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How Duraglas milk bottles help
Dairies to greater profits!

N 1mn

At the forming machines . . . at the lehr
...at the raw material location—
strict QUALITY CONTROL rules in the
manufacture of Duraglas milk bottles.

J The result is dependably strong, high-
trippage bottles of uniform capacity,
with high resistance to impact, heat,
cold, and washing solutions.

V In addition, Duraglas bottles have
a “High-Luster” finish that keeps
PH UTE[T bottles glistening trip after trip.
Dairies are assured of the finest bottles
always because continuing research

at the Duraglas Center keeps Duraglas
bottles in the quality lead.

J High-quality, returnable glass bottles
are unequaled for keeping container
costs low. So remember, whatever
your dairy container needs may be,
look to one dependable source for glass
containers—Owens-Illinois Glass
Company.

ACL—Each bottle can be a “talking sales-
man” for the dairy with Applied Color
Lettering designs. Stock designs are always
available, and our artists are ready to develop
special designs.
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40 YEARS AGO... TelE
—five years
after B-K was

B*K started modern i

dairy sanitation

Some of you fieldmen and sanitarians can no doubt
remember the day in March, 40 years ago, when
chlorine sanitation was first introduced to the dairy
farmer. And if you can, you no doubt associate that
day with B-K. For B-K was the name of that first
chlorine dairy bactericide.

If you do remember that, then surely you’re aware

that B-K was a pioneer in the field of “‘chemical

warfare” against bacteria. You’re aware that B-K

has inspired countless imitators in the field . . . that

B-K instituted considerable research that has resulted

in new and improved dairy cleaners and sanitizers . . .

that B-K itself has been improved several times since B.K
its debut. ®

ON TOP OF ALL THAT, you probably also recollect
that B-K led the way in promoting better plant-
producer relations . . . educational programs . . . dairy
plant distribution of farm sanitation products. ..

Pennsalt
TO MAKE A LONG STORY SHORT, B-K prod- °
ucts mean higher quality dairy products at lower Chemlcals
cost. From here on, make the decision that B-K
products are the best for you and your producers.
B-K Dept., Pennsylvania Salt Manufacturing Co.,
Philadelphia 7, Pa.

Your advertisement i being read in every State and in 45 Foreign Countries
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CP H.T.S.T. Plate Pasteurizers are
“doing the job” on mix. They are earning
high commendation for their efficiency
and economy in continuous mix pasteuri-
zation—as well as for their ability to
maintain rigid quality standards for a
better finished product.

If your operations are such as to make
H. T.S. T. continuous mix pasteurization
I, CP Mulii-Pass or CP Full-Flo

pract

THE &mmew Pacéaye

PLATE PASTEURIZER

7/

CP Multi-Pass Plate installation
Old Fashion Products, Inc.,
Compton, Calif.

Plate Pasteurizers can give you the same
kind of profitable results through savings
of time, labor and floor space—plus uni-
formly better body and flavor.

Rightnowisa good time to investigate.
CP is ready to work with you to help
engineer a system that will meet your
particular requirements best. Your CP
Representative will be glad fo give you
the facts.

MFG. COMPANY

General and Export Office: 1243 West Washington Blvd., Chicago 7, lllinois
Branch Offices in 21 Principal Cities

CREAMERY PACKAGE MFG. CO. OF CANADA, LTD.
267 King Street West, Toronto 2, Ontario

Your advertisement is being read in every State

THE CREAMERY PACKAGE MFG. COMPANY, LTD.
Mill Green Road, Mitcham Junction, Surrey, England

and in 45 Foreign Countries
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FOR
QUALITY MILK
PRODUCTION

NEW METHODS

FOR CLEANING MILKING EQUIPMENT

Tee Betten Way

KLEER-MOR

Completely emulsifies and
removes heaviest fats and
greases on all milking
equipment and utensils.
Not affected by hard water
— gentle to hands — sudses
profusely — rinses free.

NU-KLEEN

Replaces alkali and lye
solutions. It eliminates
milkstone — not by removal
—but by KEEPING IT OFF.
Quick, efficient, safe, eco-
nomical.

KLENZADE X-4

Is the sure, effective, low
cost bactericide for sanitiz-
ing milking equipment and
utensils. Acts quickly —
simple to use — safe —
leaves no film—no sediment,

KLENZADE PRODUCTS

INCORPORATED

BELOIT, WISCONSIN®

CHEMICAL CLEANING SPECIALISTS SERVING THE
DAIRY INDUSTRY WITH CONVENIENTLY LOCATED
BRANCH OFFICES, WAREHOUSES AND DISTRIBUTORS
IN PRINCIPAL CITIES THROUGHOUT THE NATION

MAGNIFICENT ADVENTURE!

June is a wonderful time to visit Yellowstone
Park. Astonishing sights. Thrilling phenomena.
Glorious scenery. World’s greatest wild-animal
show.

A special trip into Yellowstone has been ar-
ranged for members of the American Dairy
Science Association, traveling to your California
convention, and at a bargain tour cost of only
$15.00!

Write for The Dairy Science [tinerary and join
the party. Please address

M. M. Goodsill, G. P. A.
Northern Pacific Railway Co.
St. Paul 1, Minn.

FLAV-O-LAC
FLAKES

UNIFORMITY
IS IMPORTANT!
Leading agricultural
schools and colleges
agree that the regular
weekly use of FLAV-
O-LAC FLAKES as-
sures uniformity of
smoothness, aroma and
flavor in fermented

milk produets.

[YOGHURT CULTURE|

FLAV-0-LAC FLAKES
(shown) produce a quart of the finest
starter on a single propagation. Single
bottles $2.00.

SPECIAL FLAV-0-LAC FLAKES 40’
produce 40 quarts of starter on a single prop-
agation. Single bottles $3.75. Plus postage.
Free Cultural Manual of Fermented Milk
Products on request.

THE

DAIRY LABORATORIES

23rd & Locust Sts., Phila. 8, Pa.
BRANCHES
New York Baltimore ‘Washington
See our catalog in Dairy Industries Catalog

Your advertisement is being read in every State and in 45 Foreizn Countries
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for Special Uses
made ice cream

CREST for use in novelties

America’s Flavorite

Michael’s

Mixevan

The Powdered Vanilla with the Locked-In Flavor

For further information and "

' Other Vanilla Products by Michael
TRUE VANILLA SUGAR for custom

TWIXT for popular-priced ice cream

DAVID MICHAEL & CO., Inc.

Half a Century in the Flavoring Field
3743-63 D STREET - PHILADELPHIA 24, PA.

es 5

ou

(\ %e‘“ese“‘a

“Nature turns out some pretty lovely

things, quite tasty in their own right, but
nothing so wonderful that it isn't en-
hanced by a little man-made magic!

That's the way it is with Mixevan
Powdered Vanilla flavoring.

Michael’s has gathered the finest
vanilla beans from far-off shores and
blended them together to the height of
their natural goodness . . . then . .. by
adding just a touch of vanillin . . . has
accentuated the flavor and imbued it
with a tantalizing, subtle taste that's
irresistible.

That's why ice creams made with
Mixevan Powdered Vanilla are so con-
sistently delicious.

tive or write direct

~ . /
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31—,///

s



JOURNAL OF DAIRY SCIENCE

};IQLI;FEDRAF}?;TS " the BAPID”[O

(Trade-mark of Johnson & Johnson)

SRINIEEE FARM SEDIMENT CHECK-UP

1rty weat
or Airty athe,

Made to 010

Wet, muddy winter days require special
cooperation from producers to keep milk
quality up and §ed1ment down. The Raplc}- AETER. FICTERING
Flo Farm Sediment Check-Up does this g rue “meriT
job for you, while maintaining producer papge oF Goob
good-will, because the dairy farmer sees pAIRY FARMERS."”
for himself where precautions must be
taken.

A CLEAN DIsSK

Only with improved-formula Rapid-Flo
FIBRE-BONDED Filter Disks can the
producer be sure of the safer filtration
which makes the Rapid-Flo Farm Sedi-
ment Check-Up a reliable guide to clean
milk production.

1. After filtering each can of 2. When it is dry, examine the

milk (10 gallons or less) care- disk closely. Identify the sedi-
fully remove the used filter disk ment or extraneous matter, in
from the strainer and place it on order to determine where it
a cardboard to dry. came from, so you can prevent

any more getting into milk in
the future.

FILTER PRODUCTS DIVISION

4949 WEST 65th STREET CHICAGO 38, ILLINOIS

Your advertisement is being read in every State and in 43 Foreign Countries
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ACTION OF BACTERIOPHAGE ON MIXED STRAIN STARTER
CULTURES. I. NATURE AND CHARACTERISTICS OF
THE “NASCENT PIHENOMENON’

E. B. COLLINS
Division of Dairy Industry, University of California, Davis

)

Evans (5) described the ‘‘nascent phenomenon’’ in connection with strepto-
coceal bacteriophage action, whereby a small amount of susceptible culture in a
mixture prevented the development of turbidity by a normally resistant strain of
bacteria. Anderson and Meanwell (2) reported retarded acid development by a
normally resistant mixed strain starter with the addition of a particular single
strain eulture and its homologous bacteriophage. Nichols and Wolf (7) tested
14 strains of starter bacteria with their corresponding strains of bacteriophage
and found four strains of bacteriophage which caused this phenomenon.

The present study was initiated to determine the incidence of the “‘nascent
phenomenon’ amongst strains of bacteria and bacteriophage used in this labora-
tory, and to clarify its effect on acid production of mixed strain starters. Ex-
periments revealed the nature of this phenomenon and indicated that the term
“nascent’’ is not appropriate for desceribing this type of bacteriophage action.'

METHODS

The **nascent phenomenon’ was determined by a method similar to that used
by Nichols and Wolf (7). Three 100-ml. quantities of skimmilk in 6-0z. bottles
were taken from a water bath at 32° C. and inoculated with 1 per cent of a strain
of bacteria not sensitive to the bacteriophage being used. One bottle was re-
tained as a control. About 2,500 or more particles per milliliter of a strain of
bacteriophage were added to each of the other two bottles, and 1 per cent of the
homologous strain of bacteria was added to one of the bottles containing bacterio-
phage. Determinations of titratable acidity were made after incubation at 32°
C. for 6 and 7 hr. The nascent effect was considered to occur when the acidity
of the control was considerably greater than that of skimmilk which received
inocula of both strains of bacteria and of bacteriophage. The skimmilk inocu-
lated with bacteriophage and the nonhomologous strain of bacteria served as a
control and revealed any cross lysis.

The most probable numbers of bacteriophage in whey filtrates were deter-
mined by the limiting active dilution method outlined by Collins (3). The modi-
fied trypticase soy agar described by Mull (6) was used for determining bacterial
populations by the standard plate count (1) at 32° (.

Received for publication Nov. 4, 1951.

T Although the term ‘““nascent’ is not appropriate, it is used in this report for purposes
of convenience.
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372 E. B. COLLINS

RESULTS

The following combinations of lactic streptococei and homologous strains of
bacteriophage were tested: T12-F56; 565-1'54; E8-1'63; 318B/27-F'74; W2-F'24;
H1,10-PF10; I1.2-PF2; HP-1759; ML1-F69; MM-P3, GS3-P2; NA1-P4; NA3-
P5; and 'V-P1. Only two strains of bacteriophage resulted in definite evidence of
the nascent phenomenon (table 1).  Low titratable acidity values at 6 and 7 hr.,

TABLE 1

Reduction in plate count and acid production due to the nascent phenomenon

Culture(s) 3acteriophage 7__I’l;|te count at: o Titratable acidity at:
used added 0 hr. 6 hr. 6 hr. 7 hr.
(%) (%)
w2 None 2.9 x 107 2.2x10° 0.50 0.62
w2 F59 3.1x107 2.5 x 10° 0.52 0.58
W2 and HP F59 3.6 x107 4.2 x 10* 0.2523 0.28a
w2 56 2.6 x 107 2.0 x 10° 0.50 0.62
W2 and 712 F56 4.8x107 2.3 %104 0.29a 0.29a
HP None 2.0 x107 4.2 x 108 0.45 0.59
HP F56 2.0 x 107 4.6 x 108 0.44 0.58

HP and 712 F56 4.4 %107 6.2 % 10° 0.34a 0.37a

4 Low acidity due to nascent phenomenon,

as well as low plate counts at 6 hr. for several trials, indicated that bacteriophage
I'59 was consistently capable of causing this phenomenon in cases where cultures
W2 and HP were both included. It was further indicated that bacteriophage
156 was capable of giving the nascent effect in cases where either W2 or TP
was cultured with 712, TTowever, the effect on titratable acidity and plate count
usually was less in cases where 11 was used with combination 712-F56. These
strains of bacteriophage did not cause lower titratable acidity values when the
homologous bacteria were omitted. Although plate counts were low at 6 hr. in
cases of the nascent effect, they were higher than those usually encountered fol-
lowing lysis of bacteria in skimmilk by an homologous strain of bacteriophage.

Since little was known about this phenomenon, secondary growth or mutant
cultures were substituted for the normally considered resistant strain and, in
separate experiments, for the sensitive host strain of combinations of bacteria
and bacteriophage with which the nascent phenomenon had occurred. To pre-
pare a secondary growth culture, sterile skimmilk was inoculated with 1 per cent
of a culture and with about 2,500 particles per milliliter of the homologous bac-
teriophage. Titratable acidity was determined after the mixture had been in-
cubated for 6 hr. at 32° C. to verify the occurrence of mass lysis. Before the
titratable acidity determination was made, 1 per cent of the mixture was inocu-
lated into sterile skimmilk and incubated at 32° C. for 16 hr. or until coagulation
had oceurred. Mutant cultures prepared in this manner usually were propa-
gated three or four times before experiments were run to determine whether their
use would result in the nascent phenomenon.

Experiments first were run to determine whether use of secondary growth
cultures of the normally considered resistant bacteria would alter occurrence of
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the nascent phenomenon. Although secondary growth cultures of Streptococcus
lactis W2 were resistant to the homologous strain of bacteriophage, I'24, and to
bacteriophage strains F'56 and 1759 (table 2), the addition of either combination

TABLE 2

Effect on occurrence of the naseent phenomenon of substituting secondary growth eultures for
the normally considered resistant bacteria

Culture added concurrently with Bacteriophage . i

the secondary growth culture added

6 hr. T ht:

(%) (%)

Average results obtained wsing 5 sccondary growth cultures which originated from combination
W2-Fa4,

None None 0.50 0.67
None F24 0.51 0.68
None F56 0.50 0.67
712 F56 0.31a 0.32a
None F59 0.52 0.69
HP F59 0.26a 0.27a

Average results obtained using 3 secondary growth cultures which originated from combination
HP-F59.

None None 0.32 0.40
None F59 0.33 0.38
None F56 0.30 0.37

712 F56 0.33 0.40

# Low acidity due to nascent phenomenon.

T12-1'56 or HP-I59 resulted in drastic reduction in the acid produced by these
secondary growth cultures. Selection of cells resistant to an homologous bacterio-
phage in these cases had not resulted in cultures resistant to the nasecent phenom-
enon. Ilowever, the production of acid was not retarded by addition of com-
bination 712-F56 to secondary growth cultures of IIP. In these cases, the selec-
tion of cells resistant to K59 also had resulted in cultures which were resistant to
the nascent phenomenon.

In experiments in which the sensitive host bacteria were replaced by mutant
cultures (table 3), titratable acidity values showed that growth of primary cul-

TABLE 3

Effect on occurrence of the nascent phenomenon of substituting secondary growth cultures for
the sensitive host bacteria

Culture added concurrently with Bacteriophage e

the secondary growth culture added

6 hr. 7 hr.

(%) (%)

Average results obtained using 5 secondary growth cultures which originated from combination
712-F56.

None None 0.47 0.62
None F56 0.62
w2 F56 0.65
HP 56 0.65

Average results obtained using 5 scecondary growth cultures which originated from combination
HP-F59.

None None 0.41 0.48
None F59 0.48

we 59 0.67
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tures of W2 or I was not retarded. These results indicated that host bacteria
of the proper sensitivity are of primary importance to the occurrence of this
phenomenon.

Experiments were run to determine whether permanent changes were demon-
strable in the sensitivity to bacteriophage of bacteria arising after the occurrence
of this phenomenon, and to determine possible changes in the range of activity of
bacteriophage arising during its occurrence. To obtain cultures of bacteria aris-
ing after occurrence of the nascent action of bacteriophage, mixtures of W2 and
712 and of IIP and 712 were inoculated with bacteriophage 56 ; mixtures of
W2 and IP were inoculated with bacteriophage F59. After an incubation
period of 6 hr. at 32° (', titratable acidity determinations were made to verify

TABLE 4

The action of bacteriophage on secondary growth cultures obtained after occurrence of the
nascent phenomenon

Culture added concurrently with Bacteriophage Titvafiable acidity af:
the secondary growth culture added I it - = i,
(%) (%)

dverage resulls obtained using 5 secondary growth cultures which originated from the nascent
action of bacteriophage F56 on cultures of W2 and 712.

None None 0.50 0.62
None 24 0.30 0.31
None 56 0.48 0.61
712 56 0.334 ().32a

Average resulls obtained using 2 secondary growth cultures which originated from the nascent
action of bacteriophage Fa6 on cultures HP and 712.

None None 0.52 0.59
None 1759 0.24 0.23
None I'56 0.51 0.57
12 1°56 0.31a 0.32a

dverage resulls obtained using 5 sccondary growth cultures wlich originated from the nascent
action of bacteriophage 59 on cultures W2 and 11D,

None None 0.37 0.43
None 24 0.39 0.43
None F59 0.37 0.42

Hp 59 0.38 0.43

a Low acidity due to nascent phenomenon.
occurrence of the nascent phenomenon. Before the titratable acidity determina-
tions were made, 1 per cent of each mixture was transferred to sterile skimmilk.
These secondary growth cultures were incubated at 32° (. for 16 hr. or until
coagulated and usually were propagated three or four times before determina-
tions of sensitivity to bacteriophage were made. After the guantity used in the
preparation of the secondary culture had been removed, the remainder of each
mixture was coagulated with added lactic acid and bacteria-free filtrates were
prepared.  Bacteriophage present in such filtrates were considered to have arisen
during occurrence of the nascent phenomenon.

The action of bacteriophage on secondary growth cultures obtained after oc-
currence of the nascent phenomenon are given in table 4. Secondary growth
cultures following the action of bacteriophage F'56 on cultures W2 and 712 were
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in all cases similar to primary cultures of W2.  They produced acid rapidly and
were lysed by bacteriophage 1924, Kxcept in the presence of culture 712, these
secondary growth cultures were not retarded by 56, Similarly, secondary
erowth cultures following the action of 56 on cultures I and 712 resembled
primary growth of culture HP. ITowever, the action of F'59 on W2 and HP gave
rise to cultures which did not resemble W2 or IIP. These secondary growth cul-
tures produced acid poorly and were resistant to bacteriophage strains I'24 and
['59.  That the filtrate of bacteriophage 159 used in preparing the secondary
erowth cultures was not contaminated with 24 was evident after several at-
tempts tailed to demonstrate its presence.

The titers of bacteria-free filtrates prepared following occurrence of the
nascent phenomenon arve given in table 5. Although titers representing the

TABLE 5

Specificity of bacteriophage isolated following the nascent phenomenon

Bacteria and bacteriophage Most probable no. of bacteriophage

. g 2 Titratable acidity /ml. of bacteria-free filtrate
used for preparing filtrates SE G I C using cxltire:
(%) ——————— e

Culture(s) Bacteriophage w2 Hp

w2 159 -
W2 and HP x 10

w2
W2 and 712 i

HP s <033 0000 s
HPana712 56 0242 < 0.33 2.5 x 10

2 Low acidity due to nascent phenomenon.

b Highest dilution made.
strains of bacteriophage used to cause the nascent effect were high, the filtrates
inhibited nonhomologous strains of bacteria only slightly in case of W2 and not
at all in case of IIP. These results indicated that the bacteriophage isolated
were similar in specificity to those strains used to cause the nascent phenomenon.

With several trials of the nascent phenomenon in which W2 was used as the
nonhomologous strain, 1-ml. quantities of the resulting filtrate inhibited growth
of W2, TIlowever, attempts to propagate the inhibitory principle failed, and in-
hibition of W2 by these filtrates appeared either not to result from the action of
bacteriophage or to result from the action of a strain of bacteriophage which
could not be propagated on this culture. These results suggested that a large
amount of filtrate containing either 156 or F59 would inhibit growth of W2 even
in the absence of specific host bacteria.  To determine the effect of large amounts
of filtrates containing F56 or I'59, an experiment was run to compare growth
of 1 per cent W2 or 11 with and without addition of 10 per cent of the appro-
priate undiluted filtrate. A recently prepared filtrate of bacteriophage 1856,
labeled F'56A, also was used in this experiment because it contained a larger
number of bacteriophage particles than the filtrate labeled 56.  For comparison
of filtrates I'56 and I'56A, 1 per cent of each filtrate was added to cultures of
W2, and 10 per cent of each filtrate was added to cultures of HP. Plate counts
and titratable acidity determinations were made at 6 hr. Bacteria-free filtrates
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were prepared from the cultures showing retarded acid development, and filtrates
were titered to determine inhibition of the nonhomologous strain of bacteria.
Even in the absence of specific host bacteria, 10 per cent of filtrate containing

either bacteriophage 1856 or I'59 drastically reduced the acid produced during
6 hr. by culture W2 (table 6). Titers of the bacteria-free filtrates again indi-

TABLE 6

Effect of adding large amounts of filtrate F56 or Fi9 to nonhomologous culture Wz or HP

Bacteriophage added

Plate count at

. — I 1tr'u'r.ah-lo Most probable no.
Culture Caleulated "“‘.ht‘f of bacteriophage/ml. of
used Strain titer at 0 hr. 6 hr. at 6 h\l 2 filtrate using culture W2
0 hr. (%)
w2 None 2.0x107 2.4x10° 0.51
w2 9.5 x 10° 1.8x 107 1.5x10° 0.26 < 0.33
w2 9.5 x 10° L7% 10" 1.92¢10° 0.50
W2 A 2.0 x 107 1.8x 10" 1.5x10° 0.46 < 0.33
w2 10% of F59 1.6 x 107 1.7 x 10® 0.27 < 0.33
HpP None 1.3x 107 14x10° 0.49
1P 10% of ¥56 9.5 x 10¢ 1.1x 107 8.0x10% 0.47
HP 10% of F56A 2.0 %108 1.3 x 107 0.43

8.0 x 108

cated that inhibition of W2 was not accompanied by multiplication of an homolo-
gous strain of bacteriophage. Even with these low titratable acidity values,
plate counts at 6 hr. were very high. One per cent of filtrate F56A caused
slightly greater inhibition of W2 than did 1 per cent filtrate F'56, which con-
tained fewer bacteriophage. Neither I'56 nor '56A caused drastic reduction in
acid produced by HP, but F56A caused slightly greater inhibition.

That the inhibition of W2 by either filtrate I'56 or F59 was due to the large
numbers of bacteriophage particles and not to some other inhibitory principle
seemed evident from the following experiments. Quantities of 10 ml. of fil-
trates 156 and 159 were added to 100-ml. bottles of skimmilk and heated in
flowing steam for periods of 3 and 4 min.  Bacteriophage titers indicated areatly
reduced numbers of bacteriophage after 3 min.; no bacteriophage titers were
found after 4 min.  Also, bacteriophage-free whey was obtained from skimmillk
cultures of 712 and IIP.  Neither heated filtrate nor an equal amount of bacterio-
phage-free whey reduced the acid produced in skimmilk during 6 hr. by 1 per

TABLE 7
Effeet on acid production of adding different amounts to Streptococcus lactis W2 to skimmilk
containing 3 per cent of filtrate I'56

Titratable acidity at:
Filtrate added —— -

Amount of culture W2

2'hr. 4 hr. 6 hr. 8 hr.
(%) (%) (%) (%) (%)
0.1 - 0.22 0.32 0.57
0.1 + 0.20 0.20 0.21
1.0 - 0.25 0.36 0.50
1.0 + 0.24 0.28 0.47
10 - 0.42 0.54 0.70
10 - 0.37 0.52 0.72
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cent of culture W2, In a different experiment, bottles of skimmilk with and
without 3 per cent of filtrate 1?56 were inoculated with different amounts of cul-
ture. Titratable acidity values (table 7) showed that as the amount of W2 was
increased, inhibition caused by the filtrate decreased. Practically no acid was
produced by 0.1 per cent culture during 8 hr. in the bottle containing filtrate.
With 1 per cent culture the acidity values were slightly less in the diluted filtrate
at 4 and 6 hr.  Ten per cent culture of W2 resulted in acidity values which were
slightly different at 2 hr. However, values for the culture which contained fil-
trate were approximately equal to those for the control at 4 and 6 hr. Thus,
inhibition by a constant amount of filtrate was changed considerably by differ-
ences in the ratio of bacteria to bacteriophage.

In view of the importance of the ratio of bacteria to bacteriophage, plate
counts were made at hourly intervals for cultures of 1 per cent W2 with and
without addition of different amounts of filtrate F56A. The results (table 8)

TABLE 8

Effect of different numbers of bacteriophage F56 on 1 per cent culture of
Streptococcus lactis W2

Amount of fil-

trate F56A Cnl('ulatod_no. Plate ¢count at: Titl'}lflﬂl'lle
added of ]m('terl'o- s . — . - :1(‘11‘111'_\'
(m1./100 ml phage particles . at 6 hr.

KT . /ml. at 0 hr. 0 hr. 1 hr. 2 it 4 hr. 6 hir. (%)

0 . 2.0x10° 4.0x107 1.2x10° 1.0x10" 2.1x10° 0.54
1 2.5 x 10 1.7x 107 2.0%x10° 7.1x107 5.4x10® 2.2x10° 0.52
3 8.0 x 10" 1.8x107 1.2x107 4.7x107 2.6x10° 1.5x10° 0.48
b 1.2 x 107 1.7 %107 5.0x10% 1.2x107 1.4x10% 9.7 x10° 0.38
10 2.5 x 107 1.8%x 107 1.5%10° 2.0x10° 1.9%x107 1.5%10% 0.27

confirmed those of table 7 in that inhibition of W2 was directly related to the
number of particles of bacteriophage 1'56.  As the number of bacteriophage par-
ticles was increased, the per cent titratable acidity at 6 hr. decreased, and plate
counts indicated decreased numbers of viable bacteria. In cases of 5 and 10 ml.
of filtrate, the numbers of bacteriophage particles were about equal to the plate
counts at 0 hr., and at 1 hr. the plate counts were considerably lower than at 0 hr.
Decreases in plate count possibly resulted from the absence of bacterial multi-
plication following that which appeared to be adsorption of particles of F56 to
cells of W2. However, even with 10 ml. of filtrate, plate counts inereased rapidly
after 2 hr. Apparently, reproduction of the bacteriophage particles either pro-
gressed very slowly or stopped at some point before completion. Cells which had
escaped attack then could have accounted for the increases in plate count and the
considerable amounts of lactic acid.

In view of the failure of I'56 to multiply on culture W2, plate counts and
direct microscopic observations were compared at 4, 6 and 8 hr. during the
action of 156 on 712 and on a mixture of 712 and W2. Microscopic observa-
tions revealed very large numbers of bacteria in the mixture and few bacteria in
the culture of 712. The large numbers of bacteria present in the mixture and
the cell debris made it difficult to obtain accurate counts of the bacteria, which
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were found to occeur as single cells rather than in pairs.  Estimates of micro-
scopie counts at 6 hr. were 6.5 x 107 for the mixture and 4.5 x 10° for the culture
of 712, as compared to plate counts of 2.5 x 10" and 3.4 x 10%, respectively. The
presence of much larger numbers of bacteria not detected by the plate count in
the mixture was considered to verify a difference in the action of 156 on W2 as
compared to 712,

DISCUSSION

Inhibition of certain nonhomologous strains of bacteria by bacteriophage,
usually referred to as the nascent phenomenon, was found to occur even in the
absence of host bacteria in cases where very large numbers of bacteriophage par-
ticles were supplied. Large numbers of either F56 or F59 were found very
effective in retarding the acid production of W2, and large numbers of F56
caused some reduction in the acid produced by HP. Data suggested that bac-
teriophage '56 retarded the acid production of W2 by attacking and preventing
bacterial multiplication. That W2 cells were only inhibited and not lysed seemed
evident both from the failure of 56 to multiply on W2, and from microscopic
observation of large numbers of bacteria not detected by plate counts.  Multipli-
cation of the bacteriophage apparently stopped at some point prior to completion
or progressed at an undetected, extremely low rate. Hence, the homologous host
which previously has been found essential to occurrence of the nascent phenom-
enon seems necessary only as a means of increasing the number of bacteriophage
to a level which insures that most of the nonhomologous bacteria will be attacked.
Thus, the nonhomologous bacteria are prevented from multiplying and produc-
ing appreciable amounts of acid.  Secondary resistant cultures of the host failed
to replace the homologous host strain of bacteria in cases where very large num-
bers of bacteriophage were not supplied.

