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BIOLOGICAL ACTIVITY O F  PHOSPHATE ESTERS 
I N  MAMMARY GLAND EXTR,ACTS ' v 2  

E. M. CRAINE R. G .  HANSEN 

Laboratory of Biochmtisfr!l, Drparttttent of Dairy Science 
Universit?~ o f  Illinois, Urbana 

Mammary gland tissue contains enzymes capable of phosphorylating a variety 
of sugars including fructose and glucose (8). Since a similarity exists between 
enzymatic reactions of various animal tissues, the products of the esterifications 
are probably the same as those resulting from other animal kinases. Purified 
brain hexokinase phosphorylates glucose in the six position (5),  while the prod- 
uct of purified ra t  liver fructokinase has been identified as fructose-1-phosphate 
(6,12,14, 20). Galactose-1-phosphate is a product of galactokinase in yeast (22), 
liver (13), and bacteria (18). 

The presence of hexose phosphate esters in mammary tissue was established 
by Rrenner (3) and Barrenscheen and Alders (2). The latter noted that  the 
lactating tissue contained a larger percentage of esters difficult to hydrolyze 
than nonlactating tissue. From lactating porpoise glands they mere able to 
isolate the barium salt of a reclncing hexose phosphate ester. Barkhash (1) was 
unable to find galactose phosphate esters in inammary tissue. 

Caputto e t  01 .  (3) prepared a cell-free system from yeast which converted 
galactose-1-phosphate to glucose-1-phosphate. I n  this laboratory (18) a similar 
purified enzyme system specific for the a-esters has been obtained in prepara- 
tions of a strain of Lactobacillus b ~ i l g n r i c ~ i . ~ .  This system, which was found to 
be reversible, required uridine-ctiphosphoglucose (TJDPG) ancl manganese ions 
for activity (11). The presence of the cofaetor UT)PG in ra t  mammary glands 
was established. JIalpress ancl Morrison (15) observecl that a-galactose-l-phos- 
phate is a norinal trace constituent of milk. 

This information strengthrnetl the possibility that galactose and glucose 
esters may be iinportaat in mammarq- gland metabolism. With preparations 
sin~ilar  to those \\-it11 \\-hitah liexosc~ phosphorq-lation \\-as ilelnonstrated (8) the 
reactions occurring in the presence of rarious hexose esters have been observed 
and are the subject of this report. Enzymes \!-ere fonntl to be present in rat 

liereirrd for pu l~ l i rnt io~~  Drrc.n~l~er 2,  19.53. 

' Prrli~llinary report : Frrlcrnlio~t Proc., 1 2 :  I!)?. 1953. 

?Supported in pnrt 11- n gr:lnt fr0111 t l ~ c  rnitctl St:ttcs Atomic Energy C'o~n~nission, C'on- 
trnrt KO. AT(11-I)-67,  Project No. 10. 
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mammary gland homogenates which catalyze reactions with glucose, galactose, 
and fructose esters. 

EXPERIMENTAL 

Twenty per cent homogenates were prepared from a froze11 powder of mam- 
mary tissue of lactating Holtzman rats, as described previously (7). The homog- 
enizing medium was either water or 0.015 M phosphate buffer (pH 7.4). The 
transfer of phosphate from adenosinetriphosphate (ATP) to an acceptor formed 
a new acid group which released a mole of carbon dioxide from the added bicar- 
bonate. Manometric measure of the gas was an assay of the transphosphoryla- 
tion. The following constituents (final concentration) were added in order: 
0.027 M potassium bicarbonate, 0.0015 M potassium phosphate (pH 7.4), and 
water to make a total volume of 2.0 ml. in all flasks to 0.4 rill. of homogenate; 
0.008 M magnesium sulfate and 0.05 M potassium fluoride were added in selected 
flasks. The concentration of ester substrate was 11 micromoles per flask. After 
the flasks were gassed with a mixture of 95% nitrogen-5% carbon dioxide, 10 
micromoles of ATP were added from a side arm to start the reaction. Incuba- 
tions were performed at 38' C. Control values were about half of the total car- 
bon dioxide released in the presence of substrates and were discussed in a previ- 
ous report (7). Additional carbon dioxide resulting from the presence of a 
substrate was regarded as transphosphorylation, which is reported as micro- 
moles of CO, released in excess of control values. All of the ralues obtained were 
corrected for the carbon dioxide retention of the incubation mixture. I t  was 
essential to determine relative retention since each type of ester with regarcl to 
position of the phosphate had a different effect on the retention. 

The disodiuni salt of ATP (Pabst Laboratories) was neutralized with potas- 
sium hydroxide. Fructose-6-phosphate was a preparation of Nutritional Bio- 
chen~icals Corporation ; a-glucose-1-phosphate and glucose-6-phosphate were fur- 
nished by Dr. II. A. Lardy. The galactose esters were prepared in this laboratory 
(28). 

Since a hydrolytic cleavage of the hesose esters would produce new acid 
groups, the action of phosphatases would have given the same results as trans- 
phosphorylatioiis. To determine specific phospliatase action, esters were incubated 
without addition of ATP. In  addition, trichloroacetic acid (TCA) extracts 
were made before and after incubation with ATP;  inorganic phosphate was 
determined on the clear centrifuged supernatant by the method of Fiske and 
Subbarow (9). 

Ketose was determined by the method of Roe (17) on the clear centrifuged 
TCA extracts before and after incubation. Fructose-6-phosphate and frnctose- 
diphosphate have given 60.5 and 52.5%., respectively, of the color obtained with 
pure fructose in the Roe method (23). Since these fructose esters presumably 
occurred in these experiments, a value of 56r/r was chosen arbitrarily for the 
calculation of ketose values which are reported in micromoles. 
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RESULTS 

Lolo phosphatase activity.  The changes of inorganic phosphate occurring 
during incubation of glucose esters (in the absence of ATP)  with mammary 
gland homogenates are reported in Table 1. Because of the high phosphate 
levels where phosphate was used as buffer, measurement was possible only in 
homogenates prepared with water; the main buffering constituent therein was 
bicarbonate and thus the p H  was about 8. Phosphatase activity was low; the 

TABLE 1 
The hydrol?~sis o f  phosphate estcrs" b?/ harna~ar!~ homo.qenatesb 

ll icromoles inorganic phosphate released 

Endogenorrs From the substrate 
No.  o f  

Substrate experiments Mean Range Mean Range 

Glucose-6-phosphate 5 1.0 0.7 t o  1.3 1.5 0.5 t o  2.3 
a-glucose-1-phosphate 5 1.6 0.6 t o  4.2 0.6 -0.6 t o  1.6 

' Concentration o f  ester substrate: 11 micromoles. 
Honiogenates were prepared w i th  water .  Incubation t ime:  60 minutes. 

six-ester of gliicose was hydrolyzed inore than the one-ester in the 1 hour incu- 
bation. 

As the conclitions with regard to p H  ancl ion concentration for assay of 
transphosphorylatio~i were somewhat different than the above experiments, addi- 
tional tests for phosphatase were made. If hydrolysis of the esters were occur- 
ring, the release of carbon dioxide in the absence of ATP mould be expected. 
With conditions similar to those where transphospliorylatioti was obtained (with 
the exception that ATP was omitted) the presence of glucose or galactose esters 
caused no additional release of carbon dioxide. Thns a t  the lower pI3 and in  
the presence of phosphate ions there was wen  less phosphatase action than 
reported in Table 1. 

Gl?jcol.ytic esters. When ATP was present, the addition of glucose-6-phos- 
phate, frnctose-6-phosphate, and a-glucose-1-phosphate to mammary gland ho- 
mogenates produced large amounts of carbon dioxide in excess of control values 
(Table 2) .  This indicated that each conipounil was readily esterified or con- 
verted to an internietliate which was esterified. During the transphosphorylation 
a-glucose-1-phosphate gave rise to rather large amounts of ketose material (Table 
5 ) .  which was assnmetl to be fructose esters. 

TABLE 2 
Phonphorylation o f  glarorr anr l  fructose rntrrs b!y t~tatttrttary glatttl 

enzt~mm" i n  thr nraseitce o f  A T P  

Substrate 

Micromoles o f  carbon 
No .  o f  dioxide in  cxccss o f  

expcrimrnts controls in  60 minutes 

Glucose-6-pliosplinte 3 5.5 
Frrrctoue-6-pl~ospliRtr 5 5.6 
a-glucose-1-pliosl,l~atr 1 4.3 

a IIon~ogenatcs were prepared w i th  phosphate l ~ u f f e r .  
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TABLE 3 
Phosphorylation of galactose esters by mammary gland enryises 

Substrate 
Homogenizing Experiment 

Preparation medium" No. a-Gal-1-P B-Gal-1-P Gal-6-P 

(Micromoles of carbon dioxirlr in rmess of 
controls due to .vicbstrate in  60 ?~~i,rrrtes) 

A Water 36 4.4 1.9 2.0 
38' 2..i 
3:) 1.2 

n Ruffcr 40 -0.4 0.0 4.3 
C Buffer 45 3.7 0.1 4.1 
n Buffer 54 5.1 2.4 3.8 

56' 4.3 0.6 4.3 
E Ruffcr 61 0.4 1.9 4.3 

"Buffer refers to  phospl~;ite buffer a t  p H  7.4. 
Frozeli and thawed twice. 
' Frozen and thawed three times. 

Galactose esters. The mammary gland homogenates were also capable of in- 
cluciag esterification in the presence of atlcled galactose-6-phosphate, a-galactose- 
l-phosphate and P-galactose-l-phosphate. Results obtained with several prepara- 
tions showed that although activity was extensive it was not consistently present. 
Table 3 summarizes results of typical experiments ; each of the effects noted was 
observed in more than one preparation and thus is a reproducible result. Prepa- 
ration D was active in the presence of all three esters whereas B showed only 
activity for the six derivative. Preparation C had low actirity for only the 
p-one-ester while E was low in actirity only for the a-one-ester. The ability of 
preparation T) to indure esterification in the presence of the p-ester was de- 
creased by freezing and thawing three ti~nes, although the actirity with the 
other esters was not changed appreciably.  TI^ preparation A, which was made 
wit11 water rather than phosphate buffer, steps of freezing and thawing gradu- 
ally decreased activity with the a-ester. The /?-ester consistentl~ was responsible 
for less extra carbon dioxide than the other two esters. 

I n  some of the experiments the added galactose esters appeared to inhibit 
the apyrase which was responsible for most of the carbon dioxide of the control 
values. I n  Figure 1 the flask containing galactose-6-phosphate produced less 
carbon dioxide than the controls in the early phase of incubation. Since the rate 
of apyrase activity decreased with time ( T ) ,  the effect was not iloticeable because 
of the esterification of galactose-6-phosphate. Table 4 sum~iiarizes the results of 
several experiments in which the inhibition was observed \i.ith galactose-6-phos- 

TABLE 4 
Apparent inhibition of np?jrasr by galactose rstrrrr 

Micromolcs of enr1)on dioxide released (mean) 
No. of 

Substrate ex~erimcnts  6 minutrs 60 n~inutes  

A. Co~itrol 4 
a-galnrtose-l-phospbnte 

B. Control 8 
galitctoae-G-phosphate 



BIOLOGICAL ACTIVITY OF J ~ A N M A R Y  GLAND EXTRACTS 1031 

phate. Since the iiihibitioll is noted at 6 minutes but not at 60 niinutes, esterifi- 
cation is evident. 

The increase of ketose during these incubations was estimated. Table 5 con- 
tains ketose values obtained with preparations which induced esterification with 
the specific substrate. None of the galactose esters \\-as conrerted to a ketose 
material in large amounts. Since endogenons changes were not measured, the 
small values (0.1 to 0.3 micromoles) may have been due to glucose esters present 
in the preparations. This result was in contrast to the rapid conversion of gln- 
cose esters to ketose material. 

0 15 30 45 60 
MINUTES 

FIG. 1. Apparent i ~ ~ l ~ i h i t i o n  of mammary gland apyrase by galactose-6-phosphate. 

DISCUSSION 

Knowledge of the phosphatase activity of mammary tissue under the condi- 
tions of these experiments is of importance since a phosphatase capable of 
splitting hexose esters would simulate esterification as measured here. Some 
hydrolysis of the esters occurs in bicarbonate buffer. This may be due to the 
alkaline phosphatase of mammary tissue reported by Folley ( l o ) ,  which has a 
p H  optimum of 9.3. When the incubation is buffered with large amounts of 
phosphate there is evidence for even less hydrolytic action. This may be due to 
the lower p H  or may be the result of an inhibition by the phosphate ions as 
occurs in the case of intestinal phosphatase (19). The low amount of enzymatic 
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TABLE 5 
Increase of ketose dziri~tg incubation of phospluzte esters with manlntary preparations 

Substrate 

- 

Ketose 
No. of Increased 

experiments Zero time 60 minutes ketose 

a-galactose-1-phosphate 4 0.7 0.8 0.1 
8-galactose-1-phosphate 3 0.9 1.0 0.1 
galactose-6-phospl~ate 3 2.6 2.9 0.3 
a-glucose-1-phosphate 2 1.1 6.7 5.6 

" Values are lnicromoles per flask. 

splitting of hexose-esters by mammary gland is similar to the results obtained by 
Reithel e t  al. (16). 

The lolr order of phosphatase activity enhances the probability that the 
esters induce phosphorylation. The additional CO, released in the presence of 
an ester might have been interpreted as a stimulation of apyrase. The inhibi- 
tions noted with the same esters decrease the possibility of a stimulation. This 
indicates the presence of several glycolytic enzymes in the mammary gland. In  
the presence of ATP the fructose-6-phosphate is probably phosphorylated di- 
rectly by phosphohexokinase to form hexosediphosphate. Since the glucose-l- 
phosphate is converted to ketose ester and since both the one and six ester of 
glucose gave rise to esterification, the glucose-1-phosphate evidently is converted 
to glucose-6-phosphate, whereon the latter is converted to fructose-6-phosphate. 
This provides evidence that in addition to the kinases and apyrase previously 
described (7, 8) mammary tissue contains the enzymes phosphoglucomutase ( I ) ,  
phosphohexoisomer~se (TI), and phosphohexokinase (111) which catalyze the 
following reactions : 

( I )  a-glucose-1-phosphate t--, glucose-6-phosphate 
(11) Glucose-6-phosphate * fructose-6-phosphate 

(111) Fructose-6-phosphate + ATP -, fructose-diphosphate + ADP 

Venkstern (24) has reported the presence of a phosphoglucomutase in mammary 
tissue. 

In  previous reports (8) on the phosphorylation of glucose by mammary 
homogenates two moles of phosphate were transferred from ATP for every 
mole of glucose esterified. It is probable that the product of the glucose phos- 
phorylation is either the one or six ester of glucose which is esterified following 
the conversion to fructose-6-phosphate. 

In  the light of recent work on glucose-galactose interconversion, the enzy- 
matic activity of a-glucose-1-phosphate may be of significance. A t  least i t  is 
possible for this intermediate to arise under proper conditions in the mammary 
tissue. Kosterlitz (13) has observed that a-galactose-1-phosphate is formed in  
liver tissue. If the glucose and galactose one-esters were in equilibrium in mam- 
mary homogenate one would expect glucose and fructose esters to arise during 
incubation of a-galactose-1-phosphate. This does not occur under the conditions 
of these experiments and does not acount for the enzymatic transphosphoryla- 
tion which was observed. 
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Evidence was not obtained that galactose esters are metabolized by a scheme 
similar to glycolysis. Tagatose, a ketose, has been suggested (21) as a possible 
intermediate in galactose metabolism. Nonspecificity of the glycolytic enzymes 
or a series of similar enzymes could give rise to tagatose formation from galac- 
tose esters. Such possibilities do not account for the enzymatic activity observed 
here, since tagatose formation during the esterification would have been detected 
by the ketose assay. Thus the glycolytic enzymes observed in mammary tissue 
are specific in that they react with glucose esters but not those of galactose. 

The ester actually participating and the proclnct of the esterification mech- 
anism resulting from the presence of galactose esters are unknown. The evidence 
is not snfic.ient to say whether the various galactose esters are interconverted. 

Glucose-6-phosphate, fructose-6-phosphate, and a-glucose-1-phosphate were 
phosphorylated by mammary gland homogenates. During the phosphorylation 
of a-glucose-1-phosphate fructose was formed. These findings present evidence 
for the presence of the enzymes phosphogl~lucomutase, phosphohexoisomerase, 
and phosphohexokinase in the tissue of lactating ra t  mammary glands. These 
enzymes are specific for glucose esters ancl have no activity with galactose esters. 

Other enzymes are present which induce transphosphorylation in the presence 
of a-galactose-1-phosphate, P-galactose-1-phosphate, and galactose-6-phosphate. 
These esters were not converted to glycolytic intermediates or to ketose esters 
under the conditions studied. 
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TI-IE TECHNIQUE O F  ELECTROEJACULATION AND 
ITS USE IN DAIRY BULLS 
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1)epartstent of Dairy n~tsbandry 
University of Ninnesota, St. Paul 

The \videspread use of artificial insemination has increased the value of 
each ejaculate of semen from valuable sires. Since some males are either unwill- 
ing or unable to serve an  artificial vagina, their usefulness is limited. Electrical 
stimulation is one of several methods that have been used in an  attempt to 
collect semen from such animals. 

One of the first to record the obtaining of semen by the use of electrical 
stimulus was Batelli (I), who collectecl from guinea pigs. Noore and Gallagher 
(15) modified the technique and used it in an evaluation of the functioning of 
the accessory glands of the guinea pig. Gunn (5) was the first to make extensive 
use of electrical stimulus as a means of collecting semen from rams. Further 
work with this technique was done by Bonaclonna ( 2 ) ,  Lambert and McKenzie 
(6),  Terrill (17), and others. The stimulation was 60 cycle alternating current 
of about 30 volts applied by means of a rectal probe ancl a lumbar electrode. 
Laplaud and Cassou (7) constructecl a bipolar rectal probe which permitted 
stimulation without an  external lumbar electrode. Laurans and Clement (lo), 
Likar and Kamhi ( l l ) ,  Mata ancl Cano ( I#) ,  and Ortavant ef  al.  (16) made 
further use of the bipolar electrocle in collecting semen from rams. 

The bipolar probe was adapted by Thibault et al. (18) so that  i t  could be 
used in the stimulation of bulls. His equipment consisted of a probe with 30 
brass rings insulated from each other by ebony. IIe used 60 cycle alternating 
current which was varied from zero to thirty volts and back to zero every 3 to 5 
seconds. Evidence is given on pH, volume, density, and motility of the senien 
to indicate that the semen samples collected were nor~nal. Thibault (19) de- 
scribed in detail the electrical circuits, construction of the probe, and the tech- 
nique used in restraining the bull and collecting the semen. 

Laplaud e t  al.  (9) further elaborated on the application of electrical stimulus 
as  a method of obtaining semen from bulls. Laplaud and Cassou (8) cite an 
example of a young bull that had yielded 161 ejaculates in an artificial insemina- 
tion center before an  accident which affected his hindquarters prevented any 
attempt a t  service. A 6-ml. sample of semen was obtained by bipolar electrical 
stimulation and used to inseminate two cows. A pair of fraternal twins and a 
single calf were born from these matings. Lntwak-Mann and Rowson (12) 
made several chemical determinations of various fractions of bull semen collected 
by electrical stimulus. They found that  the pre-sperm fraction was not from 
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the accessory glands but probably from the urethral glands. Excesses of this 
fluid did not affect motility or fructolysis. Egron (4) found the semen collected 
by means of artificial vagina did not differ greatly froin that obtained by elec- 
trical stimulus. The p H  was slightly higher and the density of sperm was lower 
in semen resulting from electrical stimulation. Teasing the bull before collection 
increased the density. Brierc (-3) mentioneil thc applications of electroejacula- 
tion in his thesis. 

Mascarenhas and Gomes ( I .? )  were the first to report large niimbers of col- 
lections by electrical stimulation in the bull. They used the multi-ringed bipolar 
probe to apply both constant and impulse typc of current. The impulse type 
of current is described in which the stimulation is passed from one group of 
rings to another in rapitl successio~i. This type of stiniulation gave less fluid 
and the side reactions were more marked than with the constant type. Initial 
experiments were perfor~ncil by using a 15-v. current, but later work was done 
with a current of 5-10 v., which also proved satisfactory. A total of 48 separate 
collections were made from seven bulls. Generally, the semen was less dense but 
of higher volume so that the total numbers of sperm were essentially the same 
as in semen colleetio~is made with an artificial vagina. 

EXPERIMEA'T.\L PROCEDURE 

Eighteen biills were used as experi~nental animals i;l these trials. IIolsteill, 
Jersey, Guernsey, Brown Swiss, arid Shorthor~l breeds were represented and, 
except for a set of fraternal Holstein twins. all were purebred allimals. Several 
different types of electrical stimuli were trietl with varying degrees of success. 
The ordiliary inductorium stimulus of high voltage peaks allcl lorn aiilperage 
was found to be highly stimulating to motor nerves, especially the sciatic, but 
was ineffective in causing either erection or ejaculatio~l. The frecluency of the 
stimulating current was varied froni 15 to 900 eycles per seeollcl by means of 
a variable frequency oscillator. No advantage was fo1111d for either the higher 
or lower frequencies. Because of the expense and inconvenience of the equip- 
ment, standard 60-cycle current was used subsequently. A 30-r., 60-cycle alter- 
nating current which could be varied from zero to 30 v. by means of a rheostat 
also was tried. Because of undesirable fluctuations in the voltage applied to the 
bull as the current load increased, the rheostat was discardeil in favor of a 
variable transformer as a means of varying the voltage level. An isolation 
step-down transformer was found to be necessary in isolating the circuit from 
the power source and to allow more gradual changes in voltage. Attempts were 
made to incluile resistors varying from 25 to 200 oh~ns  in series with the bull in 
the final circuit. This was done to reduce marked rhanges in the current flow 
through the bull as the resistance changed because of feces accn~nulation and 
poor contact. Some mechanism, perhaps contraction of the rectum upon stimu- 
lation, causes the effective resistance of the bull to decrease as the amperage 
flow increases. Therefore, the addecl series resistor prevented a sufficiently high 
amperage level to achieve either an erection or an ejaculation. 
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Several rectal probes of various dimensions and specifications were used in 
these trials. The early attempts were made with only two electrodes. These 
were moved and'placed by insertion of the glovecl arm into the rectum. By 
localizing the stimulation over the glands and over the bulbo-cavernosus muscle, 
pronounced erection and a very little fluid could be obtained; however, in no 
case was an ejaculation obtained. One probe 1 in. in diameter with seven rings 
1% in. apart was used with some success but did not give consistent results. 
A second probe, 1 in. in diameter with nine rings 114 in. apart, gave much more 
fluid, but ejaculation did not follow in all cases. A smaller probe, % in. in 
diameter with six rings % in. apart, gave very little stimulation even with the 
resulting high amperage. A probe 2 in. in diameter with three longitudinal 
electrodes was used but was found to be less desirable than the ringed probe 
of similar dimensions, because of more side reactions and more fluid secretion. 
The probe which seemed most satisfactory mas 1% in. in diameter with six 
rings 1% in. apart. This probe was made from a section of 1% in. heavy steam 
hose 2 feet long. Each ring electrode was partially inlaid into the rubber. The 
electrodes were made from 2 turns of heavy solid core solder. A separate lead 
ran inside the probe and was soldered to each electrode. Most of the results 
reported were obtained with this type of probe and the electrical circuit shown 
in Figure 1. 

31 
Variable transformer 

FIG. 1. Schematic diagram of stimulator. 

Collection of the semen was made by means of a rubber cone which was held 
open by a section of radiator hose 1y2 in. long, similar to that  used for the 
artificial vagina. The opening was protected from dirt  by a stiff rubber sheet 
with several intersecting slits cut in it. The semen was collected in a test tube 
which was surrounded by a larger test tube to serre as a warm water jacket to 
minimize cold shock. I t  is necessary to be able to see the semen a t  collection to 
aid in deciding on the number and intensity of subsequent stimulations. 

The technique used became fairly well established as the trials progressed. 
The first step is administration of an enema of about two quarts of a warm 5% 
solution of sodium chloride. It is important to give an adequate enema to 
remove as much of the fecal material as possible in order to minimize its insula- 
tion of the electrodes. The preputial area should be clipped and brushed to 
reduce the amount of dirt and foreign material which otherwise may get in 
the semen. The probe is lightly lubricated with some noninsulating material 
and introduced into the rectum. The probe is inserted for varying distances, 
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depending on the size of the bull, but generally no more than 12 in. The best 
results, especially as far  as erection is concer~~ecl, were generally ob ta i~~ed  when 
the probe was maintained on the ventral side of the rectum. The voltage was 
gradually increased to about 3-5 v. and then back to zero every 5-10 seconds. The 
subsequent stimulations go progressively higher so that at about the fifth stimu- 
lation the maximum of 10-15 volts is reachecl. There is much variation between 
bulls, and from one time to another with the same bull, so that experience best 
governs the rapidity of increase. Erection and flnid secretion usually start a t  
about the 5-v. level, but ejaculation usually occurs a t  the 10-15 v. maximum, a t  
which time about 0.5 to 1.0 ampere of current is flowing. Too many stimulations 
a t  a snb-ejaculatory level yield much fluid ancl often make it difficult to obtain 
an ejaculation at any level. Too rapid an increase may lead to a pre-erection 
ejaculation and contamination of the selnen with dirt,  since the penis is not 
free of the sheath. 

At the time of sti~iiiilatio~i Inany motor nerves are also stimulated, and 
general tetany of the hind legs results. There is a general extension of the hind 
legs and a tendency to push forward. However, in no case has a bull been 
observed to establish unfavorable associations with either the collection stall 
or the method of rollcction. I t  was found that a minimum of restraint was 
necessary for best collection, the only requirement being a sturdy stanchion 
or stock to restrain thc neck and to allow the bull to push forward. Good foot- 
ing, such as earth or gravel, was needed, since the bulls slipped on concrete o r  
wooden floors. 

TABLE 1 
Collection data 

No. of Total volume 
successful No. of of fractions Average 

Bull No. electroejaculations attempts containing sperm volume 

Total 
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RESULTS AND DISCTJSSION 

One hundred eleven separate collections were made from 18 different bulls. 
Semen was not obtained in eight attempts. Of the 19 bnlls nsetl, only one failed 
to yield any semen. Threc separate attempts were made with this bull, but 
death due to pneumonia prevented further attempts. The volume of semen of 
the 111 successful collections averaged 12.3 1111. with a range of from 1 to 35 ml. 
(Table 1 ) .  The density ranged from very low to 1.27 billion per milliliter in 
al~nost an inverse relationship to volunie. Tlie extent of stinlulation and degree 
of separation arc the governing factors of the density-volume relationship. 
Usually, no attempt was macle to fractionate the flnid portions from the more 
dense semen, since i t  was believed that  the excess flnid was not so detrimental 
to the semen as was the necessary interruption in the sequence of collection 
when the fractions were separated. Of the nnselected samples in which the total 
nnmber of sperm was determined, there was no appreciable difference in total 
numbers of sperm between samples collected by lneans of artificial vagina and 
those collected by electrical stimnlation. Although there were individual bull 
differences, the first few stimulations usually yielcled some fluid, followed by 
the more concentratecl semen. Further stimulation yielded more dilute semen 
and finally clear fluid. One normal bull was collectecl from by electrical stimulus 
about once weekly for a total of 30 collections (Table 2) .  He formed no un- 

TABLE 2 
Evalsration of  unselected semen samples collected by electroejaculatio~z from bull No. 1 

Total sperm No.  
Collection No. Total volume in billions Motility rate 

(m1.l ( % I  
1 5 5.0 85 
2 9 5.7 85 
3 18 7.0 95 
4 3 1 15.5 85 
5 13 16.4 85 
6 5 7.6 85 
7 4 1.2 80 
8 15 10.3 85 
9 12 9.6 75 
10' 10 10.5 95 
11 7 6.4 80 
12 20 21.0 85 
13 5 4.0 50 
14 11 13.4 80 

" Collected b y  artificial vagina 5 minutes af ter  collection No. 9 .  

favorable assoc.iation with the treatn~ent ant1 was not affected in any other way. 
He did, on several occasions, serve an artificial vagina within a few  minutes 
after  collection by electroejaculation and procluced a nor~nal  ejaculate. 

Nine of the bnlls in artificial insemination stuils were i~npossible to collect 
from with the artifirial vagina. Forty-seven collectious were made fro111 these 
bulls. Twenty-seven of these collections were diluted a t  usual rates and used in 
the field during the months of March, April, May, and November, 1953. Results 
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TABLE 3 
Conception data on b~ills which roere electroejaculated 

Bull A B C D 

Number of first services 28 2,012 138 89 
60-90-day nonreturns (%) 68.0 60.4 44.9 57.3 
Previous year over-all (%) 67.0 61.9 55.0 61.5 

60-90 day nonretorns 

of this trial are short-11 in Table 3. The conception data for the remaining 10 
collections is not available a t  the time of writing. 

SUMMARY A N D  CONCLUSIONS 

Evidence has been presented which indicates that it is possible by electrical 
stimulus to collect semen from some bulls which are either unable or unwilling 
to serve an artificial vagina. There have been no adverse effects or unfavorable 
associations in bulls collected from by electroejaculation. The selnen so obtained 
was generally of greater volume but of lower density. IIorverer, the total num- 
bers of spermatozoa were comparable to an ejaculate obtained by an  artificial 
vagina. 

Electroejaculatio~~ may serve as a valuable adjunct to the artificial vagina 
as a means of collecting semen in artificial insemination centers, especially for 
bulls which are difficult to collect semen from by means of the artificial vagina. 

The autl~ors wisli to aeknowlcdge the eoopcration of John Dysart of Land O'Lakes Herd 
Improrcl~ient 1)irision and Wallace Miller of Minnesota Valley Breeders' Association in  mak- 
ing conception data available for this study. 
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CONCEPTION RATES I N  DA1R.Y CATTLE FROhi SERVICES AT 

VARIOUS INTERVALS AFTER PAR,TIJRITIOX ' 
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Drrpnt.t trtr,ttt of :It! iittal n?rsbanrlr!l, Cornell C~tit.cl.sit!/, ItAnm, Sctc' Fork 

Previous reports agree in general on the advantages of a higher breeding 
efficiency for colt7s bred more than 60 days after parturition. All research pre- 
viously pllhlished. howc>rer, was based oil tabulations made fro111 awnrate records 
but ~vithont a carcfnlly controlled experiment to obtain the data. The pnrpose 
of the research reportetl herein was to get adtlitional information mlder care- 
fully controllet1 eontlitions involving only experimental cows with nornlal repro- 
ductive organs, as detcmninetl by c+areful cxa~ninations, and wit11 a history of 
good genital health after parturition. 

VanDemark ant1 Salisbnry (9) analyzed the brcxedi~~p recortls of 593 cows 
representing firc dairy breeds in the TTniversity of Illinois herd. From a total 
of 1,671 pregnaaeies they concluded that fertility increast~il with the length of 
the postpartum interval to first serriee up to 80 days. The percentage of services 
that resulted in co~~c.eptions, for 212 services with a postpartlu~i interval of 60 
days or less to first serviee, was rery  low. They reported a ranre of 35 to 44% 
as the rate of conceptio~~ for the three 20-day intervals to 60 days postpartum. 
Although highly significant, statistical analysis of the results inclicated that  a 
very large portion of the variance in services required for conception was 
accountecl for by factors other than interval after calving. Shannon ef al. (8) 
reported on the effect of the postpartum inteeVal to first insemination on con- 
ception rate from the first senrice and from subsequent service ill a cooperative 
artificial breeding orga~iization in Illinois. The results of 7,071 colvs inseminated 
a t  various intervals after calving inilicated that a minimtul~ of 50 days was 
required for satisfactory fertility. 

Hofstad ( 4 )  presented data from 309 conceptions to show that breeding 
before the 60th day after parturition shonld be discouraged. 111 addition to a 
low conception rate, the co\t7s bred before the 60th clap after calving had a 
higher percentage of abortions, metritis, and retained placentae. 

Jennings (5) reported on 191 foaling mares bred a t  different intervals after 
parturition. 111 his work, 110 mares were bred on the 9th day after foaling and 
only 48, or 43.7';/n, conceived. The abortion rate for this group was 12.8% - 
four times as great as that from 81 mares bred after a longer interval after 
parturition. I n  the latter group 54, or 67.370, conceived; these had only 21% 
retained placentae, as compared with 2gr/o in mares bred on the 9th day. Based 
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on these results, Jennings recoininended that 9th day breeding should be prac- 
ticed as little as possible. 

From work in Kentucky based on 19,703 services, Oltls (7) concluded that  
the best time to breed is be t~wen 2 and 3 months after calving. E rb  and Shaw 
(.?), ill a summary of a survey of breeding failures in the state of Washington, 
stressed tlie advantage of waiting a t  least 50 (la-s after calving before rebreeding 
dairy COWS. Lasley and Bogart (ti) reported that the percentage of co\lrs settled 
inrreased as the time from partnritioii to inse~niiiatioii increased. Casida and 
Venzkr ( I )  determined by rectal palpation that the nterus returns to normal 
size aiid tonus, on the average, approxiinately 26 days after calving. 

The summary by Elting and LalIaster (2) sho~ved that cows bred within 63 
days after calving have less chance to conceive 011 the first service than those 
bred after a 63-day interval. Their data sho~ved no difference in the number of 
additional services required for the co\vs that did not conceire on tlie first service 
among cows bred a short or a long interval after parturition. Conception nsi~ally 
follonecl on either the second, thircl, or fourth service, since 93.5% conceived 
from the first four services. Very little difference was indicatrcl in tlw breecling 
efficiency between a 63-day interval and a longer period 1111 to 6 months. TO 
allol\- approxiiiiately 12 months between calvings, for a 305-(lay record with a 
60-day dry period, they recomnieiided that the first service be scheduled a t  70 to  
90 days after calving. 

PROCEDURE 

The Brown Swiss, Guernsey, IIolstein, and Jersey c o l ~ s  used for this experi- 
ment hail normal reproiiuctive organs and a history of good genital health after 
a normal calving aiid were free from any disturbances or abnormalities in their 
genital tracts so far  as colild be deterinined by an examination before experi- 
mental breeding. 

After the preliminary examination, the cows were assigned a t  random, for 
the time interval from parturition to first service, to one of the following three 
groups: 60 days or Icss, 61-90 days, aiid more than 90 days. These divisions 
were arbitrarily selected because they fit the general patterns of breeding on 
dairy farms. Fif ty cows were bred in each group. 

Co\w with retained placentae, metritis, irregular estrus, abnormal genital 
organs or ovaries, or any other irregularity after parturition were not included 
in the experimental groups. It is generally kiiolvn that such cows will have a 
much better reproductive performance if they receive veterinary treatment and 
are bred approximately 90 clays after calving, provided that they appear to have 
normal genital health a t  that time. Among the cows that carried their calves 
to term, 91% were included in the experimental groiips and 970 mere eliminated 
because of one of the genital disturbances mentioned above. 

Cows assigned to the experimental groups were bred either artificially or by 
natural service. The service sire was one that had a satisfactory breeding record, 
and the three cows (one in each group) used for comparison \rere all assigned 
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to the same bull. Fo r  a few cows i t  was necessary to deviate from this but the 
services were always to bulls with apparently the same fertility level. Concep- 
tions were based on pregnancy examinations, but all females diagnosed as preg- 
nant either dropped a calf or aborted. 

RESULTS AND DISCUSSION 

Fifty cmvs were bred in each of the three groups for different postpartum 
intervals to the first service. The results presented in Table 1 show that the 
cows bred the first time in 60 days or less after parturition had an arerage of 

TABLE 1 
Conception rate, trtcaiber o f  previotrs estrus, and average ntottber of days from parturition t o  
first service and to conception for three expcrimental groirps o f  cows in the Cornell clairy herd 

Interval 
Actual days-parturition Conceived 

Parturition No. o f  Previous on 
t o  1st service cows estrus T o  1st service To  conception 1st service 

(days) (av.  No.)  (av.  No.)  (av.  No.) (No.)  (70) 
60 or less 50 ' 0.52 47.7 87.5 24 48' 
(51-60) , 24 0.70 55.2 74.5 16 67 

( 5 0 ~ ~ 9 1 4  26 0.43 40.9 100.5 8 31. 
50 1.18 74.3 93.8 35 70 

Over 90 50 3.12 118.8 130.3 38 76 

Stat is t ical ly  highly signifieant b y  chi-square test.  
Seven cows were "slow breeders" following the early scrvice and required 101, 108, 111, 

160, 206, 252, and 462 days from parturition t o  conception. 

0.52 previous estrus and were fresh for an average of 47.7 days when bred the 
first time, and 24, or 4874, conceived. When this group was subdivided i t  was 
found that 24 cows were bred between 51 and 60 days postpartum and 16, or 
66.73 ,  conceived. Among the 26 cows bred 50 days or less postpartum only 8, 
or 30.8?, conceived. Half of these, or 13, were bred 41-50 days postpartum and 
five conceived, comparecl to three conceptions for the 13 cows bred 40 days or 
less. These results indicated that good conception rates were obtained in cows 
bred more than 50 days after parturition and poor conception if the interval 
was less than this for normal cows with good genital health after parturition. 

The group of cows bred 61 to 90 days after parturition had an average of 
1.18 estrous periods previous to breeding and were bred for the first time a n  
average of 74.3 clays after calving, and 35, or 7074, conceived. Cows bred more 
than 90 days postpartum had an average of 3.12 previous estrous periods and 
were bred the first time an average of 118.8 days after parturition, and 38, or  
76r/(, of them conceived. The low rate of conception among the cows bred for 
the first service \~*ithin 50 days after parturition was statistically highly sig- 
nificant by chi-square test comparccl to the high rates of conception, from first 
services more than 50 days after parturition. 

An important part of the reproductive picture is the number of additional 
services required by the cows that did not conceive from the first service. This 
information is presented in Table 2. I n  the group bred 60 days or less after 
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TABLE 2 
Conception rate a t  various services for cozas bred a t  different intervals after parturition 

Services 

Interval Sold per con- 
Service a t  which conception occurred before ception 

Partlirition Cows coneep- Sold to fertile 
to  1st service hrcd 1 2 3 4 5 Over 5 tion sterile cows 

(No.) 
(50 or less) 26 

(%I 

(No.) 
Over 90 50 

I%) 

Statistically highly significant by chi-square test. 
Three cows sold. One without additional service, one with 1 and another with 3 services, 

but sold before a return estrus was possible. 
' Three cows sold. One each with 1, 0, and 3 services but sold before time had elapsed for a 

return estrus. 
One cow sold after  2 services but before time had expired for a return to  estrus. 

'Statistical test was made by analysis of variance for  services per conception. When the 
cows first bred within 50 days after  parturition are compared to those over 50 days, M. S. = 
17.52 with 1 D. F., F = 9.56, which is highly significant since F.O1 = 6.81. 

parturition, 26 cows did not conceive from the first service. Three of these were 
sold before conception, one of which had no additional service, one had one, 
and the other had three before they were sold. The time interval between service 
and date of sale was too short to permit a return estrns. A similar situation 
prevailed in all three groups. These cows had to be sold for economic and herd 
management reasons. One cow was sterile after five services. The remaining 22 
cows in this group conceived as follows: I 1  a t  the second serrice, five a t  the 
third, one a t  the fourth, two a t  the fifth and sixth services, respectively, and one 
required nine services before conception. This group of cows had an average 
of 2.09 services per conception for the 46 colvs that coi~rrirecl. When this group 
mas studied in more detail, it  was found that the 24 cows bred fro111 51 to 60 days 
postpartum required an  average of 1.65 services per conception to the fertile 
cows and those bred 50 days or less after parturition required 2.53 services. 
This low rate of conception was statistically hirhly significant when tested by 
analysis of variance. 

For  Group 2, in which the 50 cows were bred 61 to 90 days postpartum, 15  
cows did not conceive from the first service. Three cows in this group were sold 
before conception; one each had one, two, and three services, but not enough 
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time for a return estrus. The 12 cows that required liiore than one service con- 
ceived as follol\-s: five on the second, two on the third, three on the fourth, and 
two on thr fifth service. The average number of services required per conception 
mas 1.55 for the 37 cows iu which conception occurred. 

Group 3, in \vIiich 50 ro\vs were bred after more than 90 days hail elapsed 
since partaritioii, included only 12 cows that required inore than one service. 
One of these was sold after the srcond s c r ~ ~ i c e  and before the t i~ne  for a return 
estrus. One cow was solcl sterile after fire serricars. The re~naining 10 conceived 
as follo~vs: three a t  the second srrvice, two a t  the third, three at the fourth, and 
two at the sixth. Tlie serric.es per conception averaged 1.54 for the 48 rows that  
conceived. 

Tlie above results on breeding efficiency in each group are reflected in the 
average number of days required from parturition to conception (Table 1 ) .  
The averages in postpartum days to conception for each group were as follo~vs: 
Group 1, bred 60 clays postpartum or less, 87.5 days; Group 2, bred 61 to 90 
days postpartum, 93.8 days; and Group 3, bred nlore than 90 days postpartum, 
130.3 (lays. E'roni the infor~nation presented in Table 1 it  can be observed that 
the differences between Groups 1, 2, and 3 in postpartum days to first service, as 
an average, for the 50 cows in each group were 26.6 and 44.5 days, respectively, 
for the first service, but only 6.3 and 36.5 days for the average postpartum days 
to actual conception. 

When the group bred 60 clays or less after parturition was studied in  more 
detail, it  was found that the 24 cows bred from 51 to 60 days postpartum aver- 
agecl 74.5 days from parturition to conception but the 26 cows bred 50 days or 
less after partnrition averaged 100.5 days from parturition to conception. Seven 
of these cows required a considerable time and number of services before con- 
ception occurred. These results are so striking that the breeding of cows a t  an  
interval of 50 days or less after partnrition cannot he justified. However, cows 
bred specifically for show purposes or for early fall freshening can be bred any 
time following 50 days postpartum if they possess excellent genital health, as 
dicl the cows in this experiment. 

Information in Table 3 indicates that  for cows bred within 60 days after 
parturition there is a distinct advantage to the cows with a previous estrus 
before service. The 17 cows with a previous estrus, when bred within 60 days 
after calving, had 70.6C/O conceptions on first service, as compared with 35.770 
for 28 cows without a previous estrus. After cows have been fresh longer than 

TABLE 3 
Conception rates froat first service at differewt post-partnm intervals when cozcs 

are groaprd according to  nuntbrr of estronr lreriorls brforc srrvice 

60 days or less 61-90 days 
Previous 

estrus Cows Conceptions Cows Conceptions 



CONCEPTION RATES I N  DAIRY CATTLE 1047 

60 days there is no advantage in having a previous estrus. This can be expected 
on the basis of the longer time involved, resulting in a better genital condition, 
and the possibility of some cows with silent or unobserved periods of estrus. 

After being assigned to the various groups, 82% of the cows in the group 
for service a t  an  interval of 60 ilays or less had an estrus in time for service, and 
9470 had an  estrus before 90 days, for the cows assigned to be bred between 61 
and 90 days postpartum. 

Another factor that  should be considered to provide coinplete information 
is the number of colvs with retained placentae and cases of metritis for the 
calvings resulting from these experimental services. Also inclndeci with this 
information, presented belo~v-, is the nmnber of abortions in each group and the 
number of sterile cows. This information, ~vitli the first service giren a t  the 
postpartum interval indicated, is as f o l l o ~ ~ s  : 

60 days or less 2 retailled from 24 coiiceptions at first service 
1 retained from 22 conceptions from ailditional services 
1 aborted 
1 sold sterile (5 services) 

61 to 90 days 2 retained from 35 eoneeptions a t  first service 
0 retained from 12 conceptions froni atlditio~ial services 
1 abortcd 
0 sold sterile 

More than 90 days 1 retained from 38 coiiceptions a t  first service 
1 case of metritis from 38 conceptions a t  first service 
2 retained from 10 conceptions from atlditional services 
1 case of metritis from 10 conceptions from adclitio~ial services 
1 sold sterile (5 services) 

The information presc~ited above shows that ~vlien cows are in unqnestionably 
good genital health the niunber of cases for retained placentae, ~netritis, or  
abortions is not increased with short or long postpartu~ii intervals to first service. 
Since these cows were selected on the basis of good genital health, with 01114. 9% 
eliminated for failure to meet these standards, the low ~iumber of 8, or 5.7%, 
of retained placentae from 139 normal parturitions and two abortions can be 
expected. 

The results on frequency of retailled place~itae in this esperi~iient call be 
conipareii with the inciclence of retained placentae in the entire ITniversity d a i ~ , ~  
herd a t  Cornell froni 1947 to 1953. For  1,083 ealvings d n r i ~ ~ g  this period there 
merc 79, or 'i.3%, retained plareiitae. These cows required consitlrrable time 
and veterinary care before they were ill good gciiital hcaltli. First  service to 
these co\vs was at ail average of 160 ilays after parturition. This abnornially 
long period was due to the time reclnirecl to restore suffieientl?- good genital 
health to thesc cows to justify service. The results from service to these cows 
~vli iel~ were bred after the partnrition a t  1vhic.h tlicy retailled placentae, together 
with the conception rate a t  each service, were as follo~vs: first, 47.1% ; second, 
19.6; third, 35.7; fourth, 3.9; fifth, 2.0; sixth. 2.0; ~iintli,  3.0; and 7.8% 
sterile cows. The average nuniber of services per conception was 2.04 for the 
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fertile cows. Only six of the 79, or 7 .67 ,  had retained placentae the follo\ving 
year. However, in cheeking on the time interval required from parturition to 
the conception time for previous and follo~ving conceptions, it  mas fomnd that  
these cows had a relatively long postpartum interval to conception, and lnany 
of them had a history involving varioiis reprodnctire disturbances for the previ- 
ous two conceptions and for the parturition after the one at which the placenta 
was retained. This may indicate that the inability to discharge the placenta a t  
the time of partnrition is a reflection of reproductive inadequacies and distnrb- 
ances for cows receiving a normal ration and kept under good management 
procedures. 

There were no differences in the \freights or  sex ratios of the resulting calves 
i a  the three experitnental groups. 

Breeding 60 days or less after parturition showed no bad effects on the con- 
ception rate and genital health of the cows for the next pregnancy and calving 
after parturition from the experimental service. The average number of days 
to first service and the arerage time to conception for the next pregnancy were 
slightly shorter for the gronp bred 60 days or less after parturition in the previ- 
ous year 011 esperi~nent. The average of 1.69 services per conception for this 
group was also slightly better than that  for either of the two other groups. 
Although these slight ilifferences hat1 no practical significance, i t  s h o ~ ~ e d  that  
there were no bad effects from these experimental services, for which only cows 
with good genital health were used. There were t\i7o sterile co\vs in each gronp; 
two. one, and one abortions; and two, one, and two cases of retained placentae 
for Groups 1, 2. and 3, respectively, for the next pregnancy after parturition 
from the experi~nental services. 

