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QUATERNARY AMMONIUM COMPOUNDS AS STERILIZING AGENTS 
FOR BACTERIAL SPORES 

HAROLD R. CURRAN AND liaED R. EVANS 
Bureau of Dairy Industry, Agricultural Eesearch Administration, 

U. 8. Department of Agriculture, Washington 65, D. C. 

Since their commercial introduction in this country in 1937, quaternary am- 
monium compounds have been studied intensively with special reference to their 
antiseptic and bactericidal properties. The sporocidal activity of these com- 
pounds has received much less attention and the published reports reveal a wide 
divergence in essential findings and conclusions. 

The reports of Kayser (14), Dunn (5), Zeissler and Gunther (25), .Schubert 
(24), Scales and Kemp (23), Neufeld and Schiitz (20), Hausam e t  al. (8), Du- 

' bois and Dibblee (3) and Mueller e t  al. (19) indicate that quaternary ammonium 
compounds are not particularly effective against bacterial spores. Complete kill- 
ing of spores in the absence and presence of organic matter was achieved only 
when the reagents were used in relatively strong concentration (1  to 10 per cent) 
and the exposures were maintained for considerable periods, frequently at ele- 
vated temperatures. 

Other investigators using similar source material reported rapid (less than 
15 min.) and complete killing of spores in water and broth substrates by low 
concentrations of quaternaries: 0.5 per cent at room temperature (11) ; 0.5 per 
cent at room temperature (9) ; 0.05 per cent, 37' C. (10) ; 0.2 per cent, room 
temperature (16,17) ; and 0.250 to 0.0022 per cent, depending on the quaternary 
and organism used, unstated temperature. (12). Green and Birkeland (7) stated 
that cetyl pyridinium'chloride is an effective germicide for bacterial spores. 
Johns (13) reported that Roccal and Hyamine 1622 in 0.1 per cent concentration 
at 20' C. killed 99.9 per cent of the spores of B. panis in 1 to 3 see. For the 
quick sterilization of heavily contaminated instruments, Brekenfeld (2) recom- 
mended the use of Zephirol (0.75 to 2 per cent) at boiling temperatures; the ef- 
ficacy of this procedure was disputed by Zeissler and Gunther (25), a view also 
supported by the data of Schubert (24). 

From this brief review, it is apparent that the efficiency of quaternary am- 
monium compounds as spore-killing agents is not clearly deked.  The present 
study is an attempt to clarify this subject and to furnish a more satisfactory basis 
for the evaluation of these compounds as sterilizing agents. The term sterilizing 
agent is used here in its true sense, i.e. complete destruction of the test organisms. 

. I  

Received for publication July 26, 1949. 
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2 HAROLD R. CURRAN AND FRED R. EVANS 

In  the reports cited, it  is noteworthy that all except Hoogerheide (10) and 
Hucker et al. (12) dealt individually with a single quaternary ammonium com- 
pound, usually Roccal (Zephiran, Zephirol) and, for the most part, with a single 
organism. I n  the present study a representative group of quaternaries was tested 
against a variety of sporing species. I n  the study of sporocidal as distinguished 
from sporostatic activity, emphasis was placed upon those organisms not easily 
controlled by heat-sterilization methods. 

MATERIALS AND METHODS 

The following compouiids were studied: Roccal1 (alkyl dimethyl benzyl am- 
monium chloride), Onyxide2 (alkenyl dimethyl ethyl ammonium bromide), 
Ceepryn (cetyl pyridinium chloride), Nopcocide I< (dodecylacetamide dimethyl 

'benzyl ammonium chloride), Hyamine 10X (diisobutyl cresoxethoxy ethyl 
dimethyl benzyl ammonium chloride), Hyanline 1622 (diisobntyl phenoxyethoxy 
ethyl dimethyl benzyl ammonium chloride), Emcol 888 (alkyl aryl pyridinium 
chloride), Tetrosan (alkyl dimethyl 3,4-dichloro benzyl ammonium chloride) and 
Amosol-1 and Amsol-28 (chemical components not revealed by manufacturer). 
These compounds were received in solid (crystalline) form or in  concentrated 
aqueous solutions. The manufacturer's statement of concentration of active in- 
gredient was accepted in calculations of quaternary concentration. The Amosols 
were mixtures of a quaternary with alkaline detergents; these two compounds 
were used in the proportions (by weight) indicated without adjustment of quater- 
nary concentration. 

The 10 per cent concentrations of the quaternaries were aqueous dilutions of 
the more concentrated products; lower concentrations were made by dilution of 
the 10 per cent solutions with suitable proportions of buffers4 to yield with the 
inoculum 4 ml. of a final suspension of the desired p H  and quaternary concentra- 
tion. 

'The tests were made as follows: To a constant volume of buffer or aqueous 
solutions in  tubes was added 0.5 ml. of the spore suspension and the contents 
mixed by moderate rotation of the tube ; the quaternary then was added without 
touching the walls of the tube with the pipette and the tubes gently rotated and 
quickly immersed in a glycerine bath thermostatically controlled (zk 0.5' C.) a t  
the desired temperature. The samples were agitated gently during the first 5 
min. and a t  the end of the exposure period, after which 0.1 ml. quantities of the 
test suspension were pipetted into flasks containing 40 ml. of the subculture (de- 
toxification) medium. The flasks were shaken gently and stored at  the optimum 
temperature for growth of the organism. Evidence of growth and probable 
purity was verified in  each case by microscopic examination of film preparations. , 

Detoxification. Several substances of potential value for the detoxification 

1 Also known as Roclina, Rodalon, Zephiran, Zephirol and Benzalkonium chloride. 
2 Also known as Quartol. 
3 A more recently developed product than Amosol-1. 

' 
4 M/15 KH2P0,, M/15 NaHPO, . 2HZ0, M/10 NaOH (stronger solutions of this compound 

were used when necessary). 



QUATERNARY AMMONIUM COMPOUNDS 3 

of quaternaries were studied ; these included agar, starch, lecithin in  Tween, crys- 
talline albumin and oxgall. A modification of the Letheen medium (lecithin in  
Tween 80) of Quisno and Foter (21) wis adopted eventually ;. its composition 
was: Beef extract (Difco) 3.0 g., Peptone (Difco) 5.0 g., lecithin (soya)5 5.6 g., 
Tween 806 40 g. and distilled water 1,000 ml. 

Dubos (4) found that commercial Tweens contain sufficient unesterified fatty 
acid to inhibit the growth of small inocula of tubercle bacilli which, if removed 
or inactivated, eliminated the bacteriostatic effect. Since commercial Tween 80 
in the required concentration was found to inhibit some of the sporogenic organ- 
isms, the purified7 product was employed. This was without inhibitory activity 
for minimal inocula. The subculture (Letheen) medium was prepared as needed 
to minimize the slow hydrolysis which Tween undergoes in  aqueous substrates. 

The organisms used and their sources were : Bacillus mycoides 6462, B. cer.eus 
401, B. sphaericus 4525, B. circulans 7049, B. polymyxa 8523, B. brevis 8185, 
B. pumilus 7061, B. aterrimus 230 (all from N. R. Smith) ; B. subtilis 6, 15 u and 
B. stearothermophilus C2P8 (American Can Company) ; B. subtilis L B  (L. A. 
Burkey), B. metiens (W. A. Randall); B. stearothermophilus 1518, 26 and a 
mesophilic proteolytic anaerobe 3679 (National Canners Association). 

The spores were produced on the surface of plain nutrient agar slopes con- 
tained in large flat-sided prescription bottles (those of 3679 in thioglycollate sup- 
plement broth). Time of incubation was 3 to 4 wk. a t  the optimum temperature 
of the organism. The spore crops were collected in the usual manner, filtered 
through cotton, washed several times and stored in distilled water a t  3' C. The 
inocula were prepared by dilution of the stock suspensions. The concentration 
of viable spores during the exposure to the quaternaries, except when otherwise 
noted, was approximately 5 million per ml., that of the thermophilic flat sour 
t,ypes somewhat less. 

RESULTS 

The quaternary ammonium compounds first were studied i n  different concen- 
trations at  30' C. and p H  9.6 with exposure periods up  to 30 min. Under these 
conditions no one of the compounds in  concentrations up  to 5 per cent consistently 
killed all the spores i n  the test suspensions within 30 min. When the temperature 
of exposure was 60' C., the same result was obtained. A t  exposure temperatures 
of 80" C., complete killing of the spores was first observed. The data (table 1 )  
show that sterilization of the samples apparently was achieved by several of the 
quaternaries, but against only a limited number of cultures. The flat sour ther- 
mophilic species (1518 and 26), which were the most susceptible, did not grow in 
subculture after either 20 or 30 min. contact with three of the quaternaries. 
Doubling the concentration of the quaternaries a t  80' C. and with no,adjustment 
of p H  (table 2) slightly increased the over-all sterilizing effectiveness of the com- 
pounds but reduced the sporocidal activity i n  specific instances. 

5 American Lecithin Co., Inc. 
6 Tween 80, Atlas Powder Co. 
7 Approved by R. J. Dubos for use in bacteriological culture medium. 
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Tables 3 and 4 show the results obtained when the spores were exposed a t  95' 
C. in  buffer substrates of varying pH, with and without traces of skim milk. 
Even a t  this near-boiling temperature, most of the compounds in  1-20 (5  per 
cent) concentration did not sterilize the suspensions. Roccal, the most generally 
effective sporocidal agent under these conditions, apparently killed all the spores 
of all the test species in  30 min. a t  p H  9.6 but not a t  the less alkaline levels. The 
diminished sporocidal activity a t  p H  6.4 and 8.0 was evident, also, with the other 
compounds. The influence of p H  on sporocidal activity was revealed further by 
the observation that Roccal even in 1-10 concentration a t  95' C. did not sterilize 
the B. subtilis 6 culture in  30 min. when distilled water a t  p H  7.5 was the sub- 
strate (unpublished data),  although a t  p H  9.6 and 95" C. Roccal sterilized the 
suspension within 30 min. a t  1-20 concentration. The p H  of the Amosols was 
not adjusted, since the high buffering capacity made this impracticable ; these for- 
mulations ranged from p H  12 to 13. 

Traces of skim milk in  the exposure substrate extended the time of steriliza- 
tion i n  some cultures, this being most frequent with the thermophilic species. 
Emcol 888, Tetrosan and the Amosols sterilized the thermophilic and anaerobic 
cultures but were less effective against the subtilis types. The spores of B. 
metiens, unlike those of the other test organisms, are relatively sensitive to heat; 
in  consequence most of the spores are killed by the higher heat treatment per se. 
Survival and growth of these organisms in subculture indicates a high degree of 
resistance to specific quaternaries on the part of very few relatively heat-resistant 
spores. Spores that survived contact with the quaternaries usually developed 
more slowly than those not so treated; however, most samples which fhally be- 
came positive did so within 10 days. I n  exceptional instances, evidence of growth 
by survivors first appeared after 40 or more days of incubation. 

The test spores developed readily in the basal (Letheen) medium in minimal 
numbers (10-12 spores per ml.). Accepted as evidence that the Letheen medium 
provided satisfactory inhibition of quaternary activity was growth in the Letheen 
broth by minimal number of spores in  quaternary concentration equal to the 
highest used in the test, with momentary exposure of the spores to the quaternary 
before their transfer to the inhibitor. Results were recorded as negative when 
seven to ten samples, all treated alike, failed in  each instance to show growth 
within 60 days; when, during this period, one or more samples i n  a replicate 
series revealed growth and microscopic examination of film preparations indi- 
cated close correspondence to the test organism, results were recorded as positive. 

I n  the foregoing experiments, the spores were exposed to the quaternaries 
when suspended in fluids. Under conditions which usually prevail in  food proc- 
essing establishments, the spores may be contained in films of organic matter ad- 
hering to the surfaces of equipment. The capacity to reach and kill spores 
embedded in such films is an essential requirement of a chemical sterilizer. To 
obtain some information on the activity of quaternaries in  these circumstances, 
spores were dried in  skim milk films on small stainless steel strips (50 x 8 x 2 
mm.). The sterile, fat-free strips first were dipped into cold milk heavily inocu- 
lated with spores, then suspended flatwise in  a level plane on wood supports in  
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sterile petri plates and held a t  sub-minimum growth temperatures until the films 
were thoroughly dry, when the process was repeated two or three  time^.^ The 
strips with adherent layers of dried milk film containing spores then were ex- 
posed to the quaternaries in buffer a t  p H  9.6 and 95" C. After the exposure, the 
strips were drained quickly and transferred to Letheen broth. One-tenth ml. 
quantities of the exposure substrate also were subcultured in separate flasks, since 
these usually contained some flakes of milk film detached from the strips during 
the heating treatment. Drying of the film is greatly retarded at  low tempera- 
tures but a t  higher temperatures some of the mesophilic aerobic spores may germi- 
nate before drying of the films is complete. 

Differences may be observed in the sporocidal activity of several compounds 
depending on the method by which they were tested (tables 3 and 4). Although 
the presence or absence of a protective film may be considered to be the chief 
variable, the numbers of spores exposed and subcultured were not directly com- 
parable in the two tests. The results shown in table 4 indicate that, when the 
spores were protected in milk films, none of the quaternaries was able to kill all 
of the spores in  all the test samples. This provides a rigorous test of effectiveness, 
yet the only safe criterion of the practical value of a sterilizing agent. 

Since the germicidal activity of quaternaries may be enhanced by trisodium 
phosphate (18), some observations were made upon the sporocidal activity of 
quaternaries in this substrate. Dry milk films containing spores deposited on 
stainless steel strips as previously described were exposed to the quaternaries 
(1-20) a t  95' C. in aqueous solutions of trisodium phosphate (2.22 per cent). 
The p H  was unadjusted. As with the previously described strip results, the 
quaternaries did not consistently sterilize all the sampl'es with exposures up  to 
30 min. 

Many investigators have noted the powerful bacteriostatic action of quater- 
nary ammonium compounds (1, 5, 6, 10, 19). Few have reported on the mini- 
mum concentration of quaternary required to produce sporostasis. 

I n  tables 5 and 6 are given the approximate limiting concentrations of the 
compounds in nutrient broth and in skim milk. Since the amount of quaternary 
necessary to prevent development of the spores may be influenced by the number 
of spores present, some of the results are given a t  two levels of spore concentra- 
tion. Viable vegetative cells were absent from most of the spore crops as har- 
vested; in  others, when prolonged incubation of the slopes did not eliminate the 
vegetative cells, the latter were killed by mild heating (85' C. for 15 min.) before 
the inoculations were made. 

Table 5 shows that all the compounds (except the Amosols) were sporostatic 
in  high dilution in  nutrient broth. B. metiens was most tolerant, while certain 
strains of B. subtilis and B. stearothermophilus were inhibited by less than 1 
part quaternary in 5 million. 

Increasing the number of spores in broth usually increased the concentration of 

8 Concentration of viable spores in milk used to inoculate strips was approx. 100 million 
per nil. for B. szrbtilis cultures and 7 million per ml. for cultures 1518 and 3679. Each dip of 
strip picked up approx. 0.08 g. of fluid milk inoeulum. 
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quaternary necessary to produce sporostasis; the greatly diminished sporostatic 
activity of quaternaries in milk is shown in table 6. 
I n  this medium the minimal inhibiting concentration is frequently 1,000 times 
greater than for nutrient broth with comparable inocula. 

DISCUSSION 

It generally is recognized that surface film should be removed from equipment 
by prior detergent action to enable the sterilizing agent to act effectively; how- 
ever, since this is not always realized, the performance of a germicide in the pres- 
ence of organic matter is of practical significance. 

The results of the foregoing study indicate that quaternary ammonium com- 
pounds are not efficient sterilizing agents against bacterial spores. Complete de- 
struction of a spore population rarely can be effected by these compounds wit hi^ 
30 min. and then only at concentration levels and under other conditions of ex- 
posure that would greatly limit their commercial usefulness. 

The conflicting nature of published reports in this field may be ascribed in 
small part to the use of diierent organisms but more particularly, to defects in 
the evaluation technique. Chief among these is the failure of many investigators 
to differentiate between sporocidal and sporostatic effects. Although quaternaries 
are strongly adsorbed on bacterial surfaces (22) and in many substrates may 
inhibit growth in high dilutions (loc. cit.), many have worked with these com- 
pounds in the relatively high concentrations necessary to affect spores, yet have 
made no provision for detoxification of the quaternary transferred with the spores 
to the subculture medium. I n  the present study, sporostatis was observed fre- 
quently in broth a t  dilutions so high that it would be impracticable to employ this 
method to eliminate the inhibiting effect. Of interest in this connection is the 
demonstration by Kivella et al. (15), that it  is possible to remove surface-active 
cations from the surface of bacterial spores by a combination of dilution and 
vigorous shaking or centrifugation. 

SUMMARY 

Eight quaternary ammonium compounds and two quaternary-containing 
detergents were studied in respect to their spore-killing activity in buffer or dis- 
tilled water solutions. 

The sporocidal activity increased with temperatures at 30, 60, 80 and 95" C. 
The sporocidal activity increased with the degree of alkalinity at pH 6.4, 8.0 and 
9.6. 

Traces of skim milk and the protection aiTorded by milk films, in general, de- 
creased the sporocidal activity of the quaternaries. 

At the highest observed temperature (95' C.) and most favorable pH (9.6), 
concentrations of quaternaries up to 1-20 did not kill all the spores of all test 
samples within 30 min. 

Quaternaries were highly sporostatic in nutrient broth and had relatively low 
sporostatic activity in skim milk. 

Discrepancies in the reported sporocidal activity of quaternary ammonium 
compounds are discussed. 
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STUDIES ON T H E  FEEDING VALUE O F  MOW-CURED BALED HAY1 

W. A. KING,z J. W. WILBUR, S. M. HAUGE AND A. W. COOPERS 

Purdue University Agricultural Experiment Station, Lafayette, Indiana 

I n  the search for better methods of preserving high quality roughages much 
interest has been shown in the mow-curing of hay by both experiment station 
workers (2, 6, 11, 12, 13, 16, 20) and farmers. Most of the experimental work 
has centered around the completion of the drying of long or chopped hay and its 
feeding value. Fewer studies, however, have been made on the mow-curing of 
baled hay and its feeding qualities (6, 7, 14, 17). 

Aitkenhead (1) in  1926 a t  the Purdue Agricultural Experiment Station 
seems to have been the first investigator in this country to use supplemental heat 
to aid in the curing of hay. I n  more recent years others (3, 6, 16, 17, 18) have 
applied heat with some success. Since in 1945 practically nothing was known 
about the mow-curing of baled hay and because field balers were being developed 
rapidly, a study on the feeding value of mow-cured baled hay was undertaken. 

PROCEDURE 

The feeding value of field-cured and mow-cured baled alfalfa hays was com- 
pared in fecding trials conducted during the winter months for a period of 3 
successive years. I n  ordel: to eliminate the factor of different soil conditions, 
the hays studied were produced on the same field and alternating windrows were 
used for the field- and the mow-cured hays. All hays except the first cutting in  
the third year were cut between the one-half and three-quarter bloom stage. 

After cutting, the hays for mow-curing were partly dried in  the field to a 
moisture content ranging from 30 to 40 per cent, whereas the field-cured hays 
were dried to about 20 per cent moisture content. All hays were baled in  the 
field with a pickup baler and hauled immediately to the barn. The hays to be 
mow-cured were placed i n  a 20 x 20 x 10 ft. high experimental drying bin with a 
slatted floor, and air, a t  the rate of about 25 ft.? per min. per ft.2 of floor space, was 
forced through the hay until cured. I n  the first 2 yr. unheated air was used, 
whereas heated air  was used in the third year (8.5 and 15O F. rise). The first 
cutting hays each year contained considerable timothy, while the other cuttings 
were almost pure alfalfa. 

I n  the first 2 yr. three cuttings of alfalfa hay were studied; two cuttings were 
used in the third year. The reason for the difference in the third year was that ex- 
cessive rains in  the fore part of June delayed the first cutting until the last week 

Receired for publication Aug. 11, 1949 
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of that month. Therefore, only two cuttings were obtained that year. Each of 
the cuttings of all 3 yr. was fed to dairy cows in test periods of 9 wk. 

The groups fed the experimental hays included five to  six cows each and 
consisted of Holsteins, Jerseys, and Guernseys, with the IIolsteins predominating. 
The two groups of cows of each experiment were balanced as-evenly as possible 
a t  the time of allotment. The hays were fed to the experimental cows as  the 
only roughage a t  the rate of 2.5 lb. of hay per 100 lb. of live weight. This proved 
to be about all the hay the cows would consume. A 13.5 per cent total protein 
grain mixture was fed to the cows on the basis of 1 lb. of grain for each 4 Ib. of 4 
per cent fat-corrected milk produced by the cows in a preliminary period before 
each feeding trial. The grain mixture consisted of 400 lb. yellow corn, 200 Ib. 
oats, 100 lb. linseed oil meal, 10 lb. iodized salt and 7 Ib. steamed bone meal. 

The carotene contents of the hays were determined by a modification of the 
method of Moore and Ely (19), of the blood plasma by Moore's method (10) and 
of the butterfat by the method of Koehn and Sherman (8). The butterfat was 
assayed for vitamin A potency by the usual rat-growth method, using USP ref- 
erence oil as a standard. 

RESULTS AND DISCUSSION 

The carotene content of the hays was used as a sensitive index to the state of 
hay preservation. Table 1 contains the carotene values of the field- and mow- 

TABLE 1 
Carotene content and grades o f  the czperimental baled alfalfa hay8 

Carotene (ppm on dry baais) 
Yr. Cutting Federal grade n0.b 

As cut Into barn Cured As fed 

1945 1st.-Field 
Mow 

2nd.-Field 
Mow 

3rd.-Field 
Mow 

1946 , 1st.-Field 
Mow 

2nd.-Field 
Mow 

3rd.-Field 
Mow 

1947 1st.-Field 
Mow 

2nd.-Field 
Mow 

2 
3, leafy 
1, extra leafy 
I 

1, extra Icafy, extra green 
2 
1 
3, leafy 
1, extra leafy, extra ereen 

Rail1 on the l~ny in the field. 
b No Federal grade available in 1945 

cured baled hays by each year's cuttings as cut, as going into the barn, as com- 
pletely cured (after barn drying) and as fed some 5 to 6 mo. later. I n  table 1, 
the carotene content also may be compared to official federal gradings of the 
experimental hays. As a rule, the mow-cured hays graded a t  least one grade 
higher than the field cured. 
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It is very interesting to note the merence in the rate of carotene destruction 
after the forage was cut and up until the time of storage. This destruction in the 
field was much more rapid in the case of the second and third cutting hays of the 
first 2 yr. than the first cutting. One logical explanation for this is the lower 
temperatures and more hours of cloudiness which would retard the destructive 
action of the enzyme lipoxidase (9). Any advantage in the lower carotene de- 
struction of the first cutting hays in the field was lost, however, in storage. In all 
3 yr. of study, the carotene content of the first cutting hays, regardless of treat- 
ment, were relatively low a t  the time of feeding. This has been observed by 
others (11). Even heated air (8.5' F, rise) in the third year was of no obvious 
benefit in curing the first-cutting mow-cured hay. This, however, was due to the 
facts that the-latter hay was past bloom stage and, therefore, relatively low in 
carotene at the time of cutting and also that most of the carotene was lost. in the 
field before mow-curing. 

One of the real advantages of mow-curing of hay is the early removal of the 
hay from the field without much, if any, rain on it. This is illustrated by the 
figures in table 1 where rain on the various hays is indicated and the correspond- 
ing greater carotene destruction can be noted. In  four out of eight sets of exper- 
imental hays the mow-curing process allowed the hay to be placed in the barn 
without rain, whereas, the corresponding field-cured hays were rained on. I n  
only one out of eight cases did rain fall on both the field- and mow-cured hays. 
Rain does the greatest damage when it falls on hay after the hay is partly dry. 

The mow-curing process without supplemental heat showed its greatest ad- 
vantage in the second cutting hays when the outside air temperature was high 
and not very humid but showers were rather frequent. Even so, the over-all 
differences observed in this study between mow- and field-curing are not striking. 
It appears, then, from the losses in carotene content of the hays that the mow- 
curing of baled hay with unheated air, using about 25 ft.3 of air per min. per ft.2 
of floor space, is difficult and, at best, the results are likely to be quite variable. 
The application of heat (15O F. rise) in the third year, second cutting, proved 
to be very successful and appears to offer a much more dependable process for 
baled hay. From studies by other experiment station workers (5, 12, 13, 20, 21) 
on the mow-curing of long hay with unheated air, the carotene content of long 
hay seems to be more easily preserved and, undoubtedly, a higher quality hay 
usually results than is the case of baled hay dried with unheated air. 

In  general, the carotene content of the experimental hays is reflected directly 
in the cows by the carotene content of the cows' blood and butterfat and the vita- 
min A potency of the butterfat (table 2). The carotene content of the bloods was 
determined every 3 wk. during the trial. The carotene and the vitamin A po- 
tency of composite samples of butterfat were determined also at the end of each 
9-wk. feeding trial. The carotene contents of the hays were reflected in the 
carotene contents of the blood, the milk fat and the vitamin A potency of the milk 
fat during the successive periods of each trial. 

A summary of each 9-wk. feeding trial for the 3 yr. is presented in table 3. 
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Since the groups of cows from one experiment to another were not necessarily 
similar, no detailed comparisons should be made from year to year or cutting 
to cutting. Only the field- and mow-cured hays of the same cutting and year 
can be compared directly. Although none of the possible comparisons of the 
value of the hays in table 3 showed significant differences, i t  is interesting to note 
two things. I n  five out of eight trials the cows fed the mow-cured hays produced 
a small amount more milk than those fed the field-cured. Also, in the case of the 
second cutting hay, mow-cured in the third year by means of heated air, the 
cows showed remarkable persistency. Of the five cows in this group, three were 
producing more milk a t  the end of the 9-wlr. feeding trial than a t  the beginning, 
one held her production and one dropped, giving an average decline of only 0.1 
Ib. of 4 per cent fat-corrected milk for the entire period. The cows in the experi- 
ments were fed controlled amounts of hay (2.5 lb. of 100 lb. live weight) and 
grain. For  this reason large differences in  the feeding value of the hays would 
have to exist in  order to demonstrate significance. 

On the whole, the observations on the feeding value of the experimental hays 
are not greatly different from those found a t  other experiment stations. Rollins 
and Reaves (13) found in a double reversal feeding trial that 4 per cent more 
milk was produced by the cows fed barn-cured hay as compared to those fed field- 
cured hay. Morrison and Turk ( l l ) ,  in a summary of 3 yr. of studies, found no 
significant difference between the barn-cured and field-cured hays as measured 
by daily milk production and hay consumption. Also, in experiments by Shep- 
herd et al. (15, 1 6 )  no significant difference was found between the average 
daily milk production of cows fed barn-cured and field-cured hays. 

When equal amounts of hays with similar leaf content and from the sime 
crop are fed, the above results on milk production might well be expected, because 
from the work by Camburn (2)  the digestible protein and total digestible nu- 
trients are about the same for similar hays cured either in the barn or field. 
Concluding from all observations it  wonld seem that the mow-cured hay probably 
would have to average a t  least two grades above that of the field-cured in order 
to show significant differences between mow- and field-curing processes. 

It is only when the mow-curing system consistently produces high quality hay 
and the field-cured hay has been abused by leaching rains and/or by improper 
handling for best preservation of hay that significant differences on a pound for 
pound basis can be expected. I n  such cases of wide differences between hays 
cured in the barn or field, palatability also would become a factor in  hay feeding 
experiments. The importance of palatability can be shown more satisfactorily 
in trials where the hay is fed ad libitum. 

Another way in which mow-curing systems show u p  to an advantage is the 
nutrients preserved per acre. Work by Shepherd et al. (5, 15, 16) has shown 
striking .advantages for preservation of hay crops as wilted silage, as compared 
to field- o r  mow-cured hay. Again, mow-cured hay showed a distinct advantage 
over field-cured hay when measured on the basis of the preservation of the 
original plant nutrients i n  the field a t  the time of cutting. However, carotene 
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was the only nutrient whose losses during the curing processes and storage was 
studied in our experiments. 

SUMMARY 

The feeding value of similar baled alfalfa hays cured either in the mqw or 
field was studied over a period of 3 yr. Without the aid of heated air the caro- 
tene content of the mow-cured hays was variable, depending on the prevailing 
weather conditions. When the outside air was cool and humid, as in the cases of 
the first-cutting hays, the mow drying process was prolonged, with most of the 
carotene in the hay being destroyed. 