Since homologous host bacteria apparently are important only as a means of
supplying large numbers of bacteriophage, the term nascent seems no longer ap-
plicable to this phenomenon. Rather, the explanation suggested by the data
draws attention to the basic method by which bacteriophage multiply. Generally
it has been considered that bacteriophage are quite specific in their action and
that specificity is largely a matter of adsorption. The data of this paper suggest
that in certain cases strain specificity may be more inconclusive and involve the
metabolic processes within the bacterial cell. The relationship between bacterial
cell and bacteriophage multiplication after adsorption was strikingly indicated
by the fact that 712 supported complete multiplication of F56 and HP supported
complete multiplication of }'59 under conditions identical to those in which these
strains of bacteriophage had merely inhibited the growth of W2, Evidently,
differences between the metabolic processes of 712 and W2 and between those of
HP and W2 influenced multiplication of the two strains of bacteriophage after
adsorption.  Utilization of W2 in comparison to the normal host bacteria may be
useful as a means of separating adsorption from multiplication in studying these
strains of bacteriophage.  Furthermore, a difference is sugeested between the
requirements for multiplication of bacteriophage strains 956 and 159 and the
requirements for 124 which multiplied readily on culture W2,  Collins ef al.
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(4) found that 156 and F59 require caleium for multiplication (possibly not for
adsorption), and that calcium is not required by 124, Although skimmilk con-
tains adequate caleium, this difference may be associated with a more basic dif-
ference between the requirements of these different strains of bacteriophage. In
experiments not yet reported, additions of yeast extract, casein hydrolysate, V8
juice, and CaCl, to the already very nutritive medium, skimmilk, failed to permit
multiplication of I'56 on W2.

Strains of bacteriophage which caused the nascent phenomenon required a
definite specificity of the nonhomologous strain before multiplication and acid
production could be retarded.  This specificity was in one of two cases unchanged
by the action of a different bacteriophage. The selection of cultures from W2
which were resistant to bacteriophage 24 did not result in cultures resistant to
the nascent effects of bacteriophage strains K56 and ¥59. However, bacterio-
phage 56 failed to cause the nascent phenomenon when secondary growth cul-
tures from HP were used. Thus, it appeared that bacteriophage F24 was more
selective In its action than either I'56 or F'59, and that 59 was less selective
than 156. These differences in selectivity of the different strains of bacterio-
phage may explain in part the observed differences in secondary growth cultures
arising after the nascent action of bacteriophage strains 1°56 and I'59. Sec-
ondary growth cultures arising after the action of 59 on W2 and HP were re-
sistant to F'24, and those arising after the action of K56 on IIP and 712 were
sensitive to 1859, The previously mentioned differences in selectivity would indi-
cate these results. ITowever, they would not indicate the sensitivity to 24 of
secondary growth cultures arising after the action of I'56 on W2 and 712. Tt
should be observed that in all cases where I'56 was used to cause the nascent
phenomenon, secondary growth cultures were similar to primary growth of the
nonhomologous strain of bacteria; but in cases where 1'59 was used, secondary
growth cultures did not resemble either strain used in the mixture. Further-
more, most probable numbers obtained by titering filtrates of mixtures against
the homologous strain of bacteria used, indicated smaller numbers of F56 than of
F59 (table 5). Thus, the number of bacteriophage present during oceurrence
of the nascent phenomenon and its influence on the ratio of bacteriophage to
bacteria may be of considerable importance in determining the sensitivity of re-
sulting cultures. A comparatively low number of bacteriophage particles might
be insufficient to act upon all of the susceptible cells of the normally considered
resistant strain. Consequently, the sensitivity of resulting cultures might not
indicate accurately the comparative selectivity of the bacteriophage.

That secondary growth cultures of 712 and HI” did not permit F56 and F59 to
give the nascent effect and that these strains of bacteriophage could not multiply
on the nonhomologous bacteria during occurrence of this phenomenon are im-
portant to an understanding of the action of bacteriophage on mixed strain starter
cultures. For example, should strains of bacteria similar to W2 and 712 be
present in a mixture, the entrance of bacteriophage similar in specificity to 156
would result in retardation of acid production by both strains. The total acid
produced by the culture then would depend greatly on the remaining strains of
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bacteria. Iowever, since secondary cultures of 712 did not permit the nascent
phenomenon, it seems possible that, following multiplication of uninfected cells,
the strain similar to W2 might ‘‘recover’ and produce significant amounts of
lactic acid during subsequent propagations. In the absence of recovery the pro-
duction of acid by such a mixture would be influenced to no greater extent than
that which would result from mass lysis of the strains similar to 712 and W2.

SUMMARY

The nascent phenomenon was found to occur with two of 14 strains of bac-
teriophage. The acid-producing abilities of Streptococcus lactis W2 and Strep-
tococcus cremoris 1P were drastically reduced when either was cultured with
bacteria-bacteriophage combination 712-'56; further, W2 produced very little
acid when cultured with combination HP-F59. In cases where the homologous
host bacteria were omitted and in cases where secondary growth cultures of the
host bacteria were used, acid production was not reduced, unless very large num-
bers of bacteriophage were employed.

Large numbers of either F56 or 59 definitely retarded the acid production of
W2, even in the absence of host bacteria. Particles of bacteriophage F56 were
found capable of preventing normal multiplication of W2 cells. However, mul-
tiplication of the bacteriophage apparently stopped prior to completion, and
bacteriophage capable of complete multiplication on W2 were absent. The
homologous host which previously has been found necessary to occurrence of this
phenomenon seemed essential only as a means of supplying large numbers of
bacteriophage.

A definite specificity of the nonhomologous culture was found necessary to oc-
currence of the nascent phenomenon, and differences were found in the selective
abilities of different strains of bacteriophage.
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ACTION OF BACTERIOPHAGE ON MIXED STRAIN STARTER CUL-
TURES. 1I. RELATION TO ACID PRODUCTION OF THE
PROPORTION OF RESISTANT BACTERIA

E. B. COLLINS

Division of Dairy Industry, University of California, Davis

Although mixed strain starters, which may contain several strains of lactic
streptococed, are used extensively in the manufacture of certain dairy products,
retarded acid development caused by the action of bacteriophage has remained
of primary importance. The use of mixtures has been considered to decrease
the occurrence of starter failure. However, their use also has been found to
complicate diagnosis of starter difficulty and to make the effect of bacteriophage
action less predictable. Among those who have reported retarded development
of mixed strain cultures due to the action of bacteriophage are Anderson and
Meanwell (2), Johns (7) and Nelson et al. (10). In addition to retarded acid
development, this laboratory has encountered starter failure caused by bacterio-
phage, similar to that reported by Johns and Katznelson (8) and Babel (3), in
which the retardation of acid production was as drastic and abrupt as that usu-
ally encountered with single strain starters. In view of these different degrees
of retarded acid development during the use of mixed strain starters, this study
was undertaken to determine the proportion of susceptible bacteria necessary to
permit the action of bacteriophage to appreciably change the amount of acid pro-
duced by a starter composed of different strains of 8. lactis.

METHODS

Since a previous study (5) had shown that the ‘‘nascent phenomenon’’ would
oceur upon mixing certain bacteria-bacteriophage combinations, such combina-
tions were carefully excluded from mixtures. Cultures of S. lactis were propa-
gated in litmus milk at 32° C. Fresh undiluted culture was added as inoculum
for those experiments in which the amount of a culture required was 1 per cent
or greater. For smaller amounts, cultures were diluted 1:3 in sterile distilled
water to facilitate measurement of the inoculum. Bacterial populations were
determined at 32° C. by the standard plate count (1) on tryptone-glucose-beef
extract-milk agar.

The limiting active dilution method (6) was used for estimating the most
probable number of bacteriophage particles per milliliter of whey filtrate. Dilu-
tions were made in sterile skimmilk, and bottles having the desired titer were
used as inoculum.

Experiments were run using 300-ml. quantities of sterile skimmilk. Culture
and diluted filtrate were added to bottles of skimmilk which had been permitted
to reach 32° C. in a water bath. Titratable acidity values and bacterial popula-
tions were determined at hourly intervals following inoculation. Results of
duplicate experiments were averaged.

Received for publication Nov, 4, 1951.
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RESULTS

Experiments were run to determine the effects of adding about 2,500 par-
ticles of bacteriophage per milliliter to cultures inoculated with equal parts of one
susceptible and one resistant strain of bacteria. Ifor an experiment of this type,
four quantities of skimmilk were used. Three were inoculated with 1 per cent
of the susceptible strain; two of these three and the fourth bottle were inoculated
with 1 per cent of the resistant strain. Diluted bacteriophage filtrate then was
added to the first and second bottles. Thus, the first bottle served to indicate
growth of the suseeptible strain with bacteriophage added, the second and third
bottles served to indicate growth of the two strains with and without the addition
of bacteriophage, and the fourth bottle indicated growth of the resistant culture
in the absence of bacteriophage.

Kight different mixtures gave results similar to those reported in fieure 1
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Fie. 1. Differences in baeterial population and titratable acidity caused by adding 2,500
particles per milliliter of bacteriophage F54 to a mixture of Streptococcus lactis strains 565
and W2,
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for a mixture of 8. lactis strains 565 and W2. That bacteriophage 1°54 caused
mass lysis of 565 was indicated by a pronounced decrease in the plate count of
surviving bacteria between 3 and 4 hr. Following mass lysis, increases in titrat-
able acidity were very small, and the titratable acidity value at 6 hr. was only
0.34 per cent. The culture containing both strains of bacteria and bacteriophage
F54 gave plate counts which were slightly lower at 3, 4 and 5 hr., immediately
following the probable lysis of 565, than the same mixture without bacteriophage.
At 5 hr. the plate count for this mixture was even lower than that for the culture
containing only W2. The production of acid was slightly retarded after lysis
of 565, but the acidity values for this mixture were greater until about 6 hr. than
those for W2 erowing alone. The low acidity value at 6 hr. for the mixture of
W2 and 565 was attributed to experimental error.

Since the addition of bacteriophage to cultures inoculated with equal amounts
of susceptible and resistant bacteria had caused only slightly retarded acid pro-
duction, experiments were run to determine the effects of using smaller propor-
tions of resistant bacteria. The resistant culture, 565, was used to make up 50,



ACID PRODUCTION 383

25 and 5 per cent of the total bacterial inoculum for bottles which received both
565 and W2. Bacterial populations and titratable acidity values for mixtures
with bacteriophage 24 were compared to those for identical mixtures without
bacteriophage, and to those for cultures inoculated with amounts of resistant
bacteria equal to those used in mixtures. Results of experiments in which the
total bacterial inoculum for mixtures was 1 per cent and in which about 25 bac-
teriophage particles per milliliter were added are given in figure 2.
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Fia. 2. Differences in bacterial population and titratable acidity eaused by adding 25
particles per milliliter of I)"l(t(‘ll()]l]l.lg"(‘ 124 to mixtures of Streptococcus lactis strains W2 and
565.

Bacteriophages 1'24 caused slightly subnormal plate counts at 4 and 5 hr.
where cultures 565 and W2 were used in equal proportions. Titratable acidity
values also were slightly below normal at 5 and 6 hr., following the probable
lysis of W2 Iowever, the plate counts at 6 hr. were dbnul equal for the two
mixtures, and the tmdtdblo acidity values were only slightly different at 7 hr.
Rapid recovery following the lysis of W2 was attributed to growth of strain 565.
Although the plate count for 565 alone was about equal to that for the mixture
with bacteriophage at 5 hr., the acidity values for 565 were somewhat lower
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throughout 7 hr. The higher acidity values for the mixture were attributed to
fermentation by W2 prior to mass lysis. These differences in titratable acidity
were similar to those obtained in comparing a mixture of 1 per cent W2, 1 per
cent 565 and bacteriophage F54 to a culture of 1 per cent W2 (figure 1).

The addition of bacteriophage caused greater differences in plate counts at
4 through 7 hr. for mixtures in which the amount of 565 was only 25 per cent of
the total bacterial inoculum. That plate counts for the mixture which contained
bacteriophage were lower than those for a culture of only 565 was surprising. It
seemed that either the multiplication of 565 in the mixture had been retarded or
that bacteriophage F24 had caused a slight reduction in the population of 565.
However, care had been taken to select bacteria-bacteriophage combinations in
order to exclude the nascent phenomenon. Titratable acidity values were slightly
lower at 5 and 7 hr. for the mixture to which bacteriophage had been added.
That the acidity values for these mixtures were approximately equal at 6 hr.
probably was due to experimental error.

Use of 565 as only 5 per cent of the total bacterial inoculum resulted in exag-
geration of effects which were less evident with larger amounts of resistant bac-
teria. Bacteriophage F24 caused a decrease in the number of surviving bac-
teria at about 4 hr., following the lysis of W2. The titratable acidity values in-
creased at a much lower rate than those of the culture lacking bacteriophage.
There was considerable lag in the production of acid by the culture of 565 which
had received a comparatively small amount of bacterial inoculum. Iowever,
between 5 and 7 hr. the titratable acidity values increased rapidly, and at 7 hr.
the titratable acidity for this culture was about equal to that in the mixture with
added bacteriophage.

To simulate the cultural conditions used in the manufacture of cottage cheese,
an experiment was run using a total bacterial inoculum of 5 per cent. Mixtures
of eultures 565 and W2 were used with and without addition of about 2,500 par-
ticles of bacteriophage 24 per milliliter. The proportions of the resistant cul-
ture, 565, were 50, 25 and 10 per cent of the total inoculum. Titratable acidity
values are plotted in figure 3.

Bacteriophage affected the amount of acid produced in cultures which re-
ceived a total bacterial inoculum of 5 per cent culture in a manner similar to
that which had been found using 1 per cent. The action of bacteriophage on
a culture containing equal parts of 565 and W2 resulted in titratable acidity
values which were slightly below normal at 3 through 7 hr., following the prob-
able lysis of W2. At 3 and 4 hr., differences in titratable acidity for these mix-
tures were very small.  In cases where 565 was used as 25 per cent of the inocu-
lum, the action of bacteriophage caused slightly greater differences in acidity
at 4 through 7 hr.  Use of 565 as only 10 per cent of the total bacterial inoculum
for mixtures permitted bacteriophage to cause greater differences in acidity
values at 3 through 7 hr., but even with this comparatively small proportion of
resistant bacteria, increases in titratable acidity for mixtures which contained
bacteriophage were considerable. In each case the titratable acidity values were
higher throughout 7 hr. for the mixture containing bacteriophage than for the
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culture of resistant bacteria alone. However, increases in titratable acidity
were about equal. Thus, the growth of susceptible and resistant bacteria ap-
peared to establish the level of acidity at the time of mass lysis. Increases in
titratable acidity above that level were similar to increases caused by the re-
sistant bacteria growing alone, and the acid contributed by the susceptible cul-
s appeared negligible. That the susceptible culture produced

ture following ly
very little acid following mass lysis also was shown by the case in which baec-
teriophage 1'24 was added to 5 per cent of strain W2.
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Fic. 3. Differences in titratable acidity caused by adding 2,500 particles per milliliter

of bacteriophage F24 to mixtures of Streptococeus lactis strains W2 and 565.

DISCUSSION

Although the addition of bacteriophage to mixtures of susceptible and re-
sistant bacteria resulted in subnormal acid production after mass lysis of the
susceptible strain, the acidity values were higher than those for cultures of equal
portions of resistant bacteria growing separately. Ilowever, subsequent in-
creases in titratable acidity for such mixtures were similar to increases for cul-
tures of only the resistant strain. Apparently, the total bacteria present prior
to mass lysis determines the acidity at lysis for a mixture of susceptible and
resistant bacteria. Following lysis of the susceptible strains, only the resistant
strains of bacteria are important in the continued production of acid. Thus,
the degree of subnormality in acid production which may be caused by the action
of bacteriophage on a mixed strain starter is influenced by the time at which the
susceptible bacteria are mass-lysed, by the proportion of bacteria which are not
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susceptible to the strain or strains of bacteriophage present, and by the acid-
production rate of the resistant bacteria.

‘With each of the mixtures used the rate of acid production was only de-
creased by the addition of bacteriophage. Even with mixtures which contained
comparatively large proportions of susceptible bacteria, cases of suddenly inter-
rupted acid production were not encountered. Titratable acidity values very
closely resembled those obtained by Katznelson and ITood (9) following the
addition of different amounts of penicillin to milk, and those obtained by Brad-
field et al. (4) with milk which contained aureomycin. It is apparent that in
cases of retarded production of acid by mixed strain starters one can not use
titratable acidity values as a means of safely distinguishing between cases caused
by antibiotics and those resulting from the action of bacteriophage.

Commercially prepared mixed strain cultures may contain several strains of
lactic streptococei; in some cases 8 or 10 strains arve used. Although the sudden
appearance of several strains of bacteriophage in the cheese vat seems unlikely,
continued use of a mixed strain starter may result in the build-up of a sufficient
number of bacteriophage strains to cause subnormal development of acid follow-
ing lysis of the major portion of bacteria. Such a gradual development of diffi-
culty probably would become evident and would seem within limits of control.
The employment of adequate sanitation practices and constant vigilance to dis-
continue for some time the use of starters upon evidence of retarded acid de-
velopment would seem adequate. Gradual build-up of bacteriophage strains
active against the bacteria of a mixed strain culture may be cited as an explana-
tion for certain cases of retarded acid development. Ilowever, this interpreta-
tion does not appear to adequately explain sudden failure.

In view of the fact that the major portion of fast acid-producing bacteria in
a mixture must be susceptible to permit the action of bacteriophage to cause ap-
preciable subnormality of acid development, the use of equal amounts of two
unrelated starters each day for cheesemaking with planned daily rotation of
starters appears to have considerable merit as a precaution against starter diffi-
culties due to the action of bacteriophage. Although this practice is seldom fol-
lowed in the United States, the rotational use of two single strain starters each
day has been practiced extensively in New Zealand. In the present study the
effect on acid production caused by the action of bacteriophage was very slight
in cases where susceptible bacteria were used as 50 per cent of the total bae-
terial inoculum. Even in cases where a susceptible strain was used as 75 per
cent and 90 or 95 per cent of a mixture, the addition of bacteriophage did not
cause the acid production to lag more than about 1 hr. and 2 hr., respectively,
behind that for control cultures which lacked bacteriophage. Thus, the rota-
tional use of equal amounts of two unrelated starters would seem to give consid-
erable protection against starter difficulties due to the action of bacteriophage.
With certain dairy products which require lactic starter, single strain cultures
are sufficient ; with others, multiple type cultures may be required. The use of
equal amounts of unrelated less complex starters and knowledge of the exact
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strain or strains of bacteria used in their preparation would greatly simplify
diagnosis of starter difficulties.
SUMMARY

Plate counts and titratable acidity values were subnormal following the ac-
tion of bacteriophage on a mixture of one susceptible and one resistant strain of
bacteria.  When the susceptible strain was used to make up 50 per cent of the
total bacterial inoculum, plate counts and titratable acidity values were only
slightly below normal. Differences in plate counts were negligible 2 to 3 hr.
after the bacteriophage had caused lysis of the susceptible strain.  Use of the
susceptible strain as 75 per cent of the mixture permitted bacteriophage to cause
greater deviations in plate counts and in titratable acidity, but even in mixtures
which contained susceptible bacteria as 90 and 95 per cent of the total bacterial
inoculum, the production of acid was appreciable and greater than that in cul-
tures which had been inoculated with only resistant bacteria in amounts equal
to those used in mixtures.
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THE HEAT STABILITY OF EVAPORATED MILK AS A FUNCTION
OF THE STEAM AND HYDROSTATIC PRESSURE
APPLIED IN THE FOREWARMING OF MILK

VICTOR NELSON

Central Researel Department, Food Machinery and Chemical Corp., San Jose, California

The usual pretreatment process used in the preparation of raw milk for the
manufacture of evaporated milk consists of heating the milk, prior to evaporation,
to 190 to 210° K., either by the direct injection of steam into the milk or in-
directly by circulating the milk through tubular heat exchangers. Occasionally,
the milk is heated to temperatures above 212° . in an attempt to improve the
heat stability.

It has been known for many years that if raw milk is heated to temperatures
above 212° K. the heat stability of the subsequently produced evaporated milk
is improved generally. Grindrod (2) found that evaporated milk made from
raw milk which had been heated rapidly to elevated temperatures, such as 260°
¥., was improved in heat stability. He attributed the effect to disruption of
the protein by the high velocity of the steam used. Later, Webb et al. (7) found
that the heat stability of milk could be increased greatly by heating it indirectly
in a heat exchanger to relatively high temperatures, for example, in the range
230 to 290° F. The time required for the c¢old milk to reach these temperatures
was approximately 3 sec. and the time of holding at these temperatures was
25 sec.

The milk, when treated by either of the two preceding processes, was found
to be unsatisfactory for use in the preparation of commercial sterilized evaporated
milk because of the low viscosity and poor storage quality of the sterilized prod-
uct. In order to reduce this difficulty, Webb ¢t al. (7) suggested subjecting only
part of the milk to the high-temperature process. It was presumed that the
sterilization process could be controlled either by mixing the proper amount
of high-temperature heated milk with milk processed in the usual manner, or
by reducing the temperature of the heat treatment.

It was noted by Grindrod (3) and later by Bell ¢t al. (1) that the very
heat-stable evaporated milks produced by the high-temperature treatment were
improved in storage stability if the sterilization process were severe enough to
produce an increase in color of the sterilized milk. All attempts to produce
sterilized evaporated milk light in color were accompanied by rapid fat separa-
tion on storage, followed often by gelation. Bell ef al. (1) remarked that, *‘ Long
continuing fluidity and high heat stability are not correlated. Long continuing
fluidity is rather due to changes caused by heat which are associated with a
darker color and more cooked flavor.”’

‘While it appears that highly heat-stable milk produced by the processes re-
ported so far is not satisfactory commerecially, it is the purpose of this paper to

Received for publication May 25, 1951.
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report on a process for the production of an evaporated milk of above-normal
heat stability but without the defects associated with highly heat-stable milk.
However, this process appears to be limited to milk of good natural heat stability,
that is, milk low in salt content, primarily calcium, in relation to protein.

EXPERIMENTAL PROCEDURE

The steam jet assembly was formed by passing a small steam line through
the 1-in. cap of a tee which was located between the pump and hot well. The
steam line projected through the cap approximately 1 in. This section, or noz-
zle, was detachable so that nozzles containing orifices of various sizes could be
used. A thermometer was located in the line approximately 5 in. from the
nozzle. A spring-loaded valve for applying back pressure was located in the
line near the outlet to the hot well.

The general procedure followed in the preparation of above-normal, heat-
stable evaporated milk was as follows: A 50-1b. lot of cold raw milk without
previous heat treatment was heated almost instantaneously from 40 to approxi-
mately 210° . by the injection of steam into the milk while it was being pumped
by a positive displacement pump at the rate of 8 Ib. per minute, and under 20
to 40 1b. gauge pressure, from the supply tank to the hot well. Variation in the
operation of the steam injection process was obtained by changing the nozzle
to one containing the proper number of orifices to give the desired manifold
pressure and by constricting the milk outlet by means of the spring-loaded
valve to give the desired back pressure on the milk.

The milk was held in the hot well less than 5 min. at 190 to 200° I*. This
was followed by evaporation, homogenization at 2,500 1b. per in.* at 130 to 140°
F., cooling to 40° F. and standardization to 7.93 per cent fat and 26.5 per cent
total solids. The milk was filled into 14.5-0z. standard cans.

The sterilization process used was described by Nelson (5), but briefly, it
consisted of a preheating period of 9 min. at 227° 1., followed by a cooker process
at the times and temperatures given in tables 1 and 2. Heat stability was deter-
mined by the number of minutes required in the cooker at the given temperature
to produce a slight film grain in the sterilized evaporated milk. Color was esti-
mated by the spectrophotometric method as used by Nelson (4).

EXPERIMENTAL RESULTS

The data in table 1 are typical of the effects produced by variations in steam
and hydrostatic pressure used during the forewarming of raw milk on the time
required in the cooker to produce equivalent grain formation in the evaporated
milk.  One week elapsed between the preparation of lots 1 and 5; therefore,
these lots of milk are not identical. In San Jose, however, scasonal changes in
heat stability are gradual and not so marked as in the colder regions.

The normal heat stability of evaporated milk prepared in the usual com-
mercial manner in San Jose varies from 6.5 to 7.5 min. at 250° F. Tt is apparent
that lot 1 is average in heat stability. The increased manifold pressure used in
Tots 2, 3 and 4 resulted in an increase in the heat stability of the evaporated
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TABLE 1
The effect of variation in steam and hydrostatic pressure on the heat stability of evaporated milk

Steam manifold Cooker

—————— = —————  Steam pressure  Hydrostatie ——— — ——

Lot No. of holes Dia. of at manifold iwrossm'c Time Tem

. cach hole i PR

(in.) (psi) (psi) (min.) (°F.)
1 4 0.125 35 20 7.5 250
2 8 0.0625 60 20 11.5: 250
3 2 0.125 70 20 13.0 250
4 6 95 20 17.0 250

5 4

55 40

18.0 250

|

milk. The manifold pressure in lot 5 is reduced, but this is compensated by the
increase in back pressure. Since the increase in manifold and back pressure is
equivalent to an increase in temperature of the steam at the time of its condensa-
tion in the milk, it is probable that a fraction of the milk is heated to a rela-
tively high temperature, although for a very short period of time. The evidence
is without direct proof; however, the marked lowering of the volatile sulfide
content (unpublished data) is in agreement with the data found by Townley
and Gould (6) for milk heated at high temperatures.

In table 2, lots 1, 2, 3 and 4 represent milk in which the effects of long and

TABLE 2

A comparison of cooker processes with respect to the physical properties of evaporated milk
prepared from jet-treated raw mill and stored 90 d. at 100° F.

Cooker process

se. at - % reflectance e Destabilizer Fat
Lot Time Temp. 75° F, at 520 M Graun added separation
(min.) (°F.) (ml.)

Al 13 250 sl. film 0 L
1 5 253 hy. film 1.5 1+
2 14 250 sl. film 0 1-
2 5 253 sl. film 1.4 1-
3 13 250 sl. film 0 1+
3 5 253 film 2.4 14
4 12 250 sl. film 0 1=
4 5 253 sl. film 2.0 i
5 3 260 sl. film 1.2 1
5 3 260 none 0 2
6 4 260 film 0 24
6 5.2 255 sl. film 0 24
6 8.6 248 film 0 1—

|
|
|

short cooker processes arve compared. Since an effort was made to have an
equivalent grain condition at the end of the process, it was necessary to destabil-
ize that portion of the milk used for the short process by the addition of 10 per
cent CaCl, or N phosphoric acid. The short-proc milk is lighter in color
than normal (normal is 66-68) and the long-process milk is darker in color than
normal. The processes used on lot 5 are identical. The object is to note the
effect of viscosity and destabilizer on the fat separation of the two lots. Tot
6 is commereially forewarmed milk and is added for comparison.




EVAPORATED MILK 391

After 90 days’ storage at 100° ., samples were inspected for gelatin and
fat separation. No gelation or increase in viscosity was found. Fat separation
was evident and was estimated by visual inspection. This is a commercial pro-
cedure and is based on the amount and toughness of the fat layer. Index 1
represents a thin layer of fat, incorporated easily into the milk; index 2 repre-
sents an objectionable amount of fat, incorporated with more difficulty into the
milk; index 3 represents an objectionable amount of fat which cannot be
stirred into the milk. The significant feature of these data is that no appreciable
difference exists in fat separation between milk light and milk dark in color when
a destabilizer is used in the milk light in color to develop a comparable vis-
cosity. This is not true of milk forewarmed in the usual manner, such as lot 6.
Lot 5, which does not have added destabilizer and is low in viscosity does show
an increase in fat separation, but it is less than expected.

The use of the steam-jet process on milk low in natural heat stability was
not successful.  Pilot experiments performed in Wisconsin during the late
winter and early spring were not successful in increasing the heat stability
of raw milk above the average attained by commercial processes. This was not
unexpected in view of the relatively poor heat stability of the milk at this season
of the year. Later, however, when the heat stability of the milk had improved
to some extent pilot experiments indicated no net gain in heat stability from the
steam jet process.

DISCUSSION

The forewarming process described furnishes a convenient method for in-
creasing the fat stability of milk used in the preparation of sterilized milk lighter
than normal in color. It permits the development of a satisfactory viscosity
which differentiates this process from similar processes in commercial use. Com-
mercial processes use back pressure sufficient only to heat the milk to the desired
temperature. This results in a moderate inerease in heat stability, but a de-
cided loss in viscosity occurs. Both processes require milk of good natural heat
stability.

It is not known why milk low in natural heat stability fails to respond to
this process. In general, these milks are low in protein in relation to the salt
content, especially to calecium and magnesium. It is assumed generally that
casein, which constitutes the greater portion of the protein, is affected directly
by the salt balance in the heat coagulation of milk. This may be true, but the
possibility exists that the salt balance operates to some extent indirectly on
the casein through its effect on the denaturation and coagulation of the whey
proteins.

SUMMARY

A process has been devised for the heat stabilization of milk which is based
upon the regulation of the manifold steam pressure and the hydrostatic back
pressure applied to the milk.

The process differs from those reported previously in that part of the milk
is heated apparently to a high temperature but cooled with extreme rapidity by
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the remainder of the milk to the desired temperature, preferably 200 to 210° F.
It appears that milk which can be stabilized by this process is suitable for
manufacture of evaporated milk light in color.
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ALTERATIONS IN SPECIFIC GRAVITY DURING THE RIPENING OF
BULL SPERMATOZOA

P. E. LINDAHL axp J. E. KIHLSTROM

Institute of Zoophysiology, University of Uppsala, Sweden

Experiments aiming at a separation of bull spermatozoa, according to size, by
the aid of a counter-current centrifuge, the principle of which was sketched by
Lindahl (8), suggested that changes in specific density or volume occurred dur-
ing the ripening® of the sperm cells. A review of literature failed to reveal any
data concerning such changes. For our purpose it was necessary to define a
series of ripening stages delimited by visible changes. As such we have made
use of the loss of the residual protoplasm and the cessation of motility and dis-
tinguished three stages: Spermatozoa with residual drop, motile* ones without
residual drop, and non-motile ones without residual drop. These three types
have been denominated unripe, ripe, and over-ripe. To be able to follow altera-
tions in the specific density of spermatozoa, we have carried out determinations
of the mean density of the sperm cells in a number of ejaculates taken from nor-
mally fertile bulls, and related the obtained data statistically to the frequencies
of unripe, ripe and over-ripe spermatozoa in the ejaculates.