SIJM M,\RY 

The results of this research with three groups of 50 cows each, bred 60 (lays 
or less, 61 to 90 clays. and more than 90 days postpartum, showetl a conception 
percentage from the first service of 48, 70, ant1 i 6 9 \ ,  respectively. Among the 
50 eo~vs bred 60 (lays or less, 24 mere bred 51 to 60 days after parturition and 
66 . iv  conceived, but only 30.874 conceivcd from the 26 bred 50 days or less 
postpartnm. 

The lower rate of conception for cows bred 50 days or less after partnrition 
was highly significant. Thc above results are based on services only to  cows with 
excellent genital l~ealth, sinre it is generally acceptecl that those with poor genital 
health mill ha\-e l~nsatisfaetory results from service with a short interval from 
parturition to first service. The results indicated that service a t  50 (lays or less 
from the previoiis calving should be discouraged even for cows which are bred 
specifically for s11o11- or for cl~anging to fall freshenil~g. If the service is within 
60 days after partnrition, cows with a previous e s t n ~ s  have a much higher rate 
of conception than those that have not had an  estroiis period before the one a t  
which service occurred. 

There was only one sterile cow in each of the first and third groups, and 
none in the group bred 61 to 90 days postpartum. 

Additional services required for the fertile colvs 1\-11ich did not conceive from 
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the first service were considered. Including all services to fertile cows, the aver- 
age number of services per conception were: first service 50 days or less after 
parturition, 2.52; 51 to 60 days, 1.65; 61 to 90 days, 1.55; and over 90 days, 
1.54. The high rate for cows bred 50 days or less after parturition was statis- 
tically highly significant. 

Although the average time from parturition to first service was only 40.9 
days for the cows bred 50 days or less postpartum, the actual average days from 
parturition to conception was 100.5 days, which was decidedly longer than the 
74.5 days for the cows first bred from 61 to 60 days. The group with first service 
from 61 to 90 days after calving averaged 93.8 days from parturition to con- 
ception. 

The results for rate of conception from first serrice, average nu~uber of serv- 
ices per conception to fertile cows and the average days from parturition to 
conception indicated that for a good reproductive performance in dairy cows 
the first service should be over 50 days postpartum for normal cows with good 
genital health. 

In  this experiment, in which cows with unquestionably good genital health 
were used, there was no difference between the groups with short or long post- 
partum intervals to first service, in the number of cases of abortions, retained 
placentae, and metritis. Also, there was no difference in the abore factors a t  the 
next calving and none in conception rate and average time required for the next 
pregnancy. 
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LAB0RATOR.T TESTS, SINGLY AND I N  CO?tlBINA\TION, FOR 

ETTALUhTING FERTILITY O F  SEMEN AND O F  BULLS 

P.  .T. BT:CI<KER \Nn E. 1,. \\'IT,I,ETT 

;lirtrrirntt Fortn~latioii for fkr Strrtl!~ of Grirrfirs, .lfncliso~i, TTiscorisi~t 

NED BAYLEY' 

The eralnation of hlill semen still r e~na i~ l s  one of the chief problems con- 
fronting the artificial breeding indiistry clespite the fact that mnch research has 
been done. Branton ct  nl. (.9) have rericlved thr literatnrc rorering this field. 
More recent work reports new approaches to the problem. incliiding fructose 
content of selnen and frlictolysis (1, 11, 16, 17, 2f. 25, 26),  objectire methods 
of estimating slwnnatozoan motility (5, 6,  8, 2R), resaznrin rednrtion time (12, 
13). n~etabolis~n of pyrnrate (27), and light-refleeting power of spermatozoa (21, 
22). The incubation of senlen a t  botly temperatnrc has reeeirecl consiclerable 
attention (10, 2.7). Rec*t~ntly, stndies of ehangr in p H  of scnlen were reported ( 3 ) .  
General stiidies of a nn~nbcr of different teqts have been made by earh of scvcral 
workers (2.  7, 1 I ,  I!), 20). 

This paper reports st11tlic.s rarrietl out to eralilatc some of the various tests 
that hare been t1evclol)etl. Twts mere sti~ilietl tlri~t \vot~ltl be sinlple ant1 rapi(1 
ant1 thrrc~hy practicill for routine nse in a bull stud. Throe trials wn-e completed. 
The first t\vo were carrier1 out in the Foii~ldatio~l laboratory wit11 senien fro111 a 
nearby stnd. The sc.co~ld inclllded sonic of the most promising tests stlidietl in 
the first trial plns adtlitional tests. The third \\,as carried out by a11 artificial 
breeding orgaiiizatio~l to stndy under ficltl contlitions one ro~nhinatio~l of tests. 

Tn a11 trials. senlen fro111 bulls rontinely b r ~ ( ~ d i n g  COIVS artificially was stnclietl. 
Immediately after car11 collection of s e m n ~ ,  a sniall sa~nple snffic.ient for stntly 
was removed fro111 the single or the c o ~ n b i ~ ~ c d  ejaculates. The remaindt.1- of the 
semen was dilutetl and sliippctl from the stud for hrretling co~vs. Se~nen samples 
were not discartled on the basis of tests nlatlc except a few wit11 very lo\\- nlotility. 

3lotility of spermatozoa it1 aniline h111c sollition and ill pl~osphate bnffeer \).as 
estimatrtl ~vi th  the sainples at rooln temperature. For all other readings of sper- 
matozoa~l motility the samples were hrltl at 38' C'. by mtaans of a inicroscope 
stage incnbator. B~.cetling efficiency \V;IS 11leasm.rt1 1)y 60- to 90-(lay nonreturns 
to first servicaeq on the day after collection of semen. 

Rcrcivcd for pul)licntiol~ Fr11r11ary 12, 1954. 

' Prrsrtlt atl(1rrss: Del)nrtntc~~t of D:liry I I~~s l ,n~tdry ,  r~~ i \ . f . r s i ty  of IIil~llrsota, St. Paul. 

1050 



LABORATORY TESTS FOR EVALUATING SEMEN FERTILITY 

Trial I .  

The proceclnres for the tests run  in this trial were as follows : 
(a )  Semen diluted a t  the rate of 1 : 50 in yolk-citrate-sulfanilainide (YCS) 

was incubated a t  45' C. Motility of spermatozoa was estimated a t  intervals of 
1 5  minutes. The diluter consisted of one part  of 3.2% sodium citrate dihydrate 
in distilled water, one part  egg yolk, and snlfanilamicle a t  a final concentration 
of 0.3%. 

( b )  hlethylene blue recluetion time of spermatozoa a t  a temperature of 45" C. 
was determinecl. Five mg. of methylene blue chloride was dissolved in 100 ml. 
of a sodium citrate buffer prepared by adding 3.2 g. of the dihydrate salt to 100 
ml. of distilled water. The procedure otherwise followed was that  dcseribed by 
Beck and Salisbury (5). 

(c) p H  of semen, diluted 1:10 in P C S  or in 0.87% sodium chloride, was 
measured after incubation for 0, 1, 2, and 3 hours a t  37" C. in a water bath. The 
samples mere covered with mineral oil in small test tubes. 

(d) Motility of spermatozoa diluted 1 : 50 in YCS was observed immediately 
after collection ancl a t  2-day intervals during storage a t  4" C. until no movement 
could be observed. 

(e) ilIotility of spermatozoa, placed in a 3% aqueous solution of aniline blue 
and cooled s lo \~ly  to 4" C., was estimated a t  15-minute intervals. The semen 
was diluted a t  the rate of 1 : 40. 

(f) Sperinatozoa i11 undiluted semen were counted in an  improved Neubauer 
haemacytometer. A Trenner automatic pipette facilitated dilution of the semen 
a t  the rate of 1 : 200 with a 47% soliltion of sodium chloride. Spermatozoa in all 
of the 400 small squares in the cha~nber were counted. 

This trial nras conducted during the inonths of ,\ugust to Xorember, inclusive, 
1949. From two to ten samples of semen from each of fire IIolstein and seven 
Guernsey bulls were studied. There was a total of 65 or 72 samples, depending 
upon the tests. Each sample was represented by 33 to 309 first-service breedings, 
making a total number of 7,577. 

Trial 11. 

Proceilures for this trial were as follows : 
( a )  hIcthylene blue reduction time as in Trial I. 
( b )  Semen was diluted 1 :50 ill 'I'C'SPS (one part of yolk ancl one part  of 

2.9% sodium citrate dihydrate; the dilnent also included 0.374 sulfanilamide 
and 500 units of pencillin and of dil~yclrostreptoi~~yei~i per milliliter) and incu- 
bated a t  38" C. and 4" C. Motility was observed after 0, 16, and 28 hours a t  
38" C. and after 28 and 52 hours a t  4" C. 

(c) Alotility of spermatozoa was estimated aftcr 0, 90, and 120 minutes in 
seine11 cliluted 1 :40 in a phosphate bnffer consisting of 50 1111. of 111115 Na,HPO, - 
12H,O and 6 ml. of M/15 KH,PO, and held a t  4' C. This study was initiated 
late in this trial because data which had been obtained after the beginning of 
the trial indicated that the brief survival of sperinatozoa in aniline blue mas due 



1052 P. J. BUCKNER ET AL 

largely to low pH. The phosphate buffer had a p H  comparable to that  of the 
semen-aniline blue mixture, which was approximately 5.5. 

(d) Motility estimations were made a t  0 and 2 hours after incubation a t  
38' C. in citrate-sulfa (CS).  The ingredients were a t  the same concentrations 
as in YCSPS. The semen was diluted 1 : 50. 

(e) Motility of spermatozoa in aniline blue was determined as in Trial I 
except that observations were made after 90 and 120 minutes. 

(f) Spermatozoa11 motility was observed before ancl after temperature shock. 
A small test tube containing semen diluted 1 : 50 in CS at room temperature was 
plunged into water a t  0" C., held there for 10 minutes, and then warmed for 
examination. 

(g) Number of spermatozoa per milliliter of uncliluted semen was measured 
by means of a Photelonleter (31). 

This trial was initiated in December, 1950, and terminated in April, 1951. 
Each of the five Holstein and seven Guernsey bulls was represented by three to 
nine samples. and each sample by 77 to 472 first services. The number of samples 
per test varied from 26 to 61. There were 15,376 first services. 

Trial 111. 

This trial was conducted in an artificial breeding organization by its per- 
sonnel to study under field conditions one combination of tests. The stud was 
different from that in Trials I and 11. The trial was run concurrently with 
Trial 11. It included methylene blue reduction time, motility of spermatozoa 
in aniline blue solution after two hours a t  40° C., and motility of spermatozoa 
immediately after collection and 1 :40 dilution in YCSPS. Procedures were the 
same as for correspo~~ii i~lg tests in Trial 11. Seventy-one samples, with three to 
seven samples fro111 each of the 14 bulls, were stndiecl. IIolstein, Guernsey, and 
Jersey breeds were represented. For  each sample there were 55 to 239 first 
services performed on the day after collection, making an average of 146 services 
per collection and a total of 10,384 services. 

RESULTS AND DISCUSSION 

The characteristics of the semen from the bulls in the three trials are sum- 
marized in Table 1. The differences in breeding efficiencies among the trials may 
be due to variations among bulls or technicians or to other factors. Also, peni- 
cillin and streptolnycin were included in the diluter in Trials I1 and 111, but 
not in Trial I. 

The simple correlation coefficients between nonreturn rates and some of the 
various methods of semen evaluation for the first two trials are presented in  
Tables 2 and 3. Correlations between various combinations of tests and nonre- 
turn rates are in Table 4. 

In Trials I ancl I1 the readings were made a t  various times or i n  various 
ways to determine the most satisfactory procedure. Fo r  example, the among-bull 
correlation between noareturn rate and the estimation of progressive motility 
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TABLE 1 
Semen characteristics of bulls (figures are averages) 

Trial I Trial ZZ Trial ZII 

Samples (No.) ........................................................................... 65 
Motile sperm in fresh semen (%) ................................... ........ 68.5 
Total sperm per ml. undiluted semen (millions) ................... 1043 

........................ Total sperm per ml. diluted semen (millions) 9.9 
Semen dilution rate (1: ) ................................... ... ............... 105.4 
Methylene blue reduction time (min.) ..................................... 15.6 
60- to 90-day nonreturn rate (%) 

Averages ...................................................................... 62.1 
Ranges ............. ... .... ......................................... 49.6-70.6 

of spermatozoa after 4 days in YCS was 0.71 (Table 2 ) .  The duration of totai 
or  progressive motility under these storage conditions is correlated to a much 
lesser degree with fertility (0.23 and 0.29, respectively). When evaluating semen 
in this manner one is justified, therefore, in making only one reading after 4 
days of storage rather than following the much more laborious procedure of 
checking each sample a t  intervals of 2 days until motility ceases. 

I n  Tables 2, 3, and 4 the among-bull correlations in almost all instances are 
higher than the total or within-bull figures. Stone c t  al. (29) ancl E rb  e t  a!. (13) 
made similar observations. This fact indicates that the possibilities of charac- 
terizing fertility of bulls by studying two or more samples of semen from each 
bull are much more promising than the characterization of individual semen 
samples in regard to fertility. 

The main objective of these studies has been to fincl one test or a con~bination 
of tests which would enable a stud to predict, at the time seinen is collected or 
shortly thereafter, the fertility of semen in the field and the fertility of bulls. 
In  order to predict with accuracy, one must hare a correlation coefficient close 
to 0.9 or higher. With a coefficient of 0.9 one is, by means of the test or tests, 
accounting for 81v (0.9') of the variation in fertility. If some~vhat less than 
this percentage of the variation is acconnted for, predirtions ~vil l  be less accurate. 
Furthermore, the fact that a correlation coefficient is statistically significant is 
no indication that it is of value for prrdicting fertility. For  example, a correla- 
tion coefficient of 0.30 with '70 degrees of freedom is significant a t  the lv level 
of probability. A test so correlated with fertility is, however, accounting for 
only 9% of the variation in fertility. 

As can be seen in Tables 2 and 3, the only indiridual test in these studies 
which attained or approached a correlation coefficient of 0.9 with fertility was 
that on an alnong-bull basis for the incnbation of spermatozoa in yCSPS a t  
38' C. Lnclwick c t  01 .  (23) obtained a coefficient of 0.81 for a similar incubation 
test. The coefficient was calcnlatrtl on an over-all or total basis. I n  preliininary 
results from additional trials with this test in this laboratory, the correlation 
coefficient has been considerably lower than that in Trial IT. This test, however, 
merits ailditional investigation. 

Since few individual tests listed in Tables 4 ancl 3 were sufficiently correlated 
with fertility to enable prediction, the correlations betx~een nonreturn rate and 
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TABLE 2 
Correlation hetween various tests and nonreturn rates, Trial I 

Correlation coefficients 

Storage Among Within 
Test time Total bulls bulls 

Total motility during storage a t  4" C. in YCS 0 0.20 0.13 0.35 
(72 samples) 2 0.22 0.65 -0.01 

4 0.34 0.67 0.08 
6 0.34 0.59 0.18 
8 0.31 0.61 0.14 

10 0.33 0.53 0.19 
12 0.34 0.53 0.24 
18  0.21 0.26 0.18 
24 0.07 0.11 0.07 

Drop in total motility during storage a t  4" C. in  YCS 2 
(72 samples j 4 

6 
8 

10 
12 
1 8  
24 

Progressive motility during storage a t  4" C. in  YCS 0 
(72 samples) 2 

4 
6 
8 

1 0  
12 
1 8  

Drop in progrc,xsive   no ti lit?. during storage a t  4" C. 2 
in YCS (72 samples) 4 

6 
8 

1 0  
1 2  
1 8  

Duration (days) of different degrees of motility at 
4" C. in YCS (72 samples) 

Total motility 
20% total motility 
50% total motility 
60% total n~otility 
Progressive motility 

Duration of lnotility (min. )  a t  45' C. in  YCS (73 samples) 
Total motility 
Progressive motility 

Duration of nlotility ( m i n . )  in aniline blue a t  4" C. (71 samples) 
Total motility 
Progressive motility 

Drop in total motility in aniline blue a t  4' C. (71 samples) 
GO min. 

120 min. 

Drop in progressive motility in aniline blue a t  4' C. (71 samples) 
120 min. 
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TABLE 2 (continued) 

Test 

Correlation eoeffieients 

Storage Among Within 
time Total bulls bulls 

Total sperm per ml. diluted semen (65 samples) 0.26 
Motile sperm per ml. diluted semen (65 samples) 0.30 
Total sperm per ml. undiluted semen (65 samples) 0.27 

p H  drop in NaCl a t  37" C. (72 samples) 1 hr. 0.26 
2 hr. 0.08 
3 hr. 0.21 

p H  drop in TCS a t  37" C. (72 samples) 1 hr. 0.11 
2 hr. 0.14 
3 hr. 0.08 

Methylene blue reduction time (min.) (65 samples) -0.37 

TABLE 3 
Correlation between various tests and nonreturn rates, Tvial I1 

Correlation eoeffieients 

Test 
Among Within 

Samples Total bulls bulls 

Initial motility in YCSPS 
Total motility 
Progressive motility 

Storage in  YCSPS a t  4" C. 
After 28 hr. Total motility 

Progressive motility 
After 52 hr. Total motility 

Progressive motility 
I n  aniline blue a t  4" C. Drop in progressive motility 

After 90 min. 
After 120 min. 

I n  PO. buffer a t  p H  5.5 
At 4" C. Drop in progressive motility 

90 min. 
120 min. 

Methylmr hlnr r~dnr t ion  time 
Incubation in YCSPS a t  38" C. 

After 16 hr. Total motility 
Progressive motility 

After 28 hr. Total motility 
Progressive motility 

After temperature shock in  CS 
Total motility 
Progressive motility 
Drop in total motility 
Drop in progressive motility 

Incubation in CS a t  38' C. for  2 hrs. 
Total motility 
Progressive motility 
Drop in total motility 
Drop in progressive motility 

Total sperm per ml. undiluted semen 
Total sperm per ml. diluted semen 
Motile sperm per ml. diluted semen 
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TABLE 4 
Xultiple correlation coeficients of combinations of tests most highly correlated with nonreturn 

rates (Unless indicated otherwise, all are OIL among-bull basis) 

Correlation with nonreturn rate 

Tests or conlbinations of tests Trial I Trial I1 

Bulls (No.) 12  13 
Samples (No.) 65 56 

B" 
F 
M 
B F  
BM 
FY 
BFM 
BFMA 
BFMC 
BFMD 
BFME 
BFMG 
BFMH 
BFMW 
BFhfEZ 
BFMGN 
RFMGW 
BFMGNE 
GNEW 
GNEWM 
BFhiGNEW 

Total 
Among bulls 
Within bulls 

Key to syn~bols in table : 
A pH of fresh semen in NaCl 
B Methylene blue reduction time 
C Sperm per ml. undiluted semen 
D Initial progressive motility 
E Total motility after  2 days in  YCS a t  4' C. 
F Drop in progressive motility from initial progressive motility in YCS after  120 min. in  

aniline blue a t  4" C. 
G pH drop after  1 hr. in  0.87% NaCl a t  37' C. 
H Drop of total motility after  60 min. in  YCS a t  45" C. 
M Initial total motility in  YCS (trial I )  or YCSPS (trial 11) 
N Drop in progressive motility after  120 min. in YCS a t  45" C. 
T Total motility after 3 hr. in CS a t  38" C. 
TI Drop in total motility in YCSPS after  16 hr. a t  38" C. 
T? Total motility in YCSPS after  16 hr. a t  38" C. 
T3 Progressive motility in YCSPS after  16 hr. a t  38" C. 
Te Drop in total motility in YCSPS after  28 hr. a t  38' C. 
W (Initial total motility in YCS) + (field dilution rate) 
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combinations of two or more tests were calculated. If a combination can be 
found in which the individual tests act in a supplementary or additive manner 
in accounting for or measuring sources of variation in fertility, enough of this 
variation may be accounted for to attain a correlation coefficient of 0.9 or higher 
and thereby to predict fertility with considerable accuracy. The relationship 
bet~reen such a combination of tests and of nonretnrn rates may be determined 
by calculation of multiple correlation. Wallace and Snedecor (30) and Coulden 
(18) give detailed directions for computation. I11 the studies reported in this 
paper, multiple correlation coefficients on a total, among-bull and within-bull 
basis for various rombinations of tests were calculated. The individual tests 
with'the highest simple correlation coefficients or those quick and easy to per- 
form, such as original total motility, were selectetl for this purpose. In Trial I, 
50 multiple correlation coefficients for a coinbination of two tests. 45 for three 
tests, and 27 for four tests were computed. In Trial 11, multiple correlation 
coefficients for 22 combinations of three tests, 13 for four tests, eight for five 
tests, two for six tests, and three for seven tests were calcnlated. Of these the 
most promising ones are presented in Table 4. 

In  Trial I the only combination of three tests that coulcl be found with a 
correlation of 0.90 was methylene blue, drop in progressive motility after 120 
minutes in aniline blue at 4' C., and initial total motility in YCS (BFM). As 
can be seen in the table, the addition of a number of individual tests to this 
combination did not increase the coefficient appreciably. Only by adding three 
to make a combination of six tests (BFMGNE) was the correlation coefficient 
increased considerably. With a combination of seven tests (BFMGNEW) a 
correlation coefficient of 0.95, accounting for 9070 of the variation in fertility, 
was attained. 

In  Trial I1 the BFM combination, as well as some additional tests, was run. 
Here the correlation of BFM with fertility was only 0.73. This drop from the 
0.90 value in Trial I could be expected, for in the first trial (a) these tests were 
selected from among many because individually they were those most highly 
correlated with fertility and ( b )  because the combination was the one most 
highly correlated with fertility of many combinations studied. With such selec- 
tion one would expect that the correlations mould be higher than the true or 
population values and that there would be regression toward the population 
figures when additional trials with these tests, selected a priori, are conducted. 

Regression toward the population value probably also explains, a t  least in 
part, the comparatively low multiple correlation between the BFM combination 
and nonreturn rate for Trial 111. The correlation coefficients were as follows: 
total, 0.31; among bulls, 0.55; and within bulls, 0.27. According to preliminary 
analyses of a fourth trial, the results of which will be reported later, still lower 
values have been obtained in this laboratory with this combination of tests. 
Factors, other than regression toward the population mean, causing these varia- 
tions may have been: (a) Personnel. Men in Trials I and 11, Trial 111, and 
Trial IV  were different. ( b )  Time. Erb and Waldo (15) compared semen tests 
with l~onreturn rates over a 1-year period in a bull stud. The correlation coeffi- 
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cients varied greatly from month to month. (c) Range in nonreturn rates of 
individual bulls. These ranges decreased with successive trials, as can be seen 
in  Table 1. (d) Cows. 

In  Trial I1 the combination of BFM with one of the readings of spermatozoan 
motility after incubation in YCSPS a t  38' C. (T, T,, T.,, Ts) gave coefficients 
above 0.90. One of the simplest and probably most practical conlbinations would 
be that of the three different readings of motility in the incubation test (T2, T,, 
T,), which gave a coefficient of 0.93. A number of hours would elapse between 
collection of semen and completion of readings, but this would not be a serious 
disadvantage because, as stated above, all of these tests are probably of promising 
value only for establishing fertility of bulls and not of individual semen samples. 

Although tests studied in combination with others were selected in most cases 
because individually they were comparatively highly correlated with fertility, 
such high correlation is not necessarily an indication that that test, when com- 
bined with one or more other tests, will significantly increase the multiple 
correlation coefficient. Conversely, a test with a low correlation may be of more 
value in this respect than one with a high coefficient. For a conlpletely thorough 
study, therefore, one should use all individual tests, regardless of their correlation 
with fertility, in all combinations with all other tests. Such a study is extremely 
laborious. It is estimated that the time spent in all the calculations for the 
three trials reported in this paper was equivalent to that of a full-time statistical 
clerk working for one year. 

I n  studies of this nature the attainment of correlation coefficients approaching 
1.0 can not be expected. Laboratory tests can not measure variation in fertility 
contributed by processing methods in the laboratory, shipping or transportation 
conditions, technicians, and cows. Continual improvement of these sources of 
variation will, however, reduce the percentage of variation attributable to them 
and, therefore, increase the proportion measurable by laboratory tests. Further- 
more, bulls in a stud have been selected for high fertility. If an unselected group 
of bulls representative of the population were available for study, one would 
expect a greater range in nonreturn rate and higher correlations between semen 
tests and fertility than with bulls commonly studied. 

One criticism of most of the tests in these trials is that they lack objectivity 
and are subject to considerable error. This is especially true with estimations 
of motility. Electronic devices of the nature of those described by Rothschild 
(28) and Bosselaar and Spronk (8) may place estimations of spermatozoan 
motility or activity on an objective basis and would require little time. 

Additional study of tests included in this paper and of others in various 
combinations and under varying environments and seasons is needed. I n  view 
of the work by Erb and Waldo (15), the lnost promisii~g ones, at least, should 
be studiea over extended periods of time. 

SUMMARY AND CONCLUSIONS 

Three trials comparing correlations between nonreturn rates and single tests 
or combinations of tests for measuring quality of sclnen hare been conlpleted. 
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Trial I included 65 to 72 samples per test and 7,577 services; Trial 11, 26 to 
61 samples ancl 15,376 services; and Trial 111, 71 samples and 10,384 services. 

The only correlations with a ~nagnitnde of 0.9 or higher were those among 
bulls between nonreturn rate and (0) motility of spermatozoa after incnbation 
a t  38' C. in yolk-citrate plus antibacterial agents and ( b )  the combination of 
methylene blue rednction time, drop in progressive motility after 120 minutes 
in 370 aniline blue solution a t  4" C., initial total motility in YCS. With 
additional testing on an a priori basis in Trial I I, the correlation for this combi- 
nation was only 0.73, and in Trial I11 under field conclitions, 0.55. 

Throughout these studies the among-bull correlations were, in most instances, 
higher than the total or within-bull correlations. This fact indicates that  the 
possibility of esti~nating clifferences in fertility among bullls is more promising 
than estimating clifferences anlolig individual semen samples. 
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F A T  SEPARATION I N  EVAPORATED MILK. 111. 
GRAVITY SEPARATION AND HEAT STABILITY' 

Fa t  separation is a continnous problem in the procluction, handling, and 
storage of evaporated milk. This defect becomes most objectionable during pro- 
longed quiescent storage a t  high temperatnres. The butterfat rises to the upper 
surface forming a viscous, leathery layer, which may prevent pouring of the milk 
fro111 a relatively small opening. 

To retard fa t  separation, the manufacturer attempts to obtain effective 
honlogenization and sufficient coagulation of the proteins during sterilization to  
give the product a high viscosity or "heavy body" (1,  12, 14). These practical 
applications are aimed a t  three fundamental considerations: a reduction in the 
size of the fa t  globules, an increase in the viscosity of the suspending phase, and 
perhaps an alteration in the density difference between the fa t  globnle mass and 
the suspending niedium (6). 

A consideration of the fundamental factors controlling f a t  separation by 
necessity would include the phenomenon of heat stability, which might con- 
ceivably influence both the viscosity ancl the density difference between the f a t  
particles and the suspending inedinn~. 

The effectiveness of homogenization is known to influence the heat stability 
(2 ,  5 ) .  The interaction of these phenomena, therefore, made i t  necessary to con- 
sider heat stability si~nnltaneonsly with the over-all problem of f a t  separation. 

\\Then milk is heated sufficiently, the protein undergoes a gradual but com- 
plete coagulation. During the process of sterilization of evaporated milk, this 
gradual coagulation of proteins, especially when carried out in a quiescent state, 
tenils to form a gel structure, which accounts for the increased viscosity of 
sterilized evaporated milk as romparecl to the unsterilized product (5). The 
manufacturing practice, therefore, has been designed to obtain a partial heat 
coagulation of the proteins. The individual factors that influence heat stability 
hare been revielved by Irunziker (5 ) .  IIc considers the following factors to be 
of i~nportanee: (n) acidity, ( h )  alhl~min and globulin content, (c) concentra- 
tion, ( ( 1 )  foremarming treatment, ( r )  lion~ogenization, (f) possible actual differ- 
ences in casein, ( g )  relative conee~~tration of ions, ( 1 1 )  rrnnet forming organisms, 
and ( i )  total salt eo~ieentration. 

Ho~nogenization is less detrimental to heat stability in normal concentrated 
~iiilk than in coaeentratetl milk that is otherwise relatively nnstablc, e.g., milk 

I?ecc*ired for ~,uhlicatio~l Marc11 9, l!).54. 

' P ~ ~ l ~ l i s l ~ r ( l  with tllr pc.rmissiol~ of tllr I)ircc.tor of the IVisro~~sil~ Agricl~lttrval Expel.imr~~t 
Station. 

" Prrsent ncldress : Dir-rrsey C'orp., Cl~ir:~go. 
' Decmsrd. 
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with developed acidity. The destabilizing effect becomes greater as the pressure 
of homogenization is increased (5). Webb and Bell (11)  have shown that  the 
temperature of homogcnization (98.6-176' F.) of foremarmed concentrated milk 
has very little effect on the final heat stability. 

A plausible mechanism for the destabilizing effect of homogenization was 
originally suggested by Tracy and Ruehe (10) .  They attributed the destabiliza- 
tion to the adsorption of casein or phosphates on the newly created f a t  surfaces. 
More recently, Sommer (8) suggested that tlie destabilization might result from 
the adsorption of either cations or anions, resulting in a disruption of the ionic 
equilibria. The present commercial practice, therefore, must be adjusted to meet 
the two problems : maintenance of sufficient heat stability to permit sterilization 
and the prevention of excessive f a t  separation. 

The primary purpose of this work was to determine the efficacy of the various 
fundamental factors in retarding fa t  separation in a co~nmereial product. Thus, 
the size of the fa t  globules, viscosity, and density difference received direct con- 
sideration and heat stability received indirect consicleration. 

EXPERIMENTAL PROCEDURE 

A general description of the method used for preparing the evaporated milk 
is given below. Where experiments involved departure from the normal process, 
the details are given with each such experiment. 

Raw mixed milk from the University dairy plant was tested for butterfat 
and total solids by the Mojonnier technique and adjnsted to a ratio of 0.44 f a t  
to solids-not-fat by the use of cream containing 19% butterfat. The milk was 
forewarmed in steam-jacketed stainless steel open hot wells, \vliich held approxi- 
mately 10 gal. and which were equipped with small meehanieal agitators. I n  all 
experiments, the forewarming temperatnre was 206' F.; only the lioliling time 
was varied to obtain relatively high heat stability. When tlie ilesirecl holding time 
had been completed, colt1 water was turned into the jackets to cool the milk to 
180" F. within 2-3 minutes. 

A nirkel rac tu~m pan was used to concentrate the milk to slightly less than 
half its original volu~ne. The temperatnre of evaporation was 130-135" F., and 
the water was removed a t  the rate of approximately 20 gal. per hour. Thus, the 
process of condcnsing lasted 30 minutes or less. The conre~ltratecl product was 
then homogenized in a Creamery P a c k a g ~  homogenizer ~vhich had a rated capa- 
city of 125 gal. per hour. A new, single service (Multi-Flo) ra l re  was used each 
time the machine mas assembled. The homogenized, concentrateil lnilk was stored 
a t  32-35" F. 

d sample of the milk was tested for butterfat by the 3Iojonnier technique. 
Sufficient distilled water then was added to the milk to adjust the fa t  content to  
7.95%, except that enough water was withheld for later additio~l so that i t  could 
serre as a carrier of "correction." The milk was filled into 14y2 oz. cans, which 
had previously receivecl an  addition of correction, consisting of 0 to 4 ox. of 
calcium acetate, or 0 to 10 oz. of anhydrous disodium phosphate per 1,000 Ib. of 
concentrated milk. 
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The sealed cans were placed into a sterilizer that had individual recesses 3 in. 
from the center of the reel. Thus, the cans were permitted to roll in a manner 
analogous to that of cans in an Anderson-Barngrover sterilizer. The speed of 
the reel was fixed at  11.5 r.p.m., and the reel was allowed to run throughout the 
coming-up process but was run only for the first 3 minutes of the holding period. 
The heating schedule during the coming-up process was as follows: 5 minutes 
to reach 212" F., 5 minutes holding at  212' F., and 5 minutes to reach 242" F. 
After holding at  242" F. for various times, cooling was accomplisher1 by injecting 
a spray of cold water directly onto the cans with the reel revolving. 

The cans of milk were openecl immediately after cooling and examined for 
coagulation by vie~ving the milk in a thin film on the side of a glass beaker by 
transillumination. The appearanre of visible grain particles was taken to be 
the   no st adranred degree of coagulation that would permit sterilization for sub- 
sequent obserrations. A ~ninimum heat treatment of 14 minutes a t  242" F. was 
considered to be essential for rommercial sterility. Thus, from the series of 
samples it was possible to determine the quantity of correction, if any, that was 
necessary to prevent excessive coagulation in the milk that was to be stored for 
observations on fat separation. Where it mas necessary to add correction to the 
milk, the details are given along with each experiment. 

The heat stability of each batch of concentrated, homogenized milk was deter- 
mined by varying only the time of holding in the sterilizer a t  242' F. The 
entire process of sterilization was repeated a sufficient number of times to deter- 
mine the heat stability in minutes, the end point being taken as the appearance 
of small grain particles. 

Fat  separation was determined by storing cans of the sterilized evaporated 
milk for 7 days at  100" F. and then removing a 25-ml. sample from the upper 
surface for determining the butterfat content (6) .  The viscosity measurements 
were made at 100° F. with a modified Gardner mobilometer (6) .  The method 
for calculating average viscosity was given in detail in a previous publication (7). 

EXPERIMENTAL PROCEDURE 

Sterilizing finze. The viscosity of different samples of unsterilized evaporated 
milk is low and uniform, but during the process of sterilization there is a gradual 
increase in the viscosity. I t  has been shown that a high viscosity in the finished 
product tends to retard fat separation (1 ,  6, 12, 14) .  Observations by previous 
workers, however, were made on different samples of milk. Therefore, i t  was 
not possible to evaluate the total effect of sterilization on fat  separation. 

Evaporated milk was prepared by the general procedure up to the time of 
sterilization. Separate batches of the canned milk were then sterilized for vary- 
ing lengths of time while the temperature was maintained at  242O F. A repre- 
sentative set of the results is given in Table 1. From these data, it is 
apparent that an increase in sterilizing time causes an increase in viscosity and 
a decrease in fa t  separation. This relation can be expressed simply by the equa- 
tion VN = k, where V is velocity, N is viscosity, and k is a constant. If the 
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T A B L E  1 
The effect  o f  sterilizing t iwe 011 ~ i s c o s i t y  and fat  separation 

V i ~ r o s i t y  

Forcwarm- Strriliz- Af ter  Af ter  Caleulateil Fat 
ing time ing time 1 11r. 7 dnvs arrrnge separation 

( ~ t ~ i n . )  (s l in.)  fcps.1 (cps.)  ( c p s . )  (70 e?tricAn~ent) 
15 14 7.3 6.0 6.2 39.6 
I5 18 8.8 7.0 7.3 37.0 
15 - 00 11.0 9.3 9.6 12.4 
15 2li 14.3 10.1 71.1 8.3 

velocity of rise of the fat globules is expresscd by the test for fat separation ( G ) ,  
and the k is taken as a constant in harmony with the conditions of the experi- 
ment, then fat separation multiplied by viscosity should give a constant value. 

From the data in Table 1, it can be sho~vn that viscosity multiplied by fa t  
separation gives a progressively smaller value as the time of sterilization is 
increased. Thus, the indications are that fat separation is retarded more by an 
increase in time of sterilization than would be expected solely from the resulting 
increase in viscosity. I t  seems necessary, therefore, to consider other factors for 
an explanation of this phenomenon. One such factor might be the difference in 
density between the fat  globule mass and the suspending medium. 

Homogenization prior to forewnrming. If there had been an increase in the 
density of the fat globule mass due to adsorption of proteins during sterilization, 
forewarming should produce a similar effect, but to a lesser extent. However, 
any material added to the fat  globule during the normal process probably would 
be dislodged during homogenization, since homogenization is applied after fore- 
warming. On the other hand, homogenization prior to foremarming would give 
an increased surface area of the butterfat, permitting additional adsorption. 

Raw mixed milk from the University dairy plant myas standardized and then 
heated to the desired temperature for homogenization. Immediately after homo- 
genization at  2,000 lb. pressure, the milk was transferred to the hot wells and 
forewarmed. The forewarmed milk was concentrated and subsequently stand- 
ardized to the normal composition of evaporated milk. 

One major difficulty was encountered when the milk was homogenized prior 
to forewarming. I-Iomogenization at  low temperatures (93-135' F.) resulted in  
an exceedingly unstable concentrated product. To permit sterilization, it was 
necessary to homogenize the unconcentrated milk at  170° F., or above, or to 
rehomogenize the concentrated product at  approximately 130' F. Therefore, 
it was not possible to carry out the experiment so that none of the albumin and 
globulin would be coagulated before homogenization. 

The data in  Table 2 show that the temperature of homogenization of uncon- 
centrated milk has a marked influence on the heat stability of the forewarmed, 
concentrated product. As the temperature of homogenization was reduced from 
175O F., there seemed to be a progressive reduction in the heat stability, even 
though forewarming a t  206' F. was applied immediately following homogeniza- 
tion. When the unconcentrated milk was homogenized a t  a sufficiently high 
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TABLE 2 
The heat stabi1l:t.q of evaporaterl alilb honlogenized prior to forewarming 

Heat stability 

Milk Temperature of Forclvnrrni~~g Not reho- Rehomogenized a t  
sn~nplr homogenization time mogenizrd 1,000 Ih. 2,000 1b. 

f "  F.) (atin.) (111 in.) (?)tin.) (?)bin.) 
A 170 25 20 - - 
B 164 0 11 - 13 
R 164 10 13 - 17 
R 164 20 13 - 17 
C 130 20 2 2 2 
C 175 20 15 21 20 
1) 1 - 0  - 2 3 0 

n 175 20 15 2" 22 

temperature to protluce a relatively stable concentrated product, the heat sta- 
bility could be improred by rchoniogenizing the concentrated milk at  130-135" F. 
This improvement in heat stability could be obtained by rehomogenizing the 
concentrated milk at either 1,000 or 2,000 lb. pressure. 

As for fat separation observations, it was possible to utilize only a limited 
number of the sa~nples that were homogenized prior to forewarming. The results 
indicated the possibility of producing evaporated milk with low fat  separation 
tendencies when the temperature of homogenizatio~l was near 160" F . ;  on the 
other hand, when the homogenization temperature was 17.5' F., the fa t  separa- 
tion was extensive. 

Homogenizatio)~ of cream. Since it was not possible to obtain direct informa- 
tion on the effect of coagulating albumin and globulin in the homogenized milk, 
an indirect approach seemed desirable. If the butterfat were not present during 
the forewarming process, there wonlcl be no adsorption of albumin and globulin 
onto the fat  globules. Therefore, fat separation should be more rapid than under 
the normal process of manufacturing evaporated milk. 

The above procedure has definite practical possibilities because the milk could 
be separated, allowing only the cream to pass through the homogenizer. The 
cream and skimmilk could be combined at any convenient stage in the process. 
Thus, the working capacity of the homogenizer would be increased threefold or 
more, and the separator wonlcl function also as a clarifier. However, this pro- 
cedure might accentuate the probleni of heat stability, since cream is extremely 
susceptible to the destabilizing effect of homogenization (3, 10, 13).  

With these considerations in mind, cream containing approximately 2070 
butterfat was heated to 136O F. and homogenizecl at  2,000 lb. pressure. Skimmilk 
was forewarmed a t  206' F. for 25 minutes, then condensed to slightly less than 
half the original volume. These products were blended to give a mixture with 
the exact composition of evaporated milk. A part of the blended product was 
heated to 136O F. and rehomogenized at 2,000 Ib. pressure. Each of the samples, 
with and without rehomogenization, mas sterilized and stored for fat  separation 
observations. A representative set of the results is given in Table 3. 

Fat  separation is apparently greater when the butterfat is withheld from 
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TABTJE 3 
Fat scr,aration in euanoratcd ntilk n~.ade f r o ~ n  1rottrooc~tizetl errant n n ~ l  concentratrrl skilrllnilk 

Viscosity 

Calrul:~tr;l Fat 
Reliomogrnized A f t t ~  1 Irour Aftcar 7 days average separation 

S o  
Yes 

the normal forewarming process and homogenieecl in the form of cream. These 
results could be attributed to an adsorption of albumin and globulin during the 
normal forewarming process or to less effective homogenization of the high butter- 
fat product. At any rate, fat  separation was sufficiently pronounced to cast 
considerable doubt on the feasibility of separating the milk for fractional homo- 
genization as a commercial process. 

The heat stability of the above samples was sufficiently high to permit steri- 
lization; it could be improved, however, by rehomogenizing the blended product 
at  136' F. This increase in the heat stability amounted to 4-5 minutes at  242O F. 
and was probably associated with an increased subdivision of the fat  globules. 

Repeated hontogenization. To determine the effect of repeated homogenization 
on fat separation, evaporated milk was prepared according to the general pro- 
cedure through the process of condensing. After standardization, the product 
was homogenized at  130-135' F. from one to seven times by repeatedly passing 
the milk through the homogenizer a t  2,000 Ib. pressure. The inclividual batches 
were sterilized and stored for fa t  separation observations. A representative set 
of the results is given in Table 4. 

TARLF: 4 
Thr effect  o f  repeated homogenizntion on fa t  separation 

Viscosity 

S o .  of times After After C:~lculatcd Fat  Heat 
honlogenizcd I boilr 7 days average separation stability 

(rpn.) fcps . )  (?pa.) (%I cnrichmcnt) (nrin.) 
1 l S . 2  12.2 13.3 5.7 20 
3 19.1 13..5 14.6 1.9 20 
5 18.7 13.5 14.5 2.4 20 
7 25.0 17.3 18.8 0.9 20 

The data indicate that repeated homogenization under the conditions of this 
experiment has little effect on fat  separation. This was especially true where 
homogenization was highly effective on the first passage of the milk through the 
machine. I n  addition, repeated homogenization did not alter the heat stability. 

Temperature of homogenization of concentrated milk. Whole milk was stand- 
ardized to the proper ratio of fa t  to solids-not-fat, forewarmed for 15 minutes, 
condensed, and adjusted to the desired temperature for homogenization. After 
homogenization, each batch of the milk was standardized to 7.95% butterfat. 
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TABLE 5 
Tho rffrrt of t ~ l ~ ~ p r r a t l ~ r ~  of ko~~~ogrni~nf ion  on fat ~~rparation 

Vis~ositv 

Tcmpc.mturc of Calrul:~tcd Fat Heat 
homn~enization After 1 11oi11. After 7 days arerngc, separation stability 

1" F . )  frps.) frl~s.)  ( C P ~ . )  ( 5 ;  rnrichnlr~~t) (min.) 
I l n  10.5 7.1 7.8 30.3 23 
146 10.9 7.5 7.8 21.4 23 
171) n 7 7.1 7.6 14.9 23 

The remainder of the process was carried out according to the general procedure, 
which has been outlined previously. A representative set of the results is given 
in Table 5. 

The data indicate that an increase in the temperature of homogenization re- 
sults in less fat  separation during subsequent storage. This could probably be 
attributed to an increase in the effectiveness of homogenization or to an increase 
in the extent of adsorption at  the higher temperatures. 

The heat stability was not altered by changes in the temperature of homogeni- 
zation. 

The efect of soybean lecithin on the eficiency of homogenization and fat 
separation. Holm ( 4 )  has pointed out that one of the forces to be overcome by 
homogenization is interfacial tension between the fa t  and the serum. Further- 
more, Sommer (9) states that the size of fat  globules attained in skimmilk with 
a given mechanical emulsifying action tends to vary inversely with the quantity 
of phospholipid that is added to butter oil. Thus, fat  separation should be re- 
duced through the addition of soybean lecithin to butter oil, since the emulsifying 
properties of soybean lecithin should alter the state of dispersion of the butterfat. 

The previous experiments indicated that the dispersion of the fa t  globules 
exerted considerable influence on the final heat stability. Accordingly, the phos- 
pholipids of milk, through their emulsifying properties, might have an effect 
on heat stability. 

The experiment was conducted as follows : butter from the University cream- 
ery was oiled off a t  140' F. and filtered through cotton to obtain a clear butter oil. 
Sufficient soybean lecithin was dissolved in a part of the butter oil to represent 
8% of the total weight. Skimmilk was forewarmed a t  206' F. for 20 minutes, 
then condensed to slightly less than half its original volume. The condensed 
skimmilk and distilled water were blended with butter oil containing soybean 
lecithin and with butter oil alone to give products with the composition of 
evaporated milk. Each batch was mixed a t  140' F. for 10 minutes in a motor 
driven emulsifier (Creamaid), and the resulting product was homogenized a t  
2,000 Ib. pressure. The remainder of the process was carried out according to 
the general procedure. 

The data, an example of which is given in Table 6, indicate fa t  separation 
was not materially altered by the addition of soybean lecithin. The results 
should be considered as quite significant, however, since the viscosity of the 
samples without added lecithin was much higher, thereby retarding fa t  separa- 
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TABLE 6 
Thr rffect  o f  solibcan Ercithin on fat separation and hrat stabilit?~ 

- -- 

Viscosity 

Per cent fat 
nn noyl)ean Calculxterl FA t Hea t 

lecitliill After 1 11o11r After 7 davn avernet' nmaration stabilitv 

fens. ) f CP*.) (rps . )  (% r~lr ickn~ent)  ( n t i ) ~ . )  
0.0 22.9 16.6 17.8 14.6 15 
8.0 8.6 7.2 7.5 11.3 60 

tion. Undoubtedly, the primary effect of the soybean lecithin was to increase 
the efficiency of homogenization. Microscopic observations showed a greater sub- 
dirision of the fat in the homogenized samples which contained soybean lecithin. 

The soybean lecithin had a marked influence on the heat stability. Thus the  
results support the previous experiments where the state of dispersion of the  
butterfat had an influence on the heat stability. On the other hand, there is a 
possibility that the increase in heat stability resulted from a physico-chemicaI 
effect of the soybean lecithin. 

DISCUSSION 

In light of the present knowledge, there are three fundamental factors that  
control the rate of fat  separation in evaporated milk. These factors are viscosity, 
size of the fat  particles (effectiveness of homogenization), and density difference 
between the fat  particles and the suspending medium. 

The difference in density between the fa t  particles and the suspending medium 
is the factor which has the greatest appeal to potential investigators, because a 
reduction of this difference to zero is one way of conlpletely eliminating f a t  
separation. An increase in viscosity or effectiveness of homogenization can only 
prolong the time before objectionable fat  separation would become apparent. 
Unfortunately, the means of increasing the relative density of the fat  particles 
are extremely limited. Apparently this would depend on a closer association of 
materials like casein with the fat  particles and in greater quantities than hitherto 
possible. With the present knowledge, this phenomenon can be accomplished 
only to a limited degree during the process of sterilization. Nevertheless, an 
advanced degree of coagulation gives a higher viscosity to retard f a t  separation. 
A high viscosity combined with effectire homogenization is a relatively effective 
means of retarding fat separation. I n  commercial practice it seems advisable, 
therefore, to carry the coagulation process as f a r  as possible without impairing 
the desirable properties of the finished product. This, of conrse, depends on the 
heat stability. 