The mow-curing of baled hay seems to be a much more difficult process than 
the curing of long hay because of the difficulty of getting air to pass through 
the bales, even though loosely packed. The use of supplemental heat is to be 
recommended as a more dependable processing procedure for baled hay. 

When compared in feeding trials in which equal quantities of hays were fed 
on a cow-weight basis and with concentrates at the rate of 1 lb. for each 4 lb. of 
4 per cent fat-corrected milk, no significant differences in feeding value were , 

found between baled hays cured either in the mow or in the field. The mow- 
cured baled hays seemed to be as palatable to the dairy cows as the field-cured 
baled hays. 
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A SYNTHETIC PABULUM VS. YOLIC-CITRATE BUFFER AS A 
DILUTER O F  BULL SEMEN1 

N. D. BAYLEY, H. V. COBES AND G. R. BARRETTZ 
Unisersity of Wisconsin, Madison 

I n  1939, Phillips (4) developed an egg-yolk buffer for preserving and diluting 
bull semen. That this buffer was satisfactory for use in artificial breeding was 
indicated by Phillips and Lardy (5) with limited field trial data. Salisbnry, 
Fuller and Willett ( 7 )  reported advantages in substituting sodium citrate for the 
dibasic sodium phosphate in Phillips' buffer. Use of the yolk-phosphate or the 
yolk-citrate buffer has become a general practice in artificial breeding. 

I n  1946, Phillips and Spitzer ( 6 )  developed a synthetic pabulum. The essen- 
tial ingredients were "freshly purified lipids, specific supars-glucose and galac- 
tose-a buffer system, a gum to supply the proper physical consistency and a n  
agent td control bacterial contamination." Limited field trial data indicated that 
breeding results from the use of such a pabulum might be comparable to those 
from the use of yolk-buffer. 

The object of the investigation reported here was to obtain further informa- 
tion concerning the fertility of semen diluted with this synthetic pabulum3 as 
compared with semen diluted with yolk-citrate buffer. 

EXPERIMENTAL PROCEDURE 

The dry ingredients of the synthetic pabulum were prepared in two com- 
pounds by the Department of Biochemistry in accordance with the formula pnb- 
lished by Phillips and Spitzer (6).  Once each weelr the compounds were com- 
bined in solution for use. Twenty-five g. of compound No. 1 were added to 50 ml. 
of distilled water a t  boiling temperature and stirred until the solute was dissolved. 
Three and one-half g. of compound No. 2 were added and dissolved as completely 
as possible. The solution then was cooled and stored a t  a temperature of 40 to 
42" F. 

The yolk-citrate buffrr was prepared twice a week. Thirty-two g. of crys- 
talline Na,CoH50, . 2 H z 0  were dissolved in 1000 ml. distilled water and brought 
to boiling. After cooling, this solution was mixed with a n  equal volume of egg 
yolk, strained and stored a t  a temperature of 40 to 42' F. 

This field trial employed semen from ten Holstein and nine Guernsey bu!ls in 
the University of Wisconsin bull stud. Their 60- to 90-day non-returns for the 
period of the experiment ranged from 23 to 68 per cent. 

Received for publication Aug. 16, 19'9. 
1 Published with the approval of the Director of the Wisconsin Agricultural Experiment 

Station. 
2 The authors wish to thank Jnm:s H. Torrie of the Department of Agronomy, University 

of Wisconsin, and the Computing Service of the University of Wisconsin for their assistance 
in  scmmnrizing and analyzing these data. 

:< The authors are indebted to P. H. Phillips of the Department of Biochemistry, University 
of Wisconsin, for furnishing this synthetic pabulum. 
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%men was collected on Monday and Thursday of each week and was used 
routinely for 3 days. No experimental breedings were made on Sunday. A sys- 
tem of balancing was carried out so that, as far  as possible, semen collections were 
mad: from all 19 bulls with equal frequency. 

Immediately after collection, the semen was examined for motility and diluted 
1 : 30 to 1 : 40, depending on the volume collected and the amount of diluted semen 
needed. Both diluters were warmed in a water bath to 65 to 70' F. prior to being 
mixed with raw semen. One-half of each semen sample was diluted with the sy11- 
thetic pabulum and the other half with yolk citrate. The rate of dilution was 
the same for both treatments. 

Inseminations for this experiment were made during the period from May 3 
to September 13, 1048. Fertility was measured by pregnancy examinations (8) 
and was based on both first and second services in herds in Dane County. The 
two treatments of semen were used alternately during the day so that the same 
number of inseminations per treatment were made insofar as the number of COWS 

to be bred permitted. 

TABLE I 

Breedings with semen from b?tlls having 60- to 90-day non-returns below 40 per cent 
for 2' or more mo. during the period of the experiment 

Treatment No. of Day of use breedings % Fertileb Chi-square 

l a  Synthetic p a b ~ l u m  71 14.1 0.09 
Yolk eitrate 71 12.7 

2 ST nthetie pabulum 75 9.3 2.08 
Yolk eitrate 75 17.3 

3 S! i~tlictic pabulum 64 6 2 4.580 
Yolk citrate 64 18.8 

Over-all3 d. of use S ~ i ~ t h e t i e  pabulum 21 0 10.0 3.54 
Yolk citrate 210 16.2 

a Day of cse 1 is the day of collection. 
b Thcs- fertilit? percentages are based on pregnaney examkations. The same results based 

on 60- to 90-d. nou-returns would be approximately 6 to 7 higher. (1) 
c P < 0.05. 

TABLE 2 

Breedings with semen from bulls having 60- to 90-da?l non-returns above 40 per cent 

Day of use Treatment No. of br eedincs % Fertilcb Chi-square 

I n  S nthetic pabulum 144 ' 38.2 1O.SOc 
Yolk citrate 144 57.6 

2 Synthetic pabulum 146 31.5 11.88~ 
Yolk citrate 146 51.4 

3 St nthetie pabulum 142 23.6 14.04~ 
Yolk citrate 142 51.4 

Over-all3 d. of use Svntl!etic pabulum 432 33.1 36.82~ 
Yolk citrate 432 53.5 

a Day of use 1 is the day of collection. 
b Thes? fertility percentages are based on pregnancy examinations. The same results based 

on 60- to 90.d. non-returns would be approximately 6 to 7 % higher. (1) 
c P < 0.01. 



Inseminations where the semen was deposited in the cervix instead of the 
uterus were eliminated. The daily first-service inseminations made by each in- 
seminator and with semen of each bull were balanced so that there were an equal 
number of breedings for each treatment. The daily second-service breedings 
were balanced in the same manner. Such elimination of breedings as was found 
necessary was carried out by the use of random numbers. The data were then 
tabulated and analyzed by chi-square. 

The trial was planned to terminate when a preliminary analysis of the data 
indicated a real difference in fertility between the treatments of not less than 
5 per cent. 

RESULTS AND DISCUSSION 

The data obtained are presented in tables 1 and 2. The fertility of semen 
diluted with yolk-citrate averaged 15 per cent above the fertility of semen diluted 
with the synthetic pabulum. The chi-square test showed this difference to be 
highly significant. Allowing for the error that one would expect in the average 
difference found in this trial, the real difference may be considered as lying 
within the range 7 to 23 per cent4 The interaction chi-square (3 )  between days 
of use was not significant, indicating that the difference between treatments may 
be considered the same for all days of use. 

Bulls whose 60- to 90-day non-returns were lower than 40 per cent for 2 mo. 
or more during the experiment were considered as "bulls of relatively low fer- 
tility." The results of experimental breedings made with semen from these bulls 
are shown in table 1. Results of breedings made with bulls of "relatively high 
fertility" are shown in table 2. The tables appear to show that the difference 
between diluters was greater for the bulls of higher fertility than for the bulls 
of lower fertility. However, the statistical analysis did not substantiate this. 
The analysis also indicated that the results of the trial did not vary significantly 
between.individua1 bulls, between breeds or between inseminators or services. 

In  drawing conclusions regarding the level of fertility shown here as result- 
ing from the use of this synthetic pabulum, three considerations should be made : 
(a) The level of fertility found with this diluter depended to some extent on the 
fertility level of the bulls used. (b)  The fertility percentages shown here are 
based on pregnancy examinations and would be approximately 6 to 7 per cent 
higher if 60- to 90-day non-returns had been used (1). (c) The comparison be- 
tween the two diluters is more important in this trial than is the actual fertility 
level obtained with the synthetic pabulum. 

SUMMARY 

In  a trial involving 1,284 field inseminations, the fertility was 15 per cent 
higher with semen of 19 bulls diluted with egg-yolk citrate buffer than with other 
portions of the same semen diluted with a synthetic pabulum. The real difference 
may be considered as lying within the range 7 to 23 per cent. 

4 955% fiducial limits (2).  
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T H E  INFLUENCE O F  CRACKED SOYBEANS, SOYBEAN HAY AKD 
VARIOUS KINDS O F  CONTAINERS ON'THE FLAVOR O F  MILK1 

E. E. BARTLEY,z J. W. F. CHIN AND C. Y. CdNNON 
Dairy Husbandry Subsection 

AND 

E. W. BIRD 

Dairy Industry Section 
Iowa Agricultural Experiment Station, Ames 

The Iowa dairy industry long has been troubled with the development of 
oxidized and other undesirable flavors in  milk. Slnce soybeans are the chief 
source of home-grown protein in Iowa, some of these flavors were attributed to 
soybean feeding. Creamery operators of the state continually reported that 
they were receiving milk and cream which had what was described as a "soy- 
bean" flavor. 

Earlier work a t  this station (4, 5, 6, 12, 13) showed no indications of milk 
off-flavors when soybeans were fed in the usual amounts. Similar results were 
obtained by other workers (2, 7, 8, 9, 10). However, since soybeans haw been 
indicated to increase the proportion of unsaturated fatty acids in  butterfat, and 
since a number of farmers occasionally transport their milk in  rusty tin cans, i t  
was felt that the exposed surface of the iron might act as a catalyst aiding in 
the oxidation of the unsaturated fatty acids, thus resulting in oxidized flavors. 

An experiment was set up to compare the milk from a group of cows fed 
cracked soybeans in amounts usually used by Iowa dairymen with that of an- 
other group fed similar amounts of linseed oil meal. The milk from both groups 
was collected in  glass, tinned iron and rusty tinned iron containers3 and scored 
for flavor. 

At  the conclusion of this experiment, a second experiment was initiated to 
answer certain questions raised by the results of the first. Since the first ex- 
periment was conducted during the months of April to July, it  was felt that 
work on similar lines should be conducted during the cold months: as there 
might be a seasonal effect involved. The effect of soybean hay was not studied 
in the previous work. Therefore, in  the second experiment, the effect of soybean 
hay on the flavor of milk was checked simultaneously with that of cracked soy- 
beans. 

EXPERIMENT I 

Method of experimentation. Previous work (4) has shown that when select- 
ing cows for flavor studies, selection should involve the flavor scores of their 

Received for publication Aug. 22, 1949. 
1 Journal paper No. JIG77 of the Iowa Agricultural Experiment Station, Ames, Iowa. 

Project No. 692. 
2 Present address: Kansas State College, Manhattan. 
3 For brevity the tinned iron and rusty-tinned iron containers mill be referred to subse- 

quently as tin and rusty tin containers, respectively. 
4 The second experiment extended from Nov. through May. 
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milk. Sixteen Holstein cows were chosen from the college herd and fed a com- 
mon ration for a preliminary period of 24 days. During this period individual 
milk samples were collected and scored twice a week for flavor. 

On the termination of the preliminary period 10 of the 16 cows were selected 
and paired as similarly as possible with regard to age, stage of lactation, produc- 
tion of milk and butterfat and the flavor scores of their milk. The cows in each 
pair then were placed a t  random in one or the other of two groups. 

A double reversal design.of feeding was used (table 1 )  comparing two rations 

TABLE 1 

Feeding sc7ied~le-Experiment I 

Rations fed to: 
Duration 

Group I Group I1 

(d.) 
Preliminary Period 24 Standard ration Standard ration 
Transitional period 10 
Exp. period I 21 Soybean ration Linseed oil meal ration 

Transitional period 10 
Exp period I1 14 Linseed oil meal ration Soybean ration 

Transitionnl period 10 
Exp. period I11 11 Soybean ration Linseed oil mcal ration 

Transitional period 10 
Exp. period TV 13 Linse-d oil meal ration Soybean ration 

which were similar except that the experimental concentrate contained 11.1 per 
cent cracked soybeans, whereas the control contained an equivalent amount of 
linseed oil meal substituted for the soybeans. The grain rations contained four 
parts corn, two parts rolled oats, two parts wheat bran, and one part cracked 
soybeans or linseed oil meal. This ration was fed a t  the rate of 1 lb. grain to 
every 4 Ib. of milk produced. Alfalfa hay of fair quality was fed ad libitum 
as the only roughage. A 10-day transitional period was allowed whenever the 
feeds were reversed. 

Milk samples were collected for scoring three times during each feeding 
period. When sampling, portions of each cow's milk were put in a 0.5-pt. milk 
bottle, a 1-pt. tin container and a 1-pt. rusty tin container. The rusty tin con- 
tainers were made as uniformly rusty as possible by scratching one line deeply 
around the side and two lines across the bottom of the tin plated surface. The 
untarnished tin containers immediately were replaced by new ones, once any cor- 
rosion in them was noticed. All containers were sterilized in an autoclave be- 
fore being used. 

The milk samples were gathered a t  3: 30 A.M. on collection days and cooled 
immediately. They were scored about 12 hr. later by experienced judges from 
the Dairy Industry Department. The score card suggested by the Committee 
on Score Cards, A.D.S.A. (1, p. 4) was used. 

Results and discussion. The flavor score data showing differences between 
the two rations and differences between the three types of containers are sum- 
marized i n  table 2. The differences i n  scores of the milk produced by the two 
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TABLE 2 

Average flavor scores of milk: held in glass, tin and rusty tin containers for each group during 
each sampling when the animals were fed either cracked soybeans or 

linseed oil meal. Experiment I 

Soybean ration Linseed oil meal ration 

Samplings Containers Containers 
Group Group 

Glass Tin Rusty tin Glass Tin Rusty tin 

I 1 I 37.98 37.7 37.5 I 1  37.9 37.6 37.5 
2 37.2 37.2 37.1 37.3 37.6 37.9 
3 37.2 37.5 37.9 37.4 37.9 37.7 

Container Av. 37.73 37.73 37.77 37.80 37.84 37.74 

Ration Av. 37.74 37.79 

Each of these scores is an av. of five scores obtained from the five cows in each group. 

rations were so slight that, under the conditions of this trial, soybeans did not 
produce flavors in milk that were more undesirable than those produced when 
linseed meal was the concentrate. No oxidized flavors developed in the milk 
during the experiment, even though no green feed was fed. Little difference in 
quality occurred in the milk collected and held for a 12-hr. period in glass, in 
tin and in rusty tin containers. 

EXPERIMENT I1 

Method of experimentation. Sixteen Holstein cows were fed a common ra- 
tion for a preliminary period of 15 days. At the end of this period 12 cows 
were selected and placed in three groups as uniformly as possible with regard 
to flavor of milk, number of previous lactations, stage of lactation, size and pro- 
duction level. A cow from each of the three groups was started on one of the 
following four experimental rations : ration A-soybean hay as roughage, a basal 
grain mixture and 11.1 percent linseed meal as the protein supplement; ration B 
-alfalfa hay as roughage, a basal grain mixture and 11.1 percent cracked soy- 
beans as the protein supplement; ration C-soybean hay as roughage, a basal 
grain mixture and 11.1 percent cracked soybeans as the protein supplement; and 
ration D-alfalfa hay as roughage, a basal grain mixture and 11.1 percent lin- 
seed meal as the protein supplement. Hay was fed ad libitum; grain was fed at 
the rate of 1 lb. for every 4 lb. of milk produced. 

Since four rations could not be tested adequately during the lactation period 
through the double reversal design, the design suggested by Cochran, et al. (3)  
was used. This design (table 3) reduces variation resulting from cow and ra- 
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TABLE 3 

Feeding schedule-Experiment II  
- - - 

Rations fed 

Dura- Group I Group I1 Group I11 
tion Cow no. Cow no. Cow no. 

2346 2344 2335 2310 2378 2340 2214 2210 2197 2000 1556 1297 

Transitional (d.) 
period ......... 14 

Exper. A B C D A B C D A B C D  
Period I..... 20 

2346 2344 2335 2310 2378 2340 2214 2210 2197 2000 1556 1297 

Transitional 
period ......... 14  

Exper. B A D C D C B A C D A B  
Period 11. 17 

Transitional 
period ......... 14 

Exper. C D A B B A D C D C B A  
Period I11 18 

Transitional 
period ......... 14 

Exper. D C B A C D A B B A D C  
Period IV 21 

tion differences, progress of lactation and seasonal change. Each group of fo'ur 
cows constitutes an independent experiment designated as a 4 x 4 Latin square. 
The important features of the design are: (a)  all rations are received by each 
group during every period, (b) each ration is followed by a different ration 
from one period to the next and (c) each cow receives a different permutation 
of rations during the four periods. The cows were kept on a transitional period 
of 14 days prior to each test period. The schedule of feeding is shown in table 3. 

The milk samples for scoring collected from each cow twice each week were 
held in 0.5-pt. milk bottles, 1-pt. tin containers and 1-pt. rusty tin containers. 
Samples were iced and held about 21 hr. before they were scored. The score 
card (11, p. 567) was essentially the same as the one used in the first experiment, 
except that it was more specific in that the intensities of the various flavors were 
given definite scores. 

Results and discussion. Milk samples were collected twice each week from 
each cow. This procedure yielded six samples (and six scores) for each cow 
and each container type during each experimental period of the study. 

The average flavor scores of the six samples of each cow's milk (for all con- 
tainer types) are shown in table 4 for each of the experimental periods. The 
scores obtained for the milk held in glass were analyzed statistically for variance ; 
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the results are presented in table 5. The scores obtained for milk held in tin 

TABLE 5 

Analyst.,of variance of the flavor soores of milk held in  glass containers 
-- 

Degrees of  Sum o f  Mean 
freedom squares squarea 

* Significant ( p  < 0.05). 
*" HigLlY ilyignificant ( p  < 0.01). 

and in rusty tin containers were subjected to similar statistical treatment. The 
results are presented in tables 6 and 7. The "ration X group interactions" 

TABLE 6 

Analysis of variance of the flavor scores of milk held in  t in  containers 

Degrees of Sum of Mean 
freedom squares squares 

2 7.0 3.5 
Between co~vs 9 220.9 24.5" 

9 162.9 18.1 
Between rations 3 156.3 52.1"" 

56.14] 201.2 145.1 
748.3 

" Significant. 
** Highly significant. 

TABLE 7 

Analysis of varZance of the pavor scores of milk held i n  rusty tin containers 
- - -  

Degrees of  Sum o f  
freedom squares 

Mcan 
squares 

Betwcen groups ........................ ; .......................... 2 
Between cows within erouos .................. 9 
Between ppriods withTn &.oups ......... 9 177.7 19.7 

................... Betwecn rations ........................... 3 160.0 53.3' 
Ration X group interactions 
Error : ........... 2::;i ] 312.4 i::: ] 12.4 
Total 885.7 

Signifiealit. 

in all these tables are insignificant and therefore, are included in the experi- 
mental error. 

The mean square of the ration effects is significantly greater than the error 
mean square in all three analyses of variance tables, indicating that there are 
differences between the rations in their effect on milk flavor. The average scores 
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for each ration in each container (table 8) show that the general trends in the 

TABLE 8 

Average flavor scores of milk for the different rations when the milk was held in 
glass, tin and msty tin containers 

Av. flavor score of milk held in: 
Rations 

Glass Tin Rusty tin 

Soybean hay + cracked soybeans ............................ 36.4 36.4 36.1 
Soybean hay + linseed meal ...................................... 36.0 36.1 35.6 

Alfalfa hay +linseed meal ........................................ 35.7 35.8 35.3 
Alfalfa hay + cracked soybeans ........................... 35.5 35.7 35.5 

effects of the rations are almost identical for each of the types of containers. 
Ration C received the highest flavor score in all three containers. Ration A re- 
ceived the second highest score in all three containers. Ration D received the 
third highest score in the glass and tin containers and the lowest score in the 
rusty tin container. Ration B received the lowest score in the glass and tin con- 
tainers and the third highest score in the rusty tin container. 

The t-test indicated a highly significant difference between ration C (soybean 
hay and cracked soybeans) and ration A (soybean hay and linseed meal), a sig- 
nificant difference between ration A and ration D (alfalfa hay and linseed meal) 
and a non-significant difference between ration D and ration B (alfalfa hay and 
cracked soybeans). 

Milk produced on rations B and D, both of which contained alfalfa hay, re- 
ceived the lowest flavor scores in all three kinds of containers, while milk pro- 
duced on A and C, which contained soybean hay, received the highest scores in 
all three containers. Probably the differences between rations result from dif- 
ferences between the hays. The protein supplements do not seem to be respon- 
sible because the milk which received both the highest and lowest flavor scores 
was produced on rations containing cracked soybeans, while the rations that 
contained linseed meal produced milk with scores between those received by 
milk produced on the cracked-soybean rations. 

The data in table 8 indicate that the effect of containers has the same gen- 
eral trend with all rations. The milk in the tin containers scored highest. This 
was followed in order by the milk in glass and in rusty tin containers. The 
t-test indicated no significant differences between the glass and tin containers 
but a significant difference between the tin and rusty tin containers. Ap- 
parently, tin containers free from rust are as satisfactory as glass containers, 
but rusty tin containers cause deterioration of milk flavor. 

Oxidized flavors occurred 77 times in the 864 samples. These flavors were 
divided among the rations as follows: 21 occurred in the milk from the cows 
receiving ration A, 17 in the milk from those receiving ration B, 14 in the milk 
from those receiving ration C and 25 in the milk from those receiving ration D. 
Chi-square was computed using a 4 x 2 table. The differences in occurrence of 
oxidized flavors could not be attributed to differences in rations. 
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The oxidized flavors were divided among the containers as follows: 12 oc- 
curred in glass, 9 in tin and 56 in rusty tin containers. This difference is highly 
significant, showing that the rusty tin containers tend to increase the susceptibil- 
ity of the milk to oxidation. Therefore, results in experiment I1 are not in 
agreement with those from experiment I, in which the quality of the milk was 
not influenced by the type of container. , This difference may have resulted 
from the longer time that the milk was held before scoring in experiment I1 or 
to seasonal influences, since experiment I1 was conducted during the winter 
months. 

As the experiment progressed, unclean flavors became apparent in the milk 
(table 9).  The increase in the occurrence of unclean flavors from the first two 

TABLE 9 

Occurrence of unclean flavors in milk: per ration, per period 

A C B D 
Periods Soybean hay + Soybean hay + Alfalfa hay + Alfalfa hay + Total 

linseed meal cracked soybean cracked soybean linseed meal 

1 3 3 4 5 15 
2 1 - 2 1 4 
3 6 6 4 7 23 
4 16 7 8 9 40 

Total . 26 16 18 22 

to the last two periods is shown in table 10. The calculated Chi-square showed 

TABLE 10 

Occurrence of unclean flavors between the first two and the last two periods 
for soybean and alfalfa hay 

Periods Soybeanhay Alfalfa hay 

1 ssd 2 
3 and 4 

Total 42 40 

a highly significant difference in the occurrence of unclean flavors between the 
first two and the last two periods for soybean hay and a significant difference 
for alfalfa hay. Since the containers were cleaned thoroughly and sterilized, 
it is improbable that these unclean flavors came from the containers. At the 
start of the experiment, the hays seemed similar and of good quality. During 
period 111, when large numbers of unclean flavors began to appear, the hays had 
a musty odor and appeared to have deteriorated during the experiment. Pos- 
sibly the change in quality of the hays was responsible for the increased unclean 
flavors. Caution probably should be exercised when criticizing farmers in re- 
gard to the cleanness of equipment, because flavors which seem typical of un- 
clean equipment possibly can be caused by poor quality hay. 

Eighty-two samples of milk had unclean flavors. Of these, 26 occurred in 
the milk from the cows receiving ration A, 18 in the milk from those receiving 



ration B, 16 in the milk from those receiving ration C and 22 in the milk from 
those receiving ration D. Chi-square was computed and the differences in oc- 
currence of unclean flavors could not be attributed to any particular ration. 

There seemed to be no influence of container on unclean flavor, for of 82 oc- 
currences of this flavor, 25 occurred in glass, 25 in tin and 32 in rusty tin con- 
tainers. These differences are not significant. 

Rancid flavors occurred only 19 times in the 864 samples and could not be 
attributed to any particular ration. Every sample of milk was criticized as 
possessing a feed flavor. The intensity of the feed flavors ranged from slight 
to distinct. However, these flavors, could not be attributed to any particular 
ration. 

Summary. Two experiments were conducted to determine whether soybeans 
adversely affect the flavor of milk. The first was run during April to July; a 
grain ration containing cracked soybeans was compared with one containing lin- 
seed oil meal. Alfalfa hay was used as the only roughage. The soybean ration 
yielded milk with flavor scores equivalent to those of milk produced on a linseed 
meal ration. The type of container used for collection appeared to have no in- 
fluence on milk flavors and scores during this season of the year. 

The second experiment extended from November through May. Alfalfa hay 
and linseed oil meal were used as control feeds. Neither soybeans nor soybean 
hay adversely affected the flavor of the milk. A large number of unclean flavors 
appeared in the milk during the latter part of the experiment. The change in 
quality of the hay seemed to be responsible for the increase in unclean flavors 
that appeared in the milk. Contrary to the results of the first experiment, the 
rusty tin containers increased the susceptibility of milk to oxidation a t  this 
season of the year. The failure of the rusty containers to influence oxidative 
processes in milk during the first experiment may have resulted from the short 
time the milk samples were held in the rusty containers before scoring or to 
seasonal effects. 
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PARTURIENT PARESIS. IV. THE EFF'ECT OF UDDER INFLATION 
UPON BLOOD LEVELS OF CALCIUM, MAGNESIUM AND PHOS- 

PHORUS IN COWS WITH PARTURIENT PARESIS1. 

R. P. NIEDERMEIER AND VEARL R. SMITH 
Department of Dairy liusbandry,,Universit?/ of Wisconsin 

Air inflation of the udder was used extensively as a treatment for parturient 
paresis until the development of calcium therapy. Even today, air inflation is 
resorted to in cases that do not respond to calcium therapy (23) .  Seitter (25) re- 
ported that inflation of the udders of anasthesized goats and cows produced a 
marked increase in blood pressure. Later Auger ( 4 ) ,  using a more refined tech- 
nique, concluded that air inflation caused only a slight increase in blood pres- 
sure. Maguire (20),  Widmark and Carlens (28) and Auger (3) report a 
marked increase of blood sugar after inflation of the udder with. air. Fish (10, 
l l ) ,  Sjollema (26) and Hayden (17) demonstrated that the hyperglycemia oc- 
curring after udder inflation resulted from lactose in the blood, presumably 
absorbed from the mammary gland. 

Several workers have shown an increase in blood serum calcium following 
mammary inflation for milk fever treatment (9, 16, 27).  Fish (12) demon- 
strated an increase in both serum calcium and inorganic phosphates. The mech- 
anism whereby udder inflation produces the above effects has been a source of 
much conjecture. Peterson and Rigor (19) and Garrison and Turner (12) have 
reported that milk secretion is practically inhibited when air pressures of 25 to 
40 mm. Hg are maintained in the cow's udder. Some (9, 19) attribute the ef- 
fect of inflation to the cessation of milk secretion, thereby preventing the fur- 
ther uptake of milk precursors from the blood. Others (6, 15) postulate that 
udder inflation gives rise to afferent stimuli which are responsible for the cura- 
tive effects. 

This work was undertaken to obtain, in more detail, the changes in calcium, 
magnesium and inorganic phosphorus during recovery from parturient paresis 
after udder inflation. At the time the work was initiated, no one had reported 
studies on magnesium levels after inflation. In  a recent study of parturient 
paresis treated by air inflation, Robertson (23, 24) included data on magnesium 
levels. 

