods (9). It also shows the milk 
yields per year and the length of lacta- 
tion periods. The figures in column 
10 show the milk yield calculated on 
an energy basis; those in column 11 
show the milk yield calculated on the 
basis of the protein content. Values of 
9 kilocalories for fat and 4 kilocalories 
for protein and sugar per gram were 
used in the calculations. 

The curves of Fig. 2 show how great- 
ly the milk yield has risen since the 
amount of urea in the feed was in- 
creased in 1964. So far, the highest 
production of standard milk per year 
has been 4217 kilograms; the highest 
production for a prolonged lactation 
period (18 months) has been 5147 
kilograms (cow No. 6, Metta). 

The weight losses of the test cows 
after calving were slight if the daily 
milk production did not exceed 15 kilo- 
grams. When the production reached 
17 kilograms the weight loss over the 
following 6 weeks was about 30 kilo- 
grams; after this the weight remained 
unchanged for many months, and then 
rose. The initial loss of weight was 
still greater if the production of milk 
was 20 kilograms or more, but the 
weight changes thereafter were similar 
to those of the cows with lower initial 
milk production. The test cows have 
not eaten more than 11 kilograms of 
dry substance per day (about 10 
Scandinavian feed units), hence insuf- 
ficient energy intake leads to consump- 
tion of the body reserves during a pe- 
riod of high production of milk. Test 
cow Metta, which has given the high- 
est daily yield (24.1 kilograms of stand- 
ard milk), has, in spite of that, re- 
mained in good condition (Fig. 3). 

The food value of the carbohydrates 
used was estimated by calculating the 
feed units on the basis of the amounts 
of feed consumed and the amount of 
milk produced. The calculations were 
made on data accumulated over a se- 
lected long period when the weight of 
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the cow remained practically un- 
changed, so ,that weight increase or 
decrease could be omitted from the cal- 
culations. Calculations made on the 
basis of feed consumption and milk 
yield of test cow Jairu are as follows. 

The cow calved for the second time 
on 19 May 1965. The calculations 
were made for a period of 77 days: 
1 July through 15 September 1965. 
Weight on 30 June was 445 kilograms; 
on 31 August, 445 kilograms. Total 
milk production was 864 kilograms (5.1 
percent fat, 3.8 percent protein, 4.8 
percent sugar), equivalent to 1010 kilo- 
grams of standard milk, or to a daily 
average milk production of 13.1 kilo- 
grams of standard milk. During the 77- 
day period the cow was fed 670 kilo- 
grams of organic substance, consisting 
of 660 kilograms of carbohydrates (52.2 
percent starch, 25.2 percent a-cellulose, 
22.6 percent sugar) and 10 kilograms 
of fat. 

With values of 3.5 feed units per 
day as the requirement for the cow's 
maintenance and 0.37 feed unit the re- 
quirement for production of 1 kilogram 
of standard milk, it was calculated that 
1.05 kilograms of carbohydrates corre- 
spond to 1 feed unit. In all, 16.8 kilo- 
grams (99.6 percent of total nitrogen in 
the feed) of urea nitrogen and am- 
monium nitrogen was fed, correspond- 
ing to 11.8 kilograms of digestible nitro- 
gen, or to 18.3 grams of digestible nitro- 
gen per feed unit. This corresponds to 
114 grams of digestible protein per 
feed unit. The total amount of nitrogen 
per kilogram of organic substance was 
25.1 gram. 

On the basis of calculations of this 
kind for three test cows, including Jairu, 
it has been established that 1.05 to 
1.13 kilograms of carbohydrates corre- 
spond to one feed unit. Cellulose re- 
duced the digestibility of the total car- 
bohydrates, perhaps because the cellu- 
lose powder in the feed briquettes and 
in the cellulose-rich paste passes too 
quickly through the rumen to be di- 
gested. Actually, the feces of the test 
cows contain mainly fine-graded cellu- 
lose. In addition, it has been found that 
vigorously bleached sulfite cellulose is 
generally less digestible than unbleached 
(10). For the a-cellulose powder used, 
we found variable values, between 40 
and 60, for the digestion coefficient. 

Data on the milk production and the 
intake of carbohydrates, urea nitrogen 
(ammonium nitrogen included), and 
vegetable oils of test cow Metta are 
given in Fig. 4. 
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Microbial Flora and 

Protein Synthesis in the Rumen 

The observations on the rapid utiliza- 
tion of ammonia in the rumen of 
the cows adapted to the test feed could 
be explained only by supposing that 
the microbial flora of the rumen con- 
tent had been effectively adapted to 
the utilization of ammonium nitrogen. 
Investigations in this laboratory con- 
cerning the microbial flora of the ru- 
men have shown that the protozoa in 
the rumen of the adapted cows have 
decreased enormously in number or 
have entirely disappeared, while the 
number of bacteria has risen remark- 
ably. (The average number of bacteria 
counted microscopically in the rumen 
of two normally fed cows was 25 X 
108 per milliliter, and the number for 
test cow Jairu was 12 X 10? per 
milliliter.) 