The method that was chosen for determining heat stability in this work had 
as its end point the appearance of small grain particles. I t  should be recalled, 
therefore, that the results are a measure of the resistance of the sample to coagu- 
lation by heat but (10 not indicate the maximum viscosity which could be pro- 
duced in the evaporated milk. For  example, one batch of evaporated milk showecL 
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a heat stability of 20 minutes, and after sterilization for 19 minutes, had a vis- 
cosity of 18.2 cps. ; another batch of evaporated milk showed a heat stability of 17 
minutes and after sterilization for 15 minutes had a viscosity of 54.5 cps. 

The increase in viscosity during sterilization is limited by the appearance of 
grain particles which, presumably, result from flocculation of the proteins. 
Since agitation of the cans of evaporated milk during sterilization hastens grain 
formation, it is logical to suspect that the hastening of grain formation comes 
from breaking of the gel structure, which permits flocculation of the proteins. 
It seems equally logical to expect that points of weakness within the gel structure 
would permit more rapid flocculation of the proteins and thereby enhance grain 
formation. Thus, the heat stability of evaporated milk, as determined in this 
work, mould be reduced by the presence of weak points in the gel structure. 

These weak points in the gel structnre could conceivably arise either directly 
or indirectly from clumps of fa t  globules. If the weak points arise directly from 
clumps of fa t  globules, the result would be considered as physical, whereby there 
is a disruption in continuity of the protein phase. On the other hand, if the weak 
points arise indirectly from clumps of fat  globnles, the result would be con- 
sidered as electro-chemical. The proteins that  are enmeshed in the clumps and 
surrounding the clumps could be influenced by the electrical charge on the fa t  
globules. Whether the proteins are either more heat stable or less heat stable 
than proteins that are free of the clumps, the effect would be the same. Conse- 
quently, there wonld not be a uniform rate of coagulation of the proteins through- 
out the milk, and weak points in the gel structure mould result. 

Thus, grain formation wonld be enhanced by the presence of clumps of fa t  
globules. The concept that clumps formed during homogenization influence the 
heat stability of the finished product aids materially in explaining the results 
obtained in this work on heat stability. This is especially true where the heat 
stability of the milk could be improved by a second homogenization. I n  addition. 
the results extend the work reported by Doan (3), who showed that increased 
f a t  clumping in cream is accompanied by a decreased stability of the cream 
toward coagulation by alcohol and by heat. The astonishing thing, however, is  
that  heat stability should be influenced materially by the slight clu~nping which 
is  visible in unsterilized evaporated milk. 

The above comments on heat stability are intended merely as additions to 
the postulation presented by Tracy and Ruehe (10 )  and extended by Sommer (8). 

SUMMARY 

The fundamental factors governing fa t  separation are considered in light of 
the  normal commercial processing methods. 

During sterilization there is an  increase in viscosity; this is desirable for 
preventing fa t  separation during storage. Sterilization produces a n  additional 
reaction, which gives an  increased retardation of f a t  separation. This phenome- 
non may be explained by assuming an  increase in the density of the f a t  globule 
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mass. I n  harmony with the preceding supposition, there is considerable doubt 
about the feasibility of separation of milk for homogenizing the cream alone. 

The most important factor governing fat  separation is effective homogeniza- 
tion. I n  this respect the condition and temperature of the medium are extremely 
critical. At higher temperatures, homogenization is more effective. The maximum 
effectiveness of the homogenizer can be obtained if all known factors are adjusted 
to ensure complete dispersion of the butterfat. 

The state of dispersion of the butterfat is of additional importance, since i t  
affects the heat stability during sterilization. This work also shows that under 
certain conditions of homogenization, there is an increase in  the heat stability. 
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PREKATAL MORTALITY IN THE ROVINE BETWEEN PREGNANCY 

DIAGNOSIS AT 34-50 DAYS POST-INSEMINATION AND PARTURITION1 

Fertility of bulls used in artificial insemination is ordinarily measured by 
the percentage of cows that fail to return for service within a certain time 
interval after insemination. The interval on which the percentage is most com- 
monly based is 60-90 days. The 60-90 day lionreturn rates are calculated a t  the 
end of the second month after the month of breeding. Obviously, there is a 
cliscrepanry between this method of calculating fertility and actnal pregnancy, 
but at the same time this method serves a useful purpose. 

Pregnancy diagnosis by rectal palpation early in gestation is a practical 
means of positively diagnosing pregnancy. The purpose of this study is to 
determine prenatal mortality between pregnancy diagnosis and normal parturi- 
tion. The information obtained may be wecl to evaluate the accuracy of nonre- 
turns as a measure of pregnancy. 

Reynolds (7) reported that in dolnestic rabbits there seemed to be two periods 
in their gestation in which fetal mortality was increased. The first period was the 
22d day of gestation, at  which time the uterine tension is the greatest and the 
blood supply is lowered. The second period is the 2 days preceding parturition, 
at which time a large mass of fetal tissue is dependent upon a limited blood 
supply. Rrambell (3) found that litter mortality occurred most often in wild 
rabbits between the 12th and 15th day of gestation. He also reported that indi- 
vidual fetal resorption and mortality was completely randomized throughout 
gestation. 

Tanabe and Casida (9) found an embryonic mortality of 39.2'1;. during the 
first 34 days of gestation in a select group of repeat breeder cows. Laing (6) 
reported 255, embryonic death in an experimental group of beef heifers that 
were slaughtered at 25 days post-insemination. Stewart (8) concluded that early 
embryonic death was the major contributor to the discrepancy between actual 
diagnosed pregnancies at  34-50 days and 30-60 day nonretnrns. Burgess (4 ) ,  
using nonreturn data, found that 16.2y0 returned to service at  other than normal 
intervals. He estimated that 2 to 3% would return to serrice at  a time greater 
than 120 days post-insemination. Hold (5) reported a 19.2% decrease in the 
status of pregnancy, based upon nonreturn data, between 3 weeks post-insemina- 
tion and parturition, an 11.5% decrease in the period 3-12 weeks post-insemina- 

Rereirrtl for pl~blication March 10, 1954. 

' Publishctl with the approval of t l ~ c  Dircctor of the Wisr*onsin ;\gric~~lturnl Esprriment 
Station. 

'Agent of the RII~C:III of Dairy lntlustry. Thcse data wcrc t n k n ~  from a thesis presented 
by the senior author to the Gmdoate School of the University of Wisconsin in partial fulfill- 
ment of thc requirement for n Master of S ~ ~ i e n e e  Drgrec. 

1071 



1072 0. T. FOSGATE AKD TEARL R. SMITH 

tion, and a 7.T:Z decrease from 12 weeks until partnritioii. Earrett e t  al. (2) 
observed a discrepancy of 14.9, 5.5, and 2.8% in favor of 30-60, 60-90, and 
90-120 (lay nonreturns, respectively, as compared to pregnancy examinations a t  
35-49 days post-insemination. Adler (1) noted a clifferelice of 5.5% between 
pregnancy diagnosis and 60-90 day nonreturns. 

A11 data for this report were taken from records of the ITnirersity dairy herds 
during the period from .July, 1946, to .January, 1952. All fire major dairy breeds 
are represented in the tlata. Any datum was exchltlecl if tlie animal was sold 
or died before the termination of pregnancy. 

Routine pregnancy examinations were inade upon all feinales 34-50 days 
post-insemination unless they had exhibited estrus prior to that time. Actual 
palpation of tlie ainniotic vesicle was the sole criterion for a positive pregnancy 
diagnosis. The rectal palpation methocl described by Wisnicky and Casida (10) 
was used in all examinations. The retnrn to estrus after a positive pregnancy 
diagnosis or observed abortions was used as evidence of embryonic and fetal 
mortality. Pregnancy was consiclered terniinatecl the day the animal exhibited 
estrus or abortion occnrred. All abortions attributed to disease were excluded 
froin this study. A calf carried 240 days was considered a normal gestation. 
Except for two cases of stillbirth (one pair twins and one singleton), all calves 
born after 240 days were born alive. 

This experiineiit corers 690 pregnancies in which coniplete data were recorded 
as to the actual termination of each pregnancy. 

RESULTS ANI) DISCUSSION 

The results are shown in Table 1. Forty-four of the 690 cows pregnant a t  
34-50 days post-insemination failed to maintain pregnant?- to 239 days post- 
insemination. The mean length of gestation for the 646 cows that carried calves 
240 days or longer mas 278.5 days. The range in  gestation for the same period 

'I'AT31,E 1 
d strnr~r~nr!l of tlrr, trrntirrctlio~r of prfjgnanc!l (18 rvi~lcrrcrcl by rrlkrr tkf2 rvtrrrw to  rsfrtts or abor- 

tion in tlre iatrrc.al from prc~gnanc!/ diagrrosis to  239 da!/n poxt-irtnr~tti~tftlion 

Days from inse~ni~~at io l~  

Pregnancy ter~ni~~:~tions 
Total non~lwr From. prrg. cliag. 

Year pregnant 34-50 to 60 61-90 91-11!! 120-149 150-179 180-209 ?lo-339 Total 

1946-47 178 1 3 2 1 n 1 0 8 
19-18 1.x 2 2 0 1 1 3 n 11 
1949 104 o 1 I n 0 3 4 9 
1950 13; n 1 2 ? 0 1 0 6 
1951 143 1 2 1 0 1 1 4 10 

Total 690 4 9 8 4 2 9 8 44 

Per e e ~ ~ t  loss of prcgnaney 0.58 1.3 1.16 0.58 0.29 1.3 1.16 6.38 
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was 251 to 305 days. In each 30-day interval a small loss in pregnancy occurred. 
The interval with the least loss was the 150-179 days post-insemination interval. 
During this period only two animals returned to estrus. Statistical analyses of 
the variation of loss among intervals showed no significant difference ( P  > 0.05). 
The loss of pregnancy from pregnancy diagnosis to parturition had a range from 
a low of 4.38% in 1950 to a high of 8.65r/o in 1949. The mean was 6.38';/0, with 
a standard deviation of 1.87. This figure corresponds closely to the results ob- 
tained by FTolt (5) using nonreturn data. The 60-day period 61-119 days post- 
insemination accounted for 2.46% of the total loss. The 60-day period 180-239 
days post-insemination accounted for another 2.46%. The middle 60-day period 
accounted for only 0.87%. The remaining 0.58% was accounted for by the period 
from pregnancy diagnosis to 60 days post-insemination. This interval was vari- 
able in length, illasmuch as cows were examined for pregnancy over a 17-day 
span. The average length of this interval was only 18 days. 

Since Barrett e t  01. (2) and Adler (1) have shown a difference of 5.5% 
between pregnancy diagnosis and 60-90 day nonreturns and this study indicates 
a loss in pregnancy of 6.387" from pregnancy diagnosis to normal parturition, 
about 1270 should be subtracted from 60-90 day nonreturns to approximate the 
per cent resulting in a calf. 

SUMMARY 

Prenatal mortality was observed in 44 out of 690 females that were diagnosed 
pregnant at 34-50 days post-insemination. The fetal mortality between preg- 
nancy diagnosis and parturition was 6.38F with a standard deviation of 1.87. 
During gestation the variation in loss of pregnancy between 30-day periods was 
not significant ( P  > 0.05). 
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HISTOLOGY O F  TIIE PITUITARY, TESTIS, AND ADRENAL I N  

RELATIOX TO REPRO1)UCTION IN T H E  BULL 

P. T. CI'PPS, R. C. I,IZRES, .\sn S. IV. 3IEAT) 

l ) c p a r t ~ ~ t c n t  of .Inin~nl II~,nbn~t t l r!~ 
rnitqrmit!l  o f  California, naris 

The relation bet~vet.11 the histology of the endocrine organs and reproduction 
' in bulls has not been studied exte~isively. Most of the reports dealing with nor- 

mal and impaired fertility have been limited to the changes occurring in a 
single organ. In  order to estimate the relative importance of the several possible 
causes of impaired fertility, the histology of the pituitary, adrenal, and testis 
in bnlls is being studied at this station. 

Smith and Sniith (11) described the separation of the anterior lobe of the 
bovine pituitary into a central and peripheral zone. Bassett (I) described the 
central portion of the anterior lobe as a core running through the gland. She 
also stated that the peripheral portion of the lobe contains many alpha cells, 
whereas the central portion is devoid of alpha cells but rich in beta cells. Bassett 
(1) and Hall (6) described two kinds of beta cells in the anterior pituitary of 
cattle. Garnl (4) described the following cell types in the anterior lobe of normal 
dairy co~vs : acidophils with small nuclens, acidophils with large nucleus, small 
basophils, large basophils, hyaline basophils, and heterotrophic amphophils. He 
beliered that the last type of cell represents a late functional stage of hyaline 
basophils. He described the hyaline basophils as large basophils with pale pink 
homogenous areas in the cytoplasm. Cows with nympho~nania showed no change 
in acidophils but an increase in frequency of large basophils, chromophobes 
with a large nucleus, hyaline basophils, and hypertrophic amphophils. Gilmore 
et al. (5) have studied the bovine hypophysis in relation to breed, age, milk 
production, and sex. They studied the gland by making statistical analyses of 
cell counts on con~parable sections of the gland. They described an acidophil 
that seemed to be related to the sexual activity of the animal. 

Friedman and Hall (3) and Smelser ( l o ) ,  studying the pituitary of the 
steer, reported higher concentrations of gonadotrophin in the central core and 
of prolactin in the peripheral zone of the anterior lobe. These differences in the 
concentrations of hormones were not noted in the pituitaries of cows. Bassett (1) 
reported that the small basophil cells were virtually absent in steer glands but 
were increased and prominent in cows treated with stilbestrol and in pregnant 
cows. 

Severinghaus (9) described a cycle of secretion for the chromophil cells of 
the anterior lobe of the pituitary in rats. He believed each type arises from 
chromophobes of the same type. He also called attention to the fact that different 
methods of fixation and staining may result in differences in classification of 
the acidophilic and basophilic cells. 

Received for publication March 10, 1954. 
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n'eber cf 01. (13) described the glomerulosa of the bovine adrenal in cattle 
of different ages. They reported two types of cytoplasmic granules in the glom- 
erulosa. One type appeared to be mitochondria and the second type, which was 
round and irregular in size, gave microchemical tests for phospholipid. 

Wayman and Asdell (12) desrribeil the changes of the adrenals of nympho- 
maniac cows and pointed out the probable complex nature of adrenal activity in 
relation to this syndrome. Garin (I) reported a significant enlargement of the 
adrenals, confined primarily to the cortex, in all types of ~iyinphomania. This 
enlargenient was accompaniecl by a decreased anioiunt of acetone-soluble bire- 
fringelit crystals in the glomerulosa and a decrease in the urinary excretion of 
neutral Iretostcroids. From cytological evidence, Garin concluded that  the adre- 
n a l ~  of nymphomaniac cows secrete abnormally large a~nounts of the salt-retain- 
ing hormone or hormones. 

Phillips and Andrews (8) described the developmelit of the spermatogenic 
tissue of bulls of different breeds. Growth and clevelopment of the tubules began 
a t  approximately 142 days of age, with the development of spermatozoa in many 
tubules a t  224 and 261 days of age. 

This report describes the histology of the pituitary, adrenals, and testis in 
normal dairy bulls and bulls with impaired breeding efficiency ranging down 
to total sterility. 

MATERIALS AND METHODS 

The bulls were slaughtered a t  a local slaughterhouse, and sections from the 
organs were placed as quickly as possible in freshly mixed forinal-zenker, where 
they reniaiiied for 24 to 36 hours. 

The pituitaries were split along the mid-sagittal plane to hasten fixation. 
At the time of collection, the aclrenals were cut into many 5-7 mm. cross-sections, 
and two or three were placed in the fixative. I n  addition, if any portion of the 
gland appeared abnormal macroscopically, a section from that  area also was 
saved for study. I n  both the pituitary and adrenal, it  was found that  better 
fixation occurred if the connective tissue capsule was left with the gland during 
fixation. One or two sections of testes approximately 1 cm. square and 5 mm. 
thick were also collected. 

After fixation, the tissues were processed through a standard paraffin tech- 
nique. The tissues were infiltrated with tissuemat (MP 52-55" C.) and embedded 
in tissuemat (MP 56-58' C.). Sections 6 and thick were cut in a refrigerated 
room after the blocks had been cooled. 

The pituitaries were stained according to the Severinghaus technique. The 
adrenal glands and testes were stained with hematoxylin, eosin, and Azure 11. 
During the early stages of the study several other fixatives and stains were used, 
but the method outlined above gave superior results. 

The animals used in this study along with the available semen analyses and 
breeding histories are listed in Table 1. Since the animals have been collected 
from various sources, i t  has not been possible to obtain complete information on 
all of them. 
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Ri~lls  1, 2, and 3 were inbred Holsteins previously described by Cupps et  al. 
(2). Treatment of these animals with follicle sti~nulating hornlone increased the 
concentration of sperm without changing the other characteristics. Bull 3 was 
also injected intraniuscularly with 50 I.U. of ACTII (Armour's achtar gel)' 
every other day for 8 weeks. During the injection period. the abnormal forms 
decreased from 43.7 to 29.2y. After cessation of treatment, the abnormal forms 
returnecl to the pretreatment levels. These bulls were slaughtered 4 to 6 months 
after the injections ceasecl. Bulls 4 and 5 were nor~nal  bulls. Bulls 6, 9, 10, and 
11 were discarded by an artificial insemination stud because of lack of libido 
or becanse of poor quality semen. Bulls 7 and 8 had been returned from breeding 
herds for lack of libido and low fertility. Bull 12, a Hereford, had been removed 
from a breeding herd because he lacked sex drive. Bull 13, also a Hereford, 
had been used in natural service but had failed to settle any cows. A pituitary 
from animal 14, a steer, and the testis from niimber 15, all immature Holstein 
calf. were studied for cornparatire pnrposes. 

RESULTS 

The anterior lobes of the pituitaries of the normal biills may be clivided into 
two zones. The peripheral zone is composed largely of alpha cells. An occasional 
small beta cell may be seen in this zone of the gland. The central zone is deficient 
in alpha cells but is rich in beta cells. I n  mid-sagittal sections the central zone 
appears to be a core running through the lobe. Although the location and extent 
of this area is variable, it  generally lies adjacent to the cleft in the anterior 
region of the lobe and centrally in the posterior region of the lobe. It usually 
does not extend the entire length of the lobe. The cells of the anterior lobe are 
arranged in corcls and small acini which are surrounded by delicate strands of 
connective tissue. The entire lobe is very vascular, especially through the central 
zone. 

The cell types described by other authors are seen in the normal glands. Fo r  
descriptive purposes, the cell types in this article will be designated as follows: 
The alpha cell is one in which the cytoplasm is filled with bright red granules 
when fixed and stained as described above. The small beta cell is small and 
rounded, takes a dark blue stain, and contains a golgi apparatus lying close to 
the nucleus. The large beta cell is ovoid, takes a light blue stain, and contains 
a golgi apparatus peripherally in the cytoplasm. The chromophobe cell lacks 
a well-defined cell wall, and the cytoplasm takes very little stain. Cells with 
large nuclei similar to those described by Garm (4) are also present in the normal 
bull. Except for the size of the nucleus, they resemble the large beta cells and 
will be classified as such. 

According to histological evidence, the chromophilic cells of the pituitary 
appear to undergo a cycle of secretion. The alpha cells may be seen in stages 
from many granules to cells with sparse granules. During the cycle of secretion, 

' Courtesy of Armour Lnboratories. 
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the small beta cells become rounded, the nucleus and golgi apparatus increase in 
size, the cell wall becomes well-defined, and the cytoplasm takes a deep blue color. 
Coarse blue graiiules then appear i11 the cytoplasm, giving the cell a granular 
appearance. At  this stage an occasional red granule may be seen in the cytoplasm. 
These red-staining bodies may be mitochondria. Still later the nucleus begins 
to shrink and becomes pyknotic, and the blue granules become coarser. Then 
pale gray areas begin to appear in the cytoplasm. Later these areas become 
larger and begin to stain pink. Still later, the cell itself shriiilrs and takes a pink 
stain, ancl the cytoplasm beco~nes glassy in appearaiice. The large beta cells also 
undergo a cycle of secretion, and a t  certain stages it is difficult to distinguish 
between the two types of beta cells. IIon-ever, at the stage of full secretory 
activity of large beta crlls, the cytoplasm is fillet1 with rery  fine purple granules 
that give the cell a purple line in contrast to the bright blue of the small beta 
cells. During the stages of degeneration, the large beta cells form clear, pale 
gray arcss in t h ~  cytoplasm, giving the cell a foainy apprarance. The i~ucleus 
becoines pyknotic*. ,It this stage the cell iuay beconie rectaiignlar or r e ry  mis- 
shapen, the cytoplasm crowding around the other cells of the aciiius and filling 
the entire central portion of the acinns. Figure 1 shows some of the rarious types 
of cells seen in the central zone of the pituitary of the norinal bull. 

The adrenal cortex of the normal bull niay be dividecl into three zones, as 
has been described for the aiirerials from other species. It differs from some 
species in that corrls of cells from the glomerulosa seem to penetrate through the 
fasciculata and spread out to form part  of the reticularis. The fasciculata is the 
widest of the three zones in the normal animal. The reticularis seems to be com- 
posed of a blending of the types of cells seen in the two other zones. I n  addition, 
strands of the connective tissue capsule of the adrenal may be seen growing 
through the cortex into the medulla. These ingrowths of connective tissue carry 
the glomerulosa with them so that  glomerular tissue may be seen a t  the ju~iction 
of the cortex and niednlla. The zona glomerulosa of the normal bull consists of 
cords and cylinders of columiiar cells with vesicular nuclei and vacuoles in the 
cytoplasm. As they approach the fasciculata, the cells tend to become compressed 
and lose their cord arrangement. After fixing and staining as described above, 
most of the glomerular cells contain one or more round, irregular-sized granules 
that  stain bright red. Some of the cells contain large nuinbers of these granules 
making the gloniernlosa appear red when viewed under the low powers of the 
microscope. 

The fascicular cells are the largest in the adrenal cortex. They are rounded 
and contaii~ an abundance of cytoplasm and large vesicular nuclei. The cyto- 

plasm is granular and contains vacuoles that  are smaller than those of the 
glomerular cells. The red granules are sparse, the cell being limited to two or 
three a t  most, and many cells contain none. Generally the granules are sliialler 
and more regular than those seen in the glomerulosa. 

The reticularis seems to be composed of cells of the other two layers merging 
together. Large, small, and degenerating cells are all seen in  the reticularis. 
Some of the cells contain eosinophilic granules as described in  the other two 
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FIG. 1. Pitui tary from a normal bull, No. 4. Large beta cells to left an11 heIo\v cent 
and i n  the lo~r-er right-11n11d corner. Sn1:11l active beta cells 0x1 left ml(l top margin. I I ~ a l i  
small beta cell in right center. X 863.5. 

FIG. 2. Seet io~l  of the glo~llerl~losa and fnseic*ulnta of the adrrnal, norn~nl  I~u l l  No. 
X 187.5. 

FIG. 3. Reticularis, nornlal bull No. 4. ?rZedulla in  lower right corner. X 1R7..5. 

FIG. 4. Testis of normal hull No. 1. X 864.5. 
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layers. The growth pattern described above causes the boundary bet~veen the 
reticularis and fasciculata to be very irregular. Figures 2 and 3 are photo- 
micrographs of the norinal adrenal. 

The testis of the normal bull is siinilar to that describeil i11 other species. 
The tubules are large, and all phases in the derelopment and matnratio~i of the 
spermatozoa may be seen. Different stages of developnient are seen in different 
tubules, suggesting a wave-like development of spernlatogenesis in the individual 
tubule. There is a   node rate amount of interstitial tissue, and the cells are char- 
acterized by well-clefined cell walls, round vesicular niiclei, and racnolated cyto- 
plasm. The interstitial cells, sertoli cells, and sonle spermatogonia also contain 
small eosinophilic granules similar to those seen in the adrenal gland. Figure 4 
sho\rs the normal testis. 

Changes observed in the pituitary glanils of the low-fertility bulls are as 
follows : an  increased 11:-aline degeneration of the small beta cells, a hypertrophy 
and hyperplasia of the large beta cells, a decrease in amount of the basophilic 
zone in the pituitary, ancl a failure of the beta cells to differentiate in a normal 
manner. Increased hyaline degeneration of the small beta cells was associated 
with a decreased concentration of spermatozoa in the semen. In  bull 13 this 
degeneration was severe. The concentration of spermatozoa in his semen was 
1,000 per ciibic millimeter, and the seminiferous tnbules resembled those seen 
in hypophysectomized aiii~nals of other species. Figure 5 is a photomicrograph 
of the pituitary and Figure 6 is a photoinicrograph of the testis from this bull. 
I n  addition to nlnnber 13, bulls 1, 2, and 3 showed an increased degeneration of 
the small beta cells in the pituitary gland. I11 these bulls, the large beta cells 
appeared normal. 

I n  comparison with normal and low-fertility bulls, the pituitary from the 
steer showed an intrresting variation with respect to the small beta cells. Early 
stages of cells siniilar to the small beta cell were nun~erous. Elowever, they 
stained green instead of blue, and granules mere absent. An occasional degen- 
erating cell siinilar to these small beta cells was seen. These cells contained a 
pyknotic nucleus and shrunken cytoplasm, but the cytoplasin did not become 
hyaline. The histological picture of the steer pitnitary inilicates a lack of cliffer- 
entiation and secretion by the small beta cell. There was an increased number 
of the small beta cells in the pituitary of bull 10. These cells appearecl to be in 
full secretory activity (Figure 14). 

The other major change that  occurred in the pitnitary of the lolrr-fertility 
bull was a hyperplasia and hypertrophy of the large beta cells. This basophilism 
was accompanied by an increasecl degranulation of the alpha cells. Figure 7 
shows the pituitary froin a bull with this basophilism. 

The histology of the other endocrine organs associated with the pituitary 
basophilis~n indicates a con~plex sy i~d~ome ,  and the limited nuiiiber of bulls 
studied in this series niay not hare shown all the possible variations. The 
pituitary change described above is associated with tn7o difYerent conditions in 
the adrenal gland. The first type of change seen in the adrenal was hyperplasia 
of the adrenal cortex, especially of the gloinerulosa and reticularis (Figures 8 



PLATE I1 

FIG. 5. Pituitary from bull No. 13. Note the extensive hyalizination of the small beta 
cells. X 862.5. 

FIQ. 6. Testis from bull No. 13. Note the degeneration of the sen~iuiferous tubules. X 862.5 

FIG. 7. Hypertrophy and hyperplasia of large beta cells of pituitary, bull No. 7. X 862.5 

FIG. 8. Glomerulosa and fasciculata of adrenal gland. Fascieulata along the lower edge 
of the photograph. Adrenal hyperplasia, bull No. 9. X 187.5. 

FIG. 9. Fasciculata and retieularis of adrenal gland. Adrenal hyperplnsia, bull No. 9. 
X 187.5. 



and 9). This hyperplasia was accompanied by increased degeneration of cortical 
cells and a decrease in the eosinophilic granules within the cells as compared 
with those of the normal gland. The fasciculata of these adreiials was narrow as  
compared with that in the normal bull. 

Bulls 6, 7, and 9 showed the conilition described above. The seminiferous 
tubules were essentially normal in these bulls and the concentration of spermato- 
zoa was normal or low. When the concentration of sperm was loll-, the small 
beta cells sho~ved an  increased hyaline degeneration. The interstitial tissue 
appeared to be eswntially normal histologicillly with the exception that  the 
eosinophilic granules mere sparse. The two other bulls (No. 10 and 11) that  
showed the basophilism contained tnmors of the fascieiilata of the adrenal gland 
(Figures 10, 31, and 12) .  The adrenals of these two bnlls also showed a shrink- 
ing of the cells of the glomerulosa and reticularis with sparse granulation as  
compared with normal bull adrenals. The sparse granulation in these two zones 
of the adrenal was similar to that  seen in bulls 6, 7. 8, and 9. The testes from 
bulls 10 and 11 were characterized by a hyperplasia of the interstitial tissue 
(Figure 13). IIolverer, the interstitial cells were shruulien and lacked vacuoles 
as compared with those of normal bulls. 

The number of large beta cells in the pituitary of the steer increased, and 
many of them contained fine purple grannles. Many of the acini contained 
accumulations of the fine granular material. Apparently during fixation and 
staining, shrinkage of this accumulated material caused the for~nation of a clear 
area around the cells. In  some cases the material entirely surrounded the cell, 
giving the appearance of a cell within a cell. Beta cells with large nuclei were 
present and some of them contained the fine granular material described above. 
The golgi apparatus was prominent in many of the large beta cells. J lany of 
the large beta cells contained pale gray areas in the cytoplasm. 

Connective tissne was increased in the pituitary of bull 8. The beta cells 
were sparse and lacked differentiation, the interstitial cells reseinbled those seen 
in the immature bull, and the tubules had lost all the spernlatogenic tissue and 
had become hyalinized. The adrenals lacked granulation. This may be the final 
stage of the syndroine described above. 

The pituitary of bull 12 contained a r e rp  small amount of basophilic tissue. 
The histology of the other organs indicated a hypofunction of the basophilic 
tissue of the pituitary. Spermatogenesis was not complete, the interstitial tissue 
resembled that seen in the immature animal, and the aclrenals were sinall as 
compared to the normal. 

The adrcnal cortices from bulls 1, 2, ancl 3 tliffered from those of the normal 
bulls and from those that showed hypertrophy of the large beta cells of the 
pituitary. The glomerulosa and fasciculata were relatirely narrox-. The glom- 
erular cells \ryere cnboidal to low columnar and contained a moclerate number 
of granules. The cells of the fasciculata appeared normal. The inajor change 
in the adrenals of these bulls occurred in retirularis, which was thickened. Very 
few degenerating cells were present and there was an  increased number of 
eosinophilic granules. The testes from these bulls showed deficient spermatogene- 



PLATE 111 

FIG. 10. Adrenal glmld showing tumor in fasciculnta, bull xo. 10. X 15. 
FIG. 11. A(1rr1ial glomerulosn and fascieulata, bull No. 10. Fascicular tumor. X 187.5. 
FIG. 12. Fasciculata anil reticularis, hull No. 10. Fascicular tumor with leueocytes in the 

retic~~laris. X 187.5. 
FIG. 13. Tcstis s h o w i ~ ~ g  hyperplnsia of interstitial tissue, : I I I ~  normal sprrmatogc~nesis, 

bull KO. 10. X 862.5. 
FIG. 11. Pituitary, bull No. 10. E;t~opl~ilism wit11 adrenal tu~nor. IIyprrplasin of small 

basophils wl~ich are normal. X 863.5. 
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sis. Some of the tubules had degenerated and many contained no developing 
spermatozoa, nor were there any spermatozoa in the lumen. The interstitial 
tissue appeared normal although the cells were less vacuolated than those seen 
in the normal bull. 

DISCUSSION 

According to the histological changes in the endocrine organs studied, im- 
paired fertility of these bulls may be divided into three broad groups. This 
grouping is somewhat arbitrary because certain inilividnals in the study showed 
some characteristics of more than one group. 

The first group is characterized by bull 12. The primary reason for low 
fertility in this animal appeared to be a deficiency in the amount of basophilic 
tissue in the pituitary. Lack of differentiation of the beta cells, incomplete 
spermatogenesis, imniature appearance of the interstitial tissue, lack of mascu- 
linity. and the animal's behavior also indicated a hypoactivity of the pituitary. 

The syndrome shown by the second group of bulls (No. 1, 2, 3, and 13) is 
complex, with changes occurring in the pituitary, adrenal. and testes. The in- 
creased Iiyaline degeneration of the small beta cells, with the decreased rate of 
spermatogenesis, indicates that the small beta cells are associated with the growth 
and differentiation of the spermatogenic tissue. The semen contained Inany ab- 
normal spermatozoa. Some were tailless, others showed other characteristic abnor- 
malities, such as bent tails, coiled tails, abnormally large or small heads, and 
tails that appeared to bc folded on the head in the form of a figure eight. The 
normal interstitial tissue, the normal libido, and the normal amount of fructose 
in the semen indicated that testosterone \%?as being secreted in normal amounts. 
That the changes in the adrenal occurring in this syndrome are related to the 
production of poor-quality semen is indicated by the decrease in abnormal forms 
when treated with ACTH. The data collected at  the present time indicate that 
changes in the secretion of more than one hormone are involved. 

The third syndrome also is complex, involving the pituitary, adreaals, and 
testes. Rulls 6, 7, 8, 9, 10, and 11 showed features of this syndro~ne in its broad 
outlines. The features common to all these bulls mere an increase in large beta 
cells of the pituitary and low motility of the sperm. On the basis of the adrenal 
histology, these bulls may be divided into two groups. Bulls 10 and 11 contained 
tulnors of the fasciculata, and bulls 6, 7, 8, and 9 shamed hyperplasia of the 
cortex. 

Bull 10 produced semen that varied from normal to high in sperm concen- 
tration; his libido was normal. Bull 11 produced semen with a low sperm con- 
centration; libido was poor and fertility was low. The 60-90 day nonreturn 
rate of the normal bull to 493 first services was 71.8%, and the 30-60 day non- 
return rate was 78.6%. The nonreturn rate on 129 first services for bull 11 was 
49.63 for 60-90 days and 62.8% for 30-60 days. The quality of the semen a t  
the time of slaughter \\.as not as good as when the bull had been used in the stud. 
The decrease in nonreturn rates from 30-60 to 60-90 days in the normal bull and 
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bull 11 was 6.8 and 13.270, respectively. The large percentage difference in the 
nonreturn rates from 30-60 to 60-90 days for bull 11 indicates that the vitality 
of his sperm was lowered to the point that, although they were capable of ferti- 
lization, the resulting embryos had a high mortality. Antibiotics were used in 
the egg yolk-citrate extender with which the semen usecl for breeding was diluted. 
Further work mill be needed to test the possibility that the high embryonic 
mortality is the result of fertilization of ova by sperm of low vitality. 

Semen from bnlls 6, 7, and 9 also was low in motility. Bull 6 produced 
semen with a normal sperm concentration, 1,295,000 sperm per cubic millimeter. 
In  bull 9 the concentration was low. Data on concentration for bulls 7 and 8 
were not obtained. On the basis of the histological appearance of the testis, 
spermatogenesis was normal in bull 7 and had ceased in bull 8. The fructose 
content of the semen from bull 6 was low compared with that of the normal bulls 
4 and 5. Conception rate for bull 6 was 48% 60-90 day nonreturn to 123 first 
services and 56.1% for 30-60 day noureturn. The percentage drop in the 30-60 
to 60-90 day nonretnrn was 8.1%, intermediate between the normal and the other 
abnormal bull. 

Changes in the large beta cells of the pituitary in this group consisted of 
hypertrophy and hyperplasia. In  many respects the large beta cells resembled 
those seen in the steer but differed in that granules in the cells were not as 
abundant. Except for bulls 10 and 11, which contained tumors in the fasciculata, 
the adrenal changes resembled those described by Garm ( 4 )  in cows with nympho- 
mania. Changes in the pituitaries of all these bulls resembled those described 
by Garm. According to him, the urinary secretion of 17-lretosteroids in cows 
with adrenal hyperplasia and basophilism similar to that seen in these bulls was 
low. The low fructose found in bull 6 and the lolv libido in bulls 6, 7, 8, 9, and 
11 indicate that secretion of testosterone may be low. However, further work 
must be done to determine the excretion rate for ketosteroid substances. 

On the basis of histological studies, it is not possible to determine which 
organ is primarily at  fault. All the changes seen in the endocrine organs may 
be secondary to a more fundamental change in the metabolism of the animals. 
If  the changes in the endocrine organs are secondary, treatment with hormone 
preparations probably will not be effective since they will correct only the sec- 
ondary effects resulting from the malfunction of the organ secreting the hormone. 
Garm ( 4 )  has suggested that the primary change in cows with similar histological 
changes in the adrenals and pituitary is an over-secretion of the salt-retaining 
hormone or hormones from the adrenal. If this theory is correct, therapy to cor- 
rect the condition will be very difficult. Since the ovary, testis, and adrenal 
may all secrete ketosteroids, chemical cletermination of total ketosteroids may 
not be a very accurate estimate of the primary changes occurring in such animals. 

The lowered content of the eosinophilic granules, colnbined with other cell 
changes, indicates changes in the metabolism of the adrenals in this group of 
bulls. Since Weber et  al. (13) have shown these granules in the adrenal to be 
phospholipid, it is possible that the metabolism or transport of fat and sterols 
is abnormal. 
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Mann and Parsons (7) injected 200 I.U. PMS daily into hypophysectomized 
male rabbits. After this treatment the fructose content of the seminal vesicle 
was low and the citric acid was high. This phase of the problem is being inves- 
tigated to determine if the relation existing between the seminal fructose and 
citric acid in the semen of bulls with the third syndrome herein reported is 
similar to that found in rabbits by Mann and Parsons. 

SUMMARY 

On the basis of histological changes in the pituitary, adrenal, and testis, 
three syndromes related to impaired fertility in the bull have been described. 
The first syndrome was found in one bull (No. 12) ancl appeared to be a defi- 
ciency of the basophilic tissue in the anterior lobe of the pituitary. 

The second type of syndrome was found in four bulls (No. 1. 2, 3, and 13). 
In these anin~als the large beta cells of the pituitary were normal, but many of 
the small beta cells showed hyaline degeneration. The glomerular and fascicular 
zones of the adrenal cortex were narrow but the reticularis showed hyperplasia. 
The testis sho\vecl faulty spermatogenesis with degeneration of some tubules 
and norlnal interstitial tissue. The concentration of spermatozoa in the semen 
was reduced, most of the sperm were dead, and many abnormal sperm were 
present. The libido and seminal fructose were normal. 

Six bnlls (NO. 6, 7, 8, 9, 10, and 11) were grouped into a third synclrome 
because changes in the large beta cells and the alpha cells of the pituitary were 
similar. The large beta cells were increased in number and size; the alpha cells 
were sparse and many were lacking in granules. The small beta cells increased 
in number and appeared to be functional in bull 10. In  bulls 6 and 7 the small 
beta cells appeared normal. In bulls 9 and 11 the small beta cells showed degen- 
erative changes. In  bull 8 these cells were not differentiated. Rnlls 10 and 11 
contained small tumors in the fascicnlata of the adrenal. Bulls 6, 7, 8, and 9 
showed hyperplasia of the adrenal cortex accompanied by degenerative changes 
in the individual cells. Libido was normal in bull 10 but low in bulls 6, 7, 8, 9, 
ancl 11. Seminal fructose was low in bull 6 of this gronp but was not measured 
in thc other bnlls. Motility of the spermatozoa was low, and fertility as measured 
by available data was impaired. The histology of the testis indicated that sper- 
n~atopel~esis had ceased in bull 8. Further study may reveal that the sy~ldrome 
described for the third group of bnlls is really more than one syndrome. 

The pitnitary, adrenal, and testis from two normal bulls (No. 4 and 5), the 
pituitary fro111 a steer, ancl the testis from an immature calf were studied for 
standards of comparison with the low-fertility bulls. 
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THE EAR'AND LEAF-STALK CONTENTS OF CORN FORAGE AS 
FACTORS IN SILAGE EVALUATION 

W. B. NEVENS, K. E. HARSHBARGER, R. W. TOUCHBERRY, awn G .  R. DUNGAN 

DepartlnentS o f  Agronoitty and Dairy Science 
Illinois Agricultziral Experi~nent Station, Urbana 

Estimates indicate an annual production of corn silage in the United States 
of about 40 million tons (1). A need for a method of evaluating corn silage on a 
dollar basis frequently arises in tenant-landlord accountings, in computing 
costs of producing meat and milk, in farm management cost-accounting studies, 
and in placing economic interpretations upon the results of feeding experiments. 
Since corn silage is not an article of commerce, the dollar value of a ton of silage 
has in the past usually been calculated from (a) the value of the meat or milk 
produced from the feeding of silage; (b) the cost of production of the forage 
plus the cost of ensiling; (c) the market or farm value of hay, assigning to 
silage a fractional value of that of hay, such as one-third to two-fifths; or 
(d) formulas which specify a certain number of bushels of ears per ton and 
the hay-equivalent value of the leaf-stalk portion of the silage. 

Since the feeding value of corn silage is influenced not only by its content 
of dry matter but also by the proportions of the dry matter which are formed 
by ( a )  ears and (b) the leaf-stalk portion, a method is needed for estimating 
the amounts of these two portions in a ton of corn forage or corn silage. This 
paper presents experimental data on the percentage dry matter content, together 
with the amounts of the ear and leaf-stalk fractions of corn forage from early- 
silage to advanced-silage stages of development. From these data a method has 
been derived for estimating the dollar value of corn forage or corn silage. 

REVIEW 

In a study of varieties of corn grown for silage, Burrill and IPcCluer (2) 
separated the forage into three portions, namely, ears, stalks, and leaves and 
husks, and made chemical analyses of each portion. Their investigation was 
one of the first in which evidence was presented to show the \vide differences 
which exist among various fields of corn in the ear content of the forage at the 
silage-harvest stage. Numerous other investigations hare confirmecl these early 
findings. Whisenand (7) reported that the grain content of silage during a 
5-year study ranged from 3.7 to 7.3 bu. per ton. His method of estimating the 
value of silage was to compute the lnarliet price of grain and storer, to determine 
the costs of harvesting and storage, and to increase the total of these costs by 
one-fifth to allow for an estimated one-sixth loss in weight caused by fermenta- 
tion and drying. Pearson and Gaines (6) proposed two methods for evaluating 

Rceeired for publication March 11, 1954. 

'An ahstmet of this paper was presented at the Forty-Eigl~tl~ Al~nual Xecting of t l ~ c  
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corn silage. Their cost-accounting method was derived from records kept on 68 
farms where silos were filled. The acre yield of the forage was 5.71 tons con- 
taining 28 bn. of grain, or 4.6 bu. per ton. Their second method, termed a 
nutritional method, was based upon an estimated digestible nutrient content 
of the grain and nongrain portions of the silage. The grain content was deter- 
mined by harvesting the mature grain from a few representative rows of corn 
which were left standing until ripe. 

Nevens (3) suggested a method of calculating the value of corn silage which 
is similar to the nutritional method of Pearson and Gaines but differs in that 
it is based upon determinations of the ear and leaf-stalk portions of corn forage 
at the silage stage as found at the Illinois Station (4, 5) during the years 1940 
to 1946, inclusive. 

ESPERIMEXTAL 

Five corn hybrids (Illinois Hybrids 206, 784, 9728-1, 2119W, and U. S. 
Hybrid 13), which had been shown by previous tests to be high yielding for 
grain and also suitable for silage production, were grown during 1947 to 1951, 
inclusive, in eight replicated blocks. Each block was 0.4 acre in size and con- 
tained four rows of each of the five hybrids. The corn was grown in 40-in. rows 
with plants spaced 12 to 14 in. apart in the row. There was practically no 
lodging and but little insect injury. 

Acre yields of forage and proportions of the forage formed by ears and by 
the leaf-stalk portion were determined from samples of the standing forage. 
The first samples were taken when the kernels on the ears were in the early 
milk to milk stage of development. Subsequent samples were taken a t  approxi- 
mately weekly intervals up to the time of complete harvest of the crop for silage. 
In sampling, every 35th plant from the four rows of each hybrid within a block 
was harvested by hand and brought together to form a sample containing from 
20 to 30 plants. The samples were taken to the laboratory, where they were a t  
once weighed and separated into ear and leaf-stalk portions. The ears were 
air-dried on racks for a period of several weeks and finally dried to complete 
dryness in an oven at 92' to 100" C. The remainder of the harvested plant was 
immediately chopped in a power cutter and subsampled. During the first two 
seasons, subsamples were reduced in moisture content in a forced-air drying 
chamber kept a t  a moderate temperature and finally dried to complete dryness 
at  92' to 100" C. In  the last three seasons, the subsamples were brought to a dry 
basis by use of 01114. one oven which was kept at  a temperature of 92" to 100" C. 

RESULTS 

A summary of the sampling data is shown in Table 1. The values shown for 
each sampling date are means of eight samples of each of five hybrids, repre- 
senting a total of 40 observations. 

The yields of fresh forage differed considerably from year to year, since they 
were affected by season, fertility levels, and other environmental factors. The 



T
A
B
L
E
 1
 

Y
ie

ld
s 

of
 

co
rn

 f
or

ag
e 

gr
ow

n 
fo

r 
si

la
ge

 w
it

h 
am

ou
nt

s 
of

 
ea

rs
 a

nd
 l

ea
f-

st
al

k:
 p

or
ti

on
 p

er
 t

on
 o

f 
fo

ra
ge

 E
ar

s 
F

or
ag

e 
L

ea
ve

s 
an

d 
st

al
ks

 
in

 1
 to

n 
of

 
P

a
rt

 o
f 

In
 1
 to

n 
of

 
F

re
sh

 
D

ry
 m

at
te

r 
D

ry
 

fr
es

h 
fo

ra
ge

a 
fo

ra
ge

 
fr

es
h 

fo
ra

ge
' 

m
at

te
r 

m
at

te
r 

fo
rm

ed
 

Y
ie

ld
 

yi
el

d 
A

ve
ra

ge
 

S
ta

nd
ar

d 
yi

el
d 

A
ve

ra
ge

 
S

ta
nd

ar
d 

by
 

pe
r 

A
ve

ra
ge

 
S

ta
nd

ar
d 

D
at

e 
of

 s
am

pl
in

g 
pe

r 
A

. 
co

nt
en

t 
de

vi
at

io
n 

pe
r 

A
. 

co
nt

en
t 

de
vi

at
io

n 
ea

rs
' 

ac
re

' 
co

nt
en

t 
de

vi
at

io
n 

A
ug

us
t 2
8,
19
47
 

S
ep

te
m

be
r 4
,1
94
7 

S
ep

te
m

be
r 1
5,
19
47
 

S
ep

te
m

be
r 2
2,
19
47
 

A
ug

us
t 
16
,1
94
8 

A
ug

us
t 2
4,
19
48
 

A
ug

us
t 3
1,
19
48
 

S
ep

te
m

be
r 7
,1
94
8 

A
ug

us
t 1
6,
19
49
 

A
ug

us
t 2
3,
19
49
 

A
ug

us
t 3
0,
19
49
 

A
ug

us
t 2
2,
19
50
 

A
ug

us
t 2
9,
19
50
 

S
ep

te
m

be
r 5
,1
95
0 

S
ep

te
m

be
r 
12
,1
95
0 

A
ug

us
t 
21
,1
95
1 

A
ug

us
t 
28
,1
95
1 

S
ep

te
m

be
r 4
,1
95
1 

(t
on

s)
 

1.
81
 

2.
01
 

2.
70
 

2.
91
 

3.
29
 

4.
17
 

4.
79
 

5.
36
 

3.
70
 

4.
02
 

4.
67
 

2.
58
 

2.
89
 

3.
15
 

3.
60
 

2.
95
 

3.
25
 

3.
86
 

' D
ry

 m
at

te
r 

ba
si

s.
 