Preliminary experiments were carried out during July and August, 1949, in
the laboratory of the Bull Breeding Association at Kalkenberg, and then con-
tinued in this Institute, where the present experiments were performed during
September—October, 1350.

MATERIAL AND METHODS

All the eight bulls (Swedish red and white cattle), from which sperm samples
were collected for the present work belong to ‘* Enképingsortens seminforening’’
and were used in regular service every 4th day. The average percentage of fer-
tility® of these bulls varied from 54 to 58. Sperm samples were taken during the
period from Aug. 21 to Sept. 22, 1951. Sperm was collected by the method of
the artificial vagina. Each time three ejaculates were taken from the same bull
in immediate succession to provide a desirable variation as to the frequencies of
unripe, ripe and over-ripe spermatozoa. The ejaculates are numbered 1, 2 and
3 in the order in which they were collected. In all cases the sperm samples were
diluted three times with a slightly modified phosphate-buffer solution of Phillips

Received for publication Nov. 26, 1952.

1 Dealing with non-morphological changes in the spermatozoa, which seem to occur prior
to as well as subsequent to the loss of residual protoplasm, i.e. the completion of morphological
maturation, we prefer to use the term ripening instead of maturation.

2 As we are not interested in any relation to fertility of these spermatozoa, but only want
to fix an arbitrary limit between different stages of ripeness, we have not differentiated our
spermatozoa in ‘‘progressively advancing’’ ones and others, but in ‘‘actively moving’’ and
‘“non-motile’’ ones.

3 Caleulated as the number of pregnancies per 100 first-inseminations. Pregnancies were
determined 2 mo. after insemination by palpation of uterus via rectum.
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and Spitzer (11). When used in our experiments, the spermatozoa had been
stored in this solution for about 4 hr. at 3-4° C. To remove the seminal plasma,
the suspension was centrifuged for 10 min. at 2,300 g., a treatment that did not
appear to cause any mechanical injury to the cells.

The specific gravity of the spermatozoa was determined by suspending equal
amounts of the sperm cell sediment obtained above in a series of solutions of dif-
ferent specific gravities, the lightest having a lower specific density than any of
the spermatozoa, the heaviest being of about the same density as the densest sper-
matozoa. The sperm cell suspensions in the appropriate media were centrifuged
at 2,300 ¢. This was done in hematoerit tubes with the wide part gradually and
smoothly running into the capillary part, thus permitting all sperm cells of
greater density than that of the medium to sediment down into the graded capil-
lary. The centrifugation lasted 10 min. Prolongation did not reduce the height
of the sediment column any more. Provided that the packing coefficient of
unripe, ripe and over-ripe spermatozoa differs little, the described procedure
permits a calculation of the fraction of spermatozoa having a lower specific density
than that of a certain test fluid. The total volume of all spermatozoa in the
sample was obtained by centrifuging a corresponding sample of sperm cells in
the lightest medium. The test solutions to be used must have a rather high
specific gravity, being at the same time physiologically inert. Thus at concen-
trations sufficiently high to give the desired specific gravity, the dissolved com-
pounds must neither exert an osmotic pressure strong enough to diminish the
volume of the spermatozoa by reducing their water content nor increase the
viscosity of the solution too much. For this purpose we have used water solu-
tions of methylglucamine salt of umbradil (2,5-diiodine-4-pyridon-N-acetic acid).*
By balancing the concentrations of the two components in a suitable way, pH
was regulated to 7.1. It appeared appropriate to use five test solutions, the
physical properties of which are given in table 1. The specific densities of these

TABLE 1

Umbradil-methylglucamine-salt solutions used as test liquids. pH =7.1

fndication TUmbradil Methylglucamine Spm“].m: § _OS‘_n“tm
no. ¢ gravity pressure (atm.)
(g./100 ml.) (9./100 ml.)
I 1.396 0.705 1.0918 18
1T 2.990 1.510 1.2193 71
111 3.522 1.779 1.2596 105
v 4.253 2.148 1.3167 186
v 4.651

2.349 1.3519 220

solutions were determined by weighing the solutions in pyenometers and their
osmotic pressures were taken from a curve relating osmotic pressure to specific
gravity for the actual concentration range. The osmotic pressures of this curve
were calculated from vapour-lowering determinations according to Wright (15).
4+ We thank Professor II. Barany, Uppsala, for having turned our attention to this group
of compounds in our search for a suitable substance. We are very much indebted to Astra Ltd.,
Sodertiilje, for having generously placed umbradil and methylglueamine to our disposition.
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As seen from this table, the osmotic pressures are high as compared with that of
seminal plasma (c. 8 atm., caleulated from data compiled by Anderson (1)).
However, as is well known, mammal spermatozoa are rather resistant to hyper-
tonic solutions, and the spermatozoa showed an intense motility even after 30
min. in the highest concentration of umbradil-salt solution. In this connection
it must be emphasized that the umbradil and the methylglucamine ions are prac-
tically the only ones in the solution.

ITowever, the accuracy of these results is in the fact dependent on whether the
desceribed procedure and the rather high osmotic pressures of the test solutions
do not change the volume (and specific density) of sperm cells, a supposition
which is per se improbable. Nevertheless, we were not able to detect any change
in volume of sperm cells when they were transferrd to umbradil-salt solutions
with osmotic pressure of up to 186 atm. These control experiments were per-
formed in the following way. To reveal possibly occurring changes of volume
in the least concentrated umbradil-salt solution, in which all spermatozoa sedi-
ment, equal amounts of sperm cells sedimented from the original sperm samples
were suspended in pairs of hematoerit tubes containing isotonic diluter and the
lightest test solution. After 10 min. the spermatozoa were centrifuged at 2,300 g.
until the height of the sediment columns did not decrease any more (table 2).

TABLE 2

olumes of samples of spermatozoa in diluter (osmotic pressure 9 atm.) and test solution |
(osmotic pressure 21 atm.)

Depth of sediment column

Sample — S e Difference
In diluter In test solution T
(mm.) (mm.) (mm.)
6.0 6.0 < 0:2
2 12.0 12.0 < 02
3 26.0 27.0 +1.0
4

32.5 32.5 <02

In dealing with the more concentrated umbradil-salt solutions, the densities of
which are high enough to keep a part of the spermatozoa suspended, we had to
proceed in another way. Thus, an appropriate amount of spermatozoa was sus-
pended in the relevant umbradil-salt solution, centrifuged in a hematocrit tube,
and the constant height of the sedimented spermatozoa read. Then the super-
natant containing floating spermatozoa was extracted with a fine capillary, an-
other umbradil-salt solution having a considerably lower osmotic pressure was
filled into the broad part of the hematocrit tube, and the spermatozoa in the
capillary part of the tube again suspended. After a repeated centrifugation the
sediment column height was read again. The results of such experiments are
presented in table 3. The high osmotic pressures do not reduce the volume of
the spermatozoa. Thus the water contained in the spermatozoa must be most
firmly bound.

As will be seen below, there exists possibilities of the treatment with the test
solutions causing other errors.
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TABLE 3

Volumes of samples of spermatozoa in different test solutions. Sediment columns in mm.

Depth of sediment columns

Sample

no. In test solution ITT In test solution T Difference

(Osm. press. 104 atm.) (Osm. press. 21 atm.)

(mm.) (mm.)
1 11.5 11.5 < 0.2
2 12.0 12.0 < 0.2
3 12.5 12.5 < .02
In test solution IV In test solution I

(Osm. press. 146 atm.) (Osm. press 21 atm.)
4 18.5 18.5 < 0.2
5 20.0 20.0 < 0.2
6 7.0 7.0 < 0.2

Even though volume changes in the sperms cells did not occur in the test
solutions, other experiments indicate that the sperm cells are injured in some
way in the umbradil-salt solution, as they show an increase in volume when trans-
ferred from the test solutions to the diluter (ef. also (13)). This is the reason
why, in the experiments of table 3, the second solution is not diluter. No deter-
minations on the effects of osmotic pressures greater than 186 atm. were made.
In view of the above results, it has been assumed that little if any change oceurs
at pressures above 186 atm.

From the figures obtained by measuring the sediment columns, the percentage
of spermatozoa having a specific density lower than that of a certain test solution
may be calculated. These percentage figures were used for the construction of
curves showing the distribution of spermatozoa related to specific gravity (fig. 1).
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Fig. 1. Distribution of spermatozoa in a series of three ejaculates taken in immediate
succession related to specifie gravity. The specific gravity of test solutions IT-V marked with
cireles.
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The fraction of spermatozoa having specific gravities between those of two sue-
cessive test solutions was considered to have a mean specific gravity equal to the
mean of the specific gravities of the two solutions. Mean specific gravities (D)
of the sperm cells of the ejaculates were calculated according to the formula

D=A,-d,+A,-d, ... Ad,-d,

in which d,, d., . . . d, are the mean specific gravities of the fractions A,, A, . . .
A, (expressed as decimal fractions) of spermatozoa sedimenting in the first but
not in the second, in the second but not in the third test solution, and so on. In
some cases, however, the spermatozoa were distributed only over a rather narrow
range of specific gravity, our test solutions being too few to allow a sufficiently
exact caleulation in such cases. This is the reason why the figures for specific
gravity are calculated from a smaller number of ejaculates in table 4 than the

TABLE 4

Means of percentage of unripe, ripe, and over-ripe spermatozoa, and of the specific gravities of
the 1st, Znd, and 3rd ¢jaculates

1st ejaculate: 2nd ejaculate: 3rd ejaculate:
Tnripe { % 3.7+ 1.196 4.4+ 0.687 5.4 +0.853
I | no. of ejaculates 15 15 15
Rine § % 89.1 + 0.608 90.1+1.274 90.8 + 1.059
I | no. of ejaculates 5 15 15
st § % 6.6+ 1.611 5.5+ 0.960 3.9+ 0.500
Over-ripe | no. of ejaculates 15 15 15
Specific gravity 1.2867 + 0.0022 1.2897 + 0.0040 1.2668 +0.0048
No. of ejaculates 12 14 13

other means. Obviously the determination of the mean specific density is sub-
ject to rather large errors.

After each determination of the sedimenting fraction, another estimation was
made of the percentage of unripe, ripe and over-ripe spermatozoa in both the
floating and the sedimenting fractions. This was done in a hemocytometer,
which was kept at about 37° (. when counting the ‘‘non-motile’’ cells, whereas
the total numbers of spermatozoa and of unripe sperm cells were counted at a
rather low temperature. For each sample the total number of counted sper-
matozoa was 500 or more. Similar determinations were made as to ripe, unripe
and over-ripe spermatozoa in the samples not treated.

RESULTS

The 15 series of ejaculates were taken during 32 days. Of the eight bulls,
three were used once, three twice and two three times. During the experimen-
tal period there is a marked decrease in percentage of over-ripe spermatozoa in
all the three ejaculates, this being especially marked after the end of August.
There is no trend in the figures of unripe spermatozoa. Thus those of ripe ones
show a rise corresponding to the decrease mentioned above. Nothing is known
about the reason for these changes. Ilowever, it is evident that, in general, the
percentage of unripe spermatozoa increases from the first to the third ejaculate
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of each series, whereas that of over-ripe spermatozoa decreases. This is reflected
by the mean values (table 4), which, however, do not differ significantly because
of the great dispersion of the primary figures. The percentage of ripe spermato-
zoa 1s nearly equal in the three ejaculates constituting a series. The mean spe-
cific gravities of the spermatozoa of each of all the ejaculates range from 1.240 to
1.334.  As seen from table 4, the mean specific gravity of the second ejaculates is
higher than those of the first and the third. ITowever, only the means of the
second and third ejaculates differ significantly (degrees of freedom 25, P <
0.005).

The further treatment of our material revealed a negative correlation be-
tween the mean specific gravity of the spermatozoa (D) and the percentage of
unripe spermatozoa, with the regression coefficient equal to 0.0022 and the cor-
relation coefficient 0.4878 (degrees of freedom 37, P < 0.005). IHowever, no
significant correlation between ripe or over-ripe spermatozoa and the mean spe-
cific gravity could be ascertained. This implies that the unripe spermatozoa
have a significantly lower specific density than the ripe and over-ripe ones, a
conclusion which is further supported by the figures in table 5. Ilere the distri-

TABLE 5
Percentage of unripe, ripe, and over-ripe spermatozoa in the sedimenting and floating fractions
of cells in test solutions I1, 11, and IV, and tests of significance for differences
between fractions

’gsf't Sedimenting Floating D;;;fi?]((;:t P
(%) (%)

Unripe 2.97 6.10 85 < 0.0005
II Ripe 90.81 90.88 85 > 0.5

Over-ripe 6.45 3.03 85 < 0.0005

Unripe 2.91 6.26 87 < 0.0005
111 Ripe 90.23 90.72 87 > 0.5

Over-ripe 7.05 3.10 87 < 0.0005

Unripe 2.30 4.84 41 < 0.01
v Ripe 90.06 91.63 41 < 0.5

Over-ripe 7.72 3.52 41 < 0.025

buations of unripe, ripe and over-ripe spermatozoa in the sedimenting and the
floating fractions in test solutions II, IIT and IV are compared. In all three
cases the frequency of unripe spermatozoa is significantly higher in the floating
fraction than in the sedimenting one, indicating a lower mean specific gravity
of this kind of spermatozoa than that of the test solution in question. Iowever,
the opposite behaviour is shown by the over-ripe spermatozoa, whereas the ripe
ones are equally frequent in the two fractions. It seems thus justified to con-
clude that the mean specific density of the over-ripe spermatozoa is higher than
that of the test solutions used. Density of the ripe spermatozoa must, on the
other hand, be evenly distributed within the range of specific density covered by
the test solutions. The general conclusion suggested by these results is that the
specific density of the spermatozoa increases during ripening. Probably the
unripe and ripe spermatozoa differ more as to specific density than the ripe and
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over-ripe ones, as no correlation between the frequencies of the two last-men-
tioned kinds of cells and the specific gravity of the ejaculates could be detected.

It is possible that the treatment with the test solutions exercised an influence
upon the proportions between the three kinds of spermatozoa. If the mobility
mechanism of ripe spermatozoa is sufficiently damaged by the test solutions, a
number of spermatozoa will falsely be counted as over-ripe ones. Similarly an
error would be introduced if the treatment with the test solutions should reduce
the water content of the densest ripe spermatozoa, changing these into over-ripe
ones. I'inally a loss of the residual protoplasmic drop may be induced by the
spermatozoa having been repeatedly manipulated. In order to rule out these
objections, we have, by the aid of an analysis of variance, compared the frequen-
cies of the three kinds of spermatozoa counted directly and after fractionation
in test solutions II-IV. To calculate the percentage () of a certain kind of
spermatozoa from the numbers available for the sedimenting and floating frac-
tions, the following formula was used :

pr(d-a) + pa
A = total volume of sperm cells in the sample (sedimenting in test solution I) ;
a = sedimenting volume in the relevant test solution; p; and p, = percentage of
the actual kind of spermatozoa in the floating and sedimenting fractions, respec-
tively.  The resulting fieures are collected in table 6. As a control of the meas-
TABLE 6
Mean perecntages of unripe, of ripe, and of over-ripe spermatozoa counted directly, and caleu-
lated from found frequencies in sedimenting and floating fractions in

test solutions 11, I, and 117

Calculated from frequencies Test of significance

in test solution for differences

Counted . Degrees of "

directly 1T m it freedom !
Unripe 4.5 3T 4.1 141 > 0.5
Ripe 90.0 90.6 90.4 141 > 0.3
Over-ripe 5.3 i7 5.0 5.3 141 > 0.5
~ Sum 998 99.0 995 wor -

urements and countings, the percentage of the three kinds of cells of each sample
has been summarized, giving very nearly 100. The four samples do not differ
significantly.
DISCUSSION

Sperm cells are highly specialized.  Morphologically the nucleus is very much
condensed and the reduced cell-body forms the very thin protoplasmic cover of
the head (nucleons), the middle piece and the tail.  The well known intense
negative birefringence of the head depends inter alia upon the high concentra-
tion of cromatin in a highly dehydrated form.  Obviously dehydration plays an
important role in the development of the sperm head.  Whether this is also the
case, as to the middle piece and the tail, is difficult to decide from morphologi-
cal data. However, the ability of the locomotion mechanism of the spermatozoa
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to resist very high osmotic pressures speaks in favor of the view that the differen-
tiations of the cell body are also associated with dehydration (cf. below). The
dehydration processes will account for the very high specific gravity of the sper-
matozoa found by the present writers. Whereas the mean of all our determina-
tions is about 1.280, a small fraction of the spermatozoa in some cases even sedi-
mented in test solution V, indicating a specific gravity of about 1.350. Because
of the difficulty of controlling the effect of the very high osmotic pressure of this
test solution, the highest specific densities may be considered somewhat unre-
liable. These are, however, of very little importance for the caleulation of the
means. The specific density of other free mammalian cells may, for comparison,
be represented by that of human blood cells of 1.0970 (12).

The high specific density of sperm cells may be accounted for, in the first
place, by the high content of nucleic acids of the spermatozoan head. Specific
volumes of desoxyribonucleic acid prepared according to Hammarsten (5) by dif-
ferent authors are collected by Jungner (6). The values range from 0.47 to 0.66,
one of the lowest, corresponding to a specific gravity of 2.00, being considered
most probable by Jungner. A corresponding collocation of values of specific
volumes of proteins is made by Pedersen (10), the values ranging from 0.75 to
0.72, the corresponding specific densities being 1.34 to 1.39.

The resistance of the sperm cells to very high osmotic pressures applies to the
cell volume as well as to the mobility mechanism. Thus the substances of both
the nucleus and the cell body seem to be dehydrated. This means that the cells
already are deprived of free water, the water present, furthermore, being very
firmly bound. Smith and Polge (13), when discussing the ability of spermatozoa
in surviving freezing under certain conditions, suggest that *‘spermatozoa may
.. . have a low content of free water . ..”” These writers also failed to detect
any formation of erystals within the spermatozoa at freezing. Ilowever, nothing
is known about the mechanism underlying the loss of free and loosely bound
water.

Spermatozoa increase their volume in diluter after having been treated with
test solutions. This probably depends upon changes in the surface layers regu-
lating permeability caused either by the high osmotic pressures or by the absence
of ions necessary for the maintenance of normal conditions in the outer cell sur-
face. In both cases an exchange between the medium and the cell interior will
be rendered possible, abolishing the conditions in the interior necessary for the
preservation of the dehydrated state of the cellular constituents.

As dehydration constitutes a very important process in the morphogenesis
of spermatozoa, it is highly probable that it also accounts for the rise in specific
gravity, during ripening, found by the present writers. However, it must be
expected that the structures upon which the movements of the spermatozoa de-
pend will cease functioning when dehydrated too far. We therefore look upon
the ““‘non-motile’” spermatozoa in ejaculates from normal bulls in regular service
as aged, or over-ripe, and not as dead.® This view is supported by the fact that

5 The consistencey of this interpretation is supported by the fact that treatment with ions
capable of increasing the water-binding capacity (e.g., sulphocyanide) also will induce motility
in non-motile spermatozoa (unpublished experiments).
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disintegrating spermatozoa occur rather infrequently. TIf non-motile spermato-
zoa should be dead, disintegrating sperm cells would be expected to occur much
more frequently. The detachment of the galea capitis is considered by Blom
(2, 3, 4) to be an early morphological sign of regressive changes induced in
spermatozoa at a prolonged stay in cauda epididymis, the ‘‘spermatic veil’” de-
scribed by Williams and Savage (14) being looked upon as an introductory stage.
However, spermatozoa deprived of their galea are very sparse in ejaculates from
bulls in regular service, and frequently are found only after a long period of
abstinence. Now and then spermatozoa without galea were observed in our
samples. Unfortunately their frequency in different fractions was not regis-
tered. A staining method for the differentiation of live and dead spermatozoa
was devised by Lasley et al. (7). However, MacLeod (9) applying this technique
to human spermatozoa found the staining properties of the cells to be reversible
and not correlated with the viability in so far as motility was used as a criterion
of viability.

The rise in specific gravity at the transition of unripe spermatozoa into ripe
ones may partly be attributed to the loss of the residual protoplasmic drop, pro-
vided that the latter has a comparatively low density.

The great variation in specific gravity found in the three kinds of spermatozoa
probably is due either to a corresponding variation in the proportion between the
mass of nucleus and the mass of cell body, these two parts probably differing in
density, or to a variation in dehydration. We hope to be able to settle these
question in the near future.

SUMMARY

Determinations of the specific density of spermatozoa in ejaculates collected
from normal dairy bulls in regular service were performed by centrifugation in
umbradil-methylglucamine-salt solutions of different specific gravities. A nega-
tive correlation between the mean specific gravity of the spermatozoa and the fre-
quencies of unripe spermatozoa (having a residual protoplasmic drop) was found,
indicating a lower specific gravity in these than in ripe and over-ripe (non-
motile) ones. The distribution of the three kinds of spermatozoa between the
sedimenting and floating fractions of cells supports this conclusion, and suggests
a higher specific density of over-ripe than of ripe spermatozoa. The process of
ripening thus implies a continuous rise in density.
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TIHHE BACTERIOLOGY OF SURFACE-TAINT BUTTER: A REVIEW!

R. O. WAGENAAR?

Division of Dairy Husbandry, University of Minnesota, St. Paul

INTRODUCTION

Butter manufactured from properly pasteurized, high quality cream may de-
velop a very objectionable flavor and odor in a few days when stored at tempera-
tures as low as 5° (., if it has been contaminated during manufacture with cer-
tain types of bacteria. A defect in this category, which seems to develop only in
butter made from pasteurized eream, has been most commonly described as ‘‘sur-
face taint.”” Several different organisms have been suspected of causing surface
taint, but now it is generally agreed that the typical defect is produced only by
Pseudomonas putrefaciens.

This organism first was deseribed and tentatively designated as Aehromo-
bacter putrefaciens in 1931 by Derby and Iammer (8). In a later publication,
Long and Hammer (31) stated that additional work had indicated that this or-
ganism belonged to the genus Pseudomonas.

DEFINITIONS

The defect in butter caused by Ps. putrefaciens has been reported under a
variety of names in different sections of the world.  In general the terms applied
to it attempt to convey the impression of a taint suggesting the decomposition of
protein.  In Australia, it is usually known as ‘‘decomposed odor’ or ‘‘rabbito.”’
The term **foetid™" is used in New Zealand., In Denmark and the United States
“putrid’’ is a common designation.  Probably the most popular term describing
the defect in Canada and the United States is surface taint. This latter designa-
tion was adopted because the defect seemed to manifest itself initially on the
surface of the butter. In reality it is a misnomer because the characteristic
flavor and odor very quickly involve the entire mass of the affected butter.
Pont (40) pointed out that very frequently in older samples of butter the charac-
teristic odor was not evident at the original surface and became apparent only
when a block of butter was broken and fresh surfaces were exposed. Commer-
cially the defect is often called proteolytie.

ILISTORICAL

As early as 1899, Gilruth (16) demonstrated the production of a foetid odor
in New Zealand butter. This defect was caused by the organism described as
Bacillus fluorescens liquefaciens, which he had previously isolated from water.
In 1900, Eckles (11) investigated an outbreak of putrid butter in [owa. This
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butter had a strong disagrecable taste and a putrid smell, which rendered it
unfit for table use. Ile isolated two organisms capable of causing this condition,
the less objectionable being B. fluorescens liquefaciens.

It was pointed out by Derby and Iammer (8) that surface taint was first
recognized as a definite butter defect in Canada in 1919. They further stated
that the name surface taint was suggested by Marker, who in his position as
Dairy Commissioner of Alberta, Canada had examined many churnings of butter
possessing the characteristic odor associated with this defect. MacKay (36)
presented data which showed that during 1928 and 1929 considerable surface
taint butter was observed in the Canadian provinces of Alberta, Saskatchewan
and Manitoba. During 1928, the percentages of the total pounds of butter ex-
amined that exhibited surface taint varied from 1.45 to 3.12 for the different
provinces, while during 1929 the percentages ranged from 1.41 to 2.52. Sadler
and Vollum (43) studied surface taint butter received in Vancouver, British
Columbia. They noted that conditions at the creameries from which the butter
samples were obtained permitted contamination following pasteurization.

The first report in Western Australia of a butter defect resembling surface
taint was made by Hampshire (18) on his investigation into an outbreak of
stinking butter in 1927. Ile emphasized inefficient grading, neutralization and
pasteurization, and poor quality wash water as contributing factors. In his
studies, the presence of many spore-forming bacteria in the butter was inter-
preted as indicating faulty grading, while a large number of coliform organisms
in the vat after pasteurization indicated faulty pasteurization. In Southern
Australia, Lock (26) stated that rabbito would develop during warm weather, in
flush periods when insufficient time was allowed for cleaning, after heavy showers
late in the season, when lumpy cream was not thoroughly mixed prior to pas-
teurizing, and in badly worked butter. IIe observed that the degree of rabbito
varied with the amount of contamination, curd content, temperature and method
of working. Loftus-Hills et al. (27) likewise investigated the rabbito defect in
Australian butter. They concluded the defect was essentially a summer one
and it did not seem to be more common in any particular district. They were
able to reproduce the typical defect by working a culture of microorganisms iso-
lated from rabbito butter into sterile butter.

Macy (37) stated that in butter obtained from perfectly pasteurized, sweet
cream, conditions are guite ideal for the development of bacteria that can degrade
the nitrogenous constituents of this product. Among the factors mentioned by
this investigator as contributing to the ideal growth conditions were: (a) the
pasteurization process rids the eream of its miscellaneous flora of microorgan-
isms, which reduces competition for those appearing later; (b) the relatively low
salt content of much sweet cream butter; and (¢) if neutralization is overdone,
the acidity is lowered to a point where conditions are much more favorable for
contaminating organisms.

The relationship of overneutralization of the cream to the development of
surface taint has been a point of much discussion during the vears which have
clapsed since the foregoing conditions were advanced as contributing causes of
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the rapid growth of organisms on the nitrogenous components in butter. More
recent observations, both in the laboratory and in commercial channels, have
seemed to point toward the fact that surface taint is much more prevalent in
butter made from high guality cream that requires little or no neutralization be-
fore churning than it is in butter churned from overneutralized sour eream.

SPORADIC OCCURRENCE OF SURFACE TAINT

Brown (1) reported that this defect has been noted frequently in butter at
different times from widely separated districts. He also pointed out that in a
number of instances some churnings from a single vat of cream have been af-
fected, while others have shown no trace of the fault. It was cited further that
there is no record of government grading officials ever having noted this par-
ticular odor in either pasteurized or unpasteurized eream or in butter made from
unpasteurized eream. The irregular and sporadic oceurrence of this defect, and
the fleeting and transient nature of the characteristic odor also were noted by
Pont (40).

From data collected on a large number of commercial samples, Derby and
Hammer (8) concluded that there appeared to be rather distinet variations in
the flavor and odor of samples of butter sent to the laboratory as exhibiting the
surface taint defect. It also is conceivable that inexperienced graders who did
not have sufficient opportunities to examine typical surface taint butter would
tend to place in this category some samples of butter that would be more prop-
erly graded as cheesy. This variability in itself could be responsible materially
for the apparently very sporadic oceurrence of outbreaks of the defect.

Iood (19), however, has indicated that surface taint butter may be detected
by the experienced grader by both taste and smell. Graders associate a distinet
flavor with this type of butter, but the very characteristic odor is the most de-
pendable criterion used in making the final decision on a questionable sample.
He further pointed out that when the suspected flavor is present, and the charac-
teristic odor is not sufficiently pronounced to pass judgment, graders now follow
the practice of holding small samples of the butter in stoppered glass containers.
Butter with the defect acquires, in 24 to 48 hr. at room temperature, a charae-
teristic putrid odor which is easily recognized and is so distinet as to cause no
confusion with other undesirable butter defects.

STAGES IN THE DEVELOPMENT Of SURFACE TAINT

Itzerott (22) stated that several stages in the development of the rabbito de-
fect have been recognized. Usually the putrid odor is preceded by what has
been termed the condensed stage, in which there is an odor resembling that of
condensed milk. It is emphasized that the transition from the condensed to the
putrid state usually is rapid, and frequently the butter becomes putrid without
the condensed stage being observed.

It was pointed out by Hood (19) that surface taint begins to appear in butter
about 8 to 10 days after manufacture, but that the degree of development de-
pends somewhat on previous storage temperatures. Rapid development
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takes place at temperatures within the range of 40 to 45° K. The rapid
development of this defect was emphasized also by Brown (1). e stated that
butter only 4 days old often has been known to be affected, and the trouble ap-
peared to develop afterwards with extreme rapidity. This investigator also ob-
served that usually butter which is only slightly affected tastes very flat. with
sometimes a slightly cooked flavor.

Derby (7) found that butter made from pasteurized eream inoculated with a
small amount of surface taint butter and held for a number of hours before
churning commonly developed the defect. The development of a pronounced
surface taint in the butter required from 2 to 3 days at 15.5° C. and from 7 to
1C days at 5.5° C. In later work, Claydon and HHammer (2) observed that when
Achr. putrefaciens eultures were inoculated into pasteurized ¢ream and the eream
churned, the defect rapidly developed in the unsalted butter. In most instances
the defect developed in 1 day at 21° C. and in 7 days or less at 5° C. They
further noted that the defect passed through the same stages as those occurring
in commercial butter showing the typical defect.

