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TOCOPHEROL, CAROTENOID AND VITAMIN A CONTENT OF THE 
MILK FAT AND THE RESISTANCE OF MILK TO THE DEVELOP- 

MENT OF OXIDIZED FLAVORS AS INFLUENCED BY 
BREED AND SEASON 

VLADIMIR N. KRUKOVSKY, FRANK WHITING1 AND J. K. LOOSLI 
New Pork State Cotlege of Agriculture, Cornell University, Ithaca 

The work at this station dealing with deteriorative processes in milk and milk 
products involving ascorbic acid oxidation have shown that a relationship exists 
between the tocopherol content of milk fat and the ability of milk to resist the 
reactions which produce the oxidized flavors, and that both the tocopherols and 
the stability of milk are influenced by the type of hay and pasture fed to the 
cow (6, 7, 8). It has first been postulated and then shown on cream (7, 9) that 
the increase in the anti-oxidant activity of fat as determined by the tocopherol 
method resulted in the inhibition of development of oxidized flavors associated 
with deterioration of unstable lipids of the fat globule membrane and in the pro- 
longation of the storage life of fat  as determined by the re-emulsijication test , 
(5,9). 

Consequently, a study was made to determine the normal tocopherol content 
of milk produced by different breeds of dairy cows throughout the season and 
under standard feeding conditions commonly employed at the Cornell Station. 

Samples of morning milk were collected from cows of Holstein, Brown Swiss, 
Jersey ,and Guernsey breeds in the Cornell University Herd, in October, 1947, 
toward the end of pasture season; in March, 1948, after 5 mo. of barn feeding; 
and again in July, 1948, following 3 mo. of pasture feeding. Milk was pas- 
teurized at 61.6' C. for 30 min., and the stability of milk was determined on 
the basis of its ability to resist the reactions which produce the oxidized flavors 
during 7 days storage a t  0 to 5' C. A part of this milk was separated by grav- 
ity creaming. The cream was churned and the butter obtained was melted and 
centrifuged clear and the fat was analyzed for the fat-soluble vitamin content. 
Vitamin A, carotenoids and tocopherols were determined using Koehn and Sher- 
man (3) and Quaife (10) methods, respectively. 

RESULTS 

The average values for tocopherols, earotenoids and vitamin A cofitent of dif- 
Received for publication Nov. 29, 1949. 
I Now at Dominion Expt. Station, Lethbridge, Alberta, Canada. 
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ferent milk fat samples are presented in table 1. The data show large variations 

TABLE 1 

Tocopherol, carotenoid and vitamin A of the milk fat as inflaenced by breed and season 

No. Quantities per 100 g. of fat 
Breed Date of Total Total cows tocopherols Carotenoids Vitamin A vitamin A 

Holstein- 10/24/47 
Fresian 3/26/48 

8/ 1/48 

Av. 

Brown 10/24/47 
Swiss 3/26/48 

8/ 1/48 

Av. 

Jersey 10/24/47 
3/26/48 
8/ 1/48 

Av. 

Av. 

Av. of a11 10/24/47 
breeds 3/26/48 

8/ 1/48 

Grand Total Av. 

0.6 micrograms'of the carotene and 0.25 microgram of the vitamin A are equal each to 
1 I.U. of vitamin A. 

in tocopherol, carotenoid and vitamin A content of the fat between individual 
cows of the same breed, even though they were fed the same rations. There also 
are wide variations between different breeds and between seasons. As an aver- 
age, the samples of fat obtained from Guernsey milk were higher in tocopherols, 
carotenoids and total vitamin A content than the milk fat of any other breed, and 
this difference held to some extent for any season, as it is shown in table 1. 

Holstein milk fat samples were uniformly lower in tocopherols and carotenoid 
content, and Brown Swiss and Jersey samples were intermediate. During the 
pasture season the fat samples were 24 per cent higher in tocopherols, 55 to 71 
per cent higher in carotenoids and 42 to 60 per cent higher in total vitamin A 
activity than during the barn feeding. As an average (grand total), the samples 
of fat contained 2533 pg. of tocopherols and 3828 I.U. of total vitamin A activity 
per 100 g. of fat. The total vitamin A activity was found to be only slightly 
below that reported by the U.S.D.A. butter survey committee (12), (14,098 I.U. 
and 15,529 I.U. per pound of butter, respectively). 
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The relationships between tocopherol, carotenoid and vitamin A content of 
the fat from four breeds of dairy cows as affected by both pasture and barn 
feeding are presented in figure 1. A highly significant correlation has been 

'1 CAROTCNO pG,/&OOt. .  FA^ VITAMIN  A  

FIG. 1. The relationship between the tocopherol and carotenoid and vitamin A content 
of the milk fat from four breeds of dairy cows as affected by both pasture and hay feeding 
(128 sample8 of milk). 

found between tocopherol and carotenoid content of the fat (+ 0.69, + 0.63 and 
+ 0.68 for the three sampling periods, respectively). No significant correlation 
could be shown between tocopherol and vitamin A. 

The data in figure 2 show the per cent distribution of tocopherols in samples 
of stable and unstable milks as affected by both pasture and barn feeding. They 
show again as before (7) that the stability of the fresh pasteurized milk was im- 
proved when its tocopherol content was increased to 3,000 pg. and above per 
100 g. of fat. 

DISCUSSION 

Although the data presented in figure 2 were rather conclusive in showing 
that the anti-oxidant activity centered in the fat  phase of the milk plays an 
important part in the inhibition of oxidized flavors associated with deterioration 
of the unstable lipid components (9) of the milk system, nevertheless it is neces- 
sary also to consider the related effect of the additional factors. This is evident 
from the observations showing that some of the samples of milk of low toco- 
pherol content did not develop the oxidized flavors during 7 days storage at 0 
to 5" C. This fact can be explained by the assumption that the type and quality 
of the roughages fed to the cow, together with the physiological response of the 
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cow may determine not only the fat constants and the assimilation and deposi- 
tion of tocopherols into the milk fat, but also the catalytic properties of the 
milk with respect to its natural ability'to promote ascorbic acid oxidation. This 
particular factor can be responsible either for too rapid or too slow rate of oxi- 
dation of ascorbic acid, thus delaying the onset of the coupled reactions which 
produce the oxidized flavors. In  this connection it should be noted that the rate 
of ascorbic acid oxidation is an important factor in the promotion or retardation 
of oxidized flavors in milk (2, 4). Furthermore, the presence of more readily 
oxidizable substances than the unstable lipids of the milk may result in a selec- 
tive and stepwise oxidation of the respective components of the milk system. I n  
such a case, the deterioration of unstable lipids might be postponed or not have 
taken place at all, depending on the availability of ascorbic acid. Likewise, an 

FIG. 2. The distribution of tocopherols in 128 samples of stable and unstable natural 
milks as affected by both pasture and hay feeding (seasonal variations). The numbers (3). 
and (7)  indicate the days within which the oxidized flavor developed in unstable milk. 

increase in the anti-oxidant activity of milk fat  as estimated by the tocopheroi 
determination may force the reaction to deviate from its course, resulting again 
in oxidation of other substances than unstable lipids of the fat globules mem- 
brane. This particular phenomenon will be discussed in a following paper. 

These observations also are in good agreement with the data of Beck et al. 
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(1) on the relation of carotene in milk fat to the development of oxidized flavors. 
These investigators have found a relationship between the color intensity of milk 
fat and the inhibition of oxidized flavors. However, Beck e t  al. have supple- 
mented the rations with carotene concentrates during the barn feeding. Our 
analysis of some of the carotene concentrates by molecular distillation methods 
(11) revealed that their total tocopherol content was exceptionally high (ap- 
proximately 20,000 pg. per gram of concentrate). 

The data we have presented are conclusive in showing that there is a relation- 
ship between the tocopherol and carotenoid qontents of the milk fat as influenced 
by the roughages fed to the cow even though it might merely reflect parallel in- 
takes of these two vitamins on the particular diet studied (13). I t  also has 
been shown that the promotion of oxidized flavors in milk products containing 
ascorbic acid, and which are associated with deterioration of milk fat, is ap- 
parently dependent on the stability of tocopherols and that the destruction of 
vitamin A and carotene follows that of tocopherols (9). Consequently, it would 
be logical to assume that the stabilizing effect on milk of carotene concentrate fed 
to the cows ( I ) ,  largely was due to the increase in tocopherol content of the fat 
and not to that of carotene and tliat the latter is only a coincidental factor. 

The tocopherol, carotenoid and vitamin A content of cow's milk was deter- 
mined for Holstein, Guernsey, Brown Swiss and Jersey cows during both pas- 
ture and barn feeding. Large variations were found in the tocopherol, caro- 
tenoid and vitamin A content of milk fat between individual cows of the same 
breed, between different breeds and between seasons. 

As an average, the fat obtained from Guernsey milk was highest in toco- 
pherol content with 3033 pg. per 100 g. of fat, and Holsteins was lowest with 
2220 pg. Pasture milk contained more tocopherols than winter milk. 

A significant positive correlation between the tocopherol and carotenoid con- 
tent of milk was found but tocopherols and vitamin A were not correlated. 

There is a relationship between the tocopherol content of the fat and the 
ability of milk to resist the oxidized flavors. A high proportion of samples of 
milk which contained less than 2500 pg. of tocopherols per 100 g. of fat were un- 
stable and developed oxidized flavors during the storage tests. 

The authors take pleasure in expressing their appreciation to J. W. Bratzler 
and D. A. Theokas for chemical analyses on some of the samples. 

"This paper reports research undertaken in cooperation with the Quarter- 
master Food and Container Institute for the Armed Forces, and has been as- 
signed number 278 in the series of papers approved for publication. The views 
or conclusions contained in this report are those of the authors. They are not 
to be construed as necessarily reflecting the views or indorsement of the Depart- 
ment of the Army." 
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ISOLATION O F  OVA FROM THE LIVING BOVINE1# 

ARTHUR E. DRACY3 AND W. E. PETERSEN 

Minnesota Agricultural Ezperiment Station, St. Paul 

Transfer of sperm cells by artificial means has greatly enhanced the use of 
the good proven sire. Transfer of the egg from good proven cows likewise 
would enhance the dissemination of good germ plasm to the extent that the 
method would be successful and multiple ovulation could be induced. The first 
step in attaining such an objective is the recovery of the fertilized egg from the 
COW. 

The potentialities and problems of ovum transfer have been known for some 
time. The possibility of transferring fertilized ova from one individual to a 
foster mother has been adequately demonstrated in rats (2, 3,4)  and rabbits (5). 
Each of the above mentioned experiments required sacrificing the donor which 
in itself defeated much of the purpose of the experiment. However, Allen (1) 
has successfully isolated unfertilized monkey ova by a combination of surgery 
and flushing the oviducts. A similar procedure has been described by Um- 
baugh ( 6 )  as a means of securing ova from the cow. Surgery, although not ex- 
tremely difficult on cattle, is not entirely satisfactory. Thus, a series of surgical 
and nonsurgical experiments have been undertaken to find a practical means of 
securing ova for transfers. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Study of the isolation of bovine ova falls into two parts. (a) To make the 
ovaries more accessible by translocation or transplantation and (b) to recover 
fertilized ova without surgical intervention. 

Over a period of years a number of different techniques have been employed 
in attempts to obtain ova from developed ovarian follicles. The idea at first 
was that if the mature egg could be obtained, it could be fertilized in, vitro before 
transfer to a recipient. However, this procedure recently has been shown not 
to be feasible. Since the ovary is located where it cannot be reached except by 
rather complicated surgery, the approach was to transplant or translocate the 
ovary so as to make it more readily accessible. The following surgical pro- 
cedures were attempted: (a) transplantation into the neck, (b) subcutaneous 
translocation, (c) translocation into the vagina, and (d) resectioning of the 
uterine horn. 

Received December 22, 1949. 
1 These data are taken from a thesis presented to the graduate school of the University of 

Minnesota by Arthur E. Dracy in partial fulfillment of the requirements for a Ph.D. degree. 
2 Published as paper no. 2607, scientific journal series of the Minnesota Agricultural 

Experiment Station. 
3 Present address: South Dakota State College of Agriculture, Department of Dairy Hus- 

bandry, Broohings. 
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Transplantation of the ovary into the neck. The first attempts to isolate 
ova from the living bovine were conducted by removal and transplantation of 
the ovary under the skin in the neck muscle of the animal. It was thought that 
eggs could be removed easily from developed follicles in such a preparation and 
subsequently fertilized before transplantation. None of these experiments was 
successful because the transplanted ovaries did not function. After several un- 
successful attempts, this method of trying to isolate living ova was discontinued. 

Subcutaneous translocation of the ovary. Another attempt was made to 
place the ovary where it could be more easily observed. This was done by re- 
moving the broad ligament and ovary from the pelvic arch and placing it sub- 
cutaneously in the paralumbar fossa without interrupting its circulation. Such 
transplants did not ovulate, probably due to the reduced temperature in the new 
environment. 

Translocation of the ovary into the vagina. Two attempts were made to 
translocate the ovary into the vagina. I n  one animal a laparotomy was per- 
formed and an incision was made in the anterior portion of the vagina, adjacent 
to the junction with the uterus. The ovary then was sutured into the vagina. 
On the second animal, however, the ovary was secured in the vagina without a 
laparotomy. This was accomplished by making an incision in the anterior por- 
tion of the vagina. The ovary then was moved into the vagina through this 
incision and sutured into place. From all physical appearances the animals 
withstood surgery very well. However, the ovaries did not remain translocated 
because of the violent vaginal contractions. 

In  the first animal the ovary slipped back into place indicating that the 
surgical technique was not adequate. I n  the second animal the translocated 
ovary was secured more substantially, but this ovary in turn pulled back into 
place, taking with it a fold of the vaginal wall which encased the ovary and 
grew together. This formed a pus-filled pocket about 3 in. in diameter around 
the ovary. 

Ezteriorlizing the resected uterine horn. Another attempt by the use of 
surgery to isolate living ova was undertaken by resectioning the horn of the uterus 
and bringing the cut end to the exterior surface with the view that the ovum 
could be recovered by flushing the stump of the uterine horn after descent of 
the egg. In  spite of precautions taken, salpingitis resulted. 

Non-surgical techniques. After the previous surgical experiments, it became 
obvious that some other technique had to be used for the isolation of ova from 
the cow. From unpublished data, it also became apparent that the ovum must 
be fertilized and pass through the oviduct, since in vitro fertilization was un- 
successful. Two different approaches were made. First, a tube was inserted 
through the cervix up to the orifice of the oviduct and, second, the uterus was 
flushed by entrance through the cervix. 

Insertion of a rubber catheter up  t o  the oviduct. A rubber catheter was 
inserted through the cervix and butted against the oviduct with the view of cap- 
turing the descending ovum in the catheter, from which it might be flushed after 
removal from the uterus. The catheter was inserted on the third day following 
ovulation and left until the end of the fourth day. In the first animal the 
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cervix appeared to be large and little difficulty was encountered in passing the 
rubber catheter through the cervix into the uterine horn. However, in subse- 
quent animals the cervix was smaller and a dilating apparatus had to be de- 
vised for opening the cervix. This was done by inserting a 0.25-in. stainless 
steel probe over which was placed a sleeve to act as a cannula. With the hand 
in the rectum holding the cervix, the probe and cannula were guided past the 
cervical folds. The probe was removed and the catheter extended through the 
cannula into the uterine horn. The cannula then was removed, leaving the 
catheter in the uterine horn. 

Another difficulty experienced in this method was that as soon as a foreign 
body entered the uterus, violent uterine contractions occurred which did not 
stop until the tube was forced out of the uterus. To keep the catheter in the 
uterus, a stiff wire was inserted inside its posterior end at  the anterior end of 
the cervix. The wire was bent in an "S" curve just inside the cervix to hold 
the catheter in place. This helped some; however, several of the animals were 
able to force the catheter out of the horn and into the body of the uterus. 

In  these experiments seven attempts to isolate fertilized ova were conducted 
on four cows. Even though some of the cows were unable to force the catheter - 
out of the uterine horn, fertilized ova never were recovered. One of the ani- 
mals conceived, further substantiating the fact that ova did by-pass the tube. 
In  view of these apparently insurmountable difficulties, the experiments were 
discontinued. 

Flushing the uterzcs with a physiological solution. The principle involved 
in this method was to force a warm (about 100' F.) physiological solution into 
the uterine horn and then to recover the fluid containing the ovum. Numerous 
laboratory experiments with isolated ova suspended in a physiological saline 
solution proved that ova have a greater specific gravity than the solution. The 
increased specific gravity allowed the ova to settle quickly to the bottom of a 
French separatory funnel. This procedure seemed to have some possibilities for 
the separation of ova from large quantities of fluid. 

The equipment for flushing the uterus was the following: a 0.5-in. stainless 
steel probe 36 in. long for dilating the cervix and a fitted stainless steel cannula 
24 in. long. These instruments sufficed for normal animals. Smaller animals, 
such as heifers, required proportionally smaller dimensions, usually not smaller 
than a 0.25-in. probe. 

The flushing part of the apparatus consisted of a tire pump, a 1-1. aspiratory 
flask to hold the fluid and a 0.125-in. Koroseal tube. One end of the Koroseal 
tube was fastened into the stoppered aspiratory flask. The other end was heated 
by a Bunsen burner and drawn to a point sealing the end of the tube. Holes 
then were made in the sealed end of the tube by holding a heated dissecting 
probe against the Koroseal tubing in such a manner that when fluid was forced 
out of the tube there was a backward action. 

Because 4 days elapsed from the time the animal was in heat before the ovum 
reached the uterus, the seventh day was arbitrarily selected as the best time for 
attempted recovery of the eggs. Thus, when the animal was in heat, she was 
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bred naturally or artificially, and then on the seventh day the removal of the 
eggs was attempted. 

The technique of using the instruments mentioned in a preceding paragraph 
was simple if certain steps were adhered to rather closely. The steps in isolat- 
ing ova by flushing with a physiological solution were as follows: (a) The arm 
was inserted into the rectum and all the fecal material was removed. Ovula- 
tion was determined by the presence of one or more corpora lutea on an ovary. 
After this the uterus was palpated for any abnormalities. (b) The probe and 
cannula were inserted through the cervix by grasping the cervix with the hand 
in the rectum and guiding the instruments past the cervical folds similar to 
the rectal methods of artificial insemination. After the probe was through 
the cervix, it was directed to either horn by maneuvering the uterus to either 
side. The probe was removed and the cannula was left in the horn. (c) The 
Koroseal tube was inserted into the cannula and passed through it. The Koro- 
seal tube was directed from the end of the cannula to the tip of the uterus by 
the hand in the rectum. When the Koroseal tube was in place, pressure was 
applied to the flask. As the pressure increased in the flask, fluid was forced 
through the Koroseal tube into the uterine horn and returned through the can- 
nula by gravity and the aid of the contracting uterus. A receptacle was held 
at the external end of the cannula and all of the returning fluid collected. ' (d) 
After 1 1. of physiological solution was pumped into the uterus, the Koroseal 
tubing was removed and the returning solution caught in the receptacle. (e) 
After the fluid had been taken to the laboratory, it  was transferred into a series 
of 125-ml. French separatory funnels and allowed to stand 20 min. This usu- 
ally allowed ample time for the egg to settle to the bottom of the separatory 
funnel. However, there were experiments in which the ovum adhered to the 
sides of the glass. This possibility was reduced by swirling the funnel and al- 
lowing the fluid to resettle. (f)  After the required time had elapsed, a few 
milliliters of the mucus plus liquid were withdrawn from the bottom of the 
separatory funnel and observed at 23 magnifications under the dissecting micro- 
scope. Since ova are more than lOOp in diameter, identification was easy a t  
this magnification. However, for further identification, the ovum was removed 
from the fluid by means of a fine capillary pipette, a hanging drop slide of it 
was prepared and it was observed under a high dry objective lens. 

From observations using high-power magnification and from photomicro- 
graphs, the ovum appeared to be in the late blastula stage. Great care had to 
be taken not to confuse the ovum with tiny air cells that appeared in the liquid. 
By focusing up and down, air cells showed a reflection that was not observed 
when an ovum was under examination. 

Table 1 shows the results obtained by flushing the uterus with a physiolog- 
ical solution. In  this experiment, 12  cows were flushed 37 times. During these 
37 trials, 41 ova were recovered. The table shows that cow 504 yielded ten ova 
a t  one time and cow 37E yielded two ova at one time, indicating superovulation. 
These two animals each were injected subcutaneously with 1,500 units of preg- 
nant-mare serum to produce superovulation. At the time, 1,500 units of preg- 
nant-mare serum induced the liberation of ova. However, about 2 mo. later 



ISOLATION OF OVA FROM THE LIVING BOVINE 801 

without a repeated injection, 37E liberated at least 20 ova a t  one ovulation which 
were recovered at one flushing. 

DISCUSSION 

The data presented on the ovary transplantation and translocation experi- 
ments indicate the impracticability of such methods for isolating ova from the 
living cow. Possibly too few experiments were conducted to prove that recov- 
ery could not be accomplished by these techniques. With improved surgical 
technique it may be possible to transplant and translocate the ovary with satis- 
factory results. However, with the available material and the techniques ap- 
plied a t  the time the experiments were conducted, the impracticability of this 
method of approach was apparent. 