EVALUATION OF CORN SILAGE 1091 

dry-matter content of the forage rose markedly from one sampling date to the 
next, with a single exception which occurred in 1951. The dry-matter yields also 
increased at a marked rate. The increase in dry-matter yields during the com- 
paratively short sampling intervals of 14 to 25 days ranged from 26 to 63%. 

The most striking feature of the data is the marked increase in the ear por- 
tion of the forage expressed as a percentage of the total dry matter in fresh 
forage. At the first sampling date in 1947, for example, 11.4% of the dry-matter 
yield of the crop consisted of ears, whereas at  the final sampling date, 25 days 
later, the dry matter of the ears comprised 48.4% of the total. During this 
period, the yield of dry matter in ears per acre rose from 416 lb. to 2,817 lb. 
At the first sampling in 1948, the quantity of ears (dry-matter basis) in a ton 
of fresh forage was only 78 lb. but at  the last sampling, 22 days later, the 
quantity of ears had risen to 346 lb. 

The leaf-stalk dry matter content of the forage remained within fairly nar- 
row limits (262 to 323 lb. per ton of fresh forage) despite the changes in the 
percentage dry-matter content. 

DISCUSSION 

It is obvious from the data in Table 1 that the weight of the fresh matter 
alone is not a good index of the value of corn forage grown for silage. Harvesting 
corn forage at  too early a stage means a great sacrifice in the potential yield. 
In 1948 the dry-matter yield of the crop increased to the extent of 2.07 tons per 
acre during a 22-day period. Harvesting at  a far-advanced stage, however, does 
not solve the problem of satisfactory silage-making because corn forage ensiled 
at  a stage when the dry-matter content is high is likely to mold. Much care is 
needed to ensile the crop at  an optimum stage, which in experiments at  this 
station has been found to be when the forage contains from 25 to 30% dry matter. 

The within-year within-hybrid correlation between the pounds of ear dry 
matter per ton of forage and the percentage dry matter of the forage was 0.964. 
This correlation is based on 694 degrees of freedom and is significant at  less 
than the 1% level of probability. This correlation indicates that the pounds of 
ear dry matter per ton of forage can be predicted with high precision from the 
percentage of dry matter of the forage. At this station numerous routine deter- 
minations of the dry-matter content of corn forage a t  the time of ensiling and of 
the resulting silage used in feeding trials have shown that there is little change 
in the dry-matter content of the corn forage from the time of ensiling to the 
time of removing the silage from the silo; consequently the above correlation 
indicates that one should be able to evaluate a ton of silage in terms of ear dry 
matter and leaf-stalk dry matter. The ear dry matter can be converted to an 
ear corn equivalent and the leaf-stalk dry matter to a hay equivalent. If water 
is added at the time of ensiling or if seepage occurs the dry matter content of the 
silage would automatically differ from that of the harvested forage. 

The within-hybrid within-year regression of the pounds of ear dry matter 
per ton of forage on the percentage dry matter of the forage is shown in Figure 1. 
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FIG. 1. The regression of the ear dry matter (Y)* on the percentage dry matter of the 

forage (X). The solid line is  the regression equation Y = -285.0 + 19.GX. The broken lines 

1 x? 
are the 0.01 fiducial limits. (Y k 2.58uY) ; oY = 21.66 

The 1% fiducial limits are plotted 011 each side of the regression line and the 
vertical distances between these lines indicate the precision of the estimates. 

Suppose a dairy farmer is interested in selling part of his silage and by 
drying several sa~iiples he finds that his silage has an average clry matter content 
of 25%. A ton of silage containing 25% dry matter \voulcl contail1 500 lb. of 
dry matter. By use of the regression equation of Figure 1, (Y  = -285.0 + 19.6X), 
i t  is found that a ton of silage containing 25% dry matter contains 205 Ib. 
[+ = -285.0 + 19.6 (25)] of kar dry matter. If i t  is assumed that a bushel of 
ear corn containing 15% moisture weighs 70 Ib., then the 205 Ib. of ear dry 
matter is equivalent to [205 (0.0168) 1 = 3.44 bu. of corn. The 295 Ib. of leaf- 
stalk dry matter is equivalent to [295 (1.176,i)I = 347 Ib. of stalks and leaves 
011 a 15% ~noisture basis. Assunling that the stalks and leaves have a feeding 
value 90% as great as that of lionlegume hay, then the 347 lb. of stalks and 
leaves would be equivalent to 312 Ib. of nonlegume hay. If prices of $1.50 per 
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bushel and $24 per ton are assumed for ear corn and nonlegume hay, respec- 
tively, the value of a ton of the farmer's silage is: 

3.44 bu. ear corn @ $1.50 = $5.16 
312 lb. hay @ $012 = $3.74 
Value of ton of silage = $8.90 

The composition of a ton of forage is shown in Table 2 in terms of bushels 
of ears at a 15% moisture basis and pounds of stalks and leaves at  a 15% 
moisture basis for forage containing froin 15 to 32% dry matter. 

TABLE 2 
E a r  and leaf-stalk content in  one ton of corn silage a t  rariozcs stages of development 

Dry matter Leaves and  Dry matter  Leaves and  
of forage Ears'  stalksb of forage Ears'  stalksb 

("lo) (bz~.) (la.) (clo) (bu.) (zb.~ 
15 0.2 342 24 3.1 347 
16 0.5 343 25 3.4 347 
17 0.8 343 26 3.8 348 
18 1.1 344 27 4.1 348 
19 1.5 344 28 4.4 348 
20 1.8 345 29 4.8 349 
21  2.1 345 30 5.1 349 
22 2.5 346 3 1 5.4 350 
23 2.8 346 32 5.7 350 

15% moisture basis; 70 Ib. of ears per bushel. 
15% moisture basis. 

SUMM.\RY AND COKCIAUS~OKS 

Determinations of the dry-matter content and yields of the ear and leaf-stalk 
portions of corn forage at  stages ranging from early-silage to advanced-silage 
condition were carried out during fire successire seasons. High correlations 
were found between the percentage dry-matter content of the forage and the ear 
content of the forage. The data make it possible to estimate with a high degree 
of precision the ear content of corn forage or corn silage having a known dry- 
matter content. A procedure is presented for making this estimate and convert- 
ing it into terms of farm commodities, namely, bushels of ears and pounds of 
hay equivalent, to which market prices ma?- be applied. 
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INTERFERENCE BY GLYCEROL W I T H  DIFFERENTIAL STAINING 
O F  BULL SPERMATOZOA AS USED W I T H  SEMEN 

THAWED FROM T H E  FROZEN STATE 

J.  P. MIXNER AND JACK SAROFF 

S e t c  Jersey Agricztltttral Experiment Stution, S~isst,x 

The differential staining of live and dead spermatozoa has been proposed as 
a quality test for semen to be used in artificial insemination of dairy cattle (2, 3, 
4, 10, 12). Various factors, such as pH, osmotic concentration, stain concentra- 
tion, ionizable salts, time allowed for staining and drying, and choice of buffer, 
have been found to affect the staining results (1, 5). The staining procedure has 
been used with undiluted semen, with semen diluted with egg yolk-phosphate or 
citrate buffer mixtures, with boiled skimmilk, and with boiled homogenized milk. 

More recently, glycerol has been found to be a necessary component of diluters 
used for low temperature storage of bull semen (8, 9, 11). I n  the present studies 
of factors affecting the viability of frozen spermatozoa, both the per cent of 
motile spermatozoa and the per cent of live spermatozoa, as determined by 
differential staining, have been used as criteria. Discrepancies appeared in the 
comparative results obtained from these criteria, with glycerol diluters, and 
they are the subject of this report. 

EXPERIMENTAL PROCEDURE 

The differential stain used in these experiments was modified by Swanson and 
Bearden (13) fro111 that proposed by Mayer e t  al. (5). It consisted of 0.8 g. 
eosin P, either 1.5 or 2.0 g. of fast green FCF,  3.0 g. of sodium citrate dihydrate, 
and 100 ml. of distilled water. 

Three basic selnen diluters used in these studies had the following composi- 
tions: (a) 207r of egg yolk plus 80% of a 376 aqclueous solution of sodium 
citrate dihydrate ; (6) boiled skimmilk ; and ( c )  boiled homogenized milk. The 
boiled milks were heated to 92-95" C. for 10 minutes in a double boiler. 

Eight semen sa~nples from five dairy bulls were used in these experiments. 
Immediately after collection, the semen was diluted 1 : 10 with the basic semen 
diluters a t  30' C.. and the diluted semen was allowed to cool slowly to 5O C. 
over a period of approximately 4 hours. At  this time the semen was diluted to 
a final rate of 1:20 by a five-step addition, during 48 minutes, of the basic 
diluter containing twice the volume of glycerol desired in the final diluter. 
One-ml. samples were then transferred to precooled 2-ml. molded Pyrex glass 
ampoules2 which were sealed with an oxygen-gas fishtail b ~ r n e r . ~  These ampoules 
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have a constriction diameter which will readily admit a breeding tube. Equili- 
bration of the semen with glycerol continued for an 18-hour period at 5' C. 
Freezing of the diluted semen was accomplished by the procedure outlined by 
Polge and Lovelock (8). The drop in temperature orer the first 15 minutes 
approximated 2" C. per minute, after which the rate of drop in temperature 
averaged 0.7" C. per minute to -70" C. Total freezing time approximated 75 
minutes. 

The frozen semen samples were transferred to an alc.ohol bath in a chest 
cooled with dry ice to approximately -75" C. Examination of the semen was 
made after 24 to 36 hours of storage at -7.5' C. The frozen samples were thawed 
in tap water having a temperature of approximately 18" C. 

The per cent of motile spermatozoa \\.as estimated on the thawed semen, and 
the per cent of live spermatozoa was determined by differential staining, for 
which purpose approximately 300 spermatozoa were examined under the oil 
immersion objective of the microscope. 

Two factorial design experiments were carried out in which the two measures 
of semen quality were compared as to their relative abilities to indicate spermato- 
zoan viability. Each of these experiments included four semen samples and 
three basic semen diluters, each with four levels of glycerol. In  the first experi- 
ment the final semen diluters contained 2.5, 3.75, 5.0, and 6.257" of glycerol by 
volume, respectively, and in Experiment 2 the glycerol levels were 5.0, 7.5, 10.0, 
and 12.5% by volume, respectively. 

RESULTS A N D  DISCTJSSION 

Forty-six semen samples from dairy bulls were used to evaluate the normal 
expected relationship between per cent of motile spermatozoa and per cent of 
live spermatozoa as determined by differential staining. In  this series the mean 
per cent motile spermatozoa was 60.6 and the mean per cent live spermatozoa 
was 69.2. The coefficient of correlation between the two measures was 0.59, 
which figure is highly significant statistically ( P  < 0.01). A regression equation 
to predict the per cent live spermatozoa, when the per cent of motile spermatozoa 
is known, is as follows : 

Per cent live spermatozoa = 23.94 + 0.75 (per cent motile spermatozoa) 
The evaluation of the three basic diluters containing various amounts of 

glycerol as measured by per cent of motile spermatozoa and by per cent of live 
spermatozoa is presented in Table 1. The columns of mean values a t  the right 
hand side of the table are of special interest and are graphed in Figure 1, 
together with predicted per cent of live spermatozoa based on the regression 
equation given above. I t  will be noted that these two measures of spermatozoan 
viability vary in a differential manner in relation to the glycerol content of the 
diluters. The per cent of live spermatozoa drops precipitously in relation to 
both the per cent of motile spermatozoa and the predicted per cent of live sper- 
matozoa as the glycerol level exceeds 4%). This is true rather uniformly with 
all three diluters used. 
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TABLE 1 
Effect of various diluters and glycerol levels on the percentage of motile sperm and percentage 

of  live sperm after freezing to -75" C .  (av. of 4 ejaculates) 

Diluter 

Egg yolk-citrate Skimmilk Whole milk 

Experi- Motile Live Motile Live Motile Live 
ment Glycerol sperm sperm sperm sperm sperm sperm 

(%) ( % I  ( % I  (%) (%I  f%) (%) 
1 2.50 20.8 38.0 10.2 38.5 12.5 31.0 

3.75 40.5 50.5 18.2 46.5 27.5 42.5 
5.00 46.5 49.2 36.8 52.0 43.0 46.5 
6.25 41.2 45.8 40.2 43.8 42.0 43.0 

Mean 

Motile Live Predicted 
sperm sperm live sperm 

Mean 37.3 45.9 36.4 45.2 31.3 40.5 31.6 43.9 47.6 

- - 

Mean 45.1 40.1 44.7 41.9 46.9 39.0 45.6 40.3 58.1 

The data of the two experiments n-ere subjected individually to an analysis 
of variance, and highly significant interactions were found in both instances 
between glycerol levels and the measures of semen viability used. I t  is evident 
from these con~parisons that glycerol, in amounts above 4% in a diluter, inter- 
feres with the normal differential staining of spermatozoa, presumably by influ- 
encing the permeability of cell membranes of living and motile spermatozoa and 
allowing penetration of the stain into these cells. The analysis of Experiment 2 
indicated that the diluters containing 7.5% glycerol gave a significantly greater 
per cent of motile spermatozoa post-freezing than did diluters containing 5, 10, 
or 12.5% of glycerol, agreeing well with Miller and VanDemark (6, 7) in this 
regard. 

SUMMARY 

The relative usefulness of two measures of spermatozoan viability (per cent 
of motile spermatozoa and per cent of live spermatozoa as determined by differ- 
ential staining) was studied on frozen semen, using three semen diluters con- 
taining varying levels of glycerol. One semen diluter was composed of 20% of 
egg yolk and 80% of a 3% aqueous solution of sodium citrate dihydrate, the 
other two being boiled skimmilk and boiled homogenized milk. Glycerol levels, 
as used with the three diluters, varied from 2.5 to 12.5%. Results indicated that 
as the levels of glycerol in the diluters exceeded 470, the per cent of live sper- 
matozoa decreased in a very disproportionate manner to the per cent of motile 
spermatozoa and predicted per cent of live spermatozoa, becoming extreme a t  
the high levels of glycerol. A plausible explanation of these observations is that 
the higher levels of glycerol increased the permeability of the living and motile 
sperm cells to the stain, allowing some of them to be counted as dead cells in  
the differential staining procedure. The per cent of motile spermatozoa is 
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.......- MOTILE SPERM, % 

L I V E  SPERM%,ACTUAL 

FIG. 1. The differential effect of diluter glycerol levels on the percentage of motile sper- 
matozoa and the percentage of live sp~rm:~tozoa a s  clrterminctl by differentin1 staining a f te r  
freezing to -75' C. (av. of 4 ejaculates). 

judged to be the better measurement of spermatozoan viability in studies involv- 
ing the use of glycerol as a constituent o f  semen diluters. 
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LACTOSE CR.YSTALLIZATION IN ICE CREAM. I. 
CONTROL OF CRYSTAL SIZE BY SEEDING 

T .  A. SICKERSON 

Departnbent of Dairy Industry 
Universif!~ of California, Davis 

I t  has been known for many years that when a supersaturated lactose solu- 
tion is stored, relatively few crystal nuclei form initially. The supersaturated 
portion of the lactose precipitates on these centers, thereby producing large 
crystals. Lactose exists as a supersaturated solution in all ice cream, as Sommer 
(9) has pointed out, and, during storage, growth of crystals may cause sandiness, 
a texture defect. At present, however, no theory has been advanced which ex- 
plains adequately why sandiness develops in some ice creams, but. not in others. 

I t  has long been a general practice to seed sweetened condensed milk as a 
means of controlling lactose crystal size. The seeding causes formation of abun- 
dant crystal centers on which the lactose present in a supersaturated condition 
is deposited, thus removing the danger of large crystal formation. Whitaker (11) 
mentioned a trial in which he induced copious crystallization by seeding ice 
cream with pulverized alpha lactose, but no data were given nor was any men- 
tion made about the development or prevention of sandiness in the sample. It 
was the purpose of this study to investigate the feasibility of seeding as a general 
means of preventing sandiness in ice cream. Since this work was completed, a 
patent has been granted (2) on this type of procedure. 

EXPERIMENTAL PROCEDURE 

The composition of the mixes used in this study varied from 11.5 to 18.3% 
milk solids-not-fat, and 39.8 to 42% total solids. Fresh cream was used as the 
source of fat  and either nonfat dry milk solids or condensed skimmilk was used 
as the milk solids-not-fat concentrate. The mixes were pasturized a t  160" F. for 
30 minutes, homogenized at  2500 p.s.i., cooled and stored at  40' F. over night. 
They were frozen either in a 6-qt. counter freezer or a 60-gal. per hour Vogt 
continuous freezer. The samples were hardened quickly in a forced air harden- 
ing room at -10" F. or below. 

Storage tests were conducted at  12" F., 2" F., and -10" F. After various 
intervals samples were removed from storage, judged for sandiness, and exam- 
ined under the microscope, using glycerol as a diluent in which to disperse the 
sample. The microscope was equipped with a Bausch and Lomb micro light 
polarizer to facilitate detection and measurement of the lactose crystals. 

RESULTS 

At the start of this work, various types of seed lactose were added to the 
partially frozen ice cream in the freezer, or to the mix just prior to freezing, to 
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supply nuclei for the developnlent of lactose crystals. The size of the lactose 
crj-stals proclucecl in ice cream was found to be directly related to the crystal 
size of the seeding materials. The data presented in Table 1 show the results of 

TABLE 1 
The effect of size and  quantity of seed lactose tipon tke derelopinent 

of sandiness d~cring storage a t  leg F. 

Seed lactose 
Sample Sernm solids Occurrence of 

Ro. Typea Quantity in  n ~ i x  sandiness 

fs/sal) 
none 
none 

2 
3 
4 
4 
7 

13 
20 

0.7 
3 
5 
3 
4 
7 

Within 2 wk. 
SI. within 1 wk. 
Sl. \vithin 1 wk. 
81. withill 1 mk. 
SI. within 9 mo. 
Sl. witliin 1 wvk. 
Within 6 wk. 
SI. within 6 wk. 
S1. within 6 wk. 
S o n e  af ter  10 mo. 
S o n e  af ter  10 mo. 
None af ter  10 mo. 
Nolie af ter  10 mo. 
None af ter  I) mo. 
S o n e  af ter  10 mo. 

" A-pulverized alpha lactose powders containing crystals a s  large a s  70-loop, few a s  small 
a s  lop. 

B-pulverized alpha lactose powder with many 10-14s, majority 36-50p, some l 00p  or 
more. 

C-anhydrous alpha lactose rapidly rehydrated with majority of crystals 7-148, 1,ut many 
as large a s  9%. 

D-anhydrous alpha lactose rapidly rehyrlrated and crushed with ma.jority of crystals 
3-7p, a few 17-28p, and ocra~ionally one a s  large as 4 8 ~ .  

varying the type and tluantity of seed lactose in inixes .with 12 to 18% serum 
solicls. Initiallj-, a pulrerizetl alpha lartose porvtler was 11set1, 1v11ic.h vol~tained 
crystals of wide size distribution; crystals as large as 70-100~ mere common, 
with a few being as small as lop. This powtler was effertive in r a ~ ~ s i l i g  ropious 
crystallization, but during storage a t  12" I?. the ice creanl became sandy. 

RIicroscopic examinations of the ice cream sho\\.ecl great niasses of crystals. 
The data in Tablta 1, however, sho~v that seetl lnaterials of the A, TZ, alltl (: types 
were not supplying sufficient nuclei to prevent the growth of the lactose cr-stals 
to a perceptible size. Therefore, a poxvcler, Type D, was prepared in which the 
majority of the crystals mere 3-7p in diameter, although it was not uncominon to 
6ncl crystals 1 7 - 2 8 ~  and an occasional one as large as 48p. This seed lactose was 
prepared by the method developetl by Sharp (8). Alpha lactose hydrate was 
heated under redured presslire until the water of crystallization was removed. 
The water was then replaced rapidly by exposing the anhydrons lactose to steam. 
The original crystals were fractured and great numbers of crystal centers were 
formed as a result of the rapid absorption of moisture. 

As the lactose concentration in the mix was increased. the necessity of having 
sufficient nuclei became more apparent. Since a greater quantity of lactose was 
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being crystallized, morc centers were necessary to insure that only minute 
crystals developed. The data in Table 1 indirate that  the number of crystal 
centers in the ice cream was dependent upon the quantity and type of seed lactose 
used. I n  general, if the lactose powder contained crystals of the size used in these 
experiments, 2 to 4 g. per gallon of ice crcam mix was sufficient to provide ade- 
quate crystal centers. No improvement was noted by using greater quantities 
of seed material. 

I n  the early experiments it was thought advisable not to seed the mix until 
i t  was saturated with respect to lactose. I n  a mix containing 12% serum solids 
(6.5% lactose) and 39% total solids there are 10.6 parts of lactose to  100 parts 
of water. Since lactose solubility a t  32' F. is 11.9 parts in 100 parts of water, 
the mix becomes saturated when 11% of the water is frozen. The data of Cole 
(1) indicate this would be a t  approximately 27' F. 

Further experimentation showed that the crystal lluclei were not lost quickly 
when added to a solution that was not saturated with lactose. The crysals re- 
mained undissolved for long periods. The data in Table 2 show the results of 

TSRLE 2 
The effect of elapsed time after seeding' and before freezing 

upon lactose crystallization i n  ice crcam 

Period of storage at 12' F. 
Sample Time after 

No. seeding 6 days 2 weeks 

(min.) 

A 4 Great no., uniform size, <7p; not sandy 
B 7 Great no., fairly uniform, < lor;  not sandy 
C 10 Great no., mostly <lop, some 20r; not sandy 
D 12 Large no., 10-12r; not sandy 
E 15 Large no., uniform 14c; incipient sandiness 
F 30 Much fewer, 24-38p; sl. sandy 
G 45 Only a few, 50r or larger; incipient sandiness 
H 60 Difficult to find crvstals: not sandv 

not sandy 
not sandy 
not sandy 
not sandy 
sandy 
sandy 
sandy 
sandv 

' 50 g. seed lactose dispersed in 10 gal. ice cream mix at 40' F. 

an experiment in which 50 g. of the seed lactose mas dispersed in 10  gal. of ice 
cream mix a t  40' F. in the mix tank of a continuous freezer. Ice cream samples 
were taken after 4, 7, 10, 12, 15, 30, 45, and 60 minutes, hardened, and then 
stored a t  12' F. Microscopic examinations showed that lactose crystals were 
still detectable in the ice cream coming from the freezer 30-45 minutes after 
seeding. The amount of seed lactose decreased progressively with each sample. 
The very small seed crystals particularly were lacking in the later samples. 

After 6 days storage the samples were examined organoleptically and micro- 
scopically for crystallization. It may be seen from the data in  Table 2 that the 
samples taken soon after seeding contained great masses of crystals under lop 
in size. I n  the samples taken 15 to 60 minutes after seeding, the crystals pro- 
gressively decreased in numbers and increased in size. I n  the samples containing 
relatively few nuclei, the crystals were of sufficient size to be detectable organo- 
leptically. 
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The results of many experiments conducted over the last 4 years testify to 
the deleterious effect of inadequate seeding. Samples containing too few nuclei 
became sandy more quickly than the unseeded control samples. This is also 
shown by the data in Table 2. The samples taken during the first 12 minutes 
had adequate nuclei, samples after 15 to 45 minutes mere lacking in nuclei, and 
the 60-minute sample appeared to be normal unseeded ice cream. Within 6 days 
large crystals developed in the samples taken after 15, 30, and 45 minutes, 
whereas the samples taken before or after these had not become sandy. The 
presence of insufficient nuclei in these three samples accelerated the development 
of large crystals, whereas the normal samples showed a lack of lactose crystalli- 
zation. After 2 weeks the normal sample became sandy, but the adequately 
seedecl samples never did. 

I t  was observed throughout this study that the size of the crystals alone did 
not determine whether a sample would be sandy. The data in Table 3 show there 
was a relationship between size and number of crystals necessary to produce the 

TABLE 3 
Size and number of lactose crystals as  related to sandiness 

Lactose crystals 
Sample Serum solids 

No. in mix Size Relative numbers Comments 
- 

fc) 
14-21 Numerous 
28-42 Much fewer 

42 Few 
15-24 Numerous 
60-70 Few 
17-21 Moderate 
< 7 Great numbers 

17-28 Few 
10-14 Numerous 
21-28 Very few 
< 7 Great numbers 

15-50 Few 
< 7 Great numbers 

24-50 Moderate 
14-35 Very few 
< 7 Great numbers 

V. sl. sandy 
81. sandy 
Sandy 
V. sl. sandy 
Sandy 
Xot sandy 

Not sandy 
................ 
Not sandy 
................ 
V. sl. sandy 
................ 
S1. sandy 
Not sandy 

defect. If relati\-ely few crystals were present, they could be of the order of 3OP 
without causing sandiness. On the other hand, if large numbers were present, 
they had to be under 15p in order to avoid sandiness. Homberger and Cole (6) 
also observed this relationship. 

Figure 1, which shows the crystals in a seeded sample of ice cream after 
storage at 12O F., indicates that the typical tomahawk crystals of lactose are 
not characteristic of seeded ice cream. The thin plates or prisms found in such 
great numbers suggest that the crystallization took place under rather high 
precipitation pressure. Herrington (5) found such crystals formed when the 
supersaturation was high, whereas the tomahawk crystals appeared in more 
dilute solutions. 



LACTOSE CRYSTALLIZATION IN  ICE CREAM. I 1103 

Whitaker (11) postulated that in mixes of high solids-not-fat the lactose may 
reach the labile zone of supersaturation a t  the temperatures encountered in the 
freezer. Agitation in this state induces crystallization, and as a result the lactose 
in high solids ice cream tends to crystallize, causing a sandy condition. I n  mixes 
of normal solids content, the lactose is said to be in the metastable zone in  the 
freezer, spontaneous crystallization is not induced, and therefore the ice cream 
does not become sandy. 

Herrington's (4) studies of spontaneous crystallization of supersaturated 
lactose solutions do not conflict with the view of Whitaker. Herrington found 
that  the probability of nuclei formation was small with a slight degree of super- 
cooling; it rose to a maximum and then fell again as supercooling was increased. 
He concluded that the chances of spontaneous crystallization did not seem great 
a t  temperatures only a few degrees below freezing, but as supercooling increased, 
the probability of crystallization increased until a maximum point must be 
reached. A t  still lower temperatures the solution became more stable again. 

The addition to ice cream of crystal centers in the form of various insoluble 
substances has been shown by Whitaker (11) to cause lactose crystals to develop 
more rapidly. Certainly one of the explanations generally given for the ten- 
dency of fruit and nut  ice cream to become sandy is the presence of nuclei or 
crystal centers in the flavoring material (7, 9, 10). Sommer (9) found that the 
addition to ice cream of special skimmilk powders would not accomplish the 
intended purpose of creating numerous crystal nuclei so small that they were not 
perceptible as sandiness. He also suggested that  clarification of mix to remove 
all gritty particles might be helpful in eliminating sandiness. I n  view of these 
findings and observations, i t  has come to be widely accepted that  crystallization 
must be avoided if sandiness is  to be prevented. 
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I t  seemed possible that sandiness developed in the abore circumstances not 
only because of the presence of nuclei but primarily because of the lack of suffi- 
cient nuclei to cause removal of the supersaturated lactose as i~npalpable crystals. 
The results of this study proved this to be the case. Although high solids ice 
creams mere stored nnder extremely adverse temperature conditions for long 
periods, sandiness never occurred when the mix was seeded adequately during 
freezing. Once the excess lactose crystallized, the clanger of large crystals devel- 
oping was eliminated. 

Althongh the data presented here do not settle conclnsirely the question of 
whether lactose crystals form in all ice cream, they are additional evidence to 
support the belief that lactose crystals normally are not fonned. The data show 
that when nuclei are present in small numbers sandiness is greatly accelerated. 
I f  crystal nuclei for111 during freezing or hardening of high solids ice cream, 
they are not formed in large numbers and therefore the product becomes sandy 
quickly. Seeding results in mass crystallization throughout the ice cream so that 
no crystals develop to a sensible size. There is no indication of a reduction in 
the number of crystal centers such as observed by Decker ancl Reid (3 ) .  

SUMMARY 

Adequate seeding of ice cream during freezing or of ice cream mix shortly 
before freezing has been found to prevent development of large lactose crystals. 
Remora1 of the supersaturated lactose in the form of minute crystals (not larger 
than lop) removes the danger of sandiness developing during storage. The 
presence of too few nuclei results in rapid growth of the crystals and accelera- 
tion of sandiness development. The results show large lactose crystals develop 
during storage of normal ice cream because of the inadequate number of nuclei 
to remove the supersaturated lactose as impalpable crystals. 
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USE OF LACTOSE : A REVIETIT 

S .  M .  W E I S R E R G  

National ]lair!/ Research Laboratories 
Oakdale, Long Island, iV. Y .  

Whittier (40) presented a thorough review covering the literature up to 1944 
and made available 327 references. In  this review, the structure of lactose, its 
physicochemical properties, its manufacture, its general chemistry, and its fer- 
mentation products were ably described. Whittier and Webb (41) in their 
recent text on da i r -  by-products give an excellent discussion of modern manu- 
facturing methods for lactose applicable to both casein and cheese whey and 
encompassing both the crude and refined grades of lactose. This discussion 
provides 28 references and presents excellent process diagrams. Fisher (16) 
provides a popular discussion of milk sugar which presents valuable statistics 
on the scope of the milk sugar industry and a good discussion of uses for lactose. 

TRENDS IN MILK SUGAR PRODUCTION 

We are indebted to Fisher (.16) for valuable data on this topic. Until the 
important development of penicillin, milk sugar production was stabilized a t  
some 7 million pounds per annum for the TJnited States. Table 1 shotvs that the 
emergence of penicillin production approximately tripled the milk sugar require- 
ment from 1943 to 1946 and that subsequently the requirement began to drop, 
though i t  was stabilized from 1949-1952 at a figure somewhat above 17 million 
pounds. 

TABLE 1 
Prodtcction o f  lactose 

Million pounds Year  

7.3 1943 
23 1946 
21 1947 
17 1948 

>17 1949-1 952 

At present, no new direct use for lactose equal in scope to the penicillin 
requirement is a t  hand. It seems more reasonable to expect that the source 
material of lactose, namely whey, will find ever increasing use as a fermentation 
substrate, for i t  represents the least expensive form in which lactose occurs. 

Some 10 billion pounds of whey results annually from cheese and casein 
making operations. About 9 billion pounds stems from cheese production. 
Approximately 0.6 billion pounds is a by-product of casein production. The 
milk sugar content of this whey is nearly 0.5 billion pounds. Only about 4% 
of the available milk sugar is being recovered as such, though much more could 
be recovered if the demand required it. 

Received for  publication March 26, 1954. 
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MBNUF.\CTURE OF MILK SUGAR 

Noclern milk sugar production is well described by Kastens and Baldauski 
(22) .  Whey, after being limed to pII 6.8, is brought to a boil by steam injection. 
The albnmin precipitates, and the clear liquor is decanted and filter-pressed. 
This filtrate is concentrated to 40v  solicls in a stainless steel triple-effect evapo- 
rator. The resulting crude sirup is held over night and reheated by steam 
injection and again filter-pressed. This filtrate is concentrated to 60% solids 
in a single-effect vacuum pan. I t  is then pumpecl to jacketed crystallizers and 
cooled to 50-55' F. More than 607;- of the contained lactose crystallizes out. The 
slurry of sirup and crystals is fed by gravity into perforated basket centrifugals 
where the crystals are spun and washed with clear water. Washing is continued 
until the wash water is clear and colorless. 

The mother liquor and wash water from the first crystallization are returned 
to the single-effect evaporator and reconcentrated to 65% solids and returned 
to the crystallizers. The steps thereafter follow a similar pattern to that for the 
first crystallization. 

The crude crystals from the first crystallization can be dried directly as in 
a rotary drier. The resulting product is designated "crude lactose." 

To obtain refined lactose, the crude crystals must be recrystallized. They 
are made into a solution of 30-4070 concentration which is treated with activated 
charcoal and carefully filtered through filter paper. The clarified sirup is con- 
centrated to 65-70% solids in a stainless steel single-effect evaporator and then 
transferred to a stainless steel crystallizer. The handling of the refined crystals 
follows the earlier pattern described. 

The specifications for the established grades of lactose are shown in the fol- 
lowing table taken from Kastens and Baldauski (22). 

T A B L E  2 
Lactose specijications 

KO Ash Protein Lactose Size 

(Max. %) (Max. %) (Max. %) (Min. %) 
Crude 0.5 0.75 0.75 97.5 
USP 0.1 0.1 None 99.5 100% through 80 mesh 
Edible 0.15 0.25 0.25 98.5 100% through 80 mesh 

Peebles and Marquis (30) describe a patented process for making what may 
be roughly classified as an edible grade of lactose. Whey is evaporated to form 
a supersaturated solution of lactose and momentarily subjected to an elevated 
temperature (220-260° F.). This step causes the protein content to be irre- 
versibly coagulated by heat so that the water-binding capacity of the proteins is 
reduced, which in turn lowers the viscosity of the whey concentrate. The material 
is then seeded with lactose crystals to induce crystallization. The slurry is then 
diluted with cold water and the lactose crystals are permitted to drop by hy- 
draulic classification into a conical vessel. The crystals are removed, centrifuged, 
and dried. The overflow from the hydraulic classifier is concentrated and dried 



to ~nake  a feed. About 35'J of tlie total lactose content of tlie whey is recovered 
as lactose by this process. 

Alniy and Hlill (5) outlilie a patented process for making a top grade of 
cr11de 1ac.tose. They begill with a sweet wlic- (1111 no lower than 5.4) and 
~lelitralizr to a p I I  of 7.0-7.5. To this ~vhey is adcletl 0.0025-0.06% of alkali metal 
tctrtrphosphate to reclucc viscosity, stabilize the protein content of the whey 
against heat coagulation, nntl liiaintain calcilnn ions in solllble form. The treated 
~vliey is couccntratcd to 60y  solitls, a11d the lactose is crystallized, \vaslieil in a 
centrifuge*, and ilriecl. Large crystals are ohtainptl which readily \vasli free 
from 11rotein and salts. The crude lacstose obtained is low in ash. 

Ahiiy and G%rrett (f)  describe in their patent a I I ~ W  process for crnile lactose 
~vliich makes use of ion excl~angr resins for adjlisting 1111 and reliioving 11liiiera1 
compoi~ents. T h e -  begin with sweet cheese whey ant1 lo~ver tlie p l I  to 4.6-1.8 
~vitli a cation exchange resin operating in its liyclrogcii cycle. This acitlification 
is obtainrtl by replacing metal ions with hydrogen ions. The acidulated whey 
is heated a t  175-210" F. for 15  mimites to coagulate proteins. The whey is cooled 
and filtered. The deproteii~ated whey is then treated by passing it through first 
a cation removing resin bet1 and then tlironph an anion removing resin. The 
effluent at this point contains 3-43 lactose, less than 0.19, total minerals, and 
less than 0.29 ~ioncoagnlable nitrogenous snbstances. I t  is rendered slightly 
acid (p I I  6.5-6.8), co~i~ent ra ted  to 30-4076 solids, and spray dried. The resulting 
crude lactose product contains 95.27 lactose, 0.89 ash, 2.6% noncoagnlable 
nitrogenons constituents as protein, and 1.4%, moisture. 

Wallace (37') describes further application of ion exchange processes to  
lactose procluction. He begins with sweet cheese whey (p I I  no lower than 5.8) 
and contacts the whey with a cationic exchange resin acting in the mixecl alkali 
metal-hydrogen cycle to effect replacement of calcium and magnesium ions with 
cations in the exchanger material such as sodinm or potassium, thus converting 
lo\\- water solubility salts in  hey to those of high water solubility. There is 
also a si~nultaneous adjustment of the whey p H  to the range of 4.0 to 4.7 so 
that upon heating this whey, the proteins will readily coagulate and can be 
removeil. The deproteinated whey is adjusted to pI-I 5.8-6.6 and condcnsecl, and 
the lactose is crystallized and washed. I t  is claimeil that the lactose so obtained 
is of high purity, and the yield is 73-85?, as compared to the custon~ary 50-603 
obtained by conventiollal methods. 

lZbraha~i~czic e t  al. (3) describe a process for treating cheese \!-hey with ion 
excliallge resins to relnove flavor-impairing substances, sodium chloricle, calcium 
chloriile, and lactic acid. The procluct is concentrated to 60% solids, aiicl the 
lactose is crystallized and removed. The residual product contains ollly 37% of 
the original lactose content. I t  is spray-dried and nsed as a dietetic prodnct 
because of its excellent flavor. 
3 s~iiall scale process for lactose is described by Riswas (8) for using casein 

whey. The whey is heated to coagulate protein and filtered. It is concentrated 
to the consistency of molasses and allowed to crystallize. The crystalline mass 
is dissolved in water and treated with MgSO, (0.75%), glacial acetic acid (7 
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ml/liter), and charcoal (3% ). I t  is then boiled and filtered. The filtrate is con- 
centrated under vacuum and allowed to crystallize. The crystals are washed 
with a saturated solution of lactose and dried. Resulting product conforms to 
the British Pharmacopeia Standard. 

Leviton (23) outlines a process a t  the laboratory level for preparing lactose 
from spray dried nonfat dry milk solids by means of lnethanol extraction. This 
is an extension of the earlier work of this author in which a similar proress was 
applied to spray-dried whey powder (2f, 25, 26). The nonfat dry  milk solicls 
is treated with 62%' methanol a t  -15' C. The lactose is completely extracted 
ancl is obtained in rather high purity. 1,actose recorery may be brought to 
approximately 73% with an ash content of 0.02v3 and protein of 0.01%. A 
by-product of this process is a "soluble" protein fraction of which 81% is 
casein. There seems little doubt that this process should be thoroughly explored, 
a t  the pilot plant level, and the econon~ics evaluated. The quality of the lactose 
obtainecl, as well as the comparative good solubility and quality of the protein 
by-products, warrants attention. 

Hoover and Kokes (21) describe an  aqueous extraction process for obtaining 
milk protein and lactose as a by-product from nonfat dry  milk solids. The 
powder is leached with five times its weight of 0.25% sodium chloride a t  a p H  
of 4.1. The soluble extract contains 14% lactose, \\.hey salts, added sodium 
chloride, riboflavin, and about 775 of the total protein. The residual extracted 
solids contain 86% protein, 2% ash, and 0.3% lactose. The lactose extract might 
be worked up by ion exchange methods to recover lactose. The extracted fraction 
contains 93% of the total milk proteins and should be excellent nutritionally, 
since both the casein and whey proteins are present. 

McGlasson and Boyd (28) outline an effective process for making lactose of 
good purity by application of ion exchange procedures. Cheddar whey is  ad- 
justed with NaOH to an  acidity of 0.10 to 0.13%. This whey is brought to near 
the boiling point and a CaCl, solution (1.3 lb. CaC1, per liter water) added a t  
the rate of 1 ml. per pound of hot whey. The coagulated whey proteins are 
allowecl to settle, and the supernatant liquor is siphoned off, cooled to 70' F., 
and clarified. The lactose solution is concentratecl to 10" BP., cooled to 40' F. 
and filtered. The temperature is then raisecl to 68-70' F. and the liquor is  
passed through cation (Amberlite IR-120) and anion (Amberlite IRA-400) 
exchange resins. The effluent is then spray-dried. The p H  just prior to drying 
is 7.0. The driecl lactose appears to be free of monosaccharides and has a lactose 
content ranging from 97-9970. Best results are obtainecl when the whey proteins 
are removed prior to ion exchange treatment. 

Pra t t  e t  al. (31) describe a patented process for recovering lactose from milk 
sugar mother liquors. The mother liquor contains 3570 solids, of which ap- 
proximately one-half is lactose, more than one-fifth is ash, and more than one- 
seventh is nitrogenous matter calculated as protein. The liquor is diluted to  
13-17% solids and treated with ion exchange resins so as to remove 85% of the 
ash and 50% of the nitrogenous material. The purified liquor is concentrated 
and subjected to crystallization to recover lactose. 
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A good resume of the application of ion exchange resins to lactose production 
is given by Genin (17) .  This article provides six references on this topic. I t  is 
conclndetl that lactose having a purity in the ortler of 99% can be obtained by 
the suitable application of ion exchange procedures. The general treucl in the 
recent literature on lactose refining is to e~nphasize the value of ion exrhange 
procedures. 

Lactosc, wheu colnparetl to silcrosc or tlestrosc. is 1nnr11 less sweet, less 
solnble in water, and less hygrosc~opic. Tt has always lent itself to tlw formula- 
tion of tablets 01% pills for which some harmless and relatively tasteless product 
is needetl to stantlartlize ant1 stabilize the tlrng being formulated. This has 
always been and continnes to be a major nse for lactose. Infant foods ancl other 
special dietary products also utilize large quantities of lactose. A recent patent 
(7) describes an infant food in which lactose is a supplementary carbohyclrate. 

The developnient of penicillin production rapidly created a large need for 
lactose so that by 1944, solne 12-14 million pounds were required. This led to 
new plant facilities and a very rapid expansion in lactose production. Lactose 
serves as a slo~vly fermenting sugar, furnishing acidity to keep down the alka- 
linity of the penicillin broth and permit maximum production of penicillin which 
would otherwise be inhibited, since sufficient alkalinity causes the mold to cease 
growing. Lactose also may serve to provide a nutritional stress to the mold and 
thus force greater production of penicillin. 

Dawson and Wood (13)  propose the use of lactose as well as sucrose for 
improving the keeping and baking qualities of spray dried whole eggs. Untreated 
samples held a t  100" F. retained good properties for only 1 week. A 10% lactose 
addition maintained the samples for 8 weeks. A 10% addition of sucrose was less 
effective than an  equal addition of lactose. A 20% addition of sucrose was needed 
to obtain a shelf life of 8 weeks a t  100" P. 

A number of references may be found to the caramelization of lactose and its 
use as a caramel color. Fo r  this use, however, it  must compete with less expensive 
carbohydrates. A typical procedure is described in a Dutch patent (11) .  Lactose 
is hydrolyzed for 1 hour a t  112" C. in the presence of HCl. It is neutralized to 
p H  7.3, and the solution is heated in an  open vessel until the temperature rises 
from 105" C. to 140" C. I t  is then held a t  142" C. for 1/2 minute, then cooled, 
and the p13 again adjusted to 7.0. 

Finely divided lactose appears to be rather extensively used for controlling 
lactose crystallization in some dairy products and thus preventing the defect 
of coarse texture or "sandiness." Recent patents ( I f ,  15) describe the use of 
finely divided lactose to prevent "sandiness" in ice cream or condensed milk. 
I n  ice cream, 1 oz. of fine lactose crystals is addecl per 5 gal. of fluid mix. I n  
sweetened condensed milk, lactose crystals of a particle size less than 2p are 
used to the extent of 0.5% or less and the average lactose crystal size of the 
product is held to less than lop. The finely divided lactose in each case provides 
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nuclei for the crystallization of the lactose in the product in the form of very 
equal and small crystals which are not detectable on the palate. Buyze (10) 
describes very interesting studies on the production of seed lactose for the 
manufacture of condensed milk. He concludes that spray-dried lactose is  i n  an  
amorphous state. Such a product when exposed to moisture crystallizes spon- 
taneously, and the crystals are approximately lP in size, which is well suited for 
seed purposes. Spray-dried whey powder also can be used. 

Whittier (42) in a recent I T .  S. patent outlines a process for making con- 
fections without the use of heat. Finely divided cane sugar is used to control 
the crystal size, and the firmness of the candy is determined by the ratio of 
added water to the lactose provided by a dried milk product. A wide variety of 
confections ranging from soft fondants to hard dry  fudges can be made readily 
by this process. 

Sharp (34) describes an interesting patented process for controlling the 
crystal size of lactose in sweetened condensed milk or whole condensed milk. 
The products are seeded with fine pulverizecl lactose crystals by impregnating 
the surfaces of a grooved drum with a lactose paste. The drum is rotated rather 
slo~vly through the product to be seecled, ancl a smooth final end product is 
obtained. Sharp and Hoeker (35) make use of seeding with fine lactose in a 
patented process for making cheese spreads and related products. Milk is con- 
centrated to 40-70v solids, of which one part is milk solids-not-lactose per two 
parts of lactose. The product is cooled to 50-90" F. and seeded with fine lactose 
crystals to give an organoleptically smooth texture to the food product. 

An interesting use for lactose is described in a recent patent (28) wherein 
lactose is used in solution for preserving microbial cultures in a high state of 
viability. In  the case of a yeast, Rncchnron~yces cerei*isiae, the lactose content 
is 10-207,, and it is stated that it will preserve the yeast for 6 nionths in a 
viable state. This yeast cannot ferment the lactose, as it is not adapted to han- 
dling this sugar. When such cultures are added to a suitable substrate (nlolasses), 
the fermentation begins very rapidly with a minimum lag period. 

A recent Dutch patent (12) describes a tooth paste containing approximately 
45% by weight of lactose or a calciunl-lactose derivative in order to provide a 
polishing action but without leaving an insoluble residue between the teeth. It 
is also claimed that the lactose promotes the growth of nlicroflora antagonistic 
to the acid-forming bacteria that  produce cavities. 

According to a recent Austrian patent (20) the addition of 1-3% lactose to 
butter increases the stability and improves the flavor. Two recent Swiss patents 
(19, 33) recommend the use of lactose for preserving the aroma of roasted 
coffee as i t  is obtained in extracts. 

Weiss (39) reports that  in the preparation of fruit  conserves, replacing one- 
third of the sucrose with lactose gives a superior flavor; however, after 6 months, 
crystallization of lactose gives the product a gritty texture. This might be con- 
trolled by seeding the product with finely divided lactose. 

Considerable attention has been given to the production of sweet noncrystal- 
lizing edible sirups from lactose. It is known that such products have been 



1112 S. M. WEISBERO 

marketed in Europe during periotls of sucrose shortage. Their use in this coun- 
t ry  probably ~vould require evidence that such products had some special nntri- 
tive value that sucrose or glucose sirups do not have. 

Whittier (-1.2) outlines a process for making a hydrolyzed lactose sirup 
according to the method of Ramsclell and TT7ebb (32). In this process 70 lb. of 
steam pressure is applied for 65 minutes to a solution containing approximately 
23% lactose and a very small percentage of hydrochloric acid (approximately 
0.1% ). The lactose is nearly completely hydrolyzed. The sirup is treated with 
carbon, filtered, and condensed to 60% solids. I t  is then neutralized with sodium 
bicarbonate to a p I I  of 4.9-5.0. This product is stated to be suitable as a food 
sweetener or table sirup. 