METHOD OF DEVELOPMENT OF TYPICAL SURFACE TAINT IN BUTTER

Derby and IHammer (8) found that surface taint could not be produced in
butter by inoculating a normal product, either salted or unsalted, with surface
taint butter, but could be developed by inoculating the defective butter into pas-
teurized cream and churning the cream. From 2 to 4 days were required for
the surface taint to develop at 15.6° C. (60° F.) and from 7 to 10 days at 5° C.
(41° F.). These workers concluded that the failure to develop surface taint by
the inoculation of pure cultures of organisms or defective butter into normal
butter, when it could be produced by inoculating these materials into eream and
churning the cream, indicates that the organisms cannot spread widely through
a mass of butter. It is also possible that in the cases where pure cultures of Ps.
putrefaciens or defective butter were inoculated into cream enough cells were
produced in this medium to cause the defect without any further growth in the
butter. Furthermore, it should be noted that the foregoing data are somewhat
at variance with the results of Loftus-IIills et al. (27), who reported that they
were able to reproduce the typical defect by working a culture of microorganisms
isolated from rabbito butter into sterile butter.

Experiments conducted by Wolochow (50) and Wolochow ef al. (52) showed
that in order to produce typical surface taint butter the cream must be given an
adequate heat treatment prior to contamination with the causative organisms. In
their studies, raw and pasteurized creams were inoculated from broth cultures of
Ps. putrefaciens and incubated for 12 to 18 hr. prior to churning. The butter
made from pasteurized eream developed surface taint in every case, while in no
case did the defect appear in butter made from raw cream. Iurthermore, sur-
face taint butter was not obtained from the churning of inoculated whipping
cream commercially pasteurized, presumably, at a lower temperature. Finally,
it was observed that butter churned from inoculated cream that had been pas-
teurized by the vacreator process did not develop surface taint, but when some
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of the vacreated cream was repasteurized in the laboratory at 81° (. for 10 min.
betore inoculation the typical defect appeared in the resulting butter.

The latter investigators also observed that when Ps. putrefaciens was inocu-
lated into sterile skimmilk a typical ‘‘sweaty feet’” odor was produced. Neutral
or slightly acid conditions, and a high heat treatment of the skimmilk were neces-
sary for the sweaty feet odor to develop. In alkaline skimmilk the odor was
putrid. Later, Wolochow el al. (57) stated that surface taint of butter and the
sweaty feet odor of heated milk were likely identical, because the odor produced
by Ps. putrefaciens in high temperature pasteurized milk, cream, or butter serum
is the sweaty feet odor, whereas the odor invariably produced by the same or-
ganism in high temperature pasteurized cream butter is the surface taint odor.
Dunkley et al. (10) reported that the acid mixtures obtained by steam distilla-
tion of acidified skimmilk cultures of Ps. putrefaciens contained formic, acetie,
butyric and isovaleric acids. From these studies they concluded that the sub-
stance causing the sweaty feet odor of skimmilk cultures of Ps. putrefaciens was
closely related chemically to isovaleric acid.

EFFECT OF THE AMOUNT OF WORKING AND REWORKING ON THE APPEARANCE OF
SURFACE TAINT

Long and Hammer (29, 30) studied the effect of moisture dispersion on the
development of the putrid defect in unsalted butter churned from cream inocu-
lated just prior to churning with Achr. putrefaciens by holding underworked,
moderately worked, and thoroughly worked butter at 21° (. and also at approxi-
mately 5° C. They found that at 21° C. the under-worked and moderately
worked samples showed the defeet carlier than the thoroughly worked sample in
both trials. At approximately 5° C. the defect developed much more slowly
than at 21° C., but again the under-worked and moderately worked samples
deteriorated sooner than the thoroughly worked butter. In all three trials the
moderately worked butter developed the defect as rapidly as the under-worked
sample. The later report described the effects of reworking unsalted butter made
from pasteurized c¢ream that had been inoculated with Achr. putrefaciens just
prior to churning. Both the under-worked and moderately worked samples that
were reworked after storage for 3 days at 10° C. developed the putrid defect
more rapidly at this storage temperature than did comparable samples that were
not reworked.

Claydon and Hammer (2) noted that although, in experimental butter, salt
tended to prevent development of the putrid defect by Achr. putrefaciens, it was
not entirely effective unless the butter was thoroughly worked. It was observed
likewise by Wolochow et al. (52) in their studies with laboratory-churned salted
butter that more complete working tended to prevent or delay the appearance
of surface taint. Itzerott (22) indicated that the rabbito defect occurred most
frequently and developed most rapidly in butter showing an open texture and
free moisture. In commercial practice it has been observed that salted butter
direct from the churn will never show the defect even on long incubation at
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favorable temperatures. Only after the butter is printed does the characteristic

odor develop.
EFFECT OF THI ADDITION OF BUTTER CULTURE

Derby and IHammer (8) studied the influence of butter culture in restrain-
ing the development of surface taint by adding 10 per cent of the culture just
before churning.  When a pure culture of Achr. putrefaciens was used to inocu-
late the pasteurized cream, both the salted and unsalted samples with added butter
culture were still normal after storage for 20 days at 15.6° (. They concluded
that it is improbable that the amount of butter culture in the c¢ream which pre-
vented the development of surface taint under the conditions of these experiments
will always prevent the development of this defect. In a later investigation,
Claydon and Hammer (2) found that the addition of 5 per cent of butter culture
to pasteurized cream inoculated with Achr. putrefaciens prevented the develop-
ment of surface taint in the resulting butter during 6 days storage at 21° C.
In these trials the butter culture was added in the evening and the cream was
held overnight before churning. These workers stated that the addition of
butter culture is not effective under all conditions, since a number of the com-
mercial putrid samples examined in their studies were made from cream with
added butter culture. Elliker (13) presented data which indicated that the
factor responsible for the inhibition of Ps. putrefaciens by butter starters is
Ntreptococeus lactis or related bacteria. The specific inhibitory factor is pre-
sumably the acid produced by these organisms.

RELATION OF pH AND ACIDITY TO THE DEVELOPMENT OF SURFACE TAINT

Acidity determinations on representative samples of butter by Hood and
White (21) showed that many of the surface taint samples came within the same
acidity range noted for normal butter; however, Brown (1) encountered this
defect in comparatively high-acid butter, as well as in butter having a less pro-
nounced acid flavor.

Macy (37) pointed out that low acidity in the butter is unquestionably an
influencing factor in the appearance of surface taint and many other putrefactive
changes related to it. If neutralization of the cream is overdone, the acidity is
lowered to a point where conditions are much more favorable for an attack by
the causative organisms. The occurrence of the surface taint defect in butter
has coincided with the development of a low-acid type of butter, as noted by
Pont (40).

Cullity and Griffin (6) also have stressed that high acidity in the cream at
churning apparently retards the development of this defect. Investigations con-
ducted by Itzerott (22) indicated that cream acidities ranging from 0.06 to 0.15
per cent had little effect on the time required for this defect to develop in the
butter made from such eream.  Acidities above 0.15 per cent appeared to have a
retarding effect, however. It was noted that high acidities in conjunction with
low temperatures definitely inhibited the defect. Ile concluded that since the
bulk of Australian butter was made from cream with an acidity below 0.15 per
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cent, acidity alone could have exercised little control, but its effect in combina-
tion with salt may have been of some importance.

Claydon and Hammer (2) determined the pll values of the sera of several
samples of commercial putrid butter. These values ranged from pH 5.8 to 6.8,
which indicated that this defect was not necessarily confined to butter with a
high pH value but developed over the same range as most bacterial defects.
None of the pH values cited above indicated over-neutralization. In laboratory
churning trials, Achr. putrefaciens was added to portions of cream adjusted to
pH values from 5.2 to 7.8. The putrid defect developed in every sample of un-
salted butter made in these churnings. On the other hand, when the pH of the
cream was adjusted to 4.5, the defect did not develop in the resulting butter.
They stated that these results indicated that Achr. putrefaciens was capable of
producing the putrid defect in unsalted butter over a wide pH range. Wolochow
(50) likewise found that the pH of surface taint butter fell within the range ob-
served for normal commercial creamery butter.

RELATION OF PS. PUTREFACIENS TO THE DISAPPEARANCE OF DIACETYL

Studies conducted by Wolochow et al. (57) showed that diacetyl had a marked
effect in delaying or reducing the development of surface taint in butter. The
effect became considerably greater as the diacetyl content was increased. The
supressing effect did not appear to be related to the inhibition of the growth of
Ps. putrefaciens, because the growth of this organism was not inhibited in milk
by 100 parts per million of diacetyl, a much higher concentration than is present
in commercial butter. Elliker and Horrall (14) observed that the development
of a putrid odor and flavor in commercial butter was accompanied, and in many
cases was preceded, by the loss of typical butter aroma. Results on laboratory-
churned butter contaminated with wash water containing a pure culture of Ps.
putrefaciens showed that a definite decrease in the concentration of added diacetyl
accompanied the growth of Ps. putrefaciens in the butter during storage. In
some trials the diacetyl content was reduced to less than one-half the original
amount after 4 days of storage at 70° I.  In later work, Elliker and Horrall (15)
prepared butter from autoclaved cream to which starter was added shortly before
churning. The butter samples that were inoculated with Ps. putrefaciens showed
some loss of diacetyl during a 7-day storage period at 21.1° C. These workers
concluded from their observations that the ability of Ps. putrefaciens to produce
a flat-flavored butter is perhaps more prevalent than is commonly realized.

Elliker (12) reported that almost all the diacetyl destroyed by Ps. putre-
faciens during 10 days of growth in butter stored at 15.6° C. could be recovered
as acetylmethylcarbinol and 2,3-butylene glycol. About three-fourths of that
recovered was present as acetylmethylecarbinol and one-fourth as 2,3-butylene
glycol.  The fact that practically all the diacetyl originally present in these
butter samples could be recovered in the form of the two reduction produects of
this compound brings up the question as to whether this conversion should be
called destruction. It would seem more logical merely to state that the diacetyl
was reduced to acetylmethylearbinol and 2,3-butylene glycol because of an equili-
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bration brought about by the lowered oxidation-reduction potential of the system
as a result of the growth of Is. putrefaciens in the butter.

SOURCES OF CONTAMINATION

Hood (19) listed poor sanitary conditions in the plant and dirty churns as
probable causes of surface taint. Derby and Hammer (8) stated that surface
taint is not caused by contamination of the surface of a piece of butter but rather
by contamination of the ecream or the unworked butter. They were of the opinion
that the organisms causing this defect gained entrance in the plant following the
pasteurization of the cream, and suggested that the churn was very likely to be
involved in this defect. Loftus-Hill et al. (27) reported in their studies on
rabbito that the origin of the causative organisms was not located, but the churns
were considered the most likely source. They cautioned that other sources of
infection, such as the water supply storage tanks or the cream vats, could be the
cause of trouble.

It has been pointed out by Cullity and Griffin (6) that foci of contamination
are built up in a factory by initial contamination from the water supply. The
most likely sites of contamination are in the churn, or in any other piece of but-
termaking equipment where cream or other food material may lodge. Long and
Hammer (32) isolated Ps. putrefaciens from creamery water supplies and from
the floors and sewers in dairy plants. This organism also was obtained from
parts of a butter printer in a plant that was having diffieulty with putrid butter.
Other isolations were made from three of four churns that were examined by cul-
turing material from around bolt heads, from between staves and from the junc-
tion of staves and ends. Another culture of this organism was obtained from
the lining of a leaky milk vat. Pont (40) reported that the original source of
infection with Achr. putrefaciens in the butter factory appears to be the water
supply, but that secondary and, in many cases, more serious foci of infection
may be set up in churns and other equipment. Ile stressed that wooden equip-
ment, was the type most likely to be involved.

In a recent study of a large number of samples of New Zealand butter, Thom-
son (47) has demonstrated a correlation between poor hygienic conditions in
butter factories and the incidence of Ps. putrefaciens contamination of the butter.
Out of 91 samples trom which isolations were made, 69 had total bacterial counts
over 50,000 per gram, 53 had yeast counts over 500 per gram, and 46 had coliform
contamination classified as either ‘‘poor’” or ‘‘bad.’” e stated that those dis-
tricts having factories with a generally higher standard of factory sanitation
have a relatively low incidence, whereas districts with lower hygienic standards
have a much higher incidence. Most of the results suggested that the major
source of contamination was unclean equipment.

In studies on Ps. putrefaciens, Long and Hammer (31) isolated this organism
from raw milk, pasteurized milk, raw sweet cream, putrid salted butter and
normal salted butter. Other materials yielding the organism were soil, water
samples from a variety of sources, ecreamery floors, creamery sewers and creamery
equipment. Data on the reported sources of Ps. putrefaciens are summarized
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by Wolochow et al. (54). They listed the following materials as sources that
have yielded this organism at least once: (1) soil, (2) farm well water, (3) c¢ream-
ery water, (4) stream, lake and roadside water, (5) creamery floors, sewers and
equipment, (6) raw milk and eream, (7) pasteurized milk and cream, (8) ab-
normal butter, (9) normal butter and (10) sour hams.

RELATION OF WATER SUPPLY TO THE APPEARANCE OF SURFACE TAINT

Macy (37) pointed out that outbreaks, in Minnesota butter, of a defect re-
sembling surface taint were in nearly every case traced to an infected water
supply. The difficulty was overcome by seeking a new source of water or by
resorting to the treatment of the water at hand. Ps. putrefaciens has been ob-
tained by Hammer (17) from water used to wash butter. These isolations were
made in connection with studies on creameries having difficulty with butter de-
terioration.

Linneboe (25) examined a number of creamery water supplies and farm
waters for ovganisms of the Achr. putrefaciens type. Of 52 creamery water
supplies, nine contained the organism as the water left the well; five other eream-
ery waters were contaminated with the organisms after the water left the well.
Also, it was found that six out of 55 farm waters contained the organism.

Corley and Hammer (4) found Ps. putrefaciens in a considerable number of
water samples. These workers also noted that some water samples having high
bacterial counts did not cause flavor deterioration when used to wash laboratory-
churned unsalted butter, but the tendency was for samples showing high bac-
terial counts to be associated more generally with serious deterioration in butter
than were samples having low counts. Long and Corley (28) frequently noted
that water collected directly from a creamery well was satisfactory, while that
collected at the churn was unsatistactory. They concluded that in these in-
stances the contamination evidently occurred either in the storage tank or in the
piping. In a later publication, Corley et al. (5) reported on a detailed investi-
gation of the water supplies of 70 Iowa creameries over a period of 18 mo.
These investigators observed that some supplies regularly were satisfactory and
some regularly were unsatisfactory, while others varied in quality from one ex-
amination to another. Ps. putrefaciens was isolated from approximately 5 per
cent of the water samples examined. They concluded that various water sup-
plies, acceptable from a public health standpoint, were not suitable for use in
butter manufacture because of the presence of organisms causing spoilage in
butter.

A recent paper by Ilood (20) emphasized that the routine bacteriological
analysis applied by public health laboratories to creamery water supplies is quite
inadequate. A potable water according to present health laboratory standards
may contain, in relatively large numbers, proteolytic and other types of bacteria
capable of growing at low temperatures with detrimental effects if introduced
into butter. IIe further stated that for the treatment of water supplies contain-
ing surface taint organisms, two to three p.p.m. of available chlorine have been
found to be sufficient.
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CONTROL MEASURES

Derby and HHammer (8) emphasized that creamery sanitation is extremely im-
portant when one is concerned with any microbiological defect of butter. They
maintained that butter should be manufactured under such careful conditions
that even if it were exposed for a short time to temperatures favorable for the
erowth of organisms there would be no danger of serious bacterial deterioration.
It was pointed out by Macy (38) that fresh cream, thoroughly pasteurized, with
cream and butter protected from recontamination from vat to churn to finished
package of butter, pure water, uncontaminated starter and thorough working of
the butter are among the most important precautions if one wishes to avoid this
type of defect.

According to Pont (40) most investigators are in agreement on the following
measures for the control of surface taint, roughly in the order of their impor-
tance: (1) purification of water supplies by chlorination or filtration; (2) elim-
ination of secondary sources of infection, particularly in churns and woodwork
generally (in many cases complete replacement of wooden parts of infected
churns has been found necessary) ; (3) attention to factors concerned with satis-
factory physical condition of butter (thorough working is stressed); (4) ade-
(quate pasteurization temperatures; (5) increased salt concentrations (up to 1.7
per cent) ; and (6) higher acidities at churning (up to 0.15 per cent). Other
workers (6, 22, 50) have emphasized some or all of these points in their discus-
sions of the control of this defect.

MceCallum et al. (39) stated that since a satisfactory cure for surface taint
butter is not known, control appears to be a matter of prevention through elim-
ination of the causative agent at its source. They stressed that rigorous plant
sanitation, efficient pasteurization, prevention of recontamination of cream,
treatment of water supplies and sterilization of printing equipment and wrapping
material are essential for the control of the defect.

EFFECT OF TEMPERATURE ON PS. PUTREFACIENS

Brown (1) emphasized the fact that the organisms capable of causing surface
taint will develop the defect in butter stored at relatively low temperatures, while
Macy (37) stated that high temperature of storage is an influencing factor in the
appearance of surface taint. Pont (40) noted that the rate at which rabbito
developed was dependent on the temperature. At comparatively high holding
temperatures it may appear in 2 to 4 days, whereas at 5° (. and lower a week or
more may elapse before the defect becomes evident in the butter.

According to Itzerott (22), temperature was definitely the greatest factor in-
fluencing the development of the rabbito defect. IHe noted that with tempera-
tures between 60 and 90° . the defect developed within 2 to 4 days, whereas tem-
peratures below 55° F. had a definite retarding effect. Butter given a heavy
inoculation of rabbito organisms and held at temperatures in the range of 12 to
15 . for a period of 3 mo. showed no signs of the defect on removal from storage.
After thawing, the inoculated butter rapidly developed the defect when exposed
to temperatures between 65 and 95° F. The characteristic taint was usually
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well developed after holding at these temperatures for 30 to 40 hr. These
studies showed that the low temperatures prevailing during cold storage do not
destroy the organisms but merely inactivate them for the duration of the storage
period.

Derby and Ilammer (8) found that none of their Achr. putrefaciens cultures
survived 5 min. at 61.1° (., regardless of whether the cultures were young or old
or whether they came from agar slants or from milk. In later work, Long and
Hammer (31) subjected 1-day and 7-day milk cultures of several strains of Ps.
putrefaciens to a temperature of 61.7° C. for varying periods of time. The cul-
tures regularly survived a 0.5 min. exposure, while none except the 7-day culture
of one strain and the 1-day and 7-day cultures of another strain survived 1 min,,
and these were inactivated in 2 min.  From these data they concluded that it
was unlikely that this organism could survive either the high temperature-short
time or the holder method of pasteurization.

Wolochow et al. (53) reported on the heat resistance of one strain of Ps.
putrefaciens.  They found that, when suspended in milk, organisms of this strain
survived 54.4° (. for 5 min., but did not survive exposure to 62.8° C. for 1 min.

CHLORINE RESISTANCE OF PS. PUTREFACIENS

Long and Hammer (34) observed that when Ps. putrefaciens was suspended
in sterile distilled water or in pasteurized and filtered well water, it was rather
easily destroyed by chlorine in the form of hypochlorite, provided excessive
numbers of the organism were not present. With distilled water, destruction
was especially active; 1 p.p.m. of chlorine usually was effective in 5 sec. The
results with well water were more variable, but 5 p.p.m. of chlorine usually de-
stroyed the organism in 5 sec. In a later paper, Long and Hammer (35) reported
that when the numbers of Ps. putrefaciens organisms in relation to the amount of
chlorine or its period of action were excessive, destruction was unsatisfactory.
There was some evidence of variation in chlorine resistance among the strains of
the organism that they tested.

RELATION OF SURFACE TAINT TO TOTAL POPULATION OF MICROORGANISMS

Samples of surface taint butter examined by Derby and Hammer (8) often
contained large numbers of bacteria, as determined by the plate method. With
some of these samples the counts were very high, but in a few instances the counts
were comparatively low. Similarly, high yeast and mold counts were usually
obtained on samples of butter exhibiting this defect. It was noted that the counts
on these three types of organisms were, in a large percentage of the samples ex-
amined, higher on the surface portion than on the interior portion of the same
sample. The total number of organisms found suggested to these investigators
that considerable growth must have occurred because such high counts would not
be expected in butter made from pasteurized cream unless growth had taken
place, regardless of the quality of the raw material or the manufacturing methods.

Wolochow (49) found that the total and proteolytic counts on surface taint
butter fell within the range of normal commercial creamery butter when the
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plates were incubated at 50 to 70° K. for periods up to 5 days. In a later report,
Wolochow, et al. (55) concluded that the numbers of bacteria in commereial sur-
face taint butter were, in general higher than in normal commercial butter, but
that the organisms producing surface taint constituted only small minority popu-
lations in the defective samples. They stated that the numbers of organisms ob-
served did not appear to be sufficiently large to account for the surface taint de-
fect on the basis of count.

Pont (40) has also noted that surface taint butter typically is associated with
excessively high numbers of microorganisms. He emphasized that in the case of
print butter taken from retail trade channels, high bacterial counts are not neces-
sarily indicative of unsatisfactory manufacturing hygiene but may to some ex-
tent be a reflection of the conditions of temperature and handling to which the
butter has been subjected. In his opinion the incidence of destructive organisms
like Achr. putrefaciens is much more important in determining keeping quality
than total or group counts.

TYPES OF ORGANISMS ASSOCIATED WITH PS. PUTREFACIENS

Derby and Hammer (8) noted that the general types of bacteria found in sur-
tace taint butter by picking colonies into litmus milk from beef infusion agar
plates were essentially the same as those found in any lot of butter containing
considerable numbers of organisms. Micrococei were especially conspicuous,
and streptococci and non-spore-forming, gram-negative rods regularly were pres-
ent. These workers also observed that the organisms which predominated on
these plates did not produce surface taint in butter churned from pasteurized
cream inoculated with these organisms.

In a study of the incidence of Ps. putrefaciens in dairy plant equipment,
Long and Hammer (33) found that the flora on certain plates smeared with
material from churns definitely resembled the flora on plates prepared from

- putrid butter. Regardless of whether or not Ps. putrefaciens was present, these
plates usually contained microeocci, spore-forming bacteria, gram-negative rods,
and often yeasts and molds. Cordes (3) also observed that surface taint butter
invariably contained large numbers of bacteria and yeasts. White (48) iso-
lated Ps. putrefaciens from print butter showing extensive surface discoloration
caused by Ps. nigrifaciens. This suggested to him that there is a close associa-
tion of these two organisms in regard to original sources of contamination.

OTHER ORGANISMS SUSPECTED OF CAUSING SURFACE TAINT

Shutt (45, 46) reported that surface flavor butter was almost unknown in
city creameries, where the water supplies are known to be pure, but that this
flavor has been quite prevalent in butter from creameries in the rural districts,
especially after prolonged periods of wet weather. In his studies on creamery
water, all suspected supplies were found to be contaminated with Pseudomonas
fluorescens. Liock (26) stated that in Southern Australia Ps. fluorescens like-
wise was found frequently in water, and was considered a possible cause of
rabbito butter.



SURFACE-TAINT BUTTER 415

In Canada, Wolochow et al. (51) made several hundred isolations of bacteria
from creamery water supplies in a search for organisms having the ability to
produce surface taint. Ps. fluorescens was very commonly present, and this or-
ganism was able to produce a pronounced rancidity in butter. In a later paper,
these workers (56) reported that Ps. fluorescens was widely spread in Alberta
creamery butter and water. They suggested the possibility of this organism
causing a defect of pasteurized-cream butter chemically different from surface
taint but for a temporary period organoleptically indistinguishable from it.
All of their experimental surface taint butter samples containing inoculations
from pure cultures of Ps. fluorescens became rancid upon further incubation.
The latter report described a yellow-pigmented bacterium, believed to be a new
species, which was isolated from the water supplies of one Alberta creamery. It
produced a mild surface taint in butter churned from inoculated, high-tempera-
ture pasteurized cream. They believed this organism to be less important than
Ps. putrefaciens in the production of commercial surface taint. The tentative
name Flavobacterium maloloris was suggested for this species. Reynolds and
Thornton (42) stated that workers in their laboratory had previously observed
that F. maloloris was an infrequent cause of surface taint in butter. The data
they presented were from an examination of 589 isolations of yellow bacteria
from 140 samples of Alberta water; only two of the cultures in this collection
proved to be F. maloloris.

MEDIA AND METHODS FOR ISOLATION OF PS. PUTREFACIENS

Derby and Hammer (8) isolated Achr. putrefaciens trom several samples of
surface taint butter by the use of an enrichment method which consisted of in-
oculating butter into litmus milk, holding this mixture at 5° C., then plating on
beef infusion agar and picking colonies into litmus milk. These workers ob-
served that organisms capable of producing surface taint could not be isolated
from a considerable number of samples of surface taint butter, although with
some of the samples the defect could be carried through a series of experimental
churnings by using defective butter to inoculate the pasteurized cream.

Claydon and Hammer (2) noted that Achr. putrefaciens was most easily iso-
lated from commercial putrid butter by inoculating the butter into thoroughly
pasteurized cream, churning the e¢ream and smearing portions of the resulting
butter on beef infusion agar plates after the defect had developed. It appeared
that when the organisms were in clumps, as was the case with the smearing pro-
cedure, the colonies developed more readily than from isolated cells. Inoecula-
tion of the defective experimental butter into pasteurized c¢ream for production
of second or third generation samples occasionally resulted in isolation of the or-
ganism when it had not been obtained previously. They also observed that in-
cubation of the inoculated c¢ream overnight at 10° (. facilitated isolation of this
organism, as did incubation of the experimental butter and the smeared plates
at 5 to 10° (., rather than at 21° (. It was further noted that the age of the
butter seemed to be related to the ease with which Achr. putrefaciens was iso-
lated, since fresh samples yielded the organism more readily than older samples.
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In later work, Long and IHammer (31) reported that a special gelatin-agar
containing an iron salt was very useful in the isolation of Ps. putrefaciens because
of the luxuriant growth and high color production with it.  On this medium
Ps. putrefaciens developed readily, and after several days colonies were fairly
large, raised and brown to reddish brown or pink. It was found with certain
materials that enrichment in litmus milk at 3° C., followed by smearing on the
special medium, aided in isolating the organism, whereas with other materials
direct smears were more successful. These workers stated that in attempting
isolations from butter, the serum was more satisfactory than the butter itself.
It was emphasized that even with this improved medium growth may not occur
when the numbers of organisms in the inoculating material are small. It was
also pointed out that better results were obtained when plates were smeared than
when poured in the usual way.

Recently an investigation of the nutrition of Ps. putrefaciens was conducted
by Reinbold (41). As a result, this investigator developed a plating medium
containing casitone (Difco) and 1-malie acid which was suitable for the cultiva-
tion of this organism. Ten different cultures of Ps. putrefaciens were used in a
comparison of this medium with the medium developed by Long and Hammer
(31). Plates containing equal portions of the same dilution of a test culture
were poured with each medium. The number of colonies on the new medium was
significantly higher than on the medium of Long and ITammer in six of ten cul-
tures.  No difference in colony counts was obtained from three of the other cul-
tures, while the number of c¢olonies from the tenth culture was significantly higher
on the medium of Long and Iammer. It was also noted that there was no dif-
ference in colony size, although pigmentation was enhanced on the new medium.

RELATION OF THE AGE OF BUTTER TO THE RECOVERY OF PS. PUTREFACIENS

The difficulty in isolating Achr. putrefaciens from most samples of putrid
butter and the failure to obtain it from other samples suggested to Claydon and
Hammer (2) that the organism died rather rapidly after causing the defect.
Results of their experiments indicated that, with laboratory-churned butter con-
taining Achr. putrefaciens, the organisms became more difficult to isolate as the
butter aged. These workers found that occasionally, even with a large initial
inoculation, and particularly with salt present, Achr. putrefaciens was not ob-
tained from defective butter after 20 days; in one instance with a smaller inocu-
lation, it was not obtained after 3 days. They stated that under similar condi-
tions difficulty would be expected in attempts to isolate the organism from com-
mercial putrid butter which had been held for some time, particularly at 21° C.,
or above.

[n a later study, Long and Hlammer (31) investigated further the viability of
Ps. putrefaciens in butter. Each of the two lots of laboratory-churned butter
included a salted and unsalted portion, held at 21 and 3° C. These investiga-
tors examined these samples for Ps. putrefaciens at the time of manufacture and
at intervals thereafter by smearing serum on the special gelatin agar and also by
adding serum to litmus milk for enrichment at 3° C. In the unsalted butter
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held at 21° C. the number of Ps. putrefaciens after 24 hr. were much larger than
originally and no reduction could be detected after 18 days; at 3° C. the numbers
had greatly inereased after 1 wk., and there was no decrease after 16 wk. In
the butter containing 2.5 per cent salt and stored at 21° (', there was an increase
in numbers of Ps. putrefaciens after 24 hr.; later there was a definite decrease.
In the salted samples held at 3° (., there was a slight increase in numbers up to
8 wk. and then a decrease.

Wolochow et al. (55) determined the numbers of organisms in five laboratory-
churned unsalted butter samples made from eream inoculated with Ps. putre-
faciens. The samples were stored at 10 to 15° C.  Counts on tryptone-glucose-
beef extract-two per cent skimmilk agar were determined at intervals up to
23 days. In three of these samples the counts were still increasing at the end
of this storage period, the maximum numbers ranging from 10 to 17 million or-
ganisms per gram of butter.