So far, only some preliminary studies 
of the bacterial flora of the rumen 
contents of the test cows have been 
made in this laboratory. It is extremely 
difficult to get a clear picture of the 
total microbial flora of the rumen and 
of its function, as the numerous in- 
vestigations published up till now have 
revealed. It is probable that the bac- 
terial strains which grow well with 
NH-,+ without amino acids, vitamins, 
or other specific growth factors are 
the most important in the bacterial 
flora of the rumen of the test cows. 
Some strains of this type have already 
been isolated from the rumen of the 
test cows. They build up their own cell 

substance from ammonia and simple 
carbohydrates. Investigations on some 
bacterial strains isolated show again 
the capability of many rumen bac- 
teria to use several different carbon 
sources for their energy metabolism 
when living in symbiosis. Regarding 
the symbiotic growth, I refer to the 
fundamental work of Nurmikko in this 
laboratory on the lactic acid bacteria 
(11). He showed conclusively that dif- 
ferent strains of lactic acid bacteria can 
feed one another with different growth 
factors when they are grown in the 
same medium, because the factors syn- 
thesized in the bacterial cells are partly 
excreted into the medium. This means 
that in mixed cultures different strains 
can grow in a medium that is simpler 
than that needed by the same strains 
in pure cultures. The symbiotic growth 
is probably general in microbial as- 
sociations, and the microbial flora of 
the rumen contents is one of the most 
complicated examples of this type of 
system. Although in the rumen of the 
test cows the bacteria with simple nu- 
trient requirements form the body of 
the bacterial flora, strains which need 
specific factors for their growth are 
probably important for the effective 
function of the rumen. Bryant and 
Robinson (12) have recently studied 
the nutritional characteristics of rumi- 
nal bacteria of cows on normal feed, 
and they have found, among other 
things, that about 80 percent of 89 
freshly isolated strains grew with NH4+. 

In the amino acid composition of 
the hydrolyzate of the total protein of 

Fig. 3. Test cow Metta after being on test feed 370 days from calving. 
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the rumen contents of test cows and of 
control cows on normal feed, sys- 
tematic differences could be found only 
regarding a,c-diaminopimelic acid, a 
characteristic cons,ti'u-ent of the cell wall 
of many bacteria (13). It was regularly 
present in much higher amounts in the 
hydrolyzate of the rumen protein of 
test cows (1.5 ? 0.1 percent of total 
amino acids) than in that of normally 
fed cows (0.4 ? 0.1 percent). There 
was some difference in histidine values 
for lactating test cows (1.1 ? 0.3 per- 
cent) and normally fed cows (0.7 ? 
0.1 percent), but the difference was 
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not statistically significant. The trypto- 
phan content was not determined. It 
should be emphasized that the amino 
acid composition of the rumen protein 
is also dependent on the time of the 
sampling. This makes the drawing of 
conclusions about protein synthesis on 
the basis of rumen samples more dif- 
ficult. Ellis et al. (14) have concluded, 
on the basis of their studies of the 
amino acid composition of the rumen 
contents of lambs, that the microbial 
synthesis of certain essential amino 
acids-according to them, methionine 
and tryptophan-is inadequate for the 

Fig. 4. The production of milk and the intake of carbohydrates, urea nitrogen 
(NHr-N included), and vegetable oils for test cow Metta. 
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intensive protein synthesis needed for 
good growth. 

Studies on the composition of the 
nitrogenous compounds of the rumen 
contents have shown that the am- 
monia concentration in the rumen of 
cows on normal feed (protein-rich good 
silage, crushed oat, and hay) is higher 
(11.1 to 26.6 milligrams per 100. milli- 
liters; average, 15.7 ? 1.5) than the 
concentration for test cows (0.7 to 
10.6 milligrams per 100 milliliters; 
average, 4.8 ? 1.3). The determina- 
tions were made 1 hour after the 
samples of rumen contents were taken. 
In the same samples, also, total nitro- 
gen in nitrogen fractions soluble in 70- 
percent ethanol (free amino acids, 
"peptides," ammonia, urea), protein ni- 
trogen, and volatile fatty acids were 
determined. Protein nitrogen was cal- 
culated on the basis of the amino acids 
formed in acid hydrolysis of the ma- 
terial insoluble in 70-percent ethanol. 
There was a striking difference be- 
tween the protein content of the rumen 
samples of the test cows and of nor- 
mally fed cows. The protein nitrogen 
of the rumen samples of test cow 
Jairu was 67.6 ? 2.3 percent of total 
nitrogen; the percentages for the two 
normally fed cows were 26.8 ? 3.0 
and 26.2 ? 2.4, respectively. On the 
other hand, the nitrogen compounds 
soluble in 70-percent ethanol occurred 
in much lower concentrations in the 
rumen samples of the test cows than 
in the samples of the cows on normal 
feed (Table 1). The results are in 
agreement with the findings, described 
in this article, of highly enhanced 
synthesis of bacterial protein in the 
rumen of the test cows. The concentra- 
tion of total volatile fatty acids in the 
rumen contents is also seen from the 
data of Table 1. There was a relatively 
smaller amount of acetic acid in the 
rumen of the test cows than in the 
rumen of cows on normal feed, and 
correspondingly more propionic acid. 
The molar ratio of acetic acid to pro- 
piionic acid for test cow Jairu was 
1.47 ? 0.06, and for three control 
cows on normal feed (good silage, hay, 
crushed oat), 3.32 ? 0.33. The amount 
of butyric acid was similar in the two 
cases; the concentrations of n- and i- 
valeric acids were low and variable for 
the test cow and the normally fed 
cows. 

