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THE SPECTROPHOTOMETRIC DETERMINATION O F  THE 
COLOR O F  MILK 

VICTOR NELSON 
Central Research Department, Food Machinery Corporation, San Jose, California 

In  the commercial manufacture of evaporated milk, considerable effort is 
given to the production of milk of uniform quality throughout the year. 
While ideas on quality vary, flavor, color and viscosity generally are re- 
garded as the chief factors in quality rating. 

In  order to have a record of quality ratings, some method of measurement 
must be used which can be related to an accepted standara. Viscosity can 
be determined easily, but color and flavor have been difficult to rate, since 
no convenient or wholly satisfactory standards have been available. I n  most 
laboratories color and flavor remain a matter of the personal judgment of 
the inspector. However, color can be referred to known standards. The 
purpose of this paper is to report on the spectrophotometer as a means of 
evaluating the color of evaporated milk and related products. 

METHODS AND APPARATUS 

Some years ago Webb and Holm (4) and more recently Bell and Webb 
(1) measured the color produced in the processing of evaporated milk by 
means of the Munsell system of disc colorimetry. This system is relatively 
convenient, inexpensive and fairly accurate in its specifications of color. 
However, its lack of high sensitivity excludes it from the measurement of the 
minute changes in color which accompany variations in the heat processing 
of milk, especially those changes occurring at  the lower temperatures, 
e.g., a t  220" F. 

In  recent years several spectrophotometers of relatively low cost have 
been introduced, and among these the Beckman provides a reflectance at- 
tachment for measuring the color of dpaque solids. This attachment is so 
designed that it easily can be adapted for the measurement of opaque 
liquids such as milk. 

Since no containers for liquids were included in the equipment, it was 
necessary to construct them in the laboratory. The containers were con- 
structed from tin plate, were circular in shape, 0.5 inch in depth and 1.125 
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410 VICTOR NELSON 

inches in diameter. The reference standard ordinarily used is a magnesia 
block, but some difficulty was experienced in obtaining a block of uniformly 
high reflectance. Hence, for the data herein reported, the standard used 
was one of the sample cups filled with reagent grade magnesium carbonate. 
For simplicity, this standard was considered as having a reflectance of 100 
per cent. A weighed amount of milk was used in order to insure a constant 
depth of milk in the cup. Since the surface of the reference magnesia 
standard and the surface of the liquid sho~zld be at  the same level for ac- 
curate comparison, the surface of the standard was lowered to the level of 
the milk by the insertion of a metal plate with a 1-inch diameter circular 
opening and proper thickness between the top of the cup and the retaining 
plate. Measurements then were made as usual over the wave front of the 
instrument. 

EXPERIMENTAL 

The experimental part of this work consisted in comparing the reflectance 
of milk samples before and after processing with the reflectance of the 
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FIG. 1. Variations in reflectance values of pasteurized whole milk, sterilized milk 
and unsterilized milk between 400-700 mp. 

magnesia standard. These samples consisted of pasteurized milk, unsteril- 
ized evaporated milk, sterilized evapbrated milk, and six lots of evaporated 
~ l i l k  which had received varying preheater and sterilization 'treatments. 

A comparison of the color of pasteurized milk with unsterilized evapo- 
rated milk and sterilized evaporated milk is shown by the curves on figure 
1. The color difference between the three curves is indicated by their rela- 
tive positions. The brightness of each color is indicated by the average level 
of the curve, e.g., the color of unsterilized evaporated milk is the brightest. 
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with the pasteurized milk and the sterilized milk averaging about the same. 
An accurate statement regarding hue shift is possible only on the basis of 
colorimetric data to be calculated from these curves. The saturation of 
each color is indicated by the relative slope of the curves; e.g., the pas- 
teurized milk curve is the flattest, therefore the least saturated, while the 
other curves are steeper and therefore more saturated. 

I t  should be noted that the spectrophotometer provides a means for the 
analysis of the spectral composition of a color sample, while the visual im- 
pression is the effect produced on the observer by the combined effect of the 
spectral composition of the sample, the spectral composition of the illuminant 
under which the sample is viewed, and the observer's own visual mechanism 
(which is more receptive to wave lengths in the middle portion of the visible 
spectrum than those on either end). 

With regard to the data plotted on figure 1, i t  is interesting to note that 
concentration of milk produfes an increase in reflectance in the green, 
yellow, and red wave lengths but little change in the blue and violet. There 

TABLE 1 

Conversion of curve data into I.C.I. and Munsell notation 

is a possibility that the decrease in the blue-violet region is produced in the 
forewarming and evaporation processes. 

Sterilization of milk produces a marked decrease in reflectance at  all 
wave lengths, especially marked in the violet region. This inequality in 
reflectance loss is the primary reason for the brown appearance of sterilized 
evaporated milk, since the result is a relative increase in red and yellow and 
not an actual increase in these colors. 

The conversion of the spectrophotometric data into the I.C.I. (2) and 
Munsell notation ( 3 )  is given in table 1. The Munsell values derived are in 
good agreement with those obtained by Bell and Webb (1) on evaporated 
milk. Therefore, it appears that no serious error is introduced by the 
fluorescence of riboflavin or other compounds. 

I n  the routine grading of freshly sterilized evaporated milk, it is de- 
sirable to know the relative color of milk in terms of a simpli index number. 
While this index number cannot, represent accurately the true color, it 
can indicate the direction of shift in hue, brightness and chroma and thus 
afford to the inspector a quick estimate of the change in color. Since the 

I.C.I. eoior notation Munsell color notation 
Curve 

Chroma 

1.7 

1.55 

2.3 

Y Hue Value 

8.8 

9.3 

8.8 



heat treatment of milk produces a loss of reflectance, especially marked in 
the green region, a wave length of 520 mp appears particularly suitable 
for routine work on standard evaporated milk, since small visual changes 
give large instrumental readings. Furthermore, no special light bulb is 
needed, since the ordinary light source is relatively strong at this wave 
length. 

The data plotted on figure 2 provide a comparison of the spectral com- 
position of sterilized and unsterilized milk over a greater range than that 
provided by the data in figure 1. I n  this second experiment it was desirable 
to measure the degree of darkening, from a visual point of view, produced 
in the high temperature pretreatment of evaporated milk and in the subse- 

I COMMERCIAL EVAPORATED UNSTERILIZED MILK 

COMMERCIAL EVAPORATED STERILIZED MILN 

7"1 1 
300 400 500 600 700 800 900 1000 

WAVE LENGTH IN MlLLlMlCRONS 

FIG. 2. Variations in reflectance values of sterilized and unsterilized milk between 
350-1000 mk. 

quent sterilization. Since these data are from pilot plant research on high 
temperature-short time sterilization, a note of explanation is offered. 

The data are presented because they represent extreme time-temperature 
variations in treatment, interesting for the purpose of illustrating the effect 
on color values. A brief outline of the data follows: The treatment raised 
the temperature of the milk to the desired temperature in a few seconds. 
The pretreatment time (table 2) refers to the time the evaporated milk 
was held at  the given temperature in a jacketed holder. The corresponding 
reflectance value was that taken after rapid cooling of the milk. 

The cooled evaporated milk was filled into cans of 14.5-ounce capacity. 
The filled cans then were closed and treated in an experimental continuous 
sterilizer as follows : The cans were conveyed through a pre-heating chamber, 
the temperature of which increased at  a uniform rate from 225O F. a t  the 
portal of entrance to 235' F. at the portal of exit of the cans. The cans of 
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milk then were conveyed through a second chamber, where they were sub- 
jected to the indicated temperature for 4.7 minutes. After this steriliza- 
tion treatment the samples were cooled in the usual manner and tested for 
reflectance loss and viscosity. Viscosity values are in terms of Mojonnier 
units. There was no "burn-on". or other abnormality which would affect 
viscosity or color values. 

Some discrepancies may be noted in the data. These could well be due 
to variations in the color of the original milk used and to some unavoidable 
departures from the temperatures given. I n  the case of the sterilized 
product, variations in the rate of cooling affected the color. I n  any case 
deviations from the expected color are not large when considered from the 
standpoint of visual perception, except for some notable exceptions in 
Groups V and VI. I n  these latter groups considerable unexplained vari- 
ation was found in the sterilizing and color characteristics of the various 
lots of milk. 

SUMMARY 

1. The Beckman spectrophotometer provides basic data for spectral 
composition of energy reflected from a sample and when i t  is combined with 
standard colorimetric data (as the I.C.I. Standard Observer and one of the 
I.C.I. Standard Illuminants) i t  provides a good means of estimating the 
color. 

2. A convenient index for routine estimations of the darkening in color 
of evaporated milk can be determined by noting changes in reflectance of 
light of 520 mp wave length. 

The author is indebted to Mr. Paul  C. Wilbur, A. E. Pech and Dr. C. R. 
Stumbo for their,valuable suggestions and criticism. 
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THE COLOR OF EVAPORATED MILK WITH RESPECT TO TIME 
AND TEMPERATURE O F  PROCESSING 

VICTOR NELSON 

Central Research Department, Food Machinery Corporation,, San Jose, Califorxia 

I t  is well known in the evaporated milk industry that the color of evap- 
orated milk can be improved by using a high-temperature-short-time steri- 
lization process. Recently, Tarassuk (3)  showed that color in evaporated 
milk could be reduced a significant amount by reducing the oxygen content 
of the milk before sterilization. However, there is almost no information 
available, except that given by Bell and Webb ( I ) ,  on the rates of color 
formation at the various sterilization temperatures. 

Information on the rate of color development always has been desir- 
able, but until recently no entirely satisfactory method has been available. 
I n  this paper the technique of color measurement used by Nelson (2) is 
applied to the investigation of the rates of color formation during the 
processing of evaporated milk. 

METHOD AND APPARATUS 

The apparatus consisted of a thermostatically controlled oil Lath, a 
preliminary heating oil bath maintained at  175' F., 75 mm. x 10 mm. test 
tutes, a wire tray for holding the tubes, a cold water bath for cooling the 
tubes quickly after heating and a Beckman spectrophotometer for rcflec- 
tance measurements. 

Because of the small milk sample used, a small container made from 
plastic was used instead of the larger container used by Nelson (2). Tests 
were made to insure comparableness of the two containers. 

One and one-half milliliters of commercial unsterilized evaporated 
milk of 26 per cent total solids content was inserted carefully into the 
small tubes with the aid of a hypodermic needle. The tubes were sealed 
over a small pointed flame, the hot tip being drawn into a loop so that it 
could be suspended on a wire and placed in the wire basket. 

The desired number of tubes filled with the evaporated milk was placed 
in the basket and held in the preliminary oil bath for 3 minutes befcre 
immersion in the constant temperature process bath. After immersion 
in the process bath, tubes were withdrawn at stated intervals, cooled in 
the water bath, dried, numbered and later analyzed. 

EXPERIMENTAL 

The data obtained in this work are represented graphicaliy in figures 
1 to 5 .  

Received for publication December 6, 1947. 
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HEATING TlME (MINUTES) 

FIG. 1. The relationship between time of heating at 220° F .  and reflectance at 
wave length. 

The preliminary heating of the tubes to 175" F. is not essential but it 
is convenient, since the time then necessary to arrive within a degree of 
the desired temperature in the process oil bath is reduced to approximately 
3 minutes, as determined by thermocouple measurements and the well 
known logarithmic nature of the heat penetration curve. Consequently, 
zero time in this experiment is 3 minutes after immersion in the process oil 
bath. 

The data are plotted on semi-logarithmic paper, since it was found 
that a straight line was obtained if the logarithm of the reflectance was 
plotted against time. 

Some reflectance loss is noted at  zero time at 250' F. (fig. 4). However, 
all the data are plotted without correction, since the lag in the reflectance 
loss at the lower temperatures, or the rate of loss, is so low that a measur- 
able reflectance loss cannot be found for several minutes. In any case, 
the error in zero time does not affect the slope of the curves, although it 

HEATING TlME (MINUTES) 

FIG. 2. The relationship between time of heating at 230' F. and reflectance at 520 
mp wave length. 
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HEATING T I M E  (MINUTES) 

FIG. 3. The relationship between time of heating at 240° F. and reflectance at 520 
my wave length. 

does affect, to a minor degree, the values of the 250" F. curve. However, 
if it is desired to correct for this loss it seems not unreasonable to assume 
that projection of the curve until it crosses the 80 per cent line will give 
the time-about 30 seconds in this case-which should be added to the 
time plotted. (The reflectance of the original milk was 79.8 per cent at  
520 mp wave length.) 

Plotting the data on semi-logarithmic paper was found advantageous. 
The data for the 250" F. curve are represented by a single straight line, 
while the data for the other curves are represented most conveniently by 
two straight lines. While the data for the short curves are incanclusive 
in determining the character of the curves, they are represented as straight 
lines for convenience and also to indicate the change in slope of the longer 
curves. I n  any event, there is a lag in the darkening in color of evaporated 
milk during processing, a situation also noted by Townley and Gould (4), 
who found that a visible color change occurred a t  the time of marked de- 



418 VICTOR NELSON 

crease in labile sulfur liberation. Whether this point of decrease marks 
a decided increase in  the oxidation-reduction potential has not been deter- 
mined, but in view of the effect of oxygen on color, it may be significant. 

Curves 1 and 2 on figure 5 were derived from the slopes of the cnrves 
marked 220°, 230°, 240" and 250" F. The numerals on Curve 1 indicate 
the time in minutes at  these particular points for which this curve is valid. 
After this time period, values should be selected from Curve 2. 

In  connection with this experiment, it should be noted that the ratio of 
volume of air to milk is greater than in commercial canning. Therefore, 

TEMPERATURE 

FIG. 5. The relationship between temperature and reflectance loss per minute. 

it is quite possible that Curve 1 represents the condition of minimum lag 
period likely to be encountered in commerciaJ practice. On the other hand, 
Curve 2 normally will represent the conditions prevailing after the lag 
phase of sterilization is concluded. 

The data obtained in this experiment find application in the color evalua- 
tion of sterilization processes. While i t  is difficult to arrive a t  absolute 
values because of the variables introduced by the pretreatment a milk 
receives, the relative' color values of processes can be determined with 
reasonable accuracy. Given the heat penetration curve of a process, a new 
curve can be constructed by substituting rate of reflectance loss values for 
temperature and integrating grapllically the curve produced. For ex- 
ample, i t  will be found that the color produced in a commercial cooker 
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process of 15 minutes at  243' F. is greater than a comparable process of 
6 minutes at  254' F. Not only is the high temperature process short, 
but the reflectance loss values are relatively low, since a large part of the 
process occurs in the lag phase of the curve. 

SUMMARY AND CONCLUSIONS 

1. The loss in reflectance a t  the temperatures studied decreased log- 
arithmically with time after a lag period. . 

2. A lag period in reflectance loss was noted at  temperatures below 
250" F. The character of this curve is not known with certainty. 

3. The data obtained are applicable to the color evaluation of (steriliza- 
tion processes. 

The author is indebted to Mr. Paul C. Wilbur, A. E. Pech and Dr. C. R. 
Stumbo for their valuable suggestions and criticism. 
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EFFECT OF RAW SOYBEANS AND OF SOYBEAN OIL ON PLASMA 
CAROTENE AND ON VITAMIN A AS MEASURED BY 

ACTIVATED GLYCEROL DICHLOROHYDRIN1 

R. L. SQUIBB, C. Y. CANNON, AND R. S. ALLEN 
Iowa  State College, Ames 

Interference with vitamin A metabolism in dairy cows fed soybeans 
and soybean products has been reported previously. Hauge et al. (3, 4 )  
were among the first to demonstrate a factor in soybeans that suppressed 
the transfer of the vitamin A potency of the ration to the milk fat. These 
workers found that the factor could be removed from soybean oil by ad- 
sorption on activated charcoal. Although their data showed no lowering 
of carotene, they stated that carotene as well as the vitamin A values may 
be lowered by additions of large amounts of either soybeans or soybean 
oil to the ration. Cannon et  (1.1. (1) observed a bleaching effect on the milk . 
fat  of cows fed raw soybeans. Their observations were based on color 
comparisons rather than chemical determinations of vitamin A and caro- 
tene. Shaw et al. (6) recently reported the occurrence of a vitamin A 
deficiency in dairy calves from dams fed raw soybeans. 

The effects of raw soybeans and soybean oil on the blood plasma caro- 
tene and vitamin A concentrations of lactating cows fed alfalfa hay, silage, 
concentrates and a carotene supplement are reported herein. 

EXPERIMENTAL 

Procedure. I n  this feeding trial either 9 lb. of raw soybeans or 1.7 lb. . 
of expeller-process soybean oil, an amount. calculated to be equivalent to 
the oil supplied by the raw beans, were incorporated into the rations of 
dairy cows to test their effect on the concentrations of blood plasma carotene 
and vitamin A. This quantity of raw soybeans, based on previous experi- 
ments (I), was selected as the probable maximum amount that could be 
fed daily over a prolonged experimental period. 

Six Holstein cows were divided into two comparable'groups. One of 
three experimental rations was assigned at random to each cow of Group 
I; these rations were duplicated for Group 11. The daily feeding schedule 
indicating the concentrates fed is presented in table 1. 

I n  addition to the concentrates, all cows were fed a poor quality alfalfa 
hay throughout the trial. Corn silage was provided for the first 6 weeks 
of the experimental period, a t  the end of which time the supply was ex- 
hausted and alfalfa hay became the only roughage. Before the trial started 
it was found that the cows selected had plasma carotene levels that were 

Received for publication December 9, 1947. 
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less than 300 y per 100 ml. Since it was desired to conduct the studies 
wit.h cows having more plasma carotene than this, so as to allow sufficient 
latitude for a possible depression, each cow also received daily both before 
and during the trial 0.5 lb. of a carotene preparation2 containing 250,000 
USP units of vitamin A per pound. This 0.5 lb. of carotene preparation 
was mixed with 2 Ib. of the basal concentrate mixture and fed each cow 

TABLE 1 
Daily concentrate feeding schedule of the three cows in each of the two groups 

during each period 

I 1 Basal concentrate 1 xr-L--2- , -  L.-L-3 

Cow no. Group no. mixturea A U i l L t i U L L l U  b t i l L e U  

I .  
Basal period (2 weeks) 

-- 

Cross-over period (4  weeks) 

Experimental period (9  weeks) 

Control 
1.7 Soybean oil 
9.0 Raw soybeans 
Control 
1.7 Soybean oil 
9.0 Raw sovbeans 

1947 
2470 
2397 

.2210 
2392 
2472 

a The basal concentrate mixture consisted of 250 Ib. of ground yellow corn, 250 Ib. 
crushed oats, 200 Ib. linseed oil meal, 100 Ib. wheat bran, 9 Ib. common salt, and 16 Ib. 
bone meal. 

between the morning and evening feeding periods apart from the soybean 
products in order to avoid possible in vitro destruction of the carotene (2). 

The trial was initiated with a 2-week basal period during which the 
plasma of each cow was characterized for its carotene and vitamin A con- 
tent. An experimental period of 9 weeks followed the basal period. At  
the end of the 9-week experimental period the rations of the cows fed the 
control diet and those fed the raw soybeans were switched (table 1).  This 
cross-over period was continued for 4 weeks. All other experimental 

2 "Super Carex", a carrot oil preparation taken up in a dry carrier, was obtained 
from Nutritional Research Associates, Inc., South Whitley, Indiana. 

I 
I 
I 
11 
I1 
I1 

5.0 
11.3 
15.5 

5.0 
13.3 
14.0 

9.0 Raw soybeans 
1.7 Soybean oil 
Control 
9.0 Raw soybeans 
1.7 Soybean oil 
Control 
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conditions were maintained with these two groups. The cows receiving 
the soybean oil, however, were continued on their starting experimental 
ration throughout the trial. 

Venous blood samples were collected weekly from each cow and were 
analyzed immediately for vitamin A and carotene contents. Sufficient 
blood was drawn to supply duplicate 9-ml. plasma samples. Kimble's 
(5) procedure was used for extracting the vitamin A and carotenoids 
from the plasma. Five-milliliter portions of these extracts were used for 
determining the carotenoids. The per cent transmission readings obtained 
with a Coleman Universal Spectrophotometer set at  440 m p  were converted 
into carotene values by means of a standard curve.3 A new reagent, acti- 
vated glycerol dichlorohydrin (G.D.H.), was used to determine the vitamin 
A of the blood plasmas. G.D.H. was selected in view of the potential 
advantages of this colorimetric reagent (7) .  - 

For the determination of vitamin A, 12-ml. portions of the plasma 
extracts were placed into 50-ml. centrifuge tubes. These tubes were heated 
in a water bath, which a t  no time exceeded 65" C., to evaporate the solvent. 
Immediately following the removal of the solvent, the tubes were cooled 
to room temperature and the residue in each tube dissolved in 1.5 ml. of 
chloroform. One milliliter of each chloroform solution was transferred to 
a Coleman cuvette and 4 ml. of G.D.H. added. The contents of the cuvette 
were mixed by inversion and the color allowed to develop for 4 minutes in 
the dark a t  room temperature, after which the readings were made with 
the spectrophotometer. The transmission readings were converted into 
vitamin A values by means of the standard curve and then corrected for 
carotene interference. 

Val id i t y  of the reagent used for the determination of v i tamin A. Sobel 
and Werbin (8) previously have shown G.D.H. to be satisfactory for the 
determination of the vitamin A of fish oils. Since information on the 
applicability of G.D.H. for the determination of vitamin A of bovine 
blood plasmas was unavailable, i t  was necessary to ascertain its validity 
for the type of study reported herein. 

A series of recovery studies was made on pooled samples of bovine 
plasmas containing from 400 to 550 y carotene per 100 ml. Natural vita- 
min A ester was added a t  four different levels and 95.9 to 100.0 per cent 
recovery was obtained using G.D.H. as the colorimetric reagent. These 
results indicate that vitamin A could be determined satisfactorily with 
G.D.H. 

a A Coleman Universal Spectrophotometer, Model 11, was used for all analyses. It 
previously was standardized at  440 mp with crystalline B carotene for estimating the 
carotenoids, and at  550 mp with a natural vitamin A ester, P C  3 capsule, obtained from 
Distillation Products, Inc., for estimating the vitamin A. A carotene interference curve 
was plotted from data obtained by the addition of G.D.H. to crystalline B carotene in 
chloroform. 
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RAW SOYBEANS 

RESULTS AND DISCUSSION 

The effects of feeding raw soybeans or soybean oil were measured 
by the changes that occurred in the concentrations of blood plasma caro- 
tene and vitamin A found in the cows fed these products. These changes 
also were compared with those that occurred in the blood plasma carotene 
and vitamin A of the cows fed the control ration. 