RELATION OF SALT TO THE GROWTH AND SURVIVAL OF PS. PUTREFACIENS

Iood and White (21) observed surface taint in butter having a salt content
as high as 2.67 per cent.  Derby and Hammer (8) inoculated pasteurized cream
with Achr. putrefaciens, churned the cream and added varying amounts of salt
to portions of the resulting butter. All samples were held at 15.6° C.  The un-
salted and slightly salted (0.75 per cent) portions developed surface taint in 4
days, whereas the medium-salted (1.5 per cent) portion was still normal after
20 days storage. Based on the above results, these workers stated that salt had
a great influence on restraining the development of surface taint, but that it was
improbable that the medium salt concentration used in this experiment would
always prevent the development of this defect.

Claydon and Hammer (2) determined the salt content of a number of samples
of commercial putrid butter. They found a range of salt content in these samples
from 1.08 to 2.41 per cent. These investigators also noted that, in laboratory-
churned butter, salt was not effective in preventing the development of the de-
fect unless the butter was thoroughly worked. It was noted by Wolochow (49)
that the salt content of surface taint butter fell within the range for normal com-
mercial butter. Macy (37) emphasized that low salt content was definitely an
influencing factor in the appearance of surface taint.

Itzerott (22) studied the effect of salt in conjunction with acidity on the de-
velopment of the rabbito defect. Ile concluded from his work that a salt con-
centration of 1.7 per cent in butter made from cream with an acidity between
0.06 and 0.15 per cent will give a reasonable amount of protection against the
development of the defect. IIis experiments indicated that the salt had a greater
effect than acidity in checking the growth of organisms.

Long and Hammer (31) tested the salt resistance of 15 representative cul-
tures of Ps. putrefaciens in litmus milk. They found that in milk containing
4 per cent of salt all the cultures grew; with 6 per c¢ent of salt, only six of the
cultures grew; with 8 per cent of salt, one culture showed slight growth after 3
wk.; and with 10 per cent of salt none of the cultures grew. In experiments
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conducted by Wolochow et al. (57), it was observed that Ps. putrefaciens grew in
nutrient broth containing up to 6 per cent of salt and in skimmilk containing up
to 4 per cent. Growth also occurred in butter serum containing 1.2 per cent of
salt but not in serum containing 6.8 per cent.

RELATION OF CURD TO THE GROWTH AND SURVIVAL OF PS. PUTREFACIENS

Hood and White (21) analyzed a number of samples of butter for curd con-
tent and found that the values for surface taint butter corresponded closely to
the values secured for normal butter. Later work by Wolochow (49) also showed
that the curd content of surface taint butter fell within the range noted for
normal commercial ¢creamery butter.

RELATION OF pH AND ACIDITY TO THE GROWTH AND SURVIVAL OF PS. PUTREFACIENS

Derby and Hammer (8) found that Achr. putrefaciens failed to grow in
skimmilk acidified with lactic acid to 0.30 or 0.31 per cent, but did develop when
the milk was acidified to 0.27, 0.28 or 0.29 per cent. In a later study, Long and
Hammer (29) investigated the acid resistance of Ps. putrefaciens by adding
varying amounts of lactic acid to sterile skimmilk. At approximately pH 5.3,
Ps. putrefaciens survived only a relatively short time. With values appreciably
above pl 5.3, the organism multiplied in the acidified milk; with values below
pH 5.3, it was inactivated in less than 48 hr. In milk acidified to pH 4.9, the
organism was rendered inactive in 8 hr. Wolochow et al. (54) presented data
on the growth of Ps. putrefaciens at varying pll levels in several buffered liquid
media. The pI range permitting growth varied with the medium, but that in
some instances growth was not prevented until the pH was below 5.5 or above 9.5.
They concluded that Ps. putrefaciens was able to initiate growth and to grow
over a pH range considerably wider than is commonly found in the serum of
normal or surface taint butter.

NUTRITIONAL REQUIREMENTS OF PS. PUTREFACIENS

Long and Hammer (31) reported that the growth of Ps. putrefaciens on beef
infusion agar was not improved by the addition of various amounts of the amino
acids alanine, asparagine, cysteine, cystine, glycine and tryptophane. Addition
of the oxidizing materials, potassium permanaganate, hydrogen peroxide and
potassium persulfate did not aid the growth of Ps. putrefaciens when used in
small amounts and retarded growth when used in relatively large amounts. The
addition of certain reducing compounds was of some value, sodium thiosulfate
apparently being best suited to the organism. Certain other compounds pre-
viously reported as growth factors for some other organisms were also investi-
gated. Among those tested were a-naphthaleneacetic acid, benzoic acid, y-(in-
dole-3)-n-butyric acid, hydrocinnamic acid, indole-3-acetic acid, nicotinic aecid,
phenylacetic acid, riboflavin, thiamin and 1,2,5,6-dibenzanthracene. Benzoice
acid had a questionable beneficial effect, and none of the others in this group
aided growth.

Scheunemann and Behrens (44) used a synthetic medium to investigate the



SURFACE-TAINT BUTTER 419

nutritional requirements of Ps. putrefaciens. Experiments employing various
concentrations of growth factors in this medium showed that thiamin hydro-
chloride, nicotinic acid, betain hydrochloride and vitamin B, stimulated growth.
A markedly lesser growth stimulation was exhibited by choline hydrochloride
and pantothenic acid.

Reinbold (41) found that the amino acids used by most of his cultures were
glutamic acid, aspartic acid, isoleucine, leucine and tyrosine. Of other nitro-
genous compounds tested, the most readily utilized ones were protolysate (Mead
Johnson), casamino acids (Difeo), and casitone (Difeo). The organic acids
most readily used were propioni¢, butyrie, pelargonic, laurie, lactie, suceinie,
sebacic, fumaric, 1-malie, e-bromopropionic, glyceric and gluconic. Of these
latter acids, 1-malie, fumarie, and lactic were foremost in promoting growth and
pigmentation of the organisms. The action on carbohydrates was variable.
Under the conditions of his experiments, the only carbohydrate used by all of
the test cultures was glucose. Other carbohydrates utilized by at least one of
his test organisms were maltose, sucrose, dextrin, soluble starch, cellobiose, 1-arabi-
nose, glycogen, fructose and inulin. Within the test conditions used, the nine
B-complex vitamins either collectively or individually did not stimulate growth.

Doudoroft et al. (9) showed that Ps. putrefaciens could be adapted to utilize
sucrose at a much greater rate than the constituent hexoses. Demonstration of
a sucrose phosphorylase, phosphoglucomutase and phosphohexoisomerase in dry
cell preparations of Ps. putrefaciens helped to elucidate the metabolic pathway
by which the glucose portion of sucrose is utilized by this organism. The finding
of a sucrose phosphorylase in the enzyme system of Ps. putrefaciens also points
to the extremely important part that phosphate plays in its metabolic processes.

In a more recent paper, Klein and Doudoroff (24) reported on studies with a
mutant strain of Ps. putrefaciens which was capable of utilizing glucose. The
experiments on the wild type of the organism, which could not grow with glucose
as a sole carbon source, and on the mutant were conducted with washed-cell sus-
pensions, using the Warburg technique. This mutant strain of Ps. putrefaciens
oxidized glucose rapidly and utilized it for growth. They stated that the utiliza-
tion of glucose by this mutant was strictly adaptive in nature, and that, apart
from the enzyme initiating oxidation, the wild type, like the mutant, had all the
enzymes necessary for the subsequent metabolism of glucose.

The results of these experiments are at variance with the work of Reinbold
(41), who presented data showing that under the conditions of his experiments
all of the ten cultures of Ps. putrefaciens tested utilized glucose. It is conceiv-
able in the experimental method used by Reinbold that some carryover of essen-
tial intermediates was accomplished when the test medium which contained glu-
cose was inoculated with the test culture, thereby furnishing enough of a critical
substance so that the culture could initiate growth. On the other hand, in the
work of Klein and Doudoroff, the cells collected by centrifugation of liquid eul-
tures were washed with phosphate buffer before being used in the Warburg
flasks; consequently, these test organisms had to initiate growth with only the
components present within the cells themselves.
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In the paper by Klein and Doudoroff (24), it was stated that because neither
wild-type nor glucose-utilizing mutant cells were capable of oxidizing fructose
and repeated attempts to isolate a mutant utilizing fructose had proved unsuc-
cessful ; the conclusion was made that free fructose was completely unavailable
to Ps. putrefaciens. Subsequent experiments, reported in a very recent note by
Klein (23), however, have revealed that fructose ean be metabolized by this or-
ganism if this sugar is present in high concentrations. Fructose oxidation dif-
fered from the oxidation of other sugars studied in that it was nonadaptive in
nature.

SUMMARY

Surface taint became a problem to the dairy industry with the introduction of
pasteurized cream for buttermaking. This heat treatment seems to transform
the cream to a satisfactory medium for the growth of the causative organism.
Butter churned from pasteurized cream that has been contaminated with Ps.
putrefaciens usually develops a putrid odor and flavor within a very few days,
even when stored at temperatures as low as 5° C.

Ps. putrefaciens has been isolated most frequently from the water used in
washing the butter and from various pieces of equipment in dairy plants encoun-
tering diffieulty with surface taint. This organism is relatively easily inactivated
by chlorine; therefore, adequate treatment of an infected water supply with this
chemical will render it suitable for use in butter manufacture. In some in-
stances, certain pieces of equipment such as wooden churns become so extensively
infected with this organism that the replacement of a badly worn unit is the
simplest method of stopping a bad outbreak of surface taint in the butter from
a particular plant.

The incidence of surface taint can be lowered very markedly by following
ood sanitary practices in the dairy plant. Several groups of investigators have
made suggestions for the prevention and control of surface taint. Although the
practical methods suggested for the control of this defect are quite effective,
there is still no really rapid and simple procedure for determining whether any
particular churning of suspected butter actually contains Ps. putrefaciens, and,
if so, just how extensive the contamination with these organisms is.

The quantitative estimation and isolation of Ps. putrefaciens from butter has
been a problem worked on for many years by investigators in Australia, New
Zealand, Canada and the United States. A large part of this research has been
directed at the development of a more suitable medium for the growth of this
organism. It has been apparent for quite some time that Ps. putrefaciens loses
viability rather quickly when stored; hence, part of the difficulty encountered in
recovering this organism from butter can be traced to the fact that the number of
viable cells remaining in the infected sample may be very low. Also, there is
very definite evidence that ordinary distilled water is highly toxic to Ps. putre-
faciens; therefore, any technique employing unbuffered water as the dilution
niedium immediately lowers the possibility that any of the causative organisms
will be recovered. Regardless of the technique used for the quantitative estima-
tion or isolation of this organism from butter, it is imperative that as fresh samples
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as possible be obtained for analysis because of the rapid rate at which the or-
ganism loses viability on storage.
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EFFECT OF FEEDING VARIOUS PERCENTAGES OF ARTIFICTALLY
DEHYDRATED ALFALFA MEAL ON THE GROWTH AND
CAROTENE INTAKE OF DAIRY CALVES!

K. L. DOLGE, H. D. EATON, J. E. AVAMPATO, R. D. MOCHRIE, axp F. I. ELLIOTT
Animal Industries Department, Storrs Agricultural Experiment Station
AND

G. BEALL
Mathematics Department, University of Connecticut, Storrs

Poor or average quality hay has been found incapable of meeting the carotene
and roughage requirements of the young dairy calf raised under a limited-whole
milk and dry calf-starter system of feeding (4, 5). Since hay of required qual-
ity has not been generally produced in the northeastern states (2, 20), primarily
because of weather conditions (19), the development of a system of feeding to
insure adequate carotene and roughage intake is needed.

Inasmuch as the young calf, when fed starter and hay separately, generally
prefers starter (4, 5), it would seem desirable to formulate a complete ration
which would eliminate the preference factor and insure adequate carotene and
roughage intake. The general desirability of self-feeding a complete ration to
the young dairy calf has been reported previously (1, 9, 10, 14), as has the desir-
ability of including roughage in the calf’s ration (8, 17, 18).

High carotene potency, artificially dehydrated alfalfa meal is readily avail-
able on the market in the northeastern states and has been found to be an excel-
lent source of carotene and roughage for young calves (4,5). Therefore, a study
to compare the effects of incorporating various percentages of artificially de-
hydrated alfalfa meal and starter into a complete ration fed ad lib. with a stand-
ard system of limited feeding of starter plus average quality hay ad Uib. as a con-
trol was undertaken.

EXPERIMENTAL

Animals. Thirty-two 7-day-old calves, eight female and eight male Guernseys
and eight female and eight male Holsteins, were placed on experiment from Oec-
tober, 1950, through March, 1951. Four female and two male Guernseys came
from Lyman Farms, Middlefield, Conn., two female and four male Holsteins from
Mansfield State Training School and Hospital, Mansfield, Conn. and the remain-
ing calves from the University herd. All calves either nursed their dams for
48 hr. or were fed colostrum for the same period at the daily rate of 7 1b. for
Guernseys and 8 1b. for Holsteins. Calves then were transported to the Univer-
sity research barn and placed in individual tie-stalls in a separate portion of the
barn where the temperature was maintained at a minimum of 10° C.

Since it was impossible to prediet in advance availability of calves from the
three sources, calves were randomly assigned with restriction as to sex and breed

Received for publication Dee. 11, 1951,

1 Supported in part by funds provided by the Chas. M. Cox Co., Boston, Mass. A portion
of these data was presented at the 1951 Annual Meeting of The American Society of Animal
Production.
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to one of four ration groupings. This procedure was repeated so that two repli-
cations of the experimental design were achieved.

Rations. 'The four rations were: (a) Standard ration consisting of starter
limited to 2.5 Ib. daily for Guernsey calves and 3.0 1b. for Iolsteins, and U. S.
no. 2 field-cured and field-baled alfalfa hay fed ad lib.; (b) 25 per cent alfalfa
ration consisting of a mixture of 25 per cent artificially dehydrated alfalfa meal
and 75 per cent starter fed ad Ub.; (¢) 50 per cent alfalfa ration consisting of
50 per cent alfalfa and 50 per cent starter fed ad lib. and (d) 75 per cent alfalfa
ration consisting of 74 per cent altalfa and 26 per cent starter fed ad Lib.  These
are described in table 1. Chemical analyses in table 1 represent average values
of samples taken at successive 28-day intervals during the experimental period.
The herd milk contained on the average 191 y of carotene and 178 y of vitamin A
per pound.

TABLE 1

The ingredients and the mean chemical composition of the feed fed

Rations

Standard 3

Field-cured and field-baled
alfalfa hay starter

25% Alfalta  50% Alfalfa  75% Alfalfa

 INGREDIENTS
(1b./ton mixture)

Cracked yellow corn 469.50b 378.500 126.500
Crimped oats 400.00 322.00 108.00
Wheat bran 300.00 250.50 94.50
Linsced oil meal, o.p. 140.00 113.00 75.00 37.00
Soyhean oil meal. o.p. 279.25 225.25 150.25 74.25
Artificially dehydrated

alfalfa meal 140.00 491.00 1000.00 1485.00
Dried skimmilk 100.00 81.00 54.00 27.00
Forta-Feed Lederle's 2-22C 40.00 32.00 21.00 11.00
Trradiated yeasta 1.25 3] 1.25 1.25
Dicalecium phosphate 20.00 16.50 11.50 6.50
Todized salt 10.00 8.00 5.00 2.00
Cane molasses 100.00 81.00 54.00 27.00

Total 2000.00 2000.00 2000.00 2000.00
CHEMICAL COMPOSITION
(%)
Dry matter 89.43 88.37 89.38 89.76 90.80
(% of dry matter)
Crude protein 18.63 21.95 22.39 21.95
Ether extract 1.75 4.08 4.10 4.16
Crude fiber 2 7.64 15.14 19.69
Nitrogen-free extract 3777 59.97 50.72 45.67
Ash 10.56 53 7.65 8.52
(& 1.19 0.62 1.04 1.42
P 0.18 0.66 0.44 0.37
Mg 0.24 0.31 0.29 0.31
(mg./lb.)

(arotene 3.88

1.88 5.11 10.20 17.60

4 Expellar soybean meal plus Standard Brands type 142-F irradiated yeast equivalent to
1,600,000 T.U. of vitamin D/Ib. mixture.
b All except corn, oats, bran and molasses pelleted.
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The field-cured and field-baled alfalfa hay was identical in source to that de-
seribed in a previous study (5). It graded on the average U. S. no. 2 alfalfa
hay and contained 0.7 per cent timothy, 0.5 per cent foreign material, 38 per cent
leafiness of legumes and 39 per cent color. The standard starter and the various
mixtures of artificially dehydrated alfalfa meal and starter were prepared from
one lot of ingredients. All but the corn, oats, bran and molasses were pelleted.
A sample of the pellets from the standard starter measured 0.61 == 0.21 cm. in
length and 0.56 = 0.03 ¢m. in diameter. Similar values for the 25, 50 and 75 per
cent alfalfa rations were 0.57 == 0.18 and 0.56 == 0.03, 0.45 = 0.10 and 0.55 = 0.03
and 0.44 = 0.11 and 0.54 == 0.02, respectively.

After nursing their dams for 48 hr. or being fed colostrum from their dams,
Guernsey calves received 7 1b. of Holstein herd milk daily the third through the
seventh days and for successive 7-day periods thereafter 6, 5, 4 and 2 1b. daily.
Corresponding amounts for Holstein calves were 8, 7, 5, 4 and 2 1b., respectively.
Water was allowed ad lib. from the seventh day of age and, with the exception of
calves on the control ration, all feeds were fed so as to allow a minimum weigh-
back of 10 per cent.

To estimate the vitamin A storage, the calves were placed on a low-carotene
ration from the 105th day of age through the 126th day of age. This ration,
consisting of one-third beet pulp and two-thirds grain, was identical in composi-
tion and was fed at a level similar to that described previously (5, 6).

Observations and analyses. Feed intakes and refusals were weighed to the
nearest 0.1 1b. Live weights were recorded and venous blood samples drawn for
hemoglobin and plasma carotene and vitamin A determinations on the seventh
day of age for each calf and at successive 7-day intervals thereafter. In addition,
venous blood samples were obtained every second day from the 112th day through
the 126th day for estimation of vitamin A stores. IHeight at withers, heart girth
and girth of paunch were taken to the nearest 0.5 in. at 7 days of age and at suc-
cessive 14-day intervals through the 105th day of age. Daily health observations
were recorded.

Treatment of blood samples, analytical and statistical procedures were those
employed previously (4). The data in tables 2, 3 and 4 are arithmetic means =
their standard errors.

In the analysis of variance, the variability among rations was considered first
as standard versus complete rations. Secondly, among complete rations, there
was a linear trend with increasing alfalfa and deviations from that trend. The
total analysis besides embracing variability due to rations included that due to
sex, breed and other effects. It was as follows:

Source of variation Degrees of freedom
Rations 3
Standard versus complete rations 1
Among complete rations 2
Linear trend among complete rations 1
Deviations from linearity among complete rations 1
Breeds 1
Sexes 1
RxB 3
R xS 3
BxS 1
RxBxS o
rror 6

Total 31
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TABLE 3
Effect of level of alfalfa meal included in the calf’s ration wpon growth

Observed values

Exptl. 105 d. value adjusted
grouping At 7 d. At 105 d. for 7 d. value
Live weight (1b.)
Standard o 84+ 8 213 + 14 209
25% alfalfa . 82+ 6 232+18 231
509 alfalfa 81+5 200+ 12 202
75% alfalfa . 80+6 167 + 16 172
(61015531 ET - (— 69 +2 170+ 7 194
Holsteins ..., 94 +3 236 + 10 213
Females 78+3 194 + 10 200
Males 85+5 212 + 14 206

Height (in.)

Standard ... 28.5+0.7 35.2+0.6 35.1
259 alfalfa . 28.8 +0.6 35.4+0.6 35.1
50% alfalfa . 284+ 0.5 33.9+0.7 33.8
75% alfalfa 27.8+ 0.4 32.1+0.5 32.6
Guernseys - 27.4+0.3 33.0+04 337
Holsteins 29.3+0.4 35.2+0.4 34.6
Females .. 28.2+0.3 34.1+0.5 34.2
Males ... 28.6 + 0.4 34.2 + 0.6 34.1
Heart girth (in.)
Standard ... 29.2+0.8 38.8+0.7 38.7
259% alfalfa 29.3 +0.8 39.7+ 1.0 39.6
50% alfalfa . 29.8+0.9 38.2+0.9 37.8
75% alfalfa . 28.6 +0.8 35.2+09 35.6
Guernseys 27.7+0.3 36.2+0.5 37.2
Holsteins ... 30.8+0.5 39.8+0.6 38.7
Females 28.9 +0.5 37.8+0.6 38.0
Males ... 29.6 + 0.6 38.1+0.8 37.9
Girth of paunch (in.)
Standard 29.2 +0.8 50.3 +1.4 50.2
259, alfalfa 28.8+0.6 48.3 +1.4 48.5
50% alfalfa 29.8+0.8 48.8 + 1.0 48.2
75% alfalfa . 28.1+0.5 464+ 1.5 47.1
Guernseys 28.1+0.3 46.2 +0.2 46.9
Holsteins 29.8 +0.6 50.8+0.3 50.1
Females 28.9+0.5 47.2+0.2 47.3
Males s 29.0+ 0.5 49.8 + 1.0 49.7

The period that would have been required to deplete each calf of its vitamin A
stores was calculated from the average level of the vitamin A in the blood from
the 112th through the 126th day, as above. The equivalent depletion period for
any of these given average levels was obtained by reference to previously estab-
tablished data.?

2 Caleulation of time to deplete each calf of its vitamin A stores was accomplished by the
following formula: X =X+b'(y—§) — 15 in which .X = expeeted week for blood plasma level of
vitamin A to decrease to 4.0 y per cent; X=mean week in which blood plasma level of vitamin A
was observed, that is 17; ' = no. of week for blood plasma level of vitamin A to decrease 1.0 y per
cent (for Guernseys 0.3986 and for Holsteins 0.4021, both values derived from calves actually
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TABLE 4

Effcet of level of alfalfa meal included in the calf’s ration upon hemoglobin and plasma carotene
vitamin A

Observed values

Exptl. = — ————————— Mean 14 d. through 105 d.
grouping AtTd Mean 14 (. through adjusted for 7 d. value
B : 105 d.
Hemoglobin (g. %)
Standard .. 11.15 + 0.58 10.94 +0.28 10.56
25% alfalfa 10.59 + 0.90 11.25 + 0.42 11.08

50% alfalta ... 9.90+0.63 10.37 +0.25 10.46

75% alfalfa ... 8.91 + 0.81 9.42 +0.32 9.88

Guernseys 10.04 + 0.55 10.41+0.18 10.44

Holsteins 10.23 + 0.55 10.58 + 0.36 10.54

Females . 10.61 +0.36 10.70 + 0.20 10.52

Males ... 9.66 +0.67 10.28 + 0.34 10.47
Plasma carotene (y%)

Standard ... — 30+5 125 + 17 125

25% alfalfa ... 33+7 125 + 16 1

50% alfalfa . 40+9 208 +29 209

759% alfalfa _ 34 +11 191 + 34 191

Guernseys ... 46+ 7 215+19 216

Holsteins 22 +2 110+ 8 109

Females ... 4347 116 + 20 159

Males 25+3 158 + 19 166
Plasma vitamin A

Standard 139+ 1.3

259 alfalfa . 17.1 +£2.2

50% alfalfa ... 17.7+ 24

759 alfalfa . 16.6 + 1.3

Guernseys . 15816  200+1.0 201

Holsteins 16.8 + 1.0 21.1+0.8 21.1

Females . 71@ +1.4 a o 20.4 + (7).57) P ‘_;().27 B

Males .. 14.2 + 0.9 20.8+1.0 20.9

RESULTS

Feed. A comparison of total feed consumed (table 2) and the trend of this
consumption with increase in age (fig. 1) of those calves fed the complete rations,
25, 50 and 75 per cent alfalfa rations, showed an inverse linear relationship to
the level of dehydrated alfalfa incorporated in the ration (> < 0.01). Those
calves fed the standard ration, limited starter and U. S. no. 2 field-cured and
field-baled hay ad lib., were found to consume approximately the same amount
of feed as the 50 per cent alfalfa ration calves, less than the 25 per cent alfalfa
ration calves (P> < 0.05) and more than the 75 per cent alfalfa ration calves
(P < 0.01). Iolstein calves consumed significantly greater amounts of feed

depleted to less than 4.0 y per cent blood plasma vitamin A (6)) ; ¥ = blood plasma level of vita-
min A desired to predict .\, that is 4.0 y per cent; §=mean blood plasma level vitamin A ob-
served during the 16th, 17th and 18th wk. and 15 = week of age started on depletion.  The for-
mula for Guernseys reduced to X = 0.4+ 0.3986 v and for Iolstein X = 0.4 + 04021 +
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than Guernsey calves (P < 0.01) ; however, adjustment of the feed data to initial
weight at 7 days of age demonstrated that breed difference was directly related to
initial weight of the calves rather than a characteristic breed difference. No
real difference between sexes in feed consumed was observed.

Utilization of dry matter or of calculated T.D.N. as evidenced by live weight
increases (table 2) was more efficient in the 50 per cent alfalfa ration calves than
in the 25 and 75 per cent alfalfa calves and the standard ration calves. Although
Iolsteins required less feed per unit of gain than Guernsey calves, this difference

101 "
{STANDARD 25% 4
e: RATION RATION
'3
A
,
» L @
9o 3
7 50¢% 75%  [a2
3: RATION RATION ¢
6 :3
4: 2
2: d
o7 56 105 7 56 To5°

AGE IN DAYS

Fic. 1. The effect of level of alfalfa meal included in the young calf’s ration upon feed
intake with increase in age.

was found not to be statistically significant. Male calves utilized both dry matter
and T.D.N. more effectively than females calves (P < 0.05). Tt should be pointed
out here that some sorting of the 25, 50 and 75 per cent alfalfa rations occurred
with calves exhibiting on the average neither preference for the non-pelleted nor
pelleted portion of the rations. This might have affected the calculations of the
efficiency of utilization of T.D.N.

Mean daily intake y of carotene per pound of mean body weight (table 2) was
directly related to the level of artificially dehydrated alfalfa included in the ration
(P <0.01). The complete rations, 25, 50 and 75 per cent alfalfa, provided a
significantly greater intake of carotene than did the standard ration (P < 0.01).
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During 29 per cent” of the total calt week for those calves receiving the standard
ration, the daily intake of carotene was less than 60 y* per mean pound of body
weight. Similar data for the 25, 50 and 75 per cent alfalfa rations were 10, 3
and 0 per cent, respectively. The period during which the calves received daily
less than 60 y carotene per mean pound of body weight were for the standard
ration between 7 and 42 days of age, for the 25 per cent alfalfa ration between 7
and 21 days of age and for the 50 per cent alfalfa ration between 7 and 14 days
of age.

Utilization of the carotene ingested, as evidenced by predicted vitamin A
stores (table 2), indicated maximum utilization by those calves receiving the 50
per cent alfalfa ration followed by the 25 per cent, standard and 75 per cent ra-
tions, respectively. Guernsey calves utilized less carotene than Holstein calves
(P < 0.10). When the mean daily intake of carotene per mean pound of body-
weight was equalized between groups by regression, the lower levels of carotene
were utilized more effectively than the higher levels (P < 0.01 for the linear trend
of the complete rations), and the Guernseys were less efficient than Holsteins
(P <0.05).

Growth. Live weight, height at withers and heart girth measurements at the
termination of the experiment (table 3) were inversely related to the level of
alfalfa included in the complete rations (P < 0.01). The standard ration pro-
vided greater increases in these measurements than the 75 per cent ration and a
greater increase in height at withers than the 50 per cent ration. The 25 per
cent ration calves made greater gains in live weight and heart girth measurements
(P < 0.02) than did the standard ration calves, but no real differences were ob-
tained in height at withers.

The level of alfalfa in the complete rations appeared to have a direct effect on
the girth of paunch at 105 days of age (table 3) ; however, neither the differences
between rations nor the linear trend were found to be statistically significant.
The standard ration calves had greater girth of paunch than the 75 per cent
ration calves (P> < 0.05). Caleulation of relative girth of paunch with size of
calf (girth of paunch/height at withers) indicated that, with the exception of the
25 per cent ration calves which were slightly smaller, the girth of paunch in rela-
tion to size was essentially the same in all ration groups.

Guernsey as well as female calves were smaller in all growth measurements at
the termination of the experiment on the 105th day of age than Holstein and
male calves. Adjustment of the terminal measurements for initial measurements
by regression, however, demonstrated that the differences in live weight for
Guernseys and Holsteins and live weight, height at withers and heart girth for
sexes were essentially attributable to differences in initial values.

Blood. IHemoglobin, as well as plasma carotene and vitamin A, (table 4)

Per cent calf week
in which < 60 y

carotene per mean lb.

of body weight was consumed. }

per mean 1b. of body weight was consumed.

31 Total individual ealt week in which < 60 y carotene
(Total expt. week ) (Total calves in expt. group) '

+ Based on the National Research Couneil’s recommended carotene allowance for dairy
calves (12).
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were found to be related to the level of alfalfa incorporated in the complete ra-
tions.  With an increase in the per cent alfalfa, there was a corresponding in-
crease in the level of plasma carotene (I < 0.01), whereas the levels of hemo-
globin and plasma vitamin A decreased (PP < 0.01). Inspection of the data for
plasma carotene and vitamin A indicate some departure from a linear relation-
ship between these substances and per cent alfalfa (P < 0.05 for deviations from
linearity ).

Those calves fed the standard ration (table 4) had hemoglobin levels signifi-
cantly greater than the 75 per cent ration calves (P> < 0.05), plasma carotene
levels smaller than 50 and 75 per cent alfalfa ration calves (P < 0.01) and plasma
vitamin A levels greater than the 75 per cent alfalfa rvation calves (P < 0.05)
and smaller than the 25 and 50 per cent alfalfa ration calves (> < 0.05).