EXPERIMENTAL PROCEDURE 

The udders of seven Jersey cows with parturient paresis were inflated with 
air to a pressure of 60 to 70 mm. Hg and the teats taped to prevent the escape of 
air. The pressure was measured with an aneroid manometer attached to a teat 

Received for publication Aug. 31, 1949. 
lPart of these data were taken from a thesis presented by R. P. Niedermeier to the 

graduate faculty of the University of Wisconsin in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

2 Published with approval of the Director of the Wisconsin Agricultural Experiment Sta- 
tion. 
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cannula. The cows were not treated until they were down and unable to rise. A 
sample of venous blood was drawn before inflation. Post-inflation samples were 
drawn a t  0.5,1.5, 3, 5,8, 11, 14, 17, 20, 36 and 48 hr. Samples were analyzed for 
serum calcium, serum magnesium and inorganic phosphorus, and all analyses 
were made in duplicate. Blood serum calcium was determined by the method of 
Clark and Collip (7),  serum magnesium according to Simonsen et al. (26) and 
plasma inorganic phosphorus by the Fiske and Subbarow method (13). 

RESULTS AND DISCUSSION 

Table 1 shows the results of analyses of blood samples for total serum calcium, 
serum magnesium and plasma inorganic phosphorus. Cow 494 was in  a coma a t  
the time of inflation. Cows 20 and 494 were reinflated 3 hr. after the first infla- 
tion as a precautionary measure, but no relapses occurred. The time relationships 
for calving, occurrence of milk fever, treatment and recovery are shown in table 
2. Recovery was regarded as the time the cow arose to her feet and stood up of 

TABLE 2 
Summary of time of treatment and recovery in relation to calving 

Parturient paresis Inflation completed Recovery 

Cow no. Time* Time* Times 
HI. Min. Hr . Min. Hr. Min. 

a Measured from end of calving. 
b Suffered relapse 38 hr. after calving and was treated with an intravenous injection of 

calcium glueonate. A second injection of calcium glucouate was made 76 hr. after calving and 
the cow died suddenly, after apparent recovery 9 hr. after the second injection. 

her own accord. Time of recovery ranged from 3 to 14 hr. after treatment by 
udder inflation. 

The severity of the milk fever cases is reflected in  the low total serum calcium 
and phosfihorus in  all pre-inflation samples. Inorganic phosphorus values as low 
as 0.5 mg. per cent also were reported by Allcroft (2) for milk fever cows. With 
the exception of cows 556 and 705, recovery was noted when the calcium level 
was near or above 6 mg. per cent. Cow 494 remained on her feet with a serum 
calcium level of only 5 mg. per cent a t  20 hr. after inflation. I n  the seven cases 
studied, plasma phosphorus levels increased following udder inflation, but i n  no 
case could the phosphorus level be considered within the normal range when the 
cows got up. Blood serum magnesium levels remained i n  the normal to high 
normal range as  reported by Allcroft (2) i n  all cows except 63 and 732, where 
a hypermagnesemia condition existed. Recovery was uneventful i n  all cows 
except 705. I n  705 the calcium and phosphorus did not return to normal u p  to 
20 hr. after inflation. Shortly after 20 hr. post-inflation, she had a relapse and 
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was.treated with calcium gluconate. Two days after the first attack 705 died 
suddenly after apparent recovery. 

Robertson (23) found no correlation upon statistical analysis of his data on 
19 milk fever cases between blood magnesium levels and the symptomatology 
classification as proposed by Barker (5 ) .  Pribyl (22) suggested the symptoms 
of milk fever may be due to a magnesium narcosis. Hibbs et al. (18) reported 
that upon intravenous injection of magnesium sulphate into cows, general 
anesthesia resulted when the serum magnesium reached a level of 7.5 mg. per 
cent. When the serum calcium then was raised to 17.5 mg. per cent by an injec- 
tion of calcium gluconate, the cows regained consciousness, even though the serum 
magnesium remained a t  the same high level. They suggested that the relation- 
ship between serum calcium and serum magnesium may be of great importance 
i n  the symptomatology of milk fever. Allcroft (1) found that anesthesia was 
produced in goats when the serum magnesium was between 13.5 and 14.5 mg. per 
cent, with the serum calcium around 7 mg. per cent. He further comments (2) 
on the importance of the calcium and magnesium ratio, as well as the calcium 
phosphorus ratio in  milk fever. 

These data show that there is a considerable difference between cows as to the 
blood levels of calcium, phosphorus and magnesium a t  the time of recovery. This 
suggests that possibly the relative levels of the calcium, magnesium and phos- 
phorus are more important in  the symptomatology of milk fever than the actual 
blood level of any one constituent. 

SUMMARY 

Data are* given for the blood levels of calcium, magnesium and phosphorus 
during the recovery period for seven cases of parturient paresis in  Jersey cows 
which were treated by udder inflation. 
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FERTILITY AND LIVABILITY OF BULL SEMEN DILUTED AT 
VARIOUS LEVELS TO 1 : 300 

E. L. WILLETT 

American Foundation for the Study of Genetics, Madison, Wisconsin 

The phenomenal growth of the practice of artificial insemination of dairy 
cattle in the United States has necessitated the development of means of increas- 
ing the number of cows that can be bred to a given sire. This problem is of ex- 
treme importance because of the limited number of sires proved to be trans- 
mitters of satisfactory levels of milk and fat production. One of the most prom- 
ising and fruitful solutions has been that of semen dilution. 

A series of experiments concerning the fertility of semen diluted at various 
levels has been conducted by Salisbury and associates. I n  the first three papers 
(6, 8, 11) increasingly high dilutions were tried until it was demonstrated that 
levels as high as 1: 100 could be used without lowering breeding efficiency. 
These studies have been of inestimable value to the dairy industry in that they, 
along with the development of the egg yolk diluter (5),  have made possible the 
great expansion of the practice of artificial insemination. I n  later experiments 
(10) it was shown that, with increase in dilution levels above 1 : 100, there was 
a progressive decline in breeding efficiency. 

The American Foundation for the Study of Genetics also has been conduct- 
ing research along this line. During the past 2 yr. a series of controlled ex- 
periments has been conducted'to determine the fertility of semen diluted above 
1: 100. It is believed that enough information has been accumulated to enable 
the establishment of quantitative results. The information obtained from these 
studies is presented below. 

EXPERIMENTAL PROCEDURE 

Four experiments were conducted in which each semen collection was split 
three ways. One-third was diluted 1: 100, and the other two portions were 
diluted at higher levels. Each collection consisted of two or more ejaculates 
which were mixed together before being added to the diluters. The different 
dilution levels were rotated among different inseminator groups where the semen 
was used for breeding. As far as could be predicted when planning each ex- 
periment, these groups were equal in regard to number of cows bred and in 
breeding efficiency. Each experiment, therefore, consisted of two or more Latin 
squares. In  experiments 2 and 4 each Latin square consisted of three collec- 
tions from a given bull. The semen was from Guernsey and Holstein bulls 
selected for high fertility when used artificially. 

The non-returns in the first three experiments were determined 60 to 90 days 
after service and were based on first and second services made the day following 
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collection. I n  the fourth trial the non-returns were obtained in a similar manner 
except that, in  a n  attempt to reduce variation, they were determined 72 to 78 
days after service. Figures computed in this way are comparable to the 60- to 
90-day values because in both cases 75 days is the average or midpoint. 

I n  experiments 1 and 3 spermatozoan concentration was determined by 
opacity, using the method of Salisbury et al. (9). They observed a correlation 
coefficient of 0.98 between spermatozoan numbers and opacity. A study bas 
been made by Willett (13) of 110 separate ejaculates from 29 bulls wherein the 
number of spermatozoa were determined both by the above-mentioned method 
and by a haemacytometer. With the latter, the semen was diluted 1: 100 with 
0.85 per cent NaC1 solution containing a small quantity of chlorazene to kill the 
spermatozoa. I n  each case, the cells in  all the squares i n  a ruled area were 
counted. A correlation coefficient of 0.786 between spermatozoan numbers and 
2-(logarithm of light transmission) was obtained when comparing these two 
methods. Only 62 per cent of the variation in  light transmission was, therefore, 
accounted for by number of spermatozoa. These unsatisfactory results prob- 
ably were due to the presence of interfering substances in  the semen. Perhaps 
this difficulty would be overcome by adaptation of the technique devised by Emik 
and Sidwell (4) for ram semen. This technique was published after most of 
the dilution experiments reported in  this paper were completed. I n  experiments 
2 and 4, which were larger in  scope than the others, the most accurate spermato- 
zoan counts possible were desired. As a consequence, haemacytometer counts 
were made as  described above. 

Experiments 1 and 3 were preliminary in  nature and small i n  scope. I n  
the first, nine collections from five bulls were used, while in  the third there were 
six collections from six bulls. The two large-scale trials, numbers 2 and 4, con- 
sisted of 18 collections from 6 bulls and 36 collections from 12 bulls, respectively. 

The yolk-citrate diluter (36.0 g. Na3CaH507. 2H,O per liter of water in the 
buffer) was used in the first experiment. I n  the later ones the same diluter with 
6 g. sulfanilamide per liter of buffer was used. 

RESULTS 

Fertility of semen. The breeding results from the four experiments, along 
with average figures for spermatozoan numbers, are presented in table 1. The 

TABLE 1 
Average non-returns from, and number of sperniatozoa in, semen diluted at different 

levels in four experiments 

No. o f  Av. percentage non-returns and aperm numbers by dilution levels -- 
no. services I: loo 1 :  125 1: 150 1 :  200 1: 300 

a Figures in parentheses are av. no. (in millions) of  spermatozoa per ml. of  diluted semen 



number of services for each dilution level is not given, as the figures for each 
experiment are approximately the same and, for all practical purposes, may be 
considered equal. I t  can be seen that in every experiment there is a downward 
trend with increase in dilution rate or with decrease in number of spermatozoa. 
None of these differences is significant. Experiments 2 and 4 were designed to 
enable the statistical measurement of bull and dilution interaction. I n  neither 
experiment is this interaction significant, however. If bulls selected at random 
from the population and not those selected for high fertility had been used in 
the experiment, it seems logical that a significant interaction would have been 
obtained. This laboratory has additional limited data suggesting that reduc- 
tion in breeding efficiency greater than that observed above can result when 
semen from a bull of questionable fertility is diluted above 1: 80. 

Salisbury and Bratton (10) reported two experiments wherein citrate-yolk 
diluter was used in one and citrate-sulfanilamide-yolk was used in the other. 
With the la$ter diluter they observed less reduction in non-returns with increase 
in degree of dilution than with the citrate-yolk. The data presented in table 1 
are in line with this observation, for sulfanilamide was used only in the last three 
experiments. Direct comparisons within one experiment, however, are needed 
to demonstrate definitely if such differences actually occur. 

I n  the course of the analyses of the data in experiments 2 and 4, the non- 
return percentages were plotted on graphs against numbers of spermatozoa per 
ml. of diluted semen. Over-all regression coefficients were calculated. The re- 
lationship on the graphs tended to be curvilinear, with the slopes being greater 
when spermatozoan numbers were less than 6 million. The data from each ex- 
periment were, therefore, divided into two groups, and separate regression co- 
efficients were calculated. One group contained samples with 6 million or more 
spermatozoa per ml. and the other less than 6 million. The over-all range in 
spermatozoan numbers in each of the two experiments were 4.6 to 17.8 and 1.5 to 
17.2 million, respectively. The regression coefficients are presented in table 2. Al- 

TABLE 2 
Regression of non-return percentages on spermatozoan numbers by individual samples 

Samples with 6 Samples with less 
All samples million or more than 6 million 

Expt. No. spermatozoa/ml. spcrmatozoa/ml. 

No. ba No. b No. b 

2 5 4  0.77'' 47 0.43 7 6.99 
4 108 0.78' 44  0.52 64 2.62" 

a b = regression coefficient-the drop in non-return percentages per million decrease in num- 
ber of spelmatozoa in each ml. of diluted semen. 

Significant. Probability = 0.05 or less. 
** Highly significant. Probability < 0.01. 

though they suggest curvilinearity, the coefficients representing the two groups in 
each experiment are not significantly different. More data are needed to establish 
definitely this relationship. 

The two over-all coefficients, 0.77 and 0.78, agree very closely with the corre- 



sponding figure of 0.8 given by Salisbury and Bratton (10) for their large-scale 
experiment. The figures of 0.43 and 0.52 are somewhat higher, however, than 
that of 0.3 calculated by them from 700 ejaculates used routinely for breeding 
and with a range of 6,700,000 to 34,600,000 spermatozoa per ml. Apparently 
these samples included many which were diluted at levels less than 1: 100. 
When such samples are included, the regression coefficient probably is lower 
than if they were not used. They mentioned that the data from their controlled 
experiments were not curvilinear even though their ranges in spermatozoan 
numbers were comparable to those reported in this paper. 

As can be seen from the data in table 1, when semen is diluted at 1: 100 it 
contains on the average about 12 million spermatozoa per ml., and at 1: 200, 
6 million. On the basis of the data presented above, therefore, there is a decline 
of about 3 per cent in non-return rate when the dilution level is extended from 
1: 100 to 1 : 200. This figure determined by means of the regression coefficients 
agrees closely with the information obtained directly by comparing in table 1 
the non-returns for these two dilution levels. 

In  Salisbury and Bratton's (10) experiment using citrate-sulfanilamide-yolk 
diluter and in the experiments reported in this paper, it  has not been possible 
to demonstrate significant differences in non-returns between dilution levels of 
1: 100 and 1: 200. Their difference is 2.5 per cent. Apparently the experi- 
ments have not been sensitive enough or on a large enough scale to establish 
significance. The differences have been quite consistent, however, and, there- 
fore, probably can be assumed not to be due to chance. 

It must be kept in mind that, in the four experiments reported in this paper, 
the data are based on inseminations made the day following collection of semen. 
The maximum storage time was approximately 36 hr. Thus the results may not 
be applicable to longer storage periods. Non-return rates calculated from the 
few services made the second day following collection indicate that there was an 
over-all downward trend in non-return rate with increase in age of semen but 
that the relative difference between the dilution levels remained about the same. 

By the extension of dilution levels from 1 : 100 to 1: 200 the number of cows 
that could be bred to a given bull would be almost doubled. It seems reasonable 
that a sacrifice of 3 per cent in non-return percentage could sometimes be made 
in order to utilize outstanding sires to the maximum, especially if breeding effi- 
ciency is otherwise at a high level. The question of whether or not to make such 
a sacrifice is one of economics and must be decided by the stud manager in ac- 
cordance with his individual situation. 

Livability of spermatozoa. While the four experiments were being con- 
ducted, observations were made of spermatozoan motility in all samples at 2-day 
intervals until the -semen had been stored in a refrigerator at 4' C. for 12 days. 
Simultaneously with the fourth experiment another study which included dura- 
tion of motility at the dilution level of 1 : 50, was being made of the semen from 
most of the collections. Since motility observations might be of interest because 
of the wide range in dilutions, the data from the collections studied in both ex- 
periments were combined and are presented in table 3. The semen was graded 
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TABLE 3 
Average motility ( in per cent) during storage of spermiztozoa in semen diluted at four levels, 

and number of samples containing no motile spermatoaoa at 12 days. 
(Observations per datum: 82. Total observations: 896.) 

Av. % motility at dintions o f :  
Time L.S.D.8 

1: 50 1: 100 1: 200 1: 300 

Fresh 73 73 73 73 
2 d. 68 65 59 56 3 
4 d. 59 57 48 44 5 
6 d. 51 43 35 29 5 
8 d. . 43 34 24 18 5 
10 d. 33 21 13 12 4 
12 d. 23 12 8 4 4 

Samplea with no motile 
spermatozoa at 
12 d. 0 6 11 15 

a Least difference required for probability of 0.01. 

on the basis of the per cent of spermatozoa showing any degree of motility. 
Estimates were made to the nearest 10 per cent. In  the table, for each storage 
period the least significant difference required for a probability of 1 per cent is 
given. The numbers of samples containing no motile spermatozoa on the twelfth 
day of storage also are given because the determination of the presence or ab- 
sence of motile spermatozoa is considered to be more objective than determina- 
tion of motility percentages. By means of the chi-square test it  was determined 
that the probability, according to Crow's chi-square chart (3) ,  of the differences 
in number of dead samples being due to chance is 0.0001. F i cheve r  criterion 
is used, it can be seen that the livability of spermatozoa during storage decreases 
with increase in dilution rate. These livability studies are in line with the 
fertility studies reported above. Salisbury et al. (8, 12) observed a similar de- 
cline in livability with increase in rate of dilution with dilution levels up to 
1 : 100. 

These livability studies indicate that there is much room for improvement of 
the diluters now available. Salisbury (7) attributed the effect of high dilutions 
to the harmful action of oxygen. In  later work, Van Demark et al. (12) pre- 
sented data which indicate that oxygenation is mainly but not solely responsible 
for lowered livability of spermatozoa stored for a number of days in semen 
diluted at high levels. Studying the immediate effect of dilution upon motility, 
Cheng et al. (2), on the other hand, present evidence indicating that oxygen is 
not a factor and suggest that the "leaching" of one or more necessary sub- 
stances from the spermatozoan may be the contributing cause of the harmful 
effect of high dilutions. This problem merits additional study. 

Correlatiolz studies. The data from experiment 4 were used to determine the 
correlation between non-return rates, spermatozoan numbers and motility of sper- 
matozoa after either 2 or 8 days of storage. Calculations were made with all 
samples together, with samples containing 6 million or more spermatozoa per ml. 
and with samples containing less than 6 million spermatozoa. 



The coefficients significant only a t  the 5 per cent level of probability were 
for non-returns and spermatozoan numbers with all samples (0.23) and with 
samples with less than 6 million spermatozoa (0.24), and also for non-returns 
and spermatozoan numbers with 2-day motility held constant by partial correla- 
tion using all samples (0.23). The only correlation significant a t  the 1 per cent 
level of probability was between sperm numbers and 8-day motility using all 
samples (0.29). 

The correlation analyses indicate that decrease in  spermatozoan numbers was 
a more important factor causing reduction in breeding efficiency with increase 
in  dilution rates than the depression of spermatozoan motility by the high dilu- 
tions. The correlations between spermatozoan numbers and nonreturn rates 
were changed only slightly when the effect of motility was held constant. 

These results are somewhat contrary to those obtained by Cheng and Casida 
(1) with rabbits in  a study to determine the number of spermatozoa required 
for maximum and partial fertility. Their correlation coefficients indicated that 
the effect of dilution upon motility was of much greater importance than the 
actual reduction in numbers of spermatozoa. I n  their work a much wider range 
in dilution levels was used than in the experiments reported in  this paper. 
With comparable dilution levels comparable results might have been obtained. 
Cheng et al. (2) have studied the effect of high dilutions upon motility of un- 
stored bull spermatozoa in yolk-citrate. Their data suggest that the immediate 
effect upon motility of the dilution levels compared in experiment 4 would be 
slight. 

The significant correlation of 0.23 between non-returns and sperm numbers 
obtained in experiment 4 with all samples is almost identical to that of 0.24 
obtained by salisbGy and Bratton (10). 

SUMMARY AND CONCLUSIONS 

1. Four controlled experiments were conducted tb study dilution levels above 
1: 100. A total of 11,372 services from 69 collections from bulls selected for 
high fertility were involved. I n  every experiment there was a downward trend 
with increase in  dilution level, but none of the differences was significant. 

2. I n  two of these experiments with a total of 7,787 services from 54 collec- 
tions, accurate spermatozoan counts were made and regression coefficients were 
calculated. The citrate-sulfanilamide-yolk diluter was used. The relationship 
between non-return percentages and spermatozoan numbers at  dilutions above 
1 : 100 appears to be curvilinear. 

3. As the number of spermatozoa decreased from approximately 12 million 
to 6 million, there was a decrease of approximately 0.5 i n  non-return percentage 
per million decrease in  number of spermatozoa per insemination. Within this 
range i n  spermatozoan numbers, which corresponds roughly to dilution levels of 
1: 100 and 1: 200, respectively, when 1 ml. of semen is used per insemination, 
there is, therefore, an over-all decline i n  non-returns of approximately 3 per cent. 

4. When the diluted semen contained less than 6 million spermatozoa per ml., 
there was a drop of over 2.6 per cent in  non-returns per million decrease in 
number of spermatozoa per insemination. 
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5. Motility observations are reported on a total of 128 samples from 32 col- 
lections studied a t  2-day intervals during a storage period of 12 days. Dilution 
levels of one to 50, 100, 200 and 300 were compared. There was a marked de- 
crease in  livability of spermatozoa with increase i n  dilution rate. 

6. Correlation analyses indicate that decrease in  spermatozoan numbers was 
more important in  causing the decrease in non-return rates with the dilution 
levels studied in  this experiment than the direct depression of motility by high 
dilutions. 
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STALE-FLAVOR COMPONENTS IN DRIED WHOLE MILK. 11. 
THE EXTRACTION OF STALE BUTTER OIL FROM STALE 

DRIED WHOLE MILK BY ORGANIC SOLVENTS 

R. MOL. WRITNEY AND P.  H .  TRACY 

Department of Food Technology, University of Illinois, Urbana 

In  a previous paper (4), it  was reported that the stale-flavor components 
which develop in spray-dried whole milk during storage were found to be concen- 
trated in.the butter oil when prepared according to the usual method. However, 
due to unavoidable homogenization in the spray-drying process, the recovery of 
hutter oil from the dried whole milk, and hence the removal of the stale-flavor 
components was very inefficient (approximately 35 per cent). Consequently, 
the possibility of obtaining stale butter oil directly from the whole milk powder 
by extraction with organic solvents was investigated. 

For such a method to be applicable, the recovery of the butter oil must be 
reasonably high, the stale-flavor components must be extracted with the butter 
oil and the solvent must not interfere in any way with the flavor judgments of 
the products. 

THE EFFICIENCY OF THE EXTRACTION PROCEDURE 

Preliminary work indicated that the stale-flavor component could be extracted 
with the butter oil from stale, spray-dried whole milk by organic solvents. How- 
ever, suitable techniques would be needed to improve the efficiency of the ex- 
traction procedure and to prevent the interference of solvent flavors with the 
judgment of the product. In  order to improve the efficiency of extraction of the 
butter oil from the spray-dried whole milk, several modifications involving the 
type of whole milk powder extracted, the pretreatment of the powder before 
extraction and the extracting solvents were investigated. . 

Manufacture and storage of dried whole milk. Two types of dried whole milk 
were prepared in a pilot-size experimental spray drier. Powder no. 104 was man- 
ufactured from condensed whole milk without previous homogenization, while 
powder no. 105a was made from uncondensed, unhomogenized milk. The condi- 
tions of manufacture and storage are indicated in table 1. 

General experhentat methods. In  all experiments, a weighed sample of the 
milk powder of known fat content, as measured by the Mojonnier method, was 
pretreated in the manner specified and extracted, in a Soxhlet apparatus with a 
measured volume of solvent. The solvent was maintained at the boiling point 
by immersing the flask in a constant-temperature water, bath. After the specified 
number of trips of the syphon, the solution was removed from the Soxhlet appa- 
ratus and the solvent evaporated from the butter oil under reduced pressure. 
The extracted butter oil was weighed to determine the efficiency of the method. 

The anhydrous ethyl ether used was prepared by redistilling U.S.P. grade 
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ethyl ether over metallic sodium. The petroleum ether was distilled over solid 
EOH and the fraction boiling between 30 and 41" C. collected. 

Ezperimental results. While a considerable number of extractions were per- 
formed, only typical examples of the various procedures are reported in table 2. 
I n  experiments 1 and 2, powder no. 104, was extracted with anhydrous ethyl ether 
and with petroleum ether, respectively, without pretreatment. Poor recoveries 
were obtained with both solvents. 

TABLE 1 
Nanufaoturing data for dried whole milk 

Batch no. 

104 105a 

Raw milk: 
Source .............................................................. University herd University herd 
Fat content (%) ..................................... 4.3 3.9 

Preheat treatment : 

Condensing : 
Temp. (" C.) ........................................................ 46-71 none 
Vacuum (mm. of Hg) .................................. 49-64 ............. 
Time (hr.) 1.2 ............ 
Total solids 35.24 ............ 
Fat content 11.37 ............ 

Cooling & storage: 
Final temp. (" C.) ..................................... 12-15 
Method ......................................................................... surface cooler 

.......................................... Storage time (hr.) 22.5 
Storage temp. ( "  C.) ...................................... - 7 

Drying : 
Spraying temp. (" C.) 54-61 55-61 
Spraying pressure (Ib. 450-550 450-600 

63-17 69-20 
135-154 121-149 
85-97 82-107 
31.60 29.56 

Moisture conten 2.07 2.33 
0.6 < 0.1 

Powder storage : 
Time of storage (mo.) ................................ > 8 
Temp. of storage ( "  C.) ............................... - 7 . 

< 1  - 7 

Since Holm et al. (2) had reported that the fat is more readily extracted by 
carbon tetrachloride from a powder prepared from uncondensed, unhomogenized 
milk, powder no. 105a was extracted without pretreatment in experiments 3 and 4. 
Satisfactory recoveries were obtained with both solvents. . However, this powder 
developed a tallowy flavor quickly, which made it unsatisfactory for the investi- 
gation of the stale flavor. 

Lampitt and Bushill (3) had observed that the amount of fat that could be 
extracted by organic solvents from dried whole milk prepared by the usual spray- 
drying process was increased by hydrating the powder to approximately 8 per 
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cent moisture. I n  experiment 5, dried whole milk no. 104 was stored in evaporat- 
ing dishes and placed i n  desiccators over water a t  room temperature. After 
storage for 44.25 hr. under these conditions, the moisture content of the powder, 
as determined by the toluene-distillation method, was 7.87 per cent. Extraction 
of this powder with anhydrous ethyl ether yielded satisfactory recoveries. How- 
ever, the time required to hydrate the powder by this method was longer than 
desirable. 

The dynamic method suggested by Wilson (5) was employed in experiment 6. 
Air was drawn by means of a high-vacuum pump through the following succes- 

TABLE 2 

Typical results of various methods for the solvent extraction of butter oil from dried whole milk 

Exut. no. 

- - 

Powder no. ............. 104 104 105a 105a 104 104 104 
Moisture content 

(%) ........................ 2.07 2.07 2.33 2.33 2.07 2.07 2.07 
Specla1 static dynamic alcohol 

pretreatment ... none none none none hydration hydration treatment 
Moisture content 

after pretreat- 
............ ............ ........... ment (%) .................... ..... - ..... 7.87 9.20 

Wt. of powder 
(9.) ..................... 40.00 40.03 40.00 40.00 176.8 40.01 402.1 

Fat  content of 
powder (%) ...... 31.60 31.60 29.56 29.56 29.73 29.30 31.60 

anhydrous petroleum anhydrous petroleum anhydrous petroleum petroleum 
Solvent ........................ ethyl ether ethyl ether ethyl ether ether 

ether b.p; ether b. p; ether b. pi b. p. < 41 0. < 41 C. < 41 C. < 41" C. 
Vol. of solvent 

(ml.) 400 300 400 500 750 340 2620 
Temp. of extrac- 

tion ('(7.) ......... 43 49 43 49 40 43-49 47-48 
Time of extrac- 

tion (hr.) ......... 4.52 
3.5 6 3.25 3 4.25 5.5 11.0 

4.25 
No. of trips of 188 

smhon .............................. 18 ............ ............ 19 19 19 
Wt. of extracted 20 

butter oil (g.)  1.00 4.31 11.50 9.30 51.2 11.11 115.5 
Recovery of 

butter oil (%) 7.9 34.1 97.5 '78.5 97.5 94.6 90.9 

a The powder was divided equally between extraction thimbles. The variations in time of 
extraction are due to different periods for tripping of the syphon caused by differences in 
construction of the extraction apparatus used. 

sive stages : a charcoal adsorption tube, a washing bottle filled with water main- 
tained a t  room temperature by immersion in a water bath, a modified Regnault 
dew point hygrometer, a tube containing 600 g. of dried whole milk no. 104 and 
a second hygrometer. At  1-hr. intervals, the absolute humidity of the air on both 
the inlet and outlet sides of the powder was determined. Throughout the hydra- 
tion period, the air in  the inlet side was maintained at  as near saturation as possi- 
ble by regulating the flow of air with a stopcock at  the pump. The absolute 
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humidity was 22.8 to 24.3 mm. of mercury on the inlet side and 2.4 to 9.5 mm. of 
mercury on the outlet side, while the air temperature was 24.0 to 25.8' C. After 
25 hr. of treatment, the moisture content of the dried whole milk was determined 
by the toluene-distillation method and a weighed sample extracted with petroleum 
ether in  the usual manner. Satisfactory recoveries of butter oil were obtained. 