I n  table 2 are listed the amounts of carotene and vitamin A that were 
found in the blood plasma of each of the cows at weekly intervals. I n  
order to get a clearer picture of the changes that occurred in the concen- 
tration of carotene in the blood plasma of the cows under the three feeding 

FIG. 1. Variations f r o m  the final d e t e r m i n a t i o n s  in a preliminary p e r i o d ,  o f  average 
b l o o d  plasma carotene c o n t e n t  fo r  c o n t r o l  c o w s ,  c o w s  fed raw s o y b e a n s  and c o w s  fed 
s o y b e a n  oil. 

schedules, the data were plotted out as shown in figure 1. The zero point 
on these curves is the average concentration' of carotene in the blood plasma 
at the end of the preliminary period for cows fed each feed. The changes 
in carotene concentration are plotted from that point. 

It is apparent from the curves that the feeding of raw soybeans to cows 
caused their plasma carotene to decline somewhat in concentration and 
to remain considerably under that of cows fed the control ration. During 
the first 4 weeks the differences between these two lots of cows increased 
rapidly, then more slowly up to 7-9 weeks, when differences in concentra- 
tion between the control cows and those fed raw soybeans seemed to level 
off at' about 250 carotene per 100 ml. of blood plasma. 

16 
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That this difference in carotene concentration was effected by feed 
and not by cow differences is strongly supported by what happened when 
the feed of these cows was switched. Those cows formerly being fed raw 
soybeans and then fed the control ration showed increasing concentrations 
of carotene from the time the rations were changed. I n  opposition, those 
cows which were changed from the control ration to raw soybeans showed 
a constantly decreasing carotene concentration in their blood plasma until 
it was considerably under that of the other group with which its ration 
was switched. ~ l k h o u ~ h  the switch-over period lasted only 4 weeks, yet 
in this time the differences in plasma carotene concentration reached almost 
one-half the magnitude that existed in a similar period before the switch- 
over was made. 

The changes in blood plasma carotene concentration of the cows re- 
ceiving soybean oil were intermediate, lying between those of the control 
cows and those fed raw soybeans. Apparently the oil depressed the plasma 
carotene concentration but not to the extent of the raw beans. The effects 
of feeding the oil are not as clear as with feeding.raw soybeans, since no 
switch-over of rations was made with these cows. It is not known whether 
their position in relation to the control cows would have been reversed 
had these rations been switched. Presumably such a result would have 
occurred. 

As was noted in outlining the feeding procedure, changes in the kind 
of roughages that were fed occurred during the progress of the trial. At 
the end of the sixth week corn silage was eliminated from the ration and 
alfalfa hay fed in greater amounts. Also, during the fifth week (third 
week of the first experimental period) all the cows were inadvertently 
peimitted access to fresh grass for approximately 2 hours. 

These changes in feed no doubt affected the carotene intake of the cows. 
Since all cows were fed alike and supposedly increased their carotene in- 
takes together, these changes should have caused no serious influence on 
the differences in carotene concentrations between groups. Increased or 
decreased intakes of carotene would cause fluctuations in the plasma caro- 
tene, but each group would be affected in the same way. 

The differences that occurred in the blood plasma vitamin A concentra- 
tions among the cows fed the control, raw soybean and the soybean oil 
rations (table 2) were small and showed no particular trends. If de- 
struction of vitamin A was being caused by either the raw soybean or 
'soybean oil, the physiological processes of the cows quickly replenished 
the supply in the blood from carotene or from liver storage. Perhaps if 
the carotene intake of the cows were low enough, the feeding of raw soy- 
beans and maybe soybean oil would cause a decline in the vitamin A con- 
centration in their blood. Hauge et al. (3) have specified a factor that 
adversely affects the vitamin A concentration in milk fat. This factor 
might be operative on blood plasma vitamin A. 
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SUMMARY 

Feeding raw soybeans in-the amount of 9 lb. daily to lactating cows 
caused marked differences in their blood plasma concentration of caro- 
tene from that of cows fed a control ration containing no soybean prod- 
ucts. During the first 4 weeks the differences increased rapidly, but 
by 7-9 weeks they seemed to level off at  about 250 y carotene per 100 ml. 
of blood plasma. The reversal in blood plasma concentrations of carotene 
that took place after a switch-over'of rations was made between the cows 
receiving the control and the raw soybean rations indicates that the cau- 
sative factor was the feed rather than the individuality of the cows. 

The feeding of expeller process soybean oil to lactating cows caused 
differences in their blood plasma concentrations that were intermediate 
with the concentrations found in the blood plasma of cows fed a control 
ration containing no soybeans or soybean products and cows fed raw soy- 
beans. ' The oil apparently depressed the carotene concentrations but not 
to the  extent of the raw soybeans. 

The differences that occurred in the blood plasma vitamin A concen- 
trations among the cows fed the control, raw soybean and soybean oil ra- 
tions were small and showed no particular trends. 

Activated glycerol dichlorohydrin, a new reagent for the determina- 
tion of vitamin A, proved to be satisfactory' for this determination in 
bovine blood. 
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SIMPLE VERSUS COMPLEX CONCENTRATE MIXTURES 
FOR YOUNG BREEDING BULLS. I. GROWTH, 

BLOOD COMPOSITION, AND COST1 

J. T. REID,2 G. M. WARD, AND R. L. SALSBURY3 
New Jersey AgriculturaZ Ezperirnent Station, Sussez 

In  a study of the relative value of a simple and a complex concentrate 
mixture for young breeding bulls, the composition of the whole blood and 
of the plasma was investigated on the chance that the feeds might reflect 
different physiological effects upon these tissues. Quantitative studies of 
various blood constituents have proved invaluable in experimental, diag- 
nostic and clinical work, despite the variability in "normals" observed in 
different individuals, sexes, species, physiological functions, regions, sea- 
sons and climates. Most studies of bovine blood composition have con- 
cerned the female rather than the male. 

Table 1 summarizes the levels of several constituents of whole blood 
and plasma of bulls as found in previous studies. 

Since the literature involving the relationships of whole blood and 
plasma constituents of cattle to diet, age, physiological functions and 
pathological conditions is too extensive to be considered here, recognition 
has been given only to those data which reflect the blood picture of healthy 
bulls and which are pertinent to the present study. . The purpose of this study was to ascertain the effects of a simple and a 
complex concentrate mixture upon growth as determined by wither height 
and heart girth measurements and upon the concentration of some of the 
constituents 'of blood. The cost, of maintaining breeding bulls on these 
feeding regimes was examined. 

EXPERIMENTAL PROCEDURE 

Sixteen Holstein bulls of similar blood lines were obtained at  birth and 
reared under the same management and feeding regime until the commence- . 
ment of the experiment. From these animals the 12 bulls used in this in- 
vestigation were selected at  18 months of age on the basis of uniformity 
of age, size, and blood and semen pictures. The 12 bulls composed two 
groups of six each. Group I received a simple concentrate mixture of 

Received for publication December 15, 1947. 
1 Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers 

University, Department of Dairy Industry. 
2 Present address, Department of Animal Husbandry, Cornell University, Ithaca, 

New York. 
3 The authors are indebted to Dr. Stacy B. Randle, state chemist, for  a portion of the 

feed analyses and to Prof. C. E. Shuart and Messrs. M. Struble and D. Eby for the care 
and feeding. of the animals. 
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which corn and corn gluten meal constituted a large portion, while Group 
I1 was fed a complex concentrate mixture (table 2). Both groups re- 
ceived the same average grade timothy-clover hay. The average compo- 
sition of the concentrate mixtures and hay used during the feeding trial 
is shown in table 3. 

The bulls were fed 1 lb. of hay per 100 lb. body weight 'daily with 
concentrate feed in sufficient quantity to provide an average daily digestible 
nutrient intake of approximately 1.02 and 1.18 Ib. per 100 lb. body weight 
before and after an average age of 760 days, respectively. Feed intake 
was adjusted at  average intervals of 43 days following heart girth and 

TABLE 2 
Composition of concentrate mixtures 

8Mineral salt mixture consisted of:  MnS~04.4H,0, 50% ; FeS0,.7H20, 44.5%; CuSO,. 
5H,O, 5.0%; and Co(NO,),.GH,O, 0.5%. 

b Fish liver oil containing 15,000 I.U. or more of vitamin A per g. 
0 Irradiated yeast containing 9,000 USP units of vitamin D per g.  

wither height measurements. The average daily digestible nutrient in- 
take immediately following body measurement was 1.08 and 1.22 lb. per 
100 lb. body weight before and after an average age of 760 days, respec- 
tively, and regressed to about 0.96 and 1.11 lb., respectively, before the next 
adjustment as calculated from Morrison's tables (17). Body weight was 
calculated from the heart girth measurement according to the equation sug- 
gested by Branton and Salisbury (4). 

An attempt was made to obtain about the same amount of semen from 
the bulls of each group; however, more was being taken from Group I1 
during the latter part of the experiment than from Group I. The average 
daily semen volume and accumulative semen volume taken from the two 
groups are represented by the graphs and curves, respectivelj., shown in  

Group I1 

(%) 
10.0 
......... 
......... 

10.0 
12.0 . 
17.0 
25.0 
10.0 
10.0 
2.0 
1.0 
0.7 
1.95 
0.1 
0.2 
0.05 

100.00 

Ingredients 

Ground yellow corn .............................. 
Beet pulp ......................................................... 
Corn gluten meal . . . . . . . . . . . . . . . . . . .  
Cane molasse 

Mineral salt mixture8 ........................... 
Fish liver oilb .............................. .., .....- 
Irradiated yeast~ ................................. 

Group I 

(%) 
54.0 
25.0 
10.0 
10.0 
......... 
......... 
......... 
......... 
......... 
......... 
1.0 
......... 
......... 
" ....... 
......... 
......... 

I 100.00 
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TABLE 3 
Avirage chemical composition of feeds (per cent of dry matter) 

Group I Protein I Fat 1 Fiber I Ash ( N.F.E. I P 1 Ca I Mn 

Concentrate mixtures 
I 12.00 2.72 8.70 4.73 64.47 0.30 0.33 0.0044 

I1 1 21.76 1 4.67 1 10.08 1 9.03 1 49.03 1 0.66 1 0.97 1 0.0233 

figure 1, heart girth measurements also being included. The difference 
in the accumulative semen volume does not indicate that the bulls of 
Group I1 were capable of producing greater volumes of semen but merely 
that more semen was taken from these animals than from the bulls of 
Group I. 

No data were obtained on the semen of one bull in Group 11, since this 
animal manifested a fear which precluded obtaining semen from him in 
the usual manner. One bull was eliminated from Group I about mid- 
trial'because of tuberculosis reaction. The animals were 18 months old . 
a t  the beginning and 33 months old at  the termination of the experiment. 
Twenty days was the greatest difference between the ages of any of the 
bulls. 

The data on the phase of the study dealing with the blood constituents , 
have been grouped into 3-month age periods for convenience of study. The 

FIG. 1. Heart girth measurements of bulls, the Ragsdale standard (20) for Holstein 
bulls, and the average daily and accumulative volumes of semen produced per bull. 
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chemical methods used to determine the levels of certain blood and plasma 
constituents are as follows: hemoglobin, Sanford et al. (23) ; glutathione, 
Woodward and Fry  (26) ; calcium, Clark and Collip (6) ; inorganic phos- 
phorus, Fiske and Subbarow (8) ; phosphatase, method of King and Arm- 
strong (10) as modified by Wiese et al. (25) ; plasma proteins, albumin 
and globulins, Looney and Walsh (14) ; and ascorbic acid, modification of 
method of Mindlin and Butler (16). The red blood cell count and volume 
(hematocrit) were determined on the same blood samples according to the 
standard procedures. 

RESULTS 

Growth. Good growth of bulls was effected by both feeding regimes 
once the retarded growth which was incurred on the late fall pasture 

prior to the commencement of the feeding trials was overcome (figs. 1 and 
2). Semen production did not appear to affect growth (fig. 1).  A study 
of the body measurements of the bulls of both groups would indicate a 
slightly more rapid growth of these animals during the actual feeding 
trial than is considered standard for Holstein bulls of the same age (20). 
I t  should be pointed out, however, that the standard proposed by Ragsdale 
(20) is based upon the measurements of only two bulls subsequent to 540 
days of age. Group I animals gained body weight at an average rate 
of 0.18 lb. per day faster than Group I1 bulls. The rate of increase in 
height a t  the withers was similar for both groups (Group I, 1.57 and 
Group 11, 1.54 mm. per day), as shown in figure 2. A similar general 
appearance and degree of fleshiness was observed in the animals of both 
groups. 

cr, 
8 100 - 
$ 
5 90- 

0 
0. 

m : 
%. . 

100 200 300 900 500 600 700 800 900 1000 
RGE (DRYS) 

Fig. 2. Withers height measurements and the ~ a ~ s d a l e  standard (20) for Holstein 
bulls. 
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Blood composition. Remarkably similar values were found for various 
constituents and characteristics of the blood and plasma of the animals of 
both groups during the same age period. These data are summarized by 
groups in tables 4 and 5. Since no appreciable group differences were 
observed, the average data from both groups would seem to be normal 
for bulls of similar age. Although diet did not appear to influence the 
composition of the blood of these animals, various trends were observed 
which appeared to be associated with aging. 

The concentration of hemoglobin, the red blood cell volume, and the 
mean corpuscular hemoglobin and volume gradually increased, whereas 
the number of erythrocytes decreased very little as age progressed from 
18 to 33 months. Other constituents tending to increase with age were 
plasma calcium and reduced and total glutathione. The plasma level of 
inorganic phosphorus tended to decrease, whereas no definite relationship 
between the plasma concentration of ascorbic acid and age was observed. 

The variations in alkaline plasma phosphatase were attributed to the 
rate of semen collection as reported previously (22). Likewise, the fluc- 
tuation in the levels of albumin and globulin may have been related to 
the production of semen. 

Data on total and oxidized glutathione are not given for the periods 
24 to 27 months and 27 to 30 months because estimations of this compound 
could not be obtained. Inability to measure this compound was concomi- 
tant with an increased rate of semen collection and appeared to be caused 
by a factor(s) existing in blood plasma under these conditions which 
prevented the reduction of oxidized glutathione by metallic zinc (21). 

Cost. A comparable gain in body weight cost approximately 50 per 
cent more in Group I1 than in Group I. The average cost of maintain- 
ing a bull on the Group I1 regime was $52.75 more per year than that of a 
bull receiving the other diet. 

DISCUSSION 

No important differences were found in the growth, general health, 
and blood constituents of two groups of breeding bulls receiving markedly 
different concentrate feeds. On the basis of these criteria, it would seem 
that costly, complex concentrate mixtures are not necessary for animals 
of similar age and producing semen at similar rates. The final evaluation 
of complex feeds, however, necessarily lies bin their effects upon the pro- 
duction of fertile semen. A subsequent report in this series will consider 
the production of semen by the bulls used in this study. 

Although this investigation revealed no group differences, various trends 
appeared to be associated with aging. I n  view of the lack of dietary in- 
fluence, the concentration of some blood constituents investigated in this 
study would appear to be standard for bulls of similar age and breed when 

, maintained under climatic conditions similar to those of northern New 
Jersey (tables 4 and 5). 
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The results of this study would seem to indicate the importance of the 
rumen in the nutrition of the bull. Regardless of the supposed limitations 
of the simple concentrate feed received by Group I animals, these bulls 
were able to maintain, at  levels similar to those of bulls receiving a more 
complex diet, not only growth but also blood constituents believed to be 
indicative of physical well being. I t  should be pointed out that these rela- 
tionships may not necessarily hold for bulls of greater age or for the same 
bulls over a longer period of time, as these data were obtained from bulls 
during the interval of 18 to 33 months of age. The importance of the 
poor to average grade hay fed to both groups may be underestimated in 
these considerations. Since hay and concentrates were fed in a manner 
believed to be consistent with good feeding practice, and since the same 
hay was fed to both groups, the main considerations involved comparisons 
of the effects of the two concentrate mixtures. Additional data dealing 
with the merits of these diets are presented in the subsequent paper on 
semen production of young bulls. 

Although the cost of maintaining a sire by the ordinary breeder is 
of no great significance if satisfactory performance is being obtained, 
large bull studs such as those used in some artificial breeding units would 
eEect a considerable saving by using simple concentrate mixtures similar 
to the one employed in this study rather than complex, high protein mix- 
tures. 

SUMMARY 

1. Comparable rates of growth and concentrations of several blood 
constituents were found in bulls receiving a simple and a complex concen- 
trate mixture. 

2. Since the levels of certain blood and plasma constituents were similar 
for the two groups, these figures are presented as standards for healthy 
Holstein bulls of similar age and producing semen at similar rates. 

3. The hematocrit, mean corpuscular hemoglobin and volume, the level 
of hemoglobin, reduced and total glutathione, and plasma calcium tended 
to increase with aging, whereas the plasma concentration of inorganic 
phosphorus decreased. 

4. The maintenance of bulls on the complex concentrate feed cost 
approximately 50 per cent more than that of bulls receiving the simple 
concentrate mixture. 
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SIMPLE VERSUS COMPLEX CONCENTRATE MIXTURES FOR 
YOUNG BREEDING BULLS. 11. SEMEN PRODUCTION1 

J. T. REID,2 G. M. WARD, AND R. L. SALSBURY3 
New Jersey Agricultural Ezperiment Station, Susses 

The comparative merits of simple and complex concentrate mixtures 
for semen production by bulls have not been ascertained previously. Vari- 
ous investigations, however, have demonstrated the efficacy and the lack 
of effect of certain feeds and specific nutritional factors upon the quantity 
and quality of semen ejaculated by bulls. Jones et al. (12) showed that 
rations which are satisfactory for normal growth to 3 years of age are 
adequate .for normal reproductive performance. Recent Cornell investiga- 
tions (6, 26) in which total digestible nutrient levels of 100, 120, and 140 
per cent of the Morrison dry cow maintenance, requirements (21) were fed 
to breeding bulls demonstrated that neither the quantity and quality of 
semen produced nor the fertility. of the bulls was related to the digestible 
nutrient intake within the limits studied. Concentrate mixtures contain- 
ing 12, 16, and 20 per cent total protein did not affect significantly the 
fertility of bulls (6, 26). However, bulls receiving tbe 20 per cent protein 
concentrate produced significantly greater concentrations of spermatozoa 
and lower ejaculate volume and motility and less total spermatozoa per 
ejaculate than did bulls receiving the other concentrate mixtures. For 
bulls in active service, these workers (6, 26) suggested feeding at  the rate 
of 1 lb. of hay and 0.4 to 0.5 lb. concentrate mixture containing 12 per 
cent protein per 100 lb. body weight daily. 

Jones et al. (11) found that bulls fed alfalfa hay supplemented with 
1 lb. each of skim milk powder and oats groats daily grew faster, matured 
earlier, were in better condition, and produced good quality semen earlier 
than bulls receiving a basal ration of hay supplemented with salt, phos- 
phorus and iodine. These differences were attributed to the greater energy 
intake rather than to the quality or quantity of protein ingested. 

Since it was not possible in this esperiment to use the semen from the 
unregistered bulls for breeding purposes, a number of measures of semen 
quantity and quality were employed as criteria of the relative merits of 
the two concentrate mixtures fed. Numerous reports support the use of 
the following tests of semen quality and quantity as an evaluation of rela- 

Received for publication December 15, 1947. 
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The authors are indebted to Prof. C. E. Shuart, Messrs. M. Struble and D. Eby 

for the care and feeding of the animals. 
439 



440 J. T. REID ET AL. 

tive fertility: spermatozoa concentration (15, 16, 23, 29, 32, 34) ; initial 
motility (9, 15, 16, 20, 28, 30, 31) ; livability or maintenance of motility 
(1, 10, 17, 20, 30, 31, 34) ; p H  (2, 3, 4, 8, 9, 10) ; change in pH upon incn- 
bation (1, 4, 16) ; number of morphologically abnormal spermatoza (1, 10, 
15, 19, 32, 36) ; semen and spermatozoa volume .(I, 3, 7, 16, 32) ; semen 
level of ascorbic acid (8, 13, 14, 22) ; and reducing capacity (5, 27, 28, 33). 

It was the purpose of this study to evaluate the relative merits of a 
simple and a complex concentrate mixture for the production of semen by 
young bulls as determined by various tests for semen quantity and quality. 

EXPERIMENTAL PROCEDURE 

A study of the semen obtained from the two groups of bulls (one re- 
ceiving a simple concentrate mixture and the other a complex mixture) 
was made simultaneously with the investigation of the blood composition, 
growth, and cost of maintenance of these animals reported in the first paper 
of this series (25). For details on the composition of feeds, rate of feed- 
ing, age and growth of the bulls, and the cost of the concentrate feeds, the 
reader is referred to the previous paper (p. 429). Of the 12 animals 
composing the two groups (reported in the previous paper), five in each 
group yielded semen during the entire experiment. 

. Semen quantity and quality were studied during four periods ranging 
from 56 to 65 days in length, separated by rest periods of 14 to 51 days, 
as shown in table 1. These collection periods loosely represent the four 
seasons. 

The quantity of semen produced was expressed as the number of ejacu- 
lates obtained, the average ejaculate volume, and the average daily semen 
volume per bull. The quantity of spermatozoa was determined by direct 
counts using a cytometer and by centrifugation of semen in hematocrit 
tubes. These data were expressed as the concentration of spermatozoa, 
the proportion of the whole semen volume consisting of spermatozoa, and 
the average size of a spermatozoan in terms of volume (cubic micra). 

Since a constant temperature stage incubator was found to be neces- 
sary but was not obtainable during the first period, no attempt was made 
to procure data on motility and allied characteristics for this period. Dur- 
ing subsequent periods, the initial motility, the motility at  intervals fol- 
lowing the initial estimation, and the livability of spermatozoa were deter- 
mined by means of a constant temperature stage incubator adjusted to a 
temperature of 100° 5'. The data on motility are expressed in terms of 
arbitrary units derived from separate estimations of the number of living 
spermatozoa and the spermatozoa engaged in progressive motility. The 
motility units used here would be approximately equivalent to motility 
data expressed in terms of per cent + 5. Livability of spermatozoa was 
calculated as the percentage of the initial motility persisting at  100 hours 
subsequent to ejaculation. 



TABLE 1 

Av. beginning 
and terminal 1 1 ~!~~~~~ 1 672-732 747-810 831-887 556-998 

' ages of bulls 680-740 755-818 839-895 564-1006 

Semen characteristics and constituents 

Period no. I I1 I V  

Period date 12/5/46-1/30/47 

Summaryb 

3/5/46-5/22/47 

@ - 
- 

Av. ejaculate 
volume (ml.) 
Av. daily 

semen 
volume/bull 

- (ml.) 

h 
+ ' 

Y 

2 
2 
!? 

Av. sperma- 
tozoa cone. 

(mill./mm.s) 

volume (p3) 

Motility a t  
100 hoursf 

Livability a t  
100 hou r s  

- - 
Total reduc- 

h g  
substances 

(mg.%) 
Reducing sub- 

stancesin 
oxidized state 

(mg.%) 
Potential re- 

Ascorbic acid 

a Roman numerals represent group number. 
0 Summary includes data obtained during entire feeding experiment. (Therefore, data on semen obtained 

i n  a special study made of semen phosphatases subsequent to Period I V  are included.) 
c Figures in parentheses indicate number of samples studied. 
d Represents proportion of total semen volume consisting of spermatozoa. 