There were no statistically discernible differences between breeds or sexes in
either hemoglobin or plasma vitamin A levels. Guernsey calves had significantly
greater plasma carotene levels than Iolstein calves (P < 0.01).

Health. Caleulation of the per cent days free of scours for each calf and
subsequent statistical analyses of these percentages indicated no relationship be-
tween incidence of scours and the various rations. Per cent days free of scours
for Guernseys was 98.4, for Iolsteins 99.6, for females 99.7 and for males 98.3.
These differences between the breeds and between the sexes were found to be
statistically significant (P < 0.05).

Besides the relative unthrifty general appearance of the calves receiving the
75 per cent alfalfa ration and the tendency for the male calves receiving this ra-
tion to be relatively full in the paunch, no other health observations were ap-
parent.

DISCUSSION

The feasibility of feeding to the young dairy calf complete rations to insure
adequate roughage and carotene intake has been demonstrated in this experi-
ment. This would appear to be of real importance, especially when high quality
roughage is not available.

The decrease in feed intake and growth with an increase in the level of alfalfa
meal incorporated in the complete rations indicated that the calf is more sensitive
to the level of roughage in the ration than are more mature dairy animals.
Harshbarger and Salisbury (7) found subnormal growth in dairy heifers fed a
complete ration containing 94 per cent timothy and optimum growth at a 70 per
cent level. Corresponding values for the calf experiment reported herein were
75 and 25 per cent alfalfa.

Although not concerned with a comparison of roughage levels, Hibbs and
Pounden have found mixtures of 54 parts roughage and 12 parts grain (10) and
four parts roughage and one part grain (9) satisfactory for normal growth of
voung dairy calves inoculated with cud material. The latter has been found (3)
to be of importance in the ability of the calf to digest roughage. Since no cud
inoculations were employed in the present experiment, this might explain the
subnormal growth obtained in those calves fed the 75 per cent alfalfa ration.
Other factors such as associative digestibility (16), protein quality (11), mineral
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imbalance, especially ratio of Ca to P, (12), other ration nutrient deficiencies or
excesses or other factors such as the chick-growth depressant in alfalfa meal (15)
also might have contributed to the poor response observed in those calves fed the
75 per cent alfalfa ration.

The poor utilization of the carotene by those calves fed the 75 per cent alfalfa
ration can be explained on the basis of the relative inability of calves to utilize
this high level of alfalfa. The decrease in efficiency of utilization of carotenc
with increasing levels of carotene contained in the rations would be expected in
that, in general, increasing a particular nutrient in a ration results in a decrease
in its efficiency of utilization.

No adequate explanation of the decrease in hemoglobin level with increase in
the level of alfalfa included in the complete rations was apparent.

The breed difference in utilization of carotene and the per cent days free of
scours confirmed previous observations from this station (5, 6).

SUMMARY

An attempt to formulate complete rations for the dairy calf insuring adequate
roughage and carotene intake was undertaken. A comparison of mixtures of
artificially dehydrated alfalfa meal and starter in the following percentages 25
and 75, 50 and 50 and 75 and 25 with a standard ration of 1. S. no. 2 alfalfa hay
fed ad Libitum and restricted amounts of starter as a control ration was made,
using a total of 32 Guernsey and Ilolstein female and male calves 7 days old.

With an increase in the percentage of alfalfa meal incorporated into the com-
plete rations, there was a decrease in the amount of rations consumed. This de-
crease was accompanied by slower growth, as evidenced by live weight, height
at withers and heart girth measurements. The growth of the calves on the
standard ration was approximately equivalent to that on the 50 per cent alfalfa
ration, greater than the 75 per cent alfalfa ration and less than the 25 per cent
alfalfa ration. Efficiency of utilization of the feed consumed was greatest in
those calves receiving the 50 per cent alfalfa ration.

Maximum utilization of carotene occurred in the 50 per cent alfalfa ration
calves which had on the average predicated vitamin A stores of 8.5 wk. Corre-
sponding values for the standard ration, 25 per cent and 75 per cent alfalfa
rations were 6.6, 7.5 and 5.7 wk., respectively. Calculation of the daily intake of
carotene per mean pound of body weight by week showed that during 29 per cent
of the total calf week for those calves fed the standard ration, the carotene intake
was less than 60 y per mean pound of body weight. Similar values for the calves
receiving the 25, 50 and 75 per cent alfalfa rations were 10, 3 and 0.

Guernsey calves made smaller increases in height at withers and heart girth,
utilized less of the carotene ingested and had greater frequency of scours than
Holstein calves. Females had fewer cases of scours than males.
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A STUDY OF OVULATIONS IN SIX FAMILIES OI
HOLSTEIN-FRIESIANS!

H. E. KIDDER, G. R. BARRETT2 axp L. E. CASIDA

The University of Wisconsin and Burcaw of Dairy Industry, Madison, Wis.

This report covers an analysis of variability in the incidence of multiple ovu-
lations and quiet ovulations, and of the side on which ovulation oceurred in an
experimental herd of dairy cattle.

Numerous workers have reported an apparent differential function between
the right and left ovary, greater in the right; none, however, has demonstrated
associated variables or causes of variation.

Quiet ovulations are those for which there is no reported heat. Either the
cow ovulates without being in heat or the outward expression of heat is so brief
or so feeble as to be unnoticeable under the system of observation used. Sources
of variability and the importance of such ovulations in detracting from satisfac-
tory breeding efficiency appear not to have been given research consideration.

Multiple births are considered undesirable in cattle, as reported by Johansson
(6) and Williams (10). Birth weights for twin calves are less than for singles
and death rates are considerably higher ; dystocia is more frequent in case of mul-
tiple births. Freemartins constitute approximately 92 per cent of all heifers
born co-twin with bulls according to Swett ef al. (9). The incidence of multiple
ovulations and the embryonic death rate following single and multiple conecep-
tions are antecedent characters that must be considered if the developmental
physiology of twinning is to be understood.

EXPERIMENTAL PROCEDURE

The present study is a progress report and is based on records from the
Emmons Blaine, Jr., Experimental herd of Holstein cattle located near Lake
Mills, Wis. Detailed observations have been made routinely in this herd on
various aspects of physiology of reproduction in connection with an experimental
study of systems of mating.

Received for publication Deec. 23, 1951.
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The collection of the data used in this study started October 15, 1947, and
the study includes all the data available and satisfactory for use (some irregu-
larities occurred in the timing of observations during the early months of the
study) on the first reproductive period of all animals 15 mos. old or older by
January 1, 1950, and on the second reproductive period of those animals whose
second period had started on or before January 1, 1950.  (Only outbred animals
in the herd were old enough to be included in this report.) The first reproduc-
tive period designates the time between birth and first parturition in heifers,
and the second reproductive period is the time between the first and second par-
turitions. Reproductive periods later than the second were not considered on
any animals.

The operational procedures which were approximated during the earlier
months of the study and which are currently used in gathering these reproductive
data are as follows: Systematic heat checks are made twice daily at approxi-
mately 12-hr. intervals on all females over 6 mo. of age, the cattle being observed
for 15 to 30 min. after they are turned out of confinement. Manual palpations
of the genital organs, per rectum, are performed in the herd at 7-day intervals
te determine the reproductive state of the animals scheduled for examination.
Individual cows are scheduled for examinations 15 to 21 days after calving and
weekly thereafter until involution of the uterus is complete.  (Weekly examina-
tions may be resumed in this connection if the uterine condition again becomes
abnormal.) Ileifers over 12 mo. of age, and cows over 14 days post partum, that
have failed to show a heat period for 24 to 30 days are examined at the first regu-
lar examination day. If their heat periods are less than 18 days apart they are
examined on the day of heat (this examination is not confined to the ‘“herd exam-
ination day’’) and again 7 to 13 days later. Manual palpation of the ovaries
to locate the corpus luteum 7 to 13 days after heat is performed on all animals
12 mo. of age and over.

An examination for satisfactory breeding conditions is made of all heifers
during the last 7 days before 15 calendar mo. of age and of cows 67 to T4 days
after calving. If approved for breeding, heifers are bred (by artificial insemina-
tion) at the first estrus on or after 15 mo. of age, and cows, on or after 75 days
post partum. Cows and heifers are allowed a maximum of 233 “‘open’’ days to
conceive after their breeding period begins.  If open at the end of that time they
are eliminated from the herd. All cows and heifers that have not returned in
heat are examined 35 to 41 days after breeding to check for pregnancy.

The only reproductive abnormalities that receive therapeutic treatment are
retained fetal membranes and immediate sequela, and infections of the genital
organs which result in a generalized septicemia that may in turn endanger the
life of the animal.

RESULTS AND DISCUSSION
Multiple ovulations and multiple births.

Johansson (6) gives 1.88 and 0.44 as the incidence of twin births in dairy
and beef cattle, respectively. These percentages are based on the work of him-
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self and numerous other workers. Lush (7) suggests there are possible differ-
ences between families within a breed in the incidence of multiple births. The
relationship between multiple ovulations and multiple births, however, has not
been explored.

The incidence of multiple ovulations in the present study was examined in
the respective families or lines during the first and second reproductive periods
(table 1). The L line, with 19.5 per cent multiple ovulations, was the highest in

TABLE 1

Single and multiple ovulations by families (first and second reproductive periods)

Ovulations—I1st period Ovulations—2nd period
Line _ -
No. ovulations % multiple No. ovulations % multiple

(0] 58 10.3 78 16.7
L 41 19.5 54 111
H 54 3.7 54 16.7
B 59 11.9 34 14.7
M 35 5.7 37 10.8
N 101 16.8 29 13.8

Totals 348 12.07 286 14.34

the first period and the H line with 3.7 per cent was the lowest. The Chi square
test of significance showed a probability of chance oceurrence of the observed
differences between lines of approximately 0.08.

The over-all incidence of multiple ovulations was slightly higher in the second
reproductive period than in the first (difference 2.27 per cent; P = 0.4-0.5). The
range between the high lines (O and H, 16.7 per cent) and the low line (M, 10.8
per cent) was less than in the previous reproductive period and the Chi square
test failed to approach significance for the differences between the families
(P =0.90-0.95). The over-all insignificant difference between the first and see-
ond reproductive periods fails to support (although it is in the right direction)
Johansson’s (6) conclusions that age is an important factor in twinning in cattle
and also the work of others on various species which point to age as an important
factor contributing to litter size. It may be that the first two reproductive
periods are insufficient to demonstrate the age effect but it may also raise the
question whether or not the increase in multiple births with age may not come
about as a result of a decreased prenatal death rate in twin conceptions rather
than from an inereased incidence of multiple ovulations.

It has been suggested by Williams (10) that breeding too soon after parturi-
tion may lead to an abnormally high incidence of multiple births. This question
was studied in an analysis of 286 ovulations, all from the second reproductive
period. The post-partum interval was divided into two parts such that approxi-
mately 50 per cent of the ovulations occurred in the first period soon after par-
turition, and 50 per cent in the later period. The dividing point was between days
60 and 61 after parturition with 48.95 per cent of the ovulations occurring from
day 1 to 60. The incidence of multiple ovulations during the first 60 days was
16.43 per cent on 140 ovulations, as compared to 14.33 per cent on 146 ovulations
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for the period from day 61 to day 308 (difference 2.10; P =0.3). This observa-
tion failed to offer definite evidence that breeding soon after parturition would
lead to increased twinning, at least as far as the influence of ovulation rate is econ-
cerned.

Individual differences in the occurrence of multiple ovulations were studied
in those cows for which there were records of at least two ovulations. The prob-
ability of a cow repeating a multiple ovulation in a given number of records on
the basis of chance alone, was calculated by expanding the binomial (p +q)" where
p equals the incidence of multiple ovulations in the whole sample, ¢, the incidence
of single ovulations and n, the number of records on the cow. The last term of
the expanded binomial ¢", gives the probability of the cow having only single
ovulations; the next to the last term, npg", is the chance of her having only one
multiple ovulation. The formula 1-(npg""+ ¢") gives the probability of a cow
repeating multiple ovulations due to chance. The deviation of the actual propor-
tion of these three kinds of cows (table 2) from the theoretical proportion was

TABLE 2

The distribution of multiple and single ovulations among 154 cows having at least two
ovulationsa

Theoretical

Actually
observed number
Cows with only single ovulations ... 100 90
Cows with only one multiple ovulation . - 32 49
22 15

Cows with more than one multiple ovulation

a Number of ovulations per cow ranged from 2 to 11, with 73 cows having either 2 or 3
ovulations.
highly significant (P < 0.01). It was therefore concluded that random occur-
rence of multiple ovulations within the herd could not account for the excessive
number of two kinds of cows: (a) those animals that showed repeated multiple
ovulations and (b) those which showed only single ovulations.

Whether or not a cow that repeats multiple ovulations is more likely to repeat
them in sequence with one another than might be ascribed to chance was next in-
vestigated. A comparison was made between the proportion of multiple ovula-
tions followed by multiples and the proportion of single ovulations that were fol-
lowed by multiples. The percentages of the two kinds of sequences were 25.93
per cent and 12.67 per cent (difference 13.26 per cent; P < 0.05) based on 27 and
142 observations, respectively, in the first reproductive period, and 33.33 per cent
and 16.34 per cent (difference 16.99 per cent; P < 0.01) based on 24 and 104
observations in the second reproductive period. Thus, there is a greater tendency
for multiple ovulations to follow multiple and single to follow single than can be
explained by c¢hance alone. The incidence of repeatability is greater than can
be accounted for by chance and in the individual that does repeat the tendency
is to repeat in succession.  Repeated multiple ovulations tend to distribute them-
selves during the observation period on a cow in sequences of two or more, rather
than at random with respect to her different estrual periods. Multiple ovulations
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therefore may result from an endocrine condition (disturbance?) more perma-
nent than a single heat period.

Cole and Rodolfo (4) and Johansson (6) have reported a seasonal variation
in the percentage of multiple births. Johansson reports one peak during the
months of June and July which corresponds to conceptions in September and
October and another in December and January, corresponding with conceptions
in March and April.  Cole and Rodolfo report in IHeretord and Angus cattle the
highest per cent of twin births in July, August and September, corresponding to
conceptions in October, November and December.

The analysis of 348 ovulations during the first reproductive period in the
present study demonstrated a significant monthly variation in the incidence of
multiple ovulations (table 3). The peaks occurred during the months of March,

TABLE 3

Monthly variation in the incidence of multiple ovulation

First period Second period First & second period
Month Total no. of % Total no. of % Total no. of %
ovulations  multiple ovulations  multiple ovulations ~ multiple
1 32 37 10.81 69 8.69
2 44 21.88 76 17.11
3 26 12.00 51 13.73
4 23.81 17.65
5 59 21 28.57 28.00
6 6.06 24 10.53
7 3.03 18 11.76
8 8.11 15 9.62
9 0.00 16 0.00
10 28.00 30 16.36
11 11.11 19 10.81
12 11.11 28 7.27
X2=20.23 X*=16.83 X2=20.76
P < 0.05 P = 0.2-0.1 P < 0.05

April, and May and again in October. This seems to be partly in agreement
with each set of workers above because of the two peaks that were shown.

A significant monthly variation in the percentage of multiple ovulations was
not noted during the second reproductive period (P =0.2-0.1). The points of
similarity between the first and second reproductive periods are the months of
May and September. Both periods showed a high incidence in May and the
lowest incidence in September. The points of difference were that during the
second reproductive period a high frequency of multiple ovulations was main-
tained into the early summer, while in the first period a decided drop in frequency
was noted after May. During the second period there was no peak noted in Oe-
tober, as there was during the first period in this report. The data from the two
periods were pooled in further studies of the influence of month on multiple ovu-
lations. A significant over-all monthly variation was then found (P> < 0.05).

Data were available on 157 diagnosed pregnancies and subsequent calvings.
Three sets of twins were born, giving a twinning incidence for the herd of 1.92
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per cent, compared to the incidence of multiple ovulations of 13.10 per cent
(P < 0.01). This suggests that the fertility at multiple ovulations may be
markedly lower than the fertility at single ovulations. Consequently, a specific
study was made of 294 ovulations at which breeding oceurred. These included
252 single ovulations and 42 multiple ovulations. The incidence of multiple ovu-
lations in these data is 14.29 per cent, which is very close to the average incidence
of 13.10 per cent noted above in the herd as a whole. The conception rate at the
single ovulations was 57.5 per cent and at the multiple ovulations was 28.6 per
cent. This 28.6 per cent represents 12 conceptions of which only three resulted
in twin births and nine in single births. It was concluded from this analysis
that there is a highly significant difference (P> < 0.01) in the conception rate of
cows when bred at an estrus at which only a single ovum is shed, as compared to
an estrus at which two or more ova are shed. It is suggested that either of two
possible factors might be the cause of this difference in fertility: (a) that ova from
multiple ovulations tend to be defective and either not capable of being fertilized
or, if fertilized, of such low viability that they soon die, or (b) multiple ovulation
is the result of a general endocrine dysfunction, with the result that there is an
interference with sperm transport or that the uterus is not prepared properly to
nourish the embryo or to allow placentation.

Quiet ovulations.

Quiet ovulations are defined as those ovulations that occurred without an ob-
served heat period ; 27.3 per cent of all ovulations reported were quiet. The time
of occurrence of these quiet ovulations is important. If they occur soon after
parturition, they are of minor importance, but if they occur with high frequency
more than 60 days after parturition when an attempt is being made to breed the
cows for a yearly freshening interval their importance will be increased.

Records of 286 corpora lutea from the second reproductive period were avail-
able, of which 208 resulted from ovulations associated with known estrual periods
and 78 from quiet ovulations. The post-partum interval was divided into an
early and a late part between days 60 and 61, the same division as in the study
of multiple ovulations above. The incidence of quiet ovulations during the first
60 days was 44.3 per cent on 140 ovulations and 11.0 per cent of 146 for the period
from day 61 to day 308 (difference 33.3 per cent; I < 0.01).

While there is a highly significant decrease in the incidence of quiet ovula-
tions following the first 60-day portion of the post-partum interval, the incidence
is still high enough to be of importance to the breeder who wishes to keep his
cows at their maximum production by having them freshen yearly. It is sus-
pected that an appreciable amount of time is lost due to quiet ovulations.

Side of ovulations.

It has been previously reported that the right ovary in the cow is more active
than the left. Stalfors (cited by Reese and Turner (8)), reported, as a result of
rectal examinations of 923 cows for pregnancy, that 62.5 per cent were pregnant
in the right horn. The Idaho Experiment Station (5) concurred with these find-
ings, as did Clark (3) and Casida (2). Casida ef al. (1) found a significant dif-
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ference in the total follicular volume between right and left ovaries, the right hav-
ing the greater value, in an extensive study of the genitalia of heifer calves.

The data presented are in general agreement with these findings. The per-
centage of all single ovulations which occurred in the right ovary was 54.1 per cent
and 59.6 per cent (difference 5.5 per cent; I = 0.2) for the first and second repro-
ductive period, respectively, with an over-all average of 552 ovulations of 56.5
per cent in the right ovary.

The data were examined for possible differences between the families in the
side of ovulation (table 4). An analysis of the data fails to show significant dif-

TABLE 4

Percentages of single ovulations in the right ovary and of subsequent pregnancies in the right
uterine horn by families

Titie No. of % of ovulations No. of % in
ovulations from right ovary pregnancies right horn
(0] 117 60.7 33 75.8
L 81 59.3 24 54.2
H 98 57.1 28 50.0
B 81 56.8 25 48.0
M 66 51.5 15 46.7
N 109 52.3 20 40.0

Total 552 56.5 145 54.5

ference between families (I> == 0.8) in the frequency with which the right or left
ovary functions.

The percentage of pregnancies that was on the right side (54.5 per cent) did
not differ significantly from the percentage of ovulations that was on the right
side (56.5 per cent). Further than this, the 138 ovulations from the right ovary
and the 114 from the left at which breeding actually occurred gave conception
rates of 57.2 per cent and 57.9 per cent for the ova from the two sides, respec-
tively. Thus there was no evidence from these comparisons of differential fer-
tility between the two sides of ovulation.

An analysis of the pregnancies by families according to the side of pregnancy
brought out no significant difterences (P = 0.10). Iowever, the small numbers,
the relatively low probability and the wide range between lines warrant close
attention being given this question as further data become available.

TABLE 5

Ovulation sequences from right and left ovaries

Observed no. Theoretical no. of sequences baseds
S of sequences on the expansion of the binomial
Sequences

1st period 2nd period st period 2nd period
Right followed by right ... 29 2¢ 36.00 27.00
Right followed by left ... 38 18 30.54 18.30
Left followed by right . # 29 20 30 18.30
Left followed by left .. . 27 10 25.92 12.40

a Based on an incidence of 54.1% and 59.6% of the ovulations in the right for the first and
second reproduective periods, respectively.
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If the functioning of each ovary was completely at random within the restrie-
tions of the differential frequency of the ovulations between the right and left
ovary, the sequences of two ovulations would then follow the expansion of the
binomial, (p + ¢)?, where p equals the incidence of ovulation from the right ovary
and ¢ the incidence from the left ovary (pp equals right followed by right; pq
equals right followed by left; gp equals left followed by right, and ¢q equals left
followed by left). A test of this hypothesis (table 5) that sequences of ovulations
are at random showed no significant deviations from the theoretical (P = 0.3 for
the first period and P == 0.9 for the second period). It was concluded from this
analysis that there is no apparent tendency for cows to have a systematic sequence
of ovulations from one ovary or the other.

SUMMARY

The incidence of multiple ovulations in the Emmons Blaine, Jr. herd of ex-
perimental Holstein cows was found to be 13.10 per cent, while the incidence of
twinning was 1.92 per cent, a highly significant difference. The incidence of
multiple ovulations was not significantly influenced by reproductive period, fam-
ily, or length of time after parturition. There was a significant monthly varia-
tion in frequency of multiple ovulation in the first reproductive period and the
monthly variation in the second period approached significance, being high in
May and low in September in both cases. A highly significant tendency for
multiple ovulations to follow in sequence was found. Significantly higher fer-
tility was noted when cows were bred at an estrus from which only a single corpus
luteum was formed as compared to an estrus from which two or more corpora
lutea were formed.

The incidence of “‘quiet’” ovulations (44.3 per cent) was significantly higher
during the first 60 days after parturition than during the period 61 to 308 days
post-partum. During this latter period their incidence was still sufficiently high
(11.0 per cent) to constitute an important problem to the breeder.

Of the ovulations 56.5 per cent were from the right ovary. Studies of fam-
ily and parity failed to show any significant deviations from this ratio. No ap-
parent tendency was found for cows to have a systematic sequence of ovulations
from one ovary or the other.
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EFFECT OF FEEDING METHOXYCHLOR-TREATED ALFALKFA HAY
TO DAIRY COWS!

(. BIDDULPH, . Q. BATEMAN, J. R. HARRIS, I. L. MANGELSON, F. V. LIKBERMAN,
W. BINNS Axp D. A, GREENWOOD

Utah Agricultural Experiment Station, Logan

Following the consumption of DDT-dusted alfalfa hay, significant amounts of
this insecticide appear in the milk and body fat of dairy cows, the amount
present being proportional to the quantity of DDT residue on the hay (1). Be-
cause the methoxy analog of DDT (1,1,1-trichloro-2,2-bis (p-methoxyphenol)
ethane) has a much lower order of toxicity than DDT in rats, rabbits and mice
(6, 7), and because preliminary tests at this station showed it to be promising for
the control of alfalfa weevil larvae, experiments were undertaken to determine
the extent of accumulation of methoxychlor in the milk and tissues of dairy cows
fed alfalfa hay that had been dusted with this insecticide.

MATERIALS AND METHODS

A 33-acre dry land field of alfalfa was divided into 16 1.5-acre plots with in-
tervening buffer strips.  These plots were assigned to four blocks of four plots
cach. One plot in each block then was dusted with the following levels of
methoxychlor in pyrophyllite carrier: 1, 2, and 2.8 1b. per acre. One plot in
each block was untreated. Thus, four plots received each treatment. Applica-
tion was made with a power duster following the methods previously deseribed
(3) and at a time when insect counts showed large numbers of larvae of alfalfa
weevil (Hypera postica Gyll.) on the alfalfa.

Insect counts were made the day of dusting (June 6, 1949) and at 4, 9 and
14 days following the application of methoxychlor. The alfalfa was cut 23 days
after applying the methoxychlor. It originally was planned to cut the alfalfa on
the day following the last insect count but rain delayed this for approximately
1 wk.?  The alfalfa was raked into windrows and allowed to sun-cure, after which
it was baled and stored in a barn until December, at which time the feeding trials
began.

Eight IHolstein dairy cows from the Station experimental herd were used for
the feeding trials. Two cows received hay from the field plots receiving a given

Received for publication Jan. 5, 1952.

1 Research supported in part by a research grant from the Division of Research Grants and
Fellowships, National Institutes of Health, U. S. Public Health Serviee, and published with the
approval of the director of the Utah Agricultural Experiment Station.

2 This delay in harvesting the hay may have reduced the insecticide residue somewhat,
However, results of other experiments conducted during two different years in northern Utah
show that the residues reported in this paper are not out of line even though some rain did fall
between dusting and cutting. For example, 0.9 1b. methoxyehlor was applied per acre as a
dust and residue of 2.6 ppm. was found 11 days later; 1.6 1b. were applied per acre and 10.6
ppm. were found 11 days later; and 1.8 Ib. were applied per acre and 11.2 ppm. were found 27
days later.
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treatment. In addition to the alfalfa hay, the cows received a grain ration which
consisted of a mixture of 80 per cent barley and 20 per cent molasses-dried beet
pulp, to which was added 2 per cent steamed bone meal and 1 per cent fine hay
salt (NaCl). This ration was fed at the rate of 0.75 1b. of grain per day for each
pound of butterfat produced during the previous week. If butterfat produc-
tion dropped below 0.8 lb. per day, the grain ration was routinely discontinued.

Feeding began on December 18, 1949, and continued until April 10, 1950, a
total of 113 days. Milk samples were obtained from each cow before feeding of
the hay began, and at approximately weekly intervals throughout the period of
feeding. Blood samples (100 ml.) were obtained before and at the end of the
feeding period. The milk and blood samples were analyzed for methoxychlor,
using the method of Prickett et al. (5), except that nitration was carried out
according to the following schedule:

Time Temp.
(°C)

Start 5

5 min. raise to 10
10 min. raise to 20
15 min. raise to 30
20 min. raise to 40
25 min. raise to 45
30 min. raise to 50
35 min. raise to 60
40 min. raise to 70
45 min. raise to 80
50 min. raise to 90
55 min. raise to Boiling

Four of the cows, one from each treatment, were slaughtered at the end of the
feeding period and selected tissues analyzed for their methoxychlor content, using
the method of Prickett et al. (5) after the tissues were first ground in a food
grinder. The methoxychlor residue on the hay was determined using the Fairing
and Warrington method (2). The samples of hay used for analysis were ob-
tained from every second bale throughout the period of feeding. All samples
from a given field treatment then were combined and analysis made for methoxy-
chlor. All readings were made on a Beckman quartz spectrophotometer.

RESULTS AND DISCUSSION

The control of alfalfa weevil larvae obtained following the application of
methoxychlor to the alfalfa is given in table 1. All three dosages provided ade-
quate protection, the two higher treatments giving excellent control for 14 days
after application.

The methoxychlor residue and yield of the hays that were fed to the cows are
given in table 2. The residue varied from 0 to 14 ppm. The yield was greater
from the treated than from the untreated plots.
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Analyses of milk from the eight cows, which were made at approximately
weekly intervals throughout the period of feeding, showed that there was no
methoxychlor in the milk at any time.

No methoxychlor was found in the blood before or at the end of the feeding
period. Furthermore, there was no methoxychlor in kidney fat, kidney, liver or

TABLE 1
Control of alfalfa weevil larvae in alfalfa with methoxychlor, Cache Valley, Utah, June, 1949

Treatment Weevil populationa Per cent control obtained
= . Day of Days after treatment 4 d. 9 d. 14 d.
Me‘%liog ) Clro‘p Te'('{un_c;;l dusting ——M8— after after after
. GUES A (June 6) 4 9 14 dusting  dusting  dusting
(%) (Ib. per acre)
none none none 740 1,722 2,599 2,138
5 22 1.0 503 131 287 304 88.8 83.8 79.1
10 21 2.0 547 91 169 153 92.9 91.2 90.3
15 18 2.8 764 68 223 180 96.2 91.7 91.8

3 Weevil larvae/100 strokes of 15-in. net; based on 100 strokes in each of 4 replicates.

muscle of cows fed either treated or untreated hay. Kuntz ef al. (3) have
shown in rats that 100 ppm. methoxychlor must be present in the diet before this
substance appears in the body fat. The highest residue on the hay ingested by
the cows was 14 ppm. This level of methoxychlor is well below the level at which
it would appear in the body fat of the cows, if there is a similarity in response
of the two species of animals.

The daily feed consumption and milk and butterfat production of the cows
during the period of feeding are given in table 3. The differences in production

TABLE 2

Average yield and residue on alfalfa hay treated with methoxychlor

Methoxychlor . e
applied oo Yield Myihessadion
/acre P s
(Ib.) (tons) (ppm.)

0 4 1.22 0.0

1.0 4 152 7.0

2.0 4 1.31 9.5

2.8 + 1.36 14.0

result from the various stages of lactation of the cows during the test. The
reason for the low grain consumption of cow Hu 140 was that butterfat produe-
tion dropped below 0.8 1b. on the 17th day of the test and grain feeding was
discontinued.