TABLE 1 
Ova recovered by  flushing utemcs with a physiologiaal solution 

No. of Date o f  Ova No. o f  Date o f  Ova 
COW flushing recovered COW flushine recovered 

Attempts to recover ova in a catheter were unsuccessful. The fact that 
one cow became pregnant suggests that the ovum by-passed the catheter. The 
likelihood of capturing ova by this method seems remote. Also, as soon as the 
tube entered the uterus, violent uterine contractions occurred and continued 
until the tube was forced out. The contractions may have had a devastating 
effect upon the ovum coming down the oviduct into the tube. Even though one 
animal became pregnant, the possibility remained that some ova may fail to 
enter the uterine cavity. The possibility of obstructing the oviduct may be re- 
mote, yet it must not be overlooked as a cause of failure for recovery of ova. 

From the data presented in table 1, regarding the flushing of the utems 
with a physiological solution, eggs were recovered 12 times from 37 trials yield- 
ing a total of 41 ova. Of the 41 ova recovered, 32 were due to superovulation. 
In  these experiments, four of the cows used never yielded an ovum in 14 at- 
tempts. I n  23 attempts eight yielded ova 12 times. Thus, if the first four ani- 
mals referred to were non-breeders, which could be possible because some of the 



802 ARTHUR E. DRACY AND W. E. PETERSEN 

animals had been bred numerous times and because of repeated nonfertility 
were transferred from the college dairy herd to the experimental herd, the pos- 
sibility exists that these animals could be sterile. The other eight animals were 
considered fertile, since fertilized ova were recovered. This being the case, ova 
were recovered 12 out of 23 trials, indicating that these cattle released ova for 
fertilization approximately 49.5 per cent of the time. Cow A53, which had 
yielded one ovum, later was sold from the herd as a sterile animal. This also 
was true of cow E598. When cow 479 yielded an ovum, she was returned to 
the college herd to produce a calf the following year. With improved tech- 
niques for obtaining and observing ova, possibly a larger percentage may be re- 
covered. To further consider the number of ova that could in all probability 
be recovered, it should be kept in mind that according to data gathered from 
artificial insemination associations, 45-60 per cent of the cattle conceive on first 
service. If this is true and if the unfertilized ovum degenerates while traveling 
down the oviduct, the possibility of collecting nonfertilized ova is rare. There- 
fore, not more than 60 per cent of the recovery should be expected. However, 
there may be a few individual animals which would yield an ovum each time 
they were bred, the same as there are some cows that become pregnant on first 
breeding. 

SUMMARP AND CONCLUSIONS 

A series of experiments was conducted to determine the possibility of re- 
covering ova from the living cow. 

A11 surgical methods, such as transplantation of the ovary, resectioning the 
uterine horn and translocating the ovary subcutaneously, have yielded negative 
results. 

The method of inserting a catheter into the uterus of a cow in order to re- 
cover fertilized ova has proved impractical. 

Instruments and techniques for recovering fertilized bovine ova without in- 
jury to the donor's reproductive tract have been developed. 

A grant from Babson Bros., Milker Co., Chicago, Illinois, that made this study 
possible is gratefully acknowledged. 
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A COLORIMETRIC METHOD FOR THE QUANTITATIVE DETERMINA- 
TION OF THE DEGREE OF LACTOSE HYDROLYSIS1 

FRANK E. POTTER2 

Bureau of Dairy Industry, Washington, D. C.  . . 
. . 

For the quantitative determination of a single sugar, numerous methods are 
available. However, most of these methods are not satisfactory when applied to 
a solution containing two or more sugars. In  the hydrolysis of lactose three 
sugars, lactose, glucose and galactose, are involved. In  certain methods of analy- 
sis, bacterial ferments or yeast enzymes are used to destroy one or more of the 
sugars in a mixture, but this is often time consuming. 

In  search of a method to follow the degree of acid hydrolysis of lactose, Rams- 
dell (6) used the following procedure. The sum of the two hexoses, glucose and 
galactose, was determined by Barfoed's modified reagent. Shaffer and Somogyi's 
procedure and their reagent no. 50 were used to measure the reducing power of 
the sugars before and after destruction of the glucose with bakers' yeast. From 
the results obtained, the quantities of glucose, galactose and lactose were cal- 
culated. 

Another method which has been used to follow the hydrolysis of lactose is a 
modification (7) of the Willstaetter and Schudel procedure (8). This has been 
used for pure lactose in solution and in various dairy products. , .  

The saccharimeter can be used to follow the hydrolysis of some sugars but 
with lactose it lacks sensitivity. It can be shown both experimentally and by, 
calculation that for a 5 per cent solution of lactose an increase of less than 0.5 
degree rotation occurs for every 10 per cent of lactose hydrolyzed. 

Recently, Benham and Despaul (1) developed a quantitative colorimetric 
method for the determination of glucose. They measured the intensity of the 
blue color produced by the sugar in the presence of ammonium molybdate and 
potassium dihydrogen phosphate on heating. They also found the method su i t  
able for the determination of glucose in the presence of moderate amounts of 
sucrose and recommended the procedure for the determination of other sugars. 
Later, Benham and Petzing ( 2 )  adapted this method to the quantitative measure- 
ment of maltose and mixtures of maltose and glucose. 

It is this colorimetric method upon which the following study was conducted 
for the determination of the sugars obtained in the hydrolysis of lactose in milk 
products. 

EXPERIMENTAL PROCEDURE 

The molybdenum blue method of Benham and Despaul (1) was followed, ex- 
cept for slight modifications. To several 25-ml. volumetric flasks, 5 ml. of 0.02M 

Received for publication May 4, 1950. 
1 This work was done with funds provided by the Research and Marketing Act of 1946. 
2 Present address: Department of Dairy Husbandry, Agricultural and Mechanical College 
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potassium dihydrogen phosphate and 10 ml. of 7.5 per cent ammonium molyb- 
date were added. Samples, whether of pure sugars or of mixtures, were added in 
quantities containing between 1 and 10 mg. of sugar and the contents made up to 
volume with distilled water. The flasks were stoppered, inverted several times 
to mix the contents and the stoppers removed. The flasks were covered with in- 
dividual tin foil caps to prevent contamination from condensing steam and 
heated in a preheated autoclave a t  100° C. for exactly 30 min. The flasks were 
removed and cooled at once in ice water to stop the reaction. The color intensity 
h s  determined with a Klett-Summerson photoelectric colorimeter using a col- 
ored glass filter to give a wave length of 640 mp. 

Aqueous solutions of pure sugars did not require any preliminary purification 
' 

prior to analysis. However, with milk it was necessary to obtain a clear serum 
for analysis. Precipitating agents, such as trichloracetic acid, phosphotungstic 
acid and salts of heavy metals used for precipitating milk proteins in various 
chemical tests on milk products, interfered in the subsequent color production. 

The method adopted for preparation of milk samples was as follows: To 50 g. 
of whole milk (20 g. of condensed skimmilk) in a 100-ml. volumetric flask, 5 ml. 
of 1N H,SO, were added and made to volume with distilled water. The flask was 
stoppered, the contents mixed thoroughly and atered through Whatman no. 2 
filter paper. A 10-ml. aliquot of the filtrate was removed and placed in a 200-ml. 
volumetric flask. To this, 50 ml. of distilled water and five to six drops of phenol- 
phthalein indicator were added. The contents then were neutralized to the phe- 
nolphthalein end point with 0.1N NaOH. The flasks were placed in a boiling 
water bath for. 15 min. to coagulate the heat coagulable protein and cooled to 
room temperature in a cold water bath. To the contents of flasks five to six drops 
of methyl red were added and 0.1N H,SO, acid was used to adjust the reaction to 
the methyl red end point. The flasks were made to volume with distilled water, 
contents mixed and filtered. A 10-ml. aliquot of the filtrate was placed in the 
25-ml. color development flasks and the analysis completed as for sugar solutions. 

The intensity of the blue color produced in the molybdenum blue reaction 
varies with the individual type of sugar. Results of preliminary investigations 
on sugar solutions containing 1 and -8 mg. of glucose, galactose, lactose and a 
mixture of glucose and galactose in equal parts are presented in table 1. The 
data show that the color produced with the glucose and galactose mixture is more 
than twenty times as great as an equal quantity of lactose. The small amount 

TABLE I 
Klett-Xunznzerson readings at 640 mp for known q w ~ t i t i e s  of sugar 

Scale readinga 

1.0 mg. sugar 8.0 mg. sugar 

20 
385 

too dark to read 
660 
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of color produced by the lactose can easily be corrected for by determining a 
blank value. 

I n  order to determine unknown quantities of glucose and galactose, it was 
necessary to establish a standard curve using known quantities of these sugars. 
Three determinations were made on solutions containing from 0.5 to 8 mg. of 
glucose and galactose in equal parts. The average results of these determinations 
are presented in figure 1. This standard curve was used for calculating the re- 

700 I I 

- 
600 - 

C 
W 
I 
0 
Z 
a 
3 500 - - 
a 
w 
w 
0 
-I 
& 400 - - 
a 

300 X - 
Z 
0 
V) 
a 

: 200 - 
I 

V) 

- 

LACTOSE 

0 0  
I 

0 2 4 6 8 10 12 
SUGAR CONCENTRATION ( M I L L I G R A M S )  

FIG. 1. Standard curves obtained from prepared solutions of known sugar content. 

sults on unknown samples. The results of similar determinations on solutions 
of glucose, galactose and lactose also are presented in figure 1. 

I n  analyzing an unknown sample of milk, the value obtained from the standard 
curve (mg. per aliquot) is converted to grams per 100 g. by a factor of 0.387 for 
whole milk. This factor is calculated by the method used by Hillig (3) for the 
quantitative determination of lactic acid. 

To determine the accuracy of the molybdenum blue method when applied to 
milk, glucose and galactose in equal parts were added a t  the rate of 0.1 to 5.0 g. 
per 100 g. of whole milk. The results of seven trials in duplicate are presented 
in table 2. 
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TABLE 2 
Recovery of glucose and galactose added in equal parts to fresh whole milk 

sample . Added Recovered 

(gJ100 g.) 
0.104 
0.116 
0.956 
0.956 
1.405 
1.405 
1.989 
1.950 
2.848 
2.980 
3.870 

Difference Recovery 

Av. .......... s..; ................ - ......... 98.70 

These data indicate that the method possesses a high degree of accuracy and 
reliability. Recovery of the sugars was within 0.1 g. for all but three of the 
samples and the percentage recovery usually was within 5 per cent. The average 
recovery for the 14 analyses was 98.70 per cent. 

I n  a supplemental series of tests involving the enzymatic hydrolysis of a lac- 
tose solution, comparisons were made between the Willstaetter and Schudel modi- 
fied method and the method presented in this paper. Table 3 shows the results 

TABLE 3 
The detennimtion of glucose and galactose in a 5% solution of lactose at inte~vals during 

enzymatic hydrolysis 

Sample Willetaetter & Schudel Molybdenum blue 
modification* method Difference 

These results obtained by G. Reed, Rohm and Haas Co., Philadelphia, Pa. 

obtained by the two methods on five different samples. The quantity of glucose 
and galactose found by the two methods agreed within 0.20 g. per 100 g. for all 
samples and within 0.10 g. per 100 g. for all but one of the samples. 

Since phosphomolybdic acid and ascorbic acid have been used for the deter- 
mination of inorganic phosphate (4) and phosphomolybdic acid for determining 
ascorbic acid (5), experiments were conducted to determine the effect of ascorbic 
acid on this method of analysis. Fresh whole milk was divided into three lots 
and treated as follows: 1, control; 2 and 3 ,  50 and 100 mg. of ascorbic acid were 
added per liter of milk. Analysis of these samples (table 4) show that the addi- 
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TABLE 4 
Wect  of the addition of ascorbic acid and the heating of milk on the normal blank; values for milk 

Klett- Glucose- 
Sample S~~mmeraon galactose 

reading equivalent 

Milk (control) - 43 0.151 
Milk + 50 mg. of ascorbic acid/I. ......................................... 43 0.151 
Milk + 100 mg. of ascorbic acid/l. .......................................... 45 0.159 , 

Milk (control) 45 0.159 
Milk heated to 46 0.162 
Milk heated to 80" C. for 2 hr. 46 0.162 

tion of 50 mg. of ascorbic acid did not affect the normal blank value for milk. 
The addition of 100 mg. of ascorbic acid did increase the value slightly. HOW- 
ever, since this is approximately five times the average amount of ascorbic acid 
found in milk, the normal variations in ascorbic acid would not have a significant 
effect on the blank values for milk. 

Inasmuch as the heating of milk produces various reducing products, trials 
were conducted to determine the effect of heating. The results presented in table 
4 show that the heating of milk a t  80° C. for 1 or 2 hr. increased the blank value 
to a slight extent, but this increase was within the normal variation encountered 
for unheated milk. 

In  this study a blank value for milk has been found to vary from 0.150 to 
0.170 g. per 100 g. expressed as glucose-galactose equivalent. 

SUMMARY AND CONCLUSIONS 

The colorimetric determination of sugars by the use of the molybdenum blue 
reaction as developed by Benham and Despaul (1) has been adapted to follow the 
enzymatic hydrolysis of lactose in solution and in milk. 

The analysis of 14 samples of fresh whole milk containing from 0.1 to 5.0 g. of 
added glucose and galactose in equal parts per 100 g. of milk gave an average 
recovery of 98.70 per cent. 

A blank value for milk was found to vary from 0.150 to 0.170 g. per 100 g. 
expressed as glucose-galactose equivalent. The addition of ascorbic acid or the 
heating of milk to 80' C. for 1 or 2 hr. did not have a significant effect on the 
blank values. 

Values obtained by the colorimetric method for samples of hydrolyzed lactose 
agreed very closely with those obtained by a modification of the Willstaetter and 
Schudel method (7). 
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THE FURTHER DEVELOPMENT OF MILK REPLACEMENTS FOR 
DAIRY CALVES'. 

J. B. WILLIAMS AND C. B. KNODT 
The Pennsylvania Agricultural Experiment Station, State College, Pa. 

Previous work (15) has demonstrated that normal growth can be obtained in 
dairy calves by the use of limited amounts of saleable whole milk with a milk re- 
placement. Numerous reports (1, 2, 3, 4, 5, 6, 7, 8, 9, iO, 11, 12, 13) in the lit- 
erature indicate the possibilities of raising dairy calves on limited amounts of 
whole milk and dry concentrates. 

This report presents additional experiments relative to the improvement of 
formulas published previously. The principal objectives were to evaluate other 
plant and animal products and to develop a simpler formula. It was desired 
to study the comparative value of meat scrap, corn gluten meal, soybean oil meal, 
blood flour, dried skimmilk and ground raw soybeans, nutri-soy and red dog 
flour in milk replacements. Previous work at this station (13) indicated a com- 
parison was needed between dried brewers' yeast and distillers' dried solubles. 

EXPERIMENTAL PROCEDURE 

The male Holstein calves used in the two trials were obtained from Pennsyl- 
vania state institutional herds. They were housed in individual solid-wall pens 
equipped with a water bowl, salt block, hay rack and a concentrate box. TO pre- 
vent positional effects, the calves were placed a t  random throughout the arti- 
ficially lighted and ventilated stable, maintained at a temperature of 65' F. by 
thermostatically controlled steam heat. Three measures of growth were taken 
each week, by the same person, at the same time and in the same order. The same 
person made daily observations on the condition of the feces of each calf. When 
a case of scours persisted for 24 hr., a 10-g. dose of sulfathalidine was adminis- 
tered orally followed by an additional 5-g. dose at each of the next two successive 
f eedings. 

Trial 1. Forty-eight calves were divided into eight comparable groups of six 
calves each on the basis of body weight, chest circumference and height at withers. 
Groups I through VII were placed on the experiment not later than the fourth 
day after birth and were fed the replacement formulas presented in table 1. 

Received for publication May 18, 1950. 
1 Authorized for publication on May 10, 1950 as paper no. 1598 in the Journal series of 

The Pennsylvania Agricultural Experiment Station. This work waa supported in part by the 
Cooperative G.L.F. F.Exchange, Inc., Ithaca, N. Y. and National Distillers' Products Corp. of 
N. Y. with the cooperation of the Distillers' Feed Research Council of Cincinnati. The sulfa- 
thalidine used in this trial was supplied by Sharp and Dohme, Inc., Glenolden, Pa. 

2 The data contained in this publication are from a thesis submitted by the senior author 
to the Graduate Sohool of The Pennsylvania State College in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. 



J. B. WILLIAMS AND C. B. KNODT 

TABLE 1 
Nilb replacement formulaeTrial 1 

Group 
Ingredient 

I I1 I11 IV v VI VII 

(ZL) (ZL) ( l a )  (la.) (a.) (la.) 
Dried 50 20 20 10 20 
Dried 

5 
10 20 20 20 20 20 10 

Dist. dr. sol. (Corn) ........................ 10 20 20 20 20 20 20 
Blood flour ............................................... 10 .............................. 10 ............................ 5 

.............. 10 10 10 20 20 ............... 
5 10 10 10 10 ............... 20 

............... 20 ............... 10 10 .............................. 

.......................... :... 20 10 10 20 . .......-...... 

....................................................................................... 40 
7.75 .......................................................................................... 

Brewers' dr. yeast 4.90 .......................................................................................... 
Ground Fenugreek seed ............... 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Irradiatedyeast(9F) .................. 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
Stabilized vitamin A feed. ...... 2.20 . 0.22 0.22 0.22 0.22 0.22 0.22 
Mineralsb ............................................. 0.042 0.042 0.042 0.042 0.042 0.042 0.042 
Dicalciumphosphate ....................... 2.5 2.5 2.5 2.5 1.0 1.0 2.5 

a In  mix no. 1 the vitamin A eontent of the supplement was 220,000 U.S.P. unita/lb. In  
the other mixes the supplement contained 2,220,000 U.S.P. units/lb. 

b Mineral mixture contained : Ferrie citrate (FeC,,H,O, .3H,O) .............. 56.57% 
. ...................... Cupric sulfate (CuSO, 5H20) 19.73% 

Manganese sulfate (MnS0, .4H,O) ......... 21.59% 
Cobalt chloride (CoC1, . 6H,O) ..................... 2.11% 

They were fed the mixtures at 100° I?. according to the following schedule: 
First through 4th day-dam's milk; 5th through 7th day-2.5 lb. whole milk, 0.25 
Ib. milk replacement, 2 lb. water (twice daily) ; 8th through 10th day-1.0 lb. 
whole milk, 0.5 lb. milk replacement, 4 lb. water (twice daily) ; 11th through 49th 
day-0.7 lb. milk replacement, 5 lb. water (twice daily) ; 50th to 56th day- 
0.7 lb. milk replacement, 5 lb. water (once daily). 

Group VIII constituted the control group and was placed on the experiment 
not later than the fourth day after birth. They were fed a total of 372 lb. whole 
milk (3.4 per cent fat)  excluding colostrum according to the following schedule: 
First day through 4th day--dam's milk; 5th through 14th day--8 lb. milk per 
day; 15th through 34th day-10 lb. milk per day; 35th day through 41st day- 
8 lb. milk per day; 42nd day through 49th day--4 lb. milk per day. 

A11 groups of calves were fed a fair grade of timothy hay from birth to 8 wk. 
and good quality alfalfa from 8 wk. to end of 12 wk. trial, ad libitum. Calf 
starter was fed ad libitum until each calf was consuming the maximum of 6 lb. 
daily and then kept at that level of intake for the duration of the trial. The calf 
starter was prepared as follows: 406.5 lb. yellow corn meal, 300 lb. wheat bran, 
400 lb. crushed oats, 140 lb. linseed oil meal, 280 lb. soybean oil meal, 140 lb. de- 
hydrated alfalfa meal, 100 lb. cane molasses, 100 lb. dried skimmilk, 100 lb. dried 
corn distillers' solubles, 0.5 lb. irradiated yeast (9F), 10 lb. dicalcium phosphate, 
10 lb. ground limestone, 10 lb. iodized salt and 3 lb. vitamin A feeding oil (2,724,- 
000 USP units of A per pound). 
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Trial 2. Thirty-six calves were divided into six comparable groups of six 
calves each. They were fed the mixes in table 2 a t  a temperature of 100" F. 

TABLE 2 
Milk replacment fornutas--T+al d 

Group 
Ingredient 

I I1 I11 IV V VI 

(lb.) (lb.) 
Dried akimmilk ....................................... 50 50 
Dried whey ..................................................... 10 10 
Dist. dr. sol. (Corn) .............................. ... 10 15 

10 10 
5 5 

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

.......... ............ 
7.75 7 

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

............ 4.90 
0.10 0.10 
0.22 0.22 
0.042 0.042 

a The supplement contained 2,220,000 USP uitsllb. 
bMineral mixtures same as table 1. 