To further reduce the time required for pretreatment of the dried whole milk, 
the possible application of an observation of Lampitt and Bushill (3) was studied. 
These investigators had noticed that, in  freeing the fat  for extraction by hydra- 
tion of the milk powder to a moisture content of approximately 8, per cent, the 
lactose was crystallized. They also found that the lactose crystallized when the 
powder was dispersed in 95 per cent ethyl alcohol. To test whether pretreatment 
of the powder with alcohol also would free the fa t  for extraction and to develop 
the most satisfactory technique, a variety of experiments were performed. Ex- 
periment 7 illustrates the most satisfactory procedure used. Approximately 
400 g, of dried whole milk no. 104 was agitated with 3,400 ml. of 95 per cent ethyl 
alcohol and 25.8 ml. of distilled water for 1 hr. and filtered. The alcoholic filtrate 
was divided into three portions, each of which was concentrated to approximately 
850 ml. by evaporation under vacuum a t  room temperature. Eight hundred and 
fifty ml. each of petroleum ether and distilled water then were added to each 
portion and the mixture agitated for 2 min. in a separatory funnel. After the 
alcohol-water layer had been discarded, the petroleum-ether layer was used to 
extract the treated powder. Satisfactory recoveries of fat  were obtained. 

Discussion. I n  interpreting the results of this study, it  must be kept in  mind 
that the purpose was not to explore completely the effect of various factors upon 
the extraction procedures, but rather to develop efficient and usable methods for 
this step in  the isolation of the stale flavor component. Therefore, no conclusions 
are justified with respect to small differences in recovery of butter oil, but certain 
general observations are possible. 

While there were several differences i n  the methods of manufacture and stor- 
age of the two dried whole milks extracted, the chief difference was the drying 
of a condensed (powder no. 104) and a n  uncondensed (powder no. 105a) milk. 
The results of the first four experiments, may be considered as confirming the 
observation of Holm et al. (2) that fat  is extracted more completely by organic 
solvents from a powder prepared from an uncondensed than from a condensed 
product. Unfortunately, the powder prepared from the uncondensed whole milk 
was so unstable that it  was unsuitable for the study of stale flavor. A reasonable 
hypothesis for the instability of this product is that the physical condition of 
the powder which makes the fat  more available for solvent extraction also makes 
it  more susceptable to oxidation. 

The results of the experiments in  which the dried whole milk was hydrated 
to approximately 8 per cent moisture before extraction confirm the observations 
of Lampitt and Bushill (3) that the fa t  was readily extracted by organic solvents 
from dried whole milk when pretreated in  this manner. As was expected, the 
rate of hydration was more rapid when the dynamic method of Wilson (5) was 
used. 
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The experiments employing the alcohol pretreatment indicate that satisfactory 
recoveries of butter oil can be obtained by agitation for 1 hr. of the dried whole 
milk with 95 per cent ethyl alcohol to which sufficient water has been added to 
hydrate the powder to 8 per cent moisture followed by extraction with petroleum , 
ether in the usual manner, provided the fat dissolved in the alcohol used in the 
pretreatment is recovered. The reaction involved in the freeing of the fat for 
extraction by the alcohol pretreatment apparently approaches completion in 1 hr. 
However, shorter periods of treatment were not investigated. Some slight im- 
provement in recovery was indicated by experiments in this series when water 
was added to the 95% alcohol. However, additional information is needed before 
any conclusions concerning the optimum amount to be used can be made. Several 
hypotheses may be suggested for the mechanism of the process whereby the fat  
is freed by the alcohol pretreatment. The alcohol may serve as a medium by 
which the water may be brought into more intimate and continuous contact with 
the lactose in the milk powder, thus speeding the crystallization process. This, 
in turn, would free the fat for extraction by destroying the continuity of the lac- 
tose glass which may entrap the fat. In  this case there should exist between the 
alcohol and the lactose a competition for the water and additional water in the 
alcohol should shift the equilibrium toward the formation of more crystalline lac- 
tose and the consequent freeing of more fat for extraction. However, the evi- 
dence is only suggestive and the other possibilities that the alcohol simply serves 
as a medium in which the lactose crystals may grow or that the alcohol may 
effect the other components of the powder so as to make it more porous cannot 
be eliminated. 

A METHOD FOR THE REMOVAL OF SOLVENT FLAVORS FROM BUTTER OIL 

When the solvents were removed from the butter oils in the previous study 
by evaporation under vacuum at approximately 40" C., the butter oil, reconsti- 
tuted with fresh skim milk to the approximate composition of the original milk 
(3.8 per cent fat), possessed sufficient solvent flavor to interfere with the estab- 
lishment of its stale-flavor threshold value. Investigation of other common 
methods of solvent removal did not yield satisfactory results. Hence, a method 
specifically designed for this purpose was developed. 

Experimental Method. Briggs (1) had observed that, by the adsorption of 
gases on activated cocoanut charcoal at liquid-air temperatures from low-pressure 
systems, higher vacuums could be obtained than by use of high-vacuum pumps 
alone. Also it is known that organic solvents are adsorbed strongly by charcoal 
a t  low temperatures. Therefore, the special tube shown in fig. 1 was constructed. 
Butter oil and the solvent to be investigated were added to the pyrex flask A. 
Cocoanut charcoal (-31 g.) was placed in the pyrex tube B, which was connected 
to the flask by means of a ground-glass joint. The flask A and its contents were 
held at a constant temperature of 40" C. in water bath, while the entire appara- 
tus was agitated continuously by a Boerner shaker. The bulk of the solvent was 
removed with an aspirator through stopcock C, and then a vacuum pump was 
attached and the pressure reduced to 0.1 mm. of mercury or less. After the sys- 
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tem had been evacuated for a sufficient length of time, the charcoal in the tube B 
was degassed by being heated with a Bunsen burner while the pump was still in 
operation. The heating period (usually 15-20 min.) was complete when no 
change in the pressure of the system could be noted after the charcoal had been 
heated for a 5-min. period in a closed system. With the stopcock still closed, the 
charcoal bulb was allowed to cool to room temperature, and then the pressure of 
the system was further reduced to mm. of mercury or less by immersion of 
the bulb in liquid air contained in a 1 1. Dewar flask. After a sufficient time, 
the bulb was removed from the liquid air, the stopcock C was opened and the 
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FIG. 1. Apparatus for removal of solvents from butter oil: 8-500 ml. pyrex flask for but- 
ter oil and ether. B--Cocoanut charcoal (31 g.). CLStopcock leading to vacuum pump. D- 
Ground glass fitting. E-25 mm. pyrex tube. 

flask containing the butter oil was disconnected from the bulb. The pressure in 
the system during the process was determined by means of a high-vacuum arc 
tester which gives a pale-blue arc a t  less than 0.1 mm. of mercury pressure and 
no discharge a t  mm. of mercury pressure or less. While this method for 
measuring the pressuure may seem somewhat qualitative, it was satisfactory for 
the purpose of this study. 

Time study. To determine the minimum time required for evacuation with the 
high-vacuum pump and for the charcoal adsorption for the solvents used in this 
study, the duration of these treatments was varied and the butter oils obtained, 
blended with fresh skim milk to 3.8 per cent fat and scored for solvent flavor by 
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a panel of experienced judges. Their observations are recorded in table 3. 
Discussio?z. I n  the development of this procedure no attempt was made to 

determine t& effect of changes in  such variables as weight and type of charcoal, 
design of apparatus, or amount of butter oil, since a satisfactory method was de- 

TABLE 3 

Effect of time of evacuation and time of charcoal adsorption upon the completeness of solvent 
removal from butter oil 

Judging 

(9.) (ml.) ,.. (hr.) .,. (hr.) 
1 ethyl ether 40 400 21.8 ......... 4 2 + 2- 4 +  

2 ethyl ether 40 400 21.8 1.0 4 2,: 4 ,  

3 ethyl ether 40 400 21.8 3.0 4 4 -  

4 ethyl ether 40 400 21.8 24.0 4 4 -  

5 ethyl ether 40 400 ......... 3.0 4 if 44 

6 ethyl ether 40 400 4.1 3.0 4 3 -  4 +  

7 ethyl ether 40 400 1.0 3.0 4 i i  4 +  

2 + 
8 ethyl ether 40 400 24.0 3.0 4 3 I ( ( )  

1 - 
ethyl ether 

ethyl ether 

ethyl ether 
ethyl ether 
ethyl ether 
ethyl ether 
methyl alcohol 
& pet. ether 

( I l l )  
methyl alcohol 
& pet. ether 

methyl alcohol 
& ether 

( I l l )  

a (+) indicates presence of solvent flavor. Apparently, in the initial experiments some of 
the judges had dacu l ty  in recognizing the solvent flavor since solvent flavor was sometimes 
reported in the fresh control. Results are included only to add weight to the results of the 
later experiments. 

veloped by controlling the time of evacuation and the time of adsorption on cocoa- 
nut charcoal a t  liquid-air temperature. Although there are some inconsistencies 
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in the results reported in  table 3, subsequent use has confirmed the conclusions 
reached in the time study that satisfactory removal of ethyl ether from a t  least 
150 g. of butter oil was accomplished by 4-hr. evacuation with the pump a t  pres- 
sures of 0.1 mm. of mercury or less and 2-hr. adsorption on cocoanut charcoal a t  
liquid-air temperatures, while the mixture of petroleum ether and methyl alcohol 
required an additional 2-hr. adsorption on the cocoanut charcoal. 

The results in  table 3 indicate that evacuation alone, even for 21.8 hr., is in- 
sufficient to reduce the solvent concentration i n  the butter oil below the threshold 
value. Apparently, pressures of solvent vapor of the order of 0.1 mm. of mer- 
cury are in  equilibrium with a concentration of solvent in  the butter oil which 
is above the threshold value. However, as also indicated by the data, some evacu- 
ation with the pump is necessary to reduce the total amount of solvent in  the 
system below a certain value before the adsorption on the charcoal can reduce 
the concentration in  the butter oil below the threshold value. The time of adsorp- 
tion on charcoal required is apparently determined by the rates of diffusion of 
solvent i n  the various states and the dimensions of the apparatus. 

THE REMOVAL OF STALE-FLAVOR COMPONENT WITH THE BUTTER O I L  

FROM THE STALE DRIED WHOLE MILK BY SOLVENT EXTRACTION 

With the development of a special procedure for eliminating the interferences 
of solvent flavors with the judgments of the butter oil, a series of experiments was 
performed to determine whether the stale-flavor component was removed effi- 
ciently from the dried whole milk with the butter oil by solvent extraction. 

Experimental methods. Three different procedures for pretreatment of 
the dried whole milk were employed, all of which had been found to yield satis- 
factory recoveries of butter oil on subsequent extraction with organic solvents. 
The conditions of extraction and solvent removal are supplied in  table 4. After 
the solvent was removed from the extracted butter oils, they were blended with 
fresh skim milk to the composition of the original whole milk (4.3 per cent fat)  
and their stale-flavor threshold values were determined by the procedure described 
in our previous publication (4). Samples of the dried whole milk before pre- 
treatment were reconstituted with distilled water to the same composition and 
their threshold values determined. These results also are recorded in table 4. 

Discussion. Consideration of these results indicates that by all methods in- 
vestigated the threshold value of the stale extracted butter oil is approximately 
the same as the percentage of fat  from the stale reconstituted whole milk present 
a t  its threshold value.= Thus, it  is indicated that the amount of the stale-flavor 
component per unit weight of fa t  is approximately the same for both the ex- 
tracted butter oil and the dried whole milk from which it was extracted. There- 
fore, i t  can be concluded that, within the limits of experimental error, the effi- 
ciency of extraction of the stale-flavor component is proportional to the efficiency 
of extraction of the butter oil and that 90 per cent or more of, the stale-flavor 
component is removed along with the butter-oil by the procedures used. I n  the 

1 Calculated by the following formula: The per cent fat  is reconstituted whole milk times 
the threshold value of stale reconstituted whole milk. 
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first experiment, the presence of an off-flavor which was considered to be dif- 
ferent from that of ethyl ether and which could not be removed by the solvent- 
removal technique indicated the possible formation of flavored reaction products 

TABLE 4 
Effect of pretreatment and 8olvent extraction upon the efficiency of removal of stale-favor 

component from dried whole milk 

Expt. no. 
- 

1 2 .  3 

Powder no. 104 104 104 

Pretreatment static hydration dynamic hydration alcohol treatment 
as in table 1, as in table 1, as in table 1, 

expt. 5 expt. 6 expt. 7, except 
time of treatment 

Moisture content after pre- 7.87 9.20 
treatment (%) 

Wt. of powder (g.) 176.8 198.5 
Fat  content of powder (%) 29.73 29.30 
Solvent anhvdrons net. ether 

ethfl ether b.p. < 41 "C. 
Vol. of solvent (d.) . 750 850 
Temp. of extraction ("C.) 40 43-49 
Time of extraction (hr.) 4.25 23.75 

No. of trips of sphon  
Temp. of solvent removal 

("(7.) 
~rissu;e  during evacuation 

(mm. of H g )  
Time of evacuation (hr.) 
Time of adsorption on char- 

coal (hr.) 
Wt. of extracted butter 

oil (g.) 
Recovery of butter oil (%) 
Threshold value of stale 

reconstituted whole milk 
(%)b 

Fa t  from stale reconstituted 
whole milk a t  threshold 
value ( % ) c  

Threshold value of stale ex- 
tracted butter oil (%)b 

Comments 

> 0.1 for 4 hr. < 0.1 for 4 hr. 
8 
2.25 

Medicinal, Solvent 
Pyrolysis Product 

was 7 hr. 

205 
31.60 

pet. ether 
b.p. < 41 "C. 

850 
47 
9.178 

> 0.1 for 1 hr. < 0.1 for 4 hr. 
5 
4 

-- 

a The alcohol-treated powder was divided into 2 equal fractions and extracted in 2 different 
Soxhlet extractors. The difference in time of extraction is due to the design of the apparatus. 

The numbers in parenthesis repreaent the no. of judgments. Rejected judgments are not 
included. 

cCalculated by the following formula: n/o Fat  in reconstituted whole milkx threshold 
value of stale reconstituted whole milk. 

from the ethyl ether and some component of the butter oil. Since this off-flavor 
was not present i n  the other experiments i n  which petroleum ether was used as 
the extracting solvent, it appears to be the more suitable solvent for this study. 
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SUMMARY 

I n  this study of the stale flavor which develops in dried whole milk on stor- 
age, it was necessary to develop a more efficient method for obtaining stale butter 
oil from the dried whole milk. 

An investigation of various Soxhlet-type extraction procedures with organic 
solvents resulted in two suitable procedures which yielded better than 90 per 
cent recovery of stale butter oil. 

Difficulties encountered in the removal of solvent from the extracted butter 
oil necessitated the development of a special technique to reduce the solvent con- 
centration in the butter oil to the point where it did not interfere with the or- 
ganoleptic judgment of the product. 

The stale-flavor component was extracted with the butter oil by these pro- 
cedures in approximately the same ratio to the fat as existed in the original 
dried whole milk and therefore may be considered to be better than 90 per cent 
extracted from the dried whole milk. 
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A NEW INDICATOR METHOD FOR T H E  DETERMINATION O F  
DIGESTIBILITY AND CONSUMPTION O F  

FORAGES BY RUMINANTS 
J. T. REID, P. G. WOOLFOLK, C. R. RICHARDS, R. W. KAUFMANN, J. K. LOOSLI, 

K. L. TURK, J. I. MILLER AND R. E. BLASER 
Departments of Animal Husbandry and Agronomy, Cornell University 

The search for a n  indirect method for measuring the digestibility and con- 
sumption of feedstuffs by animals has been i n  progress for many years. A satis- 
factory procedure conceivably could eliminate the necessity of long, tedious and 
expensive digestion trials. I n  additionto determining the digestibility of dry 
and green feeds, a n  adequate method also would allow the indirect measurement 
of the quantity of pasture herbage consumed by grazing animals. Many other 
obvious applications of such a method are possible. 

Most of the proposed methods require that certain reference substances used 
as "indicators" occur naturally in  or be added to the feedstuff being examined. 
For  the purpose of estimating consumption, it is essential that the reference sub- 
stance be a normal constituent of the feed. Based upon the difficulties encoun- 
tered in the use of various indicator methods it would seem that the ideal method 
should possess the following features: (a) I t  should employ a reference material 
which occurs naturally and in a measurable quantity in  the feedstuff; which is 
indigestible and, therefore, completely recoverable in  the feces; and, for which 
the chemical analysis is simple, accurate and rapid. (b)  The recovery of the 
reference substance from the feces must not be influenced by treatment of the 
feed (curing methods, heat, etc.), by stage of maturity or by irregular passage 
of the "indicator" through the gut. (c) The equilibrium of the reference sub- 
stance i n  the feces with that in  the feed must be established soon after feeding 
is begun in order that short time trials may be used. 

The authors are not aware of any reports giving previous attempts to employ 
natural plant pigments or chromogensl as reference substances. A summary of 
the voluminous literature dealing with the use of silica, iron oxide, chromic oxide 
and lignin as indicators will not be attempted i n  this report. 

I t  was the object of this study to determine whether forages contain natural 
chromogenic substances which are indigestible, completely recoverable in  the 
feces and, therefore, adaptable to use as a reference material for the indirect 
measurement of digestibility and consumption of forages by ruminants. 

EXPERIMENTAL PROCEDURE 

I n  the first part of the investigation conventional digestion trials were con- 

1 For lack of better terms, llchromogen(a) " and "chromogenic substanoes" are employed 
throughout this report to refer to substances in solution absorbing light. Whether or not the 
substauce(8) absorbing light at 406 mp is a natural plant pigment or is chromogenic is not 
known. 

Received for publication Sept. 16, 1949. 
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ducted with a mixed forage of which aliquots had been cured by ensiling and 
by drying in the field, barn and oven. All hays were fed to four wethers 
weighing 70 to 90 lb. in one replication of a 4 x 4 Latin square, whereas silage 
and barn-dried and field-cured hays were fed to three bull calves weighing 350 to 
375 lb. i n  one replication of a 3 x 3 Latin square. No feed other than these for- 
ages was fed. Ten-day preliminary and fecal collection periods were employed. 
The forages fed and the resultant feces produced in these 25 trials provided the 
materials used in the first part of the study. 

The ratio of the dry matter consumed i n  forage to that excreted in  feces was 
established for each animal and forage in  the conventional trial as a prerequisite 
to the pursuit of the problem. I n  order to ascertain whether any naturally 
occurring chromogenic substances present in  the forages were completely recov- 
erable in  the feces, absorption measurements were made of acetone extracts of 
the forages and of their fecal products in  the visible spectral range. Samples 
of the forages as fed and the resultant fresh feces were weighed in quantities 
proportional to the dry matter consumption-excretion ratio for a given animal. 
It is apparent that this procedure would allow the demonstration of indigestible 
substances should they exist. The samples were extracted i n  the same volume 
of 85 per cent acetone and the absorption spectrum was determined for each 
extract, using a Beckman DU model spectrophotometer. According to well es- 
tablished laws and assuming a minimum of interference, solutions of similar 
source absorbing the same quantity of light a t  a given wavelength theoretically 
contain equal quantities of the same chromogenic substance. Therefore, it fol- 
lows that a t  wavelengths where equal quantities of light were absorbed by the 
forage and corresponding fecal extracts (disregarding the possible presence of 
interfering substances), some chromogenic substance (s) was present in  both ex- 
tracts in the same quantity. Furthermore, the presence of such isosbestic points 
would indicate that the chromogen (s) of forages responsible for the absorption 
of light a t  the corresponding wavelengths is indigestible and may be recovered 
completely from the feces. Upon determining the absorption spectra of the 
extracts of the different forages and corresponding feces samples it  was found 
that a n  isosbestic point consistently existed near 406 mp, as shown in figure 1. 
Although isosbestic points occurred a t  other wavelengths, the amount of light 
absorbed was undesirably low and i n  some cases appeared to be characteristic 
of a certain kind of forage. Since a high degree of absorption occurred a t  
406 mp, indicating that a relatively large quantity of the chromogen(s) respon- 
sible for this absorption was present in  the extracts, attention was largely given 
to this wavelength. 

I n  order to employ these findings in  a n  indicator technique for the measure- 
ment of forage digestibility and consumption, it  was necessary, first of all, to 
quantitate the absorption measurements of the extracts in  terms of a known 
chromogen a t  406 mp. Since the chromogen(s) responsible for absorption a t  
406 mp was unknown and since the absorption maximum of Na,CrO, in  aqueous 
solution is reasonably close (370-375 mp) to 406 mp, NazCrO, was employed for 
this purpose. Calibration of the spectrophotometer a t  406 mp was effected by 
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making absorption measurements on solutions of Na,Cr04 ranging in concentra- 

100- FIEU) CURED HAY 

tion from 0 to 20 mg. per cent. The amount of light absorbed by a solution 
containing 1 mg. per cent NazCr04 was termed equivalent to 1 unit of "chromo- 

OVEN DRIED HAY 

gen" per 100 ml. of extract. For the particular instrument used in this study, 
the relationship of the concentration of .chromogen in extracts to the quantity 
of light absorbed is expressed by the equation Y = 49.2379 - 23.8010 X, where 
Y = units of chromogen per 100 ml. of extract and X = log of the per cent of 

0 
BARN DRIED HAY 

a 
0 

100- PASTURE GRASS MOORE'S NON-CAROTENE 
CHROMOGENS 

Pigment I 

4 0  

390 450  510 560 390 450 510 560 
WAVELENGTH ( mp) WAVELENGTH (mp) 

FIG. 1. Absorption spectra of acetone extracts of forages and of corresponding feces 
showing the formation of the isosbestic point at 406 mp. The spectra of the extracts of hays 
and silage and corresponding feces were obtained from the studies conducted with wethers, 
whereas those of pasture grass and its resultant feces were obtained using steers. 

transmitted light. 
Following these preliminary studies and as a second part of the investigation, 

the method finally adopted was tested further with hay containing a large pro- 
portion of Ladino clover. This was an attempt to determine whether the 
chromogen(s) under scrutiny were common to more than one plant species. 
Although the hays and silage used in the first part of the study were mixed, 
one plant possibly could have been the source of the pigment. 



I n  addition to these trials, a study was made of the method's applicability to 
pasture grass. A known quantity of freshly clipped timothy-mixed grass forage 
was fed four times daily at  4-hr. intervals to three steers (two Holsteins and one 
Hereford weighing 375 to 500 lb.) confined in a barn and fitted with fecal col- 
lection bags. The pasture grass was studied at three timothy growth stages 
characterized as vegetative, boot to early head and full bloom, giving a total of 
nine trials. Simultaneously, total fecal collections were made from three other 
steers allowed to graze similar grass. Grass for analysis was sampled beginning 
2 days prior to and during the first 2 days of fecal collection. The collection of 
feces was made over a period of 4 consecutive days. During the first day of 
the third trial the harness on one Holstein steer was damaged irreparably, and 
consequently, data were obtained on only two steers during this trial. 

For all forages examined in these studies the analyses for chromogen(s) were 
conducted on feces as voided (undried) and on forage material in the same 
state as that fed to the animals. 

All moisture measurements were made by the toluene distillation method. 
Care was taken to protect all samples and their extracts from light insofar as 
this was possible. All samples not in immediate process of analysis were kept 
in a refrigerator at 1 to 5' C, 

Details of Adopted Method. Although the size of forage and feces samples 
convenient for extraction and the degree of dilution of the original extract will 
vary with the chromogen(s) content of the forage being studied, table 1 sum- 

TABLE 1 
Convenient sample weights, extract volumes and dilution rates 

Material 
Approximate Vol. of Dilution of 

sample original ' original 
wt. extract extract 

Hay, mixed grass ............................................................. 
Hay, Ladio ........................................................................... 

(diln. factor) 
2-3 
2-3 
2-4 

- 

marizes the weights and volumes found to be practicable in this study. 
Samples were weighed on filter paper of a diameter commensurate with the 

bulkiness of the sample and transferred with the paper to a 500-ml. boro-silicate 
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Waring blendor cup equipped with a large rubber stopper covered with alumi- 
num foil. A glass tube extending from the base of and through the stopper 
approximately 6 to 8 in. above the cup was found to prevent leakage from around 
the stopper caused by pressure due to increased temperature accompanying 
blending. Two hundred fifty to 400 ml. of 85 per cent (by volume) acetone 
(depending upon the final volume of extract desired) were added to the weighed 
sample and the blending was begun. The blendor was allowed to run approxi- 
mately 3 to 7 min. during which the cup was removed at intervals from the 
motor unit and placed in an ice-water bath. The number of times cooled dur- 
ing an extraction was determined by the degree of heating. The contents of the 
cup were transferred quantitatively to a Buchner funnel containing Whatman 
20. 42 paper, filtered by suction, and the macerate was washed with 85 per cent 
acetone. The residue then was returned to the blendor cup and extracted in 
the same manner two or more times, depending on the degree of pigmentation 
of the successive extracts, toughness of the material being extracted and the 
fineness of maceration of the residue. Results were found to be readily repro- 
ducible when the final washings were clear and when stems were well macerated. 
Green timothy grass in the full bloom stage, clipped into short pieces with 
shears, was considerably more difficult to extract completely than the same grass 
at an earlier growth stage. More extensive treatment was required for this 
kind of grass than for any of the other materials extracted. Feces from pasture 
grass-fed steers was the most easily extracted material studied. 

The extracts were made to a known volume and a portion of this sufficiently 
large to prepare a final dilution was filtered by gravity through Whatman no. 40 
or 42 filter paper. 

An absorption measurement then was made on the properly diluted extract 
a t  ,406 mp, using a Beckman spectrophotometer. The units of chromogen(s) 
per gram of dry matter were calculated according to the equation shown above. 
Substitution of the chromogen(s) values in the following equation allows the 
derivation of the apparent digestion coefficient for any nutrient or the dry matter 
without a knowledge of the total quantity of feces produced or of the forage 

( 
a .  x in feces 

consumed. Apparent digestibility = 100 - 100 , where a = units 
b . x in forages 

of chromogen per g. forage, 71 = units of chromogen per g. feces and x = per cent 
of specific nutrient. 

When the total yield of feces is known, the daily dry matter intake may be de- 
termined according to the following equation: Dry matter consumption (g./day) = 

(units of chromogen(s) per g. dry feces) x (g. of dry matter in feces per day) 
units of chromogen(s) per g. dry matter in forage 

RESULTS 

The average rates of recovery from the feces of chromogen(s) absorbing light 
at 406 mp for the forages studied are summarized in table 2. Table 3 sum- 
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TABLE 2 

Recovery a t  406 mp of ohromogen(s) from feces of animals receiving various forages 

Forage 

Field-cured hay ............................................. 

Barn-cured hay ........................................... 

Oven-dried hay ........................................... 

Silage, hay crop ...................................... 

Ladino clover hay ................................... 
Pasture grass : 

vegetative stage ................................ 
boot to early head stage .......... 
full bloom stage ............................ 

Experimental 
animals 

Recovered in feces (%) 

Av. Range 

Wethers (4)a 
Bull calves (3) 
All animals (7) 

i Wethers (4) 
Bull calves (3) 
All animals (7) 

Wethers (4) 

i Wethers (4) 
Bull calves (3) 
All animals (7) 

Wethers (2) 

Steers (3) 
Steers (3) 
Steers (3) 

a Figures in parentheses represeflt the no. of animals used. 
b When the datum on one wether for which only one fecal analysis was made is disregarded, 

the av. and range of recovery become 100.7 ,(99.9-101.2) and 100.7 (99.9-101.7) % for wethers 
and all animals, respeetively, on field-cured hay. 

TABLE 3 

Av. dry matter digestion coefficients of forages estimated by the chromogen method as compared 
to those derived from conventional digestion trials 

Forages 
Dry matter digestibility (%) 

Experimental 
animals Conventional Chromogen 

trial method 

F a - c u r e d  hay ........................................ Wethers (4)a 
Bull calves (3) 
All animals (7) 

............................................. Barn-cured hay Wethers (4) 
Bull calves (3) 
All animals (7) . . 