The negative results reported for methoxychlor in milk, blood and tissues
actually indicate that less than 0.1 ppm. methoxychlor was found, since this is
the limit of sensitivity of the analytical method used. Color does not develop at
the end point until this level of methoxychlor is exceeded. In no instance was
any color characteristic of methoxychlor obtained in these samples.
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TABLE 3

Average daily feed consumption and milk and butterfat production of dairy cows for 113-d.
feeding period

?utterf:lf

Me:h‘()ﬁ'i‘;:llllm Cow Hay Grain Milk
'}:l\('rv no. consumed  consumed produced Prodiicod Tif 7k

(1b.) (1b.) (1b.) (1b.) (1b.) (%)
0 Hu 140 26.3 0.81 9.39 0.37 3.9

E 186 32.4 3.23 23.0 0.75 3.3

il Hu 63 34.8 5.86 28.3 1.00 3.5

E 214 29.0 6.27 24.1 0.82 3.4

2 Hu 164 20.7 6.98 27.3 0.94 3.4

A 143 26.3 6.13 28.8 0.90 3.1

2.8 E 180 34.2 8.92 46.8 1.47 3.1
Hu 158 29.4 3.84 17.5 0.67 3.9

SUMMARY

Methoxychlor did not appear in measurable amounts in the blood, milk or
tissues of six dairy cows consuming alfalfa hay that had been dusted in the field
with methoxychlor. Two cows receiving untreated alfalfa hay likewise had no
methoxychlor in their milk, blood or tissues.

There was no effect on milk or butterfat production or on feed consumption
as a result of feeding methoxychlor-treated hay.

The methoxychlor residue on the hay was 0, 7, 9.5 and 14 ppm. for the alfalfa
treated with 0, 1, 2 and 2.8 1b., respectively, of methoxychlor per acre.

There was no apparent effect of consuming the methoxychlor-treated hay
upon the health of the cows.

Good economic control of alfalfa weevil larvae was obtained in the plots of
alfalfa dusted with methoxychlor. The treated plots gave a somewhat greater
yield of hay than the untreated plots.
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FACTORS INVOLVED IN CORROSION OF TINNED AND STAINLESS
STEEL BY MILD ACIDIC SOLUTIONS USED IN
CLEANING DAIRY EQUIPMENT

THADDEUS LEWANDOWSKI

Whitemarsh Research Laboratories, Pennsylvania Salt Manufacturing Co.,
Wyndmoor, Pennsylvania

Mild acidic solutions are used or suggested for use in the dairy industry for a
variety of cleaning operations, such as removal of milkstone deposits, cleaning of
high-temperature short-time pasteurizers (7), in some can cleaning operations
(6) and alternating with alkaline compounds for cleaning of equipment (1).
The metals used most widely at the present time in manufacture of dairy equip-
ment are tin-plated steel, prepared either by hot dip or electroplating methods,
and 18-8 stainless steel. The usual feeling (1) is that organic acids are ‘‘mild”’
in their corrosive action on dairy equipment metals. Data on corrosion of tin
plate or stainless steel by some of the acids and acid dairy cleaners used on dairy
equipment are available (2, 3, 5, 6, 8). Ilowever, comparative data on some
acids presently used in dairy cleaning seem to be lacking. Therefore, it was
considered desirable to study factors involved in corrosion of tin plate and stain-
less steel by acidic materials in present use as dairy cleaners, near the tempera-
ture and concentration limits of dairy cleaning, with the hope of obtaining com-
parative data of possible practical value.

MATERIALS AND METHODS

Hot-dip heavily plated tinned steel strips were prepared by cutting 3.5 x 1 in.
strips from electroplated tinned steel sheets, tinning the edges by means of molten
tin and a zine flux and retinning the entire strip in molten tin, using a palm oil
flux. Electroplated tinned steel strips were prepared by cutting 3 x1 in. steel
strips, cleaning with a foaming scouring powder, rinsing, pickling in diluted
HCI and electroplating from a sodium stannate bath. The electroplated strips
were flow brightened by dipping into hot vegetable oil. In this manner, electro-
plated strips with a tin coating between 0.2 and 0.3 mils (thousandths of an inch)
were obtained. Stainless steel strips, 3 x 1 in., were cut from 18-8 sheet and
buffed to approximately a medium polish. All strips were cleaned just before
use with an alkaline detergent, rinsed, cleaned with a non-ionic synthetic deter-
gent, rinsed with distilled water, shaken in carbon tetrachloride, dried at 100° C.
for 0.5 hr., cooled in a desiccator for at least 0.5 hr. and weighed on an analytical
balance.

All acidie solutions (see table 1 for grades of chemicals) were prepared in dis-
tilled water in a final concentration of 0.25 per cent by weight. Seventy ml. of
each solution were placed in a 4-oz. wide-mouth jar. This solution volume covered
the lower 2 in. of an immersed metal strip. A weighed strip was placed in each
jar, the jar closed with a bakelite cap and held at various temperatures for 66 hr.
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Duplicate strips were treated with each solution at each temperature. Tempera-
tures of 40 and 50° C. were maintained within 0.5° C. by means of thermostati-
cally controlled water baths. Maintenance of a temperature of 60° C. within 1°
C., was accomplished by means of a thermostatically controlled, gravity convee-
tion-type incubator. At the end of the exposure period, strips were removed
from the jars, rinsed three times with distilled water, with light brushing during
the second rinse, dried at 100° C. for 0.5 hr., cooled in a desiccator for at least
0.5 hr., weighed and duplicate weight changes averaged. Appearance of the
strips was noted after weighing. All pI measurements were made at room tem-
perature by means of a Beckman glass electrode pH meter.

RESULTS

Averages of losses in weights of treated tinned steel strips are listed in table 1.

TABLE 1

Weight losses of hot dip and electroplated tinned steel strips after treatment with acidic
solutions at different temperatures

= H i lec a
s((])' u;%n Weight ot dip Electroplated
e loss 40°C. 50°C. 60° C. 40°C. 50° C.
Phosphoric acid (C.P.) .o mg. 2.05 1.85 3.55 2.30 3.40
MDDa 3.60 3.20 6.20 4.00 5.90
Gluconic acid (teel.) ..o mg. 13.00 24.65 15.20 30.60 25.95
MDD 22.70 42.90 26.40 53.20 45.10
Levulinie acid (teeh.) .. . mg. 7.75 11.30 15.10 19.70 19.00
MDD 13.50 19.60 26.50 34.30 33.00
Glyeolie acid (tech.) uvmenin mg. 31.25 28.45 23.00 32.20 31.45
MDD 54.30 49.50 40.00 56.00 54.30
Citric acid (C.P.) mg. 21.10 21.65 36.60 43.30 43.90
MDD 36.70 37.60 63.60 75.30 76.30
Acetic acid (C.P.) . mg. 10.30 14.10 17.40 14.65 19.40
MDD 17.90 24.90 30.30 25.50 33.70
Sulfamic acid (C.P.) . mg. 29.50 23.70 22.90 32.10 40.20
MDD 51.30 43.20 39.80 55.80 69.90
Sodium bisulfate (tech.) ... mg. 38.50 41.10 35.50 28.15 30.30
MDD 67.00 71.50 61.70 49.00 52.70

2 MDD = Loss in mg./decimeter®/day.

In general, losses in weight of hot dip strips were lower than those obtained with
electroplated strips. Treatment with phosphoric acid resulted in very low
weight losses at all temperatures. With gluconic acid and sodium bisulfate, hot
dip strips lost more weight at 50° C. than at both 40 and 60° C. Electroplated
strips lost more weight at 40 than 50° C. with gluconic acid, while the reverse
occurred with sodium bisulfate. Levulinie, citric and acetic acids caused in-
creasing losses in weight of hot dip strips with rise in temperature. With levu-
linic and citric acids, weight losses of electroplated strips were constant, while
acetic acid showed an increase in weight loss with a 10° rise in temperature.
Glycolic acid caused a slight decrease, sulfamic acid an increase in weight loss of
electroplated strips with rise in temperature. Relating effects of the acidie solu-
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tions by means of weight losses revealed that hot-dip tinned steel at 40 and 50° C.
showed the greatest weight loss with sodium bisulfate, followed by glycolic,
sulfamic, gluconie, citrie, acetie, levulinic and phosphoric acids in that order.
At 60° C., the descending order was citrie, sodium bisulfate, glycolic, sulfamie,
acetic, gluconice, levulinic and phosphorie. With electroplated tin strips at 40°
C., the descending weight loss order was citrie, glycolic, sulfamie, gluconie, so-
dium bisulfate, levulinic, acetic and phosphorie, while at 60° C. it was citrie,
sulfamic, glycolic, sodium bisulfate, gluconie, acetie, levulinic and phosphorie.
It is pertinent to note that all of the MDD (milligrams per square decimeter per
day) figures were below the ‘‘serious’’ weight losses represented by 100 MDD
(2, 5), an indication of the essentially mild nature of the tested acidic solutions.

Observations on changes in appearance of tinned strips indicated fairly well
defined relationships (table 2). In all cases, changes in appearance were most

TABLE 2

Appearancea of hot dip and electroplated tinned steel strips after treatment with acidic
solutions at different temperatures

0.25% pH Hot dip Electroplated
solutionof: 95 390 @, 40°C,  50°C. 60° C. 40° C. 50° C.
Sulfamie acid ........... 1.67 sIR NC NC RP RP
GSp SWSp SWSp SWRPSp SWsIRPSp
Phosphoric acid ... 1.96 NC NC NC NC _NC
SWSp SWSp SWSp SWSp SWSp
Sodium bisulfate ... 2.06 NC NC NC RP RP
SIBrBSp GSp WSp SWRPSp SBRPsISp
Citrie acid ... 2.55 NC NC NC NC NC
BBrSp BBrSp BBrSp GBSp GBSp
Glycolic acid ... 2.59 NC NC BSp sIR sIR
BBrSp BBrSp BSp BGSp BGSp
Gluconic aeid .. 2.94 NC NC NC slR sIR
BrBSp BrBSp BrBSp ‘GBSp GBSp
Acetic acid .. 3.10 NC RP RP RP RP
TEp T ®P T RP
Levulinic acid ... 3.14 NC NC NC NC sIR
IslSp TsISp IRP Br I

a B—black, Br—brown, G—gray, I—iridescent, NC—no change, P—pits, R—rust, S—silver,
sl—slight (ly), Sp—spangled, W—white. Appearance of portions of treated strips above and
below air-liquid interfaces is indicated by the position of key letters above or below dashes (3).

intense at the air-liquid interfaces; liquid phases were next in intensity, while
vapor-phase exposed strip portions showed the least change. A relationship be-
tween color of treated strips, particularly in the liquid phases, and pI of the
solutions seemed to exist. Liquid phase portions of strips treated with solutions
between pII 1.67 and 1.96 were colored silver, white or gray, those between pH
2.06 and 2.94 were gray, black and brown, while at pH 3.10 and 3.14 an irides-
cent rainbow-like film predominated. ‘‘Spangling,”” a term used here to de-
seribe seemingly etched patterns on tin surfaces, was noted with all solutions
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except acetic and levulinie acids, the only organic acids used which were not
hydroxy acids and which gave the highest pIl readings. Of the organic acids,
volatile acetic and levulinic acids caused pitting of the tinned steel strips.  In-
organic sulfur-containing acidic materials; .., sulfamic acid and sodium bisul-
fate, also caused pitting, while phosphoric acid did not. In general, appearance
changes were more intense with the electroplated rather than hot dip strips.
Treatment of stainless steel strips by the acidic solutions resulted in extremely
small weight changes (table 3). Only sulfamic acid caused weight losses at all

TABLE 3

Weight changes of stainless steel strips after treatment with acidic solutions at different
temperatures

0.25% pH Weight changes at:
seltipm 25-26° (. 40° ¢, 50° C. 60° C.
(mg.) (mg.) (mg.)

Phosphorie acid .. +0.20 +0.10 +0.35
Gluconice aeid +0.15 0.00 0.00
Levulinie acid ... +0.20 +0.15 +0.30
Glycolie acid +0.40 +0.05 +0.05
Citrie acid +0.20 + 0.40 —0.60b
Acetic acid . +0.25 +0.30 —0.10
Sulfamic acid —0.10 —0.20 —0.10
Sodium bisulfate

4+ weight gain, — weight loss.
b Strips treated with citrie acid at this temperature had a light, white-gray film below the
liquid level. ~ All other strips were unchanged in appearance.

+0.10 —-0.10 —0.05

temperatures, while citric and acetic acids and sodium bisulfate caused weight
losses only at 60° C., the highest temperature used. With all other solutions,
small weight increases occurred. Strips treated with citric acid at 60° C. de-
veloped a light white-gray film and also lost the greatest amount of weight. All
other strips were unchanged in appearance.

DISCUSSION

Acidic corrosion of tinned steel apparently is an extremely complex process
involving many interrelated factors. No one effect, such as weight loss at a
single temperature, for example, can be relied upon to accurately describe or
predict the activity of an acid, for weight losses may vary in an unpredictable
manner with temperature changes. IHowever, certain trends which may be of
practical value became apparent in this study.

Depending on the acidic compound and possibly related to chemical strue-
ture, weight losses of tinned steel remained constant, increased or decreased with
changes in temperature. Iurther, the type and/or thickness of tin plate had
a bearing on the intensity of the changes produced as greater weight losses, more
pitting, more pronounced color changes, ete., were evident with electroplated as
compared to hot-dip heavily plated strips. Probably in the case of clectroplated
strips a good deal of corrosion of steel, as well as tin, occurred. The pIl of the
solutions at room temperature had no apparent relation to weight losses of tinned



CORROSION 453

steel but did seem related to color c¢hanges and ‘‘spangling.””  Color changes
possibly were due to formation of more or less soluble reaction products and, as
the experimental method was essentially static, maximum macroscopie reactions
probably were produced. In addition to pII of solutions, ‘‘spangling’’ seemed re-
lated to structure of hydroxy organic acids but not to structure of carboxylic or in-
organic acids, weight losses, color production, type of tinplate and temperature.
Pitting, particularly of thin electroplated tin strips, apparently was caused only
by volatile organic acids and also related to the presence of sulfur within the
molecules of inorganic acidic compounds. However, it is probable that the
known and possibly variable porosity of tin plate also played a role in the pitting
of test strips (8).

The low activity of phosphorie acid on tin has been recorded previously (8).
The formation of insoluble tin phosphate as a protective corrosion product, re-
sulting from interaction of the tin or tin oxide surface with phosphoric acid,
seems entirely possible.  Objections to excessive corrosion by phosphorie acid of
iron and steel surfaces (2), such as those found in can washers, drains, ete., may
possibly be removed by use of inhibitors (4). Preliminary experiments in this
laboratory indicate that ‘‘spangling’ of tin plate by phosphoric acid may be re-
duced by use of inhibitors.

Stainless steel was resistant to all of the acidic solutions at the temperatures
employed. Citric acid was the only tested material which caused a visible change
in appearance of stainless steel strips, and this occurred only at the highest test
temperature.

CONCLUSIONS

Factors contributing to corrosion of tinned steel by mild acidic solutions were
found to be temperature, pll, apparent volatility of organic acids, structure of
acidic compounds and type of tinplate. Factors apparent as results of corrosion
were weight loss, color changes, pitting and ‘‘spangling.’’

Weight loss of tinned steel changed or remained constant with change in tem-
perature depending on the acidic compound and the type of tinplate. Under all
test conditions, phosphorie acid caused only very slight weight losses as compared
to various organic acids, sodium bisulfate and sulfamic acid.

A relationship between pH of acidic solutions and formation of colored de-
posits, as well as ‘‘spangling’” of treated tinned steel strips, seemed to exist.

Pitting of tinned steel was caused only by volatile organic acids and also ap-
parently was related to the presence of sulfur in molecules of inorganic acidic
compounds.

Corrosion manifestations were more intense on thinly electroplated than on
hot-dip heavily plated tinned steel.

Under the experimental conditions, stainless steel was not corroded appre-
ciably by any of the acidie solutions tested.
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SOME CHARACTERISTICS OF THE LIPASE OF GEOTRICHUM
CANDIDUM

W. 0. NELSON

Laboratory of Bacteriology, Department of Dairy Science, University of Illinois, Urbana

The conditions necessary for optimum lipase activity vary with the source of
enzyme, the substrate and the methods used in obtaining the lipase preparation.
Thus, it has been reported (4) that both Aspergillus niger and Penicillium roque-
forti produce two types of lipase. The extracellular lipases were most active at
pI 8.0, whereas the mycelial lipases exhibited maximum activity at pH 6.5. In
addition, the optimum temperature for lipolysis varied with the substrate. Simi-
larly, Tammisto (13) demonstrated that the heat-resistant intracellular lipase of
B. fluorescens liquefaciens became heat sensitive when the cells were air-dried.
Furthermore, the dried preparations exhibited a lower pH optimum than did the
fresh cell preparation.

The lipase of Candida lipolytica, characterized by Peters and Nelson (7),
was active over wide ranges of pH and temperature. Maximum cleavage of
butterfat oceurred at pH 6.2 to pH 6.5 and at 28 to 33° C. The activity of cell-
free preparations was virtually unchanged by storage at 3 to 5° C. for 3 mo.
However, considerable activity was lost during lyophilization and foam concen-
tration. The same authors (8) also reported that favorable growth conditions
resulted in low lipase production. The accumulation of lipase was enhanced by
growing C. lipolytica without shaking and the addition of reducing substances
to the cultures had little or no effect on the accumulation of lipase.

Although it has been reported that cysteine reverses the inactivation of milk
lipase brought about by aeration (6) and that wheat germ lipase requires in-
tact sulfhydryl groups for activity (12), the lipase of some microorganisms may
differ in this regard. According to Fiore and Nord (2), the intracellular lipase
of Fusarium lint contains no sulfhydryl or disulfide groups essential for activity.
Similarly, microbial lipases also may vary in sensitivity to oxygen and other oxi-
dizing agents. In this connection, it has been reported (3) that the lipase of
Clostridium perfringens was unaffected by air or 10> M H,0O,. Conversely,
H,0, or KBrO, have been added to cultures of Geotrichum candidum during fat
synthesis studies (9) to prevent lipolysis of the accumulated fat.

Thus, it is apparent that growth and assay conditions directly influence
lipase production and activity and, therefore, the behavior of an organism and
its lipase in a given situation cannot be predicted. Although 6. candidum rap-
idly hydrolyzes butterfat in cream (5), the characteristics of its lipolytic system
are relatively unknown. It is the purpose of this paper to report some of the
characteristics of the (. candidum lipase.

Received for publication Jan. 13, 1952.
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METHODS AND MATERIALS

Bacteriological : . candidum, strain 13, isolated from commerecial raw cream
in this laboratory, was selected as the test organism because of its known capacity
to hydrolyze butterfat (11). Stock cultures were maintained on tryptone-glu-
cose-beef extract-agar slants and were stored at 4° C. after initial incubation at
20° C.

Cell-free filtrates from broth cultures served as the source of the lipase.
Active filtrates were obtained by growing the organism on a medium containing
10 g. Protolysate,' 1 ¢. Na,IIPO,, and 0.1 g. KCl dissolved in 1 L. of distilled
water. The medium was dispensed in 125-ml. quantities into cotton stoppered
1-1. Erlenmeyer flasks, adjusted to pIl 7.0 and autoclaved at 121° C. for 15 min.
The flasks were inoculated with 0.1 ml. of a water suspension prepared from a
24-hr. agar slant culture of . candidum, and incubated without aeration for 4
days at 20° (. The cells were removed by filtration through asbestos-matted
Gooch crucibles.

Lipase assay: The activity of filtrates was measured by titrating the fatty
acids liberated from a buffered substrate. Except where indicated the emulsion
used in the assay contained 1.0 ml. U.S.P. olive oil (or other substrates), 44 ml. of
0.3 per cent agar dissolved in buffer (pIl 6.0), and 0.3 ml. toluene. The agar
solution was prepared by dissolving 3 g. bacto-agar in 1 1. of buffer containing
250 ml. 0.2 M potassium biphthalate, 228 ml. 0.2 M NaOII and 522 ml. distilled
water. The buffered substrate was sterilized at 121° C. for 15 min. and then
stored at 4° C. until used. The system was brought to incubation temperature
and 5 ml. of culture filtrate and 0.3 ml. toluene added. The reaction mixture
was shaken until a stable emulsion was obtained and then incubated at 20° C.
Aliquots of the emulsion were titrated daily during the 3-day incubation period.
Duplicate or triplicate assays were performed in each trial. Controls containing
either sterile growth medium or a heated culture filtrate were used. In no in-
stance did the titration values of the controls change during the test period.

A 10-ml. aliquot of the reaction emulsion was diluted with 25 ml. of 1:1
neutral 95 per cent ethyl alcohol-diethyl ether, and the free fatty acids titrated
with 0.1 N alcoholic KOH to a phenolphthalein end point. Initial titration
values, obtained prior to incubation, were subtracted from the values obtained
during incubation. The net titration values obtained in this manner were thus
a measure of lipase activity. Experimental data are expressed as the net titra-
tion value (milliliters 0.1 N KOH) of the 10-ml. aliquot.

RESULTS

The data in figure 1 show the influence of pH and temperature on the activity
of the extracellular lipase of G. candidum. Lipolysis was studied in emulsions
buffered at pH 4.0, 5.0 and 6.0 with potassium biphthalate-NaOIl mixtures, and
in emulsions buffered at pIl 6.0, 7.0 and 8.0 with KH,PO,-NaOH mixtures (10).
Since there were no significant differences between the lipolytic activity obtained

1 Mead Johnson & Company, dry enzymic digest of casein.
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in a phosphate buffer and in a biphthalate buffer at pll 6.0, the data were com-
bined into a single graph.

As can be seen from the graph, rapid lipolysis occurred in substrates buf-
fered between pll 5.0 and 8.0, and at 20, 30 and 37° C. Maximum activity was
observed at pll 6.0 and 30° . The enzyme was completely inactive at pll 4.0.
In this connection, additional experiments demonstrated that the lipase was de-
stroyed when active filtrates were acidified to pIl 3.0 and immediately reneu-
tralized.
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Fi6. 1. Effect of temperature and pH on activity of G. candidum lipase. Assay flasks con-
tained 45 ml buffered 0.25 % agar, 2.5 ml. butter oil, 2.5 ml. filtrate from a 4-d. broth culture
and 0.3 ml toluene. The assay emulsion was incubated for 3 d. at 20, 30 and 37° C. Data
are expressed as mean net titration value of 20-ml. aliquots from triplicate emulsions.

The enzyme hydrolyzed numerous substrates; however, natural fats such as
butterfat and olive oil were attacked more readily than synthetic triglycerides,
monoglycerides and fatty acid esters of the glycols. Tripropionin, tributyrin
and tricaprylin at pII 6.0 were hydrolyzed to a moderate degree, whereas tri-
acetin, tristearin, trilaurin, tripalmitin and trimyristin did not undergo lipolysis.
Greater activity was obtained with glyceryl mono-oleate than with glyceryl mono-
stearate, laurate or ricinoleate. Diglycol oleate, diglycol laurate and propylene
glycol monolaurate yielded low titration values. The fatty acid esters of poly-
ethylene glycol were not hydrolyzed.

The data represented by figure 2 show the influence of relative substrate con-
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centration on the reaction rate when butterfat, olive oil and tributyrin were em-
ployed as substrates. Lipolysis increased when the concentration of olive oil
was increased, and did not appear to reach a maximum with the concentrations
studied. A similar response occurred when butterfat was tested; however, it
was noted that with 5 ml of culture filtrate maximum lipolysis occurred in the
presence of 3 ml. of substrate. The influence of increased concentrations of tri-
butyrin was different than that observed with the other substrates. In this in-
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Fic. 2. Influence of relative substrate concentration on rate of lipolysis. Assay emulsion
contained 40 ml. 0.3 % buffered agar (pH 6.0), the type of substrate and volume of culture
filtrate as shown, and 0.3 ml. toluene. Duplicate emulsions were incubated at 20° C. for 3 d.
Data are calculated from mean net titration values for 10-ml. aliquots.

stance the enzyme activity reached a maximum and decreased rapidly to zero.
Complete inhibition was observed when high concentrations of tributyrin were
present. This inhibition may have been caused by the presence of impurities in
the substrate. The differences in rates obtained by comparing the substrates
indicate relative substrate specificity. Variation in absolute substrate concen-
tration and emulsion-forming properties of the substrates undoubtedly contribute
to a small degree to these differences.

A study of the distribution of lipase in broth cultures demonstrated that
filtrates were more active than the corresponding myecelial preparations. For
this comparison the mycelia were macerated at 4° C. in a glass tissue-homogenizer
in the presence of no. 600 carborundum and 4 ml. of biphthalate buffer at pII 6.0.
When thoroughly ground, the homogenate was diluted to a volume equivalent to
the culture filtrate by the addition of buffer. The lipolytic activity of such prep-
arations compared to that of the culture filtrates is illustrated in figure 3. Al-
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though the filtrates varied in lipolytic activity, in all instances the filtrate activity

was greater than that of the corresponding mycelial preparation.

Thus, the data

suggest that the lipase of (. candidum is primarily an extracellular enzyme.

LIPASE DISTRIBUTION IN G. CANDIDUM CULTURES
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¥16. 3. The distribution of lipase in broth cultures of G. candidum.
tained from mycelia and filtrate of a 4-day broth culture grown at 20° C.
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The lipase was ob-
Activity was deter-

mined in an emulsion containing 44 ml. 0.3 % buffered agar (pH 6.0), 1 ml. USP olive oil,

5 ml. of enzyme preparation, and 0.3 ml. toluene.

Other conditions are as in figure 2.

These data also emphasize the differences in lipolytic potential normally encoun-
tered in cultures classified as G. candidum.

INACTIVATION OF LIPASE BY AERATION
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The lipase was readily inactivated by mechanical aeration. Broth cultures
orown at 26 to 30° C. and aerated by shaking [120 strokes 1.378 in. per min.]
during growth were completely devoid of lipolytic activity. A progressive in-
activation of lipase occurred when active filtrates obtained from stagnant cultures
were aerated by mechanical shaking. These results, shown in figure 4, suggest
that intact sulfhydryl groups may be necessary for lipolytic activity. To inves-
tigate this possibility, additional tests for the presence of active sulfhydryl groups
were performed by the use of sulfhydryl group inhibitors. It was found that
the lipase was unaffected by 1-hr. exposure to 10~ M AgNO,, CuCl, or 10> M
H.0.. Conversely, the presence of oxygen or 10-* M IIgCl, caused a 50 per cent
reduction in lipase activity. These results are illustrated in figure 5.
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Fic. 5. Inhibition of lipase by metals and oxidizing agents. Assay conditions as in
figure 3.

The lipase preparations inactivated with oxygen or mercury responded dif-
ferently to the addition of reducing agents. After 1-hr. incubation with the in-
hibitor, the reducing agents were added and the mixture allowed to stand an
additional 30 min. before being assayed. In this manner it was found that
5x10-* M glutathione, ¢ysteine or Na,S at pll 6.0 partially reversed the mercury
inactivation, whereas ascorbic acid was ineffective.  Conversely, oxygen inactiva-
tion was irreversible with respect to these reducing agents under the same condi-
tions. The data shown in ficure 6 illustrate the effect of glutathione on both
Hg(Cl, and oxygen inactivated lipase.
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F16. 6. Reactivation of inhibited lipase. Assay conditions as in figure ©

DISCUSSION

Some of the characteristics of the lipolytie system elaborated by . candidum
closely parallel those which have been deseribed for the lipase of C. lipolytica
(7). Points of similarity are the optimum pll and temperature, oxygen sensi-
tivity and extracellular occurrence of the enzyme.

A major point of difference between the above two lipases is the acid sensi-
tivity exhibited by the G. candidum lipase. This enzyme was inactive at pI 4.0
and was destroyed when it was acidified to pII 3.0 and immediately reneutralized.
These data are consistent with other investigations which have shown that (a)
lipolysis is retarded when raw cream undergoes a rapid natural lactic acid fer-
mentation (1) and (b) the rate of lipolysis decreases in direct proportion to the
increase in acidity of cream supporting the growth of G. candidum (11).

A study of the substrate specificity shows that the extracellular lipolytie sys-
tem of (. candidum contains a true lipase which is specific for triglycerides and
which exhibits maximum activity on naturally occurring mixed triglycerides.
Thus, the high levels of free water-insoluble fatty acids encountered in cream
inoculated with . candidum (11) may be due to the action of this enzyme.
Data obtained by the use of inhibitors and reducing agents suggest the necessity
for intact sulfhydryl groups for lipase activity.

SUMMARY AND (CONCLUSIONS

Filtrates from cultures of G. candidum contain a true lipase which was active
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at pH 5.0 to 8.0 over a temperature range from 20 to 37° C. Maximum activity
oceurred in substrate buffered at pIl 6.0 and incubated at 30° C.

Naturally occurring mixed triglycerides were more readily hydrolyzed than
were synthetic triglycerides and other esters. Lipolytic activity was dependent
upon the type of substrate, substrate concentration, enzyme concentration and
reaction time.

The lipase was inactive at pIll 4.0 and was destroyed at pII 3.0. The enzyme
was partially and irreversibly inactivated by oxygen. HgCl, inhibition was par-
tially reversed by glutathione and other reducing agents.
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Agriculture and Markets, Albany, N. Y.

M2 Paper Partition Chromatography of the Free Amino



9:00-11: 00 a.m.

AMERICAN DAIRY SCIENCE ASSOCIATION 467

M3

M5

M6

M7

Acids of Foreign-type Cheeses. HARoLD J. FAGEN and
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Cheese. W. J. Harrer, Ohio State University.
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J. B. Sting, Kraft Foods Co., Research Lab., Glen-
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The Use of White Mutants of Penicillium roqueforti
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‘W. V. Pricg, University of Wisconsin.