(lb.) (lb.) 
50 50 

according to the following schedule: Birth through 7th day-colostrum and 
whole milk; 8th through 14th day-2 lb. whole milk, 0.2 lb. milk replacement, 
2 lb. water (twice daily) ; 15th through 21st day-0.3 lb. milk replacement, 4 lb. 
water (twice daily) ; 22nd through 28th day-0.4 lb. milk replacement, 4 lb. 
water (twice daily) ; 29th through 42nd day-0.5 lb. milk replacement, 5 Ib. 
water (twice daily) ; 43rd through 49th day-0.6 lb. milk replacement, 6 lb. water 
(twice daily) ; 50th through 56th day-0.6 lb. milk replacement, 6 lb. water 
(once daily). Since replacement I of trial 2 had been used in previous trials 
and the growth performance established, it was used as the control and the other 
mixes were deviations from it. Excellent quality second cutting mixed hay was 
fed ad libitum to 8 wk. and alfalfa from 8 wk. to determination of 12 wk. trial. 

The number 1 and 4 calves in each group received the following concentrate 
in dry mash form: 416.5 Ib. yellow corn meal, 300 lb. wheat bran, 400 Ib. crimped 
whole oats, 100 lb. linseed oil meal, 300 lb. soybean oil meal (44 per cent), 150 
lb. dehydrated alfalfa meal, 100 lb. cane molasses, 100 lb. dried skimmilk, 100 lb. 
dried corn distillers' solubles, 0.5 lb. irradiated yeast (9F), 10 lb. dicalcium 
phosphate, 10 lb. ground limestone, 10 Ib. iodized salt, 3 lb. vitamin A (2,270,000 
USP units per pound in dry meal form). The number 2 and 5 calves in each 
group received the above concentrate in pellet form. The number 3 and 6 calves 
in each group received the following concentrate in pellet form: 390 lb. yellow 
corn meal, 100 lb. wheat bran, 100 lb. ground oats, 200 lb. linseed oil meal, 650 
lb. soybean oil meal, 100 lb. alfalfa meal, 100 lb. fish meal, 300 lb. dried whey, 
20 lb. ground limestone, 20 lb. steamed bone meal, 10 Ib. iodized salt, 8 lb. feed- 
ing oil (1000 USP units of vitamin A and 400 USP units of vitamin D per gram), 
1 lb. anise oil, 1 lb. irradiated yeast. 
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EXPERIMENTAL RESULTS 

Trial 1. Ration VII  was lethal to all calves in the group, the calves succumb- 
ing a t  27,30,31, 36,43 and 58 days, respectively. The last calf was down in the 
stable for 7 days before being sacrificed for autopsy. Post-mortem revealed en- 
larged gall bladder, kidney discolorations, distended urinary bladder and excess 
fluid over the entire body. The condition in all the calves was characterized by 
muscular weakness and lack of coordination, although pain was not manifested. 
The calves maintained their appetites until death, although unable to stand up. 
One calf was lost from group I because of a hip injury, one calf from group IV 
was suspected actinomycosis, one calf from group V for cause unknown and one 
calf from group VI  because of pneumonia. 

A11 of the calves were easily taught to drink the warm replacement-water 
mixtures from open pails. Mix VII settled out quickly and mixes 11, 111, IV, V 
and VI settled out faster than was desirable. Mix I was very acceptable in 
water suspension. No serious or prolonged cases of scours occurred. 

Growth data in table 3 indicates that calves in groups I and VIII  made com- 

TABLE 3 
Mean daily gaim in body weight, withers height and chest airollmference, trial 1 

Body wt. Withers ht. Chest circ. 
Group 

4 wk. 8 wk. 12 wk. 4 wk. 8 wk. 12 wk. 4wk. 8 wk. 12 wk. 

(Ib.) (18.) (Ib.) (cm.) (om.) (om.) (in.) (in.) (in.) 

........................... VII ............................................... .......................... 
VIII ..................... 0.82 0.89 1.23 0.15 0.12 0.14 0.08 0.08 0.10 

parable and uniform gains, except that group I calves made less gains the first 
4 wk. ; however, the appearance and well-being of these two groups of calves were 
superior to that of other groups. Also, the average consumption of calf starter 
was significantly less the first 8 wk. for groups I and VIII  than for the other 
groups as presented in table 5. 

From these growth data it would seem that corn gluten meal and soybean oil 
meal are comparable as sources of protein in conjunction with 20 per cent dried 
skimmilk powder. It also would appear that meat scrap alone is a better protein 
source than equal amounts of meat scrap and blood flour when dried skimmilk is 
used a t  the 10 per cent level. 

Trial 8. As in trial 1, palatability was not a problem. A11 mixes remained 
in the warm water suspension without difficulty. There were no fatalities among 
any of the groups, although one calf in group VI failed to make satisfactory 
gains. The differences in daily gains (table 4) were not significant according to 
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TABLE 4 
Yean daily gains in body weight, withers height and ohest c irmference,  trial 3 

' Body wt. Withers ht. Chest circ. 
Group 

4 wk. 8 wk. 12 wk. 4 wk. 8 wk. 12 wk. 4 wk. 8 wk. 12wk. 

(lb.) (123.) (lb.) 
I ..................... 0.48 1.00 1.24 
I1 ................... .. 0.46 0.98 1.32 
111 ..................... 0.21 0.89 1.10 
IV ..................... 0.57 0.88 1.06 
V ..................... 0.32 0.82 1.11 
VI 0.39 0.79 0.98 

( m . )  ( m . )  (om.) (in.) 
0.12 0.14 0.14 0.05 
0.11 0.13 0.14 0.05 
0.10 0.13 0.14 0.03 

(in.) (in.) 
0.08 0.09 
0.07 0.09 
0.07 0.08 
0.07 0.07 
0.07 0.08 
0.06 0.08 

the methods of Snedecor (14). 
Table 5 presents the average consumption of calf starter. The difference in 

TABLE 5 
Average consumption, of calf starter at 8 and lb wk. 

First trial Second trial 

Group Av. consumption Av. consumption 

8 wk. 12 wk. 8 wk. 12 wk. 

.............................. ......... VII  ......... ...... 
......... ...... VIII  ........................ 47 161 

calf starter consumption up to 8 wk. of age between the group I calves in trial 1 
and groups I and I1 in this trial probably was due to the differences in amount 
of the milk replacement fed. Each calf in trial 1 was fed 64 lb. of milk replace- 
ment and in trial two each calf received 41.2 lb. of milk replacement. Calves in 
groups I and I1 consumed a great deal more calf starter to 8 wk. and 12 wk. 
than did the calves in the other groups, and mean daily gains were higher, 
although not statistically significant. Further experimentation is planned in 
respect to the feeding of pellets versus mash, and the results of this trial will be 
reported when additional data are available. 

The difference in daily gain between groups I and I1 and group I11 is difficult 
to explain. I t  may be that a combination of dried whey and dextrose is more 
beneficial to the infant calf than dried whey alone. Work is in progress at the 
present time on this phase. The growth data for groups I and I1 indicate dis- 
tillers' dried soluble~ can effectively replace dried brewers' yeast. Growth was 
rather poor in the calves that received the Nutri-soy-red dog flour diet. Scouring 
was not a problem in any of the groups, although the group VI  calves were 
rough-coated and generally unthrifty when compared to the calves in groups I 
and 11. 
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SUMMARY 

Ground raw soybeans were not satisfactory when used a t  a 40 per cent level in 
the formula studied. All calves in a group of six died between the 29th and 58th 
day of age. Soybean oil meal and corn gluten meal were of equal value as a 
source of protein in these milk replacement formulas. Rations containing 50 
per cent dried skimmilk gave consistently better results than those containing 20 
per cent or less of this ingredient. Dried corn distillers' solubles effectively re- 
placed dried brewers' yeast. 

REFERENCES 

(1) BENDER, C. B., AND BARTLETT, J. W. A Study of the Factors Affecting the Growth of 
Dairy Heifers. J. Dairy Sci., 11: 37-49. 1929. 

(2) DAVIS, R. N., AND CUNNINGHAM, W. S. Raising Calves on the Minimum Amount of Milk. 
Ariz. Agr. Expt. Sta. Bull. 111. 1923. 

(3) HATHAWAY, I. L., TBIMBERGEB, G. W., AND DAVIS, H. P. The Use of Dried Whey and 
Blood Meal in the Raising of Calves on Limited Amounts of Milk. Nebr. Agr. Expt. 
Sta. Research Bull. 132. 1943. 

(4.) HAYWARD, H. The Rearing of Calves on M i i  Substitutes. Pa. Agr. Expt. Sta. Bull. 60. 
1902. 

(5) I N ~ H A M ,  L. W., MEAD=, D., AND BERRY, M. H. Calf Feeding Investigations: I. Raising 
Dairy Calves on Nurse Cow, Whole Milk, Remade Skim Milk and Calf Meal. Md. Agr. 
Expt. Sta. Bull. 319. 1930. 

(6) JACOBSON, N. L., AND CANNON, C. Y. Soybean Oil-filled Milks for Feeding Dairy Calvea. 
(Abs.) J. Dairy Sci., 30: 587. 1947. 

(7) KRAUSS, W. E., MONROE, C. F., AND HAYDEN, C. C. Dry Feed Syatems of Baising Calvea. 
Ohio Agr. Expt. Sta. Bi-mo. Bull. 173: 45. 1935. 

(8) MAYNARD, L. A., AND NOREIS, L. C. A System of Rearing Dairy Calves with Limited 
Use of Milk. J. Dairy Sci., 6: 483-508. 1923. 

(9) MOREow, K. 8. Dry-feed Systems of Raising Dairy Calves. N. H. Agr. Expt. Sta. 
Bull. 319. 1940. 

(10) NEWMAN, P. E., AND SAVAGE, E. S. Use of Yeast in Calf Meals and Pellets. J. Dairy 
Sci., 21: 161-167. 1938. 

(11) RUPEL, J. W. Raisiig the Dairy Calf. Wis. Agr. Expt. Sta. Bull. 404. 1929. 
(12) BAVAGE, E. S., AND CRAWFOED, C. H. Dry Concentrates as a Partial Substitute for Whole 

Milk in Calf Rations. N. Y. (Cornell) Agr. Expt. St& Bull. 622. 1935. 
(13) ~JCHABINQER, J. R., AND KNODT, C. B. The Value of Distillers' Dried Soluble8 and Dried 

Grains with Solubles in the Ration of Dairy Calves. (Abs.) J. Dairy Sci., 30: 585- 
586. 1947. 

(14) SNEDECOR, G. W. Statistical Methods. 4th ed. The Iowa State College Press. Ames. 
1946. 

(15) WILLIAMS, J. B., AND KNODT, C. B. The Value of Milk Replacements in the Rations of 
Dairy Calves. J. Dairy Sci., 32: 986-992. 1949. 



VANILLAS AS ANTIOXIDANTS IN POWDERED ICE CREAM MIXES 

HARRY PYENSONl AND P. H. TRACY 

Department of Food Technology, University of Illimois, Urbana 

In  a previous study, Pyenson and Tracy (1) has shown that a pure six-fold 
vanilla concentrate made from Bourbon and Mexican beans had antioxidant prop- 
erties in powdered cream. Therefore, it was desirable to study other vanillas, 
both pure and artificial, and vanilla compounds to determine whether they also 
had antioxidant properties. This study was conducted with powdered ice cream 
mixes rather than with powdered cream, as vanillas usually are added to pow- 
dered ice cream mixes for flavoring. If certain vanillas do act as antioxidants, 
they then would serve a two-fold purpose in the powdered ice cream mixes. The 
results obtained on powdered cream mixes probably would be quite similar to 
those reported here on powdered ice cream mixes. 

EXPERIMENTAL PROCEDURE 

A 1,100 Ib. batch of liquid ice cream mix was made having the composition of 
12 per cent butterfat, 11 per cent m.s.n.f., 15 per cent sugar (only one-third of 
the sugar was added before drying) and 0.2 per cent Dariloid. This mix was 
made from 35 per cent sweet cream, 34 per cent total solids condensed skimmilk 
and 9 per cent total solids skimmilk. The mix was pasteurized a t  160' F. for 30 
min., homogenized on a two-stage machine a t  2,500 and 500 lb. pressure per imz, 
then cooled to 40' F. and held over-night. 

The liquid mix analyzed 13.39 per cent butterfat and 31.92 per cent total 
solids. Fifteen batches were dried on an experimental spray drier. The kinds 
and amounts of vanillas or vanilla products added as antioxidant are given in 
table 1. Each batch of powdered ice cream mix was divided into two parts, one 

TABLE 1 
Flavoring materials used in powdered ice cream mires 

Batch no. Amount 

6%' 
0.1 
0.1 
0.3 
0.3 
0.1 
0.1 
0.2 
0.1 
0.1 
0.01 
0.01 
0.0025 
0.01 

Kind of flavoring material 

.. .. . . . .. 
Conc. Bourbon and Mexican vanilla 
Conc. Bourbon vanilla 
Regular vanilla extract (Mexican) 
Regular vanilla extract (Tahiti 100%) 
Cone. pure vanilla extract 
Conc. vanilla extract 
Powdered pure vanilla 
Powdered vanilla (Tahiti and Vanillin) 
Conc. imitation vanilla 
Methyl vanillin 
Ethyl vanillin 
Vanillic acid 
Coumarin 

Brand 

Received for publication May 24, 1950. 
1 At present Director of Research, Reddi-Whip, Inc., 3938 Lidel l  Blvd., St. Louis 8, Mo. 
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part being air-packed and the other part nitrogen-packed. The letter N in the 
batch numbers indicate that the samples were nitrogen-packed. 

I n  drying, the batches were preheated at a temperature of 145' F. and spray- 
dried at a pressure of 1,000 lb. per in.2 using a number 69 nozzle and a 2-20 core. 
The inlet temperature was 310' F. and the outlet temperature was kept as close 
to 180 to 190' F .  as possible. The powder was packed in no. 1 picnic cans, 150 
g. of powder to each can. The cans were stored at a temperature of 75 & 5' F., 
periodically analyzed for headspace oxygen by the method of Van Slyke and 
Sendroy (2) and judged for flavor by two or more judges after reconstituting 
with water in a Stevens mixer to original composition. 

The moisture contents of the powdered ice cream mixes, as determined by the 
Mojonnier method, are recorded in table 2. 

TABLE 2 

Mobture content of powdered ice cream miaes 

Batch no. Moisture Batch no. Moisture 

(%I (%) 
1 0.63 8 0.88 
2 0.92 9 1.18 

RESULTS 

This study was conducted for 1 yr. and the results are summarized in table 3. 
During this year, seven analyses for oxygen and flavor were made a t  approxi- 
mately 1,2, 3,4, 6,  9 and 12 mo. of storage. The freshly reconstituted powdered 
ice cream mixes all were scored 41 on flavor based on the ice cream score card 
adopted by the American Dairy Science Association in 1941.= The flavor scores 
were determined solely on whether or not samples were oxidized. Some other 
flavor criticisms noted on the powdered ice cream mixes also will be mentioned. 
Amounts of vanilla or vanilla compounds used were the quantities thought 
needed for proper flavoring. Whether the results would have been altered by 
using greater or lesser amounts of the vanillas or vanilla products is not known. 

Some of the other flavor criticisms noted were cooked, strong vanilla, strong 
artificial, alcoholic and weak. In batches 5 and 5N, 0.3 per cent of a 100 per cent 
Tahiti extract gave a strong vanilla flavor. Batches 1 and 1N had a cooked 
flavor. A strong artificial vanilla flavor was obtained in batches 9 ,  9N, 10 and 
ION. An alcoholic flavor resulted when 0.01 per cent methyl vanillin was used 
in batches 11 and 11N. Vanillic acid in the amount of 0.0025 per cent produced 
a weak flavor. One hundredth per cent coumarin gave a strong flavor to the 
ic cream mixes in batches 14 and 14N. A weak flavor was noted with 0.1 per 
cent of a five-fold vanilla extract in batches 7 and 7N and 0.2 per cent powdered 
vanilla in batches 8 and 8N. Of all the vanillas or vanilla materials tested, the 

2 Excellent, 40 and above; good, 37.5-39.5; fair, 35.5-37.5; poor, 35.5 and below. 
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most pleasant flavor was produced by the powdered vanilla used in batches 8 and 
8N. The harsh flavors produced by methyl vanillin, ethyl vanillin, vanillic aoid 
and couramin might be as objectionable or even more objectionable than oxidized 
flavor in a commercial product. 

811 of these vanillas and vanilla compounds were added to the ice cream mixes 
a t  the time of preheating just before spray-drying a t  a temperature of 145" F. 
The processing or the drying operations did not seem to affect the intensity of 
the vanilla flavor or vanilla compounds of the reconstituted powdered ice cream 
mixes. 

Table 3 gives a resume of the changes obtained in oxygen concentration in 
the headspace gas and the palatability of air-packed and gas-packed powdered ice 
cream mixes containing vanilla and vanilla compounds as antioxidants. Air- 
packed control batch no. 1 had a strong oxidized flavor at 37 days and the oxygen 
in the headspace gas already had started to diminish. After l.yr. most of the 
oxygen had been used up and after about 6 mo. the flavor was so oxidized it was 
given a score of zero. The nitrogen-packed control (IN) also had become oxi- 
dized at 37 days storage but the oxidized flavor was not as strong as the air- 
packed samples throughout the storage period. The vanillas used were much 
more effective as antioxidants in nitrogen-packed samples than in air-packed. 
Most air-packed samples containing vanillas were oxidized after only a few 
months of storage. None of the nitrogen-packed samples containing vanillas 
were oxidized after 1 yr. of storage a t  room temperature. 

Methyl vanillin, ethyl vanillin, vanillic acid and coumarin had antioxidant 
properties in powdered ice cream mixes. These compounds were almost as ef- 
fective in air-packed as in nitrogen-packed samples. Samples containing methyl 
vanillin (11 and 11N) did not develop an oxidized flavor in either air-packed or 
nitrogen-packed samples held for 1 yr. Samples containing ethyl vanillin (12 
and 12N) showed similar results except that a t  the sixth month storage period, 
the nitrogen-packed sample had a slightly oxidized flavor but was not criticized 
for oxidized flavor at the 9- or 12-mo. periods. 

That the vanillas do not mask the oxidized flavors was shown in a previous 
paper (1). Nevertheless, this possible masking was checked again by adding 
one of the vanillas to the oxidized control sample. The results again indicated 
that there was little, if any, masking of the oxidized flavor bp the vanilla flavors. 

The gas analysis data in table 3 indicate that when vanilla or vanilla com- 
pounds were used, there was more oxygen left in the headspace gas than in the 
headspace gas of the control samples a t  the end of the storage period. This 
would indicate that less oxygen was used for oxidation in the powdered ice cream 
mixes and further proof that the vanillas and vanilla compounds tested have anti- 
oxygenic properties. 

DISCUSSION 

All the products studied retarded or prevented the development of an oxi- 
dized flavor suggesting the presence of compounds capable of retarding oxygen 
uptake by the unsaturated fatty acids or phospholipids present in the powder. 
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TABLE 3 
Changes in oxygen concentration in headspace gas and palatability of air-packed and gas- 

packed powdered ice meam mbes containing jtaworing materials 

Days of storage a t  room temperature 
Batch no. 

37 63 95 127 191 263 365 

1 %Oxygen 18.46 
Flavor 35* 

IN* % Oxygen 2.09 
Flavor 37* 

Flavor 38' 
2N % Oxygen 2.69 

Flavor 41. . .. --. 

3 % Oxygen 20.18 20.08 19.75 19.22 17.40 
Flavor 40.5 39' 38.5' 37.5' 36' 

3N % oxygen 3.02 2.76 2.30 1.79 1.74 
Flavor 41. 40.5 40 39.5 39 

4 % Oxygen 20.49 19.83 19.84 18.76 17.79 
Flavor 40.5 39* 39' 38' 37* 

4N % O n e e n  3.29 2.65 2.72 2.08 1.27 
. ~ l i v o r  
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

Flavor 
% Oxygen 

.Flavor 
% Oxveen . - 

~ l a ' v i r  40.5 40. 39.5 39 38.5' 
ION % Oxygen 3.02 2.91 2.74 2.28 1.88 

Flavor 41  40 40 39.5 39 
11 % Oxygen 20.28 20.43 20.21 19.88 19.71 

Flavor 40.5 40. 39.5 39 38.5 
11N % Oxv~en  3.77 2.93 2.53 3.17 2.28 , - 

~ l & g r  41. 40 40 39.5 39. 
12 o / ,  Oxygen 20.02 20.53 20.11 20.34 19.04 

Flavor 40.5 39.5 39.5 39 38.5 
12N % oxygen 3.14 2.81 2.81 2.78 2.63 

Flavor 41. 40 40 39.5 38' 
1 3  % Oxygen 20.38 20.57 19.12 19.38 18.05 

Flavor 40.5 40. 39.5 39 38' 
13N % Oxygen 3.33 2.57 2.57 2.73 2.98 

Flavor 41 4 0 40 39.5 39 
14 % Oxygen 20.15 20.09 20.11 18.88 18.10 

Flavor 40.5 40 39.5 39 38.5 
14N % Oxygen 2.98 2.75 2.67 2.39 1.82 

Flavor 41 40 40 39.5 39 

a N indicates samplea mere nitrogen-packed, others were air-packed. 
Oxidized. 
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The explanation for this action is thought to be the structural formation of these 
compounds. 