The composition of the nitrogenous 
compounds of the feces of the test cows 
has been closely studied in this labora- 
tory. In experiments with rats, Mc- 
Naught et al. (15) found the digestion 
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coefficient of the protein in a bacterial 
fraction grown in strained rumen liquor 
with urea and carbohydrate supple- 
ment to be 74. If this coefficient is the 
same in ruminants, the main part of 
the nitrogen of the feces of the test 
cows should be indigestible bacterial 
protein. In fact, among the normal ami- 
no acids which are found in the hy- 
drolyzate of the protein fraction of the 
feces of the test cows, a,c-diamino- 
pimelic acid is present in much higher 
amounts than in the same fraction from 
cows on normal feed (the averages are 
2.7 ? 0.49 and 0.6 ? 0.23 percent 
of total amino acids of the hydrolyzate, 
respectively). This is in agreement with 
findings for the amino acid composi- 
tion of the proteins of the rumen con- 
tents. Although not all rumen bacteria 
contain diaminopimelic acid in their cell 
wall "proteins" (16), the high content 
of this amino acid in the protein frac- 
tion of feces strongly supports the im- 
plication of other results, presented 
above, that bacterial protein synthesis 
is greatly enhanced in the rumen of the 
test cows. 

Composition of Nitrogenous 
Compounds in Blood of Test Cows 

Because the mammary gland receives 
the raw material for the synthesis of 
different components of milk from the 
blood, knowledge of the composition of 
the blood of the test cows is important. 
A great number of analyses have been 
made of the whole blood and plasma 
of cows on test feed and, for compari- 
son, of cows on normal feed. The 
blood samples (about 150 milliliters 
each) were taken from the jugular 
vein. Of the nitrogenous compounds, 
the free amino acids of the plasma and 
the whole blood, the amino acids of 
the whole-blood proteins, the gluta- 
thione and ammonia of the whole blood, 
the urea of the plasma, and the total 
nitrogen of the plasma and the whole 
blood were determined from the blood 
samples over a long period (see 17). 
The most important results are given 
below. 

The free amino acids of the blood 
form only a very small part of the 
nitrogenous compounds of the blood, 
but they are decisively important for 
the formation of the proteins of milk 
in the mammary gland. The latest 
studies (18) have shown that the pro- 
teins of milk are mainly formed from 
the free amino acids found in the 
blood. Therefore in our laboratory at- 
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Table 1. Analyses of rumen contents of a test cow and a normally fed cow. [T. Ettala] 

N solu- N-fractions soluble in 70% ethanol 
Volatile 

Dry matterTotalN ProteinN 70% Free "Peptide fatty acids (mg/ (% of ethanol NH4-N amino Nle/ 100 ml) total N) (of (% of acid N (' of (0ml) (%) ofol total N) (% of (% of 10m 
total N) total N) total N) 

Test cow Jairu 
6.58?1.3 153.9?34 67.6?2.3 10.0?2.6 1.9?0.47 3.1?0.99 5.5?2.1 9.4?1.3 

Normally fed cow 
2.25?0.37 85.4+10 26.8?3.0 43.6?8.8 16.2?1.0 10.9?3.2 11.7?4.6 7.4?1.7 

tention has been directed especially to- 
ward the amounts of free amino acids 
in the blood plasma. The concentrations 
of most of the free amino acids, par- 
ticularly the essential amino acids, in 
the plasma and the whole blood of the 
lactating test cows were lower than 
those in plasma and blood of the con- 
trol cows on normal feed. The relative 
decrease in the concentration of free 
histidine in plasma was greater, in 
cows on the test feed, than the de- 
crease for any other amino acid. The 
histidine content decreased some weeks 
after calving, remained low for sev- 
eral months, and rose again, to some 
extent, while the milk production de- 
creased. For instance, the histidine con- 
tent of the blood plasma of test cow 
Jairu 5 weeks after calving was 0.93 
milligram per 100 milliliters, but 6 

3, 

2. 

weeks later it was 0.23 milligram. At its 
lowest level, the free histidine content 
of the plasma was about 20 percent 
of the corresponding values for the 
normally fed cows. The free methionine 
content of the plasma of test cows 
was about 67 percent of the values for 
normally fed cows, but, because the con- 
centration of methionine in the plasma 
of normally fed cows is low, its de- 
crease in cows on test feed may be of 
great significance. The sum of methio- 
nine and cystine for the test cows is, 
however, not very low. 

In Fig. 5 the values for the contents 
of some free amino acids in the plasma 
of the lactating test cows and normally 
fed cows are given. Low concentrations 
of free amino acids are found in the 
plasma of the lactating test cows; the 
concentrations of histidine and many 

t I II I- l41 1 1 1 I 1 I I I I I ! 
Arg Lys His Thr Phe Met Cys Leu i-LeuVal Ala Asp+ Glu Pro Tyr Orn Citr Gly 

Asp NH2 

Fig. 5. The contents of some free amino acids in the blood plasma of the lactating 
test cows (values on lower curve, except for glycine) and normally fed cows (values 
on upper curve, except for glycine). Glycine is the only amino acid which is present 
in higher concentration in the plasma of test cows than in that of normally fed 
cows. The numbers on the curves signify free amino acids, in milligrams per 100 
milliliters of plasma. The fall of the free histidine to 20 percent of normal values 
is noteworthy. 
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other amino acids in the plasma of 
dry test cows and of heifers is much 
higher. The concentration of free gly- 
cine in the plasma was higher for the 
lactating test cows than for the con- 
trol cows and the dry test cows. The 
concentrations of plasma urea and plas- 
ma total nitrogen were similar for the 
test cows and the control cows. So, 
also, were the values for total volatile 
fatty acids. On the chromatograms of 
the free amino acids of the blood and 
plasma of the test cows and the control 
cows on normal feed, 17 ninhydrin-posi- 
tive compounds could be consistently 
detected, besides the 24 common sub- 
stances. 