Estimated a t  100° F. Motility value x 5 is approximately equivalent to per cent motility. 
f Motility rating a t  100 hours subsequent to ejaculation (rating x 5 is approximately equivalent to the 

- 
Initial p H  

Post incuba- 
bation p H  

- 

- - . - 

motility expressed as per cent). 
g Livability is expressed as the per cent of original motility persisting a t  100 hours subsequent to ejaou- 

lation. 

I 

11 

I 
11 
I 

11 

I 
I1 

43.21(15) 

53.59(12) 

7.01(23) 
8.59(22) 

6.86(16) 
6.77(14) 

6.56(16) 
6.56(14) 

51.37 (41) 

50.73 (33) 

8.22(41) 
7.96(34) 

6.55(34) 
6.57 (28) 

6.13(34) 
6.19 (28) 

50.04(38) 

56.05(33) 

8.28(47) 
9.32(40) 

6.68(50) 
,6.59 (45) 

6.28(50) 
6.33(45) 

32.32 c21) 46.39(115) 

6.70(25) 
6.61(25) 

6.45 (25) 
6.41(25) 

39.26(23) - 

5.17(19) 
7.08(23) , 

50.19(101) 

7.58(130) 
8.36(119) 
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The reducing substances in semen were measured by a procedure simi- 
lar to that outlined by Woodward and Fry  (37) for the estimation of 
glutathione in whole blood (24). 

Ascorbic acid was determined accprding to the method outlined by 
Mindlin and Butler (18). 

The pH of semen was measured immediately after ejaculation and 
after incubation at  37" C. for 1 hour, using a Beckman pH meter equipped 
with a glass electrode. The decrease in p H  effected by incubation was 
calculated from' these estimatioqs. 

TABLE 2 
Percentages of various t ypes  of morphologically abnor~nal spermatozoa 

a Figures in parentheses indicate number of samples studied. 

Semen smears were prepared for the estimation of morphologically ab- 
normal spermatozoa. Priority was given to the abnormalities in the order 
listed in table 2 (i.e., a spermatozoan showing both head and tail abnor- 
malities was registered as possessing ah abnormal head) in order that the . 
influence of an abnormal spermatozoan would be reflected but once. 

Av. over 
426 days 

(%I  
4.76 
2.48 

1.28 
1.04 

0.84 
0.59 

0.37 
0.36 

1.28 
1.55 

4.44 
4.34 

1.21 
1.03 

0.29 
0.38 

0.47 
0.53 

14.94(137) 
12.30(122) 

RESULTS 

The average data for several characteristics and constituents of the 
semen produced by both groups of bulls a t  intervals during the 442-day 
experiment are presented in tables 1 and 2. 

Abnormality 

Head 
Pyrif orm 

Tapering 

Others 

Midpiece 
Filif orm 

Beaded 

Others 

Tail 
Coiled 

Beaded 

Others 

Total 
abnormalities 

Group 

- -. 

I 
I1 
I 

I1 
I 

I1 

I 
I1 
I 

I1 
I 

I1 

I 
I1 
I 

I1 
I 

I1 

I 
I1 

I 

(%I 
5.92 
4.49 

2.60 
2.51 

0.52 
0.34 

0.31 
0.49 

0.54 
1.93 

1.17 
0.57 

0.96 
1.26 

0.32 
0.45 

0.33 
0.56 

12.67(22)8 
12.60(20) 

Period 

I1 

(%) 

4.70 
2.31 

1.04 
0.94 

0.79 
0.45 

0.46 
0.48 

1.15 
1.15 

2.07 
1.60 

0.46 
0.94 

0.12' 
0.12 

0.18 
0.09 

10.97(33) 
8.08(27) 

I11 

(%) 

4.16 
2.05 

1.04 
0.75 

0.84 
0.76 

0.44 
0.32 

1.59 
1.82 

5.03 
4.25 

0.83 
0.63 

0.35 
0.47 

0.59 
0.72 

14.87(52) 
11.77(46) 

IV 

(%I 
4.99 
1.94 

0.99 
0.58 

1.16 
0.63 

0.22 
0.23 

1.46 
1.25 

8.41 
9.64 

2.86 
1.60 

0.34 
0.44 

0.70 
0.62 

21.13630) 
16.93(29) 
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The Group I1 bulls produced slightly larger ejaculates containing a 
greater total number of spermatozoa than did Group I bulls. No appre- 
ciable differences were found in the concentration of spermatozoa or in the 
proportion of semen constituted by spermatozoa ejaculated by the two 
groups. The difference in the average spermatozoan volume is largely the 
reflection of one animal in Group I. 

No appreciable differences were found in the initial motility, motility 
at 100 hours after ejaculation, and livability of spermatozoa of the groups. 
The improved livability observed in both groups' during the colder months 
may have been a seasonal effect upon this characteristic. 

Similar levels of reducing substances, reducing substances in oxidized 
form, and ascorbic acid were found in the semen obtained from both groups. 
A marked decrease was observed in the level of reducing substances in 
oxidized state (which was reflected in the potential reducing capacity) 
during Period IV. 

The initial pH of semen was similar for both groups; however, semen 
from Group I underwent a greater decrease in pH during incubation than 
did that of Group 11. 

The data in table 2 summarize the proportions of the various types of 
abnormal spermatozoa found in the semen from each group of bulls. Cen- 
erally, the abnormalities occurred at  about the same rate in both groups, 
with Group I spermatozoa manifesting a greater proportion of the heads 
of the pyriform type. I t  will be noted that a greater quantity of mor- 
phologically abnormal spermatozoa appeared during Periods I11 and IV 
than previously. This may have bgen effected by the increased rate of 
semen ejaculation. The differences found between the groups in total ab- 
normalities were attributed largely to one bull in Group I ,  whose semen 
contained a characteristically high number of abnormal spermatozoa. 

DISCUSSION 

,In the evaluation of the comparative merits of simple and complex 
concentrate feeds for breeding bulls, the final conclusion must be based 
upon the over-all effects of these mixtures upon the character and/or the 
fertility of the semen produced. Although it has been recognized that no 
single test presently exists which allows an adequate prediction of the 
relative fertility of a semen specimen, a combination of tests involving 
various semen properties and characteristics is believed to, contribute valu- 
able information relative to forecasting the impregnating capacity. 

I n  general, the quality of. semen produced by the two groups of bulls 
receiving markedly different concentrate feeds was essentially the same, as 
determined by various tests. The concentration of spermatozoa in the 
semen was similar for both groups; however, bulls re'ceiving the complex 
concentrate mixture yielded ejaculates of larger volume and greater num- 
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bers of spermatozoa than those ejaculated by bulls consuming the simple 
mixture. These differences were not regarded as of great importance, 
since neither group of animals produced semen which was subnormal in 
these respects. The spermatozoa produced by bulls receiving the two 
diets possessed similar average degrees of motility and livability, with a 
slightly higher degree of livability in the semen of bulls receiving the 
simple mixture during Periods I11 and IV and in that of bulls receiving 
the complex feed during Period 11. 

Various investigators (1, 4, 16) have pointed out the usefulness of the 
measure of pH change during incubation as an index of semen quality, 
since this test affords a gross picture of the metabolic activity of spermato- 
zoa, probably involving the effects of spermatozoa numbers, activity and 
chemical changes. Other studies (1, 10, 17, 20, 30, 31, 35) have demon- 
strated conclusively the reliability of livability or longevity estimates as 
forecasters of relative fertility of semen. Because of the strong evidence 
offered in their support, these two measures were accorded higher recogni- 
tion as criteria of semen quality than the others used in this study. From 
this standpoint semen of similar character was produced by the bulls on 
both feeding programs. 

The reducing properties of semen were examined previously and found 
to be related to the general metabolism of spermatozoa (27, 28, 33) and to 
states of fertility (5, 27, 28). I n  view of the results of these investiga- 
tions, a method was devised for the analysis of semen in which reducing 
materials probably not measured in previous studies could be accounted 
for and measured as absolute quantities. No great differences were ob- 
served in the quantities of total reducing substances, reducing substances 
in oxidized-form, potential reducing capacity, and ascorbic acid content 
of the semen of the two groups of bulls. 

The small differences observed between the groups relative to the per- 
centage of abnormal spermatozoa were not regarded as important, sipce 
both groups appeared to be within a safe range as determined in a very 
critical examination, and since these differences are explicable on the 
basis of the consistently high percentage of abnormal spermatozoa shown 
by onk bull in ~ r o u p  I. 

Apparently when sufficient energy is provided for growing, breeding 
bulls, a simple mixture of concentrate ingredients is equivalent to a high 
protein, complex mixture from the standpoint of the quality of semen 

. 

produced. Satisfactory growth was found to accompany the production 
of good semen when the daily digestible nutrient intake was approximately 
1.18 lb. per 100 lb. body weight. I t  is not known whether or not the 
same results would'be found in older bulls or in the same bulls over an 
extended period of time. 
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SUMMARY 

A study was made of the relative merits of a simple and a complex 
concentrate mixture when fed with a poor to average grade mixedhay for 
the production of semen by young bulls during a 442-day experimental 
period. 

Various analyses of 423 ejaculates yielded by the bulls receiving the . 

simple concentrate feed and of 383 ejaculates produced by the bulls con- 
suming the complex concentrate mixture would indicate that good quality 
semen of similar character resulted from the ingestion of both diets when 
provided a t  an average rate of 1.18 lb. digestible nutrients per 100 lb. 
body weight daily. 

Although bulls consuming the complex mixture yielded slightly larger 
ejaculates containing more spermatozoa per ejaculate and fewer abnormal 
spermatozoa than those of bulls fed the simple mixture, the decrease in 
p H  upon incubation of semen ejaculated by the latter group was greater 
than that of the semen produced by the bulls fed the complex concentrate, 
feed. 

Regardless of the diet fed, the concentration of spermatozoa in semen, 
the initial motility, the degree of. livability, the size of spermatozoa, the 
quantity of total reducing substances, reducing substances in oxidized 
state, potential reducing capacity, ascorbic acid, and the initial pH of semen 
were similar. 
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A STUDY OF THE USE OF THE ANTIOXIDANT NORDIHYDRO- 
GUAIARETIC ACID IN DAIRY PRODUCTS. I. ITS 

ANTIOXYdENIC PROPERTIES IN MILK 

J. W. STULL, E. 0. HERREID, AND P. H. TRACY 
Illinois Agricultural Experiment Station, university of Illinois, Urbana 

The oxidized flavor is one of the most prevalent off-flavors which develop 
in market milk. This off-flavor may appear even though the raw milk is 
of the highest quality and the processing methods are carefully supervised 
in approved equipment. 

REVIEW OF LITERATURE 

The oxidized flavor in dairy products has been studied extensively, as 
indicated by the voluminous amount of literature reviewed by Brown and 
Thurston (4), who cited 412 references. 

The compounds or substances proposed as antioxidants for fats are 
numerous. Matill (9) studied a large number of compounds and found 
that the active groups of the phenolic compounds were two hydroxyl groups 
in either the ortho or para configuration. When these groups were in the 
meta position, the compound did not possess antioxidant properties. 

Nordihydroguaiaretic acid (NDGA), one of the compounds which has 
been used as an antioxidant, was first synthesized in 1918 from hydro- 
guaiaretic acid (12). During cooperative investigations by the United 
States Department of Agriculture and the University of Minnesota, NDGA 
was found to occur in a common desert plant, the creosote bush (Larrea 
divaricata), which grows in the southwestern United States (20). Pure 
NDGA is prepared by crystallization from a crude extract of the plant 
material. 

White, crystalline NDGA is practically odorless but has a slight astrin- 
gent flavor. I t  is only slightly soluble in water but is 50 per cent soluble 
in ethyl alcohol, 20 per cent soluble in propylene glycol, about 15 per cent 
soluble in glycerol and from 0.3 to 3 per cent soluble in fats and oils (17). 

The following chemical formula has been assigned to NDGA (20) : 

On the basis of Matill's study (9), this phenolic compound would be ex- 
pected to have antioxygenic properties since the hydroxyl groups are in 
the ortho position. 

Extensive toxicity experiments (5) conducted for over two years indi- 
cate that NDGA is entirely harmless (1, 2) in amounts far in excess of 

Received for publication ~ a n u a r ~  16, 1948. 
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that required to prevent the oxidation of fat  over extended periods of 
storage. 

NDGA has been used successfully in retarding the development of 
rancidity1 in  lard (6, 7, .8), in bacon (16), and' in salt-cured fish (15) ; in 
retarding the oxidation of esters of fatty acids (18) ; in stabilizing carotene 
in vegetable oil solutions (3, 11) ; and in retarding oxidative changes in 
vegetable oils (10) and frozen cream (19). 

EXPERIMENTAL METHODS 

The milk used in this study was produced by the University dairy herd. 
I n  cases where it was important to have milk with little or no metal con- 
tamination, the milk was taken directly from the stainless steel milking 
machines. I n  other cases, the milk was taken from aluminum milk cans 
after it arrived a t  the University Creamery. 

Milk samples were scored or criticized for flavor by three or more 
judges and the consensus taken as the score or criticism. The judges were 
not aware of the history or treatment of the samples. 

Vitamin C determinations were made using the rapid method of Sharp 
et d. (13). 

RESULTS 

T h e  concentration o f  NDGA needed for an t iox idmt  protection--the 
effect of method of adding. Because concentrations of 0.005 per cent were 
being used successfully in the treatment of fats and oils (1, 6, 7, 8, 10, 11, 
15, 16, 18, 19), concentrations of 0.0075 per cent or less, expressed on the 
basis of the fa t  content of the milk, were used in this study. The NDGA 
was added to 4 per cent milk before it was pasteurized at  143' F. for 30 
minutes. The development of the oxidized flavor was induced by adding 
0.3 p.p.m. copper. The resurts of a representative trial are found in 
table 1. The trials were conducted during the period of April through 
August. A concentration as low as 0.00125 per cent NGDA added either in 
glycerol solution or in water suspension inhibited the development of the 
oxidized flavor during 5 days of storage at  40' F. in milk containing 0.3 
p.pm. added copper. 

T h e  effect of NDGA o n  the disappearance o f  v i tamin C in pasteurized 
milk. The disappearance of vitamin C is reported by Sharp et d. (14) 
to be related to the development of the oxidized flavor in milk. For this 
reason a series of experiments was conducted to determine whether or not 
NDGA would retard the loss of vitarqin C in milk under normal conditions 
of storage. Milk was taken directly from the milking machine and samples 
were prepared containing 0.00125 per cent and 0.0075 per cent NDQA 

1In  other branches of the food industry, the term rancidity usually i s  used synony- 
' 

mously with the term oxidation. In the dairy industry, oxidation is used to denote 
oxidative changes in fat, whereas rancidity characterizes hydrolytic changes. 



added both in glycerine solution and in water suspension. The milk was 
pasteurized and cooled. Vitamin C determinations and flavor scores were 
made every 24 hours. The results of a representative trial are presented 
in table 2. The trials were conducted during the period of April through 
August. 

The data show that NDGA retarded the destruction of Vitamin C in 
pasteurized milk stored at  40e F. without added copper. At the end of 
96 hours of storage, all of the vitamin C had disappeared in the control 
samples of the milk which did not contain added copper. At the end of 

TABLE 1 

The concentration of NDGA needed for antioxidant protection (storage at  40° F.) 

Sample 
no. Treatment 

Control . 

Control + 0.3 p.p.m. 
CU. 

Control + 0.3 p.p.m. 
cu. + 0.00125% 
NDGA in water 

Control + 0.3 p.p.m. 
cu. + 0.00125% 
NDGA in glycerol 

Control + 0.3 p.p.m. 
eu. + 0.0075% 
NDGA in water 

Control + 0.3 p.p.m. 
cu. + 0.0075% 
NDGA in glycerol 

Flavor comments 

Sl. cooked Sl. feed Sl. feed Sl. feed Sl. feed 1 Sl. feed I I 1 I 
Sl. cooked 
51. feed 

Sl. cooked 
81. feed 

Sl. cooked Sl. feed S1. feed S1. feed S1. feed / 81. feed 1 1 I I 
Sl. cooked Sl. feed Sl. feed Sl. feed Sl. feed 1 Sl. feed I 1 I I 

Sl. feed 

Oxidized 
la . 

Sl. cooked Sl. feed Sl. feed Sl. feed Sl. feed 
X l . f e e d i  1 1 1 

a The intensity of the oxidized flavor was given values from 1 to 5, as the level of the 
,defect increased. 

the same storage period, the loss of vitamin C in the samples which con- 
tained NDGA ranged from 54.9 per cent at  the lower concentration 
(0.00125 per cent) to 41.9 per cent at  the higher concentration (0.0075 
per cent). 

Even though the vitamin C disappeared in 24 to 48 hours in the milk 
which contained 0.3 p.p.m. added copper, the oxidized flavor did not de- 
velop during 5 days of storage in the samples which contained NDGA. 

The antioxidant retarded the destruction of vitamin C during pas- 
teurization. In  the milk which contained no added copper, 18.7 per cent 
of the vitamin C was destroyed in the control samples during pasteuriza- 
tion. The loss of vitamin C in the similar samples which contained NDGA 
ranged from 6.2 per cent at  the higher concentration (0.0075 per cent) to 
12.5 per cent at  the lower concentration (0.00125 per cent). 

Sl. feed 

Oxidized 
2 

81. feed 

Oxidized 
3 

Sl. feed 

Oxidized 
3 
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I n  the milk which contained 0.3 p.p.m. added copper, 56.3 per cent of 
the vitamin C was destroyed in the control sample during pasteurization. 
The loss of vitamin C in the similar samples which contained NDGA ranged 
from 41.8 per cent at  the higher concentration (0.0075 per cent) to 53.2 
per cent at  the lower concentration (0.00125 per cent). 

There was no significant difference between the protective effect exerted 
by the antioxidant which was added in solution and that which was added 
in water suspension. 

CONCLUSIONS 

1. Concentrations of 0.00125 to 0.0075 per cent nordihydroguaiaretic 
acid will prevent the development of the oxidized flavor during 5 days of 
storage a t  40' F. in whole milk containing 0.3 p.p.m. added copper. 

2. I n  the absence of added copper, the addition of 0.00125 to 0.0075 
per cent nordihydroguaiaretic acid will retard the destrnction of vitamin 
C in whole milk stored at 40' F. 

3. I n  the absence of added copper, concentrations of 0.00125 to 0.0075 
per cent' nordihydroguaiaretic acid will retard the destruction of vitamin C 
during pasteurization at  143' F. for 30 minutes. 
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VITAMIN D CONTENT O F  ROUGHAGES' 

J. A. NEWLANDER 

Vermont Agricultural Experiment Station, Burlington 

Very little vitamin D generally is considered to exist in the green grow- 
ing plant. Ergosterol or some other provitamin is present and may be 
changed over to vitamin D when the plant is cut and .exposed to the radiant 
energy of the sun, as in the sun curing of roughages. From this view- 
point i t  could be assumed that flue or barn-cured hay would have less 
vitamin D than sun-cured hay.and that little or no vitamin D would be 
present in roughages cured in the dark or artificially dried with no sun ex- 
posure. However, this is not the chse according to results obtained at this 
Station. Assays made on sun-cured and barn-cured hays show practically 
equal amounts of vitamin D in the two hays. Furthermore, appreciable 
amounts of vitamin D are present in hays dried without exposure to the 
sun. as in a dehydrating machine or natural drying in a dark place. 

A few trials at  other stations have been reported showing that the nutri- 
tive and antirachitic values of barn-cured hay compare favorably with that 
of sun-curkd hay for dairy animals, as based on such criteria as rate of 
growth, physical condition and analyses of certain bones from slaughtered 
animals. However, no vitamin D contents of the hays were given. 

Wylie e t  al. (8),  in a trial with yearling heifers, compared the feeding 
value of barn-cured hay with that of sun-cured hay. The feeding periods 
extended through three successive winters, each trial being 150 days in 
length. Each animal received daily 2 lb. of grain, 10 lb. of corn silage 
and hay ad libitum. The heifers in both groups made normal growth 
with no marked difference in favor of either. 

Moore and Thomas (4) report the results of a feeding trial with dairy 
calves comparing' the antirachitic values of field-cured alfalfa hay, barn- 
dried alfalfa hay and wilted alfalfa silage. They used three groups of 
dairy calves, six in each group. The calves were first depleted of their 
body stores of vitamin D and then fed on the above roughages for a period 
of 6 months. From the results obtained, it was concluded that further 
fundamental work is necessary. The indications to date are that barn-dried 
hay and wilted silage will provide sufficient vitamin D for normal func- 
tions in growing calves when fed at  the usual levels of roughage feeding, 
i .e. ,  at the rate of 2 to 3 lb. of hay, or the equivalent, per 100 lb. of body 
weight. 

EXPERIMENTAL 

I n  the fall of 1946 the author started a trial with 16 dairy calves ( 3  
days of age) to compare maifily the antirachitic value of barn-cured hay 

Received for publication January 23, 1948. 

1 Published with the approval of the Director of the Vermont Agricultural Experi- 
ment Station. 
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with that of sml-cured hay up to first calving. A number of vitamin D 
assays were made upon the hays, bloods of living animals, and livers of 
slaughtered animals. At the end of 12 months the animals on barn-cured 

1947 crop cut 7/14,7/16 and 7/24 
Sun-cured-used in trial .............. 

1st sampling ............................... 

TABLE 1 

Vitan~iit D in  sqr~z-enred, barn-c~i~.ed and artificiall!~ dried 7lays 

Barn-cured-used in trial ........... 
1st sampling ............................... 
2nd " ................................. 

Artificially dried (Ardrier) 
1st sampling .......................... 

USP units 
per g. hay 

hay were fully equal to those on sun-cured hay in rate of growth, activity 
and physical appearance. This trial is still in progress and the detailed 
procedure and results will be reported at  a later date. The present paper 

Date 
assayed 

Av. dry 
matter 

Date 
sampled 

. 

6/30 and 
7/4/46 
1/6/47 
6/19/47 

1 1  

6 1 

" 

1946 crop cut 6/27 and 7/1 
Sun-cured-used in trial . . . . .  

1st sampling ......................................... 

................................................ 
2nd :: 3rd .............................................. 

1'  1 1  ................................................ 
1 1  1 1  .................................................. 
" I '  ........................................ 

(5%) 

89.85 
. . . . . . . . . . . . .  

......... 
0.32 
0.61 ' 

0.55 
0.43 

l i a v .  

Barn-cured-used in trial 
1st sampling 

........................................... 
2nd :: .............................. ..... 
3:! 1 '  .............................................. 

I r  a,. 

Artificially dried (~rdr ' i e r )  .... 
1st sampling ......................................... 

(i L C  

2nd " 

0.34 
. . . . . . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

' I 

........................................................ 

89.61 
............ 

............ 