The structural formulas of methyl vanillin, ethyl vanillin, vanillic acid and 
coumarin are similar to certain compounds that are known to have antioxygenic 
properties. At low concentrations numerous phenolic substances have the ability 
to inhibit the autooxidation of fats. The most effective ~henols are those which 
have some type of oxygen linkage in the ortho and para positions, or both, to the 
hydroxyl group. Some of the best known antioxidants of this type are hydro- 
quinone, the tocopherols, gum guaiac and nordihydroguaiaretic acid. 

Vanillin is the mono-methyl ether of protocatechuic aldehyde, the methoxy 
group being in the meta position to the aldehyde group. Vanillin is prepared 
commercially by synthetic methods from eugenole, which yields first iso-eugenole, 
or from the glucoside coniferin, which yields first coniferyl alcohol. When iso- 
eugenole and coniferyl alcohol are oxidized, vanillin is formed. 

Vanillic acid is the mono-methyl ether of protocatechuic acid with the methoxy 
group in the meta position to the acid group. It is the acid corresponding to the 
aldehyde vanillin. 

Ethyl vanillin has the same chemical structure as methyl vanillin, except that 
the ethoxy group is in the meta position instead of the methoxy group. Ethyl 
vanillin would be the mono-ethyl ether of protocatechuic aldehyde (4 hydroxy 
3-ethoxy benzaldehyde). 

Coumarin is an odoriferous compound present in tonka beans, the extract of 
which is used as a substitute for vanilla in some imitation vanilla extracts. 

The addition of flavoring compounds having the ability to prevent oxygen u p  
take by the fatty materials should prove to be a very convenient method of ex- 
tending the shelf life of a number of foods. It is possible that the extent to 
which vanilla flavors have been helpful in this respect has not been fully appre- 
ciated. 

SUMMARY 

Studies were made of nine vanillas and four vanilla compounds in powdered 
ice cream mixes held for 1 yr. at room temperature. The products used repre- 
sented five different manufacturers of vanillas or vanilla compounds. 

Changes in the oxygen concentration of the headspace gas and palatability 
studies indicated that these vanillas and vanilla compounds have antioxygenic 
properties in powdered ice cream mixes. The addition of these vanillas or pos- 
sibly the vanilla compounds would serve a two-fold purpose in powdered ice 
cream mixes, i.e., as flavoring and as an antioxidant. 
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PASTEURIZATION EFFICIENCY OF THE VACREATOR WHEN USED 
ON ICE CREAM MIX 

P. H. TRACY AND RICHARD PEDRICKl 
Department of Food Technology, University of Illinois, Urbana 

H. C. LINGLE 
Research Laboratories, Cherry-Burrell Corporation 

The Vacreator2 is a continuous flow type of high-temperature, short-time pas- 
teurizer so constructed as to include three successive stages, each of which operates 
under a pressure lower than that of the atmosphere (fig. 1).  The rapid heating 
is accomplished by the gravity fall or rain of the liquid through a chamber of ex- 
panded steam. This method of heating with steam is the reverse of steam in- 
jection. Rapid cooling results from the evaporation of moisture which occurs 
when the liquid passes to the lower pressure areas existing in the successive 
stages. A water actuated ejector-type condenser is an integral component of 
the machine and its high velocity water jet serves to maintain vacua, condense 
vapors and entrain and eject non-condensable gases. 

I n  normal operation, the incoming and outgoing temperatures of the milk 
product being processed are maintained a t  practically the same levels so that the 
moisture content of the product leaving the Vacreator is essentially that of the 
product entering the machine. The novel features of the process are the rapid 
heating of the fluid particles resulting from the controlled addition of more steam 
than is required to heat the product to a pasteurizing temperature followed by its 
removal in the second and third chambers, thus providing steam distillation. 
Tempepature control is effected by regulating the pressures maintained within 
the chambers and not by changing the amount of steam being used. The process 
should provide an excellent means not only of operating continuously, but also 
of complete pasteurization without injury to flavor. There also is the possibility 
of actually improving flavor through the removal of undesirable volatile sub- 
stances present in the milk product. 

The merits of the Vacreator process as applied to cream for buttermaking, 
milk for cheese making and ice cream mix have been studied extensively by Wil- 
ster. I n  reviewing his own work as well as that of others, Wilster (1) reports 
that the main advantages of the process are improvement of flavor and high effi; 
ciency of pasteurization. 

I n  operating the Vacreator, temperatures can be varied. The usual range, 
however, is 195 to 205" F. in the first chamber, 160 to 180" F. in the second cham- 
ber and 110" F. in the third chamber, with vacuum readings in the three cham- 
bers varying from 4 to 9 in. in the first, 15 to 25 in. in the second and 28 in. in the 
third. 

Received for publication May 26, 1950. 
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High-temperature, short-time methods of pasteurization for ice cream mix are 
not commonly used in this country, as public health officials have not as yet es- 
tablished standards for the various time and temperature combinations possible. 
Commercial and public health interest in the use of the Vacreator for mix manu- 
facture led to the study reported herein. 

EXPERIMENTAL PROCEDURE 

A no. 3 size Vacreator, having a rated maximum capacity of 3,000 lb. of prod- 
uct per hour, was used (fig. 1). A positive type variable speed stainless steel 
pump was provided to deliver the product to the Vacreator. A standard two- 

FIG. 1. Diagram of the Vacreator 

1. First chamber 8. Regulator between Pasteurizing 
1A. Product Inlet ' Temperature Controller and 
1B. Steam Inlet Equilibrium Valve \ 

1C. Spray Pan 9. Equilibrium Valve 
2. Second Chamber 10. Bulb of Safety Thermal Limit 
2A. Float Valve Recorder 
3. Third Chamber 11. Safety Thermal Limit Recorder 
4. Product Discharge Pump 12. Pasteurizing Temperature Mercury 
5. Ejector Condenser Indicating Thermometer 
5A-5B. Vapor Intake Pipes to  Ejector Con- 

denser A-B. First Chamber Effect 
5C. Condenaer Water Inlet B-C. Second Chamber Effect 
5D. Condenser Water Outlet Piped to G D .  Third Chamber Effect 

Drain or Water Cooling Tower 
6. Bulb of Pasteurizing Temperature X - Sampling Cock 

Controller Y - Sampling Cock 
7. Pasteurizing Temperature Controller Z - Sampling Cock 
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stage centrifugal stainless steel pump discharged the product from the third 
chamber. 

The Vacreator was equipped with vacuum and pressure gauges, indicating and 
recording thermometers and automatic steam control, as well as an automatic pas- 
teurizing temperature controller. 

Determination of time required for a liquid to pass through the Vacreator was 
made using an electric clock calibrated in hundredths of a second. Brine, flowing 
behind the clear water, upon contacting the first set of electrodes started the 
clock and stopped it when contact was made with the second set of electrodes. 

With pump speeds and steam pressure constant, the rate of mix flowing 
through the Vacreator will remain constant. However, temperature in the first 
two effects, where bacterial destruction takes place, can be varied. It was de- 
sired to determine the significance of the temperature at these two points in the 
process, particularly in the first effect. Temperatures in the first effect were 
varied from 180 to 200° F. The temperature in the second effect was kept a t  
140' F. by removing the second chamber float valve or a t  170' F. with the valve 
in place. 

A mix containing 12 per cent butterfat, 11 per cent milk solids-not-fat and 
15 per cent cane sugar was used, unless otherwise specified. The pasteurized 
mixes were inoculated with 24-hr. cultures of Micrococcus freudenreichii M25 
just before vacreation took place. The cultures were prepared by growing on 
tryptone-glucose extract agar at 3'7' C. The growth was washed from the agar 
with sterile one-fourth strength Ringer's solution and the washings added to the 
mix. Samples of the vacreated mix were plated on tryptone-glucose-extract agar 
and incubated a t  37" C. for 48 hr. before counting. 

Samples were taken from the first chamber effect by two methods. One method 
was by gravitational fall into a sterile tube immersed in ice water connected to a 
cock on the first chamber. The second method consisted of drawing a sample 
into a continuously evacuated sterile flask. The latter method finally was adopted, 
as it gave instantaneous cooling of the sample. 

As a control measure, a sample of each experimental mix was laboratory pas- 
teurized a t  155O F. for 30 min. in a sealed, sterile glass tube. 

Experiments also were made to determine to what extent deviations from the 
normal procedure of operation would afTect the pasteurization efficiency of the 
Vacreator. 

RESULTS 

As it would be difficult to determine at what point in its passage through the 
first chamber a mix particle reached the peak temperature, it  was decided to 
measure the time required for a liquid to pass from the intake of the first chamber 
to the discharge of this chamber. Thus, the data obtained showed the length of 
time involved in heating to and holding at the indicated temperature of the first 
chamber. To accomplish this, electrodes were placed under the spray pan where 
the product first is exposed to live steam. A lead-covered cable was run from 
the clock through the steam piping into the first chamber to these electrodes. The 
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stop electrodes were placed immediately in front of the equilibrium valve, which 
is located at the discharge end of the first chamber. Salt solution was injected 
6 in. upstream from the spray pan by means of a syringe. To obtain accurate 
readings, the resistance between the clock and each electrode was increased to the 
maximum that would still permit the clock to operate. This insured that only 
the peak concentration of salt would be timed as it passed each electrode. 

This procedure was necessary due to the fact that the temperature of the solu- 
tion used in these tests increased 80' F. between the two timing electrodes. 
Tests showed that the conductivity of the salt solution was higher at 190 than at 
110' F. Because of this effect of temperature upon conductivity, the most ac- 
curate results were obtained by the method described of timing the peak concen- 
trations of salt. Once set, the resistances to the electrodes were not varied, so 
the effect of varying the steam and product supply could be accurately deter- 
mined. 

When the steam supply used was reduced from 530 lb. per hour to 440, 320 
and 230 lb. per hour (table l ) ,  the average time of exposure to the temperature 

TABLE 1 
T h e  (seconds) required for water to pass through first chamber of Tacreator 

A. Variable steam supply. 
Steam line pressure (psi) 38 
Steam supply (lb./hr.) 530 

0.69 
0.82 
0.75 
0.70 
0.79 
0.77 
0.78 
0.86 
0.69 - 

Av. 0.75 

B. Variable operating capacity. 

Vacreator capacity (Zb./hr.) 1800 

Av. 0.74 

Bteam line pressure (38 psi) .  
Steam supply (530 lb./hr.) 

2600 3800 

Infeed temperature 110" F.; first chamber temperature 190' F.; second chamber tempera- 
ture 170" F.; quantity of salt used 115 ml.; capacity of machine 1800 lb./hr. 

a As delivered through a 0.5 in. diameter-fixed orifice. 

of the first chamber was increased from 0.75 see. to 0.78,0.80 and 0.89 see., respec- 
tively. When the capacity was increased from 1,800 Ib. per hour to 2,600, 3,800 
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and 5,300 lb. per hour, the time of exposure to the temperature of the first effect 
was reduced from an average of 0.74 see. to an average of 0.68, 0.64 and 0.61 
seconds, respectively. 

Tests also were performed for the purpose of determining the length of time 
required for complete travel through the Vacreator. In  running these tests, the 
second chamber float valve was removed. This was done in order to determine 
whether or not, when bacterial destruction effects of the first chamber were meas- 
ured, the length of time in the second chamber would be sufficient to cause any 
additional bacterial destruction. 

I n  these tests the stop electrodes were placed in a tee fitting a t  the discharge 
elbow leading from the third chamber. Pump capacities of 1,800 and 2,600 lb. 
per hour and steam pressures of 20 and 40 lb. were used (table 2). 

TABLE 2 
Minhum time (seconds) required for complete passage through the Vacreator with second 

chamber float valve removed 

Capacity (O./hr.) 2600 
Steam line pressure. (psi) 40 
Steam supply (lb./hv.) 550 .- 

5.69 
5.68 
5.83 
5.33 
5.64 - 

Av. 5.63 
- - -  

8 As delivered through a 0.5 in. diameter-ked orifice. 

An increase in capacity from 1,800 to 2,600 lb. per hour reduced the time re- 
quired for complete travel through the Vacreator from an average of 7.16 to 5.63 
see., whereas variation in the steam supply did not significantly alter the elapsed 
over-all time. 

From these results it is evident that when the Vacreator is operated with the 
second chamber valve removed and the second chamber temperature is held a t  
140' F. for not more than 5 to 6 see., a sample taken from the third chamber outlet 
will reflect only the lethal effect of the first chamber heat treatment. This makes 
possible the assumption that in tests performed for the purpose of determining 
the effect of the first chamber heat treatment, samples taken at the discharge end 
of the Vacreator will be as satisfactory as those taken directly from the first 
chamber. 

A batch of mix after inoculation with M. freudeltreichii M25 was preheated to 
110' F. and passed through the Vacreator, using temperatures in the first cham- 
ber varying from 200 to 180' F. at 5 degree increments. The second chamber 
temperature was kept constant at 170° F. The mix discharge temperature was 
110' F. The machine was operated a t  a capacity of 2,500 Ib. per hour. Samples 
from the second and third chambers were taken by the vacuum method. 

The results (table 3) indicate that the lethal effect of the second chamber when 
operated at 170' F. was not significant until the first chamber temperature 
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TABLE 3 
Relation of first and secoltd chamber temperatures to  bacterial destruction in mia: 

Bacterial counts per ml. mix. 

First After After f i s t  chamber After Lab. 
chamber Natural addition treatment second fEi past. 
tempera- f lo~a of chamber chamber count 

ture . Ill= Graviv Vacuum treatm:nt treatment 155" F., 
Sample Sample of 170 F. 30 miu. 

dropped to 190' F. or below. Not until the first chamber temperature was re- 
duced to 180' F. did laboratory pasteurization give results superior to those ob- 
tained by vacreation. 

To better check the lethal effect of the first chamber, trials were run in which 
the second chamber float valve was removed and the temperature in this chamber 
maintained a t  140' F. and below. This is not a normal procedure, but it made 
possible the elimination of any bacterial destruction in the second chamber. The 
first chamber temperature was maintained a t  200' F., then dropped at 5' inter- 
vals to 180° F. The mix used first was pasteurized and then inoculated with 
frezcdelzreiohii. Samples were taken during each first-chamber temperature con- 
dition after the mix had traversed the entire vacreation process. As the second 
chamber retention time had been found to be approximately 5 see. with the float 
valve removed, the time and temperature of this chamber had a negligible effect 
upon the destruction of the organisms. The removal of the second-chamber float 
valve had no effect upon the time and temperature maintained in the first cham- 
ber. The third chamber at 110' F. had no lethal effect. 

This method provided an accurate measurement of the efficiency of the first 
chamber on which the automatic controls are mounted and in which most of the 
microorganism destruction takes place. The holding time in the &st chamber 
was exactly that as normally maintained and the error encountered in drawing 
the sample directly from the first chamber, due to added holding time a t  a high 
temperature, was avoided. Sufficient time was allowed between sampling to per- 
mit the mix pasteurized at the preceding higher temperature to be completely 
removed from the system, thus avoiding possible contamination a t  the subsequent 
lower temperature pasteurization treatments'. The preheating temperatures were 
standardized a t  110' F., and the pump capacity was set a t  2,500 lb. per hour in 
each trial. Results are presented in table 4. 

If it is assumed that the heating done in the second chamber is to be consid- 
ered only as a safety measure and that complete pasteurization must take place 
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by the time the mix enters the second chamber, then there is no question but that 
the first effect temperature must not drop below 190" F. It also is evident that 
the temperatures as high as 200' F. in the first effect are not necessary to obtain 
suitable bacterial destruction. 

The study was continued using a mix that had been rendered nearly sterile 
before the addition of the culture. This was accomplished by circulating the mix 
through the Vacreator a t  205' F. It was impossible to obtain a sterile mix due to 
the presence of Gram-positive, aerobic, spore-forming, rod-shaped organisms. 
First chamber temperatures were varied from 200 to 190' F. with 2" intervals. 
Samples were taken both from the first chamber and a t  the end of the process. 
The results (table 5) indicate, as in the previous experiment, that temperatures 
as high as 200' F. are not necessary for proper pasteurization. With one excep- 
tion, (trial 3) results obtained at 194' F. were superior to those obtained in labora- 
tory pasteurized samples. I n  general, results obtained a t  192' F. were inferior 
to those obtained on the laboratory pasteurized samples. 

Before accepting a new method or process for pasteurizing a liquid dairy 
product, it is necessary to know what safety precautions must be taken to prevent 
improper pasteurization from occurring due to accidental or willful mis- 
operation of the process. Better bacterial results were obtained when the mix 
was passed through the Vacreator at temperatures of 194' F. or higher than when 
the mix was laboratory pasteurized at 155' F. for 30 min. (tables 3-5). How- 
ever, the question might be raised as to what would be the result of (a) a reduced 
infeed temperature, (b) an increase in the infeed pump speed, (c) a sudden re- 
duction in steam line pressures and (d) clogging of the spray pan in the first 
chamber. Accordingly, experiments using milk were conducted for the purpose 
of obtaining answers to these questions. Milk was selected as the test liquid for 
economy reasons and because preliminary studies had shown its suitability for 
such studies. 

Two runs were made a t  a pasteurizing temperature of 190' F. combined with 
the abnormally low preheat temperatures of 70 and 49' F. (table 6) .  Operation 
a t  the 70' F. preheating temperature was satisfactory, and bacterial kills were 
excellent. This was in spite of the fact that the thermometer bulb which operates 

TABLE 6 
Bacteria counts obtained with low product infeed temperatures, using whole milk 

Trial No. 1 No. 2 

' 70°F. 49" F. 
190" 190' 
186"-190" 182"-196" 

12,400,000 3,500,000 
................................... ......... 1st chamber count/ml. ..... 450 2,200 
.................................................. 2nd chamber count/ml. 250 540 

3rd chamber count/ml. 440 460 
- 

1st chamber samples were drawn into a continuously evacuated flask. In other testa, nine 
samples of the inoculated milk pasteurized in the laboratory at 143' F. for 30 min. had sounts 
ranging from 88,000 to 266,00O/ml. 

The second chamber temperature wae 170" F. The capacity was 2,640 lb./hr. and the 
steam supply was 530 lb./hr. 
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the recording thermometer and which is located at the entrance of the crossover 
tube showed fluctuations to as low as 186" F. This indicates that the product was 
not completely raised to 190" F. until almost out of the crossover tube. 

The run at  the 49" F. preheat temperature showed 14" F. fluctuations of the 
pasteurizing temperature, as well as an erratic discharge combined with vacuum 
flnctuations. A 0.5-in. orifice in the steam line limited the pounds of steam avail- 
able to 550, and this amount of steam was not sufficient to give a uniform dis- 
charge temperature of 190" F. The product fluctuated to as low as 182' F. 
The safety thermal limit pump stop was not used, as it would have shut off the 
product flow. Even with these temperature fluctuations, the bacterial destruc- 
tion remained equivalent to normal operation. 

Under some operating conditions, such as a run lasting many hours, precipi- 
tated milk proteins or some other solid material might partially clog the holes of 
the spray pan. Under such conditions, the milk product would not fall as drop- 
lets through the live steam as in normal operation, but would run in a stream 
down the wall of the pasteurizing chamber. This conceivably could reduce the 
heat transfer and prevent all the product from being raised to a temperature that 
would give adequate pasteurization. 

To study this possibility, 30 gal. of skimmilk were circulated through the 
Vacreator for 6.5 hr. The steam was superheated 10' F., and for parts of this 
run a preheat temperature of 125" F. was used so as to condense the product. 
At the end of the run, the amount of accumulated milk solids or burn-on was not 
excessive. A11 the burn-on was around the edge of the pan and not in the zone 
of the spray holes. 

since other products might cause a heavier bum-on and thus clog the spray 
pan, a pasteurizing test was made with the funnel to the spray pan closed with 
cork. The bottom of the pasteurizing chamber was temporarily removed to in- 
spect the flow. Much of the product was seen to run down and drop off the spray 
guard, while some of it ran down the side of the chamber. No impairment of 
pasteurization efficiency resulted. 

It also was realized that there might be a danger of inadequate pasteurization 
if the spray pan was accidentally left out when assembling the Vacreator. To 
exaggerate the conditions of flow that would then occur, a cork with a 0.75-in. 
diameter hole was placed in the funnel to the spray pan. With the spray pan 
removed, the product then fell in a solid stream, yet pasteurization again was 
satisfactory. 

Tests were made to determine the pasteurizing efficiency of the Vacreator 
when operated above the rated maximum capacity of 3,000 lb. per hour. Runs 
were made at rates of 3,200, 3.800 and 5,300 Ib. per hour. All samples taken, 
with the possible exception of one count (8,360 per ml.) a t  the highest 'capacity, 
indicated satisfactory bacterial reduction. The tests were made at a pasteurizing 
temperature of 190" F. (table 7) .  