The blood concentration of ammonia 
was determined according to the Con- 
way method (19). Immediately after 
sampling, which always was carried 
out about 6 hours after the start of 
the feeding, no ammonia could be 
found in the blood of either the test 
cows or two normally fed cows, but, 
if the determinations were performed 2 
hours after sampling, small amounts of 
ammonia were found. There is surely 
an absorption of ammonia into the 
blood across the rumen wall, as many 
authors have shown, but, in our experi- 
ments, when the samples were taken 
many hours after the feeding the ac- 
cumulation in blood from the jugular 
vein could not be observed. In experi- 
ments with normally fed goats given 
doses of urea intraruminally, Abdel- 
Rahman (20) found a gradual in- 
crease in the urea concentration in plas- 
ma over a period of 2 hours; how- 
ever, the ammonia and glutamine con- 
centrations rose suddenly and temporar- 
ily half an hour to 1 hour after the 
administration of urea. It is to be em- 

phasized, however, that the animals had 
not been adapted to urea. 

The observations made in this labora- 
tory of the low amount of ammonium 
nitrogen in the rumen of the test cows 
show the great ability of the adapted 
ruminal flora to utilize ammonium ni- 
trogen. This may explain why am- 
monia is not accumulated in disturbing 
amounts in the blood in spite of the 
large amounts of urea fed. Whether 
the ability of various organs of the 
test cows-for example, the liver-to 
utilize ammonium nitrogen has in- 
creased is not known. Holzschuh and 
Wetterau (21) have recently studied the 
effect of urea administered to cows by 
various means on the ammonia con- 
centration of the blood. After a slight 
adaptation of the cow to urea, a dimi- 
nution of maximum concentration of 
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ammonia was observed. Holzschuh 
and his co-workers assume that this 
was due more to an acceleration of 
biochemical reactions in the liver than 
to a more rapid binding of ammonia 
in the rumen. 

The total nitrogen in the blood of 
the lactating test cows is lower than 
that for normally fed cows, due mainly 
to differences in the hemoglobin con- 
tent. When the test cows are dry, 
the hemoglobin content of their blood 
is normal (13 to 14 grams per 100 
milliliters of blood), but some weeks 
after calving the hemoglobin content 
decreases. In late lactation, when the 
milk production is low, the hemoglobin 
content rises gradually; it reaches a 
maximum when the cows are dry. For 
instance, the blood hemoglobin of test 
cow Jairu was 13.8 grams per 100 mil- 
liliters of blood when the cow was dry. 
One month after calving the value was 
12.9 grams; 3 months after calving, 
10.4 grams; 5 months after calving, 
10.3 grams; and 11 months after calving 
(with milk production still 8 kilograms 
per day), 13.7 grams. It is still not 
known what the reason is for the reduc- 
tion of the hemoglobin level of a milk- 
giving cow on test feed. Since the 
amount of free histidine in the blood 
of the test cows is very low, and since 
it appears, from observations presented 
above, that histidine may form a bot- 
tleneck in protein synthesis in cows on 
the test feed, it may be that the pri- 
mary reason for this reduction in hemo- 
globin is the deficiency of histidine dur- 

ing the post-calving period, when the 
protein requirement is greatly increased 
because of milk production. As is 
known, the histidine content of hemo- 
globin is high, more than 8 percent. 
Also other factors can be suspected- 
for example, a possible deficiency of 
vitamin B12. The finding that the con- 
centration of vitamin B12 in the test 
milk is similar to that in normal milk 
neither supports nor refutes this hypo- 
thesis because the secretion of vitamin 
B12 may occur at the expense of the 
organism. 

The concentrations of most of the 
free amino acids and of the unknown 
compounds were higher in the whole 
blood than in the plasma (for ex- 
ample, the concentration of histidine 
in the plasma of the test cows was 0.27 
? 0.02 milligram per 100 milliliters 
of plasma, whereas for cows on normal 
feed the value was 1.36 ? 0.09 milli- 

grams; the concentration in the whole 
blood of the test cows was 0.62 ? 0.05 
milligram per 100 milliliters; for cows 

on normal feed the value was 1.85 
? 0.09 milligrams). The concentration 
of the glutathione was generally higher 
in the blood of the control cows than 
in that of the test cows (the respective 
values are 41.0 + 1.2 and 23.0 - 1.4 
milligrams per 100 milliliters of blood). 

The amino acid composition of the 
whole-blood protein was generally simi- 
lar in the test cows and the normally 
fed control cows. In electrophoretic 
studies, carried out in this laboratory, 
on the serum proteins from several 
blood samples of the test and control 
cows, only slight differences in the vari- 
ous protein fractions in samples from 
individual cows could be observed, and 
the differences in the results for test 
and control cows were slight. 

For the milk-giving test cows, the to- 
tal cholesterol of blood plasma has aver- 
aged 69 ? 3 milligrams per 100 milli- 
liters of plasma, and for two cows on 
normal feed the average is 210 + 23 
milligrams. Esterified cholesterol ac- 
counted for an average of 87 percent 
of the total plasma cholesterol in both 
the test cows and the normally fed 
cows. The values for total plasma lipids 
of the test cows and the normally fed 
cows, respectively, were 158 ? 8 and 
522 ? 64 milligrams per 100 milliliters 
of plasma. By qontrast, plasma con- 
centrations of total volatile fatty acids 
were almost the same in the test cows 
and the normally fed cows. 