Oven-dried hay ............................................ Wethers (4) 

......................................... Wethers (4,) silage, hay crop Bull 
(3) 

All animals (7) 
Ladino clover hay ..................................... Wethers (2) 

Pasture grass : 
. vegetative stage ................................ Steers (3) 

boot to early head stage ............ Steers (3) 
full bloom stage ............................. Steers (3) 

a Figures in parentheses represent the no. of animals used. 
b When the datum on one wether for which only one fecal analysis was made is disregarded, 

the average dry matter digestibility as determined by the conventional and chromogen(s) 
methods, respectively, becomes 53.3 and 53.6% for wethers and 53.5 and 53.9% for all animala 
on field-cured hay. 
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marizes the data for the digestion coefficients derived from conventional trials 
and from the chromogen(s) method, while figures for the actual intakes and 
those calculated from the chromogen(s) data are shown in table 4. These data 

TABLE 4 

Av. daily dry lnattm intakes of forages estimated by the chromogen method as  compared with 
the actual daily dry matter consumption 

Forage 

Dry matter intake (g./day) 
Experimental 

animals ~ ~ t ~ ~ l  ChrOmOgen 
method 

.......................................... Field-cured hay 

............................................ Barn-cured hay 

.......................................... Oven-dried hay 

.......................................... Bilage, hay crop 

Ladino clover hay ...................................... 

Pasture grass: 
................................. vegetative stage 

boot to early head stage ............ 
............................. full bloom stage 

Wethers (4)a 
Bull calves (3) 
All animals (7) 

Wethers (4) 
Bull calves (3) 
All animals (7) 

Wethers (4) 

Wethers (4) 
Bull calves (3) 
All animals (7) . 
Wethers (2) 

Steers (3) 
Steers (3) 
Steers (3) 

-- - -- 

a Figures in parentheses represent the no. of animals used. 
b When the datum on one wether for which only one fecal analysis was made is disregarded, 

the av. quantity of dry matter consumed daily as determined by actual measurement and the 
ehromogen(s) method, respectively, becomes 507 and 510 g. for wethers and 1825 and 1838 g. 
for all animals. 

are not, in all cases, derived from duplicate measurements on feces and most of 
those showing the greatest deviation from perfect recovery were the result of a 
single determination. This was necessitated by the time required in working out 

. certain details of the method, especially during the early stages. Therefore, it 
would seem that for forages similar to those examined in this investigation, ab- 
sorption measurements on acetone extracts of forage and the resultant feces of 
animals consuming the respective forage will allow the estimation of digestion 
coefficients and dry matter consumption in close agreement with the actual (that 
derived from a conventional digestion trial), assuming that the usual care is 
taken in the conduct of the trial. 

Equally good results were obtained with the proposed method when applied 
to a study of clipped pasture grass during three growth stages as when em- 
ployed for the study of hays and hay-crop silage. The rates of recovery of the 
chromogen(s) from the feces of wethers, bull calves and steers were similar. 

The mixed forage cured by four different methods ranked in descending 
order of chromogen concentration as follows : silage, oven-dried hay, barn-cured 
hay and field-cured hay. Although no extensive investigation has been made 
of the stability of the chromogen(s) studied, it was found to be light labile. 
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H~wever, chlorophyll and carotene were lost more readily upon exposure to sun- 
light than the chromogen(s) responsible for the absorption at 406 mp. No 
great loss of chromogen(s) was observed from extracts allowed to sit at room 
temperature in the dark from several days. Chromogen analyses made at inter- 
valiof a month on the same feces stored at  1 to 5" C. were in very close agree- 
ment. I t  is indicated that chromogen analyses do not have to be made on strictly 
fresh material. However, more extensive studies dealing with stability are in 
progress and may alter this general picture. 

In  a few cases where animals refused a small quantity of the forage offered, 
the chromogen content of the orts was much less than that of the forage offered. 
Even in the case of chopped hays, a marked degree of selective feeding was ob- 
served. This was indicated not only by the low chromogen level, but also by 
the low protein and high fiber content of the refused feed. 

The digestibility and consumption of pasture grass dry matter by grazing 
steers, as estimated by the proposed method, are shown in table 5. These intake 

TABLE 5 

Comparison of dry matter digestibility and consumption of pasture grazed a t  three growth 
stages as determined by the dry matter consumption-exoretion ratio 

method and the chromogen(s) method 

Dry matter digestibility (%) Estimated dry matter intake (g./day) 
Steer 
no. D.M.C.-E.R. Chromogen D.M.C.-E.R. Chromogen 

method8 method methoda method 

Vegetative stage 
0 
36 
39 - - 

Av. 72.9b 77.2 
Boot to earZy head stage 

0 74.8 
36 65.0 
39 68.2 

Av. 66.3b 69.3 
Full bloom stage0 

n 
39 64.4 4041 4744 

Av. 58.1b 65.9 3588 4381 

a Abbreviation for "dry matter consumption-excretion ratio" method. 
b Dry matter digestion coefficients for clipped grass fed to "inside" steers as ~hown in 

table 3 are assumed to be the same for grass consumed by grazing steers when the dry matter 
consumption-excretion ratio method is employed. Therefore, these figures are recorded in this 
table in order that they may be readily compared to those obtained by the chromogen(s) . . 
method. 

c Three grazing steers were begun in the study of grass a t  full bloom stage, but one steer 
was d i a t e d  because of damage incurred to fecal collection bag harness. 

estimates are somewhat higher than those determined by the simultaneous dry 
matter consumption-excretion ratio method. The digestibility of dry matter of 
the grazed,grass was appreciably higher than that of the barn-fed clipped grass 
(table 3),  indicating that grazing animals tend to select the more nutritive por- 
tions of the grass. 
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DISCUSSION 

The results indicate that it is feasible to use the chromogen(s) of forages 
absorbing light a t  406 mp as a n  "indicator7' for digestibility and consumption 
measurements. The method as proposed is simple, rapid and accurate. It ap- 
pears to be readily applicable to many kinds of ruminant nutrition experiments 
involving feeding trials, lactation trials and, especially, studies dealing with the 
evaluation of pasturewin which a measure of consumption rate as well as digesti- 
bility is highly essential. 

One weakness common to all methods employing naturally occurring "indi- 
cators" as applied to pasture studies is the inability to analyze grass truly repre- 
sentative of that selected by the grazing animal. If the substance used as the 
reference material was of the same concentration throughout the plant, the 
seriousness of the problem would be greatly minimized. However, the problem 

!exists when either the lignin or chromogen ratio technique is applied. The 
lignin content of the leafy portions of the plant is much lower than that of the 
stems, whereas for the chromogen(s) measured a t  406 mp the reverse relation- 
ship was found. The data obtained in this study show that the intake of graz- 
ing steers estimated by the chromogen method is higher than that calculated on 
the basis of the dry matter consumption-excretion ratio which was determined 
for steers fed known quantities of similar grass. The quantity of dry matter 
consumed (estimated by chromogen method) by grazing steers was higher than 
that of similar steers fed a maximum level of clipped grass i n  the barn. How- 
ever, it  is doubtful that a difference as great as that observed actually existed. 

1 Since the level of chromogen(s) was higher in  leaves than in stems and since 
the steers tended to select the leaves, probably because of greater palatability, 
the grass actually consumed by the steers probably contained a higher concen- 
tration of the chromogenic substance(s) than the analysis of clipped grass indi- 
cated. Therefore, a higher-than-actual intake was most probably the resultant 
estimate. This hypothesis would appear to be substantiated further by the fact 
that the chromogen(s) content of the grass refused by the barn-fed steers was 
much lower than that of the grass offered. 

Data recently published by Forbes and Garrigus (1) show that the intake of 
steers estimated by the lignin ratio method generally is lower than that estimated 
by the dry matter consumption-excretion ratio technique. An explanation for 
this seems to be that the portion of the plant actually consumed by the animal is 
lower i n  lignin than the representative grass upon which the lignin analyses were 
made. 

Regardless of the accuracy which may be demonstrated for the proposed 
method (chromogen), the lignin ratio or any other indirect method for evaluat- 
ing' forages when the material analyzed is the same as that fed, preeise con- 
sumption data under grazing conditions is precluded a t  the present time by the 
inability to obtain samples of grass which are representative of that consumed by 
grazing animals. 
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An attempt was made i n  this study to confine grazing steers to an area which 
within 4 days would be grazed down to a level approximating the height of the 
stubble from which the grass was clipped for the barn-fed steers. Since the 
forage received by the barn-fed steers was sampled on a n  aliquot basis a t  each 
clipping (four times daily), plucked samples were taken a t  corresponding times 
from the area being grazed. These 16 samples, each weighing 165 g., were used 
to form a 4-day composite sample upon which moisture and chromogen analyses 
were conducted. The observed grazing habits of the steers pointed to a fallacy 
in this method of sampling. During the first 2 days, the steers grazed the leaves 
and, thereafter, the remaining stems. Judging from the degree of fill, the intake 
of these steers was greatest during the first day of grazing and was progressively 
less each successive day. However, the procedure used for obtaining the plucked 
samples did not allow for the supposedly reduced intake on successive days, i.e., 
the samples taken were not proportional to the consumption of the steers. Since / 
the chromogen level of plucked samples was considerably lower than that of , 
clipped samples, a greater stem to leaf ratio existed i n  the plucked sample than \ 
in  either the clipped sample or the grass actually consumed by the steers. Ac- ! 
cordingly, the quantity of chromogenic material in  the grass consumed by the 
barn-fed steers was used in calculating the data for the grazing steers. 

The dry matter consumption-excretion ratio method originally suggested by 
Garrigus and Rusk (2)  for use i n  pasture evaluation generally is considered to 
be the best method available for critical studies. However, the major recog- ; 

nized weakness of this procedure as applied to grazing studies is the assumption 
that the digestibility of the forage selected by grazing animals is the same as 
that of clipped grass fed to "inside" steers. The data derived by the chromo- 
gen method (table 5) for the pasture grass used in this study indicate that graz- 
ing animals select grass of a higher digestibility than that of grass from the 
same source but clipped and fed. Although the data are too few to allow defi- 
nite conclusions, a n  examination of the body weight gains of the grazing steers 
indicates that the dry matter intake calculated by the chromogen method ap- 
proaches more closely the probable intake based upon daily digestible nutrient 

I 
requirements than do the estimates derived from the dry matter consumption- 
excretion ratio method. Therefore, these data suggest that the consumption esti- 
mates effected by the proposed method are more nearly comparable with produc- 
tion response than are the estimates made by the method suggested by Garrigus 
and Rusk (2) .  However, the ehromogen(s) content of the grass consumed by , 
grazing steers probably was higher than that resulting from the analysis of 
clipped grass, so the dry matter intake and digestibility estimates probably are 
somewhat higher than the actual figures. 

Although the identity of the chromogen(s) employed in the proposed method 
is not essential to the execution of the method, it may be that a knowledge of its 
nature would lead to the improvement of the procedure. I n  addition, informa- 
tion in  this connection would be of interest from a purely scientific standpoint. 
One possibility as  to its identity is suggested by the spectral studies made of 
various non-carotene chromogens (fig. 1) extracted from dehydrated alfalfa meal 
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by Moore (3) .  The absorption spectra for the crude acetone extracts employed 
in the method proposed here resemble the spectra found by Moore for pigments 
1 and 2 (in Skellysolve B) (fig. 1 )  which he had classified among a group of 
non-carotene chromogens. Moore (3)  detected a very low vitamin A activity 
for these pigments used as a group in biological assays with rats. Whether or 
not pigments 1 and 2 were responsible for any part of the vitamin A activity 
found is not known. 

Since the recovery of the pigment in the feces was so consistent for all for- 
ages studied, and since it would seem improbable that several chromogens con- 
sistently would exhibit an absorption relationship resulting in the formation of 
isosbestic points near 406 mp, one chromogenic substance apparently is respon- 
sible for the absorption observed. However, since acetone. is a polar solvent, 

.' combination of the solvent with some substance to form a chromogen capable of 
absorption at 406 mp is possible. Further study employing non-polar solvents 
to examine this possibility is planned. 

Sources of Error. The errors inherent in the conventional digestion trial 
appear to be common to this method also. In  addition, analytical errors are 
possible ; the major one of these experienced during the investigation was incom- 
plete extraction of the pigments from certain kinds of samples. Mature, tough 
timothy-mixed grass was considerably more difficult to extract completely than 
the same kind of grass at an early growth stage, or than finely ground hay 
samples. Feces, probably because of maceration by the animal, were extracted 
more easily than forage materials. However, sheep feces, especially those con- 
taining in excess of 60 per cent dry matter, were more difficult to extract than 
those of bull calves or steers. Sampling errors were believed to be of the greatest 
magnitude with silage and with the green fresh grass' clipped to approximately 
0.5 in. lengths before weighing. Samples weighing approximately 20 g. were 
employed to aid in counteracting this error. I n  an attempt to arrive at a rep- 
resentative chromogen figure on green grass, six or more analyses were made. 
This problem appeared to be minimized with regard to finely ground hays and 
feces as excellent agreement was found in most cases in the analysis of dupli- 
cate samples. The blending of a sample in acetone to a temperature where ace- 
tone is being lost (reducing the ratio of acetone to water) poses a problem which 
was not explored. This could be an error in that it may influence the absorp- 
tion of light by a given extract. However, this was controlled, as far as pos- 
sible, by cooling the blended samples at intervals in an ice-water bath. The 
Na,CrOr solutions used as standards may respond to the Beer-Lambert law at 
406 mp in a manner different from that of the chromogen(s) responsible for the 
absorption measured at this wavelength and thus cause errors. However, the 
rates of recovery observed in this study would justify the use of Na,CrO, in this 
way. It is the desire of the authors to attempt the isolation of the chromogen(s) 
in a t  least a crude form and examine the feasibility of its use in  the calibration 
of the method. 
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SUMMARY 

Mixed forage of the same source cured by barn, oven and field drying and 
by ensiling, hay consisting largely of Ladino clover, and pasture grass (largely 
timothy) at three different growth stages were fed to wethers and/or bull calves 
and/or steers in 36 conventional digestion trials. The dry matter digestibility 
of these forages ranged from 48.2 to 72.9 per cent. 

Spectral examinations of acetone extracts of the forages studied and their 
corresponding fecal products revealed that some chromogen(s) absorbing light 
at  406 mp was completely recoverable in the feces. The average rate of recov- 
ery of the chromogenic substance(s) in the feces of animals fed the forages used 
in these studies was 100.5 per cent for the 36 trials. 

As a result of these studies, a simple, accurate method employing the chromo- 
gen(s) absorbing light at  406 mp as a reference substance was devised for the 
estimation of digestibility and consumption of forages by ruminants. This 
method apparently has a wide range of applicability in nutrition studies with 
ruminant animals, especially in the study of pastures where a direct measure of 
consumption is impossible. 
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T H E  ACCURACY O F  LINEAR BODY MEASUREMENTS O F  
DAIRY CATTLE1 

R. W. TOUCHBERRY2 AND J. L. LUSH 
Iowa Agricultural Experiment Station, Ames 

Measurements such as weight, milk production, egg production, speed and 
linear body measurements are often used in animal husbandry for determining 
progress of breeding methods or the effects of different rations. Such measure- 
ments can have a high degree of objectivity and are adaptable to statistical 
analyses. The validity of the conclusions drawn from the statistical analyses 
depends partly on the accuracy of the original measurements. The present study 
is concerned with the amount of random error in  linear body measurements of 
dairy cattle. 

Phillips and Dawson (7 )  concluded that measurements taken directly from 
hogs were more accurate and required less time than obtaining measurements 
from photographs or by a livestock scaling stick. Phillips and Stoehr (8) found 
that measurements taken directly from sheared sheep generally were more accu- 
rate than those obtained from photographs. B y  11 repetitions of 25 measure- 
ments on each of nine Jersey cows and ten Jersey heifers, Lush and Copeland 
(5) found that there was little or no correlation between the average size of the 
measurement and the random error i n  taking that measurement. Single observa- 
tions of measurements were, in  most cases, accurate enough to obtain significant 
differences between animals, but averages based on two or more repetitions of the 
measurements were more accurate. On comparable measurements the absolute 
sizes of the errors they found were approximately of the same order as those in  
the present study. 

Lush, e t  al. (4),  in  studying weights of cattle, concluded that the average of 
3-day weights was not absolutely accurate, but the random error was only 57 per 
cent of that of 1-day weights. Bean ( 2 )  and Baker e t  al. (1) found that single- 
day weights were more reliable than 3-day weights, but this contradictory find- 
ing can be attributed to the grouping of their data. They grouped their data 
into subgroups on the basis of the weights on the first day. The range within 
these groups on the first day was thus fixed within bounds, but these same 
groups could, on the second and third days, contain weights above or below the 
limits set for the group. This automatic effect of the method of grouping was 
mainly responsible for the contradictory conclusions that single-day weights are 
more accurate than the average of 3-day weights. Concerning weights of steers, 
Patterson (6) found that by two extra weights the mean square between animals 
could be reduced by only 0.65, 2.44 and 0.95 per cent i n  three groups of data. 
From this, he concluded that using 11 animals with single-day weights was more 
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efficient than using 10 animals with 3-day weights, as  judged by the standard 
error for animals. 

The general conclusion from such studies is that extra weighings and measure- 
ments result in  more accurate data, but there is a question from case to case as to 
whether the gain in  precision is enough to warrant the extra trouble, time and ex- 
pense of taking the extra data. 

SOURCE AND DESCRIPTION OF DATA 

~ h e ' d a t a  for this study were from the Iowa State College Holstein herd from 
1931 to 1946. Five characteristics, i.e., wither height, chest depth, body length, 
heart girth and paunch girth, were measured three times at  each of the ages, 6 
mo. and 1, 2, 3, 4, 5 and 7 yr. The measurements were recorded to the nearest 
millimeter. The paunch and heart girth measurements were taken with a steel 
tape in  a plane perpendicular to the body axis a t  the largest and smallest circum- 
ferences of the barrel, respectively. Chest depth, wither height, and body length 
were measured with calipers. Wither height was the vertical distance from the 
highest point over the withers to the ground. Chest depth was the vertical dis- 
tance from the back to the floor of the chest a t  the shallowest part of the chest. 
Body length was the horizontal distance from the point of the shoulder to the end 
of the pin bones. 

One measurement of each characteristic was made and recorded as the "first 
order" measurement. The animal then was moved to a new position and each 
characteristic was measured again; this was recorded as the "second order" 
measurement. The "third order" measurements were taken after the animal had 
been moved again to a new position. This procedure was followed a t  each of the 
seven ages a t  which measurements were taken. Care was taken each time to 
have the animal in  a natural position standing rather squarely on all four legs. 
At  the beginning of the project one man took most of the measurements, but in  
later years three men took the measurements so that one man would make only 
one measurement of a characteristic on each animal at  each age. Beginning in 
1943, the name of the man who took each measurement was recorded so that the 
effect of possible differences in  the way various men used the measuring instru- 
ments could be measured. 

ANALYSIS OF DATA 

Estimating the variance components. Suppose P cows were each measured 
three times for each characteristic studied; Now, if the order in  which each of 
the three measurements was taken is known, the data for each,characteristic can 
be classified according to two criteria, namely, by cow and by order. The mathe- 
matical model for the data would be of the form 

Ydle = p+Ai+Bj+Xiik (1) 

where Yti, is the observed value of a characteristic on the i-th cow for the j-th 
order: p is the mean of all observed values, A, is the amount by which the i-th 
cow is above or below the general mean. B, is the amount the j-th order differs 
from the general mean, and Xij, is the error associated with the YJi,. The Xij, 
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are caused by such things as mistakes in reading the instruments, differences in 
the pressure with which the instruments were applied, genuine changes in the 
animal such as taking in and letting out breath, interactions between orders and 
cows and many other things which are not controlled easily. 

If now 3P equations of type (1) are written in place of the observed values, 
the measurements are expressed in terms of the components on which interest is 
centered. The sizes of the cow, order and error components of variance were 
estimated by an analysis of variance an example of which is shown as table 1. 
The sums of squares for total, for cows and for orders were calculated in the 
usual way as given in Snedecor (11). The error sum of squares was estimated 
by subtracting the sums of squares for cows and for orders from the total. 

The differences between cows were significant far beyond the 0.01 level of 
probability for each characteristic and at each of the seven ages. This was 
expected because of the wide variation among the animals. The differences 

TABLE 1 
Analysis of variance for paunch girth of 8-yr.-old cows 

Degrees Eweeted Estimated Source :&",f of free,, Mean square mean squares variance component 

Total ........................ 97,181.38 731 
Cows ........................... 96,416.83 243 396.78** d E  + 3aPC aPC = 131.74 
Orders ..................... 3.76 2 1.88 d E + 2 4 4 f l  fl = 0.002 
Error ........................ 760.79 486 1.57 a2E d E  = 1.57 

** Significant at the 0.01 level of probability. 

between orders were significant at the 0.01 level of probability in 19 of the pos- 
sible 35 cases and significant at the 0.05 level in two more cases, although the 
components for orders were too small to be important practically. Sixteen of the 
19 highly significant cases were at  the four youngest ages. Perhaps nervousness of 
the younger animals contributed to the order differences among them. Order dif- 
ferences also are partially confounded with differences between the men taking the 
measurements. Differences between the mean measurements by different men on 
the same animal were too small to have been important practically although, ap- 
parently, they were statistically significant in some cases. The details of this 
analysis are not shown since the man differences were confounded completely 
wjth the order differences until the last few years and were confounded partially 
with them then. Table 2 shows the cow, order and error components of variance 
for each characteristic at  each age. The order and error components are very 
small when compared with the cow components. 

Relative value of one, two, and three measurements of a characteristic. 
So far as the sizes of the variance components v2c and cr2e in table 2 show cor- 
rectly the variance from these causes, the relative value of measuring a char- 
acteristic one, two, three or k times can be estimated by the formula: 
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This formula is used with the assumption that the cows are a random sample, as 
they would be in most breeding experiments. As k becomes larger the relative 
value of the estimate approaches 1.00. When k = 1, the relative value of the esti- 
mate is at its lowest point and the relative value is the same as the intraclass 
correlation. Table 3 gives the relative values of one, two and three measurements 
of each characteristic at each age. One measurement of each characteristic seems, 
accurate enough for most purposes. A possible exception is body length, for 
which estimates based on single measurements have relative values of 0.834 to 
0.907, but estimates based on three measurements range from 0.936 to 0.967. 

The relative values of the measurements are approximately the same for the 
same characteristic at  the different ages. If the relative values for the various 

TABLE 2 
The components of variance for each characteristic at each age 

Age and Characteristic 
no. Components 

of cows Wither ht. Chest depth Body length Heart girth Paunch girth 

6.26 22.09 
.trace 0.10 
0.38 4.10 
4.99 21.22 
0.01 - 0.02 
0.34 3.54 
6.43 25.67 
trace - 0.01 
0.30 3.49 

131.74 
trace 
1.57 

143.83 
0.01 
1.83 

108.07 
- 0.01 

1.77 

a C = Cow component of variance. 
D = Order component of variance. 
E =Error component of variance. 

ages of one characteristic are ranked in numerical order of their size as 1, 2, 3, 
. . .  7, a rectangular distribution is obtained. If there is no difference between 
the relative values at  the different ages, the sums of the ranks at  the seven ages 
should be approximately equal, and a chi square test of the mean ranks of the 
seven ages would detect any age dzerence in the relative values. Table 4 gives 
the ranks; the number of ranks is seven, corresponding with the number of ages, 
and the number of sets of ranks is five, corresponding to the five characteristics. 
I n  cases of ties, the relative values were assigned the average value of the ranks 
for which they were tied. A discussion of this method is given by Friedman (3). 
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TABLE 3 

Relative vakues of estimates based on 1,.2, and d measurements of each characteristic at each age 

Age NO. of Characteristie 

repetitions Chest depth Wither ht. Body length Heart girth Paunch girth 

Using a modification of Friedman's formula, a chi square value of 5.35 with 
six degrees of freedom was found for testing the significance of differences in 
the ranks. Since this has a probability of 0.5, one can say that there is no indi- 
cation of a difference in the relative accuracy of the measurements of the charac- 
teristics at the different ages. There also was no difference in the cow eom- 
ponents of variance at the different ages. This method of ranking would not 
pick out an interaction between age and characteristic. Friedman's formula 
was modified only to  the extent necessary to allow for having used fractional 
values where there were ties. The use of fractional values changes the sum of 
the squares of the first p integers. 

TABLE 4 

Ranks of the relative values for each of the characteristics 

Characteristic 
Age 

6mo. lyr .  2yr. 3yr. 4yr. 5yr. 7yr .  

Wither ht. 7 2.5 2.5 5 4 6 1 
Chest depth ........................................ 7 3 1 2 5 6 4 
Body length ........................ .. .... ...... 6 7 3 2 4 5 1 
Heart girth .................. .................. 4 6 3 1.5 7 1.5 5 
Paunch girth 2 1 7 5.5 3.5 5.5 3.5 

Sum of ranks ......... 26 19.5 16.5 16.0 23.5 24 14.5 
p~ p-~ 

Mean rank ... 5.2 3.9 3.3 3.2 4.7 4.8 2.9 

Deviationfrommeanrank ... 1.2 -0.1 -0.7 -0.8 t0.7 +0.8 -1.1 
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I t  was not necessary to make a chi square test of the ranks of the charac- 
teristics within each age to show that there was a highly significant difference 
between the relative accuracy value for the five characteristics. Paunch girth 
was the most accurate and was followed by heart girth, wither height, chest 
depth, and body length in that order. The ranks were in the same order 
at-each of the ages. 

The error standard deviations and coefficients of variation. Unless otherwise 
specified, the standard deviations referred to in this section are those due to 
errors of measuring. The coefficients of variation referred to are those found by 
expressing the error standard deviation as a percentage of the mean. Table 5 

TABLE 5 

The mean, error standard deviation and coeficient of variation for each characteristic 
at each age 

Age 
Characteristic 

6 mo. 1 yr. 2 yr. 3 yr. 4 yr. 5 yr. 7 yr. 

Wither ht. S.D: 0.76 
z 98.9 

C.V. 0.77 
Chest depth S.D. 0.46 

x 46.1 
C.V. 1.01 

Body length S.D. 1.61 
?c 105.9 

C.V. 1.52 
Heart girth S.D. 0.97 1.08 1.34 1.45 1.08 1.43 1.31 

z 119.5 148.2 181.1 186.3 191.3 194.2 202.2 
C.V. 0.81 0.73 0.74 0.78 0.57 0.73 0.65 

Paunch girth S.D. - 1.20 1.29 1.17 1.25 1.35 1.33 1.47 
X 147.0 178.5 221.5 230.3 237.1 240.2 248.6 

C.V. 0.82 0.72 0.53 0.54 0.57 0.55 0.59 

a S.D. and are expressed in em. 

gives the standard deviation, the mean and the coefficient of variation for each 
characteristic at each of the seven ages. The standard deviations at 6 mo. seem 
to be a little smaller than those at the, other ages. On ranking the standard 
deviations within each row in table 5 and then comparing the columns, a chi 
square of 10.56 was found. With six degrees of freedom this chi square is 
significant at the 0.11 level of probability. Most of the small age difference 
seems only to reflect the fact that the standard deviations at 6 mo. of age are 
smaller than those at other ages. 