The infeed pump was overloaded above the 3,800 lb. rate and, thus, could 
only be run for short periods without being stopped by the overload cut-outs. 
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TABLE 7 
Effect of overloading Vacreator wpon bactbiul destruction in whole milk 

-- 

Run no. 1 2 3 

................................................ Capacity (lb./hr.) 3,200 3,800 5,300 
inoculated count/ml. ....................................... 750,000 2,100,000 3,300,000 
First chamber count/ml.a ........................... 560 370 600 
Second chnmber count/ml. .......................... 420 300 8,360 

............................. Third chamber eount/ml. 1,080 1,260 770 

a First-chamber samplee were drawn into a contiiuously evacuated flask. In all 3 runs, 
the infeed temperature was 190°, the second chamber temperature was 170" and the steam 
supply was 530 lb./hr. 

Vacreator operation a t  these excessive capacities was satisfactory but was at- 
tempted only for short periods. It is reasonable to assume that the operator 
would correct a highly overloaded situation shortly after it occurred in order to 
restore proper functioning of the Vacreator. Overloading as much as 50 per cent 
above the rated maximum capacity apparently did not result in unsatisfactory 
pasteurization of the milk. 

A comparison was made of the results obtained with reduced, normal and ex- 
cessive steam supply (table 8). In  one test the steam line pressure was reduced 

TABLE 8 

Effect of varying steam quantities on bacterial destruution 

Steam supply (lb./hr.) .................. 530 320 230 800 
Steam line pressure (psi.) ......... 40 20 10 45 
1st chamber temp. recorded ... 190" 190" 182-185' 212O 
2nd chamber temp. ........................... 170" 170" 170" 165' 
Capacity (lb./hr.) .............................. 1,800 1,800 2,000 2,650 
Inoculated count/ml. ..................... 4,800,000 2,730,000 1,470,000 390,000 
1st chamber count/ml. .................. 1,210 880 700 . 100 

.................. 2nd chamber count/ml. ............... 930 320 500 
3rd chamber count/ml. ............... 1,600 290 1,250 1,600 

Steam line orifice removed. The infeed temperature used was 110' F. 

to 10 psi., a point where there was insufficient steam to heat the incoming product 
to the desired 190' F. This low steam supply also decreased the velocity through 
the first chamber, as shown by time tests. Because of this, the product was held 
a sufficient length of time to result in good pasteurization below 185' F. This 
inherent safety feature of a reduced volume of steam resulting in an increased 
holding time also was demonstrated in the test results obtained using low preheat 
temperatures (table 6). 

SUMMARY 

As the amount of steam used in the Vacreator was reduced, the average time 
required for the test liquid (water) to pass through the first chamber was in- 
creased from 0.75 to 0.89 see. Under set conditions, as the pump capacity was 
increased from 1,800 to 5,300 lb. per hour the time required for the test liquid to 
pass through the first chamber was decreased from 0.74 to 0.61 see. The time 
required for complete travel through the Vacreator varied from 5.63 to 7.16 sec., 
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depending upon the capacity at which the machine was operated. The 170' F. 
temperature ordinarily used in the second effect was found to be high enough to 
have considerable lethal effect. 

If, from a Public Health angle in the case of mix pasteurization, it is desirable 
to require the temperature effect of the first chamber treatment to be the equiv* 
lent of or better than that obtained with pasteurization at 155' F. for 30 min., 
then, according to the results obtained, the temperature carried in the first effect 
should not be less than 194' F. 

Dropping the preheating temperature from the standard temperature of 110 
to as low as 49' F. did not alter the efficiency of pasteurization. When the in- 
feed pump speed was increased above the rated capacity of 3,000 lb. per hour, 
there was no change in the efficiency of pasteurization. 

When the amount of the steam used in the first chamber was reduced from 
500 lb..to approximately 200 lb. per hour, the efficiency of pasteurization re- 
mained the same. Partial clogging of the spray jets in the first chamber or re- 
moval of the spray pan did not result in a change in the effectiveness of the p ~ -  
teurization process. 

Overloading the Vacreator as much as 50 per cent above the rated maximum 
capacity did not result in unsatisfactory pasteurization of the mix. 

Reducing the steam pressure to below that recommended for proper operation 
of the Vacreator reduced the velocity of the product passing through the first 
chamber so that there was sufficient time for proper pasteurization. 

When the Vacreator is operated so that a minimum temperature of 194" F. is 
maintained in the first chamber, results will be obtained that will equal or better 
the Public Health protection afforded ice cream mix pasteurized at 155' F. for 
thirty min. in a sealed glass tube. 
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RELATIVE STORAGE QUALITIES OF FROZEN AND DRIED MILK 

P. H. TRACY, JOHN HETRICK1 AND WALTER 8. KRIENKE2 
Department of Food TechnoEogy, University of Illinois, Urbana 

The storage of both fat and milk solids-not-fat in frozen form is commonly 
practiced by the dairy industry (9).  The destabilizing effect of the continued 
storage at freezing temperatures upon the normal dispersion of the milk solids 
is one of the factors limiting the applications of this method to the storage 
of cream and condensed milk. Sugar sometimes is added to the milk solids to 
prevent churning of the fat and destabilization of the milk casein. 

I n  a series of experiments reported by Babcock et al. (1-7), it  was brought 
out that homogenized milk remained normal when frozen and stored at a constant 
temperature. Extremely low (- 40' F.)  temperatures were found best. Homog- 
enized milk frozen and stored in the frozen state was found to have the solids 
more concentrated in the bottom section. Homogenized milk that had been stored 
frozen was held at usual fluid milk storage temperatures without any more rapid 
deterioration than would be expected of regular homogenized milk. The addition 
of sodium citrate to homogenized milk before freezing and storage improved the 
storage life of the milk, and added ascorbic acid helped preserve the normal flavor 
of the milk. Homogenized milk was kept as long as 120 hr. before freezing with- 
out adversely affecting the keeping quality of the frozen product. These investi- 
gators also found that rotating homogenized milk while it was being frozen pre- 
vented a segregation of the milk solids but did not improve the keeping quality of 
the stored milk. 

I n  1944, Doan and Leeder (8) recommended a procedure for preparation of 
frozen condensed milk. They proposed a preheating temperature of 180" F. for 
15 min., a 3 to 1 concentration of the milk, homogenization of at least 3000 lb. be- 
fore condensing, limiting the air incorporation to 20 to 30 per cent when freezing 
with a continuous freezer, holding at a temperature not higher than -10' F. dur- 
ing freezing, storage and dispensing, and reconstitution in 180' F. water. These 
authors claim the frozen condensed milk can be held for 10 to 12 wk. without 
effect upon the fat  or protein if stored at -15 to -20" F. 

EXPERIMENTAL PROCEDURE 

Two lots of fresh milk were used for these studies. The first experiment was 
begun in October, 1944, using milk obtained from a local cheese factory. No at- 
tempt was made to select milk of high quality. Upon being received a t  the Uni- 
versity experimental plant, the milk was heated to 85' F. and clarified. It then 
was heated to 140" F. and homogenized at this temperature using a pressure of 
2500 lb. per in.2. The homogenized milk then was pasteurized a t  170" F. for 
20 min. While it was realized that the high temperature used for pasteurizing 

Received for publication May 26, 1950. 
Now Research director, Dean Milk Co., Rockford, Ill. 
Now with the Dept. of Dairy Husbandry and Dairy Manufactures, University of Florida. 
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the milk would lower the flavor score of the fluid milk as well as the concentrated 
milk, it  had been established in previous experiments by numerous investigators 
that if dried whole milk is not made from milk preheated to temperatures as high 
as 170' F. oxidized flavors are likely to develop in a short time after storage. 
I t  also was realized that the high heat treatment would retard or prevent the de- 
velopment of an oxidized flavor in the frozen milk (2). 

A portion of the pasteurized milk was cooled to 40' F., filled into quart paper 
containers (American Can type) and frozen in the hardening room at - 10 -f 5' 
F. The balance of the milk was cooled to 145' F. and condensed to a 11.5' Baume. 
A portion of the condensed milk was cooled to 40' F. and put into quart paper 
containers and frozen in an ice cream hardening room. Another batch of this 
condensed milk was frozen to a slush (27 to 28' F.) in a Creamery Package con- 
t i n u o ~ ~  ice cream freezer, packaged directly into quart paper milk containers and 
stored at the low temperature. To another portion of the condensed milk, 3 per 
cent by weight of dextrose was added; it was packaged and placed in the ice 
cream hardening room. The remainder of both the sweetened and unsweetened 
condensed milk was dried, using an experimental spray drier. A no. 72 nozzle 
and 1000 lb. spray pressure with a 140' F. spray temperature were used. 

The dried milks were packed in no. 1 cans with a packing density of 0.5 g. 
per milliliter at 110' F. Half of the cans were air-packed and the remainder 
were nitrogen-packed. The nitrogen-packed samples were evacuated twice, one 
gassing following the other immediately. Half of the air- and nitrogen-packed 
samples of powder from each batch were stored in the hardening room with the 
frozen fluid and condensed samples. The other samples of powder were stored 
at room temperature. The room temperature was thermostatically controlled at 
72' F. during the time the building was heated. 

At intervals during storage, the powdered samples were gas-analyzed and all 
samples were reconstituted to the original milk composition before use. The 
frozen products were partially defrosted by submerging the quart paper con- 
tainers in a water bath having a temperature of 110" F., which is just below the 
melting point of the paraffin coating the container. To the block of frozen con- 
densed milk was added the amount of water (160' F.) required to restore the 
milk solids to their normal concentration. The mixture was agitated gently at 
intervals until thawed. Pre-thawing was necessary to remove the frozen block 
without having paraffin attached to it. So tenaciously was the paraffin attached 
that "peeling" of the carton resulted in transfer of a considerable portion of the 
paraffin from the carton to the frozen block and subsequent incorporation in the 
defrosted product. Shrinkage during storage of the frozen, condensed milk re- 
sulted in a similar removal of paraffin by the frozen block in the samples that-had 
been pre-frozen in the ice cream freezer. Still-frozen samples did not shrink. 

The reconstituted and thawed samples were examined for fat separation, 
curdy and flaky appearance and ascorbic acid content and were judged for flavor 
by a t  least three experienced milk judges using the value of 25 as a perfect score, 
23 to 25 no criticism and anything under 12 as unsalable. 

The second experiment was started in December, 1944, using University of 
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Illinois herd milk. The following procedure was followed in processing the milk: 
(a) clarified at 90" F. ; (b) pasteurized at 170' F. for 20 min. (after clarification) ; 
(c) cooled to 145' F. in the vat and a portion homogenized a t  2500 lb. pressure ; 
(d) the remainder was condensed and then homogenized at 2500 Ib. pressure a t  a 
temperature of 135" F . ;  (e) to a portion of the condensed milk was added 1.5 
per cent dextrose; ( f )  the spray pressure used for drying the condensed milks 
was 500 lb. ; and (g) the powder had a packing density of 0.484 g. per milliliter. 
The samples were stored and observations were made in a manner similar to those 
listed in the first experiment except that the condensed milk to which dextrose 
was added was divided into two lots. One lot was placed directly into paper 
containers before being placed in the hardening room and the second lot first was 
passed through a continuous freezer and reduced to a temperature of 27 to 28' F. 
before being placed in the paper containers. 

The analytical data on the experimental samples. when freshly prepared are 
given in tables 1 and 2 for experiments number 1 and 2, respectively. 

TABLE 1 

Alralytical data on the relative keeping quality of frozen milk, frozen condensed milk, and 
spray-dried whole milk powder 

(Experiment 1) 

Initial Mois- Product B.F. T.S. Acidity Vit. C z";","l. z::t Copper Iron oqgen ture 

(%) (%) (%) (mg./l.) ( P P ~ )  ( P P ~ )  (%) 
Standardized 

milk 3.5 12.05 0.155 15.4 14,200 12 0.10 0.51 ......... 
Pasteurized 

milk .................................... 13.3 600 0 ............................ 
Condensed 

milk 12.65 43.22 0.55 9.8 760 0 0.40 2.77 ......... 
Condensed 

milk plus 3% 
......... dextrose 12.33 45.17 ....... 850 8 ........................ 

Powdered 
whole milk 28.88 98.0 0.14* ........ 600* ...... 1.43 7.65 0.95 2.0 

Powdered 
milk (Dex- 
trose 

......... added) 27.53 97.2 0.135* 1000' ...... 1.40 7.40 0.94 2.8 

Powder sample identification 
Experiment 1 

Cond. Product Sample Type of Symbol Storage Symbol 
no. dried no. pack used t e m ~ .  used 

100 ~ i r  A Room R 
101 Nitrogen N Room 

(1) Condensed milk 
R 

102 Air A -10" +5" F. 
103 Nitrogen N -10" + 5" F. 
104 Air A Room R 

(2) Condensed milk 105 Nitrogen N Room R 
A -10" + 5" F. 

107 Nitrogen N -10" + 5" F. 

* After reconstitution. 
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TABLE 2 
Analytical data on the relative keeping quality of frozen, frozen condensed and spray-dried 

whole milk powder 
(Experiment 2) 

B.F. T.S. Acidity Vit. C Copper Iron Initial Mois- 
oxygen ture 

Standardized 
(%) (%) (%) (ms./l.) (ppm) (ppm) 

.... 
milk 3.5 12.6 0.16 16.4 ......... ...... ...... ......... 

Pasteurized 
milk ............ ............ ......... 11.7 ......... ...... ...... ......... 

Condensed 
milk 11.5 41.97 0.155* 10.6* ......... ...... ...... ......... 

Powdered 
milk 27.39 98.5 0.15* 8.6* 1.50 3.3 ..... 1.50 

Powdered 
milk 
(dextrose 
added) 26.52 98.0 0.15 8.0 1.42 2.8 ...... 2.0 

Powder sample identication 
Experiment 2 

Cond. Product Sample Type of Symbol Storage Symbol 
no. dried no. pack used temp. used 

136 Air A Room R 1 137 Nitrogen N Room R 

(3) Condensed milk 138 Air A Hardening HR 
room 

139 Nitrogen N Hardening HR 
1 room 

140 Air A Room R 
(4, Condensedmilk 141 Nitrogen N Room R , , 

and 1.5% dextrose A -10°+5"F 

After reconstitution. 

At intervals during the storage period, thawing observations, ascorbic acid 
determinations and flavor scores were made on the thawed products; analyses 
of the headspace gas of nitrogen-packed powder were made and ascorbic acid 
values and flavor scores were determined on the reconstituted powdered milk, both 
air- and nitrogen-packed. In  the first experiment, sixteen periodic observations 
were made over a storage period of 523 days (approximately 17 mo.). I n  the 
second experiment, the milk samples were stored 365 days and twelve periodic 
observations were made. 

EXPERIMENTAL RESULTS 

The data on the thawing observations of the frozen products, the oxygen con- 
tent of the powdered milk and the flavor scores and ascorbic acid values of both 
types of products are given in tables 3 and 4. At the beginning of the storage 
period, the score of the reconstituted condensed milk was higher than that of 
pasteurized homogenized fluid milk and that of the reconstituted powdered milk 
was higher than the flavor score of the reconstituted condensed milk. These sam- 
ples had much less cooked flavor as a result of the condensing and drying opera- 
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tions, indicating that a t  least a portion of the,substances responsible for cooked 
flavor are volatile. 

Fluid or condensed mi& can be kept frozen a t  low temperatures for consider- 
able lengths of time without showing any curdy, oily or flaky appearance upon 
defrosting (tables 3 and 4). In  the second experiment (table 4) ,  at  the end of a 
year of storage, the fluid and condensed milk still defrosted satisfactorily. I n  
the first experiment (table 3) there was normal thawing and reconstitution up 
to 364 days of storage when the condensed milk frozen in the freezer had a 
slightly curdy appearance on reconstitution. The next sample to show a curdy 
appearance was the sweetened condensed milk frozen in the freezer, which was 
curdy and showed fat  separation when examined on the 425th day. This condi- 
tion in these two samples became progressively worse for tlie duration of the 
study. The pasteurized fluid milk showed a slight curdy appearance a t  the end 
of 1 yr. The condensed milk frozen in the quiescent state in the ice cream harden- 
ing room had a satisfactory appearance even after 523 days of storage. How- 
ever, the frozen condensed milk was particularly sensitive to heat-shocking. Sam- 
ples brought out to room temperature and then returned to the hardening room 
showed a destabilized condition of the milk proteins in a few days. Similar effects 
were produced when the frozen milk was transferred from the sub-zero tempera- 
ture to one slightly above 0" F. 

The greatest reduction in ascorbic acid values came as a result of the heating 
that occurred during processing. The amount of ascorbic acid retained in the 
thawed frozen products was only slightly less than it was when the products 
were &st stored. The concentration of milk solids, the addition of dextrose or 
the method of freezing did not seem to influence to any extent the retention of 
ascorbic acid on storage. Although initially powdered whole milk will show less 
ascorbic acid content, the retention of ascorbic acid in the nitrogen-packed prod- 
uct compared favorably with that of the frozen products. I n  the milk powder 
samples, greater ascorbic acid loss occurred in the air-packed than in the nitrogen- 
packed samples and more loss of ascorbic acid occurred in those stored a t  room 
temperature than in those stored a t  -10' t- 5' F. 

The frozen fluid milk and frozen concentrated milks possessed better flavor 
keeping qualities than the gas-packed whole milk powder made from the same 
lot of milk and stored at the same temperature. As the storage period advanced, 
the powder stored in the hardening room usually became progressively metallic 
or oxidized while the frozen milk and concentrated milk lost their fresh milk 
flavor but remained highly palatable. The flavor of the frozen products remained 
satisfactory throughout the storage period of 523 days in the case of experiment 
1 and for 1 yr. in the case of experiment 2, while the gas-packed whole milk 
powder stored at the same temperature became unsatisfactory after a storage 
period of 307 days for experiment 1 and approximately 280 days for experiment 2. 
The air-packed powder stored at -10 & 5' F. possessed a metallic flavor after 
175 days storage in experiment 1 and 176 days of storage in experiment 2. When 
powder was stored at room temperature, an oxidized flavor was observed after 
298 days of storage in the nitrogen-packed samples of experiment 1 and 176 days 
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in the second experiment. At room temperature the air-packed samples became 
unsatisfactory at 105 days and 119 days for the two experiments, respectively. 

After thawing, the frozen milks in some instances were held a t  40' F. for 
72 hr. yet they did not change in flavor. 

The concentration of the milk (approximately 3.5 to I ) ,  the addition of dex- 
trose prior to freezing or drying, the method of freezing (slow freezing at 
- 10 + 5' F. as. freezing initially to a slush in a continuous ice cream freezer) did 
not prove to be important factors in flavor changes, ascorbic acid retention or 
stability of the milk solids on thawing of the frozen products. 

CONCLUSIONS 

Fluid milk or milk concentrated approximately 3.5 to 1 can be satisfactorily 
stored at a uniformly low temperature (-10 + 5' F.) for at least 1 yr. Milk con- 
centrated approximately 3.5 to 1 or fluid milk can be stored in frozen state for 
1 yr. with less flavor change than the same milk stored at the same temperature 
in dried form (gassed or ungassed). 

Condensing before freezing or the addition of dextrose to the milk did pot 
prove to be important factors in storing milk in a frozen state either from the 
standpoint of flavor changes or changes in the physical state of the milk proteins. 
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MOTILITY OF BOVINE SPERMATOZOA AND CONTROL OF BACTEIt I A 
AT 5 AND 25" C. IN EXTENDERS CONTAINING SULFANILAMIDE, 

PENICILLIN, STREPTOMYCIN AND POLYMYXIN 

R. H. FOOTE AND R. W. BRATTON 
Laboratory of Aniinal Breeding and Artificial Insemination 

Department of Animal Husbandry, Cornell Uniuersity, Ithaca, N. Y. 

I n  artificial breeding the general practice is to preserve bovine spermatozoa in 
a buffered yolk medium by cooling to approximately 5" C. and holding the ex- 
tended semen at that temperature until used. This procedure is based on con- 
siderable experimental evidence which has been reviewed by Anderson (1) show- 
ing that spermatozoa survive longer a t  5O C. than at higher temperatures. Con- 
siderable expense is involved in packaging and storing semen so as to maintain a 
temperature of 5" C. until the semen is used for insemination. Therefore, any 
method of preserving the spermatozoa which is cheaper than refrigeration is of 
practical importance. Foote and Salisbury (5, 6) have shown that the motility 
of spermatozoa stored at 20' C. in a citrate-phosphate buffer is prolonged by the 
addition of a number of antibacterial agents. Since egg yolk is an excellent 
medium for bacterial growth, one of the problems of preserving spermatozoa in 
egg yolk at "room" temperature appears to be that of controlling bacterial 
growth at this temperature. Dimitropoulos e t  al. (2) and Hennaux e t  al. (7, 8) 
have reported that antibacterial agents were beneficial in preserving the motility 
of spermatozoa extended with citrate-yolk. and incubated a t  37" C. The present 
paper is a report of comparisons of spermatozoan motility and bacterial growth 
in extended semen when it is stored at 5' C.  and at 25O C. in extenders containing 
various antibacterial agents. 