Composition of the Test Milk 

The composition of the test milk, 
when the quantitatively most important 
compounds are taken into considera- 
tion, corresponds to the composition 
of normal fat-rich milk with respect to 
fat and protein. The average fat con- 
tent, with the exception of the milk 
from one test cow, has varied from 
4.8 to 6.4 percent, while the fat content 
of the milk of the same cows before 
transfer to the test feed ranged from 
4.2 to 4.8 percent. The rise in the fat 
content of the milk of the cows on 
the test feed may be in part a result 
of the somewhat decreased milk yield, 
but in cows on this feed there is a tend- 
ency toward increased fat production. 
When the content of urea in the feed 
was raised the fat content remained 
about the same but the protein con- 
tent rose remarkably. It thus seems 
that the amount of urea fed has a posi- 
tive influence on the protein content of 
the test milk but not on the fat con- 
tent. The sugar content of the test 
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milk (4.4 to 4.7 percent) has been 
somewhat lower than that of normal 
milk. Even such low sugar values as 
4.1 percent have been observed in milk 
samples with a protein content of 5 
percent or more. 

The composition of the nitrogenous 
substances, especially the proteins, of 
the test milk has received our special 
attention. At the beginning it was 
found that the ratio of total nitrogen 
to residual nitrogen (nitrogen remaining 
after acid precipitation of casein) was 
very similar for test milk and normal 
milk. A great number of analyses of 
milk from test cows gave, for the ratio 
of total nitrogen to residual nitro- 
gen, the average value 4.49 ? 0.13; the 
ratio for milk from normally fed cows 
was 4.76 + 0.33. The percentage of 
nonprotein nitrogen in the test milk 
was 4.9 ? 0.23 and in normal milk 
from different farms, 4.2 ? 0.35. In 
test milk the percentage of ammonium 
nitrogen and urea nitrogen in the total 
nitrogen was 1.1 ? 0.1; for normal 
milk of six cows the average percent- 
age was 2.0 ? 0.1; for mixed milk from 
five farms the percentage was 1.6 ? 
0.07. The amino acid composition of 
casein and total protein has been esti- 
mated, after acid hydrolysis, in hundreds 
of milk samples, though the tryptophan 
content has been determined in a few 
samples only. The values for the 
amino acids of the total protein and 
casein of the test milk are so close 
to those of milk produced on normal 
feed that no conclusive differences 
could be demonstrated (7). 

Nor has the fractionation of the pro- 
teins shown any differences between 
the test milk and normal milk (22). 
Both the direct fractionation of the 
proteins of milk on a diethylamino- 
ethyl-cellulose column and the frac- 
tionation of casein and the serum pro- 
teins of milk by means of gel electro- 
phoresis have shown the similarity be- 
tween the test milk and normal milk. 
Small differences in some smaller pro- 
tein fractions of the milk of different 
cows have been observed, but they 
seem to be of an individual character. 
No conclusive differences, between 
test milk and normal milk, could be 
found in the activities of the milk en- 
zymes studied when allowance had been 
made for the appreciable individual 
variations. So far, peroxidase, xanthine- 
oxidase, aldolase, amylase, alkaline 
phosphatase, and lipase activities have 
been determined. 

These results show how extraordi- 
narily effective the protein synthesis in 
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Table 2. Amounts of fat in diet, milk production, and milk-fat production for test cow 
Jairu (calved 24 December 1963 and 19 May 1965) and for cows on normal feed, for three 
different feeding periods. See Table 3 for associated data on individual fatty acids. 

Fat in diet (g/day) Milk Milk-fat 
Feeding production production 
period Olive oil Maize oil Linseed oil (kg/day) (kg/day) 

Jairu 

11 Jan.-20 Feb. 1964 0.0 18.4 18.6 7.61 0.358 
11 July-20 Sept. 1965 36.6 46.0 46.5 10.66 .559 

Cows on normal feed 
25 Sept. 1963-15 May - 10 .450 

1964 

the mammary gland is. In spite of the test feed, apart from the vegetable oils 
low concentration of some free essen- added, it has beeen possible, in our 
tial amino acids in the blood of the feeding experiments, to make significant 
test cows, the mammary gland is capa- observations on the biosynthesis of the 
ble of synthesizing a surprising amount fatty acids. In Tables 2 and 3 some 
of milk protein, the numerous corn- results of the fatty acid analyses of the 
ponents of which have a normal com- test-milk fat may be seen. 
position. The high protein content and These results show certain relation- 
low urea and ammonium content of ships, as follows. 
test milk are particularly remarkable. 1) The palmitic acid content of the 

In a comparsion of test milk and fat of the test milk was exceptionally 
normal milk, the only major constituent high-almost 50 percent of the total 
showing large differences in composi- fatty acids-when the daily amount of 
tion is the fat. As is well known, the oil fed was as low as 37 grams per cow; 
composition of the milk fat is greatly the total production of fat of test cow 
influenced by the nature and amount of Eiru was 428 grams and of test cow 
the fatty acids in the feed of the cow. Jairu, 358 grams per day. When the 
Since there is practically no fat in our amount of oil fed was doubled, the pal- 

Table 3. Individual fatty acids in the milk fat of test cow Jairu and of control cows for the 
three feeding periods of Table 2. 