The coefficients of variation are largest at 6 mo. and 1 yr. A chi square test 
of the mean ranks at the various ages gave a value of 18.15. With six degrees 
of freedom this is significant at  the 0.01 level. This difference comes mainly 
from the large coefficients of variation at the first two ages. The coefficients of 
variation were smallest for paunch girth. Next in order came wither height, 
heart girth, chest depth and body length. 
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How random, errors and rounding affect correlations. I n  animal breeding 
it is often necessary to correlate one characteristic with another. If u2X0 and 
u2Yo are the observed variances of two characteristics X and Y, u2Xe and u2Y, 
the independent error variances involved in measuring the two characteristics 
and u2X and uzY the true variances of the two characteristics, then u2X, = 

u2X + u2Xe and u2Y0 = u2Y + u2Ye. Shewhart (10) has shown that the true cor- 
ux. ,Yo relation between X and Y is ---- times as large as their observed cor- ox uY 

relation. I n  studying body measurements, if error variance, u2E, and the 
variance due to differences between cows, u2C, are known, the amount the 
random errors of measuring affect correlations can be shown. For example, 
if one were studying the correlation between chest depth, X, and wither height, 
Y ,  of 3-yr. old cows with the present data, the correlation between the observed 

(2'502) (3'641) = 0.9807 as large as average measurements would beP- 
uX0 UP,- (2.527) (3.676) 

the true correlation. 
In  working with any continuously distributed variable, some rounding must , 

be done. Sheppard (9) long ago showed that the variance component for 
rounding is 1/12 where unity is the width of the grouping class; this is widely 
known as "Sheppard's correction". In this study the measurements were 
rounded to the nearest millimeter, and this error of rounding was included in 
the error of measuring. If the average qeasurements of the characteristics are 
rounded to the nearest centimeter, the variances of these averages would be in- 
creased by the amount 1/12. The observed variances would now include the 
cow component, the error component and a component, 1/12, due to rounding. 
The observed correlation between the rounded averages of the chest depth and 

wither height measurements of 3-yr.-old cows would be (2.502) (3'641) = 0.9716 
(2.543) (3.687) 

as large as the true correlation. In  these data random errors of measuring and 
errors of rounding to the nearest centimeter would have little effect on cor- 
relations between the body measurements. 

. DISCUSSION 

The error components of variance did not change significantly with age and 
they would be affected very little by the heterogeneity of the group studied. 
I n  studying body measurements one would expect to find the following error 
standard deviations (in em.) : wither ht., 0.75 to 0.88; chest depth, 0.46 to 0.67; 
body length, 1.61 to 2.26; heart girth, 0.97 to 1.45; and paunch girth, 1.17 to 
1.47. The cow components of variance in this study are for random samples a t  
specific ages and for one breed and are smaller than cow components from 
random samples that would include all ages and different breeds. The cow 
component is thus dependent on the heterogeneity of the group studied, but 
in general, one would expect cow components of intra-breed variance to be of 
the order of those found in this study. Consequently, one measurement of each 
characteristic except body length is accurate enough for practical purposes, as 
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the cow components are so much larger than the error components. Two or 
three measurements of body length give approximately the same accuracy as 
single measurements of the other four characteristics. Even though single 
measurements are accurate enough for practical purposes, they do not provide 
a check on gross errors such as misreading a measurement by 10 or more cm. 
Duplicate and triplicate measurements provide a check on such gross errors. 

I n  working with a more homogeneous group as found in some feeding ex- 
periments, the cow components of variance would be much smaller than those 
in  this study. Consequently, the errors of measuring would be a relatively 
greater source of trouble as they presumably wouldn't change i n  absolute size. 
Under such conditions one might be justified i n  taking two or three measure- 
ments of each characteristic to obtain more accuracy as well as to check for 
gross errors. 

Regarding conclusions drawn from measurements subject to random errors 
of measuring, Tryon (12) says, "When a difference between groups is empiri- 
cally found, that difference is more significant in  proportion as the measuring 
device is less reliable." Woods (13) says, "The worse we think the material 
the more certain we may be of our conclusions, provided there is no bias in 
favor of the results." Tryon's statement implies that the difference necessary 
for significance increases as the random error of measuring increases and, as 
Woods intimates, if there is a significant difference even when a large random 
error is involved, conclusions are more certain. Woods' statement applies only 
to  the case where the hypothesis that the samples involved are from the same 
population is rejected; there would be less certainty in  accepting the hypothesis. 

SUMMARY AND CONCLUSIONS 

The cow, order and error components of variance for the five body measure- 
ments, i.e., wither height, chest depth, body length, heart girth and paunch 
girth, were observed a t  each of the seven ages, 6 mo., 1,2, 3,4, 5 and 7 yr. There 
were 367 animals measured a t  6 mo., 348 a t  1 yr., 329 a t  2 yr., 244 a t  3 yr., 
161 a t  4 yr., 108 a t  5 yr., and 38 a t  7 yr. Measurements were in  centimeters. 

I n  all cases, the order and error components of variance were very small as 
compared to the cow components. The largestOerror components were found in 
measuring body length. There they ranged from 2.59 to 5.11, while the cow 
components for body length ranged from 21.22 to 29.06. The smallest errors 
were for chest depth and these ranged from 0.21 to 0.45, while the cow com- 
ponents ranged from 3.66 to 6.43. Although significant in  some cases, the order 
components were too small to be of practical importance. 

The relative accuracies of the measurements of the characteristics were high. 
Paunch girth was the most accurate, for single measurements had a mean relative 
accuracy of approximately 0.986, while the corresponding figure for heart girth 
was 0.971. Single measurements of wither height and chest depth had relative 
accuracies of 0.952 and 0.936, respectively. Body length was least accurate, for 
single measurements had a relative accuracy of 0.866, but the average of three 
measurements brought the relative accuracy up  to 0.951. There was no signifi- 



80 R. W. TOUCHBERRY AND J. L. LUSH 

cant difference between the relative accuracies at the seven different ages. The 
relative accuracies of the five characteristics did differ among each other with 
high statistical significance. 

The error standard deviations did not increase significantly with the age of 
the animal, but the coefficients of variation were larger at the two youngest ages 
than at the older ages. The five characteristics differed significantly from each 
other in error standard deviations and in their coefficients of variation. 

The random errors of measuring and also the errors of rounding make the 
observed correlations between body measurements smaller than the true ones, 
although this effect was negligible in the present study. Using the average of 
three measurements and rounding each average to the nearest centimeter reduced 
the correlation between chest depth and wither height of 3-yr.-old cows to 0.972 
of what it would have been if there had been no errors of rounding or measuring. 
If the averages had been taken to the nearest millimeter the correlation would 
have been 0.981 as large as the true correlation. 

I t  is concluded that single measurements are accurate enough for most prac- 
tical purposes provided one can be sure that no gross errors such as reading a 
measurement 10 cm, too large or too small go undetected. 
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PARTURIENT PARESIS. V. BLOOD SERUM LEVELS OF CITRIC ACID 
AND CALCIUM IN NORMAL PARTURIENT COWS 

AND COWS WITH PARTURIENT PARESIS1 

T. H. BLOSSERz m n  VEARL R. SMITH 

Department of Dairy Husbandry, University of Wisconsin 

In  recent years evidence has been accumulating that citric acid plays an 
important role in calcium metabolism in the body. Dickens (3)  found that the 
hard substance of bone contained a, large store of citric acid. Nicolaysen and 
Nordb (8) have reported that lack of vitamin D results in a decrease in bone 
citric acid content. Shohl (10) has demonstrated the favorable effect of oral 
administration of citrate buffer in the prevention and cure of rickets in rats on a 
rachitogenic diet. The effect is not due solely to the alteration of the pH of 
the intestinal tract. 

The relation of citric acid to calcium excretion and urinary calculus formation 
has been studied by Shorr et al. (11, 12) and by Kissin and Locks (6). These 
investigators have demonstrated a decreased citric acid excretion with urinary 
calculi, and suggest an increased intra-renal citrate oxidation in this disease. 
Gomori and Gulyas (4) were able to increase urinary excretion of calcium in 
puppies by injecting 8 to 30 ml. per kg. of body weight of a 4 per cent solution of 
sodium citrate. The blood calcium remained essentially unchanged. Marek 
et al. (7) administered sodium citrate intravenously to cows and produced an 
8 per cent increase in calcium excretion, chiefly via the kidneys. 

That certain hormones may bear some relation to citric acid metabolism has 
been pointed out by several investigators. Alwall (1) injected parathormone 
intramuscularly into dogs and produced an increase in blood serum calcium 
from a normal level of 11.1 mg. per cent to 15.6 mg. per cent 13 hr. after 
injection. The corresponding rise in blood serum citric acid over the same time 
interval was from 76.5 y per ml. to 94.7 y per ml. Both calcium and citric acid 
had returned to normal 36 hr. post injection. Gomori and Gulyas (4) histo- 
logically observed the bones of puppies into which sodium citrate was injected 
and commented on the similarity of the lesions to those produced by injection of 
parathyroid extracts. 

Shorr e t  al. (11,12) have established a relation between certain of the steroidal 
reproductive hormones and citric acid excretion. This work demonstrated for 
the first time a very interesting relatioilship between estrogen and androgen pro- 
duction, citric acid metabolism and urinary calculi. 

Received for publication Sept. 30, 1949. 
1 These'data were taken from a thesis presented by the senior author to the faculty of the 

Graduate School, University of Wisconsin, in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. Published with the approval of the Director of the Wisconsin 
Agricultural Experiment Station. 

2 Present address, Division of Dairy Husbandry, the State College of Washington, Pullman. 
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Inasmuch as levels of the steroidal reproductive hormones fluctuate markedly 
around the time of parturition Grollman (5) and since relationships between 
calcium and citric acid and between estrogens and citric acid have been demon- 
strated, a study was undertaken to determine the relationship between blood 
citric acid levels with parturient paresis and normal parturitions. 

EXPERIMENTAL PROCEDURE 

This experiment was conducted in three herds and covered a period of time 
extending from February 1947 to December 1948. 

The initial phase of the study was conducted in the Jersey herd of Biltmore 
Farms at Biltmore, North Carolina. This was done in conjunction with the study 
on the effect of prepartum milking on the incidence of parturient paresis or milk 
fever reported by Smith and Blosser (13). All cows in this initial phase were 
prepartum milked. A total of 18 Jersey cows was studied in this phase, of which 
two developed milk fever. 

The second phase of the study was done in the dairy herd of the University 
of Wisconsin. Six Guernsey, four Holstein and nine Jersey cows were studied. 
Five of the nine Jersey cows developed parturient paresis and one was prepartum 
milked. 

The third phase of the study was made in the dairy herd of the State College 
of Washington. Four Jersey cows were used in this phase and one of them de- 
veloped milk fever. 

Cows in the second and third phases were handled in accordance with accepted 
management and feeding practices at the time of calving. Calves were permitted 
to nurse and cows were not milked completely dry for the first 48 hr. postpartum. 

Blood samples were drawn daily, generally 3 to 5 days prior to parturition 
and from 3 to 5 days subsequent thereto; a few cows samples were obtained as 
early as 10 days prepartum and as late as 10 days postpartum. Ordinarily, sam- 
ples for a given cow were drawn at the same time each day. In  the studies made 
at Biltmore Farms, blood serum was sent in refrigerated cartons to Madison, 
Wisconsin, three times weekly for analysis. 

Blood serum citric acid was determined by the method of Perlman et al. (9)  
in the first two phases, and by the method of Taussky and Shorr3 (14) in the 
third phase. The latter method was somewhat more sensitive and reproducible 
with the small amount of blood serum used, but over-all results of the two 
methods were essentially the same. Blood serum calcium was determined by the 
method of Clark and Collip (2) .  

Cows were considered as calving normally if they did not exhibit gross clinical 
symptoms of any disease at  calving. A few of the so-called normally calving cows 
were on the verge of parturient paresis, as is evident from their blood picture. 

RESULTS AND DISCUSSION 

The data obtained in this experiment are summarized in table 1, which pre- 
sents mean levels of blood serum calcium and citric acid at different times pre- 

8 The n-heptane used in citric acid analyses by the method of Taussky and Shorr was kindly 
furnished by the Phillips Petroleum Co., Bartlesville, Okla. 
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and postpartum. I n  computing the means, only those days were used where fig- 
ures for both calcium and citric acid levels of the blood serum were available. 

I n  analyzing the data, the question arose whether the normally calving cows 
of all three breeds and both prepartum- and non-prepartum-milked cows could 
be used to compare to the milk fever cows, all of which were Jerseys. Consider- 
able data were available on the blood serum citric acid levels on the day before, 
the day of and the day following parturition. When these data were submitted 
to a n  analysis of variance, there was no significant variation i n  blood serum citric 
acid levels between breeds or between prepartum and non-prepartum milked cows. 

It is evident from table 1 that there is some relation between calcium and 
citric acid levels of the blood serum in both normal and milk fever cows. In- 
creases or decreases in  serum calcium are accompanied by concurrent increases 
or decreases in  serum citric acid. A statistical analysis of the data based on 231 
comparisons in  cows calving normally showed a correlation of + 0.40 between 
calcium and citric acid levels of the blood serum. I n  milk fever cows the correla- 
tion based on 76 comparisons was + 0.46. I n  both normal and milk fever cows 
these figures represent highly significant correlations between calcium and citric 
acid levels of the blood serum. 

Data were available on blood serum citric acid levels for 17 cows both 3 and 
1 days prepartum. An analysis of variance of these data did not indicate any 
significant differences in  serum citric acid levels between 3 and 1 days prepartum 
in either the normally calving or the milk fever cows. 

Table 1 indicates a drop in mean level of serum citric acid in  both normally 
calving and milk fever cows a t  the time of parturition. An analysis of vari- 
ance involving blood serum citric acid levels on 33 cows 1 day prepartum, the 
day of parturition, and 1 day postpartum was made. For  convenience of dis- 
cussion, + 1 will be used to indicate one day prepartum; 0, the day of parturition; 
and - 1, one day postpartum. The apparent drop i n  serum citric acid between 
+ 1 and -1 was found to be highly significant for both milk fever and normally 
calving cows. There was a greater drop in blood serum citric acid i n  milk fever 
than i n  normal cows. The difference between normally calving and milk fever 
cows i n  this respect was highly significant. 

Based on 3-day totals ( + I ,  0, -1)  there were no significant differences in  
citric acid levels of the blood serum between milk fever and normally calving 
cows. This fact, plus the greater drop (highly significant) i n  blood serum citric 
acid levels in  milk fever cows over the same period of time, indicates indirectly 
that serum citric acid levels were significantly higher in  milk fever cows than i n  
normally calving cows 1 day prepartum. This difference between normally calv- 
ing and milk fever cows is borne out by the data presented in table 1. On day 
+ 1 the cows which subsequently developed milk fever had a mean level of 8.63 mg. 
per cent citric acid i n  their blood serum as compared to 6.24 mg. per cent for the 
normally calving cows. B y  day -1 blood serum citric acid i n  milk fever cows 
had declined to 2.20 mg. per cent as compared to 3.73 mg. per cent in  normally 
calving cows. 
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Data on the citric acid levels of the blood serum for the day of parturition 
and the first 3 days subsequent to parturition (0, - 1, - 2, - 3) were available on 
42 cows (264 analyses). An analysis of variance was made on these data. The 
following facts became evident as a result of this analysis: (a)  Citric acid values 
increased more slowly following parturition in  cows developing milk fever than 
i n  normally calving cows (highly significant). (b) Citric acid levels of the 
blood serum were lower for the period studied (0, - 1, - 2, -3) in  milk fever cows 
than in normally calving cows (highly significant). (c) The citric acid values 
for the day of parturition as compared to 3 days postpartum were significantly 
different for all cows; in  the normally calving cows, citric acid values were higher 
3 days postpartum than a t  parturition, but i n  the milk fever cows the reverse 
situation was true. 

The length of time during which serum citric acid values persisted a t  a low 
level following calving in the milk fever group can be a t  least partially explained 
by relapses which occurred in several of the milk fever cows as late as 3 days 
postpartum. The relapses which occurred were consistently associated with low 
serum citric acid values. If more data were available, it would be interesting to 
study the speed with which serum citric acid levels recover following the last 
attack of milk fever. 

Both normal and milk fever cows exhibit somewhat higher citric acid levels , 
on the third day prepartum than on the third day postpartum. The difference 
is much more marked in milk fever than i n  normal cows. 

Considering the blood serum citric acid picture in  its entirety, a drop in serum 
citric acid has been demonstrated to occur a t  parturition in  both normal and milk 
fever cows. This drop closely parallels the drop in blood serum calcium which 
has been demonstrated many times by numerous workers. The prepartum levels 
of serum citric acid are greater in  milk fever than in normally calving cows, and 
the drop is also of greater magnitude and to lower levels i n  the former. Low 
levels of serum citric acid persist for a longer time i n  milk fever than in normal 
COWS. 

The correlation between citric acid and calcium levels of the blood serum a t  
the time of parturition having been established, it is difficult to say which of the 
two changes that occur i n  milk fever is the more basic. No likely explanation is 
advanced herewith. The demonstration by Shorr e t  al. (11, 12) that both estro- 
gens and androgens play a role i n  calcium and citric acid metabolism makes possi- 
ble the speculation that they are responsible in  some way for the changes occur- 
ring in  citric acid and calcium levels of the blood a t  the time of parturition, since 
levels of the steroidal hormones are undergoing marked changes during this 
period. 

SUMMdRY 

Blood serum citric acid and calcium analyses were r u n  on twenty-two Jersey, 
six Guernsey and four Holstein cows from 10 days prepartum to 10 days post- 
partum. There were no significant differences in  blood serum citric acid between 
breeds or between prepartum- ,and non-prepartum-milked cows. There was a 
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highly significant correlation between blood serum citric acid and calcium over 
this period of time. Serum citric acid levels did not show any appreciable change 
between 3 and 1 days prepartum, but there was a definite drop in both milk fever 
and normally calving cows between 1 day prepartum and 1 day postpartum. 
This drop was of greater magnitude in  milk fever than in normal cows. 

Following parturition, serum citric acid levels increased in normally calving 
cows and decreased in cows which developed milk fever. Par t  of this difference 
in  behavior can be attributed to relapses which occurred in several of the cows 
with milk fever. 
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ASSOCIATION ANNOUNCEMENT 
CORNELL WELCOMES YOU 

To the Members of the American Dairy Science Association: 
It is our pleasure, after sixteen years, to welcome you back this summer to 

the campus of Cornell University in the heart of our great dairy state of New 
York. Our grounds, our buildings, our staff are being readied for you as you 
filter into our midst from all parts of our country, Canada and many foreign 
lands. The days of June 20, 21 and 22 with you as our guests and we as your 
host, we anticipate with. joyously warm feelings and with pride denoting no 
small amount of satisfaction that you have chosen Cornell as the place for your 
1950 annual meeting. 

The priceless tradition of our University founded by Ezra Cornell is that 
of freedom and public service which has been spelled out in our colleges from its 
very opening. The love of truth and the disinterested pursuit of truth wherever 
it leads, is what we seek. Your American Dairy Science Association has similar 
objectives as you approach the multitude of problems in the fields of dairy pro- 
duction, manufacturing, marketing and in your resident and extension teaching. 
These fundamental freedoms which the living spirit of Cornell exemplifies, you 
deihitely promulgate and adhere to. No more fitting place could have been 
located, we hope, for your annual meeting. Our traditions are mutual. 

Cornell is ready to receive you when you arrive. May your stay with us be 
socially delightful, your meetings scientifically productive and educationally 
valuable. We most cordially invite you and welcome you, our friends in the 
dairy industry, to our campus "far above Cayuga's waters", this coming 
summer. 

Sincerely yours, 
C. W. DEKIEWIET, Actiwg President, 
Cornell University 

PAPERS FOR THE 1950 ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

The annual meeting of the American Dairy Science Association will be 
held June 20 to 22, 1950, at Cornell University, Ithaca, N. Y. A11 members who 
are planning to present papers should submit the title of their paper accompanied 
by two-copies of an abstract of not more than 200 words not later than March 15 
to the chairman of the program committee of their respective section. The com- 
mittee chairmen are as follows: 

EXTENSION SECTION : MANUFACTURING SECTION : 

C. W. REAVES D. V. JOSEPHSON 
University of Florida Pennsylvania State College 
Gainesville, Florida state College, Pennsylvania 
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PRODUCTION SECTION : 

G. M. CAIRNS 
University of Maryland 
College Park, Maryland 

The general program committee feels that in order to make i t  possible for 
more members to participate in the program no member should present more 
than two papers. No title will be considered that is not accompanied by a suit- 
able abstract. It also is hoped that more contributions will be received from 
senior staff members and from the laboratories of industry. 

Because of the difficulties encountered in showing slides, it  is recommended 
that each speaker distribute mimeographed copies of his data, together with a 
brief summary of his paper. 

OFFICERS AND COMMITTEES OF THE 
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ABSTRACTS OF LITERATURE 
Prepared in cooperation with the 

International Association of Ice Cteam Manufacturers 
and the Milk Industry Foundation 

BOOK REVIEW 

1. Judging Dairy Products, 2nd ed. J. A. NEL- 
SON AND G. M. TROUT. Olsen Publishing Co., 
Milwaukee, Wis. 494 pp. 1948. 

This edition not only includes the judging of 
more dairy products than the original book, but 
the information is much more detailed. The 
score cards for milk, ice cream, butter and'cheese 
have been standardized to a flavor score of 45 
points. The flavor scoring guides given for each 
product are very helpful in instmctional work 
and are improved over those given in the old 
book. 

The judging of chocolate milk, skimmilk, goat's 
milk, fermented milk, evaporated milk, con- 
densed milk, dry milk solids and cream are 
handled very well, also. 

Different types of cheese with respect to proc- 
ess of manufacture, characteristics and judging or 
grading are discussed. The Cheddar or swiss, 
brick, limburger, blue-veined, cottage and cream 
cheeses are included. 

Ice cream also is considered in more detail, 
with special flavors and sherbets receiving atten- 
tion. 

This is an excelrent manual for the plant op- 
erator as well as the judge of dairy products, as 
the cause of defects in dairy products and the 
remedies given should find practical application 
in most dairy plants. W. S. Rosenberger 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

2. ~kcel los is  therapy: studies on the effect of 
streptomycin and sulfadiazine in experimental 
brucellosis in guinea pigs. L. S. HOLM AND S. 
H. MCNUTT, Univ. of Wis., Madison. Am. J. 
Vet. Research, 10, 37: 336-340. Oct., 1949. 

Male guinea pigs inoculated with 1 million 
Brucella organisms were used as the test animals. 
Para-amino-benzoic acid did not alter the course 
of the infection. Streptomycin or sulfadiazine 
had a slight effect when given singly and a definite 
curative effect when given together. When treat- 
ments were initiated on the day of infection 

A 

practically 100% bacteriologic cures developed. 
Treatment started at 2, 5 or 10 d. after infection 
was also highly effective. Doses of 10,000 units 
streptomycin plus 120 mg. sulfadiazine given once 
daily were just as effective as 5,000 units strep- 
tomycin plus 120 mg. sulfadiazine divided into 2 
or 5 doses/d. No toxicity was observed as a re- 
sult of the treatments. E. W. Swanson 

3. Epizoiitiology of mastitis: the relative impor- 
tance of extended exposure and of age in the 
spread of Streptococcus agalactiae infection. R. 
ORM~BEE AND 0. W. SCHALM, Univ. of Cal. 
Berkeley. Am. J. Vet. Research, 10, 37: 306- 
313. Oct., 1949. 

Data from a large commercial dairy herd col- 
lected over more than 3 yr. time were used to 
check the validity of the "age factor" hypothesis 
of mastitis susceptibility. Two outbreaks of S. 
agalactiae infection occurred after the herd had 
been freed of such infection, which exposed a 
total of 629 clean cows of various ages over a 
period of 4 mo. The incidence of infection from 
1st to 5th or higher lactation was respectively 
9.5, 19.0, 21.1, 20.3 and 23.7%. Under ex- 
tended exposure the same herd prior to elimi- 
nating the infection had had age incidence of 
16.7, 23.7, 44.8, 71.5 and 76.6% for 1st to 5th 
or higher lactation. When the clean cows were 
exposed, 205 had been infected previously and 
cured by chemotherapy and 236 in a comparable 
group had not been infected previously. The 
resulting incidence of infection in these groups 
was 21.95 and 19.92%, respectively, while ac- 
cording to the "age factor" hypothesis nearly all 
of the cows in the former group should have been 
reinfected. These data indicate that degree of 
exposure is of primary importance in establish- 
ing S. agalactiae infections and that clean cows 
of all ages or previous mastitis history react simi- 
larly to the same exposure. E. W. Swanson 

4. Over de behandeliig van streptococcenma- 
stitis met penicilline en de bestrijding van strep- 
tococcenmastitis met penicilline en autovaccin. 
(The penicillin treatment, a reliable therapy 
against streptococcal mastitis.) (English sum- 
mary.) 0. BOSGRA, R. POST AND D. REMPT. 
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LITERATURE 

Netherlands Milk & Dairy J., 3, 3: 155-161. 
July-Sept., 1949. 

Experiments performed with penicillin and vac- 
cine treatments are described. Five seriously in- 
fected herds of cattle with a total of 100 cows 
were investigated, in which 20% of the quarters 
of the udder were found positive. These quarters' 
were treated by intramammary injection with 25,- 
000 to 50,000 units of penicillin, depending on 
the amount of milk produced. This dosage was 
given in 2 lots with a 24-hr. interval, using dis- 
tilled water as a solvent. Investigation of the 
quarters 1 wk. later showed that the mastitis- 
positive percentage had dropped to 4%. Cattle 
free from mastitis were treated at the same time 
with a mixed vaccine prepared from the mastitis 
strains involved in the experiment. Six mo. later, 
13% of the penicillin-treated cows were found 
positive, giving a 9% increase. The vaccinated 
cows now had a mastitis percentage of 9%, also 
a 9% increase. 

The following conclusions were drawn: peni- 
cillin treatment is a reliable therapy against 
streptococcal mastitis. No noticeable immunity 
is produced, either in animals which have been 
cured of infection or in those inoculated with a 
specific vaccine. Cattle, suffering at a given time 
from a streptococcal infection of the udder, are 
not more sensitive to an infection by the strepto- 
coccus concerned than cattle which are at that 
time free from this infection. A. F. Tamsma 

5. Het onderzoek op tuberculose bij het mndvee 
in Nederland en endele beschouwingen over de 
huidige stand ervan. (Testing cattle for bovine 
tuberculosis in the Netherlands and some views 
of the present situation.) (English summary.) 
C. F. VAN OIJEN AND G. B. R. WILLEMS, State 
University of Utrecht, Holland. Netherlands 
Milk & Dairy J., 3,2: 91-1 12. April-June, 1949. 

After a short historical review of the campaign 
against bovine tuberculosis in the Netherlands, 
the present situation is described. In the past, 
farmers volunteered in local organizations, which 
later were united into Provincial Unions. A few 
months after the end of this war the eradication 
of tuberculosis in cattle was regulated by law. 
The state and local authorities combine with 
farmers' organizations and organizations of the 
dairy industry to meet the costs and losses for in- 
dividual farmers. In many districts milk from 
tuberculosis-free herds warrants a premium. 

The measures consist of the following: (1) a 
preliminary clinical examination and elimination 
from the herd of obviously sick animals, (2) in- 
tradermal (or conjunctival) tuberculination of 
the whole stock, (3) segregation of reactors from 

non-reactors, marking of reactors, (4) clinical 
examination and microscopical investigation of 
secreta, to detect open cases of tuberculosis (in 
special cases the microscopical examination is 
confirmed by the culture of tubercle bacilli and/or 
inoculation of guinea pigs), (5) immediate 
slaughtering of all open cases, (6) raising of 
calves so called tuberculosis-free, i.e., feeding 
with milk from cows known to be free from tuber- 
culosis, protection against any possibility of in- 
fection, (7) compulsory pasteurization of skim 
milk and whey destined for feeding of live stock, 
(8) re-examination of non-reactors at least every 
year; there is a growing tendency to repeat the 
tuberculination and the clinical examination twice 
a year and (9) progressive elimination of reactors 
and their replacement by tuberculosis-free ani- 
mals. 

During the last years of the war and the first 
years thereafter, unfavorable conditions caused 
some positive reactors in some herds which were 
thought to be free from tuberculosis. At present, 
a very large number of herds, especially in breed- 
ing centers, are free from tuberculosis. The au- 
thors expect that tuberculosis in cattle will be 
reduced to a minimum in a few years. 

A. F. Tamsma 

6. The response of cattle to penicillin prepara- 
tions following intramuscular injection. E. V. 
MORSE, Cornell Univ., Ithaca, N. Y. Am. J. 
Vet. Research, 10, 37: 314-317. Oct., 1949. 

The effectiveness of various penicillin prepara- 
tions was measured by assaying blood plasma and 
urine at intervals following intramuscular injec- 
tion of 1 and 1.5 million units. Crystalline peni- 
cillin G in aqueous solution was absorbed and ex- 
creted rapidly, only traces being found in plasma 
at 7 hr. Penicillin in oil and beeswax main- 
tained more than trace levels of penicillin in 
plasma for 48 hr. Procaine penicillin G in oil 
gave practically the same results. Procaine peni- 
cillin in peanut oil and 2% aluminum mono- 
stearate maintained good blood and urine concen- 
tration for 72 hr. and traces were found up to 
120 hr. Single injection sites were more effica- 
cious than double sites. E. W. Swanson 

7. The relative importance of antibodies and 
Vitamin A in preventing disease in young calves. 
(Abs.) F. BLAKEMORE et al., Inst. of Animal Path. 
and Dunn Nutritional Lab., Cambridge. Bio- 
chem. J., 42, 2: xxx. 1948. 