EXPERIMENTAL PROCEDURE 

The basic medium employed for extending the semen consisted of egg yolk 
mixed with an equal amount of buffer containing 3.6 g. sodium citrate dihydrate 
per 100 ml. of water redistilled in glass. Based on experiments previously re- 
ported by Foote and Bratton (4), five different extenders were prepared by add- 
ing the following amounts of antibacterial agents per milliliter of basic extender: 
(a) 3 mg. sulfanilamide, (b) 500 Oxford Units of crystalline sodium penicillin G, 
(c) 500 y (units) of streptomycin base (CaCl, complex), (d) 500 y equivalents of 
polymyxin B sulfate1 and (e) a combination of a, b, c and d. In  addition, the 
basic extender was included as a control. Thus, with six extenders and two 
storage temperatures, 5 and 25" C., a total of 12 treatments were involved. TO 
accomplish a simultaneous comparison of all 12 treatments, each semen sample 
was divided into six equal portions, and each portion extendea with one of the 
six extenders to give approximately 15 x lo6 motile spermatozoa per milliliter of 

Received for publication May 27, 1950. 
I "Aerosporin" brand polymyxin B was kindly supplied by D. S. Searle of the Burrougha 

Welleome and Co., Inc., Tuckahoe, New York. The amount used was equivalent to 500 y of pure 
standard. 
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extended semen, the average extension rate being about 1 to 70. From each of 
these extended portions, duplicate sub-samples were taken so that the six ex- 
tenders could be stored a t  5 and 25" C. The sub-samples were examined micro- 
scopically for the per cent of motile spermatozoa and the rate of progressive move- 
ment after 2, 24 and 72 hr. of storage. This extension and storage procedure 
was replicated with 18 samples of high quality semen obtained from 18 bulls in 
the active stud of the New York Artificial Breeders' Cooperative, Inc. 

The approximate n-ber of living bacteria present in each semen sample 
immediately following collection and in all samples of extended semen after 24 hr. 
of storage was determined by the plate count method as employed in this labora- 
tory (4). The 24-hr. period of storage was chosen as the most desirable time to 
estimate the numbers of bacteria present because most bovine semen is used for 
insemination at about this time. 

The statistical significance of the differences between the average per cent of 
motile spermatozoa in the different extenders stored at the two temperatures was 
tested by analysis of variance (9).  

RESULTS 

The number of bacteria present in the freshly collected semen, in the unstored 
extended semen and in the extended semen stored for 24 hr. is shown in table 1. 
Most of the freshly collected semen samples had a bacterial count of less than 
120,000 per milliliter. After the semen was mixed with nearly sterile extender SO 

as to contain approximately 15 million motile spermatozoa per milliliter, the bac- 
terial counts, with the exception of semen sample 18, were reduced to less than 
2,000 per milliliter, with sample 5 having a count of less than 10 per milliliter. 
After 24 hr. of storage a t  5" C., bacterial growth was not excessive in any of the 
extended semen samples. Usually, when used separately, each of the antibiotics 
and sulfanilamide partially inhibited bacterial growth. The combination of anti- 
biotics with sulfanilamide usually inhibited bacterial growth completely. 

At 25' C. bacteria multiplied rapidly when no antibacterial agent was present. 
Sulfanilamide consistently reduced bacterial growth. Penicillin, streptomycin 
and polymyxin were highly bactericidal when the predominating types of bacteria 
were sensitive to the particular drug present. In  samples 10 and 14, Pseude- 
molzas pyocyaneus (usually sensitive to streptomycin) thrived at 25" C. in the 
presence of streptomycin, but was inhibited completely by polymyxin. Again 
the combination of antibiotics with sulfanilamide was highly bactericidal. 

Microscopic examinations within 2 hr. after the semen was extended indicated 
that the percentages of motile spermatozoa were similar for all treatments. How- 
ever, after 24 and 72 hr. of storage, large differences existed which are evident in 
table 2. At 5' C. the per cent of motile spermatozoa was similar in all extenders 
throughout the 72-hr. storage period. At 25" C. after 24 and 72 hr. of storage, 
the combination of sulfanilamide plus antibiotics was more effective (P < 0.05) 
in preserving the motility of the spermatozoa than was penicillin, streptomycin 
or polymyxin. While penicillin, streptomycin and polymyxin did not differ 
from each other, each was superior to no antibiotic a t  this temperature. At 25' 
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TABLE 2 
The per cent ,of motile spermatozoa in eztenders containing different antibacterial agents and 

stored at 5 and 35" C. (Av. of 18 ejaculates) 

Extenders containing : 
Length of Tempera- 

storage ture No antibac- Sulfa- Peni- Strep- Poly- All antibac- 
terial agent nilamide cillin tomyoin myxin terial agenta 

(hr.) ( O  0.) (Percentage of motile spermatozoa) 
24 5 63 62 63 62 63 62 

C. spermatozoan motility generally was poorer than a t  5" C. but at the 24-hr. 
storage interval the difference between the per cent of motile spermatozoa a t  
these two temperatures in extenders containing sulfanilamide plus antibiotics 
was not significant statistically ( P  > 0.05). 

DISCUSSION 

The results of these experiments indicate that bovine semen in extenders con- 
taining sulfanilamide, penicillin, streptomycin and polymyxin can be stored for 
a t  least 24 hr. at 25' C. with much of the deleterious effect of high temperatures 
eliminated by the inhibition of bacterial growth. Sulfanilamide alone was nearly 
as effective in maintaining the motility of the spermatozoa as was the combina- 
tion of sulfanilamide and antibiotics, but bacterial growth was more completely 
inhibited by the combination. Frequently, the antibiotics used alone were more 
bactericidal than sulfanilamide used alone, but the percentage of motile sperma- 
tozoa was higher when sulfanilamide was present. 

Putrefaction of the egg yolk consistently occurred when bacterial growth was 
high. The percentage of samples exhibiting a putrid odor after 72 hr. of storage 
at 25" C. was 72,6, 11,22,17 and 0, respectively, for the extenders containing no 
antibiotics, sulfanilamide, penicillin, streptomycin, polymyxin and the combina- 
tion of sulfanilamide and antibiotics. The products of egg yolk putrefaction may 
have been spermicidal. The pH of all samples after 72 hr. of storage a t  5" C. 
was approximately 6.70, while at 25' C. it  was 6.50. This small difference would 
appear to eliminate H-ion concentration as an important factor in reducing sper- 
matozoan motility at the higher temperature. 

Fertility data obtained by Drake (3) indicate that semen processed and stored 
without refrigeration may be used for insemination in cool weather (April) but 
is not satisfactory for use in warm weather (July). The poorer results in July 
may have been caused by the direct deleterious effects of high temperatures on 
the spermatozoa or the citrate-yolk extender, since the bacteriological data pre- 
sented in this paper indicate that bacterial growth is effectively inhibited at 25" 
C. by a combination of sulfanilamide and antibiotics. As a consequence of this 
control of bacterial growth in extenders stored unrefrigerated, the problem of 
prolonging the motility and fertility of spermatozoa in unrefrigerated extenders 
now appears to be one of achieving sufficient control of spermatozoan metabolism. 
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SUMMARY 

The feasibility of storing bovine semen at 25' C. for use in artificial insemina- 
tion to eliminate the expense of refrigerating the semen a t  5" C. was investigated. 
Sulfanilamide, penicillin, streptomycin, polymyxin and a combination of these 
were added to 3.6 per cent citrate-yolk extender. The citrate-yolk extender con- 
taining no sulfanilamide or antibiotics served as the control. Eighteen semen 
samples were stored in each of the six extenders at 5' C. and at 25' C. The per 
cent of motile spermatozoa after 24 hr. of storage was lower when the semen was 
stored a t  25" C. than when it was stored a t  5" C. except in the extender contain- 
ing the combination of antibacterial agents. I n  nearly all samples, this combina- 
tion of sulfanilamide and antibiotics completely inhibited bacterial growth at 
both temperatures. This combination of antibacterial agents gives promise of 
making possible the development of an extender for bovine semen which will not . 
require ref rigeration. 
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RELATIONSHIP OF HYALURONIDASE CONCENTRATION TO 
FERTILITY OF DAIRY BULL SEMEN' 

JAMES E. JOHNSTON2 AND JOHN P. MIXNER 
New Jersey Agricultural Ezperiment Station, Sussex 

The possibility that the concentration of the enzyme hyaluronidase in mam- 
malian semen is a critical factor in fertility has led the authors to investigate this 
relationship in dairy bulls. 

In  fertility studies in rabbits, Rowlands (8) found that by adding seminal 
plasma from killed spermatozoa suspensions containing hyaluronidase to dilute 
spermatozoa suspensions the median effective spermatozoa concentration for fer- 
tility was reduced to one-sixth of that of the controls. I n  similar experiments, 
however, Chang (1) indicated that the increased fertilizing capacity obtained by 
adding seminal plasma to dilute suspensions of spermatozoa was not due to hyalu- 
ronidase but to some other seminal plasma factor. Seminal plasma in which the 
hyaluronidase had been inactivated by heat was similarly effective, whereas added 
bull testes hyaluronidase had no effect. 

Kurzrok et al. (5) reported that in six cases of human female infertility where 
the female was apparently not at fault and where the male seminal hyaluronidase 
concentration was low, the application of bull testes hyaluronidase to the uterine 
cervix with subsequent coitus resulted in pregnancies. Later, Kurzrok (4) re- 
ported that 33 out of 102 similar clinical patients conceived following the appli- 
cation of bull testes hyaluronidase to the uterine cervix. Entirely negative results 
were obtained by Seigler (10) in a series of 48 cases of human female infertility 
where hyaluronidase was applied and where the female presumably was not at 
fault. Semen samples from the male partner were not assayed for hyaluronidase 
in these cases. 

A zero order correlation coefficient of -0.32 (significant a t  the 5 per cent 
level) between hyaluronidase titer and fertility of dairy bull semen was obtained 
by Sallman and Birkeland (9).  The hyaluronidase assays in this case were made 
within 20 hr. of the time of ejaculation. In  considering the negative correlation 
which they obtained, these authors suggested that the removal of hyaluronidase 
from semen might improve the fertility of the semen. In  this general connection 
it is interesting to note that Johnston and Mixner (3) found a first order partial 
correlation (limiting effect of sperm concentration) of - 0.30 (significant at the 
5 per cent level) between percentage of live spermatozoa in dairy bull semen and 
hyaluronidase concentration. 

METHODS 

One hundred and eighty-seven semen samples were obtained from 24 Guernsey 
and Holstein bulls at the bull stud of the Dairy Research Farm, New Jersey Agri- 

Received for publication May 31, 1950. 
1 Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers Uni- 

versity-the State University of New Jersey, Department of Dairy Industq. 
2 Present address: Dairy Department, Louisiana State University, Baton Rouge. 
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cultural Experiment Station, Sussex, from November, 1947, to July, 1949. Semen 
samples were diluted for use at a rate not exceeding 1 to 100 and usually much 
less. Inseminations were made by the technicians of the Sussex County Co- 
operative Breeding Association, Inc. Fertility estimates were based on the per- 
centage of non-returns to service, after a 60- to 90-day period following service, to 
first and second service cows. 

Seminal hyaluronidase was assayed by the turbidimetric method, as outlined 
by Leonard et al. (6) and modified by Mixner and Johnston (7). Hyaluronidase 
potencies are expressed as milligrams equivalent to a standard preparation of bull 
testes hyaluronidaseS (30 TRU per mg.). The Klett-Summerson photoelectric 
colorimeter with red no. 66 filter was used to measure turbidity. Two hyaluroni- 
dase assays were made upon the seminal plasma of each semen sample, the first 
assay being made within 1 hr. after the collection of the semen and the second 
assay being made after 24 hr. of incubation at 37' C. under toluene. These assay 
periods were chosen after a consideration of the scheme of development of hya- 
luronidase in bull semen (Johnston and Mbner, 2). Both of these measures of 
hyaluronidase concentration in semen were correlated with the fertility data. 

The data on the semen samples were classified into three groups for purposes 
of calculation according to the number of first- and second-service cows bred to 
each sample. The groups are as follows: (a) 10-19 cows bred per sample, in- 
cluding 82 samples from 21 bulls for a total of 1,086 breedings, (b) 29 or more 
cows bred per sample, including 105 samples from 18 bulls for a total of 3,568 
breedings, and (c) summation groups a and b, comprising 187 samples from 24 
bulls to  which 10 or more cows were bred per sample for a total of 4,654 breedings. 

RESULTS AND DISCUSSION 

The mean values, standard deviations and ranges for initial and 24-hr. hyalu- 
ronidase levels and for fertility are given in table 1 for each of the semen sample 
groups. 

TABLE 1 
Means, standard deviations and ranges for fertility, initial and 24-hr. hyaluronidase levels for 

each semen sample group 

Character Meanand Standard ' 
standard error deviation Rmge 

(a) 10-19 cow bred/sample 
Initial hyaluronidase (mg./ml.) .............................. 45.3 + 2.1 18.7 14404  
24-hr. hyaluronidase (mg./ml.) ................................. 119.0 + 4.6 41.4 47-208 
Fertility (% 60- to 90-day non-returns) .......... 65.8 + 1.5 13.9 37-92 

(b) 20 + cows bred/sample 
Initial hyaluronidase (mg./ml.) ............................. 41.0 + 1.7 17.4 14-98 
24-hr. hyaluronidase (mg./ml.) ................................. 110.3 4.1 41.4 44-246 
Fertility ('76 60- to 90-day non-returns) 66.4 + 1.1 11.2 36-83 . ......... 

(a) 10 + cows bred/aample (groups a and b )  
Initial hyaluronidase (mg./ml.) ......................... 42.9 + 1.3 18.1 14-104 
24-hr. hyaluronidase (mg./ml.) ............................... 114.1 + 3.0 41.6 44-246 
Fertility (% 60- to 90-day non-returns) ......... 66.1 + 0.9 12.4 3 6 9 2  

8 The bull testes hyaluronidase was furnished through the courtesy of Schering Corp., 
Bloodeld,,N. J. ' 
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Analysis of variance of the data revealed that there were highly significant 
differences among bulls with respect to initial and 24-hr. hyaluronidase levels 
and, also, with respect to the fertility estimation on each of the semen sample 
groups. 

It is interesting to note (see table 1 )  the marked increase in hyaluronidase 
concentration of the seminal plasma which occurs between the time of the initial 
assay and the 24-hr. assay. This increase is of the order of 166 per cent and 
apparently represents the release of hyaluronidase by dying and dead spermato- 
zoa into the seminal plasma (Johnston and Mixner, 2). 

To determine whether any relationships existed between either of the measures 
of hyaluronidase concentration and fertility, zero order coefficients of correlation 
were calculated for each semen sample group of data on a "total," "between 
bull" and "within bull" basis (table 2). None of these correlations achieve 
statistical significance. 

TABLE 2 
Zero order coefficients of correlation betweem idtial and 24-hr. hyaluronidase levels and fertility 

estimates 

AT̂  Initial hyaluronidase 24-hr. hvaluronidase 
L"". Semen 

sample group Total Between Within Total Between Within 
bull bull bull bull 

10-19 cows bred ............... 82 +0.16 +0.42 -0.12 +0.01 +0.32 -0.22 
20+cowsbred .................. 105 -0.17 -0.24 -0.12 -0.08 -0.01 -0.12 
10 + cows bred .................. 187 0.00 +0.08 -0.07 - 0.03 + 0.10 - 0.11 

Highly significant relationships have been shown to exist between hyaluroni- 
dase levels and the two factors, spermatozoa concentration and percentage of live 
spermatozoa (Johnston e t  al., 3) .  Also, a significant relationship exists between 
these latter two factors and fertility (Stone e t  al., 11). However, since none of 
the coefficients of correlation between seminal plasma hyaluronidase levels and 
fertility achieved statistical significance, further statistical manipulation of the 
data did not seem justified. 

The bulls used in this study generally would be considered highly fertile. 
However, bulls occasionally have been eliminated from the breeding stud because 
of lowered fertility. There has been no indication in any case of a change in 
hyaluronidase levels associated with this lowered fertility. 

SUMMARY AND CONCLUSIONS 

The possibility that hyaluronidase is a critical factor in the fertility of dairy 
bull semen was investigated. One hundred and eighty-seven semen samples were 
collected from 24 dairy bulls. Hyaluronidase assays on seminal plasma were 
made initially and after 24 hr. of incubation at 37' C. under toluene on all sam- 
ples. Semen samples were classified for statistical analysis into three groups ac- 
cording to the number of first- and second-service cows bred per sample : (a)  10 
to 19 cows bred; (b) 20 or more cows bred; and (c) total of a and b .  Coefficients 
of correlation were obtained between fertility estimates and hyaluronidase con- 
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centrations in each group on a "total," "between bull" and "within bull" basis. 
None of these coefficients of correlation attained statistical significance. From 
these results it seems doubtful if any significant relationship exists between the 
hyaluronidase and fertility levels of semen from bulls of relatively high fertility 
when the semen is diluted at a rate of 1 to 100 or less. 
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COMPARATIVE FERTILITY OF DILUTED BULL SEMEN TREATED 
WITH CALCIUM CHLORIDE COMPLEX STREPTOMYCIN OR 

DIHYDRO STREPTOMYCIN SULFATE1* 

H. L. EABTERBROOKB, P. HELLERp W. N. PLASTRIDGE rm E. L. JUNGHERR 

St0rrs (Conneoticut) Agricultural Experiment Station, Department of Animal Diseases, 
University of Connecticut, Storrs 

In  1949 Easterbrooks et al. (1) reported that the addition of 100 units (pg.) 
of streptomycin sulfate per milliliter of diluted bull semen increased fertility 
significantly on the basis of a split sample study when used in the routine opera- 
tion of the Connecticut Artificial Breeding Association. Mixner (3), reporting 
simultaneously showed neither significant increase nor decrease when strepto- 
mycin calcium chloride complex and penicillin were both added a t  rates of 1,000 
units per milliliter. One source of variation between these studies was that dif- 
ferent compounds of streptomycin were used. 

The purpose of the present investigation was to test dihydro (DH) strepto- 
mycin sulfate and streptomycin calcium chloride complex (CCC), for evidence of 
incompatibility with semen diluent buffers, as well as for their comparative effec- 
tiveness in increasing fertility rates. 

EXPERIMENTAL 

The problem was considered from two aspects. I n  the first phase of the study 
graduated concentrations of the two compounds varying from 100 to 1,000 units 
per milliliter in final dilution were added to phosphate and citrate buffers of 
various concentrations above, below and including those used routinely by arti- 
ficial breeding organizations. After standing a few moments, a visible precipi- 
tate, calcium phosphate: appeared in all tubes containing phosphate buffers to 
which streptomycin CCC had been added in excess of 100 units per milliliter. 
Because of the precipitation of these major components, the use of streptomycin 
CCC in phosphate containing diluents is considered contraindicated by the 
writers. No visible precipitation occurred a t  any level of either compound in any 
concentration of the citrate buffers. 

Laboratory tests with the two compounds in citrate buffers revealed no meas- 
urable variation in respect to bactericidal activity or effect upon sperm livability. 

The second phase of the work consisted of subjecting 14 ejaculates used by the 
Association over a period of 7 consecutive weekends in October and November, 
1949, to a split sample study involving the two drugs a t  levels of 500 units per 
milliliter of diluted semen. This level was chosen in contrast to that previously 

Received for publication June 3,1950. 
1 Btreptomycin used in this investigation was supplied by Yerck and Co., Inc., Rahway, N. J. 
e supported in part by funds received under project NE1 of the Research and Marketing 

Act of 1946. 
a Manager, Connecticut Arti6cial Breeding Association. 
4The authors respectfully acknowledge the help of E. Lippincott who conducted the 

qualitative chemical analysis of the precipitate. 
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reported (1) because unpublished data indicate a level between 300 and 900 
units to be optimum for increasing fertility; also 500 units per milliliter will de- 
stroy Vibrio fetus organisms which might be present in semen from infected bulls 
(4). The diluent used was composed of a 2.9 per cent sodium citrate and 0.6 per 
cent sulfanilamide in sterile distilled water buffer plus an equal volume of egg 
yolk. Comparisons were based on 60- to 90-day non returns (N.R.) to first service 
percentages. Five hundred eighty cows were inseminated with diluted semen 
containing DH streptomycin and 586 with diluted semen containing streptomycin 
CCC. First services only were used in compiling the data. The N.R. per cent for 
the DH streptomycin-treated semen was 71.6 as compared to 68.4 for the semen 
containing streptomycin CCC. The actual difference was 3.2 N.R. per cent and 
by a weighted analysis 2.3 N.R. per cent. These figures should be considered as 
precedent to those published by Easterbrooks e t  al. (2) in an abstract a t  an 
earlier date. No significance could be found associated with these data by sta- 
tistical treatment; however, the data do suggest that DH streptomycin may be the 
drug of choice for addition to citrate containing diluents. 

SUMMARY 

Five hundred and eighty cows were inseminated with diluted semen contain- 
ing 500 units of dihydro streptomycin sulfate per milliliter and 586 cows with 
split portions of the same semen containing 500 units of streptomycin calcium 
chloride complex. No statistical s:gnificance was associated with the 3.2 per cent 
non-returns increase for the dihydro streptomycin sulfate-treated group. 

Streptomycin calcium chloride complex was found to be incompatible with 
phosphate b e e r s .  
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BUTTER 
0. F. HUNZIKER, SECTION EDITOR 

776. Moderne dansk smrfremstilliiteknik. 
(Modem Danish butter manufacturing tech- 
nique). H. HEDEMANN, Odense. Maelkeriti- 
dende, 63, 25: 543-547. June 23, 1950. 