No. of Individual-fatty-acid content Individual-fatty-acid 
carbon (% of total fatty acids) content (% of total 

atoms in in milk fat of test cow Jairu fatty acids) in milk 
individual 

------------------------- ~ fat of control cows, 
fan Viduas 

20 Feb. 1964 11 July- 25 Sept. 1963--15 
fatty acids* 11 Jan.- 20 Sept. 1965 May 1964 

4 2.63 3.05 3.05 
5 0.13 0.05 < 0.02 
6 1.90 1.73 1.76 
7 0.12 0.05 < 0.02 
8 1.08 1.12 1.02 
9 0.12 0.06 < 0.02 

10 2.38 2.73 2.13 
10:1 0.44 0.40 0.25 
11 0.22 0.14 < 0.02 
12 3.64 3.74 2.65 
12:1 0.19 0.18 0.08 
13 br 0.15 0.17 0.03 
13 0.51 0.26 0.04 
14 br 0.32 0.21 0.09 
14 10.17 10.95 9.87 
14:1 2.63 1.95 1.01 
15 br 0.52 0.82 0.50 
15 4.88 2.70 0.90 
16 br 0.48 0.33 0.19 
16 48.16 38.90 28.41 
16:1 4.29 4.22 2.03 
17 br 0.94 0.96 0.58 
17 1.57 0.90 0.46 
17:1 1.13 0.77 0.39 
18 0.98 2.58 12.29 
18:1 8.35 19.14 29.37 
18:2 1.40 1.15 1.79 
18:3 0.67 0.74 1.11 

* Numerals 1, 2, and 3 following a colon indicate the number of double bonds; br indicates branched- 
chain fatty acid. 
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mitic acid content decreased to about 40 
percent of the total fatty acids. Rais- 
ing the amount of oil to 129 grams 
decreased further the proportion of 
palmitic acid, but it was still high. 

2) The amount of oleic acid was 
correspondingly very low-about 10 
percent of the total fatty acids when 
the smallest amount of oil was used 
in the feed. The percentage was dou- 
bled when the greatest amount of oil 
was used, but it was still considerably 
lower than that of milk fat produced 
on normal feed. The amount of stearic 
acid was especially low, rising only a 
little after the amount of oil in the 
feed was increased. 

3) The contents of unsaturated fat- 
ty acids which occur in lesser amounts 
-especially of C16 and C14 acids 
-were higher in the fat of the test 
milk than in the fat of normal milk. 

4) The amount of branched-chain 
fatty acids was also somewhat in- 
creased in the fat of the test milk. 

On the basis of these findings on 
the production of milk fat and the 
composition of its fatty acids, the hy- 
pothesis seems justified that the fatty 
acids of the milk fat of the test cows 
on low fat rations are synthesized main- 
ly in the mammary gland, and that 
the synthesis of the fatty acids con- 
taining more than 16 carbon atoms is 
weak. According to Riis (23) there 
is evidence that, with normal feed, the 
synthesis within the mammary gland 
accounts for about half the fat in 
cow's milk, the other half being de- 
rived directly from the blood. The low 
content of C18 acids in the fat of 
test milk, together with the lowered 
lipid content of the blood of the test 
cows, suggests that a vigorous syn- 
thesis of fatty acids and fat occurs 
in the mammary gland and that the 
derivation from the blood is low. The 
generally accepted opinion that a high 
ratio of propionic acid to acetic acid 
in the rumen causes a fall in the 
percentage of milk fat does not hold 
true for test milk. The reason for the 
high fat -content of this milk is not 
known. The rather low sugar content 
of the test milk may be the limiting 
factor of the milk production. Propio- 
nate may cause the rise in the con- 
tent of odd-numbered fatty acids of 
milk fat, and the bacterial flora in 
the rumen may cause the rise in the 
content of branched-chain fatty acids 
(see Table 3). The increase of C16, 

C14, C12, and C10 acids with one 
double bond in the fat of test milk is 
noticeable. Therefore, in spite of the 
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low content of oleic acid in the fat 
of the test milk, the fat has a rela- 
tively high iodine number, usually from 
28 to 32 when the highest amount of 
fat is fed. The especially low content 
of stearic acid suggests that the hy- 
drogenation of the double bond in the 
rumen is lower in cows on the test 
feed than in cows on normal feed. 
This may be associated with the ab- 
sence of protozoa in the rumen (24). 

Using an extract of cow mammary 
gland, Ganguly (25) has shown the 
malonyl coenzyme A pathway in the 
synthesis of both short- and long-chain 
even-numbered fatty acids. The fatty 
acids formed were similar in chain- 
length distribution to those found in 
milk. Dils and Popjac (26) studied 
the synthesis of fatty acids from 14C- 
labeled acetate by preparations of the 
mammary glands of lactating ra,ts. On 
the basis of the distribution of 14C 

among the fatty acids synthesized they 
concluded that, although stearic acid 
and oleic acid were synthesized, the 
concentrations were much lower than 
those found in milk. In agreement 
with this result, our feeding experi- 
ments suggest that, in vivo, the C1s 
acids are mainly derived from the 
blood, and the composition of milk fat 
is therefore dependent on the fatty 
acids in the feed. 

The level of cholesterol in the test 
milk has been measured over a period 
of 2 years, samples from herds on 
pasture or on normal winter feed be- 
ing taken as controls (27). The mean 
value for 93 samples of normal milk 
was 317 ? 4 milligrams of total 
cholesterol per 100 grams of milk fat, 
whereas the test-milk values were 
clearly higher, the mean being 
409 ? 6 milligrams. Esterified choles- 
terol constituted about 6 percent of 
the total cholesterol in both test-milk 
and control milk. Patton and McCar- 
thy (28) found evidence that choles- 
terol, in its intermediate esterified 
form, probably plays an important 
role in milk-fat synthesis in the mam- 
mary gland. In view of this finding, 
and also of the fact that the concen- 
tration of lipid in the blood of the 
test cows is low, the higher choles- 
terol values of test milk may indicate 
that the proportion of the total milk 
fat synthesized within the mammary 
gland of the test cow is higher than 
the proportion in cows on normal 
feed. 