Bach and Spagenberg (G) describe a process for making an invert sirup from 
crude lactose by acid hydrolysis. The sirup is intended for use in the confec- 
tionery industry, pharmaceutical products, fruit  conserves, and baby foods and 
as a substrate for fermentations. There appears to be no novelty in the process 
described except the use of relatively crude lactose, the requirement being that  
the ash content be less than I?,. The authors believe that a sirup of better flavor 
is obtained than when pure lactose is used. 

Block (9) describes a process for making a noncrystallizing sirup from lactose 
suitable for use in ice cream, baby foods, bakery products, and confections. ,4 
lactose solution is treated a t  elevated temperatures with an ion exchange resin 
adjusted to the hydrogen cycle and the lactose is partially hydrolyzed, primarily 
into glucose and galactose. I t  is claimed for the process that i t  has advantages 
over customary acid hydrolysis of lactose in that  the impurities resulting from 
the use of inorganic acids are eliminated and that  the ash content is kept a t  a 
minimum. 

I n  order for any of these "invert" lactose sirups to find a place in the food 
industry, it  11-ill be necessary to establish clearly the nutritional perforlnance 
of the products 01. other advantages that will make them competitive with other 
sugar simps. 

A very interesting application of a hydrolyzed lactose sirup recently has 
been clereloped for the feed industry. .A product named "IIidrolex" ( I )  is 
made by the enzymatic hydrolysis of lactose in whey (patent pending). I t  is 
used to provide a highly palatable whey supplement for mixed feeds. It can be 
fed a t  relatively high levels because the diarrhea that may result from the high 
lactose content of ~vhey is controlled by hyilrolyzing the lactose into itsacom- 
ponents, glucose and galactose. An interesting recent patent ( 3 6 )  describes 
the use of hydrolyzed lactose containing milk products to  retard age thickening 
in frozen concentrated milk proclucts. 111 a typical example whole milk is con- 
dellsecl to 35% total solids, homogenized, and pasteurizetl. One portion of this 
collcel~trate is treateil with yeast lactase enzyme to convert the lactose to the 
extent of 83-95% into glucose and galactose. The enzyme is heat-inactivated and 
the treated concentrate is combined with regular concentrated whole milk in the 
ratio of 15% treated milk solids to 85% untreated milk solids. The p~.oduct 
after freezing remains in good condition for a t  least 10 weeks a t  15" F. 
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LACTOSE DERIVATIVES AND TIIEIR USE 

A number of chemical deriratives of lactose hare been made. However, i t  
is believed that only a very few hare been developed co~nmercially. The primary 
reason for this is that lactose must constantly compete with less expensive sugars. 
This topic is discussed by Genin (18) in a recent article. hIention is made of 
the activities of Sheffield Chemical Company, Inc., Normich, N. P., which has 
initiated the pilot plant production of lactobionic acid from lactose by a process 
covered by a pending patent application. Galactose is also a product under 
derelopnient, and the commercial prodnction of various salts of lactic acid such 
as the sodium, calcium, potassium, magnesium, iron, and copper salts has been 
carried on by this company for many years. 

Some interesting properties of lactobionic acid are describecl by the above 
named company (2). This compound, which is made by the electrolytic oxidation 
of laetose, is a useflil nontoxic sequestering agent. The calcium salt is  exceed- 
ingly soluble in water (70 parts per 100) and finds a place in pharnlacy where 
calcium is needed. 

Galactose can be obtained by the hydrolysis of lactose to glucose and galactose 
and the subsequent separation of the two sugars. IIowerer, the process has 
hitherto been too expensive to warrant development of a sizable market. It is 
expected that new techniques now mider development will lead to cost lowering 
and a wider market in pharmacy and related areas. 

Lactic acid and the lactate salts have been made for many years by Sheffield 
Chemical Company, Inc., by means of a whey fermentatio~l \vhich converts the 
lactose to lactic acid. Some of the salts hare found a worthy place in pharmacy, 
as, for example, the calcium lactate. However, it is also true that many other low 
cost carbohydrates can be fermented to make lactic acid and its derivatives. 

Lactose as it occurs in whey lends itself very well to fermentation by certain 
microorganisnis. Since whey represents the lowest possible cost rehicle for lac- 
tose, it is the logical starting place for lartose derivatives. At the present time, 
it is believed that the only products actually being made com~ilercially by whey 
fermentation ( 1 G )  are butanol, acetone, riboflavin, lactic acid, alcohol, and vine- 
gar. In  accordance with a patented process describecl by JIyers and Weisberg 
(27), the procluction of alcohol and a valuable animal feed by-product is out- 
lined. hiilk sugar in whey is fermented by R. fmgilis, a lactose fermenting yeast, 
to alcohol and carbon dioxide. The alcohol can be rectified and then convertecl 
to an excellent grade of vinegar by customary procedures. A general discussion 
of this development is given by Weisberg (38). According to Fisher (16), ribo- 
flavin, butanol, and acetone are made simultaneously by the fermentation of 
whey with Clostridi?rm acetobtctylicitrnt. 

SlJMMARY 

Indirectly, a major utilization of lactose is made by the feedstuffs industry. 
Several billion pounds of concentrated or clried whey are consumed each year 
as a supplement to feeds, and, unquestionably, the lactose content of this whey 
plays an important role i n  improving the nutrition of cloniestic animals and will 
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continue to do so. Much information is still needed on the role of lactose in both 
human and animal nutrition, and this is a field worthy of active study now and 
in the future. 

The emergence of penicillin gave a major boost to lactose production, which 
on the whole has continued to be felt to the present time. Although no equally 
large new demand for lactose has yet appeared, there is substantial activity in 
the use of lactose, as in providing fine seed crystals for many condensed dairy 
products. 

The development of lactose derivatives appears to have been most fruitful 
when whey was used as a fermentation substrate so that the lactose was em- 
ployed in its least expensive form. Alcohol, vinegar, riboflavin, butanol, and 
acetone are being made by such fermentations. 

Chemical derivatives of lactose which retain the unique structure of this 
sugar are likely to be more successful than those compounds which can be made 
equally well from less expensive sugars. An example of such a derivative is 
lactobionic acid. 

Substantial improvements seem indicated in the production of lactose. Ion 
exchange methods appear to offer opportunity for greater efficiency when coupled 
with existing procedures. 

Extraction methods for lactose applied to dried whey or nonfat dry milk 
solids appear to offer promise. These methods are based on the use of either 
methanol or a dilute saline solution. Such methods need pilot plant develop- 
ment and careful cost evaluation. 
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T H E  FEEDING VALUE O F  U. S. NO. 1 ALFALFA HAY AND 
U. S. NO. 2 ALFALFA HEAVY TIMOTHY MIXED HAY 

C. H. GORDON AND L. A. MOORE 
Dairy Husbandry Research Branch, Agricz~ltitral Researck Service 

AND 

W. H. HOSTERMAN 
Agriclrltural Marketing Service, U S D A  

A considerable quantity of commercially available hay is bought, sold, and 
priced on the basis of the grade assigned to the hay by an  official hay inspector 
using the official United States hay standards as a guide (4 ) .  I n  spite of the 
importance of the role of official grading there are few data to indicate the 
relationships of feeding value and grade designation. 

Data of this type reported by Van Horn ef al. (5) demonstrated that the 
increased amounts of foreign material contained in U. S. Sample Grade Green 
Extra Leafy Lespedeza Hay as comparecl to U. S. No. 3 Leafy Green Lespedeza 
Hay resulted in lower palatability. Since the foreign inaterial was to a large 
extent refused by the cows, the feeding value per ton of hay was decreased by 
the inclusion of increasing amounts of foreign material. Experiments previously 
reported by the authors (2) have measured the feeding value of No. 1, 2, and 3 
Alfalfa in the rations of dairy heifers. These data demonstrated the higher 
feeding value of the higher grades, as well as an occasional overlapping of grade 
lines in the value of specific lots of hay. The experiment reported here is a 
continuation of that study in response to the demonstrated need for additional 
information. The objectives of this experiment were: (a) to compare the feed- 
ing value of U. S. No. 1 Alfalfa Bay with U. S. No. 2 Alfalfa Heavy Timothy 
Mixed Hay ;  (b) to test the effectiveness of alfalfa ash and purified protein as 
supplements to the heavy timothy bars should these hays prove to be of a lower 
feeding value. 

EXPERIMENTAL PROCEDURE 

An attempt was made to obtain three lots of U. S. No. 1 Alfalfa Hay (Lots 
A, R, and C) and three lots of U. S. No. 1 Alfalfa Heavy Timothy Mixed Hay 
(Lots D, E,  and F). The six lots of hay were selected and purchased on the 
basis of the grade classification given by an  official hay inspector. The final 
grade assigned to the various lots was made on the average analysis of samples 
taken each 10 days from each lot throughout the experiment, as the hay was 
fed to dairy heifers. 

Eighteen Holstein and six crossbred heifers were divided into six groups. 
The groups were balanced as nearly as possible according to age and weight, there 
being three Holsteins and one crossbred in each group. Groups A, B, and C 
were fecl hay Lots A, B, and C, respectively. Groups D, E ,  and F were fed hay 
Lots I), E, and F, respectively. The heifers ranged in age from 9 to 18 months. 

Rcecircd for pr~bl ieat io l~  March 27, 1954. 
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The average ages and body weights of the groups a t  the start of the experi- 
ment are shown in Table 1. Although there were small variations between groups 
in the average ages and body weights, i t  should be noted that the averages of 
these values for the groups fed the alfalfa hay were very close to the values for 
the groups fed the alfalfa-timothy hay. 

TABLE 1 
Average age and body weights of heifers at  start of feeding experiment 

No. of Body No. of Body 
animals Age weight animals Age weight 

(Months) (zb-) (Months) (zb.) 
Group A fed Lot A hay Group D fed Lot D hay 

4 13.0 727 4 12.5 746 

Group B fed Lot B hay Group E fed Lot E hay 
4 13.0 738 4 13.3 723 

Group C fed Lot C hay Group F fed Lot F hay 
4 13.0 753 4 13.1 744 

Av. of groups A, B, and C Av. of Groups D, E, and F 
4 13.0 739 4 13.0 738 

All animals were on a hay and grain ration for about 1 month before the 
start of the experiment (November 13). Previous to that time the older animals 
had been on pasture and the younger animals on dry feed in the calf barn. The 
experimental ration consisted of hay only and was fed twice daily ad libitum 
for 120 days. The amount of hay fed and refused by the individual animals 
was recorded daily. The amount fed was frequently adjusted so that the refusal 
nronld be about 107' of that amount. 

The hays mere carefully sampled for grade and chemical analysis. The 
sampling procedure was as follows: Every 10 clays during the experiment 
several bales from each lot were sampled, by boring. The bales from one sampling 
were fed during the period occurring before the next scheduled sampling. The 
dry-matter content of the sample was determined ancl a portion was reserved 
for grade determination, the remainder being then composited for three 10-day 
periods and analyzed for protein, crude fiber, ether extract, and ash according 
to the official methods of the Association of Official Agricultural Chemists (1). 
The refusal from each heifer group was sampled once each 10 days and analyzed 
for dry matter. 

The animals were housed in a stanchion barn and turned into an exercise 
lot twice daily. Water and a mineral mixture of equal parts bone meal and salt 
containing trace elements were available in the exercise lot. Wood shavings or 
sawdust was used as bedding. 

The hay ration was supplemented with alfalfa ash or protein for a 30-day 
post-experimental period following the 120-day all hay period. Two animals in 
each of the groups R, C, D, E, and F were fed 0.4 lb. of ash daily and two were 
fed 0.7 lb. of a purified soybean protein1 daily. 

' Drarkett Industrial Protein 220, 13.13% N or 85% protein (fresh basis). 
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RESULTS 

The average grades finally assigned to the hay lots on the basis of the 10-day 
samples are presented in Table 2. Hay graded U. S. No. 1 Alfalfa must have a 
leaf content of 40-50%, at  least 60% of green color, and a grass content of not 

TABLE 2 
Characteristics of grades of hay used 

Timo- Foreign Leafiness 
Lot Alfalfa thy Grass Clover material of alfalfa Color Grade 

f 76 
(76) f%) (%) ( % I  (%) (7%) (Hue)' green) 

A 92.4 0.0 7.6 Trace 1.8 50.5 7 .13~  65 U. S. No. 1 Extra Leafy 
Alfalfa Light Grass 
Mixed Hay 

B 97.6 0.0 4.4 Trace 3.4 32.2 6 .16~  58 U. S. No. 2 Alfalfa Hay 

C 96.3 0.0 3.7 Trace 1.3 51.1 7 .58~  67 U.S.No.lExtraLeafy 
Alfalfa Hay 

Av. 
A,B, C 95.4 4.6 Trace 2.2 44.6 6 . 9 6 ~  63 U. S. No. 1 Alfalfa Hay 

D 54.4 45.3 0.0 0.3 1.2 27.1 4 .78~  48 U. S. No. 2 Alfalfa 
H e a v ~  Timothy Mixed 
Hay 

E 35.7 62.7 1.3 0.3 2.9 35.2 5 . 2 0 ~  51 U. S. No. 2 Alfalfa 
Heavy Timothy Mixed 
Hay 

F 75.6 44.4 0.0 Trace 1.6 28.5 5 . 1 4 ~  50 U. S. No. 2 Alfalfa 
Light Timothy Mixed 
Hap 

Av. U. S. No. 2 Alfalfa 
D, E, F 5 5 2 4 4 . 2  0.4 0.2 1.9 30.3 5 . 0 4 ~  50 Heavy Timothy Mixed 

'Hue designation on the basis of the Munsell color system. 

over 5%. The leaf contents of Lots A and C (50.5% and 51.2%) were slightly 
higher than the maximum allowed for the grade, and both lots were therefore 
graded extra leafy. Lot B with only 32.2% leaf failed considerably to meet the 
minimum leaf requirement and was graded U. S. No. 2 Alfalfa. The green color 
percentages of Lots il and C (65 and 67) were typical of the No. 1 grade, whereas 
Lot B with 58% green color was slightly below the required level. The grass 
content of Lot A was slightly above that allowed; hence light grass mixed was 
included in its classification. Lot B was the only one that differed appreciably 
from the originally intended grade. The average grade of the three lots, how- 
ever, was U. S. No. l Alfalfa Hay. 

Hay graded U. S. No. 1 Alfalfa Heavy Timothy Mixed Hay must have at  least 
60% green color, a timothy content greater than 30 and less than 70%, and the 
alfalfa must contain a t  least 40% leaf. Hay Lots D, E, and F were below the 
minimum color requirements with green color percentages ranging from 48 to 
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51. Lot F failed to meet the minimum timothy content requirement. Accord- 
ingly, Lots D and E were graded U. S. No. 2 Alfalfa Heavy Timothy Mixed IIay 
and Lot F was graded U. S. No. 2 Alfalfa Light Timothy Mixed IIay. The aver- 
age grade of the three lots was U. S. No. 2 Alfalfa Heavy Timothy Mixed Hay, 
average leafiness and color (30 and 50%) being rather typical of this grade. 

TABLE 3 
Hay eonsumptio~i and gain in body weight per heifer 

Ha~/day Dry matter/day Dry matter consumed per 
Fed Refused Consumed Fed Refused Consumed pound gain 

( lb . )  ( lb . )  ( lb . )  ( lb . )  ( lb . )  ( lb . )  Ub.1 

Group A fed hay Lot A 
24.3 2.2 22.1 21.0 1.8 19.2 9.60 

Group B fed hay Lot B 
22.4 2.1 20.3 19.8 1.8 18.0 12.77 

Group C fed hay Lot C 
23.3 2.3 21.0 20.9 1.9 19.0 10.61 

Groups A, B, and C - Av. U. S. No. 1 Alfalfa Hay 
23.3 2.2 21.1 20.6 1.8 18.7 10.81 

Group D fed hay Lot D 
18.7 2.1 16.6 16.6 1.8 14.8 18.05 

Group E fed hay Lot E 
19.0 2.1 16.9 16.9 1.8 15.1 20.68 

Group F fed hay Lot F 
19.4 2.1 17.3 17.1 1.8 15.3 12.97 

Groups D, E, and F - Av. U. S. No. 2 
Alfalfa Heavy Timothy Mixed Hay 

19.0 2.1 16.9 16.9 1.8 15.1 16.59 

Average 
Total daily 
gain gain 

( lb . )  ( lb . )  

240 2.00 

169 1.41 

215 1.79 

208 1.73 

98 0.82 

88 0.73 

141 1.18 

The body weight gains and feed consumption rates are presented in Table 3. 
The heifers fed hay Lots A, R, or C (alfalfa) made considerably greater live 
weight gains than the heifers fed hay Lots D, E, or F (alfalfa-timothy). Analy- 
sis of variance showed a highly significant difference between the average gain 
of these two main groups. Analysis of variance also showed the gains of group 
A to be significantly greater than those of any other group, and the gains of 
group B to be not significantly greater than those of group F. There was no 
significant difference in gain among groups D, E, and F, although the difference 
between E and F approached significance. 

The hay dry-matter consumption rates for groups A, B, and C were con- 
sistently higher than those of groups D, E, and F. Efficiency of feed utilization 
expressed as dry matter consumed per pound of body weight gained, including 
maintenance (Table 3),  shows that an average of 16.6 lb. of the alfalfa-timothy 
hay was required for each pound of body weight gained, compared to only 10.8 
lb. of alfalfa hay. Supplementation of the hays with either ash or protein dur- 
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ing the 30-day post-experimental period produced no significantly different 
growth rates compared to each other or to the rate during the previously unsup- 
plemented period. 

TABLE 4 
Average dry matter content and chentical composition of the dry matter of the hays fed 

Composition of dry matter 

Dry Ether N-free 
matter Protein extract Fiber extract Ash Carotene' 

- - 

(%) (%) f%) f%) f%)  f%) fy/g) 
Lot A 86.49 22.49 2.04 22.81 45.18 7.47 51.6 
Lot B 89.07 16.94 1.73 30.76 43.17 7.40 11.6 
Lot C 90.55 21.71 1.68 23.35 44.73 8.53 30.2 
Lot D 89.09 12.69 2.21 36.71 41.09 7.44 10.2 
Lot E 89.20 10.05 1.85 35.40 46.49 6.18 5.3 
Lot F 88.95 15.79 1.81 33.85 41.26 7.29 6.2 
Av. A, B, C 88.70 20.38 1.82 25.64 44.36 7.80 31.1 
Av. D, E, F 89.08 12.84 1.96 35.28 42.95 6.97 7.2 

"Carotene values from analysis of one sample from each lot. 

The average dry-matter content and the chemical composition of the dry 
matter for the hays is presented in Table 4. The most outstanding differences 
in chemical composition appear in the average protein and crude fiber contents 
of Lots A, B, and C (20.4 and 25.6:4., respectively) and of Lots D, E, and F 
(12.8 and 35.39) .  The average calculated TDN content (3 )  of the dry matter 
was 59.470 for the U. S. No. 1 Alfalfa Hay (Lots A, B, and C )  and 56.2% for 
the U. S. No. 2 Alfalfa IIeavy Timothy Mixed IIay (Lots D, E, and F). 

DISCUSSION 

The relatively greater average gains of Groups A, B, and C demonstrated 
the superior feeding value of U. S. No. 1 Alfalfa Hay over U. S. No. 2 Alfalfa 
Heavy Timothy Mixed Hay. Although the reasons for this difference are not 
entirely understood, the correlation between certain factors and growth rate 
becomes apparent if the hays are arranged in the order of the growth they 
produced. This has been done in Table 5. I t  is noteworthy that, with few 

TABLE 5 
Relationship between body-weight gains, dry matter consuniption and 

hay contents of timothy, leaf, protein, and crude fiber 

Average Dry matter Leafiness 
Group and daily consumed/ of Crude 

hay lot gain day Timothy alfalfa Protein fiber 

f w  0 b . j  f 5 % )  (%) ( 5 % )  (%I 
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exceptions, the order of decreasing daily gains is also the order of decreasing 
leaf and protein content ancl palatability as measured by dry-matter consnmp- 
tion. I t  is also the same order as increasing crude fiber and timothy content. 
The position of Lot E a t  the bottom of the list in spite of the relatively high 
leafiness of the alfalfa does not appear inconsistent when i t  is considered that  
alfalfa accounted for only 35.7% of the total forage present. 

One might judge that the quality of timothy included in these mixed hays 
would hare an important bearing on the total growth-producing ability of the 
hay sinre it accounted for u p  to 62.7% of the total forage (69% maximum 
allowablr). IIowev~r,  untler thc p r r s r ~ ~ t  standards, color is the only quality 
factor of the timothy portion that aff~.c.ts the niunerical gracle designation of 
the hay lot. 

The possibility that a carotene deficiency in some of the hays was responsible 
for gro~vtli iliffrrentials was ronsidrred. IIowever, a carotene and vitamin A 
analysis of the blood from each animal clid not indicate the existence of any 
deficiency, althongh there was a considerable range in values. 

Since the snpplementation of the hays with alfalfa ash or protein during the 
post-experin~ental period procluccd no significant changes in growth rate, it  was 
assumed that a deficiency of neither the mineral elements in alfalfa ash nor 
protein was responsible for the growth differences. 

The relative cash values of hays producing differing amounts of growth per 
ton of hay may be calculated if the cost of one of the hays is known or assumed. 
If the cost of U. S. No. 1 Alfalfa Hay such as that  used in  this experiment was 
$40.00 per ton (1,800 lb. dry  matter) ,  IT. S. No. 2 Alfalfa Heavy Timothy Mixed 
Hay would be worth about $26.00 per ton. These hypothetical prices allow no 
extra value for more rapid growth, which although desirable is difficult t o  
evaluate. 

It is of interest that the individual hay lot producing the most rapid gains 
(Lot A )  was one containing sufficient grass to warrant the term "Light Grass 
Mixed," yet the amount of grass was not sufficient to enable the demonstration 
of lower productive value under these conditions. This suggests the possibility 
that the existing standards as to the maximum allowable grass in alfalfa hay 
may be too strict. 

SUMMARY AND CONCLUSIONS 

Six lots of hay were purchased and fed to six groups of dairy heifers as a 
sole ration in a 120-day feeding trial during the winter of 1952-53. The hays 
were carefully sampled during the feeding period and the samples analyzecl 
for the usual nutrient constitue~lts and graded according to the official U. S. 
hay standards. Three lots had an  average gracle of U. S. No. 1 Alfalfa Hay and 
the other three lots had an average grade of U. S. No. 2 Alfalfa Heavy Timothy 
Mixed Hay. The heifers fed the former three lots consumed an average of 24% 
more dry  matter and gained an average of 90%, more body weight than the 
heifers fed the latter three lots. U. S. No. 1 Alfalfa Hay is much more satis- 
factory as a sole ration for dairy heifers than U. S. No. 2 Alfalfa Heavy Timothy 
Mixed Hay. 
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EFFECT OF DEHYDRATED YOUNG GRASS AS A SUPPLEMENT IN 
DRY LOT FEEDING ON THE REPRODUCTIVE 

EFFICIENCY OF DAIRY BULLS l 
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Dairy Cattle Breeding Research Center 
The Pennsylvania State Uniz'ersity, State College 

Development of the artificial breeding of dairy cattle has resulted in the 
housing of comparatively large numbers of bulls in artificial breeding centers, 
and managerial practices often make it difficult to maintain bulls under other 
than dry lot feeding conditions. Herdsmen often resort to such time-consuming 
practices as the feeding of freshly clipped grass or the feeding of sprouted 
grains in attempts to maintain and improve the reproductive performance of 
bulls kept in dry lot. 

Grass silage has been shown to be an excellent source of succulent feed for 
bulls (3, 9), but many breeding centers are so specialized that neither silos nor 
crops for ensiling are available. High quality dehydrated forages, long recog- 
nized as valuable feeds for milk procluction (2, 4, 5, 6, 8, 15, I T ) ,  have been 
reported to influence certain reproductive functions favorably (10, 11, 12). 
Such products, if of value for breeding bulls, would be particularly applicable 
in situations where silage feeding is not practical. 

The study reported herein was undertaken to determine if the feeding of a 
supplement of dehydrated young grass wollld affect the reproductive efficiency 
of dairy bulls maintained under dry lot feeding conditions. 

EXPERIMENTAL PROCEDURE 

Eighteen bulls, including eight Holsteins, six Guernseys, and four Ayrshires, 
ranging in age from 21h to 14 years, mere made available for the study at the 
Southeastern Pennsylvania Artificial Breeding Cooperative. The bulls were 
paired as closely as possible with regard to age, breed, and breeding efficiency. 
One member of each pair, selected at  random, received the supplement of dehy- 
drated grass, whereas the other bull of the pair received the control ration of 
hay plus concentrate. Bulls in the supplemented group received the same concen- 
trate and hay as the control group, except that 2 Ib. of dehydrated young grass 
replaced 2 lb. of hay daily. The manufactnrers of the dehydrated young grass 
recomn~encled its use as a supplement at  the rate of 1 to 2 lb. daily per mature 
bull; the higher lerel of 2 Ib. daily was adopted for the experiment. The con- 
centrate fed was a commercial 1.59 protein bnll ration containing the following 
ingredients in the per cent indicated : crimpecl oats, 30.00; course ground oats, 
13.75; ground corn, 13.54; wheat bran, 12.50; beet pulp, 7.50; linseed oil 

Rerrired for pt~blication Marc11 99, 1954. 

' Autl~orized for publication 011 lfnrc.11 19, 1951, as  paper S o .  1864 in the j o u r ~ ~ a l  series of 
the I'en~~sylrnnia Agricultural Experi~nc~it  Station. 
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meal, 7.50; soybean oil meal, 7.50; molasses, 5.00; bone meal, 1.00 ; iodized 
salt, 1.00; feeding oil A and D, 0.50; irradiated yeast, 0.20; and manganese 
sulfate, 0.01. The hay fed was a fair quality first cutting timothy-clover mixture 
consisting of 25 to 30% clover. The supplement was purchased from a com- 
mercial source and consisted of a finely ground dehydrated mixture of young 
grasses (principally oat and rye grass) analyzing 19.6% crude protein. The 
supplement was added to the concentrate a t  the time of feeding. No problem in 
palatability was encountered. Bulls were fed 100 to 110% of the recommended 
nutrient allowances for breeding bulls (7). Supplementation was started in 
mid-January, 1953, and the amount increased gradually until the 2-lb. level 
was reached February 1. The experiment covered the 4-month period, February 
through May. 

Results were evaluated primarily on breeding efficiency, as shown by the 
per cent of 60- to 90-day nonreturns to first services, although semen production 

TABLE 1 
Sunlmary of fertility data for individual bulls for the pre-experinbe,ttal (October-January), 

experi~nental (February-May) and post-experinhental (Jwne-Septenbber) periods 

Experimental 

1st 60-90 d. 
Bull Group Age serv. N.R. 

(yr . )  (No- )  (%) 

1st 60-90 d. 
serv. N.R. 

1st 60-90 d. 
serv. N.R. 

Group totals and averages: 

Services 
weighted C 
equally S 

Bulls 
weighted C 
equally S 

" C = control; S = supplemented. 
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data including volume, numbers of spermatozoa, and initial motility of the 
spermatozoa also were collected for all semen samples. Concentration of sper- 
matozoa was determined by means of a calorimeter (16).  Heated homogenized 
milk diluter (14) was employed ancl semen samples were diluted to contain 
approximately-15 X loa motile spermatozoa per milliliter of clilnted semen. 

RESULTS .\ND DISCUSSIOK 

A sulnmary of fertility data for individual bulls, together with the pairings 
and ages of bulls, is presented in Table 1. Fertility data for the 4-month period 
immediately preceding the experimental period are included to indicate the fer- 
tility levels of the bulls; similar data for the 4-month period immediately fol- 
lowing the experiment are included to show any possible trends after supple- 
mentation was discontinued. The average nonreturn rates for the two groups 
indicate that the supplementation with clried young grass mas neither harmful 
nor beneficial during the period tested. 

TABLE 2 
Summary of semen characteristics for individqcal bztlls for the experintental period 

Averaee 

No. o f  No. of Initial Total motile 
Bull Group ejaculates Vol/eiae. sperm motility sperm/eiac. 

Group averages : 
Ejaculates 

weighted C 
equally S 

Bulls 
weighted C 8.1 1.51 67 7.81 

S equally 8.4 1.33 70 7.99 

" C = control; S = supplemented 
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As shown in Table 1, one control bull (H-3) accounted for about 60% of the 
services in the control group. This Gold Medal proved sire has been extremely 
popular with the breeders and has been collected 2 days each week for nearly 
3 years. During that period he has been mated to 53,500 first service cows. One 
bull in the supplemented group, 6-2, also was collected 2 days each week. 
Weighting bulls equally rather than services, however, did not affect the over-all 
results. 

The supplemental period was of short duration, but no trends were detectable 
when nonreturn rates were analyzed on a monthly basis. When pairs of bulls 
were compared, six supplemented bulls showed higher nonreturn rates than 
their controls during the experimental period, as compared to four and five 
during the pre-experimental and post-experimental periods, respectively. 

Semen characteristics for the control and supplemented bulls during the 
experimental period are summarized in Table 2. None of the differences in the 
means listed approached significance when tested by analysis of variance (13). 

These results indicate that at  the level fed, dehydrated young grass is of 
little or no value to dairy bulls maintained under the dry lot feeding conditions 
of this experiment. While this study was being conducted, a report was pub- 
lished by Branton et  al. (1) indicating that although pasture feeding was eco- 
nomical i t  provided no advantage over dry lot feeding insofar as the reproductive 
efficiency of the bull was concerned. Thus, the use of pasture or of dehydrated 
young grass as a means of improving the breeding efficiency of bulls used in 
artificial breeding does not appear to be justified. 

These results do not, however, preclude the possibility that such supplementa- 
tion may be of value for certain bulls of low fertility, or for bulls on a poorer 
basal diet or subjected to a heavier breeding schedule. Two bulls in the supple- 
mented group had nonreturn rates of 65% or less during the pre-experimental 
period; both showed considerable improvement in nonreturn rates during the 
experimental period. However, two out of three control bulls with pre-experi- 
mental nonreturn rates of 65% or less showed similar increases during the 
experimental period. 

Eighteen bulls of the Holstein, Guernsey, and Ayrshire breeds and ranging 
in age from 2?4 to 14 years were paired on the basis of age, breed, and fertility. 
One bull of each pair received a concentrate mixture plus grass-legume hay 
(control group) while the other had 2 lb. of the hay replaced by 2 lb. of dehy- 
drated young grass. 

Over a 4-month experimental period the groups were compared on the basis 
of 60- to 90-day nonreturns to 21,231 first services and laboratory examinations 
of semen quantity and quality. No difference was found between the two groups, 
indicating that, under the conditions of this experiment, the supplementation 
with dehydrated young grass at  the rate of 2 lb. daily was of no value in improv- 
ing the reproductive performance of dairy bulls maintained on a conventional 
dry lot feeding regime. 
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BACTERIOLOGICAL STUDIES O F  CULTURED BUTTERMILK. 11. 
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LEUCONOSTOC CITROVORUM AND STREPTOCOCCUS CREMORIS AS 
ASSOCIATED WITH p H  AND ACETLYMETHYLCARBINOL 

PLUS BIACETYL LEVELS " 

W. E. GLENN AND C. C. PROUTY 

Departmrnt of Dairy Science 
State College of Washington, PtrlI?aa?t 

No studies have been reported in which progressive changes in the numbers 
of both the leuconostoc and lactic streptococcus types were followed throughout 
the course of the fernlentation process. Such studies have not been undertaken, 
largely because of the lack of satisfactory cultural methods for the differentia- 
tion and enumeration of the leuconostoc types of starter bacteria growing in 
association with the lactic streptococci in dairy starters. 

Recently, Proutp and Glenn (7) described a culture method which proved 
satisfactory for the differentiation and enumeration of a strain of Leuconostoc 
citrovorlrm present in two buttermilk starters designated as Hs and Fs, respec- 
tively. The lactic streptococcus growing in association with L. citrovortcm in 
these starters was Streptococczcs crentoris. 

The present paper reports data obtained from many trials, using the Hs and 
F s  starters, in which progressive changes were followed during the fermentation 
in the numbers of L. citrovorzcm and 8. cremoris, the p H  level, and acetylmethyl- 
carbinol plus biacetyl content. 

METHODS 

Czclt~iring. A 1-liter portion of fresh nonfat milk was dispensed into a 
2-liter flask, heated in flowing steam for 45 minutes, and cooled to 22O C. The 
fermentation was initiated by an inoculum of 0.1% from a mother culture which 
had been incubating at  22" C. during the preceding 24 to 30 hours. A tempera- 
ture of 22" C .  was maintained throughout the period of observation. 

Usually the fermentation was started late a t  night. With the small inoculum 
used, the culture was at  the proper stage for observation some 10 to 12 hours 
later. A sample was taken for bacteriological and p H  examination immediately 
after inoculation. Beginning a t  10 to 12 hours after inoculation, samples were 
taken at 1-hour intervals during the following 10 to 14 hours. This permitted 

Received for publication March 29, 1954. 

'Scientific Paper xo. 1296, Washington Agricultural Experiment Stations, Pullman. Proj- 
ect No. 1019. 

These data were taken in part from a thesis presented by the senior author to the faculty 
of the State College of Wasl~ington in partial fulfillment of the requirements for the Ph.D. 
degree. 
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a coverage of the early and rapid fermentation periods. Usually, additional 
samples were examined a t  the end of 35 hours of incubation and occasionally 
beyond this time. 

Rampling.  Salnples for bacteriological esainination mere taken directly 
from the milk in the flask until the point of coagnlation was reached. Prior to 
coagulation of the milk, 10 to 15 1.0-ml. sanlples were transferred aseptically to 
sterile screw-capped test tubes containing three or four glass beads. The tubes 
were tempered to 22' C. previous to receiving the samples. These tubed samples 
were then incnbatecl adjacent to tlie flask of fermenting milk. Following the 
coagulation of the inilk in the flask these tubed sainples were ~vithdrawn from 
the incubator and plated as needed. This procedure was follo~ved to minimize 
the inherent variations assoriated with the measurement of sinall voluines of 
coagulated mlk. The presence of brads in the tube assisted in the clisintegration 
of the curd during the preparation of tlie sample for plating. 

Observations a t  each sampling period inclniled plate counts for both L. citro- 
voricnr and total flora and determinations of p H  ~ a l i i e  and acetyln~ethylcarbinol 
plus biacetyl content. 

L. citrovoricn~ cotcnt. The L. citro~.orlrnz coiint was made by the method 
described by Prouty and Glenn (7). This consisted of a plate culture method 
using a medium capable of supporting the growth of L. citrozlorxm while re- 
tarding the growth of S. crenaoris. Plate cultures, made ill duplicate, were incu- 
bated a t  25' C. for 5 days and the colonies counted with the aid of a wide field 
binocular microscope a t  a magnification of 7.0 x. Although this medium proved 
highly satisfactory for differentiating the strains of L. ci t roz~orrrn~ and 8. cre- 
moris present in the two starter cultures used in this study, such was not the 
case when applied to several other buttermilk starters. I11 this respect the limita- 
tion of its use is recognized. 

Total  count.  The total count was considered to consist entirely of R. crenzoris 
and L. c i t rovoram.  The total comit was made by the plate 111ethod using tomato 
juice-peptonized milk agar prepared as described by Turner and Nelson (8). 
All plates were made in duplicate and were incubated a t  26 to 2 i 0  C. for 5 days. 

pH valice. Determinations of p H  values were made with a Beckman p H  
meter with glass electrode. 

Acetylnaethylcarbinol plqcs bincetyl .  The acetylmethylcarbinol plus biacetyl 
content was determined using a modification of the King test (3) as developed 
by Bentler (1). This test makes use of the Evelyn Photoelectric Calorimeter 
with a 540 filter and standard biacetyl curves to determine the milligrams of 
acetylmethylcarbiilol plus biacetyl per 100 g. of the sample. The analysis was 
made on a 4.0-g. sample. This was done either a t  the time of sampling or within 
24 hours when the sample was frozen immediately after being taken. 

RESULTS AND DISCUSSION 

Numerous trials were made in this study. Since the results obtained in all 
trials followed the same general pattern, summarizing clata are presented to 
cover all trials and detailed data for only two trials. Figure 1 includes data 
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FIG. 1.  Progressive changes in the total ( S .  cremoris + L. citrovorzrin) and L. citrovorum 
counts, percentages o f  L. citrovorum, pH and acetylmetllylcarbinol plus biacetyl content. Hs 
starter. 

for 13 sampling periods, using the Hs culture, over an observation period of 
48 hours. Fortunately, for the clarity of this figure, the numerical values used 
fall in the common range for the expression of each of the five different types 
of data. Table 1 includes data of 14 sampling periods, using the F s  culture, 
over an observation period of 25 hours. 

Some irregularity in results was occasionally encountered among the trials 
included in this study. However, the general trend in all trials was in the same 
direction. Occasionally the recorded counts of bacterial populations were lower 
or higher for some samples than would be expected from the immediate pre- 
ceding sample during the early and rapid fermentation periods. Such variations 
are often encountered with the plate method of counting. In  the two cultures 
used in this study, both types of starter bacteria were present in long-chain 
formation. Differences in the amount of agitation during the preparation of the 
samples for plating may have resulted in considerable variation in the breaking- 
up of these long-chaiu formations. The degree to which this occurred may have 
been reflected in the number of colonies developing on the plate cultures. 

L. citrovorzcnt. Jfaximum levels for this species were not reached until 35 
hours of incubation and in some trials even beyond this point. Maximum counts 
ranged from 38 to 66 millions per milliliter at  the 24-hour period and from 55 
to 108 millions after 35 hours. At no time was there an explosive multiplication 
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TABLE 1 
Progressive changes in the total ( S .  cremoris + L. citrocorvm) and L. citrovorum counts, per- 

centages of L. citrovorum, pH and acetylmethylcarhinol plus biacetyl content Fs starter 

Plate Count 
10' per ml. 

Hours Total L. citrovorum L. citrovorum ' pH Amc. + AQ 

0 1.18 0.062 5.2 0 
10 69 0.375 5.4 6.23 0 
13 290 6.2 2.1 5.75 trace 
1 4  406 8.1 2.0 5.5 trace 
15 890 13.0 1.5 ...... trace 

of L. citroaorzrnt. From Figure 1 it will be noted that the increase in numbers 
of this species was most rapid during the period up to 13.5 hours of incubation. 
Also. it will be observed that during the latter portion of this period the pH 
level was near 5.0, and measurable amounts of acetylmethylcarbinol plus biacetyl 
were in evidence for the first time. Likewise the data presented in Table 1 show 
a similar trend in regard to this species in the F s  culture. 

According to Knudsen (4) the growth of the leuconostoc types is arrested 
when the p H  value is reduced to about 5.0. The results of the present study show 
a reduced rate rather than an arrest of the growth of L. citrot,orum a t  p H  levels 
below 5.0. 

Total co~cnt. The total count, of which S. cremoris comprised 90.0 to 99.0%, 
usually reached near maximum levels in 15 to 20 hours and remained a t  this 
level for an additional 10 to 15 hours. It then decreased more or less rapidly. 
Maximum total counts ranged from 800 to 1,770 millions per milliliter. The 
most rapid growth period for S. cremoris corresponded to that for L. citrovorum. 

Relationship of L. citrovorum to S. cremoris. The numerical relationship of 
L. citrovorum to S.  cremoris is best expressed in terms of percentages. I n  the 
numerous trials included in this study, the percentages of L. citrovorum to the 
total flora of the freshly inoculated samples ranged from 3.71 to 8.47. As the 
fermentation progressed, these percentages decreased, ranging from 1.0 to 2.79 
a t  the time of coagulation (pH 5.1). As the fermentation progressed beyond 
coagulation, an increase occurred in the percentages of L. citrovorum. These rose 
to levels of 3.4 to 5.29 a t  the end of 24 hours of continuous incubation. I n  most 
trials, the percentage of this species continued to increase. At  the 35-hour 
observation period, i t  approximated that of the initial period. I n  Figure 1, the 
initial, the low, and the final percentages are 7.09, 1.59, and 10.09, respectively. 
In Table 1, comparable percentage values are 5.2, 1.01, and 3.8 ; the last reading 
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bei~lg after 25 hours as compared with 48 hours in Figure 1. Hammer (2) ,  
Orla-Jensen et al. (ci), and Knudsen (4) in their pioneer studies of the starter 
bacteria found the associate or leuconostoc types to constitute o~lly a minor 
portion of the total bacterial population. 

In most trials the numbers of L. c i t r o c o ~ ~ ~ i ~ n  continued to increase after the 
"3. crrn?oris population had reached a maxi~illiin level. 

pH lez~els and accf?jlnzetkylcnrbilzol p l z ~  bincet?yl. Michaelian et al. ( 5 )  and 
other investigators have reported that a definite relationship exists between the 
production of acetylniethylcarbi~iol plus biacetyl and the pH level of the fer- 
menting milk. The data from these observations support this contention. Very 
little acetylrnethylcarbinol plus biacetyl was produced prior to coagulation of 
the milk. Beginning at the time of coagulation, however, the production rate 
of these compounds accelerated rapidly, proceeclecl at  a uniform rate to the end 
of the 24-hour periocl, and then continued to increase at  a declining rate to the 
end of the 35-hour period. Beyond this point, there was a gradual destruction 
of the acetylmethylcarbinol plus biacetyl content. 

In  one trial, the L. citrovor~im population had reached the level of 32 nlillion 
prior to the point of coagulation without significant production of acetylmethyl- 
carbinol plus biacetyl. In  another trial in which coagulation had occurred a 
population of L. citropor?cm at the 10 million level resulted in the production 
of appreciable amounts of these compounds. This example serves to show the 
relationship of the p H  environment to the production of acetylmethylcarbinol 
plus biacetyl by L. citrovor~cm. 

SUMMARY 

An investigation was made, using two starters. in which progressive changes 
were followed throughout the fermentation period of cultured buttermilk in 
the numbers of L. citrovorunz and R. crcnzoris, pH value, and acetylmethylcar- 
bin01 plus biacetyl content. 

At all stages, L. citrovorum represented only a small percentage of the total 
flora as compared with S. crernoris. I t  was at  the lowest level near the coagu- 
lating point of the milk and then increased beyond this point. The L. citrovorum 
population continued to increase after the S. cremoris population had reached 
a maximum level. Maximum levels for L. citrovorzcnz xere not reached until 35 
hours of continuous incubation or longer. 

No significant production of acetylmethylcarbi~lol plus biacetyl occurred 
prior to coagulation of the milk. After that time, the rate of increase was rapid 
to the end of the 24-hour period. 

The results obtained with the two starter cultures were comparable. 
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Deaths of Prominent Dairymen 
CARL A. VORHES, dairy technologist a t  the 

Quartermaster Food and Container Institute, 
died August 12, 1954. JIr. Vorhes was horn 
September 23, 1892. H e  had been associated 
with the dairy industry since 1912. He at-  
tended Iowa State College, 1912-1916, receiving 
a B.S. degree in dairy industry. H e  was asso- 
ciated with the Blue Valley Creat~tery fo r  1 6  
years, tnanaging plants in Sious City, Iowa, 
and JIil~vauk(.e, \Vis. He operated a milk and 
ice cream hubilless fro111 1935 to 1942 a t  Rlar- 
shalltown, Iowa, and joined the Quartermaster 
Food and Container Institute staff in 1944. H e  
had been a member of the Institute since that 
time. 

Mr. Vorhes was known by many in the dairy 
industry for his work on products for  the 
Artned Forces. H e  is survived by his wife, two 
sons, and a daughter. 

B t i s ~ a ~ f ~ s  ASIXTER, a pw~ninent  Pacific 
Coast dairyman, died July  1 a t  his hotlie in San 
Francisco a t  the age of 71. Mr. Anixter was 
president of the Dairy Dale Co., which was 
merged with the Borden Co. in 1928. H e  re- 
mained with the Borden Co. as head of the 
Borden's Dairy Delivery Co. until his retire- 
ment in 1944. 

founder, will continue as general manager of 
the rolnpany, which will he known as  the 
Sturtevant Dairy Products Division of the 
Borden Co. 

Foremost Continues Expansion Program 
Forenlost Dairies, Inc., a rapidly growing 

dairy corporation, has been authorized by its 
hoard of directors to acquire the Ives Ice Cream 
Co. and the DeSoto Ice Crean~ Co., both of 
I\Iinneapolis. They have also purchased 21% 
of the outstanding stock of the Philadelphia 
Dairy Products Co. Other Foremost acquisi- 
tions since the first of the year include the 
Redwood Ellipire Dairies and the Golden State 
Co., both California operations, and the Moana- 
lua and Rieo Dairy Co~npanies of Hawaii. 

Borden Appoints Koenig to Chicago Post 
R. I). WOOSTER, vice-president of the Borden 

Co. of Kew York City, has announced the ap- 
pointment of 0. N. KOESIG as chairman of the 
Chicago-Central district. H e  succeeds 0. 0. 
SMAHA, who was forced to retire from active 
duty because of illness. 

Mr. Koenig has been associated with the Bor- 
den Co. since 1928 and has served as general 
sales manager of the Chicago Milk Division and 
more recently as president of that division. 

C. M. HIBBERT, 74, former manager of the 
Challenge Cream and Butter Assoc., died June Changes in N.D.C. 
6 in Pasadena, Calif. He was a past president Tlv0 changes in the pul,lic relations program 
of the California Dairy Council. H e  retired of the National Dairy Council have been an- 
from the Challenge organization in  1946 af ter  uounced by JIILTOS I~~JLT, president. 
35 years of active management. REX THOMAS, a specialist in agricultural 

Mr. Hibbert was one of the nation's leaders press and radio relations, has joined the 
in developing co-operative marketing. Under and the Department of Information Service, 
his supervision Challenge grew from a few headed by \V. S. EPPI~E, has been nlerged with 
menlbers to be one of the world's largest dairy the Department of Publie Relations, headed by 
products marketing firlns. L. H. GEIL. Both Tholuas and Epple serve a s  

assistant directors in the public relations de- 
JOHS P. JONES, attorney and assistant secre- partment. 

taq the Isaly Dairy '0.7 a of dairy Thotnas will be responsible for  NDC relations 
stores operating in Ohio and Pennsylvania, with the agricultural press and radio. addi- 
died August 10 of a heart attack. H e  leaves a tion, he will work closely with the 67 local 
widow and four children. Nr .  Jones was asso- Dairy council ofices located in major cities 
ciated with Isaly's for  21 years. throughout the eountry to aid in  the interpre- 

Sturtevant Sells to Borden tation of programs and to assist the local di- 
rectors in strengthening their press and radio 

One of the largest independent milk and ice activities. T h o ~ ~ l a s  comes to NDC after 2y2 
cream operations in Illinois, Sturtevant Dairy years as director of promotion fo r  the Ameri- 
Products Co. of Rock Island, has been acquired can Shorthorn Breeders' Assoc., purebred beef 
by the Borden Co. The company was organized eattle registry organization. Prior to his last 
in 1913. KENNETH STURTEVANT, son of the position, he served as publicity director of the 
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International Live Stock Exposition and han- 
dled other public relations projects for the 
Union Stock Yard and Transit Co. of Chicago 
from 1947 to 1951. 