The various conditions under which Danish 
butter has been produced have contributed to- 
ward the standard which must be maintained. 
The conditions which the Danish butter experts 
consider important for producing their ideal but- 
ter are considered. Through the cooperation of 
Danish milk producers, creamery operators, Dan- 
ish merchants and English buyers, a certain type 
of butter has been developed. This type of but- 
ter must have a clean, pleasant aroma, a smooth- 
textured, waxy consistency, a good spreadability, 
pleasing color and salt content satisfactory to the 
majority of customers. The moisture and fat 
contents must comply with the law. After 14 d. 
in storage at 13O C. the butter must not be leaky, 
show mold or have deteriorated. The aroma of 
Danish butter is considered to be its most out- 
standing characteristic: it results partly from prod- 

making. I t  is unlikely that any roll-type chums 
are in use in Danish creameries today. The 
rollerless churn constructed of either stainless 
steel or wood has replaced the older types, but 
much still depends upon the man who operates 
the churn, regardless of how automatic it is. Re- 
ducing the tendency to oxidation in Danish butter 
still is a problem. In Sweden and Finland a 
special salt (A.I.V.) is used for the purpose of 
acid reduction, but this seems inadvisable for 
Danish butter. Any neutralizing agent, however 
sparingly used, might have an unfavorable in- 
fluence upon the famed fresh aromatic flavor of 
Denmark's butter. When some butter appears 
to be more resistant to oxidation than some other 
it is not that the pH is too high but that the 
oxygen tension is lower than it eught to be. 

The Danish butter industry has made marked 
progress in packaging butter in consumer-size 
packages of as fine quality as in the present 
wooden casks. The most efficient techniques 
for every phase of butter manufacture and mark- 
eting are being used to perpetuate the high repu- 
tation of Danish butter. G. H. Wilster 

ucts priduced during ripening -by 1;acteria and 
partly from the feed of the cows. Some of the 777' Continuous butter wcirking C. 

older creamery operators have suggested that feed " NORTH' U. S' Patent 2y521y398' 

may have given a certain spicy aromatic quality Sept. 5, 1950. Official Gaz. U. S. Pat. Office, 

to the butter, a flavor which they cannot seem to 638, 1 : 217. 1950. 

duplicate now when scarcely any weeds or wild Freshly churned cream, with the butter in 
flowers grow in grass and clover fields. Possibly, granular form is introduced into 1 end of this 
weeds and wild flowers can influence, in a minor device, which consists of a horizontal cylinder, in 
degree, the tendency toward a slightly higher which rotates a shaft holding 4 spiral-shaped 
aroma development during cream ripening. Milk blades adjacent to the cylinder wall. The butter 
from cows allowed to graze along roadsides had a is fed in at such a rate that it continuously falls 
slightly better aroma production than milk from from the rotating blades and moves forward be- 
cows on good pasture lands which were free from cause of the slight spiral shape of the blades. 
most weeds and wild flowers. During the past 25 Wash water is sprayed on the top of the cylinder 
yr., there has been marked progress in equip- and withdrawn with the butter through a drain at 
ment for handling milk and cream for butter- the end of the cylinder. .R. Whitaker 

A147 
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CHEESE CONDENSED AND DRIED MILKS; 
A. C. DAHLBERG, SECTION EDITOR BY-PRODUCTS 

778. Ostens Gaeringsvarme (Fermentation tem- F. J. DOAN, SECTION EDITOR 

perature of cheese). Anonymous. Danish State 780. Method and apparatus for gassing the 
Experimental Creamery, Hillermi. Maelkenti- contents of cans. W. M. TOMKINS-(assignor to 
dende, 63, 24: 524. June 16, 1950. Continental Can Co.). U. S. Patent 2,518,100. 

In order to measure the amount of heat pro- 
duced in cheese during ripening, 2 identical 
wooden cabinets were built and placed in a room 
where the temperature was controlled automatic- 
ally. Each cabinet was provided with a contact 
thermometer, a relay and a built-in lamp for 
supplying the necessary heat. The cheese was 
placed in 1 of these cabinets. The amount of 
heat produced in the cheese then could be deter- 
mined by noting the difference between the 
amount of electricity consumed in the cabiiet 
holding the cheese and in the empty cabinet. 
The cabinets were at 12' C., about 2' C. higher 
than in the room in which the cabinets were 
placed. A slight difference in the amount of 
electricity consumed in each cabinet, even when 
both were empty, made it necessary to measure 
the electricity used in each cabinet before and 
after the test, for periods of 3-5 d. Periods of 
5-13 d. were allowed for the measurement of 
electricity consumed during the test. Since cheese 
containing mold had been shown to produce more 
heat than cheese without mold, Roquefort cheese 
was chosen for some of the experiments. The 
greatest amount of heat was produced during the 
period of greatest mold growth, about 8 d. after 
pricking. 

Six cheeses with a combined weight of 20 kg. 
were used. The results showed a variation from 
2.5-5.0 cal./kg. of cheese for each 24-hr. period. 
The marked variation in the heat could have 
been due to the method of measuring. Danish, 
Swiss and Gouda cheese, used for a similar ex- 
periment, were 5-6 wk. old when tested. The 
amount of heat produced in this cheese was not 
enough to be significant, since it was only about 
0.5 cal./kg. of cheese for each 24-hr. period. 

G. H. Wilster 

779. Process of making cheese. C. TONE (as- 
signor to Armour and Co.). U. S. Patent 2,520,- 
183. 4 claims. Aug. 29, 1950. Official Gaz. 
U. S. Pat. Office, 637, 5: 1389. 1950. 

Milled curd is filled directly into containers 
l i e d  with an air-impervious wrapper and sealed. 
The cheese is kept in the container until cured. 

R. Whitaker 

12 claims. Aug. 8, 1950. Official Gaz. U. S. 
Pat. Office, 637, 2: 505. 1950. 

Powdered or ground food materials such as 
milk, eggs, coffee, etc., packed in open-end cans, 
are gassed with nitrogen or other gas, prior to 
sealing the cans. A bell-shaped baffle is lowered 
into the center of the packed can until it is about 
1 in. from the bottom. The gas is admitted 
into the bell and as it flows down through the 
powder and up on the outside it displaces the air. 
The bell is withdrawn and the can sealed. 

R. Whitaker 

781. Method of heating food products in sealed 
containers LAV. E. CLIFFORN, G. T. PETERSON 
and J. M. BOYD (assignors to Continental Can 
Co.). U. S. Patent 2,517,542. 9 claims. Aug. 
8. 1950. Official Gaz. U. S. Pat. Office, 637, 2: 
364. 1950. 

Liquid food products, such as evaporated milk, 
are sterilized rapidly by rotating the cans end 
over end about an axis located outside the 
cans and at such speed that the air bubble in the 
cans moves about half way up the sidewall of the 
can from the end and then returns to the end 
during 1 complete rotation of the can This 
specific movement of the air bubble provides 
turbulence of the contents, resulting in rapid 
heating and cooling. R. Whitaker 

782. Milk chocolate. B. K. HALLQUIST and L. 
0. J. CAMPBELL (assignors to Svenska Mjolkpro- 
dukter Aktiebolag). U. S. Patent 2,519,833. 6 
claims. Aug. 22, 1950. Official Gaz. U. S. Pat. 
Office, 637, 4: 1181. 1950. 

Spray-dried milk powder having an average 
grain porosity of not over 10% by volume is used 
with cocoa, fat and sugar to make milk chocolate. 

R. Whitaker 

783. Milk proteins and lactose from dried skim- 
milk. S. R. HOOVER and E. L. KOKES, Eastern 
Regional Research Lab., Philadelphia 18, Pa. 
Ind. Eng. Chem., 42,9: 1910-1912. 1950. 

The recovery of protein and lactose from dried 
skimmilk by a countercurrent extraction process 
with water acidified with HCI was demonstrated. 
The dried skimmilk was leached in 4 stages with 
5 times its weight of 0.25% NaCl at pH 4.1 to 
give a soluble extract of 14% lactose, whey salts 
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and added salt, riboflavin and minor constituents. 
The extracted solid consisted of the milk casein 
and heat-coagulable whey protein and contained 
86% protein, 2% ash and 0-3% lactose. Lac- 
tose could be recovered by the usual processes of 
evaporation and crystallization. B. H. Webb 

784. Process of concentrating milk. J. F. 
KOWALEWSKI and G. SPERTI (assignor to Insti- 
tutum Div. Thomas Foundation). U. S. Patent 
2,520,939. 5 claims. Sept. 5, 1950. Official 
Gaz. U. S. Pat. Office, 638, 1: 99. 1950. 

Pasteurized homogenized milk is concentrated 
by freezing to a slush and separating the ice from 
the concentrated milk solids. R. Whitaker 

785. Shortening. G. C. NORTH, A. J. ALTON, 
and W. C. BROWN (assignors to Beatrice Cream- 
ery Co.). U. S. Patent 2,520,954. 1 claim. 
Sept. 5, 1950. Official Gaz. U. S. Pat. Office, 638, 
1: 103. 1950. 

A powdered shortening in which the fat part- 
icles are surrounded by a blend of non-fat milk 
solids and egg solids is described. R. Whitaker 

786. Casein manufacturing process. P. F. 
SHARP (assi,mor to Golden State Co.). U. S. 
Patent 2,519,606. 5 claims. Aug. 22, 1950. 
Official Gaz. U. S. Pat. Office, 637, 4: 1125. 
1950. 

Skimmilk is coagulated with a coagulant and at 
the same time an inert gas is injected in such a 
manner as to cause the coagulated casein to form 
a foam. The foam is floated off the whey and 
dried after washing with a water spray. 

R. Whitaker 

787. Process for preparing casein. J. A. REY- 
MIERS (assignor to Amino Acids, Inc.). U. S. 
Patent 2,518,493. 2 claims. Auq. 15, 1950. Offi- 
cial Gaz. U. S. Pat. Office, 637, 3: 737. 1950. 

A weak acid is added to skimmilk with con- 
tinuous agitation at a temperature of between 2 
and 16' C. The fine, flocculent pptd. casein 
is separated from the whey, washed, dried and 
used as a food supplement. R. Whitaker 

DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 

788. Bactericidal e5ciency of quaternary am- 
monium compounds. C. T. BUTTERFIELD, E. 
WATTIE and C. W. CHAMBERS, Pub. Health Ser- 
vice, Cincinnati, 0. Pub. Health Reports, 65, 
33: 1039-1056. Aug. 18, 1950 

Bactericidal efficiency of 11 quaternary am- 
monium compounds used as active agents of 40 

commercial sanitizers was determined by the 
method presented. Tests also were made for 
residual active agents. The nature of the water 
in which the compound was dissolved definitely 
influenced its germicidal efficiency. Interference 
induced by diierent waters occurred almost in- 
stantaneously and did not increase with time. 
This interference was reduced in some cases after 
removing dissolved gasses by boiling or aeration. 
Presence of even small amounts of soap or other 
detergents usually reduced action markedly. The 
higher the temperature of the solution used, 
within the usual range of 12-46' C., the more 
effective the toxic action. Changes in pH of the 
solution affect its activity but the direction of 
the change varied with the compound. A de- 
crease in pH increased potency of some com- 
pounds and reduced that of others. Very unre- 
liable results were obtained with test procedures 
available for measuring active bactericidal con- 
tent of residuals. Because of this, it is essential 
to make bacterial examinations with the product 
under conditions in which it is to be used. 

D. D. Deane 

789. Kan Syrningsvanskeligheder nu Effektivt 
Afhjaelpes? (Can starter failures be effectively 
prevented?) A. J. OVERBY. Maelkeritidende, 
63,24: 526. June 16, 1950. 

To some extent it has been possible to prevent 
starter failures due to bacteriophage by making 
a fog in the creamery rooms, using a 5% solution 
of hypochlorite disinfectant. However, since bac- 
teriophage may be present in milk received daily 
at the creameries this method is only a partial 
control. To change from 1 source of starter cul- 
ture to another has been of benefit. Two cream- 
eries which had experienced regular starter fail- 
ures were able to prevent failure when a starter 
from the Utterslev creamery was used. Some 
bacteriophages were isolated by the dairy labora- 
tory from a starter culture which had become in- 
active and these were found to possess specific 
characteristics. Some of the bacteriophages at- 
tacked the organisms in only 1 of the starters to 
which it was added. Some strains of bacterio- 
phage were active against 2 of the starters, while 
others were active against 3 or 4 starter cultures. 
Commercial cultures, A, B, and C were affected 
by 6 of the 11 bacteriophages, while culture D was 
affected by 10 of these. The starter from the 
Utterslev creamery was not affected by any of the 
isolated bacteriophages. The starter from the Ut- 
terslev creamery had been used with good re- 
sults for 21 yr. This starter was highly aromatic, 
with 20% of the isolated bacteria being beta- 
cocci. Of the streptococci present, 65% were 
good acid producers. This percentage was higher 
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than had commonly been found in starters and 
this might be the reason for this starter being par- 
ticularly 'resistant to the action of the bacterio- 
phage. G. H. Wilster 

DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 

790. Browning of ascorbic acid in pure solutions. 
M. P. LAMDEN and R. S. HARRIS, M.I.T., Cam- 
bridge, Mass. Food Research, 15, 1: 70-89. 
Jan.-Feb., 1950. 

Ascorbic acid heated in the presence of citric 
acid in pure solution underwent deepening of 
color. Other common organic acids cause a 
similar action. Increase in color and destruction 
of ascorbic acid did not depend on the presence 
of oxygen, but color was a function of the initial 
concentration of ascorbic acid. Furfural was ob- 
tained in the heating of ascorbic acid and citric 
acid at the boiling point but was not noted with 
dehydro ascorbic acid. These and other findings 
are discussed in their relationship to the browning 
reaction, especially as it pertains to citrus prod- 
ucts. F. J. Doan 

791. Process for recovery of lactalbumin. G. J. 
STREZYNSKI (assignor to the DeLaval Separator 
Co.). U. S. Patent 2,520,615. 19 claims. Aug. 
29, 1950. Official Gaz. U. S. Pat. Office, 637, 5: 
1500. 1950. 

Whey, having a pH of between 4 and 7 is 
heated to a temp. of about 165-190' F. to ppt. the 
albumin. ~ f t e ;  cooling to not lower than'i30° it 
is fed into a centrifuge from which the albumin 
is continuously discharged from the periphery and 
the whey and lactose from the inner part of the 
bowl. R. Whitaker 

792. Babcock test mixer. G. F. MASSEY. U. S. 
Patent 2,520,556. 5 claims. Aug. 29, 1950. 
Official Gaz. U. S. Pat. Office, 637, 5: 1486. 
1950. 

A mechanical agitator mixes the contents of 
Babcock fat test bottles. R. Whitaker 

DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 

793. Butterfat samples as affected by weigh can 
design. V. SCHWARZKOPF, Lathrop Paulson Co., 
Chicago, 111. Sou. Dairy Prod. J., 48, 1: 44, 46, 
90-91. July, 1950. 

Samples of milk taken further from the strainer 
in rectangular weigh cans when the milk is not 
properly agitated, are richer. Ten to 30 sec. are 
required for agitation by air or mechanically when 

it is necessary. Suffcient mixing of the milk may 
be obtained from its own velocity alone in narrow 
weigh cans of medium length with not less than 
1.5 in. pitch/ft. toward the outlet valve, with 
3/16 in. perforated strainer set high and kept 
free from baffles or louvers, and having a mini- 
mum depth of about 8 in. at the front. The 
use of a blender to convert the small streams from 
the strainer into a heavy body of milk is recom- 
mended. F. W. Bennett 

794. Using an in-the-line milk filter as a sedi- 
ment tester. Anonymous. Milk Dealer, 39, 11: 
42-43.. Aug., 1950; Sou. Dairy Prod. J., 48, 3: 
129-130. Sept., 1950. 

A standard in-the-line milk filter equipped with 
sediment disc to take an accurate last minute sedi- 
ment test on all milk handled in the plant is being 
used successfully at the Brook Hill Certified Milk 
Farms at Genessee Depot, Wis. The filter is 
made up of a series of stainless steel horizontal 
plates with cotton media, the suspension of which 
is controlled in the milk flow by stainless steel 
spiders. All milk must flow upward through this 
series of parallel pads which is placed between 
the dump tank and the cooler. Because of the 
upward flow of milk, the tops of the discs are 
clean, indicating that no foreign matter passes 
through to the finished product. The bottom, or 
upstream side of the pad, however, indicates whe- 
ther any foreign matter has been introduced into 
the milk during either the milking or plant han- 
dling. C. J. Babcock 

795. Plastic coating protects dairy equipment 
surfaces against corrosion. Anonymous. Milk 
Dealer, 39, 11: 51, 58. Aug., 1950. 

Corrosite is a plastic which combines chemi- 
cally with the metal surface it covers and, be- 
cause it is non-porous, results in an anti-corrosive, 
acid-resistant surface that does not crack or peel. 
I t  hardens rather than deteriorates with age. Its 
use as a coating for pasteurizing, bottle-washing 
and bottle-filling equipment for milk at the 
Walker-Gordon Lab. Co., at Plainsboro, N. J., has 
demonstrated the practicability of plastics for the 
dairy industry in protecting metals exposed to 
daily washings, caustics, detergents and lactic acid. 
The successful use of vinyl film ("corrosite") on 
cement feed troughs on dairy farms also is re- 
ported. C. J. Babcock 

796. Size refrigerant lines for low cost. Anony- 
mous. Power, 94,9: 91-93. Sept., 1950. 

Cost of suction and discharge piping usually is 
a small part of the total outlay for a refrigeration 
plant, but undersiziig piping can increase annual 
operating costs from 5-30% or more depending 
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on the pressure drop of the system. Piping of 
proper size will cause only a moderate pressure 
drop and will cost little more than undersized 
piping. 

Excessive pressure drop in the suction line 
causes superheating of the suction vapor and 
causes the compressor to operate at a lower suc- 
tion pressure. Low suction pressure causes poor 
operating economy and reduces the compressor 
capacity. 

Undersized discharge lines from the compressor 
to the condenser causes a decrease in capacity 
and an increase in power input. Refrigerant 
pipe resistance depends upon the compressor ca- 
pacity, vapor velocity, pipe length, number of 
bends and the pipe size. A table presents safe 
velocities'for suction line and discharge line for 
ammonia, Freon-12, methyl chlorine and carbon 
dioxide. H. L Mitten, Jr. 

797. 19 ways operators ruin refriieration equip- 
ment. G. HOLMAN. Operating Eng., 3,7: 36-37. 
July, 1950. 

A list of the 19 most common mistakes is pre- 
sented with a brief explanation and suggestion 
as to prevention. H. L. Mitten, Jr. 

798. Hot tips on cold plants. H. WELCH. Op- 
erating Eng., 3, 8 : 36-37. Aug., 1950. 

When welding flange joints and fittings, re- 
move valve bonnet to vent line to atmosphere. 
Oil vapors in receivers and shell and tube con- 
densers are dangerous when warm. Ammonia 
and oil vapors are explosive when mixed so that 
17-27% of the total is ammonia. 

Check valves should be installed on all com- 
pressor discharge lines directly above the unit. 
The angle-type is better than the horizontal be- 
cause it operates noiselessly and cannot be jacked 
open. Pipelines should be free to expand and 
contract with temperature changes. They should 
also be accessible at all points for inspections. 

Corroded bolts on flange joints should not be 
tightened while liquid l i e s  are under full pres- 
sure. Corroded flange bolts may be removed 
from line under low pressure without shutting 
down, provided a C-clamp is placed on the flange 
and the bolts are cut and replaced one at a time. 

Inspect and test controls and gauges regularly. 
'The operator should be acquainted thoroughly 
with the local codes governing type of plant in his 
charge. Each member of the operating crew 
must be instructed in the use of safety equip- 
ment for emergencies. H. L. Mitten, Jr. 

799. How to apply mineral wool heat insulation. 
P. W. SWAIN, Power, 330 W. 42nd St., New 
York, 18. Power, 94, 9: 86-90. Sept., 1950. 

Application of mineral wool insulation is pre- 
sented pictorially with brief, to-the-point descrip- 
tions. The applications presented include be- 
tween-masonry walls, between-metal sheets, wire- 
impaled blankets, types of supports, nail fasten- 
ing, expansion joints, cement on brick wall, 
covers for tanks, and pipe and fitting covers. 

H. L. Mitten, Jr. 

800. Grout-and here's how it's used. J. J. 
O'CONNOR, Operating Engineer, Albany, N. Y. 
Operating Eng., '3, 7 : 32-33. July, 1950. 

Grouting has an advantage over shimming or 
wedging for machine bases because it takes up any 
uneveness in both concrete foundation and ma- , 

chine base so that the machine will rest firmly on 
the whole foundation rather than on a few points. 