90.50 

............ 

........... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8/29/46 

1/24/47 
6/25/47 

I I 

12/2/47 
12/16/47 

0.48 

................ 
......... 
0.26 
0.18 

0.22 

.................. 

................ 
......... 

0.61 

......... 

0.33 
.................. 
................. 

: 

0.42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.51 
......... 

1.14 

1.40 
......... 

1 
7/26/46 
1/6/47 
6/19/47 

i ( 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6/27 and 
7/1/46 

1: 

3/17/47 

8/29/46 
1/24/47 
6/25/47 

I i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12/16/46 

5/22/47 
3/27/47 
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deals with the vitamin D .content of the various lots of hay handled in 
different ways. Vitamin D determinatiods were made according. to the 
rat assay method essentially as set forth in the U. S. Pharmacopoeia XI1 
(5). ' The vitamin content was calculated by establishing an equation for 
a curve of response essentially as outlined by Coward (3).  Tables 1 and 2 
give the USP units of vitamin D per gram of material in the various 
roughages. The three hays of the 1946 crop were from the same cuttings 
(table 1 ) .  Two lots of hay were harvested and in each case representa- 
tive samples of the three hays were obtained. Lot I was cut 9 a.m. on 
June 27; the hay for barn curing was hauled in at 2 p.m. June 28, and the 
sun-cured hay at  4 p.m. June 29. The weather was sunny except for 
a shower of short duration on the first day. The material for artificial 

TABLE 2 

Vitamin D i n  hays cured in  the dark (except no. 7) 

Date 
cut 

Plants cut at  5 a.m. 
Plants cut at 5 p.m. 

8/7 1 Top of plants, green 
8/7 Bottom of plants, mostly brown 

Green leaves, hand picked 
Brown leaves, hand picked 

8/18 1 Hay, whdle plant, sun-cured 

drying was obtained by following the mower and taking a handful of 
grass every few feet. This was placed in burlap bags so as not to allow 
any sun exposure. As soon as the mowing was completed, these bags of 
grass were taken to the barn, chopped and put through the hay drier 
(Ardrier). The drying involved but a few minutes. The dried material 
then was spread out on the floor of a dark barn loft for cooling and to 
complete the drying. Normally a roughage would be wilted until the mois- 
ture content was down to around 65 per cent before putting it through the 
drier. A few days later the material was mixed and sampled. The sam- 
ple of sun-cured hay was taken from each load as it was hauled in and the 
barn-dried sample was taken after it had cured, which required approxi- 
mately 2 weeks. 

Lot I1 was handled in the same manner. I t  was cut at  4 p.m. July 1; 
the hay for barn curing was hauled in at 4 p.m. July 2 and the sun-cured 
hay at  4 p.m. July 3. A small shower occurred during the first night after 
cutting; otherwise the weather was sunny. The composition of a mix- 
ture of these two lots would average approximately 63 per cent timothy 
and grass, 27 per cent alfalfa, 7 per cent clover and 3 per cent weeds. 

Dry 
matter 

(%) 
90.92. 
91.80 

91.78 
91.73 

91.41 
91.33 

91.27 

USP 
units 

-- 

( ~ e r g . )  
0.75 
0.54 

0.84 
1.00 

0.84 
1.10 

2.30 
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Composite samples were made of the two lots each of sun-cured, barn-cured 
and artificially dried hay. They then were milled and appropriate amounts 
sent to the assaying laboratory. 

The 1947 crop was handled similarly. Lot I was cut at 9 a.m. July 14; 
the hay for barn curing was hauled in a t  11 a.m. July 15 and the sun- 
cured hay a t  2 p.m. July 16. The weather was sunny for the most part 
and no rain occurred. Lot I1 was cut at 9 a.m. July 16; the hay for barn 
curing was hauled in at 10 a.m. July 17. The sun-cured hay was thor- 
oughly soaked with a shower and so it was decided to discard this hay and 
make another cutting from the same field to obtain sun-cured hay without 
rain. Another supply for barn curing and artificial drying was ob- 
tained at  the same time and these samples were mixed with those from 
Lots I and 11. This cutting was made at 9 a.m. July 24; the hay for barn 
curing was hauled in a t  10 a.m. July 25, and since it was a fast-drying 
day, the sun-cured hay was ready to be hauled in at  4 p.m. on the.same day. 

Table 1 shows the vitamin D contents of the sun-cured and barn-cured 
hays used in the calf-feeding trial. Assays for the artificially dried hay 
harvested from the same lots are included for comparison. Three samples- 
were taken' from the 1946 crop of sun-cured and barn-cured hays--one 
at  harvest time or soon afterward, one in January and the last one the 
following June. The same number will be taken from the 1947 crop. In  
the 1946 crop there is very little difference in the vitamin D content of 
the sun-cured and barn-cured hays in the first two samples taken, the units 
per g. being 0.61 and 0.34 for the sun-cured hay and 0.51 and 0.33 for 
the barn-cured hay, respectively. The June sample, however, being reas- 
sayed several times, showed greater differences, the sun-cured hay averaging 
0.48 and the barn-cured hay 0.22 unit. These results suggest that there 
may be a tendency for some loss of vitamin D in storage. 

The hay which was dried artificially in 1946 had a decided advantage 
in the amount of vitamin D. The first assay showed 1.14 units per g. and a 

. re-assay of the same sample showed 1.40 units. Another sample from the 
reserve supply which was stored unmilled from July, 1946, to March, 
1947, contained 0.42 unit. These relatively high figures for artificially 
dried hay were surprisiig. However, Wallis (7)  reported 812 units 
of vitamin D per pound of artificially dried hay. His sample was cut 
after dark and dried artificially in a dehydrating machine, thus elimi- 
nating any exposure to sunshine. Bechdel e t  al. (1) reported 150 and 300 
units of vitamin D per lb. of dehydrated alfalfa hay for two successive 
seasons. The alfalfa.was cut after sundown and dried in an artificial drier 
to prevent exposure to sunlight after mowing. It was planned to use 
this hay in a rachitogenic diet for dairy calves, but the amounts of vitamin 
D were found to be too large. On the other hand, Bechdel and Lands- 
burg (2) found a measurable difference in the antirachitic potency of 
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dehydrated and sun-cured alfalfa hay when fed to calves as supplements 
to a basal rachitic diet. Two and one-half pounds of dehydrated alfalfa 
did not prevent the development of a mild rachitic condition over a 6- 
month feeding period whereas an equal amount of sun-cured alfalfa served 
as a complete preventive. 

The first two samples of the 1947 crop show higher vitamin D contents 
in both the sun-cured and barn-cured hays over the previous gear. The 
barn-cured hay was a little higher than the sun-cured hay, the former 
containing 2.33 and 2.00 and the latter containing 2.00 and 1.80 units. 
However, the ar.tificially dried hay contained only 0.59 and 0.75 unit per g. 
Other samples of these hays will be assayed, but to date the barn-cured hay 
for both years is practically equal to the sun-cured hay in vitamin D 
content. 

The results of the assays on these hays indicate that vitamin D may be 
present in the' growing plant to a larger extent than heretofore has been 
considered to be the case. In order to throw some light upon this point', 
several samples of hay were cut from the same field and cured in a dark 
barn loft, the plants thus receiving no exposure to the sun after being cut. 
Samples 1 and 2 were cut at  5 a.m. and 5 p.m., respectively, to note any 
effect the sun might have upon the standing plant (table 2). Samples 3 
and 4 were taken to show any differences in the vitamin D content of 

' the top and bottom parts of the plants. The upper part was clipped from 
the lower without taking any special pains to separate the green stems 
and leaves from the brown. The lower part, nevertheless, consisted mainly 
of browned leaves and stems. Samples 5 and 6 were hand picked to ob- 
tain only green leaves and brown leaves, respectively, no stems being in- 
cluded. A sample of the entire plants from the same area was sun-cured 
for comparison. Ihrequired around 7 to 10 days for the samples to cure 
in the dark barn loft. They then were milled and sampled for assaying. 

All the samples cured in the dark contained appreciable amounts of 
vitamin D. They contained lower .amounts of the vitamin than did the 
sun-cured sample, but were higher for the most part than the sun-cured 
hays obtained in 1946 (table 1). Comparing samples 1 and 2, more vita- 
min D was present in the morning-cut sample than in the evening-cut hay, 
even though the standing plants of the latter received 12 hours of sun- 
shine, the respective amounts being 0.75 and 0.54 unit per g. Samples 3 
and 4 show a little less vitamin D in the upper than in the lower part of 
the plants, the respective amounts being 0.84 and 1.00 unit. Thus the 
brown part appears to contain more of the vitamin than the green part. 
This also is shown in a comparison of samples 5 and 6, the amounts of vita- 
min D in the green and brown leaves being, respectively, 0.84 and 1.10 units. 
The entire plant, as represented by the sun-cured sample 7, contained 2.30 
units, which is more than double the amount in either sample 5 or 6 taken 
at  the same time and cured in the dark. This shows the effect of sunshine 
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in increasing the vitamin D content. The amount in all probability would 
be higher still if only the leafy portion was considered. Wallis (6) found 
that the leaves of a good quality green colored alfalfa hay were about six 
times as potent in vitamin D as the stems. The International Units were 
10.45 and 1.72 per g., respectively. Since these hays cured in the dark 
contained, for the most part, more vitamin D than the sun-cured hays 
(1946 crop) fed during the first year of the calf feeding trial, one might 
conclude that they also would provide sufficient amounts of vitamin D to 
prevent rickets. 

CONCLUSIONS 

More work needs to be done on the vitamin D content of roughages. 
The limited results of this study suggest that plants cured in the dark 
contain appreciable amounts of vitamin D. The brown leaves on growing 
plants appear to have a somewhat higher vitamin D content than the green 
leaves. Sunshine plays an important- part in the formation of additional 
vitamin D during the curing process of roughages. 
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THE EFFECT OF SOYA-PHOSPHATIDES ON THE ABSORPTION 
AND UTILIZATION OF VITAMIN A IN DAIRY ANIMALS' 

G .  C. ESH,2 T. S. SUTTON, J. W. HIBBS, AND W. E. KRAUSS 

Drpartment of Dairy Husbandr!~ nsd the Institute of Nutrition and Food Trrhnology, 
The Ol~io Stale University, Columbus, and Ohio Agriczilhral 

Ezprrirr~ml Statio~z, lVoonter 

I t  has been shown by various research workers (2, 6, 8, 35) that the 
liver of the newborn calf contains either little or no vitamin A. Analyses 
of blood of newborn calves also revealed that the level of vitamixi A is 
exceptionally low (19, 20, 27, 32, 35). 

Colostrum, which has been found to be very rich in this vitamin (6, 
16, 24, 29, 35), is the first natural material which the calves consume to 
overcome this deficiency. There is a wide variation in colostral vitamin A 
among cows of the same breed (29) as well as in different seasons. At- 
tempts have been made to increase the vitamin A potency of colostrum by 
feeding extra vitamin A during the latter part of the gestation period. 
Stewart and McCallum (30) failed to find an increase of this vitamin in 
colostrum following the feeding of carrots or cod-liver oil. Contrary to this 
finding, Spielman e t  al. (28) were able to demonstrate an increased amount 
of vitamin A in eolostrnm ancl in the blood and livers of calves following 
the feeding of large doses of the vitamin during the later stages of the 
gestation period. Wise et  al. (35) also found higher levels of vitamin A 
in both the blood and the liver of the newborn calves when the dams were 
fed supplementary vitamin A during the gestation period. When large 
doses of vitamin A or carotene were fed during the later stages of gesta- 
tion, the decrease in the blood plasma vitamin A and carotene of cows at 
parturition was not prevented (5, 17, 33, 34), although a higher level was 
maintained than was observed in the controls. 

Numerous reports have been published regarding the importance of 
vitamin A in calfhood nutrition. Attempts were made to raise calves on 
skim milk supplemented with vitamin A concentrate (18, 19),  usually with 
disappointing results. Wisconsin workers (19) reported that vitamin A, 
together with ascorbic,acid and nicotinic acid, would increase the sur- 
vival rate of calves on skim milk. Later work (12, 21) showed no bene- 
ficiaI effect of nicotinic acid feeding, especially in conjunction with large 
doses of vitamin A supplement. 

The question is raised as to whether or not other sources of vitamin A 
or carotene along with skim milk can be utilized in the same way as the 
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colostral vitamin A or carotene. Spielman et al. (26) have shown that 
the carotene of commercial concentrates is poorly utilized by the very young 
calf. They have reported further that the vitamin A and carotene in 
colostrum are used more effectively than are vitamin A and carotene added 
to skim milk or similarly fortified reconstituted skim milk. Knowledge of 
the exact mechanism of absorption and utilization of vitamin A in the 
animal system still is inadequate. 

Considerable work has been done during recent years regarding the 
synergism of vitamin E and vitamin A (10, 13) as well as of lecithin 
and vitamin A. It has been reported that in the case of rats (25), chicks 
(22), and man ( I ) ,  the utilization of vitamin A and carotene can be 
influenced by soybean phosphatides. 

The purpose of the present investigation was twofold: (a)  To deter- 
mine the extent to which the vitamin A level of the blood and colostrum 
of cows and the vitamin A reserve of the newborn calves may be affected 
by feeding large doses of vitamin A along with soybean phosphdtides dur- 
ing the later strges of gestation, and (b) to throw some light on the 
mechanism of absorption and utilization of vitamin A by calves on a skim 
milk ration from the time of birth. 

EXPERIMENTAL PROCEDURE 

This experiment was undertaken. during the late winter and early 
spring months of 1947 while all the animals were on a winter herd ration. 
Twenty-six pregnant dairy cows of the Jersey and Holstein breeds pre- 
viously maintained under similar conditions of feeding and management 
were divided into three dietary groups approximately 30 days prior to 
parturition. Group I, consisting of ten cows, was again subdivided into 
two groups of five each. Group I-A received only the usual herd ration3 
and Group I-B the same ration plus 10 g. of soybean lecithin4 daily. 
Group 11, consisting of eight cows, was given. one million I.U. (Interna- 
tional Units) of vitamin As daily, in addition to the herd ration.. Group 
111, consisting of eight' animals, received the herd ration plus one million 
I.U. of vitamin A and 10 g. of lecithin daily. 

These rations were continued to the seventh dqy following the day of 
parturition. The vitamin A was given orally in gelatin capsules at  ap- 
proximately the same hour each day. The lecithin was mixed carefully 
with the vitamin A concentrate (fish-liver oil) and special gelatin cap- 

3 The herd ration consists of ground corn 400, ground oats 300, wheat bran 100, 
soybean oil meal 100, salt iodized 9, and the silage and hay ad libitum. 

4 Soybean lecithin supplied by the American Lecithin Company, Long Island City, 
New York, contained 70 per cent soya phosphatides (lecithin, cephalin and lipositol) and 
30 per cent soybean oil. 

5Vitamin A capsules were supplied by the Gelatin Products Company, Detroit, 
Mich~gan. One gram of this capsule had 25,000 I.U. vitamin A. 



SOYA-PHOSPHATIDES AND VITAMIN A 463 

sules each containing 3.33 g. of lecithin and 333,333 I.U. of vitamin A 
were prepared each week and stored in the refrigerator. Three of these 
capsules were administered daily to the cows in Group 111. 

Blood plasma vitamin A and carotene were determined each week be- 
fore parturition, at  parturition, and at  1, 3, 7, 14, and 21 days after parturi- 

, tion. Vitamin A, carotene and lecithin analyses were made on the colostrum 
and milk samples successively at  parturition, and at  1, 3, 7, 14, and 21 days 
after parturition. Two cows in each of Groups I1 and I11 were fed in 
the same way for approximately 60 days before parturition in order to 
determine the possible effect of feeding vitamin A for a longer period on 
the changes of vitamin A and carotene levels in the blood plasma of the 
cows and their calves and in the liver of the calves as well as in the 
colostrum and milk. 

Blood plasma vitamin A and carotene were determined in the newborn 
calves before they had access to colostrum or other feed. A few calves 
from each of the representative groups were slaughtered after birth to de- 
termine the liver storage of vitamin A and carotene. All of the calves 
which were not slaughtered at birth from the above experiment (15 in all) 
were divided into three groups. There was no predetermined basis for 
the alLotment of the calves.to the various groups except that the largest 
number of calves from cows fed vitamin A and lecithin were allotted to 
group B, which was assumed to be the group receiving the most rigorous 
treatment. Preliminary data had shown higher liver storage in the calves 
from these cows. The calves in Group A were fed colostrum at the rate 
of 10 Ib. per 100 Ib. of bodyweight for 7 days after birth. A composite 
mixture of colostrum was made and stored previously to standardize the 
feeding in every case. The vitamin A, carotene and lecithin contents of 
this mixture of colostrum were determined, and the total vitamin A and 
lecithin consumed by each calf were calculated. The calves in Group B 
were fed skim milk at  the same rate for 7 days after birth. They were 
not permitted to receive any colostrum. The same quantity of vitamin A 
consumed daily by the calves in the colostrum-fed group (Group A) was 
added. to the skim milk every day. The calculated quantity of vitamin A 
oil (25,000-37,500 I.U.) was homogknized with the skim milk before each 
feeding. Group C was fed skim milk plus the same quantity of vitamin A 
and the same quantity of lecithin (3-4.5 g.) as was consumed daily by 
the calves in Group A. This feeding schedule was continued for 7 days 
following birth. The appropriate quantities of lecithin and vitamin A oil 
were homogenized with a small amount of skim milk and then mixed with 
the skim milk to be fed at  each feeding. The surviving calves of all the 
groups were fed whole milk after the seventh day. 

Vitamin A and carotene of blood plasma were determined successively 
at  birth, and at  1, 3, 7, 14, and 21 days after birth. After 21 days, some 
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of the calves from each of the representative groups were slaughtered to  
determine the total liver storage of vitamin A and of carotene. 

Vitamin A and carotene of blood plasma were aetermined according to 
the method of Kimble (15). The vitamin A of the blood samples having 
carotene concentrations exceeding 300 was determined by the method of 
Boyer et al. (3) .  The vitamin A and carotene of the colostrum and milk 
samples were determined by the method of Boyer et nl. (4) ,  with slight 
-modifications. Instead of cold saponification, a hot saponification pro- 
cedure was adopted. Five milliliters of colostrum or 25 ml. of milk plus 
10 g. of caustic potash plus 50 ml. of methyl alcohol were refluxed in a 
boiling water bath for 10 minutes in a low actinic flask with a ground 
glass fitted reflnx assembly. After cooling, the mixture was transferred 
to a separatory funnel, rinsing the flask with 55 ml. of water. The mix- 
ture was extracted successively with 50-ml. and with 25-ml. quantities of 
diethyl ether. The remainder ~f the procedure was the same as that of 
Boyer et al. (4) .  Liver vitamin A and carotene were determined by using 
the extraction procedure of Guilbert and Har t  (8),  with slight modifica- 
tion. Lecithin was determined according to the procedure adopted by 
Horrall (14). All of the colorimetric measurements were made in an 
Evelyn Photoelectric Colorimeter, using the appropriate filters. ' 

RESULTS AND DISCUSSION 

E f e c t  of prepartal witanlilt A and lecithin feeding o n  the  v i tamin  A 
and carotene levels i n  the  blood plasma o f  cows. The individual animal 
data are too voluminous to report; therefore the data are summarized in 
table 1. It will be noted that the feeding of lecithin or of vitamin A, o r  a 
combination of lecithin and vitamin A, did not prevent a decrease in blood 
plasma vitamin A and carotene a t  the time of parturition and beginning 
lactation. However, higher vitamin A levels were maintained when vita- 
min A was fed with or without additional lecithin (34). When both vita- 
min A and lecithin were fed, the highest blood vitamin A level was main- 
tained; the level following parturition was higher (statistically signifi- 
cant) than that  found 4 weeks prior to parturition. These data are con- 
sidered as presumptive evidence that  iecithin facilitates the absorption of 
vitamin A. There was considerable individual variation both in the time 
when the maximum decrease was noted after parturition and in the mag- 
nitude of the decrease. If samples had been obtained a t  more frequent 
intervals, perhaps these differences between groups would have been more 
clear-cut. Feeding of lecithin apparently has a tendency to delay the 
time of maximum postpartum decrease in blood plasma vitamin A. Al- 
though the vitamin A and lecithin feeding was discontinued on the seventh 
day postpartum, a carry-over effect was still apparent on the twenty-first 
day, the greatest carry-over effect being observed when both vitamin A and 
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lecithin were fed. These data provide additional evidence that high levels 
of vitamin A in the blood plasma of cows can be maintained by high levels 
of vitamin A feedingz(34) and that this can be done more effectively by 
feeding a combination of vitamin A and lecithin. 

TABLE 2 

The  effects of feeding vitamin A and vitamin A plus lecithin on the changes in  the 
vitamin A content o f  cows' colostrum and milk up to  81 days postpartum 

I vitamin A of colostrum and milk (v/lOO ml.) 
Cow no. 1  at^^^^- / 24 hr. 1 3 d 1 7 d. 1 14 d I 21 d. 

- 
Mean ............... 1 13( 1 1 33 I zs 

I I 

Group I-A (control group without lecithin) 

Group I11 (vitamin A plus lecithin) 

851H 
873J 
820J 
866J 
620H 

Mean 

The effect of feeding lecithin alone is not statistically significant al- 
though the decrease in blood carotene following parturition appears to be 

496 
145 
141 
134 
218 - 
226 

852H 
806H 
743H 
675J 
760J 

Mean ........................ 

about 10 per cent less when lecithin is fed. 

Group I-B (control group with lecithin) 

The effects of feeding vitamin A and vitamin A plus le'cithin on blood 

67 
79 
52 
69 

113 
- 

76 

plasma carotene a t  the time of parturition are difficuIt to interpret be- 

798H 
616H 
801H 
763J 
8005 

Mean 

35 
21 
33 
68 
29 -- 
37 

70 
77 

148 
148 
162 
- 
121 

' 175 
195 
112 
125 
165 - 
154 

552 
598 
377 
847 

1119 
- .- 

698 

' 
58 
21 
43 
22 - 
36 

-- 

143 
132 

98 
216 
134 - 
145 

Group I1 (vitamin A) 

113 
156 
158 
210 
506 - 
229 

18  
22 

27 
25 - 
23 

22 
1 9  

1 7  
26 - 
21 

46 
60 
40 

105 
92 - 
69 

31 
31 

146 
25 
29 - 
52 . 

18  
11 
1 5  
1 4  

- 
1 5  

19 
16 
11 
22 
18 - 
17 

25 . 
1 7  

18  
16 - 
19 

755H 
692 J 
812J 
711J 
649J 
752H 

24 
39 
22 
40 
32 - 
32 

1 7  
1 5  
14 
13  

- 
1 5  

229 
420 
163 
304 
216 
705 

167 
131 
172 

222 
'302 

123 
179 
141 
169 

32 
161 

25 
23 
14 
74 
28 

3 1 
71 
97 

201 
144 
191 

32 
25 

27 
27 
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cause of the depressing effect (7)  of vitamin A feeding on blood plasma 
carotene. This depressing effect was strikingly shown in the case of three 
cows fed vitamin A and lecithin for 8 weeks prepartum. The average 
carotene content of the blood of these cows w$s 329, 53 and 737 per 100 
ml. at 8 weeks prepartum and at 7 and 21 days postpartum, respectively. 