Preliminary studies on milk-lipopro- 
tein material prepared from the butter- 
milk and butter serum of washed 

cream have been made. The yield of 
lipoprotein from both the test milk 
and normal milk was about 1 percent 
of the milk fat, in agreement with pub- 
lished values (29), and the protein 
remaining after lipid extraction com- 
prised some 40 percent, by weight, of 
the lipoprotein of both test milk and 
normal milk. The nitrogen content of 
the protein of the lipoprotein of both 
milks was about 14.0 percent. The 
amino acid composition of 'this minor 
protein of the test milk agreed almost 
exactly with that of normal milk, in 
analogy with findings for the major 
milk proteins, the individual figures 
being similar to those reported by 
King (29). There appears to be a 
broad similarity between the amounts 
of the major fatty acid components 
of the total phospholipids of both 
test and control milk, but results so 
far are inconclusive. 

Vitamin Content of Test Milk 

The vitamin content of the test milk 
has been followed continuously since 
1963, through determination of the 
vitamin-B complex by microbiological 
methods. Values obtained in 1963 
showed that concentrations of thiamine, 
pyridoxine, folic acid, biotin, and B12 
were much the same as in normal milk. 
The concentrations of riboflavin, nico- 
tinic acid, and especially pantothenic 
acid were generally higher in the test 
milk than in normal milk. Values ob- 
tained in 1964 and 1965 were, in 
most respects, similar to the earlier 
values, but no statistically significant 
differences between test milk and nor- 
mal milk with respect to the contents 
of riboflavin and nicotinic acid could 
be found (Table 4). To judge by the 
vitamin determinations, the biosynthe- 
sis of the vitamin-B complex brought 
about by the microorganisms in the 
rumen seems to be rapid enough to 
keep up a normal content of these 
vitamins in the test milk. 

The finding of normal concentra- 
tions of vitamins of the B group in 
milk is not, of course, evidence tha't 
the cow itself is receiving enough of 
these vitamins. In the mammary gland 
the transfer of the vitamins to the milk 
might be so effective that the cow it- 
self suffered from a lack of vitamins, 
but, in view of the fact that the ex- 
periment has lasted many years with- 
out evidence of such a lack, this can 
hardly be the case. The lowered con- 
centration of hemoglobin in the blood 
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of the milk-giving test cows might be 
connected with a deficiency of vita- 
min B12, but there is no evidence in 
support of this hypothesis. 

Porter (30) has reviewed the liter- 
ature on vitamin synthesis in the ru- 
men and has concluded that the ade- 
quacy of the synthesis of some vita- 
mins of the B group in the rumen is 
questionable. Our observations made 
with a vitamin-free feed are in many 
respects enlightening and show at 
least that the bacterial flora developed 
through feed adaptation synthesizes ef- 
fectively all vitamins of the B group. 

Of the other vitamins, only A and 
D have been given as additives since 
the start of the feeding experiments. 
The concentrations of these vitamins 
in milk depend on the amount of vi- 
tamins fed. When 400 milligrams of 
a-tocopherol was fed daily to one of 
the test cows the milk contained vita- 
min E (20 to 40 micrograms per 100 
milliliters). A slightly higher concen- 
tration is found in milk produced by 
cows on normal winter feed. 

Flavor of the Test Milk 

The flavor of the test milk has 
drawn particular attention in this labo- 
ratory. For comparison of the taste and 
aroma of test milk and normal milk 
it was necessary to keep the test feed 
as free of flavor substances as possi- 
ble. In organoleptic tests the test milk 
was found to have a characteristic milk 
flavor without any off-flavors. Thus it 
appears that the basic flavor substances 
of milk are formed in the rumen and 
other organs of the cow. 

This is somewhat surprising because 
there had been reason to expect that 
some of the different flavor substances 
found in the cow's normal feed would 
be transferred to the milk via the 
cow's body in amounts adequate to 
affect the flavor of the milk. Such a 
transfer has been observed in the case 
of some strong-smelling substances 
which cause characteristic off-flavors in 
milk. For example, the onion flavor 
of milk when the cows are on pasture 
contaminated with chive (Allium scho- 
enoprasum) is well known. The sub- 
stances causing this off-flavor are al- 
ready relatively well known (different 
alkyl S2 compounds, especially dipro- 
pyl S2). A "burnt" or "scorched" flavor 
has been reported in the milk of dairy 
cattle that graze on pastures of Queens- 
land and New Zealand which are in- 
fested with land cress (Coronopus di- 

30 SEPTEMBER 1966 

Table 4. Vitamin content of milk from test cows and from normally fed cows during the 
years 1964 and 1965. [After M. Saarivirta] 

Calcium Thiamin Ribo- Nicotinic Pyri- Folic Calcium Ascorbic 
HC1 flavin acid doxine acid Bot panto acid 

:(/xg/ {(g/ W thenate ^^ (mg/ (g g/ (gz/ (gg/ 100g i) 100 ml)eg/ (mg/ 
100 ml) 100 ml) 100 rml) 100 ml) 100 ml) 100 ml) 100 ml) 100 ml) 

Milk from test cows 
45.7?1.8 306?18 167-4.9 57.8?5.2 2.91 + 0.15 3.42?0.31 1120+55 455?--46 2.78?0.12 

Mixed milk from normally fed cows 
43.4?2.6 293?32 158?8.4 53.0?6.3 3.18?0.19 3.13?0.84 597?62 523-48 2.25?0.13 
* Values from 1963. 

dymus). This objectionable off-flavor 
is, according to the recent report of 
Park (31), produced by benzylthiocya- 
nate, which, some years ago, was dis- 
covered in this laboratory (32) to be 
an enzymatic splitting product of ben- 
zyl mustard oil glucoside (glucotropeo- 
lin) in the crushed seeds of garden 
cress (Lepidium sativutm) and in the 
green parts and seeds of L. ruderale. 
Benzylthiocyanate is also formed from 
the same glucoside in land cress (31). 
Off-flavors of other types are also trans- 
ferred from the feed-for example, si- 
lage of poor quality-into the milk. 
Thus there is no doubt that the feed 
consumed by the cow could affect the 
flavor of milk adversely. One would 
thus expect that some fodder plants 
with a pleasant flavor would improve 
the taste and smell of milk. It is, how- 
ever, very difficult to observe organo- 
leptically such positive flavor effects. 