When colostrum, known to be rich in vitamin 
A as well as containing antibodies, is not given to 
young calves, "white scour" often results. At- 
tempts to prevent this abnormality by giving vita- 
min A were not successful, but when calves were 



inoculated with precolostmm, demonstrated to 
contain antibodies in concentrated form, they 
were protected. The protective value of colo- 
strum is assumed to be associated with its globulin 
content. A. 0. Call 

Also see abs. no. 50. 

BUTTER 
0. F. HUNZIKER, SECTION EDITOR 

8. Konsistenz der Butter. Teil 11. (The body 
characteristics of butter. Part 11.) English sum- 
mary. W. MOHR AND F. SCHULZ. Die Mil- 
chwissenschaft, 3, 12: 362-366. Dec., 1948. 

Butter cutting trials with Alfa butter at tem- 
peratures of from 15 to 22' C. indicated that the 
resistance to cutting varied inversely to the tem- 
perature of the butter; the cutting velocity being 
constant at 0.1 cm./cc. By increasing the cutting 
velocity from 0.0001 to 0.25 cm./sec. a measura- 
ble increase in the force required to cut the butter 
was observed. The slope of curves obtained was 
similar in the case of normal and of "layer type" 
Alfa winter butter. The slope for crumbly, 
ripened cream Alfa winter butter was slightly 
more steep than for normal Alfa winter butter. 
Best results were obtained when the butter sam- 
ples were cut at  lo0 C. at a velocity of 0.01 
cm./sec. At greater velocities the response of 
tht balance was too slow, whereas at lower ve- 
locities the time required was rather long and the 
butter warmed up to room temperature. 

The body of normal and of crumbly butter, 
tempered to lo0 C., was compared by deter- 
mining the "break point" of a stick of butter 10 
x 2x 2 cm. with the force applied in the center of 
the stick at a velocity of 0.1 cm./sec. Crumbly 
butter had a much lower "break point", i.e., it 
required less force to break the stick, than did 
normal butter. Normal butter containing air 
pockets gave values similar to those of crumbly 
butter. The defect "layer type" Alfa butter 
could not be detected by the above method. 

The "break point" method can be used to ad- 
vantage with crumbly winter butter only. 

Measurements of the firmness of butter by 
means of comparison of the cutting resistance 
with the cone flow point and with the "break 
point" can serve as a guide for detecting crumb- 
liness in butter. For greasy, .soft summer butter 
comparisons of cutting resistance to cone flow 
point are of value. I. Peters 

9. Aktuelle kvalitetsproblemer ved produksjon 
av smor. (Quality problems in the production 
of butter.) Meieriposten, 38, 27: 473-475. 
July, 1949. 

In the annual report from Norske Meieriers 

Salgscentral for 1948, Olav Benterud summarizes 
the work done on quality problems. Results 
from 4610 churnings at 37 creameries were stud- 
ied for 2.5 yr. The fresh butter was judged at 
2.5 to 3, 5 to 6, 7.5 to 8 and 9 to 10 mo. The 
temperature at judging was 13 to 14O C. Six 
judges officiated. A comparison was made be- 
tween the quality of butter from low and high 
acid cream. The high acidity was preferable 
when the pH was regulated. For fresh butter, a 
pH of 5 to 6 gave the best results and at this pH 
the average score was 10.7 for non-coagulated 
cream and 11.1 for coagulated cream. With a 
pH over 6, the scores were 10.7 and 11.0. The 
lowest average score was that for sweet cream 
butter, namely 10.4. 

With storing under refrigeration, the butter 
from neutralized cream was just as high in qual- 
ity as butter from low acid cream. Sweet cream 
butter, at 10 mo. storage, had decreased only 0.3 
point, indicating very good keeping quality. In 
butter from non-coagulated cream and a pH 
over 6 the decrease in score was 0.6 point, and at  
a pH of 5 to 6, the decrease was 1.3 points. For 
coagulated cream the decrease was 0.8 point with 
pH over 6, 1.8 with a pH content of 5 to 6 and 
2.4 points with the pH content under 5. This 
was for butter held in cold storage for 10 mo. 

There was a greater decrease in score for 
ripened, coagulated, cream butter, than in un- 
ripened, non-coagulated, cream butter but since 
the score of the fresh butter made from ripened 
coagulated cream was larger than that from un- 
coagulated cream, the final scores were approxi- 
mately the same when the pH was over 6 and 
between 5 and 6. 

The results for butter from high acid cream 
with a pH under 5 would indicate that this butter 
is unsuitable for storage purposes. Earlier ex- 
periments have shown a direct relation between 
the pH value in butter and its keeping quality. 
The most suitable pH seems to be between 5.5 
and 6, where butter is to be stored for 6 mo. The 
best butter had a pH from 5.51 to 6.21. 

The butter was scored immediately after taking 
it out of storage and again after it had been stored 
at 13 to 14O C. for 2 wk. There usually was a 
decrease in score between that of the butter 
scored immediately after removing it from storage 
and that of butter scored after it had been left 
out of storage for 2 wk. There seemed to be 
no greater decrease in score during this 2-wk. pe- 
riod of the 10-mo. storage butter than in the 
fresh butter. If an oxidized defect is not present 
when the butter is removed from storage, it is not 
likely to develop before the butter is consumed. 

There seemed to be no difference in the quality 
of washed and unwashed butter. Experiments 
were made using sodium bicarbonate or hydrate. 
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This was used without mixing it with the butter 
salt. 

Comparisons were made by 78 chumings be- 
ing done with a roller-type chum and 81 churn- 
i n g ~  with a roller-less churn, the "O.H.K." chum. 
The butter was judged after 3 to 4 d. at 13O C. 
and again after 17 to 18 d. at 13O C. I t  was 
found that when the roller-less chum was used, 
better results were obtained in quality, moisture 
distribution and yield. Working the butter in a 
roller-less chum resulted in a closer textured but- 
ter with less air content. With a low pH con- 
tent, the greater air content aided the oxidation 
defects. A high pH and poor moisture distribu- 
tion helped to further bacteriological defects. 

G. H. Wilster 
Also see abs. no. 19. 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

10. Formula for d e t e d i g  the value of skim. 
L. C. THOMSEN, Dept. Dairy Ind., Univ. of Wis. 
Nat. Butter ,Cheese J., 40, 11: 24-26, 51. Nov., 
1949. 

The value to be placed on any skim milk that 
is transferred to by-products is a difficult problem 
in cost accounting. Although a free and com- 
petetive market may be lacking for skim milk, it 
usually will exist for cream. With this in mind, 
the following formula is presented to be used in 
determining the value of skim milk: 

[ (A+B) - C x F x  (D+E) ]x100  = I  
H 

In which 
A = Amt. paid/cwt. for whole milk, f.0.b. plant. 
B = Handling costs (receiving and separating) 

/cwt. of milk. 
C c Fat in each 100 lb. of milk purchased. 
D =Price paid for butterfat, f.0.b. plant (of 

equal quality to that received in the whole 
milk) in cream which may be bought. 

E = Handling charge (receiving)/lb. of butter- 
fat in cream which may be bought. 

F = A  constant. 
H e Lb. of skim milk obtained from each 100 

lb. of milk purchased. 
I =Value of skim milk/cwt. 

The constant "F" will be characteristic of the 
factory. I t  is the ratio of the amount of butter- 
fat that must be purchased in the form of cream 
to that purchased in whole milk to produce an 
equivalent amount of end product, normal losses 
of handling both products being considered. 

H. E. Calbert 

11. Body of cultured cream. E. S. GUTHRE, 
Comell Univ., Ithaca, N. Y. Milk Plant 
Monthly, 38, 10: 70-73. Oct., 1949. 

The body of cultured cream is largely de- 
  en dent on the ~asteurization temDerature and 
homogenization pressures used in its preparation. 
Therefore, 18% cream should be pasteurized at 
165' F. for 30 min. and homogenizkd at 3000 lb. 
pressure if a firm dry body is desired. Follow- 
ing homogenization, the product should be cooled 
to 7Z0 F. and inoculated with a 2% starter trans- 
fer, allowing 15 hr. for ripening. The final acid- 
ity in terms of lactic acid should be 0.65% at 
the termination of the ripening period. The 
product may then be cooled to 40' F. without 
agitation. The final evaluation of the body of 
cultured cream is facilitated by the use of a plum- 
met designed by L. D. Hilker. Plummet read- 
ings of 6 to 8 appear to be the most satisfactory 
from the consumer standpoint. J. A. Meiser 

12. The manufacture of quality buttermilk. N. 
C. ANGEVINE, Meyer Blanke Co., St., Louis. Mo. 
Milk Plant Monthly, 38, 10: 26-30, 32,35. Oct., 
1949. 

Only fresh skim milk of excellent quality 
should be used in the manufacture of cultured 
buttermilk. If non-fat dry milk solids are used, 
8.5 lb. of a spray-processed product should be dis- 
solved in 10 gal. of water at a temp. of 80 to 90° 
F. Pasteurization is then accomplished at 185O 
F. for 30 min. or 200° F. for 45 to 60 min. fol- 
lowed by cooling to 70 to 72O F. A 1% inocula- 
tion requires a ripening period of 12 to 15 hr. 
without agitation. This should produce a re- 
sulting acidity of 0.80 to 0.85% and signal the 
addition of butterfat and salt, the latter at  the 
rate of 1 lb./100 gal. of buttermilk. The addi- 
tion of butterfat in the form of granules may be 
accomplished by churning the vat of buttermilk at  
the ripening temp. with the addition of 2% fat 
or by adding chilled granules directly to the 
buttermilk when agitating. Also, dropping of 
melted butterfat into the chilled product is per- 
missible. Following the ripening period, the but- 
termilk should be cooled to 60' F. or below, ac- 
companied by agitation to break the curd. Stor- 
age of the bottled product should be at 45O F. 
for several hr. J. A. Meiser 

DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 

13. Professor, Dr. phil. et scient. . Sigurd Orla- 
Jensen in memoriam. (Professor Sigurd Orla- 
Jensen) M. T. SODE MODENSEN. Nordisk 
Mejeri-Tidsskrift, 15, 6: 67-69. 1949. 
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Prof. Sigurd Orla-Jensen and his wife had re- 
turned from a trip June 11 to their home in Co- 
penhagen, Denmark trusting that some relief 
might come for the threatening heart condition 
which caused the sudden death of Prof. Orla- 
Jensen on Fri., June 24, at the age of 78. He was 
born in Copenhagen, Nov. 28, 1870. He held a 
position as mechanical engineer at the Carlsberg 
Brewery for a few years but he became interested 
in dairy manufacturing and spent 2 yr. studying 
with Prof. Segelcke at the Royal Agricultural Col- 
lege. He sought further training with Weigmann 
in Kiel, with Duclaux at the Pasteur Institute in 
Paris and with von Freudenreich in Bern. He ' 

was 29 yr. of age when he was placed in charge of 
the dairy research experiment station at  Bern, 
Switzerland. In 1906 he became professor of 
biological chemistry at Denmark's Polytechnic 
High School. He held this position until 1946 
although from 1941 he served as a substitute 
for Prof. Henrik Dam who was in the U. S. at 
that time. 

In 1919, Prof. Orla-Jensen's famous mono- 
graph, "The Lactic Acid Bacteria", was published 
and this brought him world renown. A supple- 
ment to it was published in 1942. His text book 
on dairy bacteriology was translated into English, 
German, Dutch, Finnish and Russian. His in- 
terest in bacteriology, microbiology and chemistry 
was international and he was present regularly at 
international dairy conventions. On one occasion 
he was a guest of the Argentine government and 
when he visited the U. S. he was popular for his 
articles and interviews. 

At the age of 76, Prof. Orla-Jensen became in- 
terested in finding out how to maintain optimum 
health during the later years of life. He worked 
in cooperation with the Danish bacteriologist, E. 
Olsen, and the medical director, T. Geill, of Co- 
penhagen. They achieved some worthwhile re- 
sults through the study of diet and the part that 
the factors of diet played in producing certain 
bacteria in the intestinal flora which, in turn, in- 
fluenced general health. 

The final problem to which Prof. Orla-Jensen 
gave much attention was the curing of cheese by a 
quick method and in a way to bring about a char- 
acteristic desirable flavor. which would create a 

Ottawa, Can. J. Milk and Food Technol., 12, 
5: 267-269, 278. Sept.-Oct., 1949. 

The modified inversion technique should out- 
weigh any disadvantages formerly associated with 
the methylene blue reduction test because the re- 
duction time is more comparable to the standard 
plate count, the dye is decolorized uniformly 
throughout the tube and the reduction time is 
shortened, especially with low count milks. 

H. H. Weiser 

15. Lysogenic strains of lactic streptococci. B. 
REITER. Nature, 164, 4172: 667. 1949. 

A good many strains of lactic streptococci, in- 
cluding some commercial lactic acid cultures, 
were found to be lysogenic. Starters composed 
of strains which are lysed by the phages of lyso- 
genic strains are unsuitable for cheese making and 
should be avoided. R. Whitaker 

16. Effect of calcium on the development of 
streptococcal bacteriophage. D. I. SHREW. Na- 
ture, 164,4168: 492. 1949. 

~a stimulated phage development in 8 strains 
of S. cremoris when present to the extent of 
0.001M with 0.02 to 0.007M as the optimum, de- 
pending on the media used. The Ca may be in 
the form of milk serum or as chloride. The 
addition of citrate reverses the stimulatory effect 
of Ca. Phage development, as measured by lysis, 
was not stimulated by Mg ions. R. Whitaker 

17. The lactic acido-proteolytie bacteria and 
the genotypicity of the bacterial enzymes. C. 
GORINI. ~niv . .of  Milan. ~nz~molo$a, 12, 2: 
82-87. 1947. 

This group of lactic acid bacteria appears to be 
differentiated on the basis of their reactions on 
proteins rather than on carbohydrates. These 
organisms demonstrate considerable variation in 
their enzymatic activities in general. This vari- 
ation and dissociation may be readily reversible 
and the author concludes that the classification of 
this group will not be possible until the basic 
enzyme patterns of the various species are rec- 
ognized. J. J. Jezeski 

demand for cheese for export. 
18. The ester-hydrolyzing enzyme systems of 

He will be missed by all who knew him. Those  ill^^ niger and of penicillium roquef,,d. 
who saw him in the setting of his beautiful garden P. J. FODOR AND A. CHARI~ Hebrew Univ., Jeru- 
and summer cottage at know how he 

Enzymologia, 13, 5: 258-267. 1949. loved beauty. Denmark lost one of its meat 
sons with thd passing of Prof. Sigurd orla-~e&en. Monobutyrin, methyl butyrate and olive oil 

G. H. Wilster were used as substrates in the presence of M/5 
phosphate buffer with incubation at 30-38O C. for 

14. Is the rnethylene blue reduction test of any 48 hr. Glycerol extracts of mycelia and media 
value? C. K. JOHNS, Central Exptl. Farm, in which the molds had grown were used as 
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sources of the enzymes. Free fatty acids were 
estimated by titration. On the basis of pH opti- 
mum studies, evidence was obtained which sug- 
gested that 2 types of esterases were produced by 
each of the molds. An intracellular enzyme ex- 
tracted from the mycelia had an optimum at pH 
6.5 (or below), while the enzyme present in the 
culture medium had an optimum about pH 8.0 
Sodium taurocholate inhibited both types of en- 
Zymes. J. J. Jezeski 

19. Die Bedeutung der Wasserstoffionenkonzen- 
tration bei der Konservierung von Nahrung- 
mitteln und Viehfutter. (The significance of 
hydrogen ion concentration in the preservation 
of foods and feeds.) English summary. A. I. 
VIRTANEN. Die Milchwissenschaft, 3, 12: 353- 
361. D'ec., 1948. 

Microbial growth is limited, in general, to 
the pH range of 1.0 to 13.0 Proteins are not 
readily attacked below pH 4.0. Thus, if silage 
is adjusted to between pH 3.0 to 4.0 it readily 
can be kept from spoilage. 

Butter is stored best at pH 6.0 to 7.0. At 
this pH level the formation of fishy and oily 
flavors is prevented. Bacterial spoilage at this 
pH must, however, be prevented by proper 
pasteurization of cream and sanitary butter manu- 
facture. 

Animal products, such as fish meal, meat meal, 
etc. can be preserved by the addition of slaked 
lime to pH 12.0 and by storage in air-tight con- 
tainers. The oxidation-reduction potential, sim- 
ilar to the pH, plays an important part in the 
preservation of all types of nutrients. 

I. Peters 

DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 

20. Lipolytic flavors of milk. N. P. TARASSUK 
AND E. L. JACK, Univ. of Cal., Davis. Milk 
Plant Monthly, 38, 10: 48. Oct., 1949. 

Lipolytic flavors produced by the action of 
lipase on milk fat is accelerated by disruption 
or distortion of the absorbed fat globule layer 
through homogenization, shaking or heat shock 
of raw milk. Also, certain milks are naturally 
lipolytically active and will develop spontane- 
ously a rancid flavor. In the latter case, it is 
necessary that the milk be cooled before lipol- 
ysis begins which suggests that lipase is present 
in the milk serum prior to cooling. 

J. A. Meiser 

21. The "sunlight" flavor in milk. D. G. 
KEENEY, Penn. State College. Milk Plant 
Monthly, 38, 10: 54. Oct., 1949. 

A sunlight flavor may be produced artificially 
by the addition of 25 to 75 p.p.m. of formalde- 
hyde to milk flashed to 167O F. or above. Col- 
orimetric determination of the amount of for- 
maldehyde reacting in the milk was less than 
.the sensitivity of the method used. Although 
the dialyzable portion of the skim milk appears 
to promote this flavor, exposure of the diffusate 
to sunlight did not result in a flavor development. 

J. A. Meiser 

22. Separation and estimation of saturated 
C,-C, fatty acids by buffered partition columns. 
VMEN MOYLE, E. BALDWIN AND R. SCARIS- 
BRICK, Univ. of Cambridge. Biochem. J., 43, 
2: 308-317. 1948. 

A chromatographic method of separating the 
lower molecular wt. naturally occurring fatty 
acids is given. Phosphate-buffered silica gels 
are used as the solid phase and mixtures of 
chloroform and n-butanol as the solvents. Re- 
ported recoveries of fatty acids in various mix- 
tures range from 97 to 103%. A. 0. Call 

23. The mechanism of fatty acid oxidation. 
L. F. LELOIR, Fundac. Campomar, Buenos Aires. 
Enzymologia, 12, 4: 263-276. 1949. 

Critical papers are reviewed dealing with 
fatty acid oxidation in animal tissues and oxida- 
tion by microorgansms. The results are inter- 
preted on the basis that a reactive two-carbon 
compound is formed as the result of beta-oxida- 
tion of the fatty acids, as well as from pyruvate 
oxidation. Thus, the final stages of both fatty 
acid and carbohydrate oxidation may have a 
common pathway. J. J. Jezeski 

24. Liberation of amino acids from raw and 
heated casein by acid and enzyme hydrolysis. 
L. V. HANKES, W. H. &$SEN, L. M. HENDER- 
SON AND C. A. ELVEHJEM, Univ. of Wis., Mad- 
ison. J. Biol. Chem., 176, 2: 467476. Nov., 
1948. 

Previous work showed soy bean protein was 
affected adversely by heat. This investigation 
shows that autoclaving casein at 15 lb. pressure 
for 4 min. did not affect the ease with which 
the amino acids were liberated and made micro- 
biologically available. The only ill effects from 
a 20 hr. period was a reduction in the cystine 
availability. A table shows the percentage of 
the various amino acids liberated from the raw 
and heat-treated casein as measured after acid 
hydrolysis (alkaline for tryptophan and tyrosine) 
and enzymatic digestion. A. 0. Call 

25. Amino acid composition of a-casein and 
p-casein. W. G. GORDON, W. F. SEMMETT, R. 
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S. CABLE AND M. MORRIS, Eastern Regional Re- 
search Lab., Philadelphia, Pa. J. Am. Chem. 
Soc., 71, 10: 3293-3297. Oct., 1949. 

The amino acid composition of whole casein 
and its 2 major components, a-casein and p-ca- 
sein, was determined. Essentially all of the 
nitrogen of each protein was accounted for in 
terms of known amino acid residues and amide 
nitrogen. Most striking differences in a-casein 
and p-casein were observed in proline, trypto- 
phane, cystine and tryosine content. Histidine, 
glutamic acid, threonine and amide nitrogen 
were considered to be present in equal concen- 
tration. The small differences in glycine, iso- 
leucine and serine content are believed to be 
significant. 

p-casein exhibited a greater solubility in 
ethanol-water mixtures, probably due to the 
larger proportion of non-polar groups. The 
amino acid composition also may explain the 
differences in electrophoretic mobility of a-ca- 
sein and p-casein. In solutions both acid and 
alkaline to the isoelectric points of the proteins, 
a-casein had a higher mobility. The higher 
proportions of cationic and anionic groups in 
a-casein would explain this observation. 

H. J. Peppler 

26. The chemical composition of acropeptides 
from casein and their behaviour towards en- 
zymes. A. FODOR, P. J. FODOR AND S. KUK- 
MEJRI, Hebrew Univ., Jerusalem. Enzymologia, 
12, 2: 101-106. 1947. 

Acropeptides, nonhydrolytic protein derivatives 
which do not represent open chains of amino 
acids and therefore do not possess terminal 
amino or carboxyl groups, were prepared by 
dissolving casein in water-free glycerol at 135- 
145' C. and then precipitating in alcohol. The 
smallest unit obtained appeared to be an octa- 
peptide and a larger' one was studied which con- 
tained 9 such units. From data obtained on 
amino acid composition, elementary analysis 
and presence of NH, and free COOH groups 
(side chains) it has been concluded that the 
casein molecule is composed of these amino 
acid complexes held together by associative 
linkages. J. J. Jezeski 

27. A comparative study of the behavior of 
proteins and acropeptides towards proteinases. 
P. J. FODOR, S. KUK-MEIRI AND A. FODOR, He- 
brew Univ., Jerusalem. Enzymologia, 12, 2: , 
107-113. 1947. 

The relative action of pepsin-HC1 and a 
pancreatic proteinase toward casein and an 
acropeptide presumably containing 72 amino 
acid units was studied. The amount of cleavage 

caused by the action of pepsin on the acropeptide 
was proportional to the number of free carboxyl 
groups and that caused by the pancreatic en- 
zyme was proportional to the number of free 
NH, groups. This acropeptide was similar to 
casein in its behavior toward the hydrolytic en- 
zymes studied. J. J. Jezeski 

28. De formoltitratie; een practijkmethode 
voor de bepaling van het gehalte van koemelk 
aan "totaal" eiwit en aan caseine. (The formol 
titration; a practical method for the determina- 
tion of total protein and casein in cow's milk.) 
(English summary.) H. J. BANNENBERG AND 

W. VAN DEN HOEK, College of Agriculture, 
Wageningen, Holland. Netherlands Milk & 
Dairy J., 3, 3: 162-177. July-Sept., 1949. 

The formol number w as determined in 21 
milk samples without using potassium oxalate 
and total protein and casein content also were 
determined. A conversion factor was calculated 
by dividing the determined formol titre by the 
percentage protein (or casein). This conversion 
factor was 1.011 + 0.038 ( r = +  0.55) for total 
protein and 0.807 + 0.034 ( r  = + 0.44) for casein; 
the greatest possible deviations from the true 
values were 10 and 12%, respectively. Another 
experiment was run the same way with 28 sam- 
ples of milk using the Pyne modification with 
potassium oxalate. Here the conversion factor 
for total protein was 0.350 + 0.005 ( r  =+ 0.94), 
and for casein, 0.278 f 0.004 ( r  = + 0.93) ; the 
greatest possible deviations from the true values 
being 4.3% in both cases. Composite samples 
were used in the previous experiments. The 
influence of the stage of lactation was checked 
by examining 15 milk samples of single cows in 
different stages of lactation using the Pyne 
method. These conversion factors agreed with 
the composite milk values, except for the last 
2 mo. of lactation which gave a somewhat higher 
total protein value (0.361 + 0.01 1 ), while the 
first 4 d. of lactation gave unreliable results. The 
milk acidity changed the formol titre only when 
the milk no longer was acceptable for manu- 
facturing purposes. The conclusion was that the 
Pyne method can be used for determining the 
protein and casein content with sufficient ac- 
curacy. A. F. Tamsma 

Also see abs. no. 43. 

DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 

29. Flow diversion valve. E. C. HARTMAN 
(assignor to Taylor Instrument Co.). U. S. 
Patent 2,484,622. 4 claims. Oct. 11, 1949. 
Official Gaz. U. S. Pat. Office, 627, 2: 528. 1949. 
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A flow diversion valve for high temperature, short 
time pasteurizers is described. The forward flow 
outlet valve assembly is equipped with a leak- 
detecting opening to prevent the passage of under 
pasteurized milk while the valve is in the diverted 
position. R. Whitaker 

30. Het vraagstuk van de afvalwateren der 
zuivelindustrie. (Waste liquids in the dairy 
industry.) (English summary.) J. H. A. 
SCHAAFSMA, State Dairy Consultant. Nether- 
lands Milk & Dairy J., 3, 2: 142-154. April- 
June, 1949. 

Methods of treatment and disposal of dairy 
waste waters, the present state of affairs and 
prospects and possibilities in the Netherlands are 
discussed. Since 1920 the Government Institute 
for Purification of Waste Waters was mainly in 
charge of this work for the dairy industry. 

The varying character and composition of 
dairy waste and consideration of local circum- 
stances make it impossible to give a general 
procedure for purification. First of all, disposal 
of organic material caused by losses in the manu- 
facturing process and loss of by-products should 
be reduced to a minimum. The remaining waste 
liquid should be purified by some oxidative 
method which is cheap and efficient. Most 
methods, differing technically, are based on the 
same microbiological oxidation process of or- 
ganic material by oxygen of the air. Difficulties 
can be caused by too high concentration or too 
low pH caused by lactic acid bacteria. The 
waste liquid must be kept fresh; sometimes lime 
or chlorine can help here. In the Netherlands 
most dairy factories are satisfactory, while some 
isolated cases still are unsatisfactory. Due to a 
lack of proper legislation these cannot be forced 
to change procedures. Without too much cost 
there is an opportunity for improvement through 
proper investigation by a sanitary adviser and 
using the facilities available. Further research 
to establish more economical purification sys- 
tems and international interchange of results and 
ideas should be strongly encouraged and or- 
ganized. A. F. Tamsma 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

31. Cost-Each individual product in the ice 
cream plant. E. J. MATHER, National Dairy 
Products Gorp. Ice Cream Trade J., 45: 10, 
62. Oct., 1949. 

Key personnel should know the cost of each 
flavor in bulk ice cream and the cost of each 
product, such as: bulk, pt. package, qt. package, 

0.5 gal. and 1 gal. packages, slices, molds and 
other products, including the cost of each novelty. 
To arrive at the price to dealers, manufacturing, 
selling, administration and other cost factors 
should be known. 

To arrive at a correct delivery cost per prod- 
uct, the space occupied by the unit of sale of each 
product can be related in terms of points to a 
gal. of bulk ice cream as a base unit with a point 
value of 1. A table can be established for all 
products with point values related to bulk ice 
cream according to the space occupied. 

One of the best ways to reduce cost in the 
plant is to employ better men, or give those 
already employed a better education so they will 
be in a position to find and use the methods 
that will produce the best products at the lowest 
possible price. W. H. Martin 

Also see abs. no. 10. 

FEEDS AND FEEDING 
W. A. KING, SECTION EDITOR 

32. Availability of the magnesium of grass to 
the ruminant. R. J. GARNER.. Nature, 164, 
4167: 458. 1949. 

Mg is not made available by the action of the 
gastric juice of ruminants, but is liberated from 
vegetable cells by the ruminal organisms. Free 
Mg does not exist in the alkaline rumen but 
becomes available by the action of the abomasal 
HC1. R. Whitaker 

33. The fermentation of cellulose in vitro by 
organisms from the rumen of sheep. H. R. 
MARSTON, Univ. of Adelaide, S. Australia. 
Biochem. J., 42, 4: 564-574. 1948. 