Epple will be in charge of a stepped-up pro- 
gram of information services to newspapers, 
~nagazines, radio, TV, and dairy industry pro- 
cessor and handler publications, and will con- 
tinue as editor of the quarterly NDC publica- 
tion, The Drtiry Corc~tcilor. 

North Carolina Dairy Products 
Association Scholarships 

The Xorth Carolina Dairy Products Assoc. 
and R. L. L o v r o ~ s ,  Director of Instruction, 
School of Agriculture, N. C. State College, 
announce the awarding of two scholarships to 
dairy ~nanufacturing studctlts a t  the rollege. 
The funds for these scholarships are made pos- 
sible hy contributions of nie~nbers of the North 
Carolina Dairy Products Assoc. 

The $500 scholarship for a freshman enrolling 
in dairy manufacturing was awarded to H. 
J o n s x r  MCGLAMERI-, Statesville, N. C. Johnny 
was active in sports and other extra-curricular 
activities in high school. He was vice-president 
of his senior class. Since 1951, he has been 
working after school and during the sumtrier 
months for Superior Dairies, Statesville, N. C. 

The $300 scholarship for a rising sophomore 
in dairy manufacturing at h'. C. State College 
was awarded to MAX I. LOYD, Statesville. Mar, 
a veteran with a 1-year enlistment in the Air 
Force and a 2-year tour of duty in the Army, 
enrolled in dairy manufacturing in 1953. Dur- 
ing his freshman year he achieved a high 
scholastic rating. 

The Ohio State University 
Representatives of the butter industry and 

the Ohio Dept. of Agriculture met in Columbus, 
Ohio, on Bugust 19 to discuss the compliance 
with the Cream Regulation which went into 
effect May 1. This regulation establishes a 
maximun~ 4-day delivery period for producer 
cream for the sunltner period and 7-day for  
the winter. 

A survey is being conducted by the depart- 
ment and Ohio Dairy Products Assoc. to ascer- 
tain the present status of bulk farm pick-up of 
milk and the anticipated developments within 
the next year. 

The department, in cooperation with the 
Ohio Dairy Products Assoc., is planning a 
1-day field program to be held a t  the University 
in October. 

FRANK KOVAL, a graduate in dairy industry 
from The Ohio State Univ. in 1949, has been 
appointed a dairy technology extension spe- 
cialist in the Dept. of Dairy Technology. Mr. 
Koval, whose home is in Shadyside, Ohio, was 
born and raised on a dairy farm in eastern 

Ohio. Since his graduation from The Ohio 
State Univ., he has been associated with the 
Evaporated Milk Assoc. as a member of the 
Sanitary Standards staff. He has been engaged 
in sani ta~y audits of evaporated milk plants 
and dairy farms and in assisting with the 
organization of fieldttten conferences. He will 
fill the position formerly held by P. R. Ells- 
worth. 

Florida Events 
"JIango Ice Cream" was the title of a report 

preset~ted by K. A. KRIENKE of the Dept. of 
Dairy Science, IJniv. of Florida, before the 
Florida JIango Forum at  ?Iliami on July 21, 
1954. The new variegated mango ice cream 
which he prepared for sampling was received 
with enthusiasm by nearly 1,500 people in 
attendance. 

1%. H. ~VII.KOWSKE, secretary-treasurer of the 
International Assoc. of Milk and Food Sani- 
tarians, has been advanced in rank to associate 
professor in the Dept. of Dairy Science. 

Toar G .  LEE, who began dairying with one 
cow soon after graduation from the Univ. of 
Florida in 1917, is erecting a $250,000 dairy 
plant a t  Orlando, Florida, to house Lee's Dairy. 
He is a director of the Florida Dairy Assoc. and 
former president of Florida State Dairymen's 
Assoc. 

Wisconsin News Items 
P. A. BUCK has been appointed assistant 

professor of Dairy and Food Industries a t  the 
Univ. of Wisconsin. He recently completed 
his Ph.D. thesis a t  the Univ. of California. His 
new duties will be concerned with research and 
teaching of food processing. 

I<. G. WECKEL participated in a memorial 
program to the late Professor E. B. HART a t  
the annual meeting of the food technologists in  
Los Angeles. Professor Hart  was well known 
in the dairy industry field for his early work. 
in cheese curing, his casein test, and many other 
contributions. 

W. A. MCGUGAN, having completed his Ph.D. 
thesis a t  the Univ. of Wisconsin, has returned 
to Ottawa, Canada, where he will be a member 
of the dairy chemistry section of the new dairy 
technology research unit a t  the Central Experi- 
ment Far111 in Ottawa. 

ERKKI PELTOLA of the State Institute for  
Dairy Research, Jokioinen, Finland, who has 
been a Fulbright research scholar in the Dept. 
of Dairy and Food Industries for  5 months, 
has completed his study on problems relating 
to the rennet coagulation of milk and has re- 
turned to Finland. 
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SAEED GABAI~LAH has completed work on his 
Ph.D. thesis a t  the Univ. of \Visconsin and has 
returned to Egypt. He s i l l  teach and do re- 
search nt the College of Agriculture, Shebin E l  
Koom, Egypt. 

H. E. CUBERT is the president-elect of the 
D'isconsin Milk Sanitarians Assoc. for the com- 
ing year. This organization, co~nposed of milk 
sanitarians, regulatory inspectors, and dairy 
field~nen, is active in promoting quality im- 
prove~nent work in milk production and pro- 
eessing in Jvisconsin. Professor Calbert ap- 
peamd on the program of the N. Y. State Milk 
Sanitarians Assoc. a t  their annual meeting in 
Albany on Sept. 20 and a t  the annual meeting 
of the International Assoc. of Milk and Food 
Sanitarians in Atlantic City in September. 

Minnesota Happenings 
During the past summer a series of meetings 

has been sponsored in various sections of the 
state by the Minnesota Milk Sanitarians Assoc. 
The subject matter covered included discussions, 
demonstrations, and interpretations of labora- 
tory methods used in grading raw milk and in 
the evaluation of finished products. Members 
of the dairy bacteriology staff a t  the University 
and regulatory personnel from the Dept. of 
Agriculture, Dairy, and Food cooperated with 
the association in this work. The meetings have 
been open to all plant and field personnel. 

The Univ. of Minnesota held the annual 
Dairy Products Institute on Sept. 15-17. On 
Sept. 16, a joint dinner of the Dairy Products 
Institute and the Minnesota Dairy Technology 
Society was held with 11. A. MORRIS, assistant 
dean of agriculture, Utah State College, as 
guest speaker. On the evening of Sept. 17, the 
annual ~ncrting and hnnquet of the Minnesota 
Milk Sanitarians Assoc. was held with H. L. 
THOMASSOS, executive secretary of the Inter- 
national Assoc. of IIilk and Food Sanitarians, 
as guest speaker. 

DR. and AIRS. T. \I7. GIJLLICKSON spent a 
portion of the sumttlrr in Europe. They sailed 
on the Queen Elizabeth fro111 Srw York August 
4 and visited England, Korway, Sweden, Den- 
mark, IIolland, Germany, Switzerland, and 
France. They returned hy plane from Paris in 
Septenlher. 

H. H. O~.sos, who received his Ph.D. degree 
a t  Jlinnesota, has accepted a position as  nssis- 
tant professor a t  Southern Illinois Univ., Car- 
bondale. He was forlnerly with the Curtiss 
Farms at Cary, Ill. 

California Starts Important Studies 
-4 special study is being 111ade of quick dis- 

solving powdered milk hy A. H. BOCKIAR, who 
recently received his Ph.D. degree in agricul- 
tural chemistry. The study is being lnade pos- 
sible by a grant fro111 the \Vestern Condensing 
Co. of Petalurna, Calif. 

With funds supplied by the California Dairy 
Industry Advisory Board, R. W. THOMAS, a 
recent graduate of the Univ. of Florida, will 
study flow characteristics of H.T.S.T. pasteur- 
izers and the seasonal variation of n~i lk protein. 

Western Division of A.D.S.A. 
Meets at Oregon State 

The n'estern Division of the American Dairy 
Science Assoc. and the Western Section of the 
Alnerican Society of Animal Production held 
their annual joint meeting in July at  Corvallis, 
Ore., with 150 ~ne~nhers of the two societies 
present. A conference on inilk pricing and 
marketing, with Ross WURM, editor of the 
Western Dairq Jottrnal, as moderator, and 40 
scientific papers were on the program for the 
group. 

G. N. D~vnrnf of California State Polytech- 
nic College, chairman of the Western Division, 
presided at  the business meeting. J. 0. YOUNG 
of Oregon, vice-chairman, will autotnatically 
become chairman of the dairy division for 1955. 
I. W. SLATER, Tliyorning, and T. A. NICKERSON, 
California, were nominated for secretary-treas- 
urer, and L. R. HURSAKER, Utah, and T. H. 
RLOSSER, Washington, were nominated for vice- 
chairman. Nemhers will vote by mail to fill 
these offices. 

A salmon barbecue, prepared by A. W. "AL" 
OLIVER and attended by 225 persons, was the 
highlight of the entertain~nent for the two 
groups. 

Completed Theses 
X.S. Drgrcr : 
DEI.I~AR L. ASDF,RSF,S-A ~ o ~ ~ ~ p a r i s o n  of freeze- 

drying nrilk and ~ t ~ i l k  dried a t  temperatures 
between 0 and 10" C. Univ. of Wisconsin. 

E. CHICOYE-Factors responsible for a hay-like 
flavor in vita~niu A fortified low-fat milk. 
Univ. of Kisronsin. 

A. FEDERER-A study of methods of sterilizing 
evaporated 111ilks. Univ. of Wisconsin. 

G. H.inr..isn-Solvent power as a measure of 
the total solids content of milk. Z-niv. of Wis- 
consin. 

H A R O I . ~  R-~PP-Studies on hulk hand1t.d lnilk. 
Univ. of TVisconsin. 

H. J .  SEYI~O~R-Correlation of butterfat pro- 
duction predicted from single tests with but- 
terfat yields calculated fro111 monthly tests. 
Icansas State College. 
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GEORGE KLOSER-A study of the reliability of 
the Reiehert-AIeissl and Polenske methods fo r  
detecting substitute fats in ice cream. Univ. 
of Georgia. 

Ronnr P.4~~~1.1s-Effect of certain factors on 
quality of ice rreanl stored in home-type 
freezer lockers. Vuiv. of Georgia. 

H. 0. .Jars~s-Studies of milk lipase. Univ. 
of Tennessee. 

n'. 31. J I . t s s~~-The  econotny of irrigating the 
University of Tennessee dairy farms. Univ. 
of Tennt~ssee. 

J. B. FREEMAX-Grazing habits of dairy cattle. 
Vniv. of Tenne~see. 

Pl8.D. Dcgrrr:  
A. TV. RUDSICK, JR.-Effect of heat during 

proressing of nonfat dry tuilk solids for cot- 
tage cheese tnanufacture. Univ. of Minnesota. 

ALAN T a o x ~ s - A  study of the ~r~echanisn~ of 
sulfhydryl action in ~nilk. Univ. of 3Linne- 
sota. 

S. GARAT.I .AH-S~U~~~S on the freezing poillt of 
milk. Univ. of JVisconsin. 

WESLEY A. JICGUGAN-A study of the physical 
properties of spray-dried tnilk. Univ. of Wis- 
consin. 

VIXCEST L. ZEHRES-The isolation and proper- 
ties of easein. Univ. of TViseonsin. 

VIRGISI.~ F. ZE~~E~-Denaturatiol11 of beta- 
lactoglobulin. Univ. of TYiseonsin. 

WHAT ABOUT MILK FLAVOR? 
A Guest Editorial 

I t  would seem that most of us in the dairy 
industry could agree that the only really basic 
solution to the present prohlem of surpluses is  
to sell ntore milk in the fluid form and to sell 
more hutter. By better packaging, more adver- 
tising, and sales effort we can undoubtedly sell 
more cheese, more evaporated milk, and more 
ice cream. The possihle increase in milk usage 
in  these three products, however, will not solve 
the probelm. The potential market for  fluid 
milk and for  fine high quality butter could 
solve our problen~. 

I t  is true that we have a terrific long way to 
go in regard to butter flavor quality when we 
read of a meeting in one of our leading dairy 
states where they arrive a t  the momentous de- 
cision to receive no cream over 4 days old. Such 
a decision is certainly a sad commentary on 
that branch of our industry. Then, when you 
read a bulletin from a college in another state 
where they tell the operator how to standardize 
poor creatn with good crealn so as to meet mold 
mycelia standards, you begin to wonder how 
we sell as tnuch butter as we do. 

I helieve the butter industry as a whole is 
very ~nnch aware of the need for  flavor quality 
improvetnent. However, I have the feeling that 
the fluid milk people do not appreciate the need 
for  improvement of flavor quality of the bottle 
of milk. 

The Alfred Politz survey made for  the Ameri- 
can Dairy Association shows that flavor quality 
of milk sold as fluid is of great importance. I I y  
ohservntions are that we have four periods of 

woor flavored milk in 
most areas of our coun- 
try. I n  the spring we 
have the extreme grass 
flavor often in combina- 
tion with various weed 
flavors. This flavor is 
very distastrful to many 
people. I n  many arras 
we have serious weed 
flavors again in the fall 
when pastures start to 
shorten up. I n  the very 
l a t e  f a l l  w h e n  rnanv 

N. E. Fabricius rows are in late larta- 
t ion, a s l ight  r an r id  

flavor ran be observed in nluch fluid milk. I n  
the early spring before grass, oxidised flavors 
are quite conunon for  a month or two. On one 
oecasion when samples were accumulated for  
the International Students Contest in an  east- 
ern state, one-third of the smnples carried a 
distinrt wild onion flavor. Last year not a 
single sa~nple  of milk accumulated for  the con- 
test was of really fine flavor quality. 

I f  we observe carefully I think all of us 
notice a difference in milk eonsutnption by our 
families during each of these flavor change 
period<. J Iy  own family will change its milk 
consut~tptiot~ dots-nward as much as  50% during 
surh periods. I t  takes a long time to get them 
bark to full eonsutnption after they ronsutne 
such defective flavored milk. Last spring two 
of us ordered milk in an  eating place in Jfadi- 
son. I immediately recognized a comhination 
weed and grass flavor that made the lttilk very 
distasteful. I didn't say a word, for  naturally 
a dairyman is tnore particular than average in  
respect to flavor quality. The other person 
tasted his milk and i~ntnediately remarked, 
"Boy, this milk has a terrible taste!" When a n  
average consumer makes such an  observation, 
i t  is a serious matter. All tnilk delivered to 
this market is  Grade A and undoubtedly was 
fine milk in regard to bacterial content and i t  
was in all prohahility carefully processed. 

S o w  I want to ask a question as one who 
has graded milk quality in nearly every state 
of the union, but one who has had little market 
milk esperience. Why not subject all milk to 
be used as fluid to a mild vacuurn treatment? 

I t  would seem to me in periods of strong 
grass flavors and slight s eed  flavors, that even 
a mild vacuurn treatment would level out these 
flavor defects. I n  the late fall i t  should remove 
some of the volatiles conlmon in tnilk from late 
lactation cows. Certainly the undesirable wild 
onion flavor observed in much eastern and 
southern lnilk could easily be removed. The 
removal of some of the closely bound oxygen 
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from milk in early spring when oxidixed 
flavors are common also should be of value. 

The fact that carefully processed 3-1 concen- 
trate when recombined is superior in flavor to 
most ordinary fluid milk would seem to me to 
be of considerable significance. I know of one 
plant that is subjecting its milk sold as fluid 
to a mild vacuum treatment. I have inter- 
viewed a number of customers of this plant as 
to why they buy this milk even though it  is 
often higher in price than locally processed 

LETTERS TO 
A Letter to Past-President Price 

Receipt is acknowledged of your letter of 
May 25 addressed to the Secretary, and the 
cover containing the projects submitted by 
some 300 members of the American Dairy Sci- 
ence Association in response to the request 
made of you as president of that Association 
regarding what projects in research, extension, 
and education in the dairy field will do most to 
strengthen American agriculture. 

This record of projects is most complete and 
interesting. You and the members of your 
Association are to be complimented on the fine 
response you have made to the Secretary's 
request. We are sure that all of the projects 
proposed are most worthy and would contribute 
greatly to solving many of the difficult prob- 
lems currently troubling the dairy industry. 
We shall hope that many of them may come to 
fruition. 

In  reply to your comment about the creation 
of a study group to review these projects in 
order to develop a balanced program in re- 
search, education, and extension for the dairy 
industry, the Department has had in existence 
since 1947 a dairy research advisory com~i~ittee 
that counsels and advises with the Department 
on its dairy research program. Your report 
will he made available to this com~nittee for its 
consideration. 

In addition, there exists in the Department 
a dairy research working group which is a 
counterpart of the research advisory committee. 
Members of this group along with appropriate 
officials in the various hranches of the Agricul- 
tural Research Servire, including the Office of 
E x p e r i ~ ~ ~ c n t  Stations, ancl the Agricultural 
Marketing Service, and Federal Extension Serv- 
ice will also have an opportunity to see your 
report for use in planning their respective 
future progranls. 

In  addition to this, should such a study group 
as you have indicated seen1 necessary, u-e shall 
not hesitate to fo r~n  one. In  this event we shall 
be happy to take advantage of your offer of 
assistance. 

J. EARL COKE 
Assistant Secretary of Agriculture 

milk. The almost unanimous answer is that the 
milk tastes better. 

Certainly some research along this line is 
long overdue. My humble opinion is that if we 
could solve this fluid milk flavor quality prob- 
lem we could regain our per capita consumption 
and even increase it greatly. I f  so it would, of 
course, solve our surplus problem. 

N. E. FABRICIUS 
Ladysmith Milk Prodzieers' 
Cooperative Assoc. 
Ladysmith, Wis. 

THE EDITOR 
Liked Mack Gebert's Article 

Please allow me to congratulate the Journal 
of Dairy Science on Mack Gebert's "The Self- 
Help Program" in the May issue. This and 
similar articles in your "Our Industry Today" 
section should increase reader interest among 
the nontechnical members of A.D.S.A. 

REED SHAWR 
Greenville, Ohio 

A Report from Dr. Wilster 
In  Vol. XXXVII, No. 6, p. 762, there ap- 

pears the following statement: "In 1950 Dr. 
G. H. Wilster of Oregon State College was ap- 
pointed chairman of a committee to formulate 
detailed procedures for the test, and he con- 
tinued as chairman until 1952 when he resigned 
because of illness." 

rn referring to my records I find that in 
March, 1948, the Association appointed a com- 
mittee on "Standardizing Methods for Conduct- 
ing all Phases of the Babcock Test." Mr. L. M. 
Lampert and Mr. R. P. Robichaux agreed to 
work with me on this cormnittee. The commit- 
tee was reappointed in 1949, 1950, and 1951. 
However, Mr. Robichaux was replaced on the 
committee by Dr. D. H. Nelson, who served for 
about three years. The co~n~nittee presented a 
report a t  the 47th annual meeting. I n  the re- 
port of the manufacturing section printed in 
Vol. XXXV, So. 8, of the Journal of Dairy 
Science, it is stated, "G. H. Wilster, chairn~an 
of the co~nmittee on 'The Procedure and Equip- 
111ent for Determining the Fat  in Xilk by the 
Babcock Jlethod' presented a written report 
which was accepted after revisions were made 
with reference to centrifuge speeds, directions 
on pipette specifications and use and aliquot 
sampling. I t  also was voted to delete the last 
sentence of paragraph one, which reads, 'A 
~nechanical stirring device shall he used with 
the weigh can in order to satisfactorily ruix the 
nlilk.' 

"It is reeo~nil~ended by the section that Chair- 
man Wilster submit the revised report to the 
secretary of the section as a part of the ~ninutes. 
The connnittee will be continued to receive addi- 
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t iot~al cot~~t~tents  and suggestions concerning 
n~ethods recommended in the report." 

The revised report was subtttitted to the Asso- 
ciation and President H. R. I-Imderson ap- 
proved it for  inclusion in the proceedings of 
the 33rd annual ~t~eclting of the Western Divi- 
sion, American Dairy Science Association. This 
was done and I ant attaching herewith a copy 
of the report as was published. 

I would like to say a t  this time that I did 
not resign f r o n ~  the committee berause of ill- 
ness. As a matter of fact, ~ t t y  health was excel- 
lent and I did not resign. How-ever, I was not 
advised by the association to continue as chair- 
man of the con~mittee. 

I trust that a clarification of this matter can 
be mad(. through the tnedium of the Journal of 
Dairy Science. I an1 pleased to be able to state 
that I all1 in fine health, I am enjoying my 
work, and I an1 enjoying life here in Oregon. 

G. H. WILSTER 
Professor of Dairy Mantcfacturing 
Oregon State College 

Special Committee Reports on 
Dr. Whitney's Proposal 

A committee was appointed by President 
Price to study the possibility of developing uni- 
form rules or  prinriples for detertnining the 
order of authors applicable to all research pub- 
lications in the Journal of Dairy Science. 

I n  a letter published in the Jovtrnal it was 
stated that the authorship is now confusing and 
leads to misinterpretations. I t  was hoped that 
the co~~ttttittee would establish a policy which 
would be acceptable to all research agencies to 
relieve them and their investigators of the re- 
sponsibility and effort of arranging the order 
of authors on publications. 

After one ~ t~ee t ing  of two of the nlet~~bers 
and sottle correspondence your cot~t~nittee ad- 
vises against such an  empirical procedure to 
select and arrange authors of research articles. 
The Attterican Dairy Science Association has 
neither the authority nor the right to infort11 
colleges and cott~tt~errial research institutions 
how they n~us t  make this decision. There may 
be reasons for different policies in the various 
educational and co~nt~lercial research labora- 
tories. 

Thrse tu-o general considerations tltake i t  
undesirable to fortnulate rules for arranging 
the order of authors of articlc~s published in the 
Jortrunl of D~tir,tl Sri(wce. 

F. E. SEI.SON 
T. S. SI.TTON 
A. C. I~AHLRERO,  Chnirnzun 

Bulk Handling of Milk 
We have noted with ~nuch interest B. L. 

Herrington's "Lipase, A Review" in the July  
Jotcrnal of Dairy Srirnrr. 

The 1s-idespread interest in bulk milk methods 

and the possible relationship of this  neth hod of 
handling ntilk to lipase activity may make i t  
worth while to review bulk milk history over 
recent years. 

Bulk milk started on the large farnts in Cali- 
fornia about 1 5  years ago. Previously 111ilk 
was cooled on a surface cooler to ten~pt.ratures 
of about 40" F. and collected in cans. When 
bulk handling was introduced, the surface 
cooler was raised to an  elevated position, the 
cold tt~ilk discharging into a plain, insulated 
holding vat. Milkings were mixed without ap- 
parent detritt~ental effeet, as temperatures in 
the holding tank were tnaintained around 40" F. 
The milk was under agitation for  sampling 
purposes only a t  time of pick-up. 

Elevating the surface cooler usually necessi- 
tated the installation of a dutnp tank with 
pump to transfer the milk to the elevated cooler. 

On the stnaller family-operated far~t ts  in the 
Midwest and East the pour-in tank with ele- 
vated surface cooler discharging into a holding 
vat did not appear to be the best answer to 
hulk handling. Recognizing this, on the first 
bulk route in the eastern par t  of the country 
established out of Hartford, Conn. in 1948, 
farm holding tanks were used with a cooler 
section suspended in the center of the tank. 
Milk was poured into a trough mounted on the 
Lank which distributed the milk over this re- 
frigerated section. An increase in the n~ i lk  level 
in the tank had the effect of gradually sub- 
ttterging the cooler section and causing a drop- 
off in cooling efficiency. 

The following year, 1949, a bulk route with 
all cold wall tanks was established out of 
Columbia, S. C. A refrigerated cold wall bot- 
t o ~ n  with an  agitator stirring the ~nilk,  cooled 
the ~trilk. This co~ttbination of tank and cooling 
surface has wade possible a farm unit requir- 
ing lit~tited floor space and is well adapted to 
milkhouse sizes and practices on fatrtily-oper- 
ated far~tts.  Wartn ~ni lk  is added to the previ- 
ously cooled tttilk and agitation is ~nnintained 
during the cooling period. The tetnperature 
rise of the tnilk during the second or snbst~quc.nt 
milkings is related to rate of ~t~i lk ing,  size of 
corttpressor and tank efficiency. On well engi- 
neered it~stallations the milk tetttperature should 
not c~xceed 50" F. during the second or  suhse- 
eluent t~tilkings, and on Illany it~stallations the 
ntilk t e~~~pc*ra tn re  stlldott~ if ever exceeds 4.5' F. 
(As the I I I ~ I I C  is well bc.low churning t e~ t~pe ra -  
ture we would not expect to find rhurt~ed butter 
grattules under these cwnditions. Where churned 
huttc~rfat particles appear we would generitlly 
susptbrt a conlpressor too stt~all in relation to 
refrigeration load or a tank design of such 
nature as to nlcluire too long an elapsed tittle 
to handle the cooling operation.) 

Vp until the present tittle the sanitarians 
hare been pritttarily concerned with tank eon- 
strurtion. Less atttantion has been paid to eool- 
ing performance, which in arty event is not 
nc.ceswrily n prohlen~ involving n~i lk  sanitation. 
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I n  the 3A Sanitary Code on farm tanks i t  is  
required that the milk he cooled to "50" F. in 
one hour after the tank has been filled to rated 
capacity (per milking) with the coltipressor in 
operation during the filling period." This nlay 
he a low perfor~nance standard. It is alto- 
gether possihle that tank designs which meet 
this standard, nevertheless pe r~n i t  a sufficient 
temperature rise during the second milking "to 
carry the milk across the threshold of organo- 
leptic rancidity, especially if alternate day 
pick-up is practiced," as suggested hy Dr. 
Herrington. 

We  feel that research work is needed to de- 
termine if possihle the maximuni allowable 
temperature rise on a hulk milk cooling tank 
during the second and suhserluent ~t~ilkings,  as 
related to lipase activity. 

H .  G.  ~IOJONNIER 
Mojonmi~r Rros. Co. 
Chirago 

Inquiry from Israel 
I should he grateful if you could puhlish the 

following letter in your Josrmal. 
For  several years now we have noted tlie 

appearance in various farms of certain ahnor- 
n ~ a l  sy~~iptonts in the cattle whose causes we 
have heen unable to find. One of these is the 
lengthening of the gestation period which 
reaches 290-300 days and even more. As a re- 
sult unusually large calves of 50-60 kg. are  born 
and emhryecton~y or Caesarean sections have 
often to he carried out. The fluid a t  parturi- 
tion is yellow in color and the placenta is gen- 

erally retained. I n  most cases the cows show 
satisfactory health developn~ent during later 
pregnancy. The udder expands normally until 
shortly before parturition the swelling decreases 
and a t  calving time the udder is rather small. 
The milk yield, as might he expected, is low. 

The second widespread phenomenon appears 
mainly anlong f e ~ ~ t a l e  calves and generally a t  
the farms where the disturhances of fertility 
occur. There is an  arrested develop~nent of 
horns. U p  to the age of G-7 months the horns 
hardly grow a t  all or, if they do grow, are weak 
and loose. With hull calves there is nor~nal  
growth and develop~nent of the horns. We do 
not attribute this phenomenon to a genetic 
factor as it recurs in several f a r n ~ s  in different 
parts of the country and as it is associated with 
other s y ~ t i p t o ~ t ~ s  a s  weakness, diarrhea, and 
generally poor develop~~ient of the young calves. 

There is also no likelihood that the lack of 
horn developn~ent is the result of calfhood 
diseases hecause the hull calves, whose horn de- 
velopment is norntal, are reared under the sattle 
co~lditions a s  the fernale calves and show the 
same retardation in grou-th. 

We shall he greatly indebted to any of your 
readers who might he ahle to offer us explana- 
tion or  advice with reference to the ahove phe- 
nomena and shall he only too glad to offer any 
further details whieh Inay he necessary for  
clarification of the position. 

R. VOLCAXI 
Department of Dair!y H~csbandry 
Agric~tltztral Research Station 
Rekocot, Israel 



BRUCELLOSIS IS BEING WIPED OUT 
C. G. BRADT 

Twelve years ago, the ren~aining ten of the 
100 counties in Sor th  Carolina were placed 
upon the brucellosis-free, ~nodified, certified list. 
North Carolina thus hecan~e on July  1, 1912, 
the first state in the nation to suppress this 
diseaqe. Since that notorious event in farm 
livestock history, Kew Hampshire and Maine 
each hare recorded sin~ilar achieve~nents and 
many other states today are nearing their goals. 

The brucellosis eradication work in Xorth 
Carolina began in 1927 as a snlall research 
project carried on between the State Depart- 
ment of Agriculture, the Experiment Station 
and about 25 livestock owners with herds repre- 
sentative of those in the various regions in the 
state. The c.radication program was co~npleted 
with the aid of the U. S. Department of Agri- 
culture, which in 1934 began paying inde~nnities 
for  reacting cattle. From that time forward, 
the dc~n~and for herd testing in North Carolina 
grew rapidly in this state of low initial infee- 
tion, which in 1934 was said to be hut 4%. I n  
Connec.tirut a t  that titl~e, the rate of infection 
was 2'2%; in JIassachusetts, 2O(r,; in New 
Pork, l i % ,  and ill California, 15%. At  pres- 
ent, Sorth Carolina still lnaintains its lead 
with its original 100 counties "c~~rtified." 

Human Health Aspects Cited 
Back in the thirties, Bang's disease, as i t  was 

then mlle~d, was viewed n~ainly a s  n disease 
responsil)l(. for hmvy c.conon~ic. losses to the 
dairy ant1 livestock intlustric.~. Brcbeding trou- 
bles a11d ste~rility. dc~;id and ~-'ak calves a t  
birth, rntaincd placent:~~, drastically lower milk 
yic.lds, sncl s11ortc.r productive life wcArc the 
chief i t e . ~ ~ ~ s  of havoc. ~ v r o ~ ~ g h t .  Today, othclr 
eot~sitle~~~:ltions an1 eo~lling to the front. Rrucel- 
losis in I ~ u l i ~ i ~ n s  (undulant f(.ver) and how to 
g1.t riel of it is attracting attc.ntion. Also, Illany 
nlilk ~narkt.ts ; ~ r r  acdcepting only ~ni lk  and 
crtballl pro(luc.ed in hrucrllosis-free hc~rds. Brec~d- 
ers of dairy and hc.ef cattle i ~ n d  I'~II(.~PI'S hav- 
ing fc.c.clc~r c.attlt. f ~ ~ r  snle : ~ r e  finding it incret~s- 
ingly diM1~1t  to st~nd their anin~als into other 
states unless they are tc*stc.el and brurellosis- 
free. L)t.finitc.ly, the present trcbnd is to wipe 
out this disc.asc., instead of discovering ways to 
live with it forc.ver. 

Acc.ording to Dr. TI-esley TV. Spink of the 

11 

U n i v e r s i t y  of  XLinnesota Medical School, 
"There are over one hundred diseases of ani- 
n~nls tmnsn~issiblc. to Inan. Fro111 a world point 
of view, and certainly in the United States, 
brucellosis muses nlorcB hutnan disease than any 
other aninti~l disease. H u n ~ a n  beings acquire 
the disease by drinking m w  ~ni lk  ohtaincld fro111 
herds with Rang's disease. The diseasc~ is also 
accjuired through the entrance of Brucella in  
sn~all  abrasions of the skin. This is one reason 
why brucellosis is considered an occupational 
diseascl occurring n~ost  frequently in farn~ers,  
packing house plant employees and veterinari- 
ans who handle cattle." 

Extension Service and Sanitary 
Officials Cooperate 

Two years ayo, the author had occasion 
while 011 sahbat~cal leave f r o n ~  Cornell Uni- 
versity to rnake a study of pul~lic livestock 
health progranls in this country. The first 
n~onth  was spent in the U. S. Depar t~ l~ rn t  of 
Agriculture a t  Washington reviewing reports 
in the Estension Service Office and in the Ani- 
n ~ a l  1)isease Eradication Branch. The ren~ain- 
dtar of the 6 n~onths was devoted to visiting 
state collt~gc.s and state and federal livestock 
sanitary officials. Stops were made in 24 states 
front Sew York to Florida and fro111 Florida 

Estrllxio~~ Service, lor:11 veterinaria~ls, and state 
anll federal livestock s:rnitary officials work to- 
getl~er. Left: C. G .  Bradt, the a ~ ~ t l ~ o r ,  m ~ d  Dr. 
G. E. Burall talking tllit~gs over. 

11 
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across the nlidwest to California and returning 
via Oregon, Washington, Idaho, Montana, 
North Dakota, Minnesota, Wisconsin, Michi- 
gan, Indiana, and Ohio. 

Travel interests were centered on the kind 
of livestock health prohlen~s encountered in the 
different areas, the type of progratns drawn 
up, the educational inethods etnployed, and the 
relatiot~ships developed and enjoyed by the 

' 
coop~.rati~l:: agmcic~s, federal, state, and local. 

On this survey i t  was found that all state 
estet~sion services were doing (ducational live- 
stock health work as a part  of their programs. 
Brucc.llosis emdicatiot~ was the featured proj- 
ect upon which grc~~tt .st  c.~nphasis was being 
plaeetl. 1tcl:itiotlships bet~-et.n c.xtension agents 
and state atid fc.dc.~.al livestock sanitary offirials 
were cortli:il. IIowcbver, prngress was not equal 
in all areas. Lack of funds, shortage of veter- 
inarinils, particularly in tht. range statcs, and 
insufiic.ient estrnsiot~ persor~nel to do all the 
jobs waiting to he don(. wrre the chief retard- 
ing factors noted. The dairy statcs and dairy 
arras of the range st:~tt.s were ohserved as mak- 
in5 the gre:itest advanrc~s in c.~atlicating hruwl- 
los1s. 

Practially all states have adopted this four- 
plan program or phases of it. Experience is 
proving that these federally recommended 
plans fit liiost sitaations - areas and herds 
badly infected and those lightly infected; dairy 
herds under close owner supervision and beef 
herds on range; owners who are willing to re- 
inore ki~own reactors a t  once and those for  
economic reasons who wish to retain thenl. The 
i t ~ a t ~  who wishes only to vaccinate his calves for  
the protection affordrd has Plan C to enroll in. 
I t  scbcAnts that allnost every rattle owner having 
an Ilonrst dcsirc. to free his herd of bruc.c4losis 
rail find a poitlt of l ) eg i~~n i i~g  ill one of these 
four p1i111s. The statcss girt. r~ l~phas i s  to those 
plans 1v11ic.h 111c1rt their ronditiotls hest. 

Califor~iia, for  instance, et~~phasizes Plan C. 
It1 that state, according to 1:11v, all dairy calves 
tttltst be vaccinated. Colomclo and Connecticut 
have s i t~~ i l a r  cott~pulsory calf varc~inatioi~ laws. 
SITV Tork for 12 ymrs  has r ~ ~ ~ p h a s i z e d  volun- 
tary calf raccii latio~~ as a first step toward 
brurc.llosis c~liittinatioil. Over 300,000 calves an- 
nually hare hec~11 rarcinated ill r c ~ e n t  years. 

calves. This calf gets its protective shot of strain 19 

Plan C. Vaccinate calves without testing the vaccine' 

herd. 
PIall l). Vaccinate adult cattle. This plan is TViseonsin vaccinated 511,000 calves last 

advised only to meet emergency con- Year; Illinois, 178,000; Minnesota, 117,000; 
ditions. South Dakota, 125,000; JIississippi, 108,000; 

Tennessee, 108,000: and Idaho, 101,000. Ver- 
mont vaccinated about 82% of its calf crop; 
Iiew Jersey, 77% ; Delaware, 51% ; Maryland, 
51% ; 3lassachusetts, 67% ; S e w  Hampshire, 
02%; Virginia, 29%; and Washington, 26%. 

Adult vaccination, although included in the 
"4 Point" prograttl, is not a practice generally 
advised except under unusual eircntristanres 
when active abortion threats occur. With a 
large percentage of the animals adult vacci- 
nated retaining blood test titre reactions that 
obstruct clean-herd progress, this procedure is 
not being widely recon~incnded. I n  sollie statcs, 
i t  is allowed on permit only. I n  recent years, 
the interest among farmers in vaccinating 
mature cows has been ravidly dit~~inishing, the 

D ~ .  F. srhafer, saquoit, N. T., takes blood reason being that Inany d thcir cows weie vac- 
sample for brucellosis testing. cinated as calves and possess sotne protection. 



OUR INDUSTRY TODAY 1143 

Vaccination Favored in Range States 
I n  the range country of the South and South- 

west, sonte ranchers claim that their brucellosis 
disease losses are  so slight that control meas- 
ures are unnecessary a t  this time. However, 
Inany cattlenren in these regions view calf vac- 
cination a s  a good protection practice. 

Cattlenren in the range areas of South Da- 
kota, Sehraska, Colorado, Oregon, Washing- 
ton, AIontana, Idaho, California, and Wyorning 
have heen vaccinating many calves. I n  Mon- 
tana, Xebraska, and South Dakota, ranchmen 
may hug strain 19 vaccine a t  drug stores, farm 
supply houws, or hy tnail to do their own vac- 
cinating, a practice not approved in most states. 
However, in the back country, 100 tniles or  
wore front a veterinarian, this owner-vaccina- 
tion hold.; sonte justification. It is the abuses 
that tnay creep into the loosely controlled dis- 
trihution of lirt. vaccines that cause concern to 
livestock sanitary officials. Consequently, many 
states h a w  laws rmtricting vaccination to  li- 
censed veterinarians or to persons operating 
under their direct supervision. Owner-vaccina- 
tion doc1s not carry official status when inter- 
state cattle ship~nents are  involved. 

According to Thotnas F. Arnold of the Atner- 
ican Cattletnm's Association, the rancher's 
greatest need is for  veterinarians in the remote 
regions of the cattle country. 

I n  Ohio, North Dakota, Colorado, Alahama, 
Arkansas, Wmt  Virginia, and Maine, trained 
laymen under veterinary supervision are ap-  
proved to draw hlood or  to vaccinate calves. 
States utilizing the ~n i lk  ring test extensively 
in their progratns etnploy Inany laymen as  
technicians for  service a t  milk plants and in the 
testing laboratories. Sotne states, Minnesota 
and Sor th  Dakota, for  exarrtple, have used suc- 
cessfully senior veterinary college students dur- 
ing thoir sunrnlc~r vacations to speed along the 
~vork. 

Test and Remove Reactors, Best Plan 
Test and renrove reartors for  slaughter (Plan 

9) has cleaned u p  Inany areas of light initial 

The lirilk ring test for brueellosis is being used 
extensively ill the dairy states of the Midwest. 
Left: Negative sample ; extreme right, positive; 
intermediate reactions, in between. 

infection in this country. Xorth Carolina, 
Maine, Kew Hampshire, North Dakota, Mime- 
sota, Michigan, and Pennsylvania have made 
effective use of this procedure in  their area 
work. 

I n  counties and states where heavy infection 
is known to exist, a slower method of elimina- 
tion has been applied. This is Plan B, which 
includes calf vaccination. Under this plan, the 
retention of reactors by owners is  allowed while 
they are econolnically profitahle. Usually, how- 
ever, when these known reactors are  sold, they 
trtust go for  slaughter and not to other herds. 
Branding of these reactors is required in a few 
states. California passed such legislation effec- 
tive duly 1, 1963, applicable to all reactors not 
having been officially vaccinated. 

Ohio has a law, Regulation KO. 9, which 
ntakes it ntandatory that all anintals over 12 
n t o ~ ~ t h s  old (sonie exceptions) which are to be 
"sold, disposed of or  rnoved," pass a negative 
test within 30 davs. Indiana. Michiean. Dela- 
ware, ~ ~ i n n e s o t a , '  North ~ a r b ~ i n a ,  go r th  Da- 
kota, \17ashinrrton. and Wisconsin have sirnilar 
restrictions o n  the  sale of untested cattle. Mon- 
tana has a law requiring dairy cattle (but not 
hcef cattlr) to be negative to the blood test 
when sold for  purposes other than for  inrrnedi- 
ate slaughter. After January 2, 1956, in Cali- 
fornia, all dairy cattle sold inust be officially 
vaccinated or  be negative to a 30-day test pre- 
vious to sale. 

Nation-wide Progress Reported 
Under the nation-wide brucellosis eradica- 

tion progranr now under way, retnarkable 
progress is being ntade. It is reported fronl 
Oregon that all dairy cows in that state are  now 
tested and that the infection rate of tested 
herds has dropped to the all-time low of 0.78%. 
Similar low infection rates are recorded for  
I)elaware, S e w  Mexico, Rhode Island, and 
West Virginia. The states of Connecticut, New 
.Tersey, Pennsylvania, South Carolina, and Ari- 
zona remain not f a r  behind. 

I n  the township of Randolph in Cattaraugus 

I , I J , / I ~ ,  1 I 1 New York State I 1 / ' 6 -  

Brueellosis-free herd numhers increase rapitlly 
as herd testing expands. Latest figures for hTew 
York show 19,000 herds "certified. '' 



1114 JOURNAL OF DAIRY SCIENCE 

County, New York, a brucellosis survey in 1933 
of all farms disclosed a cattle infection rate of 
17%. Twenty years later the survey was re- 
peated and the rate had dropped to 8%. The 
clean herds increased fro111 31% in 1933 to 
48% in 1953. Calf vaccination during these 
years was the chief control measure employed. 

Another exanlple of brucellosis eradication 
progress can be cited as coming from Jersey 
County, Illinois, where calf vaccination has 
been widely practiced. I n  1942, the number of 
cattle infected was 5%. I n  1953, it  had 
dropped to 0.6%. Of the 56 reactors reported 
anlong 9,326 cattle tested, 20 were vaccinated 
reactors over 30 nlonths old. 

nThile these results emphasize the place and 
value of calf vaccination, it  should not be over- 
looked that calf vaccination alone will never 
indieate when cows and herds are brucellosis- 
free. For this proof, tests are required. The 
~nilk ring test handled as a supplement to the 
blood test is a valuable testing aid. The states 
of I\Tiseousin, hfinnesota, Ohio, Missouri, Indi- 
ana, Illinois, Iowa, and South Dakota are uti- 
lizing the ring test in their dairy areas, as  are 
some other states, to reach Inore herds and to 
lo\\-er testing costs. 

Dairy farmers throughout the country are 
noting that their cows calve nlore regularly 
and with fewer ahortions since they eliminated 
brucellosis. They say breeding troubles have 
been reduced and that their cows produce rnilk 
nlore efficiently. The "abortion storn~s" of 
years gone by are no longer the nightmares 
that haunt them. 

Fortunately, hun~an brucellosis, too, in some 
areas is on the wane. Health authorities cite 
the steady progress made against the disease in 
farm animals as a n~a jor  reason for this decline 
of l~rueellosis anlong humans in rural areas. 
I n  h'ew Pork State, the Health Department 
reported about 250 cases a year in up-state 

New York prior to 1949. Last year, the num- 
ber of cases dropped to 45. New York City 
recorded but five cases. The state records fol- 
low: 1948, 233 eases of human brucellosis; 
1949, 138; 1950, 143; 1951, 87; 1952, 74; 
1953, 45. 

Continued Action Required 
Eradication of hrueellosis is the ultimate 

goal. Most states are pointing their programs 
in this direction. The safeguarding of human 
health, the saving of milk markets, and the 
protection of far111 anin~als f r o ~ n  this costly 
disease are the spurring incentives. I n  addi- 
tion, many see visions after brucellosis in  our 
dairy sections has heen eliminated that "milk 
f r o ~ n  healthy cows and healthy herds" will fur- 
nish one more nrgu~nent to convince city con- 
sunlers that they should drink more milk. 

The problem of eli~ninatiug brucellosis among 
the swine population of the country still re- 
lnains as a phase of the program needing addi- 
tional attention, and in the dairy and range 
regions where calf vaccination alone is the 
chief eontrol measure, nlore herd testing should 
be done. I t  is through testing, and testing only, 
that herds will bc known as brucellosis-free. 

"We are on the threshold of success in deal- 
ing with this serious livestock disease," says Dr. 
A. I<. liuttler of the Aninla1 Disease Eradica- 
tion Branch of the U. S. Department of Agri- 
culture. Director of Extension Service, C. M. 
Ferguson, adds, "Although it  is entirely fitting 
to take humble pride in the progress that has 
been 111ade against brucellosis, it would be 
dangerons to relax the intensity of the drive. 
I f  \\.e beeo~ne satisfied, gains can quickly turn 
to losses. As all of you are aware, the work 
that still lies ahead is indeed formidable. There 
is real opportunity for extension workers t o  
give further support to this campaign." 
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ANIMAL DISEASES 
800. The effect of mastitis on the carote- 
noids, vitamin A and phosphorus compounds 
of milk. R.  CH.\SI)A. H ~ I I I I I ~ I ~ I  1)airv l iese:~rrh 
Inst., I<irkhill, ;\yr, Srot. Iiioehct~l. J., 54, 1: 
68. 1953. 

Eight lactating Ayrshirc~ cows-4 with was- 
titis ilncl -& 11onna1 controls-wcw used in this 
study. The tlor~nal ratio of nitrogen to phos- 
phorus was ~narkcdly affectt.cl by tnastitis. This 
was due to an inc.rense in S nncl a simultanc~ous 
decrease in P. Total thianlinc. was dec.reased 
and the percent of enrotenoids in the f a t  in- 
creased in infected cjuarters; however, there 
was a corrc.sponding drrrensc in total f a t  se- 
creted, hence, the total rarotc.tloids secrc.tc.d re- 
mained nhont thv srtltte in ~nnstitic a s  in nor~nal  
quarters. A. 0. Call 

Par t  IT' discusses the fer t~~enta t ivr  produe- 
tion of hix orgilnic acids: Lactic Acid, hy H. H. 
S c h o p ~ ~ t e ~ ~ * r ;  Citric Acid, by M. J. .Johnson; 
Qluconic Acid, hy L. A. Underkofler; Fntnaric 
Aaicl, by .J. \V. Foster; Itaeonic Acid, hy I>. B. 
Loc4iwood; and Acetic. Acid-Vinegar, by R.  11. 
\'nughn. 