TABLE 3 

The effects of feedin.q vitamin A and vitamin A plus lecithin on the changes in the 
carotene content of cows' colostrum and ~nillc up to d l  days postpartum 

I Carotene of colostrum and milk (y/100 ml.) 

Cow no. I At??rtu- I 24hr. ( 3 d. I 7 d. 1 14 d. 1 21 d. rition 
I I 

Group I-A (control group without lecithin) 

- 
Mean ....................... '1 180 1 90 1 28 1 14 1 19 1 18 

Group I-B (control group with lecithin) 

- - - - - - 
Mean ...................... / 183 1 90 1 31 1 13 1 18 1 11 

Group I1 (vitamin A )  

- - - - - - 
. . Mean ........................ 1 126 1 64 1 23 '1 1 4  1 8 1 15 

Group I11 (vitamin A plus lecithin) 

Effect of prepartal vitamin A and lecithin feeding on the vitamin A, 

852H 
806H 

* 743H 
675.T 
760J 

Mean .................... 

carotene and lecithin content of colostrum. The data in table 2 show that 
when vitamin A was fed, the vitamin A in the colostrum was significantly 

1 171 
195 . . 
168 
243 

1 200 - 
195 

higher than t h i t  produced by the groups receiving no vitamin A. When 

24 
27 
30 
71 
42 
- 

39 
-. 

15 
25 
1 6  
26 
16 - 
20 

6 
9 
6 
6 
6 - 
7 

6 
6 

17 
7 
6 - 
8 

6 
12 

7 
1 5  

6 - 
9 
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both vitamin A and lecithin were fed, the vitamin A in the first milking of 
colostrum was approximately double that of the colostrum from cows re- 
ceiving vitamin A alone. This difference became less as the milk ap- 
proached normal and had ranished by the seventh day postpartum. The 
effects of vitamin A feeding on the potency of the milk still were evident 
2 weeks following the end of the vitamin feeding. 

The data on the effect of feeding lecithin and vitamin A on the carotene 
content of the colostrum and early milk are presented in table 3. The 
feeding of vitamin A depresses the level of carotene in colostrum and 
milk, a result which has been repdrted previously (7 ) .  I t  appears also 
that the feeding of lecithin with the vitamin A enhances this suppressing 
effect. Additional data are needed to confirm this point. 

As previously noted, three animals were fed vitamin A and lecithin ' 

for a period of 8 weeks before freshening. The limited data obtained 
f r ~ m  these animals indicated that higher levels of vitamin A were main- 
tained in the milk after the third day following parturition and the milk 
carotene was further depressed. These limited data need further confir- 
mation. 

The carotene content of colostrum and milk follows the same trend as 
in the blood. The apparent antagonistic effect of supplemental vitamin A 
on blood and milk carotene is not explainable in the light of present knowl- 
edge; however, its occurrence seems to be beyond doubt. 

The total output of vitamin A in International Units per milking is 
presented in table 4. Although the level of carotene has been depressed 
in the vitamin A supplemented groups, the total output of vitamin A is 
higher in these groups. When lecithin was fed with vitamin A, the total 
output of vitamin A was highest, especially at  the first milking. This dif- 
ference is so great that there is little doubt of its significance. Following 
the discontinnation of vitamin A supplementation on the seventh day, a 
sudden marked drop in vitamin A occurred. In  the case of those animals 
receiving both vitamin A and lecithin, the drop was more gradual. Re- 

- sults in the control groups are interesting. Although the vitamin A coil- 
centration in the milk of the control group I-A (without lecithin) was 
higher than that of the control group I-B (with lecithin, see table 2), the 
total output of vitamin A is higher in the lecithin-fed group. This is due 
to the greater milk yield. Whether this increased milk-yield is due to 
lecithin feeding is to be determined by further experiments with a larger 
number of cows. 

The effects of lecithin feeding on the lecithin content of colostrum and 
' milk are shown in table 5. The lecithin content of colostrum and milk 

seems to be maintained at  a higher level when both vitamin A and lecithin 
are fed. The carry-over effect is still apparent in the mylk, on the twentp- 
first day, 2 weeks after the snppleme~?tal feeding was discontinued. When 
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lecithin is fed without vitamin A or vitamin A fed without lecithin, the 
amount of lecithin in the colostrum and milk is little different from that 
of the control group which received no supplement. It appears from these 
data that there may be a reciprocal relationship in the absorption and/or 
metabolism of these two compounds. 

TABLE 4 

Tlrr (fftct.5 of frcdrng v~tar11~~1 A and vtlnnlzn A plus leczlhzn on the changed zn tot01 
orrtplll of r l t a n l ~  d per mzlkrng up to d l  daps postpartum 

1 1.U.a of vitamin A per milking 

Mean ............... 

Grol111 1-A (control group witliout lecithin) 

Group I-E (control group wit11 lecithin) 

-- I -- - 
Mean - 57b38 1 5 ;  15,012 1 9,467 10,321 ' 

- -- - --- - - 

Group I1 (vitamin A fed) 

755R 58,883 
692J 1 112,493 
8125 i 45,740 
7 l l J  36,652 

34,285 "L I 280,100 - -- 

........... Mean 94,692 

a One microgrilm of vitamin A = 4 I.U. Vitamin A. One microgram of carotene = 1.66 
S.U. vitamin A. 

Efiect of supplement ing the  maternal diet  with. v i tamin A and l ee i f k in  
o n  t h e  blood plasma v i tamin  A and  carotene of the  newborn calf. The re- 
sults of this phase 'of the study are presented in table 6. The plasma vita- 

Group IS1 (vitamin A plus lecithin) 

66,164 

9,417 9,253 

852H 
806H 
743H 

3 7 5 ~  
7605 

Meall 

-- 
102,850 
455,910 
295,940 
146,240 
141,713 

- 

228,530 
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min A of. the calves from cows receiving vitamin A was significantly 
higher than that of those from the control cows. These results are in 
agreement with those of Wise e t  al. (35) and Spielman et  al. (27): The 

TABLE 5 

Tlte effects of feeding vitamin A and vitamin A plus lecithin on the changes in 
the lecithin content of cows' colostrt~m and milk 

1 Percentage o f  lecithin i n  colostrum and milk 
Cow no. I 1 2 4 y  ( 3 d. ( 7 d. I 1 4  d. 1 21  6. 

Mean ................ I 

Group I-A (control group without lecithin) 

Mean ................... 

851H 
873J 
8205 
866J 
620H 

..................... Mean 

0.068 
0.064 
0.056 
0.088 
0.064 
0.084 
- 

0.071 

slightly higher mean value of the blood plasma vitamin A of calves from 
cows receiving both vitamin A and lecithin is insignificant. 

I t  appears from the data on blood plasma carotene that a combination 
of lecithin and vitamin A in the maternal diet exerts a suppressing action 
on the level of carotene in the blood of the newborn calf. These data, 
however, are within a r'ange where experimental error of determination is  

0.028 
0.039 
0.038 
0.039 
0.038 -- 
0.036 

0.062 
0.076 
0.058 
0.068 
0.060 - 
0.065 

Group I-E (control group with lecithin) 

Group III (vitamin A plus lecithin) 

' 0.063 
0.046 
0.046 
.......... 

0.035 
0.067 -- 
0.051 

-- 

0.029 
0.038 
0.021 
0.029 
0.034 - 
0.030 

0.051 
......... 

0.059 
........ 

0.080 - 
0.063 

0.024 
0.038 
0.020 
0.036 
.......... - 

0.029 
- 

798H 
616H 
801H 
763 J 
8005 

Mean ........... 

0.055 
0.052 
0.044 
0.074 
0.026 
0.059 - 
0.052 

0.049 
0.044 
0.043 
0.049 
0.048 - 
0.047 

Group I1 (vitamin A )  

0.042 
0.021 
0.042 

0.026 - 
0.033 

0.046 
0.047 
0.039 
0.055 
0.060 
0.052 - 
0.049 

0.026 
0.025 
0.026 

0.029 - 
0.026 

0.076 
0.076 
0.051 
0.073 
0.055 

0.066 

....... 
0.056 
0.023 
0.074 
0.055' - 
0.052 

0.056 
........... 
0.043 

* 

0.053 
.- 
0.051 

........... 

............ 

............ 
...... 

0.048 - 
........ 
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apt to be rather high, and the difference may not be as significant as the 
statistic indicates. . 

The effect of supplementing the maternal diet with vitamin A and leci- 
thin on the liver storage of vitamin A and carotene in the newborn calf. 
Seven of the calves were sacrificed at birth to determine total liver storage 

TABLE 6 
The effect of increasing the vitamin A and lecithin content of the maternal diet on the 

blood plasma and liver storage of vitamin A and carotene in  the newborn calf 

Calves from Group I (control cows) 

Dam no. 

Mean ...... 

Calves from Group I1 (cows fed vitamin A) 

Calf no. 

Blood plasma data Liver storage data 

Vitamin A 

ml.) (9.) 

8325 
947J 
950H 
949H 
951H 
8245 
826H 

Mean ...... 
-- - 

8 These cows were in Group I-B; lecithin was fed. 

905H 
946J 
8235 
830H 
829H 
822J 
8275 

Mean ...... 

of vitamin A and carotene. Three of these calves were from cows in 
Group I, two from cows in Group 11, and two from cows in Group 111. 
As previously reported by other workers (27, 35), a statistically significant 
greater liver storage was found in newborn calves from dams receiving 
massive vitamin A supplements. The cows receiving both vitamin A and 

Calves from Group 111 (cows fed vitamin A plus lecithin) 

11.4 
8.5 
8.4 
0.0 
0.0 
4.9 
7.0 

-- 

5.7 

7.2 
9.8 
8.6 
9.3 

10.7 
11.5 
6.2 -- 
9.0 

............ 

............ 

............ 

.......... 

............ 
435 
500 - 

............ 

......... 

......... 

......... 

......... 

......... 
12.0 
13.1 - 
12.5 
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lecithin gave birth to calves with almost double the liver vit;~miii A storage 
of those from cows receiving vitamin A alone. As can be notecl from table 
6, this difference was due.in par t  to higher concentration and in part  to 
greater liver weight. Although the numbers are limited, the magnitude 
of the difference is so great that  there is little doubt of the significance, 
particularly in the light of the other data presented in this paper. Fnr-  

TABLE 7 

The ef fects  o f  feeding colostrunz, skim milk plzbn vitamin A and skim ,milk plus 
vitamin A and lecithin on the plasma vitamin A levels o f  calves 

Vitamin Vitamin A in plasma (7/100 ml.) 
calf no. Damno. A fed 1 

k t  birth/ 24 Lr. / 3 d. I 7 ?. 14 d. / 21  d. ( I .U . )  

Group A (colostrum-fed calves) 

a Given 2% cocoanut oil per feeding. 
11 Given lecithin from the 6th day. 

8235 
949H 
951H 
830H 
829H 

- 

ther evidence of the effect of vitamin A feeding on liver storage is shown 
i11 table 9. Calves 8325, 8315, and 830H were from dams that received the 
vitamin A supplement for 8 weeks prior to parturition. When these calves 
were sacrificed a t  21 days of age (calf 831J died a t  11 clays of age), the 
liver storage was sigilificantly higher than that  of other comparable calves 
with similar histories and treatment. 

945H 
8195 
8205 
944 J 
832J 

755H 
8665 
8735 
8005 
855J 

I1 
I-A 
I-A 

Group B (skim milk plus vitamin A )  

7115 
852H 
857H 
853H 
752H 

- - - -. -- . 

27.9 
24.0 : 1 
25.4 23.3 13.5 

825H 

9465 
R47Ja 
9iOHa 
831511 

25,000 
37,500 
37,500 
37,500 
37,500 

Mean 
-- - -. - 

I1 
I11 
111 
I1 
I1 

- 

- . - -. 

9.3 
8.3 

11.1 
14.1 
15.9 

l;r 
- 

I-B 
I11 

4.6 
8.2 

11.9 

- -~ 

37,500 
25,000 
25,000 

Group C (skim plus vitamin A plus lecithin) 

7.2 
2.4 
3.5 

8.6 
10.2 
13.6 
9.3 

10.7 

10.5 
- 

25,000 
25,000 

Mean 
~ 

11th day 

-- 

12.0 

....... 
8.7 

12.2 
13.2 

15.7 
30.3 
19.2 
14.3 
16.8 

19.3 

15.7 
10.7 
10.7 
18.3 
13.6 

13.8 

7.7 13.5 18.2 19.9 14.6 
9.2 11.9 20.2 20.7 18.2 
-- 

6.2 10.1 G.i I? lir 
- - - - -  

-. - - - 

37,500 

25,000 
25,000 
37,500 
25,000 

- -- - 

851H I I-A 
-- - 

5.3 

8125 
7605 
743H 
8545 

9.8 
6.6 

10.7 
5.9 

-- 

Fell sick and died 
on the 7th day 

18.7 
35.0 
27.8 
28.1 
22.8 

26.3 

I1 
111 
I11 
I11 

6.6 
6.6 

10.4 
9.3 

L' 

13.9 
lot1 
13.3 

1 '  1 '  11 

11.3 
9.3 1 -2;:; 

died on the 

- -- 

16.8 ' 13.9 
20.8 
17.2 
12.2 
12.7 

1.5.9 

16.0 
10.5 
15.3 
12.2 

13.6 
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Ef fec t  of the diet  o n  the  blood plasnza v i tamin  A and carotene levels and 
the  l iver v i tamin  A storage of young calves. As previously indicated, the 
calves from the cows in this experiment were removed from the dams at 
birth (before nursing) and given special dietary treatments for the first 7 
days. These dietary treatments have been described earlier in this paper. 

The data obtained are presented in tables 7 and 8. The feeding of colos- 

trum resulted in a marked increase in the amount of vitamin A in the 
blood, as has been noted by others (19, 20, 32). There was an increase in 
blood plasma carotene following the feeding of colostrum (table 8) ,  hut 
the carotene remained low in both the groups fed vitamin A, as was ex- 
pected. The carotene increase in the latter groups on the fourteenth and 
twenty-first days resulted from whole milk feeding following 7 days of 
age. There was no evidence of scours in the colostrum-fed group. The 
calves receiving skim milk plus the vitamin A supplement did very poorly. 

TABLE 8 

The effects of feeding colostrum, skim milk plus vitamin A and skim ntilk p l ~ s  
vitmain A and lecithin on the plasma carotene levels of calves 

Vitamin' Carotene in plasma (7/100 ml.) 
Calf no. Dam no. 1 1 1 2 1 .  3 d. 1 7 d. 1 14 d. 1 21 d. 

- 
Group A (colostrum-fed calves) 

945H 
819J 
8205 
9445 
8325 

755H 
866J 
873J 
800J 
8555 

- - 

I1 
I-A 
I-A 
I-B 
111 

Group B (skim milk plus vitamin A )  

825H 
9465 
947Ja 
950Ha 
831Jb 

- -- 
37,500 
25,000 
25,000 
25,000 
25,000 

Mean 
- 

- - 

5.7 
6.4 
2.8 

21.7 
5.7 

8.4 
- -. .- 

-- -- 

11.4 
4.2 
6.7 
4.2 
0.0 

5.2 
- - -- 

Group C (skim plus vitamin A plus lecithin) 

----- 
24.7 

4.9 
26.3 
48.1 
29.4 

26.6 ' 

- - -. - 

11.4 
8.5 
2.8 
0.0 
0.0 

4.5 
- - - . 

- - - - - 

I:: ?:" 
5.6 7.7 
0.0 3.5 
0.0 I 0.0 

- - 
4.0 1 6.2 

- 

851H 
812J 
7605 
743H 
854J 

- - 
823J 
949H 
951H 
830H 
829H 

- - -- 

died on the 7th day 
1 1  ' I  1 1  < I  1 1  

0.0 12.8 5.9 
4.9 ( 17.2 1 21.8 
3.5 died on the 

11th day 
- - - 
2.8 i . I ........ 

~ -- - 

- - 

38.8 
62.1 
58.7 
22.4 
35.6 

43.5 
-- 

- - 

37,500 kA 1 25,000 
I11 25,000 

a Given 2% cocoanut oil per feeding. 
11 Given lecithin from the 6th day. 

7115 
852H 
857H 
853H 
752H 

-- 

111 
111 

-- 

20.6 
49.4 
29.0 
51.0 
57.0 - - -  
41.3 
- - 

37,500 
25,000 

Mean 

I1 
I11 
I11 
I1 
I1 

23.2 
37.2 
21.8 ' 
35.6 
32.4 

30.0 
- . . 

.. 

-. 

25,000 
37,500 
37,500 
37,500 
37,500 

Mean 

- - 

8.4 
0.0 
0.0 
0.0 
0.0 

1.7 
.. ..~ . - 

27.9 
30.2 
26.3 
14.3 
20.9 

24.0 
~ 

- - - 

15.3 
0.0 
0.0 
2.6 
0.0 

3.5 
- - 

- 

1 5 . 3 ,  
32.4 

9.6 
26.3 
12.8 

19.3 

15.3 
0.0 
0.0 
0.0 
0.0 

3.1 

2.5 
4.9 
4.9 
2.8 
3.5 

3.7 
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Serious scours developed on the third day. Three of the calves died, two 
on the seventh day and one on the eleventh day. The calf that died on 
the eleventh day was from a cow that received both vitamin A and lecithin, 
and at  the time of death this calf had an appreciable liver storage of vita- 
min A (see calf 8315, table 9). Perhaps the liver storage of vitamin A 
permitted this calf to endure the rigors of the diet longeE than those which 
died on the seventh day. The other two calves, 9475 and 950H, were given 
2 per cent cocoanut oil and were able to survive. These calves also scoured 
from the third to the tenth day, and vitamin A absorption, as indicated 
by the low blood level, was poor. 

TABLE 9 

The effects of feeding colostrunt, skim m;l7c plus vitamin A and skim milk plus 
aitamin A pltcs lecithin on the storage of vitamin A in the liver of 

calves at  d l  days of age 

Wt. of the Vitamin A viz::i A 
Calf no. 1 Damno. 1 Damgroup I liver ( g . )  1 ( 7 . )  I 

(7) 

Calves from Group A (colostrum-fed) 

8195 866J I-A ,519.6 7.2 3,724.0 
820J 1 873J 4.630.0 
832Ja 8555 I ? ?  ( : I 5 / 32,244.0 

Calves from Group B (skim milk plus vitamin A) 

825Hb 1 851H I-A I 988.0 1 0.15 149.0 
Q46.Tb In 2.1 I TT 466.5 11.8 1 5.524.0 

Calves from Group C (skim milk plus vitamin A plus lecithin) 

a The dams got vitamin A or vitamin A plus lecithin for 8 weeks prepartum. , 

b Died on the 7th day. 
c Died on the 11th day. 

The low level of blood vitamin A in the group receiving skim milk plus 
vitamin A indicates poor vitamin A absorption on this type of diet. When 
lecithin was added along with the vitamin A, the blood levels were com- 
parable to those of the colostrum-fed group. These results again indicate 
that soya lecithin enhances the absorption of vitamin A. There were a 
few mild cases of scours among the calves in this group, but, in general, 
they did quite well and were comparable to the colostrum-fed calves in 
rate of growth and general appearance. 

It has been suggested that colostral vitamin A may be superior in the 
nutrition of newborn calves to the vitamin A of fish-liver oil or other con- 
centrated sources (9). The data presented herein provide evidence that 
the higher concentration of lecithin present in colostrum may be 'partially 
responsible for the better absorption and utilization of colostral vitamin A. 
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An attempt was made to start calves on a skim milk ration plus cocoa- 
nut oil (two calves) and a skim milk ration plus lecithin (two calves). 
These attempts failed and all the calves died on the fourth day following 
birth. 

The results of this phase of the investigation show that unless adequate 
quantities of vitamin A or its precursor are present in the ration and un- 
less favorable circumstances for vitamin A absorption are provided, the 
animal will quickly succumb to vitamin A deficiency, even when there is 
considerable liver storage. 

Limited data on the liver storage of vitamin A determined on the 
twenty-first day are presented in table 9. Here again it will be noted 
that the calves fed the'vitamin A plus lecithin had appreciably higher 
liver storages. While the data cannot provide conclusive proof that vita- 
min A storage is greater when vitamin A and lecithin are fed, rat  data 
(31) have proved this point conclusively. 

Previous workers (12) have shown that the feeding of vitamin A in 
capsules resulted in increased liver storage. The results of the present 
investigation provide evidence that the storage will be increased still fur- 
ther if lecithin is fed along with vitamin A. 

SUMMARY 

Twenty-six healthy pregnant dairy cows of the Jersey and the Holstein 
breeds were divided into three dietary groups approximately 30 days prior 
to parturition. Each group received the basic herd ration. Group I ,  
consisting of ten cows, was again subdivided into two groups; Group I-A 
received no supplement and Group I-B the herd ration plus 10 g. of soya- . 
lecithin daily. Each of the eight cows in Group 11 was given one million 
I.U. of vitamin A (fish-liver oil) daily. Each of the eight cows in Group 
I11 was fed one million I.U. of vitamin A and 10 g. of lecithin daily. 
The supplements were continued up to the seventh day following parturi- 
tion. Assays of blood vitamin A and carotene and of milk vitamin A, 
carotene and lecithin were made at  intervals up to 21 days postpartum. 
Blood plasma vitamin A and carotene were determined in all calves, and 
representative animals were sacrificed at  birth to determine vitamin A 
liver storage. 

At parturition the plasma vitamin A level in the control cows fell 
almost to half of the 4 weeks prepartum level. The level in the cows fed 
vitamin A supplements remained fairly high, especially for the cows fed 
lecithin plus vitamin A, indicating that lecithin enhanced the absorption 
of vitamin A. There was no significant effect of feeding lecithin without 
vitamin A, although the decrease in blood carotene following parturition 
appears to be about 10 per cent less when lecithin is fed. 

Blood plasma carotene was depressed in both vitamin A supplemented 



476 G .  C. ESH ET AL. 

groups. However, when vitamill A was fed for a longer period, the caro- 
tene level was depressed still further in the cows fed lecithin along with 
vitamin A. These limited data indicate that lecithin enhanced the action 
of vitamin A in depressing the carotene level. 

The vitamin A in the colostrum of cows fed vitamin A was greater 
than that.of the control group ; when both lecithin and vitamin A were fed, 
the colostral vitamin A a t  the first milking was approximately double 
that  of the vitamin A supplemented cows. This shows that lecithin, when 
added to vitamin A, increased the transmission of colos'tral vitamin A. The 
transmission of vitamin A and carotene in milk closely followed the trend 
found in the blood plasma. 