An apparatus intended to similate the condi- 
tions found in the rumen is described. Water 
suspensions of cellulose, frqm birch bark in 2 
cases and from filter paper in 2 cases, to which 
inorganic salts were added and then inoculated 
with a "community of microorganisms" from 
the rumen contents of sheep, were fermented. 
The predominate products of dissimilation were 
acetic and propionic acids, CO, and methane. 
Smaller quantities of formic, butyric, pyruvic 
and lactic acids as well as acetaldehyde were 
reported. The energy metabolism of the rumi- 
nant is discussed in view of these findings. 

A. 0. Call 

34. The nutritive value for the calf of colostrum 
and its fractions. (Abs.) R. ASCHAFFENBURG 
et al., Natl. Inst. for Research in Dairying, Univ. 
of Reading and Research Inst. of Animal Path., 
Royal Veterinary College. Biochem. J., 42, 2: 
xxx-xxxl. 1948. 



Both Ayrshire and Shorthorn colostrum were 
separated with a super-centrifuge into fatty and 
non-fatty fractions. Various combinations of 
these 2 fractions were made with dried skim milk 
and margarine and then fed to a total of 66 
calves. Best results were obtained with the un- 
treated colostrum group, followed by the group 
fed the non-fatty fraction. The essential factor 
in the aqueous phase of colostrum is concluded 
to be active in small concentrations. The vita- 
min A reserves at 5 wk. were not related to the 
initial intake. A. 0. Call 

Also see abs. no. 7, 46. 

GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 

35. Superovulation and ovum transfer in cattle. 
R. E. UMBAUGH, Foundation of Applied Re- 
search, San Antonio, Texas. Am. J. Vet. Re- 
'search, 10, 37: 395-305. Oct., 1949. 

Superovulation was induced in cows by im- 
planting a pellet containing 1500 to 3000 r. u. 
of pituitary gonadotrophin followed in 4 d. by 
intravenous injection of 500 to 1500 r. u. of 
pituitary gonadotrophin or by daily subcutaneous 
injection of 50 to 500 r. u, pituitary gonadotro- 
phin for 5 d. followed by intravenous injection 
of 25 to 1000 r. u. pituitary gonadotrophin. 
Pregnant mare serum gonadotrophin and chori- 
onic gonadotrophin were not effective for super- 
ovulation. Ova were collected at  the time of 
spontaneous ovulation, 26 hr. following the intra- 
venous injection, by aspirating the follicles with 
capillary pipettes via a flank incision. Percentage 
recovery of ova and percentage fertilization were 
reduced in the high-level hormone treatments. 
Treatment with stilbestrol or progesterone did 
not change the fertilization ratio. Following 
superovulation an average of 23.4 ovulation 
points/cow were counted and 10.4 ova/cow were 
collected from the oviducts, but only 5.8/cow 
were fertilized. Sixteen fertilized ova were 
transferred to the fallopian tube of 1 cow the 
day after estrus, and 17 ova were transferred to 
another. Multiple embryos developed but were 
aborted prematurely. E. W. Swanson 

HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 

36. Supporting arrangement for milkers. H. 
B. BABSON (assignor to Babson Bros. Co.). U. S. 
Patent 2,483,516. 8 claims. Oct. 4, 1949. Of- 
ficial Gaz. U. S. Pat. Office, 627, 1 : 134 1949. 

A frame surrounding a milking stall is de- 
. scribed having a moveable arm, counterbalanced 

by a weight, to support a milking machine vessel. 
R. Whitaker 

37. Teat cup. L. DINESEN. U. S. Patent 
2,484,696. 1 claim. Oct. 11, 1949. Official 
Gaz. U. S. Pat. Office, 627, 2: 548. 1949. 

This teat cup for milking machines has a rigid 
outer shell and a flexible inner tube. The space 
thus formed is connected to a source of pulsating 
vacuum. R. Whitaker 

MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 

38. Double seal milk can. J. A. HOPWOOD. 
U. S. Patent 2,484,624. 5 claims. Oct. 11, 1949. 
Official Gaz. U. S. Pat. Office, 627, 2: 528. 1949. 

To provide additional protection, the cover 
of this milk can seals in 2 places. The cover 
not only fits snugly into the throat of the can, 
but the outside rim of the flared-can-top engages 
a skirt attached to the inside of the can lid. 

R. Whitaker 

39. Gladsaxe Mejeri, et af Storkobenham 
mest moderne Mejerier. (Gladsaxe Mejeri- 
One of Greater Copenhagen's Most Modem 
Dairies.) Nordisk ~ejeri-Tidsskrift, 13, 6-7: 
57, 58. 1947. 

The Gladsaxe dairy plant presents an exterior 
which is typical of a large, remodeled milk plant. 
Upon coming into the building it is apparent at 
once that the interior is eqiupped so as to be 
technically and hygienically up to date and ef- 
ficient. Working conditions are good, with ample 
room for all of the necessary operations but with 
a working plan that eliminates the waste of tirpe 
and effort. 

A large bottle washing machine is in use and 
when the bottles have been washed, rinsed and 
sterilized they travel in cases, through an opening 
in the wall, directly to the bottle-filling machine. 
From there, the filled bottles travel on a track, 
on which the cases of filled bottles roll into the 
cooling room. 

The milk as it is received and weighed into 
tanks is handled in the same efficient, time- and 
labor-saving manner. I t  goes through the sepa- 
rator and into a plate pasteurizer. From there 
it goes into aluminum tanks on a balcony and 
it is agitated by the use of air under pressure. 

The large vacuum filling machine has 16 filling 
outlets. In the bottom of each milk tank are 
pipes which are connected with the vacuum 
filling machine. There is no way of making 
errors and having buttermilk flow into the bottles 
intended for fresh milk or vice versa. Everything 
is done accurately and hygienically. The cases 
of bottled, cooled milk travel on rollers into a 
large milk storage room that has a capacity of 
20,000 1. This room is cooled by an Atlas cool- 
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ing apparatus. The cases then travel out to the 
milk delivery platform where the milk trucks 
wait to receive them. 

Large modem storage rooms are provided for 
dairy products and supplies. A large basement 
is equipped with a fresh-water tank and a brine 
tank, as well as with a lunch room, dressing room 
and wash room for workers in this modern plant. 
A floor plan accompanies the article. 

G. H. Wilster 
Also see abs. no. 14, 20, 21, 29. 

MILK SECRETION 
V. R. SMITH, SECTION EDITOR 

40. Synthesis of the short-chain fatty acids of 
milk fat from acetate. G. POPJ~K,  S. J. FOLLEY 
AND T. H. FRENCH, Univ. Reading, England. 
Arch. Biochem., 23, 3: 508-510. Oct., 1949. 

The probability that the short-chain acids of 
milk fat (C4-C,,) originate from acetate has been 
indicated by results obtained in uitro with mam- 
mary gland slices from ruminants as well as non- 
ruminants. Pregnant rabbits injected with CH, 
C1400Na exhibited a high rate of incorporation 
of C'4 into glyceride fatty acids extracted from 
the mammae. Fractionation of these fatty acids 
revealed that the volatile acids contained 7-18 
times more isotope than the non-volatile acids. 
The highest Cl4 content was found in the water- 
soluble fraction comprised chiefly of butyric and 
caproic acids. The low C14-content of unfrac- 
tionated fatty acids of the liver indicates that 
this organ is not the source of the highly active 
fatty acids in the mammae. H. J. Peppler 

Also see abs. no. 41, 42. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

41. The effect of thyroxine on the metabolism 
of lactating cows. 1. General results and nitro- 
gen metabolism. E. C. OWEN, The Hannah 
Dairy Research Inst., Kirkhill, Ayr. Biochem. 
J., 43, 2: 235-243. 1948. 

Eight Ayrshire cows were used in an investiga- 
tion to determine the effect of subcutaneous in- 
jection of 10 mg. of thyroxine/d./cow. The cows 
were subjected to 3 different levels of feed intake. 
Thyroxine increased catabolism, as shown by an 
increase in pulse rate. This resulted in an in- 
crease in milk yield, a loss in body wt., an in- 
crease in the urine excretion and a negative nitro- 
gen balance. The negative nitrogen balances 
were inhibited somewhat by an increase in feed. 
The composition of the milk during thyroxine ad- 
ministrations showed an increase in fat and solids 

as well as an increase in nitrogen in the fat-free 
portion, as compared with that of the controls. 

A. 0. Call 

42. The effect of thyroxine on the metabolism 
of lactating cows. 2. Calcium and phosphorous 
metabolism. E. C. OWEN, The Hannah Dairy 
Research Inst., Kirkhill, Ayr. Biochem. J., 43, 
2: 243-247. 1948. 

In connection with thyroxine studies (see pre- 
vious abstract) Ca balances were made on 8 
Ayrshire cows. In all but 1 case the Ca balances 
were negative before, during and following the 
administration of thyroxine; however, in 2 cases 
where the cows were fed more liberally, the out- 
put of Ca was increased by giving thyroxine. 

P balances were made on only 2 cows. They 
both showed positive balances throughout the ex- 
periment and giving thyroxine tended to increase 
the amount retained. The P content of the milk, 
was increased significantly by thyroxine but the 
Ca content was unaffected. A. 0. Call 

43. Preparation of radioactive iodocasein. C. 
F. HAMILTON, MARSCHELLE H. POWER AND A. 
ALBERT, Mayo Clinic and Mayo Foundation, 
Rochester, Minn. J. Biol. Chem., 178, 1: 213- 
216. March, 1949. 

A procedure, following in general the method 
of Reineke and Turner, is given for the prepara- 
tion of iodocasein containing radioactive iodine 
(113'). It is intended for human metabolism 
studies. A. 0. Call 

44. The effects of large doses of various sulfona- 
mides injected intravenously in dairy cattle. L. 
M. JONES, H. A. SMITH AND M. H. ROEPKE, Iowa 
State College, Ames. - Am. J. Vet. Research, 10, 
37: 318-326. Oct., 1949. 

The sulfonamides sulfathiazole, sulfapyridine, 
sulfadiazine, sulfamerazine, sulfamethazine and 
sulfaquinoxaline were each injected into sepa- 
rate groups of cows as the sodium salt dissolved in 
500 cc. of water. One series of cows received 1 
injection of 60 g. of each sulfonamide. Another 
series received 2 60-g. injections 7 to 10 d, apart, 
and a 3rd series of cows was given the same plus 
2 90-g. injections. Blood concentrations were 
maintained best by sulfamethazine, followed in 
order by sulfapyridine, sulfamerazine, sulfadia- 
zine, sulfaquinoxaline and sulfathiazole. Sulfa- 
quinoxaline was very toxic, resulting in the death 
of 1 cow following the first injection, and was not 
used for higher level studies. The other sulfon- 
amides also caused weakness and collapse of 
some of the cows but recovery was rapid. One 
cow given the highest dosage of sulfapyridine 
died from hemorrhage. Livers and kidneys of 



SANITATION AND CLEANSING A l l  

all cows showed damage. Extensive myelin de- British Hydrological Corp. Dairy Inds., 14, 8: ' 
generation of sections of the spinal cord and of 819-822. Aug., 1949. 
the sciatic and median nerves was found in para- some new twin-chain ammonium 
lyzed cows following sulfaquinoxaline injection. compounds are described with regard to solubil- 
Body temperature and urea were not ity, bactericidal properties and compatability with 
varied from normal. E. certain anionic and non-ionic comoounds. The 

results show that with the twin-chain compounds 
45' Studies On the gross anatomy of the bovine a greater degree of solubility could be attained 
liver. I. The distribution of the blood vessels without sacrificing much bactericidal activity. 
and bile ducts as revealed by the vinylite-corro- Didecyldimethylammonium bromide, having a 

technique' L' M' JuLrAN AND K. B' DE- total of 20 carbon atoms in its 2 chains, is more 
Univ. Am. J- Vet- Re- soluble than with a single long ,-hain compound 

search, 10, 37: 331-335. Oct., 1949. containing 20 carbon atoms. With greater de- 
Different colored vinylite solutions were in- gree of solubility there is less tendency for pre- 

jected into the vascular systems and bile ducts of cipitates to be formed with other compounds. 
the liver and a study made of the subgross anat- In testing quarternary ammonium compounds 
omy. Portal circuits clearly were demonstrated. for bactericidal properties, each quaternary com- 
Numerous arterial plexuses were found around pound must be recognized as a special case and 
the bile ducts. The article is well illustrated. the proper inhibitor selected to prevent bacterio- 

E. W. Swanson static effect. G. H. Watrous, Jr. 

46. The absorption of ammonia from the 49. Laboratory evaluation of cleaner-sanitizers 
of the sheep. I. W. MCDONALD, Biochem. Lab., for use on dairy farms. F. W. B ~ ~ ~ ~ ~ ,  ~ ~ ~ i ~ ~ ~ l  
Univ. Cambridge. Biochem. J., 42, *: 584- Dairy Research Lab., Inc., Oakdale, L. I., N. Y. 
587. 1948. J. Milk and Food Technol., 12, 5: 257-266. 

The general circulation blood of sheep contains Sept.-Oct., 1949. 
very likle, if any, ammonia, while abo& 1.5 mg. 
ammonia N/100 ml. is present in the venous 
blood which comes from the rumen. A nitrogen 
cycle in the digestive tract is postulated, wherein 
ammonia from the rumen is converted in the liver 
to urea, which may be secreted in the saliva and 
returned to the rumen where it is again converted 
to ammonia. A. 0. Call 

47. Amino acid composition of 8-lactoglobulin 
and bovine serum albumin. W. H. STEIN AND S. 
MOORE, Rockefeller Inst. for Medical Research, 
N. Y. J. Biol. Chem., 178, 1: 79-91. March, 
1949. 

Chromatographic fractionations of the amino 
acids of p-lactoglobulin and bovine serum albu- 
min hydrolysates have been made using starch 
columns and a mixture of n-butyl alcohol, n- 
propyl alcohol and HCl as the solvent. Recov- 
eries of about 98% of the amino acids on a wt. 
basis are reported. The results are in good agree- 
ment ~ i t h - ~ r e v i o u s l ~  reported values. 

A. 0. Call 
Also see abs. no. 6, 23, 35. 

SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 

48. Some new quaternary ammonium com- 
pounds and their properties. J. C. L. R ~ s u c -  
CAN, F.R.I.C. Director and Chief Chemist, The 

A heat resistant culture of E. coli, known to be 
resistant to the action of quaternary ammonium 
compounds, was added to a cleaner-sanitizer test 
solution. A known concentration of ice cream 
mix was added to supply the organic matter com- 
parable to farm conditions in cleaning dairy uten- 
sils. The study included variable factors such as 
temperature changes, degree of water hardness 
and organic matter as they may effect the bac- 
tericidal action of quaternary ammonium com- 
pounds. The technique approximates the claims 
made by manufacturers of sanitizing compounds 
used in actual practice. H. H. Weiser 

50. Effectiveness of hypochlorite and quaternary 
ammonium compounds in a mastitis sanitation 
procedure. K. R. SPURGEON, W. J. HARPER AND 

P. R. ELLIKER, Purdue Agr. Expt. Sta., W. La- 
fayette, Ind. Milk Plant Monthly, 38, 10: 42-46. 
Oct., 1949. 

To determine the effectiveness of hypochlorites 
and quaternary ammonium compounds in de- 
stroying mastitic organisms, milking machine teat 
cups were inoculated with S. agalactiae by swab- 
bing with a milk suspension of the organism. 
After inoculation, the cups were rinsed a pre- 
determined number of times in varying concen- 
trations of the germicides under study and al- 
lowed to drain for periods ranging from 30 sec. to 
5 min. Actual counts of the surviving organisms 
were obtained by inoculating cold, sterile skim 
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milk which in turn was plated on veal infusion 
blood agar. Of the hypochlorites and quater- 
nary ammonium compounds selected for the final 
study, none destroyed all of the S. agalactiae but 
the reduction in numbers suggested the applica- 
tion of these compounds in milking procedures 
where teat cups are dipped between cows. Fac- 
tors affecting the efficiency of these compounds in 
destroying the test organism were the use of pro- 
longed exposures, the use of two successive rinses 
and the use of increasing concentrations of the 
germicide. The high numbers of surviving or- 
ganisms on rubber teat cup inflations that possess 
cracks or checks emphasized the inadequacy of 

germicidal treatment when worn out o r  improper 
equipment is used on the fann. J. A. Meiser 

51. Tiermedizinische Milchhygiene im Rahmen 
des Reichsmilchgesetzes. (Veterinary milk hy- 
giene in  the scope of the government milk law.) 
English summary. E. PAARMANN. Die Milch- 
wissenschaft, 3, 12: 371-372. Dec., 1948. 

Considering the financial losses in cattle and in 
beef as a result of bovine tuberculosis and also 
the health hazards to the milk-consuming public, 
the author strongly suggests that a systematic 
obligatory irradication program of tuberculin in- 
fected cattle should be started in Germany. 

I. Peters 

I n  conjunction with the XI1 International Dairy Congress in Stockholm, August 1949, 
the dairy specialists of 40 countries submitted more than 400 reports containing much data of 
scientific and practical value. These papers were printed in 5 volumes. A sixth volume contains 
General Reports, prepared by eminent specialists who have summarized each of the 33 different 
subjects taken up for discussion at  the Congress. A further volume, no. 7, will comprise a 
report on the actual Congress and a record of the oral debates. This volume is now being 
edited and will be released in 1950. Further particulars are given below. 

No. of 
Volume no. Subject . papers Pages 

1 Y i k  production, hygiene and control, tropical dairying 86 552 
2 Physics, chemistry and microbiology 126 766 
3 Dairy technique 88 566 
4 Economy and trade, organization of the dairy industry 82 694 
5 Supplement containing further papers on the 6 subjects 

eiven above 27 200 - -. - -~ - - 
409 2,778 

6 The General Reports, which formed the basis for dis- 
cussions at  the Congress 33 320 

The papers are printed in the language in which they were submitted (English, French or 
German), and conclude with summaries in all three languages. 
Price: Unbound, Volumes 1-7, Swedish kronor 50:- free Stockholm, 

Bound, Volumss 1-7, Swedish kronor 90:- free Stockholm. 
(Volumes 1-6 delivered immediately on receipt of order). 

Postage: Swedish kronor 12, 50. 
Banb: AB Jordbrukarbanken, Stockholm, acconnt 1630. 
Orders m y  be sent to: 

XI1 International Dairy Congress 
Postbox 642 
Stockholm 

Sweden. 
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Books 

' 

MILK AND MILK PROCESSING 
By B. L. HERRINQTON, Cornell University. YcGraw-Hill Publications in the AgrincL 
tural Sciences. 344 pages, $3.75 

Important 

Gives the student fundamental knowledge of the properties of milk and milk constituents 
and the principles underlying aueh common operations as separation, homogenization, and 
pasteurization; and shows how this information is applied in the manufacture of various 
dairy products. Includes chapters on the dairy industry, the market milk industry, and the 

I butter, dry milk, ice cream, cheese, and casein industries. 

THE MARKET-M ILK I NDUSTRY-New Second Edition 
I By CHESTER LINWOOD ROADHOUSE, University of California and JAMES LLOYD HENDEB- 

SON, the Golden State Company. XcGraw-Bill Publications in the Agricultural Sciences. 
716 pages, $7.00 

Gives the student clear undcrstanding of the technical and economic phases of the market- 
milk industry. Covers the entire field, describing approved procedures in the grading, paa- 
teurizing, and cooling of milk, and the preparation of cultured buttermilk, table and whip- 
ping creams, homogenized, soft curd and vitamin D milks, chocolate milk drinks, and cottage 
cheese. Economic phases, such as cost of production, milk distribution, the price of milk, 
and price plans are discussed in detail. The New Seeond Edition includes treatment of im- 
provements in high temperature pasteurization, the general adoption of homogenized milk, 
improved processing methods in the milk product industry, and modern fabric containers. 
The content has been fully revised. 

I PRACTICAL DAl RY BACTERIOLOGY 
By P. R. ELLIKER, Oregon State College. McGraw-Hill Publications in the Agricultural 
Sciences. 391 pages, $4.00 

I n  this new book the author emphasizes the fundamental and leading role played by the 
science of bacteriology in production, processing, and distribution of dairy products. Besides 
the summarization of basic bacteriology, the book treats in fa r  greater detail than usual the 
problems that bacteria create in every branch of the dairy industry. It is also unique in 
that a technical review of an applied field of the food industry is preceded by an elementary 
discussion of a fundamental science affecting every step in the production, processing, and 
distribution of that food. 

I Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 18, N. Y. 

Your advertisement is being read in every State and in 45 Foreign Countries 



THE CULTURE 
of  definitely better 
flavor & aroma pro- 

The standard with 
foremost operators 

agricultural schools & 

(shown) produce a 
starter on a single 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 4 0  quarts of starter on a single prop- 
agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented M i lk  
Products on request. 

DAIRY LABORATORIES 
23rd & Locust Sts 

Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices : 

MEMBERS 

Cloth Bound ........... $2.35 
Paper Bound ........... 2.00 

NON-MEMBERS 

Cloth Bound ........... $5.50 
Paper Bound ........... 5.00. 

8 JO LTRNAL OF 

- -  
I - _ _  - 

with 

ACID-KLENZ 
AND THE 

e k 6 - U  FEEDER 
Acid-Klenz Is an organic acid de- 
tergent that is highly effective for the 
removal of milkstone and the retard- 
ing of bacterial growth on a l l  milking 
and milk producing equipment. 

Dairy farms and plants as well as 
cream stations find It equally effec- 
tive for stabilizing hard water. 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 

Chem-o-Shot proportioning equipment 
gives accurate control t o  prede- 

termined pH leve l  f o r  guaranteed 
results. 

Wr i t s  for special literature describing 
fully the Klsnzade method of  main- 

kllng Clean Milk Cans. 

Your advertisement is being read in 

DAZEY SCIENCE 

every State and in 45 Foreign Countries 
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V- Cows can't wai t  while erratic condensing 

equipment is repaired or adjusted. And profits depend largely on process- 

ing units that can handle the fresh milk supply steadily. Mojonnier Stainless 

Steel Vacuum Pans, backed by 35 years o f  research and plant experience 

can give you this steady performance. 

HERE'S WHY: * Maximum operating economy 

I * Lower initial cost * Advanced design * Trouble-free operation * Versatility 
* Packaged Unit * Factory test-checked 

APPLICATIONS: Evaporated milk, sweetened condensed milk-either whole a or skim-ice cream mix, condensed buttermilk, condensed whey, plain or 
superheated condensed whole or skim milk, concentrated fruit juices, vege- 
table concentrates, extracts ond other heat-sensitive liquids. 

Write today for fu l l  information. 

MOJONNIER BROS. CO., 4601 W. O H I O  ST., CHICAGO 44, ILL. 

Mojonnier Stainless Steel 60" Vacuum ing time. A 25,000 Ib. batch of skim con- 
Pan in plant of Harrington Dairy Co., verted into sweetened condensed skim 
Dushore, Po. This pan handles an aver- milk, terting72% total solids, is handled 
age of 6,000 Ibr. of skim milk per hour in about 4 hours. Four botches may be 
over a 24-hour period, including clean- completed without a cleaning operation. 

See t h e m  in Act ion . . . a n d  vou' l l  dec ide  o n  

Strong, clean Rennet is important 
in the making and curlng of 
cheese. Use Marxhall Rennet 
enerously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. A 

MADISON 3, WISCONSIN 1 

Your advertisement is being rend in every State and in 45 Foreign Countries 
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I I I 

for the modern 

helps you attain correct, year- 
around sanitation in dairy plants 

a 8. . aids in the production of higher 

i ; quality dairy products 

. . gives dairy plant operators more 
complete, easy, economical clean- / ing and disinfecting 

I 
provides training in correct sani- 
tation procedures for dairy plant 

Complete informotion . . . 
prepared apeciolly for you . . . i s  available upon request. 
et ur help yeu with your prob- 
ems. Your inquiry is invited. 

THE DIVERSEY CORPORATION 
53 W. Jackson Boulevard, Chicago 4, Illinois 

I n  Cmnodmi Tho Dinrrey Cerpermtion (Canada) Ltd., Teronto, Ontmria 

Mention 
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Your adrertisement is being read in every State and in 45 Foreign Countries 



FRIGIDRY 
Reg. U.S. Pat. Off. 

Lyophilized Dairy Cultures 

The importance of the original culture in producing cultured dairy prod- 
ucts cannot be over-emphasized. Sub-zero, high-vacuum drying techniques 
developed during World War I1 for sensitive biological fluids like blood 
plasma and penicillin have been adapted to the manufacture of Frigidry 
cultures. 

This has resulted in hyper-viable, stable cultures which produce optimum 
acidity, flavor and aroma in mother cultures in one generation. 

You mill save time--save money-avoid trouble by using rapid-growing 
Frigidry cultures to produce mother culture in one generation and take 
guess work out of making good cultured dairy products. We have several 
leaflets which give the complete story. Write for them. 

BODY-GUARD 
Reg. U.S. Pat. Off. 

Ice Cream Stabilizer and Emulsifier 

The value of stabilizers to control body and texture of ice cream is well 
established. Small amounts of Body-Guard, because of its high content 
of especially selected active ingredients, produce top quality results both 
as a stabilizer and emulsifier. 

Body-Guard is a double duty product. No additional emulsifier-no addi- 
tional egg products are required. Small quantities mill produce a well 
stabilized ice cream mix. Greater amounts may be added to meet seasonal 
requirements without creating objectionable viscosity problems. Body- 
Guard is economical-it is flexible-it is convenient and it adds sales ap. 
peal to your ice cream. For full information, write for Leaflct No. 207 and 
trial offer. 

GENERAL BIOCHEMICALS, INC. 
20 LABORATORY PARK CHAGRIN FALLS, OHIO 
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CULTURE.  MEDIA 
for Examination of Milk 

BACTO-TRYPTONE GLUCOSE EXTRACT Aaan 

is recommended for use in determining the total bacterial plate count 
of milk in accordance with the procedures of "Standard Methods for 
the Examination of Dairy Products" of the American Public Health 
Association. 

Upon plates of medium prepared from Bacto-Tryptone Glucose 
Extract Agar colonies of the bacteria occurring in milk are larger and 
more representative than those on media previously used for milk 
counts. 

BACTO-PROTEOSE TRYPTONE AGAR 

is recommended for use in determining the bacterial plate count of 
Certified Milk. The formula for this medium corresponds with that 
suggested in "Methods and Standards of Certified 1\Iilk9' of the 
American Association of Bledical Alilk Commissions. 

BACTO-VIOLET RED BILE AQAR 

is widely used for direct plate counts of coliform bacteria. Upon plates 
of this medium accurate counts of these orga:anisms are readily obtained. 

BACTO-FORMATE RICINOLEATE BROTH 

are very useful liquid media for detection of coliform bacteria in milk. 
Use of these media is approved in "Standard Methods." 

Specify NDIFCO" 
The Trade Name of the Pioneen in the Rarearch and Devel- 
opment of Bacto-Peptone and Dehydrated Culture Media 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

Your advertisement is being read is every Stnte and in 46 Foreign Countries 


	Journal of dairy science 1950 Vol.33 No.1
	Contents
	Quaternary Ammonium Compounds as Sterilizing Agents for Bacterial Spores. 
	Studies on the Feeding Value of Mow-Cured Baled Hay. 
	A Synthetic Pabulum vs. Yolk-Citrate Buffer as a Diluter of Bull Semen. 
	The Influence of Cracked Soybeans, Soybean Hay and Various Kinds of Containers on the Flavor of Milk. 
	Parturient Paresis. IV. The Effect of Udder Inflation upon Blood Levels of Calcium, Magnesium and Phosphorus in Cows with Parturient Paresis. 
	Fertility and Livability of Bull Semen Diluted at Various Levels to1 : 300. 
	Stale-Flavor Components in Dried Whole Milk. II. The Extraction of Stale Butter Oil from Stale Dried Whole Milk by Organic Solvents.
	A New lndicator Method for the Determination of Digestibility and Consumption of Forages by Ruminants.
	The Accuracy of Linear Body Measurements of Dairy Cattle.
	Parturient Paresis. V. Blood Serum Levels of Citric Acid and Calcium in Normal Parturient Cows and Cows with Parturient Paresis.  
	Association Announcement
	Abstracts of Literature