In setting a machine, pour the foundation and 
set the anchor bolts. See that foundation is clean 
and wet before machine is set in place and grout 
is poured. The best grout mix for most jobs 
is 1 volume cement to 2 volumes of sand. Water 
should be held to 6 gal./sack of cement. Shrink- 
age of grout increases and strength decreases as 
amount of mixing water increases. Before pour- 
ing, let grout set 2 hr. after it is mixed, then re- 
mix without adding water and pour immediately. 
This procedure will reduce settling. Use 1-1.5 in. 
of grout under bed plate edge. Pour through 
grout holes in base plate or under plate between 
base and forms. Special bases may require air 
venting. H. L. Mitten, Jr. 

801. Being practical about oil viscosity. Anony- 
mous. Power, 94, 9: 117. Sept., 1950. 

In sleeve bearings the journal load is supported 
by a continuous oil film. Maintenance of the 
film under varying speeds, loads and temperatures 
is the deciding factor in lubricant selection. With 
ball or roller bearings the oil film is not continu- 
ous because of the high unit pressure between the 
rolling elements and the races. 

Most industrial designs provide large safety 
margins for oil viscosities so that machines can 
meet the practical variations in operating condi- 
tions. A chart presents recommended oil viscosi- 
ties for various loads and operating speeds. 

H. L. Mitten, Jr. 

1102. Relief valve. R. HINRICHES (assignor to 
Cri-Clover Machine Co.). U. S. Patent 2,521,- 
166. 3 claims. Sept. 5, 1950. Official Gaz. U. S. 
Pat. Office, 638, 1 : 157. 1950. 

A spring-loaded pressure relief valve fitted into 
a standard sanitary cross fitting is described. 

R. Whitaker 
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803. How good maintenance worked in a dairy. ucts, more fats and oils, much less bread and 
G. GRIFFEL. Operating Eng., 3,8: 20-22. Aug., cereals and much less potatoes per capita than 
1950. were consumed 40 vr. ago. In 1949 we con- 

Standby spares are kept for pumps, motors and 
drives. Spares for the main pieces of processing 
equipment cannot be justified because of cost. 

The heart of the maintenance program is the 
report which provides for a request for main- 
tenance by the production department and a re- 
port on parts, labor and comments by the main- 
tenance department. These reports serve as 
guides for equipment replacements, budgets and 
maintenance scheduling. 

Maintenance men can best be trained on the 
job. They should be permitted to go over each 
new piece of equipment with the manufacturer's 
representative. The shop should contain a supply 
of replacement parts, a lathe, drill press, power 
hacksaw, grinder, welding equipment and other 
portable tools. Special test rigs may be built and 
installed in the shop. 

Chief engineer's job is to schedule maintenance, 
train men, requisition new equipment and sell 
value of maintenance to management. 

H. L. Mitten, Jr. 
Also see abs. no. 777, 781, 814,815. 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

804. Selection and inplant training of produc- 
tion men in the industry. C. E. KREY, SOU. 
Dairies Inc., Washington, D. C. Ice Cream 
Trade J., 46, 8: 56, 58. Aug., 1950. 

A college student committee was set up to su- 
pervise training of a number of promising young 
men in college and those graduated. Each mem- 
ber is responsible for visiting certain allotted 
schools during the year and interviewing all dairy 
students interested in summer jobs or graduates 
seeking employment. Accepted students are 
placed on a 13-wk. summer schedule. A college 
graduate, new to the company, is put in a 60-wk. 
schedule designed to include every phase of the 
production work and prepare him as a supervisor 

' of some department. With this system manage- 
ment is confident that alert capable and responsi- 
ble men are supporting present production super- 
intendents. W. H. Martin 

805. Trends and influencing factors in consump- 
tion of dairy products. L. SPENCER, Cornell 
Univ., Ithaca, N. Y. Sou. Dairy Prod. J., 48, 
3: 36-38,40. Sept., 1950. 

We now are eating more fruits and vegetables 
other than potatoes, more eggs, more dairy prod- 

sumed 9% more of ail da& products except but- 
ter than the average for 1935-39. There was a 
38% decrease in the consumption of butter. 

The increase in the consumption of oleo ac- 
counts for less than half the loss in the consump- 
tion of butter. The reduced consumption of 
bread and other foods on w,h'ich to spread butter 
or oleo and the increased consumption of vege- 
tables on which salad oil or dressings are used also 
are important factors in reducing butter consump- 
tion. 

The quantities of dairy products the markets 
will absorb will be affected mostly by (a)  trend 
and characteristics of population, (b)  consumer 
incomes in relation to cost of living, (c) relative 
retail prices of foods, (d) developments in pro- 
duction and distribution and (e) consumer ac- 
ceptance. 

On Sept. 15, 1949, the average retail prices 
of dairy products had increased 85.3% and the 
average prices of all foods had increased 104.2% 
as compared with the 1935-39 average. 

F. W. Bennett 

806. Examining ice cream distribution costs. E. 
R. HUBBARD, Hubbard, Dilley and Hamilton, New 
York, N. Y. Ice Cream Trade J., 46, 8: 34, 35, 
86-88. Aug., 1950. 

The magnitude of distribution costs, as well as 
their alarming increase-far in excess of the in- 
creased cost of labor involved-has prompted 
a study designed to increase efficiency of market- 
ing and reduce distribution costs. A thorough 
knowledge of present distribution costs, obtained 
by an adequate accounting procedure, will evalu- 
ate costs relative to the various distribution func- 
tions performed. Wastes in internal distribution 
should be eliminated and distribution cost data 
from other manufacturers should be compared. 
When a logical system of distribution cost con- 
trol is installed and operating, success is deter- 
mined only by management studying facts it re- 
veals and taking action where required. 

W. H. Martin 

HERD MANAGEMENT 
H. H. HERMAN, SECTION EDITOR 

807. Milking machine. A. E. ANDERSON. U. S. 
Patent 2,518,589. 10 claims. Aug. 15, 1950. 
Official Gaz. U. S. Pat. Office, 637, 3:761. 1950. 

The novel feature of this milker is a manifold 
below the udder, so arranged that rearward coun- 
terpoise is provided when the front teat cups are 



pulling and a forward counterpoise when the rear 
cups are pulling. R. Whitaker 

808. Overhead carriage and hoist for milk cans. 
B. V. CULP. U. S. Patent 2,520,238. 2 claims. 
Aug. 29, 1950. Official Gaz. U. S. Pat. Office, 
637, 5: 1403. 1950. 

A motor-driven hoist mounted on an overhead 
rail facilitates placing cans of milk in a cooling 
tank, etc. R. Whitaker 

809. Gutter side wall cleaner for dairy barns. 
C. A. GILBERT. U. S. Patent 2,5 19,645. 3 claims. 
Aug. 22, 1950. Official Gaz. U. S. Pat. Office, 
637, 4: 1134. 1950. 

The side walls of barn gutters are scraped clean 
by 2 beveled scraper blades and held against the 
side walls by a coil spring in a tube separating the 
2 blades. A handle attached to the tube facili- 
tates movement of the scraper along the gutter. 

R. Whitaker 

810. Animal confining means. E. S. DIEHL. 
U. S. Patent 2,520,385. 7 claims. Aug. 29, 1950. 
Official Gaz. U. S. Pat. Office, 637, 5: 1440. 
1950. 

A stanchion for cows has a device for adjust- 
ing the size to fit the animal. R. Whitaker 

ICE CREAM 
C. D. DAHLE, SECTION EDITOR 

811. Weight changes in packaged ice cream at 
cabinet temperatures. J. A. MEISER, JR., Mich, 
State College, East Lansing. Sou. Dairy Prod. J., 
48, 3: 26-27, 52, 54, 56. Sept., 1950. 

Ice cream packaged in untreated pt. paper con- 
tainers lost 16-29 g. during 12 wk. of storage at  
cabinet temperatures. Losses in weight in the 
individual packages were at a practically constant 
rate. Containers constructed of the heaviest pa- 
per and possessing the minimum surface area re- 
sisted desiccation of the ice cream to the greatest 
degree. 

Containers coated with paraffin permitted losses 
in weight of only 0.3-6.3 g./pt. in 12 wk. Con- 
tainers paraffined on both the inner and outer 
surfaces offered the greatest protection. Coating 
the containers with glassine or vinylite also re- 
tarded moisture loss. F. W. Bennett 

812. High serum .solids content in quality ice 
cream. A. J. GEI.PI, JR. and F. I. DOWDEN, 
La. State Univ., Baton Rouge. Sou. Dairy Prod. 
J., 47, 6: 42-44, 47-48. June, 1950. 

In the experiment reported, mono- and di- 
glycerides with high grade gelatin retarded crys- 

tallization of lactose in mixes of high serum solids 
content, improved the whipping ability, pro- 
duced a smoother and richer tasting finished prod- 
uct, decreased shrinkage and enabled the ice 
cream to withstand heat shock to a remarkable 
degree. The possibility of manufacturing a highly 
satisfactory ice cream containing 14.5-16% serum 
solids stabilized with 0.2% gelatin and 0.2425% 
monostearate or other mono- or diglycerides was 
demonstrated. Ice cream from such mixes may 
be drawn at higher overrun and still meet legal 
requirements. F. W. Bennett 

813. Method of making ice cream layer cake. 
G. A. ZABRISKIE and F. ZABRISKIE (assignors to 
Airline Foods Gorp.). U. S. Patent 2,517,756. 
7 claims. Aug. 8, 1950. Official Gaz. U. S. Pat. 
Office, 637,2: 418. 1950. 

Several thin rectangular wafers or crackers are 
held in notches on the sides of the carton, so as 
to make a series of compartments or spaces of 
equal size. Soft ice cream is filled into the spaces, 
the carton closed and placed at a low temperature 
to harden. R. Whitaker 

814. M i i n g  and scraping machine, especially 
adapted for use as ice crelm freezer. P. CARPI- 
GIANI. U. S. Patent 2,519,543. 3 claims. Aug. 
22, 1950. Official Gaz. U. S. Pat. Office, 637, 4: 
1108. 1950. 

A cylindrical container is caused to rotate by 
a shaft extending downward through the con- 
tainer from an overhead drive. A second rotating 
shaft between the drive shaft and container wall 
causes whipping and ice removal by a blade which 
is so formed that all inside surfaces of the con- 
tainer are scraped. R. Whitaker 

815. Apparatus for f i l l ig containem with ice 
cream, with cutter means and container con- 
trolled circuit breaking means for stopping the 
apparatus. R. M. HESSERT. U. S. Patent 2,517,- 
107. 4 claims. Aug. 1, 1950. Official Gaz. 
U. S. Pat. Office, 637, 1 : 145. 1950. 

This device, installed in an ice cream cabinet 
and driven by an exterior motor, mechanically 
packs pt. or qt. containers from bulk containers. 
The bulk container is inverted on a platform, a ro- 
tating blade cuts off small pieces which drop down 
into a screw conveyor which packs the pieces into 
the retail packages as they are sold. 

R. Whitaker 

816. Detachable cover and senice bar for frozen 
foods containers. W. S. FREDENHAGEN and M. S. 
SCHMIDT. U. S. Patent 2,518,134. 4 claims. 
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Aug. 8, 1950. Official Gaz. U. S. Pat. Office, 
637,2: 513. 1950. 

This device is designed to convert a con- 
ventional ice cream cabinet into a display cabinet 
for self service stores or into a soda bar. I t  is 
placed on top of the cabinet after removing the 
sleeve covers. Wells for dispensing syrups, nuts, 
flavors, etc. provided, as well as sliding doors and 
a counter. R. Whitaker 

817. Method of making ice cream sandwiches 
and to ice cream sandwiches and wrappers there- 
for. L. D. OVERLAND.. U. S. Patent 2,521,403. 
11 claims. Sept. 5, 1950. Official Gaz. U. S. 
Pat. Office, 638, 1 : 218. 1950. 

Two edible wafers are held spaced and par- 
allel by a paper wrapper. Ice cream from the 
freezer is filled into the space and the completed 
sandwich hardened. R. Whitaker 

818. Precut ice cream cake and method of mak- 
ing same. F. ADAMS. U. S. Patent 2,520,522. 
11 claims. Aug. 29, 1950. Official Gaz. U. S. 
Pat. Office, 637, 5: 1477. 1950. 

Pie-shaped pieces of ice cream are frosted on 
the sides and top and fitted together to form a 
complete circular unit. ' R. Whitaker 

fat would have brought if mix wasn't being manu- 
factured. W. H. Martin 

821. Gas station sites with ice cream stores. 
Anonymous. Ice cream Trade J., 46, 8: 30, 31, 
95. Aug., 1950. 

The Friendly Ice Cream Corp. has leased a re- 
tail outlet built and owned by the Atlantic Re- 
fining Co. An attractive colonial-type building 
is situated next to the gasoline stations. This ar- 
rangement by which gas stations and ice cream 
stores cooperate to the mutual benefit of both is 
expected to increase. W. H. Martin 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

822. Effect of thyroxine on oxygen consump- 
tion and heart rate following bile duct ligation 
and partial hepatectomy. B. GRAD and C. P. 
LEBLOND, McGill Univ., Montreal, Can. Am. 
J. Physiol., 162, 17-23. July, 1950. 

In studies on male albino rats, these authors 
present confirmaitan of previous studies in which 
it has been maintained that the liver excretes and 
inactivates excess amounts of thyroid hormone 
in the body. V. Hurst 

819. Ice cream dispensing package. J. S. MIL- 
LER. U. S. Patent 2,519,271. 4 claims. Aug. 823. Influence O~ temperatures 
15, 1950. Official Gaz. U. S. pat. Office, 637, 3 : and status On in 
942. 1950. mouse. M. MAQSOOD and E. P. REINEKE, Mich. 

State Coll., East Lansing. Am. J. Physiol., 162: 
Ice cream is pushed out of the top of a cylin- 24-30. july, 1950. 

drical container by a second cylinder which tele- 
scopes into the bottom of the top container. Groups of young male mice were maintained 

R. Whitaker at either 24 or 30' C. They were fed varying 
levels of thyroprotein or thiouracil and at the 

820. Costing ice cream mix. A. SEARLES, JR., 

Cornell's Dairy Prod., Endicott, N. Y. Ice Cream 
Trade J., 46, 8: 44, 45, 89. Aug., 1950. 

After selling surplus milk on the market for 
60-70% of cost, Cornell's Dairy decided to con- 
veti it to ice cream mix. The making of mix 
does not increase property tax, insurance, band 
cost or even depreciation of equipment, and 
general overhead is minimized if large scale pro- 
duction is not necessary. A form is completed for 
each batch made, listing types and amounts of 
ingredients used, labor costs and any overhead. 
Another form completed monthly, lists batches of 
mix made, value of mix, total labor charges and 
mix on hand; this acts as a check on the daily mix 
reports. The difference between gross sales and 
costs of production is only one profit; the hid- 
den profit is the difference between mix sales, on 
a butterfat basis and the price the surplus butter- 

end of 3 o; 4-wk. the animals were sacrificed 
and the testes and seminal vesicles weighed and 
sectioned. 

Thiouracil fed alone depressed the weight of 
the testicles and seminal vesicles at both 24 and 
30' C. Thyroprotein fed in dosages causing mild 
hyperthyroidism increased both testicular and 
seminal vesicle weight at 24 and 30° C. The op- 
timal stimulating dosage of thyroprofein at 24' 
was 10 times the optimal stimulating dosage at 
30'. Severe hyperthyroidism caused decreased 
testicular and seminal vesicle weights at both 24 
and 30'. The dosage range of thyroprotein 
which increased testicular size at 30° was consid- 
erably more restricted than the range of dosages 
causing stimulation at 24O. Histologically, mild 
hyperthyroidism stimulated spermatogenesis and 
caused epithelial proliferation of the mucosa of 
the seminal vesicles, whereas hypothyroidism pro- 
duced the opposite effects. V. Hurst 
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of definitely better 
flavor & aroma pro- 

ducing qualities. 

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

RENNET and COLOR 
Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marxhall Rennet 
generously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN L A' 

with 

AND THE 

@LH-@-S& FEEDER 
Acid-Klenz is an organic acid de- 
tergent that is highly effective for the 
removal of milkstone and the retard- 
ing of bacterial growth on ai l  milking 
and milk producing equipment. 

Dairy farms and plants as wall as 
cream stations find it equally effec- 
tive for stabilizln(( hard water, 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 

Chem-o-Shot proportioning equipment 
gives accurate control t o  prede- 
termined pH ,level f o r  guaranteed 
results. 

Write for spacial literature describing 
fully the Klenzade method of main- 
taining Sparkling Clean Milk Cans. 

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



In Mojonnier Vats circulation of hot 
water. steam, or cold water is directed 
by small channels, seam-welded to the 
entire side and bottom surfaces of the 
inner shell. These channels force all 
the heat exchange medium against 
every square inch of surface at high 
velocity. By-passing and sluggish flow 
can not occur because the path of the 
medium is fixed and directed. Com- 
plete contact and high velocity result 
in exceptionally high heat transfer rates. 

Mojonnier Vats also feature: 

1 Specially Designed Agitators 
pitched so as not to incorporate air yet 
gently. thoroughly agitating product to 
insure fast heat transfer rates. 

2 Sturdy Construction 
to withstand high pressures. 

3 Sanitary Power Units 

MOJONNIER BROS. CO. 
4601 W. OHIO ST., CHICAGO 44, ILL. 

For better vat value, specify: 

Your 1.000 gallon Mojonnier Zone-Control Vats 
processing buttermilk. Borden Dairy Co., Detroit. 

Globe, Cerolora and Puritoso are registwed 
trode-narks of Corn Prodvdr Refining Co., 

New York, N. Y. 

Contributes to the quality of your products.. . I 
ICE CREAM manufacturers have found Puri- 
tose high conversion Corn Syrup performs better 
. . .is of consistently uniform high quality. 

In the manufacture of ices and sherbets Cerelose 
has won much favor.. . producing smoother 
products with a minimum of ice crystals. 

FuU technical service, no obligation I 
CORN PRODUCTS REFINING CO., 17 BATTERY PLACE, NEW YORK I 

I 
Your advertisement is belug read in every State and in 45 Foreign Countries 
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0' JOURNBL OF DAIRY SCIENCE 

I 
BACK COPIES 

Journal May Be Available 

The Association has available back copies of the Journal of Dairy Science. 
If you need back copies, please write and inquire as to  whether the particular 
one that you need is available. In  some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In  many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 

Volumes ADSA Members Non-members 
and institutions 

1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 

If you are interested in procuring back copies please write to the Sec'y-Treas., 
American Dairy Science Assn., C / O  Ohio State University, C o l m b w  10, Ohw. 
Make all checks payable to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 

SUBSCRIPTION. ORDER 

To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the l o u d  of Daiy Science 

Ohio State University, Columbus, Ohio 

Please find enclosed Ten Dollars in payment of subscription to the lewd of Daiy Science for 

.. one year beginning with January, 19.. 

Foreign postage 50 cents additional. 
Checks, etc., should be drawn to the order of the American Dairy Science Asso- 

ciation and forwarded to P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 

Your advertisement i6 being read in every State and in 45 Foreign Countries 
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FRlGlDRY 
Reg. U. S. Pat. Off. 

Lyophilized Dairy Cultures 

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

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

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

BODY-GUARD 
Rag. U. 5. Pat. Off. 

Ice Cream Stabilizer and Emulsifier 

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

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

GENERAL BIOCHEMICALS, INC. 
20 LABORATORY PARK CHAGRIN FALLS, OHIO 



Culture Media for Examination of 
MILK and DAIRY PRODUCTS 
for Plate Counts 

BACTO-TRYPTONE GLUCOSE EXTRACT AGAR is recommended for 
routine plate counts of bacteria in milk. This medium con- 
forms to all requirements of "Standard Methods for the Examina- 
tion of Dairy Products" of the American Public Health Asso- 
ciation, except that it does not contain skim milk. 

BACTO-PROTEOSE TRYPTONE AGAR is recommended for determina- 
tions of the total bacterial plate count of certified milk. This 
medium is prepared according to the specifications of "Methods 
and Standards for Certified Milk" of the American Association 
of Medical Milk Commissions. 

for Detection of Coliform Bacteria 
BACTO-VIOLET RED BILE AGAR is widely used for direct plate 

counts of coliform bacteria. Upon plates of this medium ac- 
curate counts of these organisms are readily obtained. 

BACTO-BRILLIANT GREEN BILE 2% 
BACTO-FORMATE RICINOLEATE BROTH are very useful liquid 

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

for Detection of Molds 
BACTO-POTATO DEXTROSE AGAR is an excellent medium for detec- 

tion and enumeration of molds and yeasts in butter and other 
dairy products. The formula of this medium corresponds exactly 
with that specified in "Standard Methods." 

BACP(~*N~~LTAGAR is also widely used for determinations of the 
d d ' m d  yeast count of dairy products and for control of the 
sanitary conditions of manufacture. 

for Cult$wthn of Lactobacilli 
BACTO-TOMATO JUICE AGAR 
BACTO-TRWSIN DIGEST AGAR support luxuriant and characteristic 

growth of Lactobacillus acidophilus, and are well adapted for 
use in a b l i s h i n g  the number of viable organisms in acidophilus 
products. These media are also widely used for estimation of 
the degree of implantation by L. acidophilus. 

Specify "DIFC08' 
THE TRADE NAME OF THE PIONEERS 

In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

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