Each chapter is presented in an  authoritative 
Ittntlner, yet with sufficient detail to provide a 
cott~pl(~te over-a11 picture of the particular fer- 
~nc.t~tation. A general style is followed through- 
out hy the sc1veml contributors. The historical 
tnnterinl and research harkground is sutumn- 
rizcbd and the raw tnaterials discussed. Jn  ]nost 
chaptc~rs there is a suitahle description of the 
~naintt~nance and cultivation of the ~nicroor- 
gitnist~ls used in the fermentation. The process 
as caarried out in the lahoratory and in the plant 
is presrntrd and in nlang cases is  illustrated 

BOOK REVIEWS wit11 flow-sheets and photographs of plant 
ecluipntent. Appropriate consideration is given 

801. Industrial Fermentations. Eclited by I>. to hy-products, process variations, and new de- 
A. UXDERKOFLEK anil R. J. HICKEY, Che~ltic*al ve lop~~~en t s .  The economivs of the process i s  
Publishing Con~pany, Inc., S e w  Tork, S. T. disrussed and the use of the products descrihed. 
565 pp. $12.00. 1954. A sc.leeted bibliography concludes each chapter. 

This hook is the first of a two volu~ttc~ series This hook is carefully and attractively 
dealing with specific fer~nentation processes of printed and with very few errors. I t  will he 
actual or potential industrial significance. In of value to a11 who a r r  interested in ferments- 
the first chapter, thc1 editors prc*sent an  inter- tion and i t  will also serve as an  excellent refer- 
esting discussiol~ on the over-all aspects of in- mce and text-book for  students in Tndustrial 
dustrial fertnentation. The rcl~nainder of the IIicrohiology and in Bio-Engineering. 
book is divided into four ~ ~ t a j o r  parts. Z. John Ordal 

Pa r t  I deals with the alcoholic fertr~t.~~tation 
and its modifications and consists of svven 802. Animal Breeding. LAURENCE M. WIN- 
chapters: Alcoholic Fert~tentation of Grain, by TERS. Fif th  Edition. John Wiley & Sons, 
W. H. Stark; Alcoholic Ferlnentation of No- Inc.., X. Y. 420 pp. 1954. 
lasses, by H. 11. Hodgc and F. 11. Hildehrantlt; Most of the first ten ehapters of this book 
Alcoholic Fermet~tntion of Sulfite \Vast(, IAi- eor~sists of an  interesting discussion of the 
quor, by J. L. NrCnrthy; Production of Aleo- structure of the 111ale and female reproductive 
hol fro111 \\'ood !ITaste, by J .  3'. Sachntnn and tracts, ga~ttetogenesis, oogenesis, etnhryonic de- 
A. A. Andreasen; The Rrtaning Industry, by vc.lop~~~c.nt, anti introductory genetics. While 
R. I. Tenney; Cotn~~lercial Production of Tahle all of these sul),jects arc of i~nportanco to live- 
and Dessert !Vines, by 11. A. .Joslyn ancl 31. \!-. stock nwn, it is questionable whether or  not 
Turhovsky; and Glycerol, I)>' 1,. A. Utlclcsr- t11c.y warrant occupying such a large fraction 
kofler. of a hook on ani~nal  breeding. Most students 

Pa r t  I1 is conrcrnrd with thca prnduction of would have had courses in or  eoursc1s covering 
yeast: Co~t~tt~ercial  Yeast 3latiuf:1cture, hy R. these suhjcrts before taking a course in ar~itrial 
Irvin; and Food and Feed Yc.ast, by A. J .  hreeding. Then too, there are many hooks de- 
Wiley. voted in their entirety to a tltore cot~tprehensive 

Pa r t  I11 is one chapter: "The Butanol-Ace- coverage of these suhjects. The discussion of 
tone Fermentations," hg \V. S. J'IcCutchan and these suhjects, however, may be of considerable 
R. J. Hiekey. use to sotrte breeders. 

A113 
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Chapters 11 and 1 2  are in the reviewer's 
opir~ion the weakest chapters of the book. I n  
the Inst paragraph on page 154, the author of 
these chapters has stated, "In a herd in  which 
the it~breeding of the animals is advancing, the 
heritability will decrease. After an  outcross, 
the genetic variability and, therefore, the heri- 
tability will be raised." These statements need 
qualifying, for  just as the author of the book 
suggests in the second sentence of the second 
paragraph on page 240, such state~ncnts cause 
confusion unless they are well qualified. 

The author of Chapters 11 and 1 2  is i n  par t  
recorlttltending a kind of tandem selection that 
is supposed to be superior to using a selection 
index. The author eives no references or  con- 
crtstc. c.vidt.ncc to sul)stantiatr this rec.o~ntnenda- 
tiott, \vhilv in the literature there is considrrahle 
evidence indicating that the selection index 
n~ethod is nlore efficient than tandell1 selection. 
The a rgu~ t~en t  that the relative eeono~nic values 
tnust be known exactly for  a fixed system of 
selection to serve well is not valid and even if 
it were, one is faced with the same problern 
whet1 using the tnethod suggested by the author. 

011 page. 187 the author has the following to 
say about selection indices: "This would ap- 
pear to I)(& an  altllost foolproof method of selec- 
tion if thcl inforlnation used in constructing  he 
sr lec t~ot~ index could be known accurately. This 
inforrnation, however, is not known a t  the t i n ~ e  
that it is needeti. Instead, average values cov- 
ering a period of time I I I U S ~  be used. This diffi- 
culty tends to drfrat  the use of selection indexes 
in hreeding work. Average values of the im- 
portat~ce of various traits are not good enough 
for  particaular situations. They do not pertnit 
the a t n o u ~ ~ t  of selc~ction fo r  different charactrrs 
to be varied as their in~portance to the line or  
herd varies. As a result, escc.ptiona1 individuals 
Itlay be overlooked in selection." 

I t  khould 11e ohvious to the reader that if 
infornlation on an anintal is available i t  is  
known as accurately for  one method of selection 
as it is for another and that this information 
is availahlc as early in thc. life of the animal f o r  
one tl~ethod of selection as i t  is fo r  another. I t  
is not clear as to what average values the text 
is referring in the third sentence of the quoted 
paragraph. The argument that the average 
values of the importance of various traits are 
not good enough for  particular situations is not 
justified in that one of the strong arguments 
fo r  a sclrction index is that the individual 
breeder can use relative economic values that 
are adapted to his own herd. I t  might he added 
that exceptional individuals Itlay be overlooked 
by using any method of selection, but they are 
less likely to be overlooked by using a selection 
index. 

The chapters on selection give the reader 
very little useful information on selection. I n  
fact, they steer him away from one of his xr~ost 
powerful tools, the selection index. 

Chapters 1 3  through 20 which are on in- 
breeding, crossbreeding, purebred breeding, 
grading, fertility, and artificial insemination a re  
interesting, well written, and, in general, very 
informative. The main weakness of these chap- 
ters is that the author's discussion of population 
genetics on page 296 to 300 is entirely too brief, 
and i t  fails to indicate that the genetic in~prove- 
~ n e n t  of far111 anit~lals is largely a problern of 
population genetics. The author's statenlent on 
page 300 about purebred breeding-is good and 
worth quoting : "itfodern research in genetics 
indicates that the purebred industry of the 
future will undoubtedly be different from what 
i t  is today. I t  also indicates that the over-all 
program of pedigree breeding has been sound, 
but that i t  is tiule to move on." 

There are a few ~ninor  errors and a~nhiguous 
stateturnts about which the reader should be 
warned. On page 106 the author states that 
the gattrete can never contain Itlore than one 
and the zygote more than two alleletnorphs. 
This statenlrnt should be qualified. I11 Table 7 
on page 119 the n's in the colutnn heading 
should be esponents. On page 156 Norton's 
natne is 111isspc~lled. On pages 182 and 193 the 
f o l l o n i ~ ~ g  statetrrent is found: "It is therefore 
clrar that, the higher the heritability of a trait, 
the nlore accurate is the srlection." I t  is obvi- 
ous that this statentent nerds qualification. On 
page 183 the author makes the followir~g state- 
~t tent :  "The  neth hod of weighting will vary with 
the investigator." The author should 111nke i t  
clear just what he tltearls by this staten~ent. On 
page 194 the author states that average values 
were used to rotnpute the expected genc.tic gain. 
The author should make i t  elpar as to what 
average values wrrr used. The heading of the 
last colutnn of Table 1 3  should read, "LVithin 
litter roefficient of varianer." 

This hook should hr  of considrmbl(~ use t o  
students, research workers, and 1,rredc.r~. 

R. JV. Touchherry 

803. Artificial Breeding and Livestock Im- 
provement. G. XT. STAJIJI. Edited by Dallas 
S. Burch, Windsor Press, Chicago, New York. 
303 pp. $3.50. 1954. 

The author has succeeded in his objrrtive t o  
present the principles of artificial inse~nina- 
tion, sound hreeding practices, and herd man- 
agement in non-technical t e r~ns  which the aver- 
age farmer and breeder could easily understand. 

Sections are  devoted to re~roduction. breed- 
ing ~nanagetnent, artificial inselnination, includ- 
ing the production and processing of semen, 
coit~~non breeding and caliing probie~ns, inheri: 
tance and syste~rls of breeding, selectio~l of 
dairy cows and bulls, breeds of livestork, and 
a directory of semen producers with the areas 
served by each and the breeds of bulls in their 
studs. 

This book is a ready source of valuable 
inforn~ation fo r  livestock farmers, particularly 
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dairymen. I t  would also be an asset to the book 
shelf of vocational agricultural teachers. 

E. R. Ormiston 

804. Modem Chemical Processes. Vol. 111. 
-4 Series of Articles Describing Chemical Man- 
ufacturing Plants. By the Editors of Indus- 
trial and Engineering Chemistry. 276 pp. 
$5.00. Reinhold Publishing Corporation. 1934. 

A series of chemical plant process articles 
started seven years ago now in the third volume. 
Detailed inforntation is  resented even in sottle 
cases including aspectsa of materials of con- 
struction, safety practices, costs figures, mate- 
rial balances, and such discussions as philoso- 
phy of plant location. Carefully planned flow 
sheets are included, Three articles of interest 
in Vol. I11 are, Certified Food Colors, Chetni- 
cals from Milk, and Carboxymethylcellulose. 
Chenticals from Milk is a description of the 
plant operations of the Chemical Division, 
Sheffield Farms Co. Inc., a t  Norwich and 
Oneonta, Kew York, covering the manufacture 
of casein, milk protein powder. caseinates, 
whey proteins, milk sugar ind  protein hydroly: 
zates. 1,. M. Dorsey 

805. Induction and Dielectric Heating. , J .  
WESLEY CADI.E. Reinhold Publishing Corporn- 
tion. 576 pp. $12.50. 1954. 

Induction heating is treated in the first half 
of the book and dic4ectric heating in the second. 
Application data are presented which are the 
accumulatiou of years of experience with actual 
installations of induction and dielectric heating 
equipment. Chapters are included presenting 
the n~echanizntion of the equipt~~cnt to adapt 
it  to the production line. Thrre chapters of 
direct interest to workers in the dairy industry 
field are : 20. Dielectric Heating in the Food- 
Processing Field; 21. Dielectric Heating as 
Applied to Sterilization and Allied Processes; 
and 22. Dielectric Heating for Moisture Re- 
moval. L. 31. Dorsey 

BUTTER 
806. A method for distinguishing between 
whey butter and ordinary butter and for their 
detection in mixtures. J.  (:. VAN GESKEL and 
H. G. HOMELISK. Proc. 13th Intern. Dairy 
Cong., 3, 13t12. 1953. 

Fifty to 60 g. of butter are m~lted at  10° C. 
and centrifuged as soon as protein flakes ap- 
pear. The fat is washed with petr. ether. Not 
less than double the vol. of fresh raw milk is 
added to get a pH of 5.8 which is reduced a t  
5.4-5.5 nith semisatd. CaCI? soln. If curdling 
of the milk occurs in 2 hrs. in a water bath a t  
35O, it contains whey butter. A curdling tittle 
of 5 min. to 2 hrs. was given by 50 samples of 
whey butter. A mixture of 10% whey butter 
i n  butter can he detected. H. J. Velander 

CHEESE 
807. Process of making gated  cheese. E. 
TRAISMAX and W. KURTZHALTS (assignors to  
Krnft Foods Company). U. S. Patent 2,683,- 
665. 7 clain~s. July 13, 1954. Official Gaz. 
C .  S. Pa t  Office, 684, 2 : 406. 1954. 

A noncaking grated cheese is made by mix- 
ing ground dried natural high-fat cheese with 
dried ground process high-fat cheese, and then 
tempering the mixture under controlled condi- 
tions of temperature and humidity. 

R. Whitaker 

808. Cheese packaging. D. P. SMITH (as- 
signor to Milprint, Inc.). U. S. Patent 2,682,- 
475. 2 claims. June 29, 1954. Official Gaz. 
U. S. Pat. Office, 683, 5 :  1135. 1951. 

Freshly made cheese is coated with a flexible 
and tenacious layer of wax and then wrapped 
nith an outer wrapper lined with a material 
possessing the property of sealing and adher- 
ing both to the wrapper and to the wax. When 
the wrappcar is peeled fro111 the cheese, the wax 
is also removed. R. Whitaker 

809. The importance of the swelling capacity 
of the proteins and the moisture-retaining 
capacity of the cheese curd during ripening. 
H. I~-.X~~SCIIRI.HN. I'roc. 13th 111tc.m. Dairy 
Cong., 2, 639. 1953. 

The s\v\-clling capacity of proteins and the 
hydration of the curd affect the ripening. Milk 
heated to a high te111p. contracts to a lesser 
extent. The whey should be firmly held before 
brining otherwise a slitny rind, a whitish to 
pale yellow color, and a tainted flavor develops. 
An unpleasant salty flavor nccolnpanies a low 
pII. H. J. Velander 

810. Amino acids in Gammelost. A paper 
chromatomaphic investigation. A. R. SVEND- - - - 
SKS and L\. JERMSTAD. Seth. Milk Dairy J., 
8 : 29. 1954. 

In  Gati~t~~elost (n Norwegian type of cheese) 
the following amino acids were found : glutamic 
acid, aspartic acid, serine, glycine, threonine, 
glutatnine, alanine, proline, r-a~i~ino butyric 
acid, valine, phenylalanine, leucine, and isoleu- 
cine. Lysine and ornithine and in some cases 
tyrosine and possibly \--atninobutyric acid were 
present. TV. C. van der Zant 

811. Report on dehydroacetic acid in cheese. 
1,. L. RAAISEY, F.I).A., JVash., L). C. J. Assoc. 
Offic. Agr. Chemists, 36, 3: 744. 1953. 

The results of a collaborative study of a 
qualitative test for dehydroacetic acid (DHA) 
in cheese were very satisfactory. S o  analyst 
ohtained a positive test on cheese known to be 
free of DHA; all analysts obtained a positive 
test on cheese to which 20 p.p.m. DHA was 
added and all analysts obtained a positive test 
on cheese found to contain DHA by the 
quantitative method. F. J. Babel 



A116 ABSTRACTS OF LITERATURE 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

812. Food product and method of making. 
G. H. STUART, H. HOWARD, J. T. WATSON, F. 
H. CI~ICKSER, and TTT. A. SOMMER (assignors to 
The Borden Company). U. S. Patent 2,682,469. 
4 claims. June 29, 1954. Official Gaz. U. S. 
Pat. Office, 683, 5:  1134. 1954. 

A process for ~naking a palatable dried food 
product is described, consisting chiefly of casein, 
having high water retention and heing rela- 
tively free of g1ueync.s~. Freshly prepared 
casein is coated with lactalbun~irl and lactic 
acid and ground to produce a smooth slurry, 
and then spray dried at a te~nperature which 
will not dc~nature the casein nor insolubilize the 
lactall~un~in. R. \Irhitaker 

813. High protein milk product. J. G. BRERE- 
TOY, F. A. BAI.DAI.SKI, and 1). H. BORNOR (as- 
signors to S:~tional Dairy Research Labora- 
tories, Inc.). U. S. Patent 2,682,467. 11 claims. 
June 29, 1954. Official Gaz. U. S. Pat. Office, 
683, 5:  1134. 1954. 
9 high protein, water dispersible, dried dairy 

product is produced by suspending casein curd 
in water to yield not over 20% total solids, 
blending with water and skimn~ilk, adjusting 
to pII  6.0-6.2 with lime, pasteurizing and then 
drying. R. Whitaker 

814. Conversion of lactose to glucose and 
galactose. E. G. S ~ r n r ~ s o s  (assignor to Ka- 
tional Dairy Research Laboratories, Inc.). 
U. S. Patent 2,681,858. 42 claims. June 22, 
1954. Official Gaz. U. S. Pat. Office, 683, 4: 
901. 1954. 

Milk, skimn~ilk, and other niilk products are 
pasteurized and concentrated to a t  least 20% 
solids, then incubated with a lactose hydrolyz- 
ing enzyme under conditions favorable for 
converting a large portion of the lactose to 
glucose and galactose. R. Whitaker 

815. Oxygen uptake in starters. N. EVEN- 
HCIS. Seth. JIilk Dairy J., 8 :  5. 1954. 

Thr oxygen uptake of skirnmilk, sweet cream, 
and ripened creanl after shaken with air was 
studied. Skimnlilk, swclet cream, and skinnnilk 
and cream acidified -\\.it11 lactic acid did not take 
up oxygen. Ripened cream, however, took up a 
considcrahle quantity of oxygen (8.6-24.8 ml/kg 
creani). I-Io~verer, diaretyl formation was low- 
est in the container with the smallest amount of 
air, \vhel-cas the citric acid was deco~nposed 
fastrr in the flasks with the snlallest amount 
of air. S o  direct relation was found between 
ox)7gc~l uptake and available oxygen. The oxy- 
gen uptake was lowest in the container with 
the slnallest a~nount of air. 

my. C. van der Zant 

816. The determination of the density of 
butermilk, acidified skimmilk, and yoghurt 
milk at 20" C. with a lactodensimeter. The 
scientific committee for the standardization 
of methods for the analysis of milk and dairy 
products. Xeth. Milk Dairy J., 8 :  34. 1954. 

A detailed description is given of procedure 
and apparatus for the ahove determination. 

I\;. C. van der Zant 

DAIRY BACTERIOLOGY 
8 17. Significance of selecting representative 
fields of milk films for accurate bacterial 
counts. F. E. COSIFF, Tuttle Instrument Co., 
Culnherland, JId. Milk Dealer, 43, 10: 53. 
1954. 

3licroscopic counts of milk films are generally 
accepted as the method of choice in purchasing 
milk on a premiuln basis because they are easy 
to perfor111 and do not require a highly trained 
u-orker. Data are presented showing the wide 
variation in counts of the same sample of milk 
ohtained by different technical workers. Data 
also are presented showing that consistent re- 
sults can he ohtained with the use of an im- 
proved mechanical stage that will move a slide 
specimen accurately fro111 one field to the next, 
and by counting a eo~nplete cross section. 

C. J. Bahcock 

818. The cultivation and metabolism of oli- 
gotrich protozoa from the sheep's rnmen. B. 
S r - c n ~ r ,  Rowett Research Inst., Ruckshurn, 
Aberdeenshire. J. Gen. Jlicrohiol., 9, 1: 44. 
1953. 

Suspensions of protozoa were prepared from 
rulnen liquid hy settling and decanting. Settled 
protozoi~ were isolated by allowing gas pro- 
duccd hy fermentation (with added n~altose) 
to carry debris to top and removing debris by 
gentle suction. After repeated washing with 
buffer, various species of protozoa were cul- 
tured on powdered cotton wool and powdered 
hay at  pH 6.8. Several species of protozoa 
could hc. cultured under hacteria-free conditions 
in the presence of strepto~nycin but reduced 
duration of culture life indicated possible de- 
pendence of protozoa on bacteria for sorne 
products or ~netaholic processes. There was 
considered to be a true syn~hiosis between organ- 
ism and protozoa as xvell as hetween protozoa 
and host animal. J. J .  Jezeski 

819. A study of the mechanism of inhibition 
of bacteriophage multiplication by chymo- 
trypsin. J. KI.E~ZKOWSKI and A. I<I.ECZKOW- 
SKI, Rothan~hted Experiu~ental Station, Hert- 
fordshire. J. Gen. Jlicrohiol., 10, 2 : 285. 1954. 

Multiplication of haeteriophage is prevented 
when. 0.01% chy~notrypsin has been added to 
mixtures of rhizohiun~ haeteriophage and hac- 
teria in liquid culture. Under these conditions 
the phage gradually became inactive: ehymo- 
trypsin did not interfere with the con~bination 
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of phage and bacteria. The phage particle 
con~bined with a bacteriunl becomes inactive 
and the bacteriu~il is thus protected and is able 
to multiply. lfultiplication of the phage is 
unaffected by previous incubation of either 
phage or host bacteria separately with 0.01% 
chynlotrypsin and the chy~notrypsin has no 
effect in an agar ~nedinn~.  J. J. Jezeski 

820. The purification and electron micro- 
scopial examination of the structure of sta- 
phylococcal bacteriophage K. J. E. HOTCHIX, 
Kat'l. Inst. for  AIed. Resenrch, London, N.W. 
7. J. Gen. Rlicrohiol., 10, 2 :  250. 1951. 

The bacteriophage was concentrated by pre- 
cipitation with 30% acetone in water; purified 
by further treatment with isobutanol and chlor- 
oforn~,  and eoncentrated by pressure filtration. 
On the basis of exa~i~inatioii with the electron 
microscope, a fine structure consisting of a 
r e ~ ~ ~ o v a b l e  solid rod or  plug within the tail 
which tern~inates in the terrninal blob is postn- 
lated. J. J. Jezeski 

821. Some properties of cellnlase from Myro- 
thecium verrucaria. P. K ~ O I M A N ,  P. A. ROE- 
LOFSES, and S. SWEERIS, Techn. Univ., Delft, 
Holland. Enzy~nologia, 16, 4 : 437. 1953. 

The culture filtrate from this fungus con- 
tains thern~osensitive cellobiase and transglyco- 
sidase, and a partially heat resistant cellulase. 
The latter attacks all 1,l-p-glycosidic poly- 
saccharides down to cello-triose, l?roducing glu- 
cose and cellobiose. Cellobiose is hvdrolvzrd 
very slowly. J. .I. jezeski 

DAIRY CHEMISTRY 
822. Ash determinations in foods with an 
alkaline balance. VI. Reaction of sodium 
carbonate with calcium phosphates in the ash- 
ing of milk. H. J. ~VICHM~ISN,  F.D.A., \\'ash., 
D. C. J. .lssoc. Offic. Agr. Ch(.mists, 36, 3: 
979. 1953. 

The water-insoluble ash of uiint~utralized 
milk contains n~ixed sodiun1-ca1ciu111 and potas- 
sium-ealcinn~ phosphates with very little carbon 
dioxide. Sodiunl neutralizers introduce carbon- 
dioxide into the insoluble ash. This carbon- 
dioxide exists in the form of basic alkali-cal- 
ciuni phosphates or  carbonated hydroxyapatite 
according to the degree of neutralization. Mod- 
erate neutralization inay result in inixtures of 
hydroxyapatite, the above basic mixed phos- 
phates and possibly other co~npounds such a s  
calciun~ carbonate. The addition of still illore 
sodiuili neutralizer produces an  insoluble ash 
consisting of hydroxyapatite containing small 
intrusions of sod inn^ and carbon-dioxide. 

F. J. Babel 

823. Report on the detection of algin and 
gums in cacao products. F. Y. MENDELSOHN, 
F.D.A., Los Angeles, Calif. J. Assoc. Offic. 
Agr. Chemists, 36, 3 :  599. 1953. 

A method is presented for  the detection of 
guins in chocolate-flavored milk. The method 
is based on hydrolysis of the gums, yielding 
reducing sugars and dett,r~nination of reducing 
sugars using Benedict's solution. 

F. J. Babel 

824. The Weilrell-Stoldt method as a uni- 
form method for fat determination in all milk 
products, and a standard method for the de- 
termination in sweetened condensed milk 
products such as sweetened condensed milk, 
ice cream, etc. W. NOHR and I<. KOENEN. 
I'ror. 13th Intern. Dairy Cong., 3, 1245. 1953. 

The inethod is described. The limit of error 
is k 0.01%. H. J. Velander 

825. A colorimetric method of determining 
the amount of reconstituted milk in normal 
milk. A. REINART and R. If7. BROWN. Proc. 
13th Intc~rn. Dairy Cong., 3, 1238. 1953. 

A colorin~etric method has been developed by 
~ n o d i f y i n ~  Evenson's color test for  remade inilk 
and creak. I t  is based on the fact that the 
curd of a sample of n~ i lk  when treated with 
acetone and EtlO during washings dissolves in 
S a O H  soh .  Upon filtering and heating, the 
soln. heco~r~rs clear. When a san~ple  contains 
reconstituted ~r~illr, a yellow color develops. The 
depth of the color which varies with the a~n t .  
of reconstituted milk is ~t~easured by Itleans of 
an  elcctrophoton~eter or color standards. 

H. J. Velander 

826. Micromethods for the determination of 
trace elements in milk and milk products. 
H. H o s s ~ .  I'roc. 13th 111tiar11. Ilairy Cong., 3, 
1272. 1953. 

Procedures are given for the detn. of Cu, Fe, 
Co, Jlg, nitrates, nitrites, citric and lactic acid. 
The difficulties due to products containing 
sugar, fat, alhunlen, an~ino acids, and mineral 
salts may be e l i ~ ~ ~ i ~ ~ a t e d .  H.  J. Velander 

827. The sensitiveness of the proteins in 
milk and their transformation due to aging 
processes. G. ROEDER. Proc. 13th Intern. I h i r y  
Coiig., 2, 312. 1953. 

This property may be detd. by a new method 
which is described. The sensitivity of proteins 
to ale. becoines greater as the milk ages. Indi- 
vidual san~ples vary widely. The temp. of 
storage affect the increase in sensitivity. 

H. J. Velander 

828. A comparison of the Schain and Bab- 
cock tests for the quantitative determination 
of butterfat in milk. R. HEXSINGSON, Dept. of 
Dairy Ind., Cornell Univ., Ithaca, K. Y. Milk 
Dealer, 43, 9 : 56. 1954. 

The Schain detergent method was conlpared 
with the Babeock method in two ways. Condi- 
tions of the Schain test were varied and the 
results coinpared with both Schain and Bab- 
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eoek controls. Natural milks of varying m.s.n.f. 
content were tested by each inethod. By varying 
the conditions of the Schain test i t  was possible 
to obtain results from 0.2% higher to 1.5% 
lower than the Schain and Babcock control 
tests. Samples f r o n ~  individual anin~als did not 
deviate frorn the Babcock values in a straight 
line relationship. When the data from samples 
producing a clear and a cloudy solution in the 
bulk of the test bottle were plotted on a graph, 
the results were closer to the 45" line than to 
the Schain vs. Roese-Gottlieb (as abscissa) line. 
When the same values were corrected by means 
of the nomogram, they were less in agreement 
with the 45' line than before the corrections 
were applied. The cloudy, or cloudy and curdy, 
so lu t io~~  that s o ~ ~ ~ e t i ~ u e s  appears in the bulk of 
the test bottle is reproducible. Dilution with 
distilltld water of samples which showed this 
defect reduced, and in one case eliminated the 
condition. When s a ~ ~ ~ p l e s  fro111 individual ani- 
mals are used, the Srhain method does not 
deviate from the Babcock method in a straight 
line relationship. The m.s.n.f. content of a 
milk sa111ple apparently influences the value 
gained for the f a t  content, when using the de- 
tergent method. The Schain detergent method, 
in its present fo r~n ,  does not appear to be 
suitable for  quantitative determinations of but- 
terfat in milk. C. J. Babcoek 

829. A simple method for preparing crystal- 
line rennin. (Abs.). N. J. BERRICGE and CORA 
' A r o o ~ w r ~ ~ ~ ,  Univ. of Reading. Biochem. J., 
54, 3:  19. 1953. 

Commercial rennet was saturated with NaCl 
and filtered through \kThatman No. 3 filter 
paper. The filter papers (eontaining entrained 
precipitated proteins) were pulped and ex- 
tracted with water. The filtered extraet was 
adjusted to p H  5.4 and slowly saturated with 
S a c 1  by adding i t  through a rotating semi- 
permeable 111el11branc. The proteins for~ned a 
granular precipitate which was concentrated by 
centrifugation. Upon redissolving in water and 
standing refrigerated a good crop of crystals 
was obtained. The yield activity was 18%. 

A. 0. Call 

830. The component acids of milk fats of 
balaenoptera physalns (finner whale). J. S. 
C'.hara and 11. L. ~ I E A R A ,  Ur~iv. of I~iverpool. 
Biochr~n. J., 55, 2 :  365. 1953. 

The fa t  c o n t e ~ ~ t  of fin~ier-whale milk is about 
10 ti111t1s that of land ~narnmnls. The fatty acid 
co~~~posi t ion of the ~ t ~ i l k  f a t  is rather similar 
to that of hluhber fat, however, the milk f a t  
contains more unsaturated fa t ty  acids. Two 
tables are given showing detailed analyses of 
the four sa~nplrs  tested and also comparing 
blue whale milk, whale blubber, and grey seal 
milk and blubber. A. 0. Call 

831. Alkaline phosphatase of milk. 1. Asso- 
ciation of the enzyme with a particulate lipo- 
protein complex. R. K. MORTON, Univ. of Cam- 
bridge. Biochern. J., 55, 5 :  786. 1953. 

Separated cream contains about 30% of the 
total phosphatase of the original milk. This is 
mostly removed in the raw buttermilk or it 
may be removed by washing the cream with 
water. The phosphatase appears to be associ- 
ated with a lipoprotein co~nplex adsorbed on 
the f a t  globules. Butanol was the only solvent 
found which not only dissolves the phosphatase- 
rich lipoprotein but also s e e m  to release the 
enzyme into true solution. Details of methods 
are given. There are 6 tables of results and 31 
references. A. 0. Call 

832. Alkaline phosphatase of milk. 2. Pnri- 
fication of the enzyme. R. I(. MORTON, Univ. 
of Cambridge. Riocliem. J., 55, 5: 795. 1953. 

By the method described above (See abstract 
No. 831.) alkaline phosphatase of milk was 
purified to 5600 times the activity of the origi- 
nal milk, on a protein S basis. The yield was 
only 1.5% of the total. A step-wise procedure 
is given. I n  one of the purification steps a n  
unidentified red protein fraction was sepa- 
rated. A. 0. Call 

833. Amino acid composition of a prepara- 
tion of crystallized papain. d. Cr.os~, S. 
MOORE, and E. J. B~cwoon, Dept. of Biochem., 
Brussels Univ. Enzymologia, 16, 3:  137. 1953. 

Ion exchange ~hron~atography of a crystal- 
line, electrophoretically hon~ogenous papain 
preparation yielded the folloning results: gly- 
cine was present on the largest niolar basis, 
tyrosine on the largest weight basis. Methio- 
nine was the only columon amino acid absent. 
The analysis accounted for  95% of the total 
nitrogen in this protein preparation. 

J. J .  Jezeski 

834. Enzymic estimation of citric acid. S. 
1)acr.e~ and E. A. I)A\~Es, Depts. of Biochem., 
Univs. of Leeds and Glasgow, Great Britain. 
Enzy~nologia, 16, 1: 225. 1953. 

The n~ethocl depends on the use of cell-free 
cstrarts from a culture of derobnr t rv  acrogewes 
to convert citratr to pyruvate. The keto-acid 
I\-as determined spectrophoto~~~etrically on ethyl 
acetate extracts of the P:4-dinitrophenyl hydra- 
zone. Cis-aeonitic acid and ino-citric gave rise 
to varying au~ounts of pyrurate and the ~nethod 
was not satisfac.torg for syste~ns containing 
large a ~ ~ ~ o u n t s  of other kcto-acids. 

J. J. Jezeski 

835. Food analysis. Detection of ethylvanil- 
lin extract. H. L. JASOVSKY and A. S. FII,AN- 
DRO, Virginia Dare Extract Co., Broklyn, N. Y. 
J .  Agr. Food Chem., 1 : 783. 1953. 
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The presence of ethyl vanillin is detected by 
use of alkaline 1% p-aminophenol solution to 
develop a purple color. Interfering substances 
such as eoumarin and heliotropin are removed 
by ether extraction. S. Patton 

836. Quelques remarques snr la biochemie des 
ferments d'arome (Some remarks on the bio- 
chemistry of flavor formation by starters). N. 
EVESHUIS. Seth. Milk Dairy J., 8 :  19. 1954. 

An extensive discussion is presented on the 
question whether citric acid or lactose is the 
source of the formation of diacetyl. I t  is the 
author's opinion that there exists a very close 
relation between the decomposition of citric 
acid and the formation of diacetyl. When milk 
was sterilized a compound X (acetylcarbinol?) 
was formed. The ferrous salt of the dioxi~ne 
of colnpound X is most likely identical nith 
that of a colnpound X (methylglyoxal?) which 
is fortned together nith diacetyl. The reduc- 
tion of the cornpound X formed during sterili- 
zation could not he proved. However, when a 
starter was kept a t  20° C. a reduction of the 
biologically formed compound X occurred. 

W. C. van der Zant 

837. Quelques observations sur l a  biochemie 
des ferments d'arome (Some observations on 
the biochemistry of flavor formation by start- 
ers). R. COPPESS. Seth. Milk Dairy J., 8 :  14. 
1954. 

Experiments indicate that the main source 
of the formation of the Cd-compounds (diacetyl, 
acetylmethylmrbinol) is lactose and not citric 
acid. Xo formation of a substance X was ob- 
served with the starters employed in these ex- 
periments. A suhstance with identical colorii 
metric reaction was found in sterilized milk 
which m-as used as culture medium. 

W. C. van dcr Zant 

838. Rapid method for the estimation of 
water-insoluble fatty acids (WIA) in  cream 
and butter. F. HILLIG, F.D.A., Wash., D. C. 
J. Assor. Offie. Agr. Chemists, 36, 4: 1077. 
1953. 

Since the official method for the deterntina- 
tion of \VIA in cream and butter does not 
meet the needs of convenience for a rapid sort- 
ing tnethod, n more generally applicable method 
for the rapid estitnation of WIA is outlined. 
The proposed ~nrthocl ronsists of separating 
the fat from cream or butter, washing the fat  
to retnove water-soluhle acids, and titrating an 
'ther solution of the fat with 0.05 N sodium 
ethylate. The amount of TVIA is ralrulated 
from the titration value using a nlolecular 
weight of \VIA of 270. The method ran be 
conducted in about 15 ntin. F. J. Babel 

839. The chromatographic separation of pro- 
gesterone and testosterone. J. CAROL, F.D.A., 
TVash., D. C. J. Assoc. Offic. Agr. Chemists, 
36, 3: 1001. 1953. 

Testosterone is decidedly more soluble in 
dilute alcohol than progesterone* because of the 
OH group at  Clr in testosterone. When the two 
compounds are partitioned between 80% alco- 
hol and isooctan~, testosterone appears chiefly 
in the alcoholic fraction, and progesterone in 
the isooctane. A chrotnatographic partition, 
using 80% alcohol as the im~nobile solvent ad- 
sorbed on Celite, and isooctane as the mobile 
solvent, separated these two hormones sharply. 

F. J. Babel 

840. Report on quaternary ammonium com- 
pounds. Test for purity of bromphenol blue. 
J. B. WILSON, F.D.A., Wash., I). C. J. Assoc. 
Offir. Agr. Chetnists, 36, 3: 741. 1953. 

A co~nparison was made of 5 lots of brom- 
phenol blue for use in detection of quaternary 
a ~ ~ n t ~ o n i u ~ n  compounds. One lot of indicator 
was satisfactory as received but 4 other lots 
gave low results. I t  is suggested that only the 
lots of bro~nphenol blue which pass the pro- 
posed test may be used as reagents for quater- 
nary a~nn~oniutn con~pounds. F. J. Babel 

DAIRY ENGINEERING 
841. Power washing cream separator and 
threaded drive member therefor. H. A. HECK- 
ENDORB (assignor to Interni~tional Harvester 
Company). U. S. Patent 2,682,992. 12 claims. 
July 6, 1954. Official Gaz. U. S. Pat. Office, 
6 8 4 , l :  157. 1954. 

A cream separator bowl which may be 
cleaned in-place is described. The shaft hold- 
ing the bowl is threaded, and engaging these 
threads is a flexible collar. When the shaft is 
turned, the collar moves up  or down to open 
or close ports in the outer periphery of the 
bowl, through which cleaning and rinsing solu- 
tions may be discharged from the bowl. 

R. Whitaker 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

842. The field of butterfat research. M. 
KEESEY, Unir. of Md., College Park. Sou. 
L)tliry Prod. J., 55, 6 :  52. 1954. 

Total consumption of tnilk in all forms has 
not kept up  with our population during the 
past ten years. Butterfat rt.search can play 
an important part in hthlping to n~aintain or 
even inrrewse the consulttption of dairy prod- 
ucts. If the dairy industry conducted butterfat 
rcsoarrh on the salne scale as the chemical 
industry in pl.oportion to si11t.s it would have 
to spend 200 ~ttillion dollars annually. The 
prescnt research budget re1atc.d to butterfat in 
the Vnited States probably does not exceed one 
million dollars per year. Research which would 
find n~ethods to control oxidative deterioration 
in butterfat would greatly itnprove the flavor 
of milk and its products. Practical methods of 
concentrating milk which will allow it to be 
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reconstituted and still he con~petitive with Since last October, the Oak Ridge Dairy in  
fresh fluid milk would make it possible to lllove Mishawaka, Ind. has installed 4 outdoor and 3 
surpluses Inore effectively fro111 surplus to defi- indoor vending ~nachines. This is a 9-route 
eit areas. More information on the co~l~position milk plant having a market of 150,000 people 
and properties of butterfat is needed. The in Bfishawaka and South Bend. The vendors 
field of fat ~netaholis~~i is wide open for explor- will handle 2 lines of 11lerchandi~~ but only 
ation. More research is needed to in~prove the 1/2 gal. of ho~nogcnized ~ililk are used. The price 
average quality of hutter. The feasibility of is 354 per 1/2 gal. The li~achines hold about 208 
reapportioning the evaluation of milk by low- 1/2 gal. in cartons. The plant operators are 
eriug the price of butterfat and raising the reluctant to discuss actual volu~ne figures, but 
price of solids-not-fat is an important economic well over a thousand l/z gal. per week are going 
problem. F. W. Bennett out through the vending machines. The volume 

is growing steadily. C. J. Babcock 
843. Pitfalls and profits. Axox. Milk Plant 
Monthly, 43, 7 :  31. 1954. 846. In Fort Smith, everybody uses dis- 

The biggest concern niilk plant operators pensers. T. LEA~HERs-  Monthly, 
have about vending is whether or not the ma- 43, 7: 25. lg5'. 
chines 1s-ill be profitable. Several examples are Smithl Arkansas, a city of 53,000 Per- 
given sho\l.ing ,vhere they have increased sales sons, has a inilk dispenser for every 500 persons. 
and profits. -4111ong the points brought out are : The Becklllan Dairy Co1llpany has ~ l a e e d  more 
(1)  ~h~ outdoor Illilk vending iliachine will in than 80 dispensers at  locations throughout the 
tillle a buying habit for the con- city. About 85% of the restaurants, drug stores, 
sulller, (2) Purchases are lllade from the ma- and other eating places have dispensers; they 
chines a mediulll of convenience, (3) 50% have also installed the liiachines in the three 
of the ,veekqs are on saturday and dime stores. Bulk type milk dispensers are 

sunday, (4) 50% of the dayis sales are usually used. The milk is delivered in 5 gal. cans. Milk 
~lladc hetlveen 5 and 10 p.~n., and (5) Complete sales have increased more than 20% by the use 
visibility of ~nachines on location is very im- of the dispmsers. C. J. Babcock 
portant to their success. C. J- Babcock 847. Vending ups profits. T. D. LEATHERS. 

Milk Plant RIo~ithly, 43, 7 :  17. 1954. 
844. Selling milk through vending machines. A survt.y has that vending Illilk is a 
A. J. JIORRIS and G. HOPSOX, Utah State Agr. profitable when the vendors arc 
CO1l.l Logan. iililk 43, 8: l12. lg5& placed in the right location. &lilk plants in 

The milk dispenser has grown in popularity utahl ldaho, ~ i ~ h . ,  S. y., M ~ ~ ~ . ,  J Y ~ ~ . ,  and 
throughout the eou11try. I t  is another sales other states have boosted not their sales 
force which should receive continued analysis. of plain illilk have irlcreased their 
The results of a conducted at the Utah chocolate and orange drink sales through vend- 
State Agricultural College froill the operation ing several case histories of successful vend- 
of 53 automatic and hand-operated vendors ing'operations are discussed. C. J. Bahcock 
located in Utah and Southern Idaho show that 
the type of n~achine to select is dependent 848. Location . . . the key to vending success. 
upon: (1) nulllber of people in a proposed H. R. JIETZER. Jlilk Plant JIonthly, 43, 7 :  13. 
location which determines the volu~~ie of sales 1954. 
per machine, (2)  volulne of the peak load, A one year study of the auton~atic vending 
(3)  ease of cleaning, servicing, and operation, of packaged 111i1k conducted by the Bureau of 
(4) the eharaeteristics of the machine, Agr. Econ. a t  the Univ. of Ne. showed that the 
(5) the variety of products dispensed, (6)  fre- dairy industry should lnake iiiore roo111 for the 
quency of deliveries, (7)  the type and attitude 111ilk vending ~nachine. I t  will create additional 
of the location ol~-llpr, (8) appearance of ma- ~nilli sales. Consu~ilers like the nlechanical con- 
chine in relation to its surroundings and (9) venience and the day-long availability of a 
ease of operation and effectiveness of the coin fresh cold dairy product. Vending machines 
changer. The nunlher of units required to pay will be profitable when locations are carefully 
expenses of a 111ac11ine is dependent on Inany selected-locations depending not so much upon 
factors, such as type and size of machine, n u ~ n b e ~ s  of persons, hut upon the inconle and 
capital investment, operation cost, number of occupation of persons, their opportunity to 
machines operated and the location. I n  this purchase other beverages and the total hours 
study, the "break.evmn point was 70 units ave. daily the ~nachine can be used. Available data 
per day for the large auto~natic dispenser and shows that a gross ~nargin of 2.24 per ~ t .  was 
35 for the small hand-operated type. Operation available after allowing 0.54 for cornn~ission 
practices are given. C. J. Babcock to location and 7.34 for product and container 

cost. Annual operating eosts of about $500 
845. Nine-route plant in Indiana h d s  vol- were incurred. Where only a few lnachines are 
ume and profit in outdoor vending. C. 0. operated this lneans minimuln sales of about 
DAVIS, JR. Milk Plant Monthly, 43, 7: 28. 500 units per week for a profitable operation. 
1954. C. J. Babcock 
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849. Vending hits big time. C. 0. DAVIS, JR. 
Jlilk Plant JIonthly, 43, 7:  11. 1954. 

There are more than 2,750,000 automatic 
machines of one kind or another in use in the 
United States. They are selling everything from 
.soft drinks to ladies' hosiery. However, only 
12.000 milk rending machines and 14,000 ice 
cream n~achines arc estimated to be in use. 
Vending ~nachines in 19.53 arc estitnated to have 
done a sales vo lu~ t~c  a~nounting to f~1,405,000,000 
of which only $17,000,000 was grossed hy 111i1k 
~nachii~es, and $15,000,000 by ice creatn nla- 
chines. One-half of the conccxrns now active in 
vending ntilk wertl not doing so 2 years ago 
and a 25% increase is estimated this year. 
Hon~oge~~ized milk nnd chocolate drink are the 
2   no st popular fluid items being vended. About 
75% of all vended packages are either in l/z 
pt. or 1 /3  qt. I'rices range f r o n ~  6 to 10/ for  
1/2 pt., from 9 to 134 for  1/3 qt., and from 1 2  
to 18/ for  pt. I n  the ice eream field, ahout 
85% of the 14,000 machines vend har-type 
goods and the balance cup products. 

C. J. Bahcock 

850. Experiences in machine vending of milk. 
S. J o ~ s s o x ,  Univ. of Conn., Storrs. Milk 
Dealer, 43, 10  : 84. 1954. 

Milk distributors' interest in vending ma- 
chines is a simple matter of whether or  not 
they will be profitable. Kxperienccs are related 
with indoor machines, hulk dispensers, and out- 
door vendors. These experiences are n~ainly in  
Conn. hut also include Alinn., N. Y., Wis., and 
Utah. I n  each instance, an  increase in the 
quantity of milk sold is reported. 

C. J. Babcoek 

glasses and only 6% drank four glasses, the 
amount needed by a growing hody. To help 
correct this situation and to help Mo. dairymen, 
milk was made available in schools through 
the use of nrilk rending ~nnchines. The results 
ohtained in schools, offices, factories, garages, 
business houses, and Army posts are discussed. 

C. J. Babcoek 

853. Why advertise dairy products? K. G. 
TVH~KEI., Univ. of Wis., Madison. Sou. Dairy 
Prod. J., 55, 6 :  28. 1954. 

The changing nature of the market, the 
rapid increase in population, the low cost of 
tttilk as a food, the need for  a favorable under- 
standing of the dairy indust~y,  high dollar 
ineo~r~es, the constant improvcn~ents of the 
nutritional quality of nlany processed foods, 
the need for  information on selecting foods for  
halanced diets and better health and the crea- 
tion of competitive stitnulation for  purchasing 
dairy products are eight very cogent reasons 
for advertising daily products. 

F. W. Bennett 

854. Milk advertising needs a specialized ap- 
proach. R. B. ROBERTS, Bozell & Jacobs, Inc., 
Indianapolis, Ind. Milk Dealer, 43, 9 :  58. 
1964. 