The lecithin content of milk was highest when lecithin was fed to the 
cows along with vitamin A, and a higher level was maintained in the nor- 
mal milk. Feeding lecithin without vitamin A had no effect on the trans- 
fer of lecithin to milk. When both vitamin A and lecithin were fed, the 
lecithin of the colostrum and milk was increased. 

The blood plasma vitamin A level in the newborn calf was highest and 
the plasma carotene level was the lowest in the calves from dams fed both 
lecithin and vitamin A. 

The total liver storage vitamin A in the newborn calves from the con- 
trol group was low (190 y) ; it was 5,910 y in the vitamin A supplemented 
group and 11,722 Y in the vitamin A plus lecithin supplemented group. 
Thus, the addition of lecithin to the vitamin  s supplement remarkedly in- 
creased the liver storage. 

Three groups of five calves each were fed from birth to 7 days of age 
as follows: Group A, colostrum; Group B, skim milk plus the same daily 
qaantity of total vitamin A consumed by the calves in the colostr& group 
(25,000-37,500 I.U. of vitamin A )  ; and Group C, skim milk plus the same 
quantity of vitamin A and the same quantity of lecithin ( U . 5  g.) available 
in the colostrnm given to Group A. 

Every calf in Group B developed serious scours from the third day. 
Two of them died on the seventh day and a third one on the eleventh day. 
Their blood plasma vitamin A level was much below that  of the colostrum- 
fed calves. All the calves in Groups A and C grew quite well with slight 
evidence of digestive disturbance. Blood plasma levels in Group A ancl 
C were almost identical, showing the ability of lecithin to increase absorp- 
tion and utilization of r i t an~ jn  A. 
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CAROTENE AND VITAMIN A IN THE COLOSTRUM OF COWS 
O F  TYPICAL INDIAN BREEDS 

B. C. RAY SAREAR1 
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Izatnagar, U. P., India 

Since the discovery of vitamin A as an anti-infective factor, many 
workers (3, 8, 14, 15,. 18, 21, 24, 27) have studied its importance in the 
nutrition of dairy calves. I t  is now recognized that vitamin A is indis- 
pensable and must be supplied in adequate amounts during the earlier part 
of life, since the calf is born with practically no reserve of vitamin A (2, 4, 
10, 17). Krauss e t  al. (17) reported a decrease in the incidence of pneu- 
monia in calves which received 15,000 I.U. of vitamin A concentrate daily. 
Gullickson and Bitch ( l l ) ,  in an experiment involving 72 calves, reported 
less trouble from digestive disturbances in young calves that were fed cod- 
liver oil than in calves not given the vitamin A supplement. Phillips e t  al. 
(24) observed that the administration of shark-liver oil with a high vita- 
min A potency and certain members of the B-complex eliminated diarrhea 
and lowered the mortality resulting from pneumonia: Nelson e t  al. (23) 
recommended the feeding of fish-liver oil as a vitamin A supplement when 
there was difficulty in raising calves. 

Under natural feeding conditions vitamin A supplementation is not 
usually practiced; however, the value of colostrum as a source of vitamin 
A for newborn calves has been the subject of investigation by some 
workers. Stewart and McCallum (30) made an extensive study of the cor- 
relation between the incidence of white scours in calves and the vitamin A 
content of the colostrum. In 83 calves which received colostrum contain- 
ing more than 250 blue units of vitamin A, only 10.8 per cent developed 
white scours or allied infections; whereas, in 28 calves which received 
colostrum containing less than 250 blue units of vitamin A, 25 per cent 
developed white scours or allied infections. Moore and Berry (22) also 
have pointed out the significance of adequate colostrum feeding in build- 
ing up the vitamin A reserve in the calf. Apart from these observations, 
several papers report that cow colostrum contains more vitamin A than 
the milk (7, 9, 12, 16, 20). Dann (5) and Kramer et  al. (16) have shown 
that cows' colostra are ten to one-hundred times richer in vitamin A ac- 
tivity than the normal milk. On the first day of life a calf is supposed 
to receive a supply of vitamin A greater than the later milk can give in 
20 to 50 days. Henry e t  al. (13) have noted that the colostrum of first- 
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calf heifers is richer in vitamin A than that of cows, although Stewart 
and McCallum (29) did not note such a difference. However, they did 
report: (a) The length of the dry period between successive calvings af- 
fected the colostral vitamin A. (b) The vitamin A conteiit was indepeii- 
dent of season in contrast to that of carotene. The vitamin A content of 
the colostrum collected from 100 cows varied from 35 to 1,181 I.U. per 
100 ml. By the third or fourth day the amount of vitamin A was from 
one-tenth to one-twentieth of that present immediately after parturition. 

The variations in the carotene and vitamin A content of colostral fat 
from various breeds of cattle have been studied by Gillam r t  01.' ( 9 )  aiid 
Semb et al. (26). These investigators have shown that the concentration 
of carotene and vitamin A in colostral fat  is from five to fifteen times that 
of the fat  prepared from normal milk and that these constituents decrease 
very rapidly during the first week postpartum. Stewart aiid McCallnm 
(31) were unable to raise the vitamin A content of colostrum of cows on 
winter feed by feeding 3 lb. of carrots or one-seventh pint of cod-liver oil 
per day. Spielman et  al. (28) have studied the relationship of the pre- 
partum diet to the carotene and vitamin A content of bovine colostrum. 
Colostrum from cows receiving a low carotene ration for 60 days before 
parturition contained significantly less vitamin A per gram of butterfat 
than did colostrum from cows receiving a comparatively rich carotene 
ration. The effect of feed was more pronounced on the carotene content 
of the butterfat of the colostrum than on the vitamin A content, although 
vitamin A supplementation for 60 days before calving increased the colos- 
tral vitamin A to a considerable extent. 

As no comparable data are available for any of the milking hreecls of 
cows in India, it seemed desirable to initiate a study along this line. The 
results obtained from such a study are presented in this paper. 

The colostrum and milk samples were collected from 15 cows in the In- 
stitute dairy herd for a period of 8 days postpartum. Nine cows aiid one 
first-calf heifer of the Hariana breed and five first-calf heifers of the 
Sahiwal breed were used. The animals were fed 3.5 lb. of a dairy mix- 
ture, 1 oz. of iodized salt and 1 oz. of bonemeal per head daily. The 
nature of the roughage fed to the cows depended on the season of the year 
and has been discussed in a previous paper (25). 

The colostrum and milk samples were collected each day for 8 days and 
stored in a refrigerator for subsequent analysis. The percentage compo- 
sition with respect to fat, solids-not-fat, protein and ash was determined 
according to the methods outlined in the A.O.A.C. (1). The extraction 
procedure of Dann (5) was followed for the determination of carotene aiid 
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vitamin A. Vitamin A was measured spectrographically in an alcoholic 
solutibn of the unsaponifiable matter, and the proper correction for the 
absorption due to carotene was made. For the conversion of corrected 
density readings to micrograms of vitamin A, the factor, E ifm,328 mp = 

1800, was used. Carotene was estimated colorimetrically in a petroleum 
ether solution. 

Table 1 gives the data pertaining to the history and breed of the animals 
used in this experiment. 

TABLE 1 
Data pertaining to  the history of tlre cows 

Hariana breed 

Animal no. 

Sahiwal breed 

RESULTS 

Compositiorz of colostral milk.  The data on the average daily milk 
yield and the percentage composition of the colostral milk with respect to 
fat, solids-not-fat, protein and ash are presented in table 2. Individual 
variations are quite apparent. The comparatively lower yields of colos- 
trum and the higher percentages of the above constituents were found 
mostly in the samples obtained from the Sahiwal heifers, which were con- 
sidered at  one time as being sterile. All of the colostrum samples were 
characterized by a high percentage of solids-not-fat, protein and ash. The 
fat content of the colostral milk from individual cows varied widely from 
day to day but the percentage of fat  in the first two days' samples was lower 
than in the later milk. The change from colostrum to milk was a gradual 
one, a fact which has been established by others (6 )  but, on the whole, the 
colostral samples tended to approach normal milk after the fourth day. 
The protein content was much higher than that usually obtained for the 

No. of 
lactation 

Length of Calving 
dry period 1 , date 
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Institute herd milk. Further progress in lactation, however, might cause 
more diminution in the percentage of protein. 

Carotene and vitamin A i n  colostral milk. The data showing the varia- 
tions in the carotene and vitamin A content of the colostral milk are pre- 
sented in table 3. The first day's colostrum contained more than four times 

TABLE 2 

Average daily yield and the percentage composition of colostrum ' 

TABLE 3 

Variations in the carotene and vitamin A content of colostral milk 
during the first 8 dags of lactation 

8 ~ v e r a ~ e  for 1 5  animals. 
b Average for 9 animals. 
c Average for 4 Sahiwal heifers. 

Fat Ash 

a Average for 14 animals. 
b Average for 11 animals. 
c Average for 12 animals. 

Range 
- 

(%) 
0.865- 
1.253 

0.7"- 
0.965 

0 747- 
1.043 

0.712- 
0.855 

0 765- 
0.920 

0.725- 
0.835 

0.736- 
0.842 

0.792- 
0.846 

S-N-F 

Av.8 
- 
(%) 
4.37 

4.23 

5.25 

5.72 

5.59 

5.17 

5.47 

5.70 

- 
AI-." 

--- 
(%) 

1.028 

0.877 

0.858 

0.821 

0.824 

0.790 

0.794 

0.812~ 

after 

Range 
- 

1 . )  ( 1 . )  % 
3-13 6.4 1.6- 8.3 

2-14 8.3 0.9- 7.4 

4-18 11.2 1.1- 8.1 

2-18 11.3 4.3-10.0 

4.4- 7.4 

2-17 8.8 ' 2.1- 8.4 

Carotene 

Range I Av. 

Range 
- 

(%I  
12.94- 
24.83 

11.16- 
16.50 

9.33- 
1 1 9  

8.43- 
11.11 

8.40- 
1 0 . 2 ~  

8 . 5 5  
10.32 

7.39- 
9.32 

9.10- 
9.37 

Protein 

1 
2 
3 . 
4 
5 
6 
7 
8 

Vitamin A 

I Range 1 AT. 

( r / roo  m ~ . )  

A v . ~  
- 

(%) 

18.37 

14.07 

10.35 

9.63 

. 
9.15 

9.18 

8.85 

9 .23~  

Range 
- 

(%) 
8.40- 

18.26 

8.55- 
11.57 

5.46- 
8.26 

4.01- 
7.40 

4.40- 
5.10 

3.78- 
5.04 

3.90- 
4.90 

4.62- 
4.73 --- 

7 

8 

63.2-571.8 
43.2-500.9 
58.3-358.8 
63.1-438.0 
58.6-361.4 
49.0-107.8 
51.5-140.3 
47.3-111.6 

A v . ~  
-- 
(%) 

13.16 

9.00 

6.30 

5.30 

4.81 

4.46 

4.35 

4.66~ 

10.3 

12.0 

4-19 

4-18 

313.4 
218.6 
204.2 
157.5a 
118.4b 

79.5b 
77.la 
70.9~ 

( r p o o  ml.) 

4.6- 7.2 

4.3- 7.8 

33.6-153.9 
7.7-160.7 

12.1-130.1 
17.2-109.0 
13.6- 70.3 
12.1- 42.0 
10.4- 32.3 
10.8- 43.7 

85.5 
65.1 
49.0 
39.9a 
31.1b 
23.0b 
20.18 
19 .7~  
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as much carotene and vitamin A as the eighth day's sample, which might be 
considered equivalent in potency to a sample of milk obtained under pas- 
ture conditions. This variation was not so pronounced, however, as that 
reported by some English workers (5, 13, 29). As compared to the other 
constituents of colostrum and milk, the drop in carotene and vitamin A 
obviously is more marked. It might be mentioned also that the first day's 
colostrum did not always contain more carotene and vitamin A than the 
samples obtained within 4 days postpartum, although the average values 
showed consistent decreases. The lower carotene values were found for 
the animals which received very little carotene in the ration before calving. 
Some of these animals also secreted correspondingly lower amounts of vita- 
min A. The wide individual variations that are apparent in this investi- 
gation also have been observed by other workers. The average sample of 
colostrum obtained from the cows on the day of parturition was found to 
contain 85.5 y of carotene and 313.47 of vitamin A per 100 ml. as com- 
pared to 107 y of carotene and 374 y of vitamin A for the Cornell Univer- 
sity dairy herd on a standard dry-cow ration (28). The vitamin A-caro- 
tene ratio remained practically constant during the 8-day experimental 
period, indicating the flushing of these constituents from the mammary 
gland after their accumulation during the dry period. The concentration 
of both carotene and vitamin A decreased to a greater extent during the 
first 4 days of lactation rather than in the next 4 days. From the stand- 
point of vitamin A feeding, the samples for the first 4 days assume par- 
ticular importance. According to Lewis and Wilson (19), the daily in- 
take of vitamin A for a calf should be 11,000 I.U. per 100 Ib. of live- 
weight. On this basis, the ingestion of 3 lb. of an average sample of 
colostrum during the first 4 days of lactation probably would be adequate 
for ensuring an appreciable storage of vitamin A in the liver and a satis- 
factory level of carotene and vitamin A in the blood of the calf. None 
of the calves born from the above cows showed any signs of vitamin A 
deficiency. The calves received colostrum ad libitum; consequently, the 
vitamin A supply was satisfactory even though the carotene and vitamin A 
contents of colostrum were low in a few cases. 

Carqtene ana vitamin A i n  colostral fat. In order to obtain more de- 
tailed information on the carotene and vitamin A contents of the colostral 
fat, values for each individual cow were determined. The results are pre- 
sented in tables 4 and 5. Table 4 gives the data on the carotene content 
of the colostral fat. A marked drop on the second day of lactation oc- 
curred in all but two cows (nos. 13 and 15), and a further sharp drop 
occurred on the third day in all of the cows except no. 4. Thereafter the 
decline was slow and the carotene level became almost constant By the 
seventh day. The average first day's colostrum contained seven times as 
much carotene as the average eighth day's sample. No appreciable dif- 
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T A B L E  4 

.Variations i n  the carotene conte.nt o f  colostral fat  during 
the first 8 days o f  lactation 

I Days a f t er  parturition 
Animal 

no. 1 I 1 I I 5 I 6 I 7 I 8  
( y  carotene/g. colostral f a t )  

l a  
2 
3b 
4 
5  
6 
7 
8  
9 b  

l o b  
11 
12 
13 
14 
15b 

Ar.  
- - 

a Received comparatively large quantity o f  green fodders before calving because o f  
the monsoon months. 

b Received very littlo carotene i n  the ration before calving because o f  the drought. 

ference was noted between the Hariana and the Sahiwal breeds in regard 
to their ability to secrete carotene in butterfat. Owing to the small num- 
ber of animals, the effect of feed on the carotene content of the butterfat 
could not be studied thoroughly. However, an examination of the data in 

T A B L E  5 
Variations i n  the vitamin A content o f  colostral f a t  during the first 8 days o f  lactation 

I Days a f t er  parturition 
Animal 

( y  vitamin A / g .  colostral fa t )  

3 
4 
5 
6 
7 
8  
9 

10 
11 
12 
13 
14 - 
15 

Av. 
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table 4 reveals that there was no consistent relationship between the caro- 
tene intake and the carotene content ,of the colostral fat  from all the ani- 
mals except for a few. Animals 3, 9, 10 and 15 secreted very small 
amounts of carotene, whereas animal no. 1 secreted a comparatively large 
amount in the colostral fat. The first four animals were on a carotene- 
poor ration due to the drought period, whereas the fifth one received large 
quantities of green feed due to the periodic monsoon. These results tend 
to show that, in spite of a number of variables, the carotene content of 
colostral fat  also is affected, like butterfat, by the type of feed. 

The data in table 5 show the decrease in the vitamin A content of the 
colostral f a t  during the first 8 days. The average first day's colostrum 
contained more than six times as much vitamin A as the average eighth 
day's sample. These results compare favorably with those of Semb et al. 
(26), who observed that this ratio varied from five to fifteen. Although a 
few of the animals secreted less vitamin A in the colostrum on the first 
day than on the sgcond, this was not generally the case in subsequent 
samples. The change in the vitamin A content as a result of the dry 
ration was not so apparent as it was in the case of carotene. This might 
be explained on the basis of the relative ease with which carotene is mo- 
bilized as compared to vitamin A. Although there was no difference be- 
tween the average carotene content of the colostral fat  from first-calf 
heifers and cows, the vitamin A content tended to be higher in the case of 
the former. I t  is difficult to say definitely, under the present experimental 
conditions, whether or not first-calf heifers secrete more vitamin A in 
colostral fat  than do cows, an observation also made by Dann (5 )  and 
Henry et al. (13). 

Although the numerical values reported in this investigation are not the 
same as those found by other investigators, there is some parallelisin in the 
findings, especially when due consideration is given to such differences as 
diet, breed, and environment. 

SUMMARY 

~olostrum samples from Hariana and Sahiwal cows have been ana- 
lyzed for the percentage composition of carotene, vitamin A, fat, solids- 
not-fat, protein and ash. 

1. The colostrum contains more solids-not-fat, protein, and ash than 
does the normal milk. 

2. Colostrum contains more than four times as much carotene and vita- 
min A as milk. 

3. Colostral fat  was found to be six to seven times richer in carotene 
and vitamin A than the fat  of normal milk, but both of these constituents 
decreased markedly during the first week postpartum. The decrease 
thereafter was relatively slow and carotene appeared to be affected more 
than vitamin'A by the type of ration fed to the animals. 
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4. The carotene content of colostral fa t  of first-calf Sahiwal heifers was 
comparable to that secreted by the Hariana cows, but the heifers secreted 
more vitamin A in the colostral fat  than did the cows. 

The author is indebted to Dr. K. C. Sen for generously supplying all of 
the facilities needed in the course of this investigation. Further acknowl- 
edgment is made to Prof. C. W. Duncan, Department of Agricultural 
Chemistry, ~ i c h i g a n  State College, for many helpful suggestions and ad-, 
vice in the preparation of this manuscript. 
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COMPARATIVE ANTIRACHITIC VALUE OF FIELD-CURED HAY, 
BARN-DRIED HAY, AND WILTED GRASS SILAGE 

FOR GROWING DAIRY CALVES 

L. A. MOORE, J. W. THOMAS, W. C. JACOBSON, C. G. MELIN, 
AND J. B. SHEPHERD 

Bureau of Dairy Industry, Agricultural Research Administration, 
United States  Department of Agriculture 

According to present opinion, hay crops contain little or no vitamin D 
before they are cut. I t  is only after the crop is cut and while it is ex- 
posed to the rays of the sun during the curing process that activation of 
certain plant sterols takes place to form vitamin D. 

With the newer methods of conserving hay crops, such as curing the 
hay in the barn or making wilted silage, the time of exposure to the rays of 
the sun is less than when the crop is cured in  the field. Consequently, 
when barn-cured hay or wilted silage is the sole source of vitamin D for 
calves, it might be questionable whether they would obtain enough of the 
vitamin to meet their requirements. A review of the literature does not 
supply a direct answer to this question. 

Some information on the vitamin D content of forage plants subjected 
to various curing processes, as determined by rat bioassays, is available. 
Steenbock et al. (9) reported that clover leaves cured without exposure to 
direct sunlight showed no vitamin D activity when fed to rats at the 1- 
and 5-per cent levels. On the other hand, leaves from the same field that 
were cured in the sun and fed on the same basis showed definite vitamin D 
activity. I n  later experiments Hart et al. (4) found that alfalfa hay 
cured in Colorado with limited exposure to the sun contained some vitamin 
D but less than hay cured with full exposure to the sun. Russell (7) re- 
ported some vitamin D activity in alfalfa leaves cured out of sunlight but 
considerably less than in leaves cured in the sun or leaves cured in the sun 
and irradiated. Smith and Briggs (8) reported very little vitamin D ac- 
tivity of alfalfa leaves cured in the dark. Leaves cured for 15 hours in 

, sunlight had considerable activity but not so much as leaves exposed for 
57 hours. However, Hodgson and Knott (5) found that an artificially de- 
hydrated pasture mixture of English ryegrass, Italian ryegrass, and white 
clover from irrigated land had as much calcifying activity as the same 
material sun cured. Wallis (10) reported a considerable increase in the 
vitamin D activity of alfalfa hay after sun curing. However, considerable 
variation was found between crops in this respect, and i t  was concluded 
that "there are other influences than the amount of sunshine received 
which greatly affect the vitamin D content of the resulting hay." One 
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sample of hay cut after dark and dried artificially contained 812 I.U. per 
pound. This value is equal to or greater than some of the values reported 
for sun-cured hay. Bechdel e t  al. (1) found that artificially dried alfalfa 
contained considerably less vitamin D than sun-cured hay. These same 
workers report values of 150 to 300 USP units of vitamin D per pound in 
two different lots of night-harvested dehydrated alfalfa hay. If such a 
hay were fed to calves to the extent of their roughage requirements, it 
should furnish the minimum requirements. 

Some experimental data on the antirachitic value of hay for calves have 
been reported in the literature. Huffman e t  al. (6 )  found that 2 lb. per 
day of sun-cured timothy prevented rickets up to 1 year of age and 3 lb. 
per day'cnred rickets in a 9-month-old calf. Two pounds of sun-cured 
alfalfa hay per day prevented rickets in one calf up to 195 days of age. 
In using the curative method, these workers were unable to obtain a suffi- 
cient intake of timothy hay cured in the dark to determine its antirachitic , 

effect. In  studying the data of these workers, one comes to the conclusion 
that about 0.7 lb. of sun-cured hay per 100 Ib. of body weight is about a 
minimum for the prevention of rickets in growing calves. 

The Pennsylvania Agricultural Experiment Station (2)  found that a 
mild rachitic condition developed in a 6-month feeding period with 1 lb. 

.of sun-cured alfalfa hay per day added to the basal diet, whereas on the 
same basis artificially cured alfalfa permitted a severe rachitic condition to 
develop. Two and one-half pounds of good sun-cured alfalfa hay per hay 
prevented the development of a rachitic condition during a 6-month period, 
whereas the same quantity of artificially cured hay permitted the develop- 
nent  of a mild rachitic condition. 

The review of literature gives little information for making practical 
recommendations on the question of whether vitamin D supplements should 
be used when barn-cured hay or wilted silage is fed as the sole source of 
vitamin D for calves. Results reported in the literature on rat  bioassays 
with hays show that hay cured without exposure to the sun contains con- 
siderably less vitamin D than sun-cured hay. The data with calves like- 
wise give the same indication. In  the, experiments thus far conducted 
with calves, limited quantities of hay were fed to bring out differences be- , 
tween sun curing and artificial curing. This raises the question of whether 
the artificially dried hay would not have furnished sufficient vitamin D for 
calves had it been fed according to body weight or the appetite of the calf 
(2 to 2.5 lb. per 100 Ib). For this reason the data on artificially cured 
hay cannot be used in making practical recommendations for vitamin D 
supplementation either for artificially cured hay, barn-cured hay, or wilted 
silage. 