The test milk produced on purified 
nutrients now offers new possibilities 
of elucidating the problem of the ex- 
tent to which the normal flavor sub- 
stances of milk are derived from the 
cow's feed and the extent to which 
they are formed in the cow's body in 
the absence of the large number of 
different and, to a great degree, un- 
known organic compounds contained 
in the plant material on which cows 
normally feed. Our studies in this 
field can be divided into three parts. 
(i) An analysis of the flavor substances 
of test milk and of milk produced on 
different normal feeds (good silage 
with pH not exceeding 4, hay of good 
quality, oats, beet, or pasture) is be- 
ing made. (ii) Attempts are being 
made to identify the flavor compounds 
in some typical fodder plants common- 
ly used in Finland. (iii) Experiments 
have been performed in which, by 
means of a plastic tube, pure chemi- 
cal compounds of groups whose mem- 
bers have been identified as flavor 
compounds in fodder plants are passed 
into the rumen of a lactating cow (33). 

By gas-chromatographic analysis of the 
milk, the degree of transfer of the 
substances to the milk can be esti- 
mated. 

By choosing substances of sufficient- 
ly different retention times, it is possi- 
ble to feed several compounds at the 
same time for purposes of these stud- 
ies. In our experiments we have fed 
a mixture of various homologous or- 
ganic compounds (boiling range, 80? to 
300?C). Most of tehe substances tested 
were transferred in trace amounts to 
the milk, the maximum concentration 
being reached, in general, after 2 
hours. The compounds of higher molec- 
ular weight tend, however, to reach 
maximum concentration somewhat later 
(after 4 hours). The concentration then 
rapidly decreases, so that after 10 
to 14 hours-the normal interval be- 
tween milkings-the concentration is 
only about 10 percent of the maximum 
(33). Very few flavor substances are 
present in the fodder plants in such 
amounts that they could occur in milk 
in concentrations which would exceed 
the flavor threshold. For instance, most 
of the aliphatic alcohols, aldehydes, 
ketones, and esters, at least those of 
molecular weight up to 150, are trans- 
ferred from feed to milk via the cow's 
body in amounts too small to influence 
markedly the flavor of the milk. This 
explains why the milk flavor is not 
distinctly influenced by feed which 
does not have a pronounced off-flavor. 
It is true that some recent observa- 
tions on the synergistic effects of dif- 
ferent flavor compounds in sub- 
threshold amounts (34) reduce the 
supposed usefulness of gas-chromato- 
graphic analysis of milk flavor. It is 
therefore all the more important that 
the test milk has made it possible to 
compare organoleptically normal milk 
produced on different types of feed 
with milk produced on purified diet. 

It is not possible here to deal with the 
problem of milk flavor in greater de- 
tail. I will mention only that 8-lac- 
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tones-probably the most important 
flavor substances of milk-occur in 
test milk, on the average, at least in 
the same concentrations as in normal 
milk. The concentrations of 8-lactones 
from C6 to Cl0 are the same in test 
milk and normal milk, whereas the con- 
centration of C12 lactone is higher in 
test milk. Methods for gas-chromato- 
graphic analysis and mass-spectrometric 
identification of 8-lactones and other 
flavor compounds in milk have been 
developed in this laboratory (35). 

Summary and Conclusion 

The synthesis of bacterial protein 
in the rumen of lactating cows fed 
on purified carbohydrates, with urea 
and ammonium salts as the sole 
sources of nitrogen, can be increased, 
through feed adaptation, to a level ade- 
quate not only for the maintenance of 
the cow but also for a relatively high 
milk production. The best annual milk 

yield per cow on the experimental feed 
has, so far, been 4217 kilograms, cal- 
culated as standard milk (684 kilo- 
calories per kilogram of milk). The 
composition of the test milk is simi- 
lar to that of normal fat- and protein- 
rich milk. Fractionation of casein and 
serum proteins of test milk and nor- 
mal milk by different methods demon- 
strated the similarity of the proteins 
of the two milks. The normal or high- 
er concentrations of the water-soluble 
vitamins in test milk show that the bio- 
synthesis of these vitamins in the ru- 
men is vigorous. The flavor of the two 
milks is very similar-proof that bio- 
synthesis of the effective flavor com- 
pounds of milk occurs in the body 
of the cow. The only component of 

test milk whose composition, when 
small amounts of vegetable oil have 
been fed, has differed from that of 
normal milk is the fat. 

The studies of milk production on 
the experimental feed have opened up 
new possibilities for investigating the 
biosynthesis of different milk compo- 
nents. The studies are also of practical 
importance: Since the vigorous biosyn- 
thesis of proteins from simple nitrogen 
compounds in the rumen of test-feed- 
adapted cows has been demonstrated, 
there are greater possibilities for study- 
ing the replacement of protein by 
urea. In countries where there are plen- 
ty of forests, part of the feed of cows 
can be made up of certain wood prod- 
ucts-for instance, hemicellulose and 
cellulose of low quality. The new find- 
ings may also be of value in the dry 
areas of the globe, where milk would 
be of vital significance for improving 
the nutrition of the population. 
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