Fol loai l~g a discussion of milk advertising 
directed a t  (1) the infant-feeding market, (2)  
the child and youth ~narkct,  (3) the teen-age 
~narket,  and (4) the adult market, the follow- 
ing recommendations are  made: (1) Star t  
your campaign when you have assurance of 
continuity, (2) Direct your advertising pri- 
marily to the most responsive segment ,f -the 

851- Vending machines an for market-the adult, (3) Convince the housewife 
new milk plants. H- L. Univ- of Wis-9 that milk is today's biggest food bargain, (4) 
Bladison. Milk Dealer, 43, 10 :  92. 1951. Sc.c.k to improve milk-drinking habits hut con- 

-4 discussion and description of the follow- centrate on improving rnilk-buying habits, and 
ing types of vending machines: (1) the coin (5 )  K~~~ the calllpaign sill,ple. 
vended indoor package type; (2)  the n~anually 
operated loose milk type, commonly called dis- C. J. Bahcock 
pensers; (3) the coin vended loose, or  hulk 
tttilk type, and; (4)  the coin vended outdoor 855. How to advertise dairy products. C. A. 
package type. prices of vendors range from J~ITTEI~STADT, Camphell-Nithull Advertising 
$2.50 to $850. Dispensers range in price from Chicago, 111. Sou. Dairy Prod. J .7  55, 
$185 to 1'255. An auto~natic coin vended loose 6:  3. 1954. 
ntilk typcb sells for  around $1,100. Vending 
~~ tach i l~es  irnprnve the availability of milk. Re- 
search in 1951 lead to the estimate that 510 
~ t t i l l i o ~ ~  11). of 11em7 fluid ~ t ~ i l k  business could he 
ohtained through indoor package type vendors, 
within a fairly short length of time. I t  srclns 
reasonable to suppose that dispensers and out- 
door vendors could push this to a t  least 314 
billion Ib. C. J. Bahcock 

852. Missouri taps the school market. 0. E. 
A~LI,ES. Milk Plant Monthly, 43, 7 :  20. 1954. 

Surveys in two counties in No. showed that 
23% of the children drank no milk, 24% drank 
one glass daily, 38% two glasses, 9% three 

There are two types of dairy products adver- 
tising: brand aclrertising and product ndver- 
tising. I n  the dairy industry, the primary 
question is not the brand to he purchased hut 
whether or  not dairy products of any brand 
should be purchased. The more inlportant ques- 
tion should he given the greater attention in 
advertising. Appeals should be 111adc as directly 
as possihlc to the potential consun~er rather 
than to distributors or dealers. Our advertis- 
ing should be aimed a t  our more i~nportant 
prospects, the people over 20 years of age. 
C la i~ r~s  for  dairy products should be a s  specific 
as possible. The advertising of individuals 
should he tied in with industry-wide advertising 
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campaigns, such as that of the American Dairy 
Association. Dairy products should be adver- 
tised lnuch more aggressively. 

F. W. Bennett 

856. Marketing costs. R. E. OLSON, A.M.S., 
U.S.D.A. Milk Plant Monthly, 43, 5 :  25. 1954. 

Because of the desire to reduce milk market- 
ing costs, the AJIS has undertaken a compre- 
hensive research program with this as one of 
its primary purposes. Data for the study are 
obtained chiefly frotn independently operated 
plants of ~nedium to large size, each operating 
in a single market. ,\.Iost of the plants are in 
cities of .5,000 population. The data collected 
each quarter include quantities and prices of 
raw tnilk and Creatn and ~t~anufactured dairy 
products purchased; prices received for the 
principal fluid tnilk products sold on retail and 
wholesale routes, by size and type of container; 
value of finished products purchased for resale; 
product inventories; unit and dollar sales on 
retail and wholesale routes and plant platform, 
by size and type of eontainctr; nutnber of em- 
ployee~, averagcl hours worked per week, and 
wages paid; nutnher and average length of 
retail and wholesi~le routes; itetnized expenses 
and the allocation of expenscls to functions. The 
average eosts by tnajor expense categories for 
all the plants in the study for l3h years begin- 
ning wit11 the first quarter of 1952, are pre- 
sented in table form. The percentage sumtnary 
of opc.rating cxpenditur(~s-duly to September 
1953 are also glven. Iieducing costs are dis- 
cussed under 4 categories: (1) adjust~nents in 
prier of cost items, (2)  incrensc.~ in volurne, 
(3) .changes in teehniquc., and (4) changes in 
serv~ees. C. J .  Bahcork 

857. Tank conversion route-by-route. C. 0. 
DAVIS, JR. Milk P1:1nt Jlonthly, 43, 5:  17. 
1954. 

Ahout 30% of the milk supply of Sanitary 
Farm Dairies of Cedar Rapids, Iowa has been 
converted to hulk picdk-up. >lost of the pro- 
ducers have chosen one 111ake of tank-a rela- 
tively inexpc.nsive tank featuring bottom cool- 
ing by water. The 250 gal. size is most popular, 
and it can bc purchased and completely in- 
stalled for $1,895. The price of the tank seems 
to be the single most in~portant consideration 
to producers. A description of the step-by-step 
conversion is given. >lost of the haulers sup- 
plying the plant arc using 1,700 or 1,800 gal. 
tanks on their trucks. The cost of these tanks 
is fro111 .fi5,500 to $6,500. They are equipped 
with 50-gal.-per-tnin. pumps. At the plant, the 
milk is drawn out with a 100-gal.-per-n~in. 
punlp. Samples for plate counts are taken 
tw~ce a month from Sanitary Farms' producers. 
Those on tank pickup have shown low counts, 
and are showing lower counts as the months 
go by. C. J. Babcock 

858. Problems in  bulk pick-up. ANON. Milk 
Plant Monthly, 43, 6 :  23. 1954. 

A discussion of the many problems that still 
exist in the bulk pick-up and handling of milk. 
The system, nevertheless, is doing an  effective 
job of bolstering the economy of the dairy 

' 

industry, and the industry has found that tank 
operation is f a r  superior to the former hand 
operation, both from the standpoint of accu- 
racy and economy. C. J. Babcock 

859. Bulk milk transporting and dispensing 
apparatus. L. F. NORRIS, D. J. W. TIMMERS- 
MAX, and T. L. SAGE (assignors to Norris Dis- 
pensers, Inc.). U. S. Patent 2,681,747. 5 
claims. June 22, 1954. Official Gaz. U. S. Pat. 
Office, 683, 4: 567. 1954. 

A milk can shaped vessel is described, suit- 
able for bulk dispensing of milk. The bottom 
of the milk containing portion is rounded and 
provided with an outlet nipple at the lowest 
point, and is surrounded by a flange which 
serves as a base for the entire structure. Suffi- 
cient space inside the flange is provided to pro- 
tect the nipple and allow for a coiled section 
of flexible conduit attached to the nipple. 

R. Whitaker 

860. What people think of your products. 
ANON. Milk Plant Monthly, 43 6: 12. 1954. 

An analysis of a survey of 3,905 interviews 
of which 2,189 were with persons who do the 
shopping for a household. These persons were 
selected from 400 sample areas in 110 counties 
widely spread throughout the United States. 
The following observations were made: (1) 
more iucn than women drink milk, (2) the use 
of milk declines as the average person gets 
older, (3) 37.1% who said they were drinking 
more ~nilk than they used to, said they were 
drinking I I I ~ I T  for health reasons; 8.4% were 
drinking less for the same reasons, (!) .an 
average of 17.6% of the people are drlnklng 
Iesq milk l~ecause they think it is fattening and 
5% of those who are drinking more milk are 
doing so because they think it isn't fattecing, 
(5) the population is divided into 3 groups on 
the use of butter vs. ole-30.4% use hutter 
only; 40.0% use butter and oleo; 28.9% use 
oleo only, (6) 78.6% of the eonsutners express 
a favoritism for butter on the basis of taste; 
only 6.8% rank o1c.o first in that respect and 
14.6% can see no difference, (7) consumers 
ranked oleo ahead of butter on the basis that 
it stays fresh longer than butter, (8) ice cream 
falls into three distinct buying patterns, those 
primarily concerned with a particular flavor, 
those who buy by brand and those to whom 
nothing in particular is important, (9) 23.1% 
preferred packaged ice cream because i t  was 
more economical; 21.3% because it was quicker 
and easier to get and 21.1% because i t  was 
easier to carry, and (10) a majority of those 
interviewed thought that milk was priced about 
right while butter is too high. C. J .  Babcock 
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861. The subdealer. R. E. CLEARY, Welsh 
Farms, Long Valley, N. J. Milk Dealer, 43, 
9: 48. 1954. 

A report of a survey of the subdealer method 
of milk distribution in which a subdealer is 
defined as "a person, firm, association, partner- 
ship, or corporation purchasing milk and/or 
cream frotn a dealer, processor or producer- 
dealer for resale to consumer and stores." The 
sales agent for milk operates no pasteurizing 
or bottling plant. The survey showed that the 
reasons why a processor may use subdealers 
are: (1) it~creased pressure from unions for 
higher wages without incentives for routemen 
to increase sales, (2) cannot handle volume 
with family help and hired help undependable 
or unavailable, (3) desire to i1liminate worry 
of labor problems of selling, (4) small operator 
unable to properly supervise both plant opera- 
tions and sales, (5) selling routes to drivers 
is someti~nes an easy way out of problems 
with the union, (6) processor-subdealer ar- 
rangen~ents make it possible for pasteurizing 
plants to increase in size while delivery units 
are stnall, s that the initiative of the drivers 
is luaintaine$ (7)  volume is usually larger on 
subdealer routes than on processor's own routes, 
(8) processor ran pass on credit, collections, 
and custon~rr relations to his subdealers but 
still work with them on a consulting basis, 
(9)  savings in taxes, insurancr,. payrolls, and 
other employee benefits are bel~eved sufficient 
to compensate for loss of net returns on direct 
sales to customrrs. The survey also showed that 
the following factors are against the drvelop- 
ment and rxpansion of thr subdenler method 
of milk distribution: (1)  processor's desire to 
control the quality of the product fro111 the 
time he acquires it until it reaches the ultimate 
consumer, (2)  opportunity to make Inore money 
in some other business, (3) large processor- 
dealrrs believe that if suhdealrrs can ~nake 
profits by selling their milk, they could too, 
(4) some milk control agencaies restrict issuance 
of licenses in a lnarketing area, (5) some agen- 
cies grant too small a ~nargin to the subdealer, 
(6) processor loses control of product a t  his 
platform. Ilis eustotner-contact is sornetin~es 
very remote, (7) financial hazard to processor 
is great. If subdealers fail to pay promptly, 
they may undermine the financial position of 
the supplier, (8) processor may have difficulty 
in getting his product to a potential custo~iler 
if his subdealer servicing that area does not 
care to handle the account. C. J. Babcock 

FEEDS AND FEEDING 
862. Digestion of cellulose by ruminants. 
(Abs.) .I. T. PHII.LIPSON. Ronett Research 

. inst., -Bucksl,urn, ~berdee~ishire .  Biorhem. J., 
54, 1 : 3. 1953. 

several factors affecting cellulose (crude 
fiber) digestion are mentioned. Adding the ash 
of lucerne a t  the rate of 3.7% to a ration con- 

taining coarse fodder and a total fiber content 
of 17.8% increased digestion of fiber by some 
10%. Further investigation of the role of the 
inorganic con~position of the feed is suggested. 

A. 0. Call 

863. Minerals for dairy and beef cattle. R. R. 
BECKER, P. T. DIX ARNOLD, W. G. KIRK, G. K. 
DAVIS, and R. W. KIDDER. Fla. Agr. Expt. 
Sta. Bull., 513 : 5. 1953. 

Mineral investigations with dairy and beef 
cattle a t  the Florida station over 27 years were 
summarized as regards calcium, phosphorus, 
iron, copper, cobalt, and molybdenum. Rates 
of lnineral consu~~lption were influenced by 
season and age of ani~nals. Either bonemeal or 
marble dust corrected low-calcium rations to al- 
low normal milk production, and bone strength 
(mineral storage) in dairy cows. Palatability 
tests with dairy cattle were conducted with 
defluorinated phosphate, disodiunl phosphate, 
and a fused superphosphate. 

Functions, deficiency sytnptoms, and require- 
~nents of cattle are given for calcium, phos- 
phorus, coml~~on salt, iron, copper, and cobalt. 
Relation of copper in nutrition of rattle on 
sand and two kinds of ~ r ~ u e k  soils was dis- 
cussed. Besides a relation to iron metabolis~n 
in hemoglobin synthesis, copper functions in 
color piglncntation of hair coat, skin healing, 
and offsets excess molybdenum in forages eaten. 
Cattle utilized copper sulfate, copper chloride, 
copper oxide, basic copper sulfate, or metallic 
copper. Toxicity from excesses of copper sul- 
fate caused a purplish "blackberry ja~n" spleen, 
bloody urine, he~nolysis, icterus, yellowish liver, 
thick bile, and darkened kidneys. Interrelations 
existed l~etween 111o1ybdenu111, copper, phos- 
phorus, and cobalt in the bovine. Cattle de- 
pleted of both copper and phosphorus died 
suddenly under exertion before showing chronic 
copper deficiency sympton~s. Heart muscle u-as 
affected. 

Four ntineral forlllulas are reeolnmended for 
use with cattle under different soil-pasture con- 
ditions in the reglon. R. B. Becker 

864. Vergelykende voederproeven met vetarm 
en meer vetryk kracktvoeder by melkvee (Com- 
parative trials with low and high fat  rations 
for dairy cows). N. D. DYKSTRA, J. DAMMERS, 
and A. X. FRENS, TTersl. LandhouWk. Onder- 
zoek., 59: 6. 1953. 

Two groups of cows were used. Group I 
(low fat)  received a concentrate ~nixture com- 
posed of extracted coconut, groundnut, and 
linseed n~eal, with solne products poor in fa t  
such as barley meal, beet pulp, dried potatoes, 
tapioca ~nral  or molasses. Group I1 (high fat) 
rrceived the same mixture as I except that 
extracted oil seeds were replaced with pressed 
ones. The type of roughage had a marked effect 
on the milk and milk fa t  production when a 
low-fat diet was used. A fat  content in the 
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concentmte of a p p r o x i ~ ~ ~ a t e l y  1.5q0 proved 
sufficient if the roughage consisted of good hay 
and good silage. If the roughage eonsistcd of 
hay, hcets, and straw an  increase in n~ i lk  and 
~ni lk  fat  production was ohservt1d if the con- 
centrate ront:~inetl a t  Ic.ast 4y0 fat. 

IT. C. van der Zant 

GENETICS AND BREEDING 
865. Hereditary female sterility in Holstein- 
Friesian cattle. d. F. ICrnlr-~r.r., I,. \T,IT,KB;R, 
: ~ n d  .J. A. ,\I(CORAII(-K, rn iv .  of Nev., Reno. 
J. of Heredity, 45, 3 :  1$2. 1954. 

Data ohtnit~ed f r o n ~  a 2.5-ychar-old Iiolstrin- 
Friesian 111.rcl as well as from seven generations 
of fe~nales hefore the foundation hrrd support, 
and (~stetld, the conrlusion of the California 
group inclici~tirig thnt f e ~ ~ ~ a l r  stt~rility in this 
breed is cot~dit~oned by a singlr t ~ u t o s ~ ~ ~ a l  gene. 
Most hull PRIV(~S ~ ( ~ r r  not saved for  parents so 
the prohahlt. ses-lin~itcd nature of the inheri- 
tance rould not be adrquately chrrked. Neither 
w7c.re thr c1:lta adequate to test ;\Lendelinn ratios 
or to obtain a reliahle estitnatc of the frequency 
of the gclne. I t  was suggested that fe~rlales 
which produced only one calf (although rebred) 
might suffer sonic degrre of genetic sterility if 
incomplete penetranre or  rariahlc espressivity 
of the causative gene were involved. 

L. 0. Gillnore 

HERD MANAGEMENT 
866. Milk can rack. R. G. FERRIS (assignor 
to  Starline, Inc.). U. 8. Patent  2,682,339. 
2 claims. June 29, 1954. Official Gaz. U. S. 
Pat.  Office, 683, 5: 1096. 1954. 

A frarnv structure fo r  holding ~n i lk  cans in 
an  inverted position. R. TVhitakrr 

867. Milk can hoist. R.  G. FERRIS (assignor 
to Starline, Inc.). U. S. Patent  2,683,585. 
7 claims. July  13, 1954. 0ffici:tl Gaz. U. S. 
Pat.  Office, 684, 2 :  385. 195-4. 

A hoist for lifting cans of milk consisting 
of a wheel with a flared rircutnference, and a 
chain or rope attached to the asis of the wheel 
and fitting into the groove, so thnt the can is 
lifted hy turning the ~~I-heel. R. TVhitaker 

868. Quality milk at lower costs. C. J. FEN- 
z ~ u  and R. S. YAK ARSDALL. Milk Plant  
Monthly, 43, 6:  25. 1954. 

A three-year study of nine farlns in the St. 
Lonib ~nilkshed indieatrs that with good prac- 
tices, nlilk of c o n ~ i s t e ~ ~ t l y  high quality can be 
produced with a rt-latively low invrst~ncnt in 
buildings, and with half or less Iahor than is 
eom~nonly used on f a r~ns .  Featurc~s rontrihut- 
ing to efficiency of labor are :  (1 )  ground-level 
storage of hay and silage, self-feeding and 
direct i~~ore rnmt ,  (2) elevated stalls and an  
arrangement to hring cows to the operator, 
(3) n ~ i n i t ~ ~ u ~ n  quantity of bedding and amount 

of labor for  bedding, (4)  pipeline milking, 
spray eooling, water heater and s u ~ h  equipment, 
and (5 )  work routines to reduce idle t i~u r .  

C. J. Bahrock 

869. Dairy calves; their development and 
survival. P. T. I)IX 1Zssor.n :lnd R. H. RECKER. 
Fla. .\gr. Expt. Sta. Bull., 529:  5. 1953. 

Rc.rords of .Jersey m1vc.s horn in the. Florida 
station herd over 22 years \!*ere analyzed. Fac- 
t o n  d r t ( ' r ~ ~ ~ i ~ ~ ~ d  ~vert. rate of c lere lop~~~ent  of 
Jers t~y fetusc.~; relation of danl's age to hirth 
weights of 8:$2 ralves; r t ~ l a t i o ~ ~  of gestation 
period to birth weights; ses ratio and i~~u l t ip l e  
hirths anlong Jerseys. Av. gestation periods 
for  $21 111a11.s wt3re 277.9 days; and for  411 
fe~nal t~s  276.5 days. Lossrs of 11t.ifer ralvcs in- 
cluded 4.9% stillhorn, 1.2% f r e e ~ ~ ~ a r t i ~ ~ s ,  12.2% 
f r o n ~  wr:~knc.ss or disrasrs while under 6 ~nonths 
old; 6.9% frool~~ various causes llefore calving, 
and 9.6% f r o ~ n  low hreeding rffirienry or  non- 
eonec~ption. There were 65.2% that conreived 
and freshened. Thrre were 249 cows which 
dropped 450 heifer ralres, of whirh 1.11 heifers 
per cow entered the milkin, h e r -  : : . a slow 
incrmsr when every living 11cife1 mas intended 
fo r  replac .e~~~mt.  R. B. Brcker 

870. Productive life-span of dairy cattle. R. 
B. BECKER, P. T. DIX ARNOLD, and .I. H. SPUR- 
1 . 0 ~ ~ .  Fla. Agr. Expt. Sta. Bull., 540:  5. 1954. 

Av. life-span of cows in 101 Florida dairy 
herds ~naintained largely with purchased re- 
place~aents was 3.9 years after entering the 
herd, some as milking cows. \Vitb nlainly home- 
raised r ep lace~~~en t s  in 1 4  Florida herds, aver- 
age useful life was 4.7 years, assun~ing entry 
of the. 111i1king herd a t  two years old. Udder 
trouhle, low- production and reprodurtive trou- 
bles. in order, caused 58% of rrnlovals from 
the latter group. There were 5.6% of deaths 
from disc~ases. 

Data on dairy hulls were secured nation-wide. 
Many frrtile bulls \vcLre discarded early to avoid 
inhrerding, disposition, low t ra~~stni t t ing ahility 
and for  other reasons. The major turnovers of 
5,177 dc.sirahle hulls were hecause of strrility, 
acridt~nts, low fertility, age, foreign hodies, 
feet and legs and 15% fo r  infectious diseases 
including actin~i~nycosis, tuherrulosis, and 
Johtle's disrase, pnc.nnlonia, and abscesses. The 
av. age a t  last eflcvtive srrvicc was 10.43 years 
for  desirahle hulls in natural service. Causes 
of tnrnover of hulls in artificial service were 
discussetl. H. B. Bccker 

ICE CREAM 
871. Mold for home frozen confection manu- 
facture. S. T. B.\I.I~.\szA ( a s s i g ~ ~ o r  to Curtiss- 
Wright Corp.). U. S. Patent  2,682,234. 6 
c l a i ~ ~ ~ s .  June  29, 19.54. Official G:Iz. U. S. Pat.  
Office, 683. 5: 1066. 1954. 

An open top n~old  fo r  making individual 
frozen confections in home refrigerators. The 
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end wall is equipped with a flexibly mounted 
nipple which assists in removing the froze11 
piece fro111 the tnold. R. Whitaker 

872. Container for frozen products. 3'. E. 
SPIESS, J R .  (assiglior to Kational 1)airy Re- 
search Laboratories, Inc.). U. S. Patent 2,682,- 
987. 2 claitils. Ju ly  6, 1954. Official Gaz. U. S. 
Pat .  Offire, 6 8 4 , l :  155. 1954. 

A flat package for  ice creatn, consisting of 
cardboard of relatively low thermal conduc- 
tivity and so constructed that one of the flat 
sides can he easily peeled hack to expose a 
metallic foil panel. The product is kept colder 
by laying the carton with the foil side down on 
the refrigerated surface of the freezing unit 
in home refrigerators. R. Whitaker 

873. Ice cream package. E. L. TURSER (as- 
signor to Robert E. Reckwith). U. 6. Patent 
2,681,144. 1 rlaitn. June 15, 1954. Official 
Gaz. IT. S. Pat.  Offire, 683, 3 :  640. 1954. 

A carton for holding ice creanl sandwiches. 
Partitions in thr carton are so arranged that 
wafers are supportrd on edge with spaces 
between th~t11. Ice creatii directly fro111 the 
freezer is filled into the spaces, thus producing 
a carton of cotl~plrted sandwichrs ready for  
hardening it1 the usual inanner. 

R. Whitaker 

874. Exclusive analysis of 1953 packages by 
container sizes. ASON. I r e  Cream Trade J., 
50, 7 :  14. 1954. 

About 150,000,000 gal. of ice cream was 
tltarkrtrd in ?," gal. cotitainc~rs in 1953. This is 
equiraletit to a p p r o s i ~ ~ ~ a t e l y  20y0 of the total 
gallonage. Quart containers have been losilig 
ground and pts. have increased ahout 4% in 
1953 over 1933. Gallon containers used re- 
mained about statiottary, accounting for  about 
6,000,000 gal. of ice creatn sold. 

W. H. Martin 

875. Self-service sales of  re-di~oed bulk in 
super markets. E:. R .  LUCA; Ice C'renm ~ r a d e  
J., SO, 7: 16. 1954. 

Pre-packaged hand-dipped pts. and qts. for  
take-honle use have increased ice creatli sales 
40% in one store and 100% in another in the 
Seattle, Washington area. The ice cream is 
dipped into mrtons and wrapping of cellophane 
theti is applied. The margin of profit to the 
grocer is 27 to 28% gross. Hand-dipped qts. 
retail for  '734. The ice creani costs $1.54 per 
gal. and ahout 3 qts of 24 ox. each are  dipped 
frotlt a gal. W. H. Martin 

876. Switch to self-service stores. ANON. 
Ice Creatii Rev., 37, 12 :  44. 1954. 

Highs Dairy Products Corp., Washington, 
D. C., which sells a tllillion gal. of ice cream 
per gr. in the Washington area is rapidly 
changing over to self-service stores. Sixty % 
of the 75 stores now being operated by the 

cotupany are self-service and all new stores 
heing added are of this type. The best location 
for  this type of operation is one with adequate 
parking near, but not directly on main traffic 
roads. 

The stores currently carry 20 different flavors 
of ice creatti prepackaged in attractive two- 
color design, round, liquid-tight containers. The 
round %-gal. container has hern popular with 
the housewife berause i t  is not easily damaged 
and hecause the lid can easily be placed hack 
on the container after it has heen opened. 

One of the big econotliic gains resulting from 
the self-service store is a lower labor cost at 
the retail outlet. W. J. Caulfield 

877. Pre-dipping bulk ice cream. L. J. 
COUGHI,IS, Slater Systems Inc., Philadelphia, 
Pa. Ice Cream Rrv., 37, 12 :  48. 1954. 

Pre-dipped No. 1 2  scoops of iee crcatli attrac- 
tively displayed in sundar dishes in a variety 
of colors and flavors have resulted in a 53.6% 
increnw in the portioti sales of ire creatn a t  one 
cafeteria. This nextT nlethod of selling ice creatn 
has resulted in as much as 30% of the custo- 
mers choosing ice erchatn for  their dessert. 

Success with this tltrthod of selling ice cream 
deprtids upon choosing the right size portion 
for  the type of customer served, maintaining 
unifortnity in the portion sizes, keeping the 
pre-dipped portions a t  a suitahle tetiiperature 
to avoid partial t t~rlt i~tg,  and rducating the 
rustorller and eli1ployc.e on the use of prc-dipped 
hulk ice rreatn. 

Prr-dipping when sales are slack is a nleans 
of tnaking more efficielit use of lahor, keeps 
rahinrts cleaner, and greatly farilitntes the 
handling of custotiiers during peak sale peri- 
ods. W. J .  Caulfield 

MILK AND CREAM 
878. Selectively hydrogenated butter oil for 
preventing development of oxidized flavor in 
recombined frozen milks. H. D. WEIHB and 
1'. J. JIccrin. Proc. 13th Intern. Dairy Cong., 
The Hague, 3, 1067. 1953. 

All s a~r~p les  of huttrr oil hydrogenatrd in the 
presrnct2 of catalyst prevents the drvelopment 
of oxidizc.d flavor it1 recotnhined milk stored a t  
-17" for 83 days. Raney nickel catalyst was 
usrd a t  trtnps. from 96 to 130' a t  slightly above 
atnl. pressure. There was no opt i~nur l~  due to 
temp. of hydrogc.tiation. Cottlplete hydrogena- 
tion is not desired. Off odors and catalyst were 
r e t~~ored  and the f a t  was recomhined in fresh 
tllilk followed hy storage. A butter oil heated 
to 125' in a i r  just hefore hydrogenation showed 
superior flavor qualities as cotnpared to other 
hydrogrnatcd santples. H. J .  Velander 

879. The antibiotic action of polyunsaturated 
fatty acids in sterilized milk. H. CORNELISSEN, 
31. LOSCIN, and D. JAOQMAIN. Proc. 13th 
Intern. Dairy Cong., 3, 1098. 1953. 
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Linseed oil soaps gave some inhibition by 
100 p.p.111. and alrnost complete at 1,000 p.p.m., 
the action resulting from the linolenic acid in 
the oil. More activity was show11 with acids 
having 4 or 5 unsatd. bonds. Broth and 
skimmed milk gave allnost the same results 
while the inhibition in whole milk is less. The 
taste obviates this 111ethod as a means of preser- 
vation. H. J. Velander 

880. Apparatus for manufacturing whipped 
cream. F. F. SUELLESTROP (assignor to 1~e-  
may Machine Company). U. S. Patent 2,683,- 
558. 3 rlaims. July 13, 1954. Official Gaz. 
U. S. Pat. Office, 684, 2: 376. 1954. 

A description is given of a reciprocating 
device for filling cream to a predetermined level 
in containers and si~nultancously engaging the 
partially filled containers with injectors for 
admitting a gas under pressure and then sealing 
the containers. R. Whitaker 

881. Whipped cream dispenser. S. E. SPIESS, 
JR. and L. C. WIDDOES (assignors to National 
Dairy Research Laboratories, Inc.). U. 6. 
Patent 2,682,977. 6 claims. July 6, 1954. Offi- 
cial Gaz. U. S. Pat. Office, 684, 1: 152. 1954. 

A push button type of valve is described for  
discharging whipped cream from a single serv- 
ice container of gas packed cream. 

R. Whitaker 

882. The solar activated flavor of homoge- 
nized milk. G. &I. TROUT and B. R. WEINSTEIN. 
Proc. 13th Intern. Dairy Cong., 3, 1061. 1953. 

The sunshine flavor is referred to as the 
solar activated flavor. An oxidation process 
appears to be involved. Addn. of ascorbic acid 
does not prevent the flavor. The cotnbination 
of ascorhic acid and nordihydroguaiaretic acid 
prevented the flavor after 60 min. exposure to 
solar radiation. a-tocopherol and hydroquinone 
added separately or in combination did not give 
eoniplete protection. HzO? added to destroy 
ascorbic acid rapidly did not develop the flavor. 
lIeat trcat~nent to 176' F. for 5 minutes did 
not prevent the flavor. A whey protein fraction 
was isolated which gave thr flavor after being 
irradiated. Vt-atrr solns. of this minor protein 
gave a pos. hiuret, Million xanthoproteic and 
Molisch reactions, isoelec. zone, p H  4.1-4.3; 
~nin. ~nol. wt. was 70,300. and 12 amino acids 
were iqolated froni the ~ninor protein. 

11. J. Velnnder 

883. Observation on cold milk separation. W. 
N. ROBERTS and L. F. B ~ a s ~ o s ,  S. C. State 
Coll., Raleigh. Sou. Dairy Prod. J., 55, 4: 91. 
1954. 

Sorne advantages of cold milk separation are 
the elimination of prehmting and cooling equip- 
ment, lower require~neuts for labor and utilities, 
and usually better products. Sorne possible dis- 
advantages are an approximately 50% reduc- 

tion in capacity, more difficulty in separation, 
more likelihood of ereanl plugging and ten- 
dency toward high butterfat loss. The viscosity 
of both raw and pasteurized cream was higher 
when separated at  42' than at  90°F. and the 
cream whipped in less time. Typical butterfat 
tests of ski~tttiiilk from cold separation were 
0.01-0.05% higher than those from 70' F. sepa- 
ration. The srparation efficiency a t  low tem- 
peratures is decreased as the crmtn tests in- 
crrase above 40%. The efficiency of separation 
of ho~nogrnizrd milk generally is too low to 
rcco~nn~end the practice. Fewer flavor defects 
have heen noticed when the milk is not heated 
for separation. 

Sonie operating suggestions are as follows: 
Feed the separator with a positive displacement 
pu~np. Install a 3-way valve on the suction 
side of the pump for a sn~all tank for circulat- 
ing hot water and sanitizing solutions. Start the 
separator with 80-90" F. water. Avoid tension 
on the cream control valve until cream is being 
discharged. Avoid, if possible, the necessity of 
separating partially churned milk. Keep the 
back pressure on the cream discharge below 
5 lh. Skitnmilk restriction discs can be used 
for light cream production. When the flow of 
milk is stopped release the tension on the cream 
control valve and fiush with 115" F. water irn- 
luediately. Stop the separator, disassetnhle and 
and clean. F. W. Bennett 

884. Seriological detection of cow milk added 
to milk from the goat. P. SOLBERG and G. HAD- 
LAND. Proe. 13th Intern. Dairy Cong., 3, 1287. 
1 I253 

Sixteen different fractions of whey proteins 
were isolated f ro~n  cow lnilk and used to obtain 
antisera. The fractions were injected into rab- 
bits. Ski~ntned milk was also used to produce 
antisem. In known goat-cow milk mixtures, 
10% cow milk gave pos. results in 1 min., 5% 
cow milk pos. in 1.5 ~nin., 1 %  cow milk, pos. 
after 20 ~nin., and 0% con milk neg. after 60 
min. 11. J. Velander 

885. The effect of light on the riboflavin in 
milk. T. K. Kox and S. 1'. TIIOMI~SON. IJroc. 
13th Intern. Dairy Cong., 2, 363. 1953. 

Esposure of milk to direct sunlight in the 
sulnlner causes a loss of 5070 of U: and 20% 
the rest of the year. Covered trucks limit the 
loss fro111 4.1 to 8.0%. Loss of riboflavin is 
attributed to sunlight. H. J .  Vclander 

886. The behavior of the phosphatase enzyme 
during the pasteurization of cream. W. RIT- 
TER. l'roc. 13th Intern. Dairy C'ong., 3, 1014. 
19.53. 

Reactivation of phosphatase activity in cream 
may occur in flash pasteurization. The phe- . 
nomenon is not observed when the pasteuriza- 
tion is carried out by the holding ~i~ethod. Be- 
fore making the test, addn. of NaCI, MgCI, 
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sucrose, and galactose accelerate the reactiva- 
tion of the phosphatase. KzCr20~ inhibits the 
reactivation. The cause of the reaction is not 
known. H. J .  Velander 

887. The content of tocopherol (vitamin E) 
i n  cow's milk. F. KIEFERLE and A. S ~ u s s .  
Proc. 13th Intern. Dairy Cong., 2, 264. 1953. 

The detd. of tocopherol was by a modified 
method of Emmerie and Engel. A fraction of 
milk unsaponifiable in 48 hr. in cold 60% ale. 
KOH was extd. under KZ with ether. The 
dried ether extract was dissolvc~d in benzene 
and passed through an adsorption colun~n of 
Floriden X Scortk to separate out vitamin A 
and carote~~oids. The soh.  contg. tocopherol 
was treated with a mixt. of a, a'-depyredyl and 
FeC1.g. After 10 nlin. the red color was meas- 
ured. Su~ntner lnilk contained Inore tocopherol 
than winter milk. During the first days of the 
colostruttl period ~ni lk contained 300-400p%. 
From the colostrun~ period the tocopherol falls 
to 76,~O(o in 13  nlonths. The vitamin content 
vanes In milk from different quarters of the 
udder. The variation bears no relation to fa t  
content. 11. J. Velander 

888. The antibacterial substances of milk. 
J. E. AUCLAIR. Proc. 13th Intern. Dairy Cong., 
3,1130. 1953. 

Lactrnine and lactenine 2 are responsible for 
bacterial inhibition in illilk, especially of Strep- 
tococczcs pyngenes. They differ in p H  and heat 
stability and can be separated by fractionation 
with acetone. Colostrutn is high in lactenine, 
and lactenine 2 is found in lrlilk a t  mid-lacta- 
tion. They are more inhibiting under aerobic 
than' anaerobic conditions as shown by action 
on various pathogens and on certain lactic acid 
bacteria. S. agalactiae is favored by a sub- 
stance present in milk which is destroyed on 
autoclaving. I t  may affect growth of certain 
lactic organisnls in raw ~nilk. 

H. J. Velander 

889. Ultrasonic treatment of milk. F. R. 
TOBLER. Proc. 13th Intern. Dairy Cong., 2, 
703. 1953. 

A liter, 250 ml., 50 ml., and 25 ml. of milk 
were irradiated for 5-20 min. with a fixed fre- 
quency of 1,000,000 hertz and a variable inten- 
sity of 1.6, 2.8, 3.6, and 4 w/sq cm. The bac- 
teria were reduced 50% with 3.6-4.0 w/sq cm. 
for  20 min. A greater breaking up  of clumps 
occurred at  lower intensities. The acid forma- 
tion was slower. This may be due to a reduc- 
tion in  number of bacteria. There was no 
effect on creaming or curdling. The phospha- 
tase activity was not impaired. 

H. J. Velander 

890. A method for continnous fortification 
of milk with concentrates of vitamins. K. G. 
WECKEL, C. VENCIA, and H. MAZE, Univ. of 

Wis. and D. BECKERLEG, Bancroft Dairy Co., 
Madison, Wis. Milk Dealer, 43, 10:  58. 1954. 

The usual procedure in the use of vitamin 
concentrates for fortification in milk is to add 
then1 "batch-n-ise." A measured quantity of 
the conecntrate is added to a known weight of 
milk in a pasteurizing vat or in a storage tank. 
A inctering device for adding vitamins to milk 
is described. I t  is adaptable to continuous flow 
operations such as the HTST pasteurizers which 
nlinitnize or eliminate a tie-up of a bulk milk 
storage tank, the capacity of which normally 
is adequate for several products. The metering 
device is adaptahle for the use of several types 
of concentrates, and for different operational 
capacities. I t  is neressary only to calculate and 
vary the extent of dilution of the canned vita- 
min concentrate to accolnmodate the several 
operations possible in any given plant. Com- 
inereial testing of the unit under normal operat- 
ing conditions has indicated the procedure is 
econo~l~ical and, on the l~asis of hioassay results, 
reliable. C. J. Babcock 

891. Variations in the ionic and lactose con- 
centrations of milk. J .  31. BARRY and S. J. 
HOJI.~.ASI), Univ. of Reading. Kiochern. J., 54, 
4: 575. 1953. 

Variations in Ya, I<, C1, and lactose content 
of 111illr are reported. The influence of period 
of lactation and mastitis infection upon these 
variations as ~vell as their correlation to the 
blood serum eo~tlposition is discussed. As lacta- 
tion advances or when inastitis is present the 
milk co~nposition tends to become more nearly 
like the blood serurn composition-i.e., a n  in- 
crease in Xa and C1 with a decrease in K and 
lactose. These relationships are expressed in 
regression equations. A. 0. Call 

PHYSIOLOGY AND ENDOCRINOLOGY 
892. The effect on mouse-liver catalase ac- 
tivity and blood-haemoglobin level of a milk 
diet deficient in  iron, copper and manganese. 
D. H. IIDAMS, London Hospital Med. Coll., 
London. Biochem. J., 54, 2 :  328. 1953. 

A diet of milk supplenlented with Fe, Cu, 
and Mn is equivalent to "normal cube diet" 
for liver catalase activity of weanling mice. 
Fe, either alone or in combination with other 
metals, had little effect on catalase level, but 
it  was required for maintenance of normal 
haemoglobin level. There is a sex difFerence in  
the requirements of Mn and Cu to maintain 
normal catalase levels. A. 0. Call 

893. The source of antibody in rabbit milk. 
P. N. CAMPBELL, J. H. HUMPHREY, and T. S. 
WORK. (Abs.). Natl. Inst. for  Med. Research, 
London. Biochem. J., 54, 2 :  12. 1953. 

The results show that there is a direct trans- 
fe r  of antibody from blood plasma to milk. 

A. 0. Call 
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894. Observations on the oxidation of glu- 
cose and acetate by lactating sheep mammary 
tissue in vitro. IV. G. I l r - sco~r r r~  and R. F. 
GLASCOVK, b i r .  of Ret~ding. (Ahs.) Bio- 
chem. J., 55, 2 : 23. 1963. 

Isotope laheled socliun~ acc*tntc and glucose 
were used as suhstratt~s in 0.5g. l~atches of 
tissue slirrs. Both g1uc.o~~ and acetate were 
metabolized. Each is oxidized at  a greater rate 
in the presence of the other, rather than alone. 
The hormone, insulin, had no effect upon the 
respiration rate. A. 0. Call 

895. The synthesis of lactose from glucose 
in the mammary gland. 0. I<. REISS and J. M. 
HARRY, Uliiv. of Chicago. Biochcm. J., 55, 5:  
783. 1933. 

Glucose labeled unifortnly with "C was in- 
jected intravenously into a lactating goat and 
the specific activities of blood glucose, of lac- 
tose, and of the glucose and galactose residues 

,of lactose were nieasured in blood and milk 
samples taken up to 12  hr. after the injection. 

The results show that blood glucose was the 
principal sourre of both the glucose and galac- 
tose residues of the nlilk lactose. 

A. 0. Call 

896. Synthesis and oxidation of citric acid 
in mammary gland homogenates. (Ahs.) C. 
TERSER, UII~V. of Reading. Hiochem. J., 55, 5: 
29. 1953. 

Whole hot~iogenates of lactating guinea pig 
malnmary gland were found to synthesize cit- 
rate from pyruvate or acetate in the presence 
of funlarate and to be able to oxidize added 
eitratc rapidly. This lends support to the pos- 
sibility of the Krebs eycle being operative in 
the nlalnlnnry gland since in this cycle citric 
acid is an intermediate. A. 0. Call 

SANITATION AND CLEANSING 
897. Washing machine for cases, cans, and 
crates. J. J. Boccr~~xo.  U. S. P:ltcnt 2,682,- 
881. 3 claims. July 6, 1954. Official Gaz. 
U. S. Pat. Office, 684, 1: 123. 19.51. 

Construction details are given for a straight 
line washer \r-hic.h ran he used for cleaning 
several typcbs of eases, mns, and crates. 

R. lIThitaker 

898. Valve mechanism for flushing pipe line 
milking systems. TI-. E. 0zurx.i (assignor to 
1ntern;ltiotlal IIarvester Compnny). U. S. Pat- 
ent 2,65",880. 11 clattns. July 6, 1954. Official 
Gaz. U. S. Pat. Oflice, 684, 1: 122. 1954. 

A merhanisn~ for altcrnatt~ly subjecting milk- 
ing nlacliitle pipe lines and cans to vacuurii and 
air and to a source of clcaning solution for 
flushing, cleaning, and sanitizing the equipment 
after use. R. Whitaker 

899. The problem of waste water in the dairy 
industry. J. PIE. Proc. 13th Intern. Cong., 3, 
970. 1953. 

The purification of waste water call he car- 
ried out hy adding AI:(SO~)Z and chalk fol-- 
loxr-ed by ab.;orptiotl on p ~ a t  provided t h ~  water 
does not contain more than 27& ntilk SC~UIII. 

Other\\-isc the watcv must he suhjrctc.d to two 
ronsrrutiv~ fer~nt~~ltations. I n  the first the Iac- 
tose is fernlc.nted in 12 hr. a t  37" C. it1 a slightly 
acid ~nrdiutn. The second breaks do~vti 40% 
of thr all~i~~iiitioids into SIT? in 21 hr. a t  3i0. 
With this tr11atmmt hiol. purification is efferted. 

H. J. Telandcr 

900. Investigations on the treatment of dairy 
waste water in septic tanks. I<. P. BX~ERSEN 
and It. Pour ,s~x.  Proc. 13th Intern. Dairy 
Co~ig., 3, 986. 1953. 

Exp. septic tanks each holding 5 1. wrrc em- 
ployed using \vast(& Hz0 u7hic.h consisted of 2% 
skitnmilk, 1% skimmilk + 1 %  whey, 2% whey, 
5% skitnmilk, and 5% whey. After a perlod 
of three days, co~nposition of waste water is 
cor~ipletely changed. The p H  values a t  the 
intake were 7.2-7.3 but in 24 hr. decreased to  
4.6-5.6, depending on type of 11-aste. Protein 
breakdown was studied by detn. of total N 
and NHs. The process is not nn actual purifica- 
tion, except to detn. decrease in total carbon 
content. Greater part of carbon is present a s  
ether-sol. epds. which consist of the lower or- 
ganic acids. After anaerobic treatlnc.nt the 
waste water is more susceptible to a hiologieaI 
oxidation. H. J. Velander 

901. Alkaline cleaners for HTST pasteur- 
izers. T. L E W A N I ~ ~ ~ S K I  and L. J .  BROWN, Pa. 
Salt Manufacturing Co., IVyndmoor, Pa. Milk 
Dealer, 43, 8: 61. 1954. 

Satisfactory cleaning  neth hods have heen de- 
veloped for the plate-type high-te~npcrature, 
short-time (HTST) pasteurizc.r. The most 
11-idely used method consists of flushing with 
rold or \varm water il~~mediately after process- 
ing, circulating an acid cleaner, flushing with 
\s-arnl water, circulating an alkalinr (*leaner 
and thcrl flushing thoroughly with \\-al0m and/or 
rold water. Soils ohtainc~d fro111 IITST pas- 
teurizers after procc~ssing \r-holr inilk ancl before 
cleaning have a high pcrcc.ntage of fa t  and 
protein with a relatively stnnll a l t ~ o u ~ ~ t  of ash. 
Cleaning of a lahoratorp soil silllilar in compo- 
sition to soils ohti~itled fro111 HTST pasteur- 
izers, hy a sinlulntecl acid-alkali IITST clran- 
ing c.ycle, sho\r-rd that with i~ler~a?r(. in p l I  of 
nlkalinc, rleatic*r solntio~~s, prrpnrcbcl in hard 
lr-atrr, increased cleaning r(.sultrd. Alkaline 
cleaner solution conc.entrati~)n and possibly 
types of rleaner ingredients al\o iuflnenced 
cleaning. Soil re1110va1 was Iargttly due. to alka- 
line clc~~ning although the prc.limi~~ary clc.an- 
ing with arid solutions rontrihutes sol~lt~ soil 
removal and possibly retnovcls ~ninrral soil eon- 
stituents. I n  the cotlventional neid-alkali cycle 
for cleaning IITST pasteurizers, superior re- 
sults may be obtained through use of strongly 
alkaline cleaners. C. J. Bahcock 
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902. Plant sanitation. C. W. EXGLASD, C. Y. 
Stephens Industries, Washington, D. C. Ice 
Crea111 Rev., 37, 11 : 126. 1954. 

I t  is i~ilportant that every plant develop a 
cleaning and rleaning co~npound use ~nanual. 
Such a ~iianual should present detailed instrue- 
tions on ho\v to clean and sterilize each piece of 
equipn~ent. The use of a planned systen~ for  
cleaning procedures will ensure an  efficient job 
of clean~ng and also save on deaning ~naterials. 
To secure the active participation of employees 
in the prograln it is essential that they have 
full knowledge as to the reasons for  perforn~ing 
each task in the presrrihed manner. 

111 sterilizing ecluiprnmt, after proper clean- 
ing, the author suggests pu~trping a solution 
with 100-123 p.p.m. of available chlorine thru 
the asse~~rbled equipnrent for a ~nini tnun~ period 
of 5 ~ninutes. The walls of vats and tanks ]nay 
be effectively treated by spraying with a 400 
p.p.ln. quaternary aln~nonium solution. A new 
stable low p H  c-hlorine sterilizer known as  1,3- 
dichloro-5,5 din~ethyl hydantoin is now availahle 
which is clainted to be more effective than so- 
dium and calciunr hypochlorites. 

In-place-cleaning of equipn~ent when prop- 
erly carried out will save tinre, labor, nea r  and 
tear on equipn~ent, and do a better job than 
manual c lea~l i~ip  and will eliminate possible 
reconta~l~ination of equipment surfaces by per- 
sonnel follo~ving cleaning and sterilization. The 
0 - R  system of cleaning in which a suitable acid 

cleaner is recirculated first and then a n  alkali 
added directly to the acid and recirculated is 
especially well adapted to cleaning vacuum 
pans, HTST units, and any other high tempera- 
ture equipment. 

Corrosion of stai~iless steel by acids and 
chlorine has heen a se r iou~  proble~n in Inany 
plants. Inorganic acids are I I I U C ~  nrore corro- 
sive to stainless steel than organic acids. Thor- 
ough rinsing of equip~r~c.nt following the use of 
an  arid c+lcaner is i~ i~por t an t  in reducing pps- 
sible corrosive effects of acid cleaners. Chlorine 
if used a t  too high a teniperature or  a t  too 
high a co~icentratio~i nlay also be corrosive to 
stainless steel. The use of chlorine immediately 
before the equipment is put  into service will 
do n~uch to prevent possible corrosion of stain- 
less steel due to chlorine. The addition of 
chlorine to the hot circulating wash solution 
wh(m in-place-cleaning is practiced will oxidize 
the filru of wetting agent that would otherwise 
remain on the interior of pipe lines and hence 
leave all surfaces in a bright condition. I f  too 
~iiuch chlorine is used, however, it can be very 
damaging to the equipment. To avoid this 
difficulty the wash solution should contain not 
over 35 p.p.111. of available chlorine. 

Some specific types of bacteria, including 
coliforms, psychrophiles, thennophiles, and 
thern~odurics, which lnay cause trouble in  dairy 
plants are discussed with reco~n~nended control 
~ i i e a ~ ~ r e s .  W. J. Caulfield 
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