The present study was undertaken to determine whether barn-cured hay 
or wilted silage will supply sufficient vitamin D to growing calves when it 
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is fed at  adequate levels, i.e., a t  levels which ordinarily would be fed under 
practical feeding conditions. 

EXPERIMENTAL PROCEDURE 

In  the summer of 1945 a second cutting of alfalfa was harvested simul- 
taneously as field-cured hay, barn-cured hay, and wilted silage. Good 

' 

weather conditions prevailed during the time the crop was being harvested 
by the three methods, so there was a maximum exposure to the sun during 
daylight hours. The wilted silage was exposed for 4 to 6 hours between 
sunrise and sunset, the barn-cured hay for 12 to 16 hours, and the field- 
cured hay for 30 to 40 hours, although there was considerable variation in 
this respect. 

Holstein and Jersey male calves were reared to 90 days of age on a 
ration of skim milk, grain, alfalfa hay and cod-liver oil. I n  addition, i t  
was necessary to use two crossbred calves, one of which was placed in the 
Holstein group and one in the Jersey group. Flaxseed jelly, corn meal, 
or grain were added to tht  skim milk, beginning when the calves were 
about 10 days of age, in o'rder to increase the energy intake. Skim milk 
was discontinued at  30 days of age for the Holsteins and at  45 days for 
the Jersey calves. Three calves on the experimekt (503, 701, 703) re- 
ceived whole milk to 60 days of age, along with alfalfa hay and grain. 

At 90 days of age the calves were placed on the basal ration made up' 
as follows : Corn meal, 60 parts ; wheat bran, 301 parts ; soybean meal, 20 
parts; linseed meal, 10 parts; iodized salt, 1 part;  calcium carbonate, 2 
parts. I n  addition, 1 lb. of beet pulp per 100 lb. of body weight, 100 g. 
of dehydrated alfalfa leaf meal, and 4 lb: of skim milk were fed daily. 
The calves were kept on this ration for a period of 50 days or until they 
were 140 days of age in order to deplete their vitamin D stores. Calcium, 
phosphorus and phosphatase values of the blood were used to measure de- 
pletion. Following the depletion period the calves were fed, in addition to 
the basal grain ration, the particular experimental forage they were to re- 
ceive for a period of 180 days. I n  some instances it was necessary to place 
the calves on their respective forages before the end of the 50-day depletion 
period because of blood values which indicated the incipient stage of 
rickets. The calves were kept in a darkened barn out of direct sunlight. 
They were turned to a dry lot for exercise at  night. 

Groups of six calves each were fed the alfalfa forage cured by the three 
different methods. Within each group three different levels of forage were 
fed with two calves on each level (table 1 ) .  The Jersey and Holstein 
calves were distributed equally between and within groups. 

The wilted silage was fed on a hay-equivalent basis, taking into considera- 
tion the moisture content. The calves received, in addition to the basal 
grain ration and the specified forage, 4 lb. of skim milk daily. Total 
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digestible nutrients were fed according to the Morrison standard by adjust- 
ing the grain intake after allowing for the T.D.N. in the skim milk and for- 
age. Adjustments of forage and grain were made each 2 weeks. 

Two positive control calves were continued on the depletion ration but 
received 10,200 USP' units of vitamin D daily in the form of irradiated 
yeast after the 50-day depletion period. One negative control animal was 
used which received the depletion ration but no vitamin D. 

After the calves received the forage for 180 days they were slaughtered 
and t.he eighth and ninth ribs were saved for ash analysis. Ash determina- 
tions were made on the distal 10 per cent of the two ribs after they were 
subjected to hot alcohol extraction. The calcium, inorganic phosphorus 
and phosphatase contents of the blood were determined each week, except 
toward the end of the experiment, when the determinations were made each 
2 weeks. 

Rat bioassays for vitamin D were made on the forage put up by the 

TABLE 1 

Rate of forage feeding per 100 Ib. o f .  body weigbt 

Field-cured Barn-cured Wil ted silage 
No. of calves ( h a y  equivalent) 

(Group 1 )  (Group 3) 

three procedures in order to obtain comparative values. The usual line test 
procedure was used by including 10 per cent of the forage in the basal 
rachitogenic diet. 

In  1946 another crop of wilted alfalfa silage was fed to two calves, be- 
ginning as soon after birth as the calves would consume the silage. They 
received a limited quantity of whole milk to 60 days of age, but after this 
time their sole source of vitamin D was from the wilted alfalfa silage. The 
silage was fed on a hay-equivalent basis of 1.5 lb. per 100 lb. of body weight. 
The two calves were slaughtered at  8 and 9 months of age. 

RESULTS AND DISCUSSION 

The effect of feeding alfalfa cured by the three different methods on rate 
of growth is shown in table 2. These data show that the best rate of 
gain was made by the calves on the Gilted silage, their average daily gain 
being 1.71 1b. per day for the 180-day period. The next best gain was by 
the calves on barn-cured hay, which averaged 1.65 lb. a day, whereas the 
field-cured hay produced a daily gain of 1.48 Ib. Since the feed intake was 
well-controlled, these results indicate that good gains can be obtained with 
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TABLE 2 

wilted silage. There was very little feed refusal by the two calves that 
were fed at  the highest level (an equivalent of 1.7 lb. of hay per day per 100 
lb. of body weight). One Holstein calf, weighing 650 lb., consumed as 

Gain in weight on field-cured and barn-cured hay and on wilted silage 
(180-da3 feeding period). 

much as 30 lb. of wilted silage per day, which was the sole roughage. The 
calves on the wilted silage were very sleek in appearance and appeared to 

Field-cured hay 

do well throughout the experiment. 
The results of the ash analyses of the distal 10 per cent of the eighth 

and ninth ribs are shown in table 3. The results of the analyses of the two 
ribs were averaged. These results show that all three forages possessed defi- 
nite antirachitic properties for calves. There does not appear to be any dif- 

a Rate= hay or hay equivalent daily per 100 lb. of body weight. 
b H = Holstein; J =Jersey; X = Crossbred. 

Barn-cured hay 

TABLE 3 

Wilted silage 

! 

(18.) 
330 
218 

300 
279 

279 
248 

267 

1.48 

Calf no. 

705-Hb 
2380-5 

250-H 
5 0 4 J  
330-X 

. 2 3 8 3 5  

The ash values of rib ends 

Field-cured hay 1 Barn-cured hay I Wilted silage 

Ratea 

(lb.) 
0.5 
0.5 

1.0 
1.0 

1.5 
1.5 

-- 

Calf no. ( Ratea ( Ash 1 ~ a l f  no.[ Ratea I Ash (&f no.1 Ratea I Ash 

Calf no. 

503-H 
2 3 8 4 4  

2557-H 
2385-J 

2558-H 
332-X 

. . . . , , . . . . . . . . . . . . 

. .. ...... . . . .. .. 

Total av. gain 

Av. daily gain 

Negative 
2570-H 39.0 St  

Positive 2571-H 50.8 Sl.st 
Positive 508 J 51.6 N 

Rate. Et1 
(lb.) (lb.) 
0.7 270 
0.7 288 
1.2 344 120-H 330 
1.2 266 

1.7 3 0 1  
1.7 314 

...... . . . . . . . . . . . . . . . . . 

...... 

aRate= hay or hay equivalent per day per 100 lb. of body weight. 
b N = normal; SI.st = slightly stiff; St  =stiff. 
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ference in this respect between the three lots of calves that were fed the three 
different kinds of forage. I n  all three groups, the calves that were fed a t  
the lowest roughage level showed the lowest ash values. The ash value for 
the negative control was only 39 per cent and i t  was necessary to remove 
this calf from the experiment after 160 days because of the extreme rachi- 
tic condition. The ash values for the two positive control animals were not 
so high as for the calves that were fed the various levels of forage, even 

T A B L E  4 

T h e  effect of  feeding 1.5 lb. peld-cured hay per 100 lb. body weight on 
blood calcium, phosphorous and phosphatase 

(Data on one ca l f )  
I - I 4 

Age I Calcium I Phosphorus 1 Phosphatase 
I 

( d a i )  1 (mg./ loo ntl.) (mg./ l00 ml.) i (uni ts / l00 ml.) 

Basal ration 

8.1 
7.0 
6.7 
7.1 

122 
130 
136 
147 
161 
175 
189 
196 
218 
231 
245 
259 
274 
287 
302 
316 

8.1 
6.2 
6.4 
4.8 

though the controls were fed 10,200 USP units of vitamin D per day. The 
calcium intake of these two calves was not so high as for the calves re- 
ceiving forage, since no extra calcium was fed, yet the intake a t  the end of 
the experimental period was as much as 18 g., or well above a 10-g.-mini- 
mum. Therefore, forages may contain factors other than vitamin D which 
aid in calcification. 

The calves were,examined periodically for evidence of stiffness (table 3). 
While there was less stiffness or indication of clinical rickets in  the group 
that received field-cured hay, between groups the differences probably are 
not significant. There did not appear to be a direct correlation between 
stiffness and the bone ash values. I t  also was noted that the calves that 

18.2 
17.9 
9.4 

18.8 
12.4 
10.7 
9.9 
9.2 

10.4 
9.9 
9.2 
5.8 
6.6 
5.0 
5.7 
3.9 

Hay added 

8.0 
7.8 
8.1 
9.0 

11.3 
11.3 
11.4 
10.3 
10.6 

9.3 
10.5 
10.0 
10.1 
10.4 
10.0 

9.6 

5.8 
4.5 
5.8 
6.8 
8.4 
9.3 
9.3 
8.0 
6.4 
6.9 
7.6 
5.8 - 
7.4 
8.6 
8.7 
8.1 
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showed stiffness did not show abnormal blood values for calcium, inorganic 
phosphorus and phosphatase at  the end of the experiment. During the 
depletion period, however, abnormal blood values for calcium, phosphorus 
and phosphatase usually preceded the clinical signs of rickets. 

A11 the detailed data of blood analyses for each calf cannot be pre- 
sented. However, the data for one crossbred and two Holstein calves that 
were fed the largest intake on each kind of forage are shown in tables 4, 5 

TABLE 5 

T h e  ef fect  of feeding 1.7 lb. barn-dried hay per 100 lb. body weigkt o n  
blood calcium, phosphorus and plzosphatase 

(Data on one c a l f )  

Age I Calcium 1 Phosphorus / Phosyllrtase 

(da?ls) (mg./lOO mi.) / (units/IOO ni l . )  

I Basal ration 
I I ' 

H a y  added 

and 6. A study of the detailed data does not reveal any marked differences 
between the three groups of calves. The additioh of forage in the three 
different forms caused the blood values to return to normal following the 
depletion period. 

The quantity of solar radiation received by the forage, as shown in 
table 7, was calculated from hourly figures covering the period the forage 
was in the swath and windrow. The values are in terms of gram-calories 
per square centimeter of horizontal surface. The vitamin D content of the 
forage as determined by rat bioassays also is shown in the table in terms 
of International Units of vitamin D per g. of air-dried forage. There does 
not appear to be any close correlation between the amount of solar radia- 
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tion and the vitamin D content of the forage, although the vitamin D con- 
tent in the field-cured hay was somewhat higher. 

Using the figure 0.47 I.U. per g. for the barn-dried hay, when the calves 
were fed a t  the rate of 0.7 Ib. of barn-dried hay per 100 Ib. of body weight 
the intake of vitamin D would be 150 I.U. per 100 lb. of body weight. On 
the same basis, when the calves were fed at  the rate of 1.2 lb. of barn-dried 
hay per 100 Ib. of body weight, the vitamin D intake would be 256 I.U., and 
when they were fed at  the rate of 1.7 lb. the intake would be 363 I.U. per 

TABLE 6 

Basal ration 

The effect of feeding 1.7 lb. hay equivalent of silage per 100 1b. body weight on 
blood calcium, phosphorus wnd phosphatase 

(Data on one ca l f )  

Silage added 
10.8 
10.6 
11.9 
12.1 

Ape I Calcium 

100 lb. of body weight. If 300 I.U. per 100 lb. of body weight is taken as 
the minimum requirement, it would be met by the feeding of 1.5 to 1.7 lb. 
of barn-dried hay per 100 lb. of body weight. On this basis, one would 
not expect marked rickets to develop in the calves fed wilted silage and 
barn-cured hay in this experiment even though the vitamin D intake was 
near the minimum allowance or slightly below. The observations on stiff- 
ness and bone ash values confirm this opinion. 

' The two calves that were fed from birth the wilted silage.that was made 
in 1946 showed no evidence of rickets at any time during the experiment. 

(days) .  (mg./lOO ml.) I (units/lOO ml.) 

Phosphorus Phosphatase 
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The calcium, phosphorus. a i d  phosphatase values of the blood remained - 

within the normal range. When these two calves were slaughtered at  8 
and 9 months of age, respectively, they were in excellent condition and had 
sleek hair coats. These two calves did not consume as much dry matter 
from wilted silage up to 90 days of age as they would be expected to con- 
sume from hay. However, after 90 days of age they easily consumed the 
1.5 lb. (hay equivalent) of wilted silage offered per 100 lb. of body weight. 

The vitamin D content of the three forages put up simultaneously in 
1946 as determined by rat bioassays is shown in table 7. The figure 0.87 
for the wilted silage was checked and found to be correct. Thus, one 
would not expect the two calves that were fed the wilted silage containing 
0.87 I.U. per g. to develop rickets. The high vitamin D content of this lot 

TABLE 7 

Exgosure of forage to solar radiation and its vitamin D content 

(g.-ca~./cm.z) g c c m  (g.-ca~./cm.z) I ( I . u . / ~ . )  
1945 crop 

Radiation exposurea 

I n  swath I I n  windrow I Total 

Wilted silage ..................... 104 117 1 221 0.56 
Barn-dried hay ............... 158 522 1 0.47 
Field-cured hay ............... 1 1" 1 777 1 1350 0.97 

- VitaminD 
content 

1946 crop 

Wilted silage ..................... 134 109 243 0.87 
Barn-dried hay ............ 541 / 0.58 
Field-cured hay ............... 1 6 / ii88 1473 0.88 

- 

a Calculated from data furnished by Dr. W. F. Shenton of American University of 
Washington, D. C. 

of wilted silage probably was due to the presence of a larger quantity of 
foreign material in the crop than was present in the field-cured hay and 
barn-cured hay. I t  was necessary in 1946 to use one field which was some- 
what weedy in order to have sufficient silage for the planned experiments. 

Therefore, the results indicate that barn-cured hay and wilted silage 
conserved under the conditions of this experiment will contain suf6cient 
vitamin D to prevent rickets in dairy calves when these forages are con- 
sumed at adequate levels. The rat bioassay data show that these forages 
contained less vitamin D than the field-cured hay. The difference, how- 
ever, was not sufficiently great to precipitate rickets when the forages were 
fed at  the rate of 1.5 to 1.7 lb. of ,hay equivalent per 100 lb. of body weight. 

A greater difference in the vitamin D content of these forages might 
have been expected in view of the accepted concept of the mechanism of 
formation of vitamin D in forage crops. However,, while the field curing 
of hay promotes an increase in its vitamin D content, there may be con- 
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- siderable vitamin D present in the crop as it ,stands in the field. The 
amount of vitamin D probably is governed by the quantity or area of dead 
plant tissue, such as dead stems or leaves or partially injured leaves. The 
amount of dead tissue might vary, depending on such factors as climatic 
conditions, stage of maturity, disease, and insect injury. Thus, in the case 
of leaf hopper injury, minute injured areas exist on the surface of the leaf, 
where activation of the sterols might take place. Probably an absolutely 
green plant without injury of any sort would contain no vitamin D. How- 
ever, under practical conditions in the eastern section of the country it is 
doubtful whether such a condition ever exists. 

The suggestion that the vitamin D content of hay crops might be affected 
by the quantity of dead material in the crop at  time of cutting is found in 
the paper of Bechtel e t  a!. ( 3 ) .  For instance, these investigators found that, 
in the corn plant at  the silage-making stage, the silks, tassels, and dried 
leaves were excellent sources of vitamin D, whereas the green part of the 
plant was devoid of vitamin D. The effect of some of these factors on the 
vitamin D content of tissues of forage plants, now is under investigation. 

While it seems probable that wilted silage and barn-cured hay contain 
sufficient vitamin D so that no supplementary feeding of vitamin D is 
needed for calves kept out of direct sunlight, further fundamental studies 
on the factors affecting the vitamin D content of plant tissue as it stands 
in the field a t  the hay stage need to be carried out. It would seem quite 
probable that a hikher vitamin D intake might be possible where a good 
quality of barn-cured hay or wilted silage is fed than where a poor quality 
of field-cured hay is fed, because of the greater palatability of the former. 

Rickets ha-s been reported in dairy calves under practical farm' condi- 
tions where grain was fed in excess so that very little sun-cured hay was 
consumed. Vitamin A and calcium deficiency also probably would be pre- 
sent where such a feeding practice is being used. It would seem more 
logical to advocate proper management practices to correct such conditions 
rather than the addition of supplements to the grain mixtures fed. Limit- 
ing the grain fed so that hay consumption could be increased and exposure 
of the calves to sun would be of benefit. Calves exposed to direct sunlight - 
during the winter months and receiving no other source of vitamin D do not 
develop rickets a t  Beltsville. 

Vitamin D s'ometimes is added to commercial grain mixtures for mature 
dairy cattle. While the cost is low, it is the opinion of the authors that 
there are not sufficient concrete scientific data at  the present time to war- 
rant such a practice. Later developments may justify such supplementa- 
tion, but scientific fiction is not sufficient justification for such a practice. 

SUMMARY AND CONCLUSIONS * 

1. Wilted silage fed as the sole roughage'to growing dairy calves pro- 
duced gains as good or better than those observed in calves fed barn-cured 
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and field-cured hay. The calves that were fed the wilted silage were sleek 
and excellent in appearance. 

2. Wilted silage, made in two different years, contained sufficient vita- 
min D to prevent rickets in growing calves that were kept out of sunlight 
when the silage was fed at the rate of 1.2 to 1.7 lb. per 100 lb. of body 
weight on the hay-equivalent basis ( 3  to 4 lb. per 100-lb. body weight 
on the silage basis). 

3. Barn-cured hay made one year contained sufficient vitamin D to pre- 
vent rickets in calves that were kept out of sunlight when it was fed a t  the 
rate of 1.2 to 1.7 lb. per 100 lb. of body weight. 

4. Rat bioassays of the forages fed for vitamin D, which confirmed the 
results of the calf-feeding experiment, showed that they contained sufficient 
vitamin D to prevent rickets in growing calves. 

5. While further fundamental data must be collected on the factors 
affecting the vitamin D content of forages harvested with a minimum ex- 
posure to the sun, i t  seems quite likely that barn-cured hay and wilted 
silage, at  least as conserved under Beltsville conditions, contain sufficient 
vitamin D for growing calves to prevent rickets if fed at  thexsual levels 
of roughage feeding. 
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THE EFFECT OF STREPTOMYCIN UPON THE LIVABILITY 
AND BACTERIAL CONTENT OF BOVINE SEMEN1 

J. 0. ALMQUIST,z P. J. GLANTZ,3 AND W. T. S. THORP4 

Pennsylvania Agriczrltural Experilnent Station, State College 

Various antibacteri'al agents have been used in efforts to overcome the 
problems associated with the presence of bacteria in bull semen used for 
artificial breeding (1, 4, 5, 6 ) .  Earlier investigations at  this Experiment 
Station (1) upon the use of penicillin in diluted bull semen showed that 
certain organisms were resistant to penicillin at  levels as high as 2,000 
units per ml. Since streptomycin inhibits the growth of a number of or- 
ganisms which are insusceptible or only slightly susceptible. to penicillin, 
it seemed desirable to study its effect on bacteria commonly found in 
bull semen. 

Gunsalus et al. (2, 3) have reported that bulls harboring Pseudomonas 
aeruginosa in their reproductive tracts were apt to have low breeding effi- 
ciencies and be poor risks for use in artificial breeding. Since Waksman 
and Reilly (7) have found streptomycin to be bactericidal for Pseudo- 
lraonas aeruginosa, its addition to semen might restore normal breeding 
efficiency to bulls of lowered fertility known' to disseminate this organism 
in their semen. 

EXPERIMENTAL 

Effect of s treptomycin u p o n  t h e  livabili ty of spermatozoa. I n  a pre- 
liminary study to determine the relative resistance of stored bull spermato- 
zoa to streptomycin, this antibiotic was added to four ejaculates diluted 
1: 24 with yolk-citrate diluter a t  levels of 100, 500, 1,000, 1,500, 2,000, 

'2,500, 5,000 and 10,000 units or y per ml. of diluted semen. When com- 
pared to untreated cbntrols, no marked differences in spermatozoan liv- 
ability were noted during the 20-day storage period in the levels ranging 
from 100 to 1,500 y.  However, concentrations of 2,500, 5,000 and 10,000 y 

per ml. of diluted semen greatly reduced motility during storage. On the 
basis of these results, streptomycin was added to ten samples of bull 
semen at the rate of 100, 250, 500, 750, 1,000, 1,250, 1,500 and 2,000 y per 
ml. of diluted semen with appropriate controls. Each of the ten ejacu- 
lates was diluted 1: 24 with yolk-citrate diluter composed of one part of 
fresh egg yolk and one part of citrate buffer prepared by dissolving 3.6 g. 
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of sodium citrate dihydrate in 100 ml. of water distilled over glass. The 
streptomycin powder was dissolved in sterile sodium citrate solution and 
mixed with egg yolk to provide a diluter with a 1 : 1 ratio of yolk to buffer. 
. The diluted samples were stored at 4.5' C. and the percentages of motile 
spermatozoa were determined every 2 days for 20 days. In  order to avoid 
bias on the part of the observer making the motility estimations, random- 
ized numbers were placed on the test tubes of diluted semen containing the 
various levels of streptomycin. Bacterial counts and streptomycin assays 
were made on these samples after 0, 8 and 16 days of storage. 

The ten ejaculates had a mean concentration of 1,054,000 spermatozoa 
per cubic millimeter, a mean initial motility of 69 per cent active sper- 
matozoa, and a mean methylene blue reductioli time of 9.4 minutes. 

The mean motility data for the ten ejaculates are shown in table 1. 

TABLE I 

The effect of streptomycin upon the livability of bovine spermatozoa 
(Mean of 10 determinations) 

Streptomycin 
units per ml. 

of diluted 
semen 

Control 
100 
250 
500 
750 

1000 
1250 
1500 
2000 

I Per cent motile spermatozoa 

Using the observations made at  each 2-day interval, analysis of variance 
showed no significant differences in spermatozoan livability between levels' 
of streptomycin of 0, 100, 250, 500, 750 and 1,000 y per ml. However, the 
three highest levels (1,250, 1,500 and 2,0007 per ml. of diluted semen) 
brought about a highly significant decrease in livability as compared to 
untreated diluted semen. 

Before 

The relationship between spermatozoan livability and concentration of 
streptomycin was studied further by means of regression. While both 
highly significant linear and curvilinear regressions were calculated, a test 

After storage a t  4.5O C. for  

for significance of departure from linearity showed that a straight line 

storage 4 days 

69 
69 57 
69 58 
69 61  5 
69 59 46 31 5 
69 59 45 32 9 
69 59 45 25 14 . 3 
69 60 42 27 6 
69 60 43 25 14 4 

was more applicable to the livability data (fig. 1.). Compared to untreated 
control samples, the mean percentage of motile spermatozoa during storage 
for 20 days decreased by 0.5 per cent for each addition of 2507 of strep- 
tomycin. 

Effect o f  streptomycin u p o n  the bacterial content of &luted semen. 
Bacterial plate counts were determined on. nine samples of diluted semen 
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after 0, 8 and 16 days of storage using veal infusion agar containing 4 
per cent sterile defibrinated ox blood. The samples were plated in dilu- 
tions of 1 : 10, 1 : 100, 1 : 1,000 and 1:  10,000 and incubated for 48 hours at  
37' C. Desoxycholate agar plates incubated at  37' C. were used for de- 
termining the number of bacteria belonging to the coliform group. The 
same procedure was followed in obtaining bacterial counts on portions of 
undiluted semen and plain yolk-citrate diluter stored for 0, 8 and 16 days. 

The results of the bacterial plate counts are shown in figures 2, 3 and 4. 
Logarithmic rather than arithmetic means have been used to express the 
mean number of bacteria in the nine semen samples. Since 1 :  10 was the 
lowest serial dilution employed and at least 25 colonies were required a t  

I I I I I I I I 

o 250 5w 750 1000 1250 1500 1750 2000 
Ih i i tn of Streptomycin per ml. Diluted Semen 

(Determined by Aesay Before Storage) 

FIG. 1. Relationship of pef cent motile spermatozoa during 20 days of storage to 
level of streptomycin, as shown by regression. 

this dilution before a count was considered significant, any counts' below 
log number 2.40 only indicate that the material was not sterile. 

As shown in figure 2, levels of streptomycin above 100 y per ml. were 
most effective in inhibiting growth of bacteria in freshly diluted semen. 
Complete inhibition was obtained at  all levels of streptomycin in seven of 
the nine samples. Freshly diluted semen without streptomycin contained 
an average of 5,000 bacteria per ml., as compared to an average of only 
127l bacteria per ml. for the portions of diluted semen containing added 
streptomycin. 

Figure 3 shows that all levels of streptomycin retarded bacterial growth 
in diluted semen stored for 8 days at 4.5' C. The tubes of untreated 
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FIG. 2. The effect of streptomycin upon bacterial growth in freshly diluted semen. 

semen averaged 82,000 bacteria per ml. while those containing strepto- 
mycin averaged 2,000 bacteria per ml. of diluted semen. The high average 
counts at  the 500 and 1,5007 levels were due to one sample of semen. 
Possible explanations are contamination during bacteriological analysis or 
contamination of the individual test tubes of diluted semen with strepto- 
mycin-resistant organisms when the tubes were opened for routine motility 
observations during storage. 

Culture plate counts made after 16 days of storage, as shown in figure 
4, were rather erratic. In four of the nine diluted samples, minute, pin- 
point colonies were present which made counting rather difficult. How- 
ever, in the remaining five samples streptomycin showed fairly good inhibi- 
tion of bacterial growth as compared with the controls. The average bac- 

Log of llumber of Bacteria p r  ml. 
o i z 3 r 5 6 7 8 q  

Vlldiluted Semen 

Dllutw 

FIG. 3. The effect of streptomycin upon bacterial growth in diluted semen stored 
for 8 days a t  4 . 5 O  C. 
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terial count for diluted semen without streptomycin was 131,000,000 per 
ml., while the average for diluted semen containing the various levels of 
the antibiotic was 137,000 per ml. Thus, the antibacterial activity of 
streptomycin was greatest in freshly diluted semen and semen stored for 
8 days. 

Very few typical bacteria of the coliform group were present on the 
desoxycholate agar plates. Only one sample had countable plates and 
these were present only in the undiluted semen and the tube of diluted 
semen which did not receive streptomycin. The number of bacteria of the 
coliform group increased in these two tubes during storage. While there 
were only a few organisms of this type per ml. in the fresh undiluted 
semen. counts of 250 and 50,000 per ml. were obtained after storage for 8 

Lag of h m e r  of Bacteria par m l .  
0 1 2 3 4 5 6 7 8 9  

Lhdilllted smer1 

Diluter 

U n i t 0  6f 

Fie. 4. The effect of streptomycin upon bacterial growth in diluted semen stored 
for 16 days a t  4 . 5 O  C. 

and 16 days, respectively. The number of coliform bacteria in the un- 
treated diluted semen increased from a few colonies before storage to 5,000 
per ml. after 8 days of storage and 1,000,000 per ml. after 16 days of 
storage. 

Total plate counts on the ten samples of fresh, undiluted semen used 
in the final livability study ranged from 2,000 to 350,000 bacteria per ml., 
with a mean of 73,000 bacteria per ml. The samples were collected with 
an artificial vagina and only two of the ten ejaculates had counts exceed- 
ing 100,000 bacteria per ml., while seven of the remaining eight had counts 
of 30,000 or less per ml. 

Stability of streptomycin in diluted semen. The stability of strepto- 
mycin in diluted semen stored at  4.5' C. was determined by assays at  0, 8 
and 16 days with the standard cylinder plate method, using Bacillus sub- 
tilis as the test organism. The results of the assays made on ten diluted 
semen samples are presented in table 2. There was no appreciable decrease 
in the amount of streptomycin over the 16-day storage period. 



506 J. O. ALMQUIST ET AL. 

Studies are now in progress to test the effect of streptomycin upon the 
fertility of diluted semen used for artificial breeding. Its use in combi- 
nation with penicillin also is being studied and will be reported as soon as 
the work is completed. 

TABLE 2 

The stability of streptomycin i n  diluter1 scmen stored a t  4.50 C. 
(Mean of 10 determinations) 

~he'retical 
units of 

streptomycins 

Control 
100 
250 
500 
750 

1000 
1250 
1500 
2000 

Diluter alone 

Units of streptomycin by assay 
(per ml. of diluted semen) 

Before 
storage 

0 
96 

246 
50 1 
814 

1014 
1282 
1586 
2012 

0 

I After storage for 

8 days 

0 
96 

252 
520 
774 

1094 
1250 

-1511 
2065 

0 

16 days 

a No: of units expected, based on the total units in the ampules according to the 
producer. 

SUMMARY 

1. The additions of 100, 250, 500, 750 and 1 ,000y  of streptomycin per 
ml. of diluted semen did not significantly affect the livability of bull sper- 
matozoa during a 20-day storage period. Levels of 1,250, 1,500 and 2,000 y 

per ml. of diluted semen brought about a significant decrease in spermato- 
zoan livability during a storage period of 20 days. 

2. A significant linear relationship was found between spermatozoan 
livability and concentration of streptomycin. The mean percentage of 
motile spermatozoa during storage for 20 days'decreased by 0.5 per cent 
for each addition of 250 y of streptomycin. 

3. Streptomycin inhibited bacterial growth in diluted semen as com- 
pared with untreated controls. Levels above 1007 per ml. were espe- 
cially effective; the greatest antibacterial activity was obtained in freshly 
diluted semen and diluted semen stored for 8 days. The initial plate 
counts for ten ejaculates studied ranged from 2,000 to 350,000 bacteria 
per ml. of fresh, undiluted semen, with a mean of 73,000 bacteria per ml. 

4. There was no significant loss in streptomycin activity in diluted 
semen stored for 8 and 16 days at  4.5' C .  
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EFFECT OF ULTRAVIOLET IRRADIATION ON BACTERIOPHAGE 
ACTIVE AGAINST STREPTOCOCCUS L A C T I S 1  
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Various methods have been advocated for decreasing the incidence of 
slow acid production due to bacteriophage action during the manufacture 
of cheese. The control measures have included protection of the mother 
culture, bulk culture and cheese milk from bacteriophage, and also meth- 
ods for the destruction of bacteriophage within the cheese plant. Chlori- 
nation and irradiation with ultraviolet light commonly have been employed 
for the destruction of bacteriophage. Since bacteriophage particles fre- 
quently are found in the air of the cheese plant, mists containing active 
chlorine have been used for their destruction. Chlorine mists have the 
disadvantage of corroding equipment and fixtures within the plant. Use 
of ultraviolet irradiation for the destruction of bacteriophage would pos- 
sess various advantages over the Use of chlorine compounds, provided it 
was as effective. 

HISTORICAL 

Appelmans (2)  and Zoeller (10) found that Shigella bacteriophage was 
killed by a short exposure to ultraviolet rays. Mizuno (7) noted that the 
depth of solution containing bacteriophage, type of suspending liquid, and 
concentration of bacteriophage influenced the time required for destruc- 
tion of Shigella bacteriophage by ultraviolet rays. 

Gates (3) exposed a culture of Staphylococcus aureus and its homol- 
ogous bacteriophage to ultraviolet light and noted a direct relation be- 
tween the energy required to kill the organism and that needed for in- 
activation of the bacteriophage; bacteriophage required expenditure of 
more energy for its destruction. 

Sutton (8) exposed various quantities of a bacteria-free filtrate con- 
taining bacteriophage active against Streptococcus cremoris to ultraviolet 
rays. When 2-, 4-, and 9-ml. quantities of the filtrate were placed in petri 
dishes at a distance of 3 inches from a Westinghouse Sterilamp, the bac- 
teriophage was destroyed completely in 6 minutes. 
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Luria and Delbriick (5) stated that a suspension of bacterial.vinxs, after 
inactivation by ultraviolet rays, may have the ability to intkfere with 
growth of a second virus acting on the same host, Escherichia coli in this 
case. A virus inactivated by ultraviolet irradiation inhibited the growth 
of senstive organisms but did not lyse bacterial cells. 

Anderson (1) conducted experiments to determine whether cells of E. 
coli which had been inactivated by ultraviolet irradiation could be used 
as hosts for the propagation of bacterial virus. Bacterial cells which 
were not able to form colonies were able to support growth of virus. Irradi- 
ation appeared to reduce the ability of the host to adsorb' virus, liberate a 
virus-inhibiting substance from the host, reduce burst size of the host, in- 
activate the virus when adsorbed on the host, and kill bacteria. 

Whitehead and Hunter (9) stated that bacteriophage active against 
lactic streptococci ceuld be destroyed by ultraviolet light if the necessary 
exposure was given. The practical value of ultraviolet light for the de- 
struction of bacteriophage within a cheese plant was considered question- 
able because of constant reinfection. 

Latarjet and Wahl (4) noted that bacteriophage preparations and 
homologous strains of E. coli irradiated separately were not destroyed 
in the same length of time. Bacteriophage was two to six timesmore sen- 
sitive to ultraviolet irradiation than the homologous strain of E. coli. 
However, when a mixture of bacteriophage and cells was irradiated, the 
bacteriophage was more resistant. 

Luria and Latarjet (6) state that E. coli loses its ability to liberate 
bacteriophage after irradiation, due to inactivation of the intracellular bac- 
teriophage. When bacteria were irradiated between the time of infection 
with bacteriophage and lysis of the organisms, a rapid increase in resistance 
was noted. The increase in resistance was thought to be caused by an 
accumulation of ultraviolet-absorbing materials around the bacteriophage 
particle. Analysis of the survival curves for bacteriophage indicated that 
more than one bacteriophage particle grew in one host cell. 

METHODS 

Source of ultraviolet light. The sources of ultraviolet light were com- 
mercial low-pressure mercury-vapor lamps, releasing 85 per cent of their 
radiations in the range of 2537 A. One bulb had an output of 279 micro- 
watts and the other bulb an output of 364 microwatts at  the surface of the 
light source. 

Determination o f  effective radiafit energy. Measurement of the effec- 
tive radiant energy of the ultraviolet lamps was made with a Luckiesh- 
Taylor germicidal light filter in combination with a standard General Elec- 
tric light meter. 
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Preparation of bacteria-free filtrates. The bacteria-free filtrates were 
prepared by adding 1 ml. of a sensitive culture of Streptococcus lactis to 
100 ml. of sterile skim milk. Bottles containing the sensitive culture were 
placed in an incubator at  30' C .  for 3 hours; then 1 ml. of bacteriophage 
active against the 8. lactis culture was added. The bottles containing bac- 
teriophage and a sensitive strain of 8. lactis were incubated at  30' C .  for 
48 hours. After incubation, the bottle contents were coagulated with sterile 
10 per cent lactic acid, filtered through coarse filter paper, and the result- 
ing filtrate passed through a Selas microporous filter of 03 porosity. 

Determination of bacteriophage titer of bacteri+free filtrates. The 
serial dilution method was used to determine the concentration of bacterio- 
phage in a bacteria-free filtrate. The bacteriophage titer was recorded as 
the smallest amount of bacteria-free filtrate, in milliliters, which would 
cause a significant retarding effect on the production of acid, reduction of 
litmus, or coagulation of the milk by a sensitive culture of 8. lactis. 

Irradiation of bacteria-free filtrates con ta ikng  bacteriophage. A pure 
culture of S .  lactis (Hl-1) and its homologous bacteriophage (Hl-7) 
were used throughout this series of experiments. The ultraviolet lamps 
used in the studies were permitted to burn for a period before use in 
order to stabilize the radiant energy output. 

Irradiation experiments were carried out by placing the d'esired quan- 
tity of bacteria-free filtrate containing bacteriophage in a petri dish, dis- 
tributing the filtrate evenly over the bottom surface and irradiating with 
the cover removed from the petri dish. Petri dishes having a flat bottom 
surface were selected for use; they had average inside diameters of 90 mm. 

After a bacteria-free filtrate containing bacteriophage was irradiated 
for a given time, a portion of the filtrate .was added to tubes of litmus 
milk which had been inoculdted just previously with a sensitive culture. 
A significant retarding effect on the production of acid, reduction of litmus, 
or coagulation of the milk, as compared with the control cultures, denoted 
the presence of active bacteriophage. 

RESULTS 

Irradiation of 1-ml. quantities of bacteria-free filtrates containing bac- 
teriophage. One-milliliter quantities of bacteria-free filtrates, having bac- 
teriophage titers of and were irradiated with two commer- 
cial low-pressure, mercury-vapor ultraviolet bulbs. With each bulb, 1-ml. 
portions of the bacteria-free filtrates were irradiated at  distances of 3, 6, 
9, 12, 18 and 24 inches from the source of light. The times required for 
destruction of bacteriophage, using the two bulbs individually and bacteria- 
free filtrates containing various concentrations of bacteriophage, .are pre- 
sented in table 1. 
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The data show that bacteriophage in a bacteria-free filtrate having a 
titer of was destroy6d by irradiation in a shorter time than bacterio- 
phage in a filtrate having a titer of lo-", when the irradiation distance was 
the same and comparisons were made with the same ultraviolet bulb. Also, 
a bacteria-free filtrate having a bacteriophage titer of was destroyed 
by irradiation in a shorter time than bacteriophage in a filtrate having a 
titer of 10-l1 when the irradiation distance was the same and comparisons 
were made with the same ultraviolet bulb. 

The time necessary for destruction of bacteriophage increased as the 
distance between the ultraviolet bulb and the bacteria-free filtrates con- 
taining bacteriophage was increased. This relationship was noted with 
filtrates having different bacteriophage concentrations and with both ultra- 
violet lamps. 

TABLE 1 

Inactivation times during irradiation of I-ml. quantities of bacteria-free filtrates 
containing various concentrations of bacteriophage 

Bacteriophage titer 
of bacteria-free 

filtrate 

The output of radiant energy by an ultraviolet bulb influenced the time 
required to destroy bacteriophage in a bacteria-free filtrate. Bacteriophage 
in a bacteria-free filtrate was destroyed in a shorter time by an ultraviolet 
bulb having an output of 364 microwatts than it was by a bulb having an 
.output of 279 microwatts, when comparisons were made a t  the same ir- 
radiation distance and using filtrates of the same bacteriophage titer. 

Irradiation of 2.5 mm. depths of bacteria-free filtrates containing bac- 
teriophage. Quantities of bacteria-free filtrates sufficient to form a layer 
2.5 mm. deep in petri dishes and having bacteriophage titers of 
and were irradiated with the two ultraviolet bulbs described previ- 
ously. The irradiation distances were the same as those used for the ir- 
radiation of 1-ml. quantities of filtrates. The times required for destruc- 
tion of bacteriophage, using the two bulbs individually and bacteria-free 
filtrates containing various concentrations of bacteriophage, are presented 
in table 2. 

Larpp output 
(microwatts) 

Minutes required for destruction of bacteriophage 
when irradiated a t  the following distances from 

the lamp : 

3 6 9 1 2 .  18 24 
in. I in. I in. 1 in. 1 in. I in. 
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The data show that the time necessary for destruction of bacteriophage 
in bacteria-free filtrates. by ultraviolet light was dependent upon the titer 
of the filtrate. Bacteriophage in a filtrate having a titer of was de- 
stroyed in a shorter time than bacteriophage in filtrates having titers of 

or 10-lo, when comparisons were made at the same irradiation distance 
and with the same ultraviolet bulb. Under the same conditions, bacterio- 
phage in a filtrate having a titer of 10.' was destroyed in a shorter time 
than bacteriophage in a filtrate having a titer of 10'lO. 

As in the previous experiment, the time necessary for destruction of 
bacteriophage by ultraviolet light was increased by increasing the irradia- 
tion distance. Also, the output of radiant energy by the ultraviolet bulb 
influenced the time required to destroy bacteriophage in bacteria-free 
filtrates; the bulb having the greater energy output destroyed bacterio- 
phage in a shorter time under the same conditions. 

TABLE 2 

Inactivation times during irradiation of 1 . 5 - m .  lilms of bacteria-free filtrates 
containing earious concentrations of bacteriophage 

Comparison of irradiation times necessary to destroy bacteriophage in 
thin and thick films. Tlfe data presented in table 1 show that there were 
only slight differences in  the time required for destruction of bacteriophage 
in a bacteria-free filtrate having a titer of by two ultraviolet lamps 
having different energy outputs at  irradiation distances of 3, 6 and 9 
inches. With irradiation distances of 12 inches or more, there were 
greater variations in destruction time between the two lamps. The same 
general relationship was noted with this filtrate (titer in table 2. 

A comparison of the results obtained with bacteria-free filtrates having 
bacteriophage titers of shows that at  irradiation distances of 3, 6, 9, 
12 and 18 inches, bacteriophage in I-ml. quantities (thin film) was de- . 
stroyed in a shorter time than bacteriophage in films 2.5 mm. thick. Simi- 
lar results were obtained with both lamps. At an irradiation distance of 
24 inches, the filtrate having a bacteriophage titer of was destroyed in 
less time in a 2.5 mm. depth with one lamp (279 microwatts output) than 

Bacteriophage titer 
of bacteria-free 

filtrate 

10-3 
10-3 

10-7 
10-7 

10-10 

Lamp output 
(microwatts) 

279 
364 

279 
364 

279 

Minutes required for destruction o f  bacteriophage 
when irradiated at the following distances 

from the lamp: 

3 6 9 12 18 24 
in. 1 in. 1 in. I in. 1 in. 1 in. 

10-10 1 364 

21 
16 

40 
35 

120 
60 

60 
45 

90 
60 

210 
135 

26 
20 

60 
45 

135 
75 

39 
35 

75 
60 

180 
90 

70 
55 

90 
75 

225 
180 

80 
70 

115 
105 

255 
225 
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it was in a thinner film (1 ml.). With the other lamp (364 microwatts 
output), bacteriophage was destroyed in a shorter time in a thin film 
than in a thicker film. 

. Bacteriophage in a bacteria-free filtrate having a titer of (thin 
film) was destroyed in a shorter time than bacteriophage in a bacteria- 
free filtrate having a titer of (2.5-mm. film) at  irradiation distances of 
3, 6, 9 and 12 inches but not at 18 and 24 inches. 

Bacteriophage in a bacteria-free filtrate having a titer of 10-lo and 
irradiated in a 2.5-mm. film was destroyed in a shorter time at all irradia- 
tion distances than bacteriophage in a preparation having a titer of 10-l1 and 
exposed in the thin film formed by 1 ml. of the material. 

DISCUSSION 

I n  the trials in which 1-ml. quantities of bacteria-free filtrates were 
irradiated, the thin films dried after a time, frequently before bacterio- 
phage was destroyed completely. The time required for the moisture to 
evaporate from the filtrates varied, but on some occasions they appeared 
dry after 15 minutes. As the filtrate containing bacteriophage dried, the 
time necessary for destruction of bacteriophage increased appreciably. 

The influence of drying on the destruction of bacteriophage by ultra- 
violet light can be demonstrated by a comparison of data obtained with 
the filtrate having a titer of 10-I1 in table 1 (1-ml. film) and the filtrate 
having a titer of 10-lo in table 2 (2.5-mm. film). The bacteriophage pres- 
ent in the thicker film was destroyed in a shorter time a t  all irradiation 
distances than was the bacteriophage in the thin film, which had an oppor- 
tunity to d r ~  before the end of the irradiation period. 

The comparatively long time required to destroy bacteriophage active 
against S. lactis by ultraviolet light at  short distances from the lamp indi- 
cates that this method of destruction may be of .limited value in commer- 
cial cheese plants. Since bacteriophage particles are present in the air of 
cheese plants experiencing difficulty with slow acid production due to bac- 
teriophage, the bacteriophage particles might not be in  contact with the 
rays of an ultraviolet lamp for any appreciable length. of time. Certain 

, areas of a cheese plant would be difficult to irradiate, such as the area be- 
neath various pieces of equipment. 

SUMMARY AND CONCLUSIONS 

Bacteriophage active against Streptococcz~s lactis was destroyed by ir- 
radiation with ultraviolet light in a shorter time by a bulb having an out- 
put of 364 microwatts than by a bulb having an output of 279 microwatts. 

Bacteria-free filtrates having bacteriophage titers of were de- 
stroyed in a shorter time than filtrates having higher bacteriophage titers. 

Increasing the distance between the ultraviolet bulb and the bacteria- 
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free filtrate resulted in an increase in the time required to destroy bacterio- 
phage in the filtrate. 

Bacteriophage in a thin film of bacteria-free filtrate was destroyed in 
a shorter time than bacteriophage in a thicker film, provided that the thin 
film did not dry before the bacteriophage was destroyed. Drying ap- 
peared to make bacteriophage significantly more resistant to destruction 
by ultraviolet light. 

The long time necessary to destroy bacteriophage by ultraviolet light a t  
relatively short distances from the lamp and the increased resistance of dry 
bacteriophage to ultraviolet light appear to make this procedure of doubt- 
ful value for the destruction of bacteriophage in commercial plants experi-' 
encing difficulty with bacteriophage. 
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