Section B. MILK FLAVORS, FROZEN MILK, DRY
MILK. O. F. GarrerT, Presiding

M8

M9

M10

M11

Mi2

M13

M14

Room 100, Hunt Hall

The Influence of Feeding Corn, Pea Vine, or Alfalfa
Silage to Dairy Cows on pH and Titratable Acidity,
Per Cent Butterfat and Total Solids and Milk Flavor
and Production. II. C. Hansen, E. D. McGLASSON,
R. H. Ross, W. R. IIarvey and D. L. Fourt, Idaho
Agricultural Experiment Station.

Antioxidant Properties of Milk as Influenced by the
Type of Pasture Fed to the Cow. V. N. KRUKOVSKY,
Cornell University.

Two Phenomena Related to Casein Precipitation in
Frozen Storage of Milk. (. Curistiaxson, S, T.
CouLter and RoBeRrT JENNESS, University of Minne-
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ders. U. S. AsawortH, State College of Washington.
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The Effect of Various Milk Serum Proteins and Sulf-
hydryl Groups on Bread Quality. B. L. LaARrsox,
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University of Illinois and R. JENNEss and W. F.
GEpDES, University of Minnesota.

SECTION BUSINESS MEETING

Room 1, Chemistry Building

CHEESE, BACTERIOLOGY, CREAM, BUTTER. A.J.
Mogrts, Presiding

M15

M16

M18

M19

M20

M25

Room 100, Hunt Hall

Effect of Spoilage Bacteria on Flavor Component of
Cottage Cheese. R. B. PArkER and . R. ELLIKER,
Oregon Agricultural Experiment Station

Isolation of Streptococcus thermophilus Bacteriophage
from Swiss Cheese Whey. D. D. Deaxg, . E. NEu-
sox and F. C. Ryser, lowa Agricultural Experiment
Station.

Some Factors Affecting the Action of Benzoyl Per-
oxide in the Bleaching of Milk for Cheese Manufac-
ture. S. Kvramoro and J. J. Jezeski, University of
Minnesota.

Acetaldehyde Production by Streptococcus lactis and
Streptococeus lactis var. maltigenes. E. Zuraw and
M. E. Morcax, University of Connecticut.

Starter Activity Tests Using Non-fat Dry Milk Solids.
N. S. Gouping and L. McCorkre, State College of
Washington.

Preliminary Studies on the Thermal Resistance of
Microcoeei in Milk.  A. N. Mynr and J. C. Ousox,
JRr., University of Minnesota.

A Study of Methods for Evaluating the Keeping
Quality of Sweet Cream Butter. B. M. ZAKARIASEN,
L. Bekserg and R. W. Myxresy, Land O’Lakes
Creameries, Inc., Minneapolis, Minnesota.

The Behavior of the Lipase from Pseudomonas fragi
in Cream and Butter. S. A. Nasumr and . E. NEL-
soN, Towa Agricultural Experiment Station.

The Effect of Aging of Cream upon the Distribution
Pattern of Free (Y, C; and C; Fatty Aecids. I. I.
Perers, Texras Agricultural Experiment Station.

The Role of Ascorbic Acid and Tocopherol in the De-
velopment of Oxidized Flavor in Cream and Butter.
A. C. Syira, M. LoswensteiN, R, E. ANDERSON and
H. C. Ousox~, Oklahoma A & M College
““Skunkweed’” Flavor in Cream and Butter. H. C.
Orsox, R. I. Beacnsoarp, R. E. ANDERsSON, Okla-
homa A « M College ; 1i. F. Epatoxpsox and C. Lacey,
Oklahoma State Dept. of Agr,
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Thursday, June 26, 1952

CHEMISTRY, MILK HEATING, EVAPORATED
MILK. O. F. Garrerr, Presiding

M26

M29

M30

M31

M32

M33

M34

Room 1, Chemistry Building

Observations on the Keeping Quality of Pasteurized
Milk, with and without Added Aureomycin, which
Was Obtained from Various Sources and Stored at
15° F. J. . Ousox, Jr., D. S. WiLLouvcaBY, E. L.
Traomasg and H. A. Morris, University of Minnesota.
The Glyceride Structure and Polymorphism of But-
terfat. G. R. GREENBANK, Bureaw of Dairy Industry,
U.S.D. A.

Isolation and Compositional Characterization of the
Fat-membrane Proteins of Nonhomogenized and Ho-
mogenized Milk. J. R. BRux~er, C. W. DuNcaN and
(. M. TrouT, Michigan State College.
Electrophoretic  Characterization of the Fat-mem-
brane Proteins of Nonhomogenized and Homogenized
Milk. J. R. Brunxer, H. A. Liuevig, G. M. TrouT
and C. W. Du~cax, Michigan State College.
Preparation of Samples of Skimmilk for Electropho-
retie Studies.  J. Tosias, R. McL, Warrxey and P.
II. Tracy, University of Illinois.

Effect of Ieating to 300° I. by Means of the Mallory
Small-tube ITeat Exchanger ou the Electrophoretic
Properties of Skimmilk. J. Tosias, R. McL. Wair-
NEY and P. I Tracy, University of Illinois.
Limitations of the Use of Serum Protein Determina-
tions in Evaluating Ileat of Milk. II. A. IIARLAND,
S. T. Couvrrer and R. JexNess, University of Minne-
sota.

The Phosphatase Inactivation Curve in the HTST
Pasteurization Range. S. A. Haxsex, F. W. Woop
and I. R. TrOrNTON, University of Alberta, Edmon-
ton, Canada.

Estimation of Caleium fon Activity in Milk and
Other Biological Fluids. (. CHRISTIANSON, R. JEN-
NESS and S. T, Covnrer, University of Minnesota.
Observations on the Color of Evaporated Milk. S.
Parrox, Pennsylvania State College.

A Spectrographic Method for the Determination of
Tin, Copper, Iron and Lead in Evaporated Milk and
the Effects of Storage on Evaporated Milk. €. W.
Georxe and C. Vax Rusvyox, University of Missouri.
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1:30- 3:00 p.m.

3:00- 4:30 p.m.

1:30- 4:30 p.m.
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SYMPOSIUM: THE ECONOMIC STATUS OF THE
DAIRY INDUSTRY. E. L. Jack, Presiding
Room 1, Chemistry Building

Changing Eeonomic Conditions in the Dairy Industry. H.
(. TreLocaN and .. IIERRMANN, Agricultural Research Ad-
ministration, U. S. Department of Agriculture.
The Impact of Technological Developments upon Economie
Conditions in the Dairy Industry. G. W. SPraGUE, Western
Condensing Co., Appleton, Wisconsin

Discussion Leader: R. G. BRESSLER, JR., University of

California.
Association Business Meeting

Room 2205, Veterinary Science Building

PRODUCTION SECTION
Tuesday, June 24, 1952

Section A. ARTIFICIAL BREEDING. G. IIvarr, JRr.,

Chatrman
Room 2205, Veterinary Science Building

P1 Relationship of Maximum Daily Air Temperature,
Mean Daily Air Temperature and Humidity to Physio-
logical Reactions of Dairy Bulls. J. E. Jorxsrox and
C. BrantoN, Lowisiana State University, Baton Rouge

P2 Uniformity and Nutritional Studies with Monozygotie
Bulls. II. II. Ouson, University of Minnesota, St.
Paul

P3  The Effect of Frequeney of Ejaculation on the Semen
Characteristics and Libido of Young Bulls. F. N.
Bakger and N. L. VANDEMARK, University of Illinois,
Urbana

P4 The Influence of Gonadotropic Hormones on Semen
Quality. J. H. Byers, G. McCurLEY and M. vonKRro-
SIGK, Oregon State College, Corvallis

P5 The Use of Bacitracin and Terramyecin in Semen Di-
luters and the Storage of Semen at -15° C., in a Glye-
erin-citrate-yolk Diluter. O. T. Starncup and H. K.
McCArTNEY, University of Arkansas, Fayetteville

P6 The Relationship between Dilution Rate of Bull Semen
or the Number of Motile Spermatozoa and Fertility.
C. Braxton, II. €. Kevngren and T. E. PATRICK,
Lowisiana State University, Baton Rouge

P7  The Reducing Components of Bull Semen as Deter-
mined by an Iodimetriec Titration. B. I.. Liarsox and
G. W. Sauissury, University of Illinois, Urbana

P8  The Effect of Spermatozoa Concentration and Dilution
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P9

P10

P11

on the Respiratory Activity of Bull Semen. M. W. H.
Bisaor and G. W. SavuisBury, University of Illinois,
Urbana

Oxygen Consumption of Semen from Dairy Bulls on
Three Levels of Carotene and Vitamin A. M. vox
Krosiak, Oregon State College, Corvallis
Reconstituted Skimmilk as a Diluent for Bovine Semen.
G. B. Mariox and . H. OnsoxN, University of Minne-
sota

Impedance Change Frequency in Bull Semen. M. W.
H. Bisaor, R. C. CampBELL and J. L. HANcock, Agri-
cultural Research Council, Animal Research Station,
Cambridge, England

Section B. CALF NUTRITION. N.N. AuLex, Chairman

P12

P13

P14

P15

P16

P17

P18

P19

P20

Room 101, Horticulture Building

Simplified Calf Starter Containing Corn, Oats and Ex-
peller or Solvent Soybean Oil Meal. K. E. GARDNER,
University of Illinois, Urbana

Slacked Lime as a Preventive of Scours for Whey-fed
Calves. D. C. Brown, J. REap and H. S. WiLLARD,
Wyoming Agricultural Experiment Station, Laramie
Effect of Dietary Lipids on the Polyunsaturated Fatty
Acids in Blood Plasma of Young Dairy Calves. R. S.
ALLeN and J. H. Zaveren, Iowa Agr. Expt. Station,
Ames

The Effect of Vitamin Supplements on Carotene Utili-
zation from Hay by Dairy Ileifers. S. R. Skaqas,
New Mexico Agricultural Experiment Station, State
College

The Value of Arsonic Acid Derivatives as a Growth
Stimulant when Fed to Calves. G. C. Grar and C. W.
Horpaway, Virginia Polytechnic Institute, Blacks-
burg

Effect of Ration upon Riboflavin Levels in Calf Tissues.
E. G. Moopy, S. M. Havee and N. S. LuxpQuist, Pur-
due University, Lafayette, Indiana

Effect of Type of Dietary Lipid upon the Blood Plasma
Lipids of Young Dairy Calves. N. L. Jacossox, J. II.
ZAaveTEL and R. S. AnLeN, Towa Agricultural Experi-
ment Station, Ames

The Value of Various Levels of Aureomycin in Milk
Replacements for Dairy (Calves. (. B. Kxopr and
EArL B. Ross, Pennsylvania Agr. Expt. Station, State
College

The Influence of Aureomycin and Cud Inoculation on
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the Growth of Dairy Calves. A. D. McGinriarp, M.
RonxNiNg, E. R. Berousek and C. I.. Norroxn, Okla-
homa A & M College, Stillwater

Effect of Type of Protein on the Response of Young
Dairy Calves to Aurcomycin with Data on the Micro-
flora of the Feces. 1. L. Rusorr, J. A. Aurorp and C.
E. IIvoe, Lowisiana Agr. Expt. Station, Baton Rouge
Effect of Aureomycin Supplementation on Changes in
Weight and Body Measurements of Dairy Calves. N.
L. Jacosson, J. G. Karrerzakis and P. . HoMEYER,
Lowa Agr. Expt. Station, Ames

Wednesday, June 25, 1952

Section A. BREEDING AND MANAGEMENT. G.
Hyarr, Jr., Chairman

P25

P26

P29

P30

Room 2205, Veterinary Science Building

The Effect of Stress Conditions on Dairy Cattle. G. C.
Grarv, Uwiversity of Minnesota, St. Paul

Factors Influencing the Production of High-quality
Milk. J. L. CoviNnarox, W. L. GRIEBELER, J. B. Rob-
Gers, 1. R. Jones, P. M. Braxpr and 1.. W. BoNNICK-
seN, Oregon State College, Corvallis

Methods of Milking and Milk-handling as Factors Af-
fecting the Quality and Economy of Milk Produced.
L. A Further Study of the Effect of Permanent Pipe-
lines in the Dairy Barn on Milk Quality. M. H. ALex-
ANDER, W. O. NELsoN and E. E. Orymistox, University
of Illinois, Urbana

Growth Uniformity Trials with Identical Twin Dairy
ITeifers—Estimates of Heritability and Twin Effi-
ciency. H. W. TrorLe and M. C. Hervey, University
of Minnesota, St. Paul

Progress Report on the Production Records of Cross-
bred Dairy Cattle. J. P. LeMaAsTeR, G. W. BRANDT
and C. C. Branxox, South Carolina Agr. Expt. Sta-
tion, and M. II. FourmAN, Bureaw of Dairy Industry,
US.D.A.

The Partition of Evaporative Cooling between the
Respiratory and Outer Surfaces in European and In-
dian Cattle. II. II. KiBLer and S. Brooy, Missouri
Agr. Expt. Station, Columbia

Mammary Development and IHeart Girth Relationships
and Changes with Age. V. I.. Baupwin and M. C.
Iervey, University of Minnesota, St. Pawul

A Summary of a Ten-year Comparison between Loose
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Run and Stanchion Iousing for Dairy Cattle. E. E.
Ieizer, C. B. Zea~Ner and V. R. Syirra, University of
Wisconsin, Madison

Section B. MILK SECRETION. N. N. AnLeN, Chairman

P31

P32

P33

P34

P35

P36

P37

Room 101, Horticulture Building

A Study of Some Causative Mechanisms in Bovine
Streptococcal Mastitis.  C. P. Merinax and . A.
IleryaN, University of Missouri, Columbia

The Role of Plasma Cells in the Production of (Globulins
within the Mammary Gland and Time Studies on Anti-
body Response from Experimentally Induced Inflam-
mation of the Udder. R. M. Porter, University of
Minnesota, St. Paul

Histological Evidence of a Hyalin-fibrin Complex in
the Bovine Mammary Gland. J. R. Kuikex, D. L.
Hiun and N. S. Luxpquist, Purdue University, West
Lafayette, Indiana

[Tistological and Chemical Studies of Fat Metabolism
in the Mammary Glands of Cows and Goats. M. 1. Y.
Swmirh, B. C. Harzioos and S. Kuaagr, University of
Maryland, College Park

Blood Levels and Urinary Excretion of Certain Con-
stituents in Ketotiec Cows. . J. Vax Sorst, T. II.
Brosser, G. M. Warp, J. B. CriLLy and M. F. Apaws,
State College of Washington, Pullman

The Effects of Sodium Acetate Given Orally upon Cows
with Ketosis. 'W. J. MiLLer and N. N. ALLEN, Univer-
sity of Wisconsin, Madison

Pituitary-adrenal Cortical Syndrome in Ietosis of
Dairy Cows as Evidenced by the Adrenaline Test,
Eosinophil Levels and Replacement Therapy. .J. C.
Suaw, B. C. Harzivos, E. C. Lerrer, W. M. GiLL and
A. C. Cauxa, Unwversity of Maryland, College Park

SECTION BUSINESS MEETING

Room 2205, Veterinary Science Building

JOINT SESSION OF EXTENSION AND PRODUC-
TION SECTIONS. R. D. LeieHTON and N. N. ALLEN,
Co-chairmen

Room 1, Chemistry Building

Joint Committee Reports—

Breeds Relations, A. R. PorTER, Chairman

Dairy Cattle Health, G. M. WerNER, Chairman
Dairy Cattle Breeding, C. D. McGrew, Chairman
Type, I. W. Ruren, Chairman



4

74

9:00-12: 00 a.m.

FORTY-SEVENTH ANNUAL MEETING

Purebred Dairy Cattle Association, J. . CCAVANAUGH,

Secretary

Antibioties, W. A. Kriexkxe, Chairman
Symposium on Bloat
The Place of Legumes in the Pasture Program.

R. E. Hovason, Bureaw of Dairy Industry
The Status of Our Fundamental Information on Bloat.

H. H. CoLg, University of California
Practical Methods for Prevention of Bloat.

S. W. Meap, University of California
Treatment of Bloat.

G. H. IIarT, University of California

Panel Discussion

Thursday, June 26, 1952

Section A. REPRODUCTION. G. Hyarr, Jr., Chairman

P38

P39

P40

P41

P42

P43

P44

P45

P46

Room 2205, Veterinary Science Building

The Incidence of a Sterility Syndrome in the Rabbit
Fed Soybean ITay and the Failure of Certain Supple-
ments to Alleviate the Symptoms. K. A. KexpaLn
and R. L. Havys, University of Illinows, Urbana

A Study of the Birth Weights of Purebred and Cross-
bred Calves. R. W. Toucuserry, Uniwversity of Illi-
nows, Urbana, and K. A. TABLER, Bureau of Dairy In-
dustry, US.D.A.

Thiouracil-induced Hypothyroidism in Sexually Ma-
ture Dairy Bulls. E. W. Swansox and .J. P. Boar-
MAN, Unwversity of Tennessee, Knoxuville

The Intracrypt Space in the Placentome of the Cow.
II. W. WeETH and I. A. HermaN, University of Mis-
sourt, Columbia

The Effects of Relaxin on the Cow’s Cervix. E. F.
GrauAM and A. E. Dracy, South Dakota Agr. Expt.
Station, Brookings

The Sampling of the Endometrium of the Bovine
Using a Biopsy Technique. J. D. DONKER, University
of Minnesota, St. Paul

A Dairy Cattle Pregnancy Test. .J. H. Byers, Oregon
Ntate College, Corvallis

Effect of Hormones on Uterine Motility and Sperm
Transport in the Perfused Genital Tract of the Cow.
R. L. Hays and N. L. VAxDeMARK, University of Illi-
nots, Urbana

Chromatographic Separation of the Neutral Steroids
of Cow’s Urine. J. P. Mix~ErR and II. L. SAUNDERS,



9:00--12: 00 a.m.
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P47

P48

Jr., New Jersey Agr. Expt. Station, Sussex, in coopera-
tion with Bureau of Dairy Industry, USDA
Comparison of Neutral Steroids from Cows’ Urine
after Various Hydrolytic Procedures. J. PP. MIXNER
and II. 1. SAUNDERS, JR., New Jersey Agr. Expt. Sta-
tion, Sussex, in cooperation with Bureau of Dairy In-
dustry, USDA

Preliminary Studies of Irregular Breeding in Dairy
Cattle. E. G. Moopby, W. A. Sayrr, J. W. CRUMBAKER
and (. B. McLzeroy, Arizona State College, Tempe

Section B. FEEDING. N. N. AvLex, Chairman

P49

P50

P51

P52

P56

Room 101, Horticulture Building

Three Years’ Studies Using Sulfur Dioxide as a Pre-
servative for Forage Crops. C.B. Kxopr, S. R. SKAGGS
and P. S. WiLniams, Pennsylvania Agr. Expt. Station,
State College

Grass Silage vs. Hay as the Supplementary Roughage
for Milking Cows on Good Pasture—(Preliminary Re-
port). 8. IL. Morgrisox and J. F. Dean, University of
Georgia, Athens

Self-Feeding a Ground Hay and Grain Ration to Dairy
Cows. K. E. HHArRsuBarGer, University of Illinois, Ur-

bana

Alfalfa Ilay vs. Praivie Hay for Dairy Calves. .J. B.
WiLniams, S. D. Musarave, (. 1. Norrox and W. D.
GaLnur, Oklahoma A & M College, Stillwater

Effect of Kind of Pasture and the Feeding of Supple-
ments on Persistency of Milk Production in Summer.
D. M. Searn, University of Kentucky, Frankfort
Different Grazing Intervals on Ladino Clover-Fescue
Pasture as Affecting Milk Production and Flavor of
Milk— (Preliminary Report). S. H. Morrison, J. J.
SueuriNG, R. A. Marpex and J. F. DraL, University
of Georgia, Athens

Soil Fertilization and Plant Development as Factors
Relating to Nitrogen Digestibility. K. A. Kexpawn,
R. W. Toucuerry and W. B. Nevexs, University of
Llinois, Urbana

Relationship between TDN and Energy Values of
Feeds. 1. A. Moore, Burcaw of Dairy Industry,
USDA, and II. M. Irwix and J. C. Suaw, University
of Maryland, College Park

The Relation of Sulfur Compounds to Lactation in
Ruminants. 1. R. Jonus, J. R. Ilaag and P. 1. Wes-
wia, Oregon State College, Corvallis
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1:30- 3:00 p.m.

1:30- 3:00 p.m.

FORTY-SEVENTH ANNUAL MEETING

P58

P59

The Effect of Thyroprotein Feeding on the ILevel of
the Protein-bound and Inorganic Serum lodine in the
Bovine. J. F. Long, L. O. Ginyore, J. W. HiBss and
F. ELy, Ohio State University and the Ohio Agr. Erpt.
Station

The Utilization of Pear Cannery Waste as a Feed for
Dairy Cows. . R. Murpock, A. S. Ilobason, T. II.
3Losser and A. O, Suaw, State College of Washington

Section A. MILK SECRETION. G. Hyarr, Jr., Chair-

man

P60

P61

P62

P63

P64

Room 2205, Veterinary Science Building

Hormones in Lactation; Administration of IHormones
in Declining Phases of Lactation. .J. D. DONKER and
W. E. PeTersEN, Unwversity of Minnesota, St. Paul
Induction of Liactation in Dairy Cattle by Diethylstil-
bestrol-progesterone Implants. .J. Meites, E. P. Rel-
NEKE and C. F. Cawry, Michigan State College, East
Lansing

Experimental Development of the Mammary Gland of
the Bovine. D. L. I, University of Minnesota, St.
Paul

The Metabolism of Lactose. W. J. Rurrer, E. M.
CraINE and R. (. IIaNseN, University of Illinows, Ur-
bana

The Utilization of Carboxyl Labelled C' Acetate by
the Perfused Bovine Mammary Gland. 1. S. Mix, W.
E. PeTerseEN and H. E. Struss, University of Minne-
sota, St. Paul

Section B, RUMEN FUNCTION. N. N. ArLen, Chair-

man

P65

P66

P67

P68

Room 101, Horticulture Building

Early Development and Function of the Bovine
Stomach. R. B. Beckegr, P. T. Dix Arxorp, S. P.
MarsHALL and J. WiNG, Florida Agr. Expt. Station,
Gainesville

Effects on Ruminating Calves of Changing to Omasal-
Abomasal Feeding through a Rumen Fistula. H. J.
LarsEN and G. E. Stopparp, Towa Agr. Erpt. Station,
Ames

Rumen Synthesis of Protein and Amino Acids in the
Bovine on Natural and Purified Rations. (. W. Du~-
cAN, C. F. HurrmaN and 1. P. Acrawarna, Michigan
Agr. Exrpt. Station, East Lansing

Some  Chemical and Nutritional Properties of the
Rumen Contents of Dairy Cows. B. M. Parten and
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N. N. ArLeN, University of Wisconsin, Hadison

P69 The Effect of Milk Production, Body Weight and Feed
Digestibility of Feeding Ilay and Grain in Various
Ratios. (. E. Stopparp and T. G. MartiN, Towa Agr.
E.rpt. Station, Ames

ASSOCIATION BUSINESS MEETING

Room 2205, Veterinary Science Building

EXTENSION SECTION
Tuesday, June 24, 1952
OPENING BUSINESS SESSION AND TEACHING
METHODS AND EXHIBITS
R. LeicaToN, Chairman
Room 100, Agricultural Engineering Building
E1 Identical Twins in Research. H. TraOELE, University
of Minnesota, St. Paul
E2  Visual Aid in Teaching through Colored Slides. G. C.
ANDERSON, University of Idaho, Moscow
E3  Technicolor Film, ‘‘The Right Semen to Produce the
Right Calves.”” A. C. Baurzer, Michigan State Col-
lege, East Lansing
Report of Teaching Methods Committee
Film—"*Weight Control through Diet,”” National
Dairy Council
States Exhibits—Explanation and Discussion
Delmar J. Young, Chairman in Charge, University of
Delaware
(Exhibits adjoining Room 100, Agricultural Engineer-
ing Building)

Wednesday, June 25, 1952

4-H CLUB WORK, ARTIFICIAL BREEDING COM-

MITTEE REPORTS, BUSINESS MEETING

R. LeieaTtoN, Chairman
Room 100, Agricultural Engineering Building

E4  The Group System of Judging and its Merits. G. E.
GorpooN, Unwversity of California, Davis

E5 A Proposed Uniform Score Card for 4-H Judging, Fit-
ting and Showmanship Contests. R. D. STewarT, The
American Guernsey Cattle Club

E6  Artificial Breeding, Western States. II. . EwawLt,
Oregon, and Associates

COMMITTEE REPORTS

BUSINESS MEETING

COMMITTEE APPOINTMENTS
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1:30- 4:30 p.m.

4:30 pm.

9:00-12: 00 a.m.

1:30- 3:00 p.m.

3: 00— 4:30 pm.

FORTY-SEVENTH ANNUAL MEETING

JOINT MEETING OF EXTENSION AND PRODUC-
TION SECTIONS AND COMMITTEE REPORTS (See
Production Section Program)
Extension Section, Room 100, Agricultural Engineering
Building
COMMITTEE AND BUSINESS MEETINGS
Thursday, June 26, 1952

DAIRY HERD IMPROVEMENT ASSOCIATIONS
[. E. ParxiN, Chairman
Room 100, Agricultural Engineering Building
Dairy Records Committee Report. L. II. STINNETT,
Chairman, Oklahoma Agricultural and Mechanical
College
a. The standard DHIA program and its major goals

and minimum requirements
b. Training and supervision of personnel
¢. Continuation and expansion of various systems of

=
=
-1

testing
d. Assembling, processing, and utilization of DHIA
data

e. Analysis and interpretation of DHIA results
Discussion of report
E8  DIHIA Regulations. E. J. Perry, Rutgers University
EY9  New Uses of Dairy Herd Improvement Records. J. F.
KEeNDrICK, Burecaw of Dairy Industry, USDA
E10 ITow DHIA Operates in Western States, Representa-
tives from
California, G. E. Gorpox
Oregon, 1I. P. EwaLt
North Dakota, C. C. OLsoN
Utah, L. Ricr

PUBLICITY, PIPELINE MILKERS
R. LrigaToN, Chatrman
Room 100, Agricultural Engineering Building
E11 May the Interpreters Cooperate. (. ITEEBINK, West
Virginia University, Morgantown
E12 Pipeline Milkers and Operational Problems. G. E.
JorDON, University of California, Davis
UNFINISITED BUSINESS
ASSOCIATION BUSINESS MEETING
Room 2205, Veterinary Science Building
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Prepared in cooperation with the
International Association of Ice Cream Manufacturers
and the Milk Industry Foundation

ANIMAL DISEASES

W. D. POUNDEN, SECTION EDITOR

276. The effect upon cattle of Arizona waters
of high fluoride content. W. E. Ranp and H. J.
ScuMmmbT, Stanford Univ., Palo Alto, Cal. Am.
J. Vet. Research, 13, 46: 50-61. Jan., 1952.
Results and illustrations present the fluorine ef-
fects on cattle of 3 ranches, 2 beef and 1 dairy,
where the I' intake varied because of varying
levels of F in drinking and irrigation water.
Many of the animals examined had been on
ranches as much as 10 yr. Periodic analyses of
water showed a relatively constant level of I
Calculations of I intake showed that daily levels
in the diet of 1 mg./kg. of body weight were tol-
erated by the cattle with only slight effect upon
the teeth. Levels of 2 mg. F/kg. of body weight
resulted in marked teeth changes, stiffness, emaci-
ation and general unthriftiness.  Urine samples of
more than 10 ppm. F indicated current I intake in
damaging amounts. I in the metacarpus of less
than 3,000 ppm. indicated no damaging effect,
but 4,000 ppm. or more was associated with
effects other than harmless teeth changes. These
ficld observations are in very close agreement
with reports of experimentally produced fluorosis.
E. W. Swanson

277. Effect of massive doses of penicillin and
dihydrostreptomycin, employed singly or in com-
bination, on Staphylococcus pyogenes mammary

infections. O. W. Scuary and G. M. Woobs,
Univ., of Cal.,, Davis. Am. J. Vet. Research, 13,
46: 26-30. Jan., 1952.

A comparison has been made in a single herd
of the effectiveness of 1.5 million-4 million units
penicillin alone, 2-8 g. dihydrostreptomycin alone
or combinations of these antibiotics in treating
dry and lactating quarters infected with Staph.
pyogenes. In lactating quarters only 33 and 20%
cures were effected by the antibiotics alone, while
73% were cured by the massive combination.
In dry quarters 65% were cured by penicillin
alone and 739% by the combination. The im-
portance of early treatment of infections is shown
by the curing of only 189 lactating and 38%
dry quarters which had been infected more than

12 mo. Many infections of several months dura-
tion were not yet cured following 6 courses of
treatment (4 daily infusions with antibiotics in
50 ml. water). The use of massive doses is
recommended for all cases of clinical mastitis
of unknown etiology. E. W. Swanson

278. Susceptibility of cattle to Brucella suis
following vaccination with Brucella abortus
strain 19. F. V. Wasuko and L. M. Hurcu-
INGS, Purdue Univ. Agr. Expt. Sta., Lafayette,
Ind. Am. J. Vet. Research, 13, 46: 24-25. Jan.,
1952.

Two heifers which had been vaccinated with
Br. abortus strain 19 at 6 mo. of age were ex-
posed while lactating to Br. suis by an intra-mam-
mary inoculation. Inflammation of the inoculated
quarter occurred in both cows and Br. suis was
recovered in the milk intermittently after expo-
sure, although all milk samples had been nega-
tive before. Blood serum-agglutination reactions
indicated an active brucellosis.  When slaugh-
tered 2 mo. after exposure, Br. suis was recovered
from the mammary gland and the supramammary
lymph nodes. Thus, the vaccination was not
effective against intramammary Br. suis infection.

E. W. Swanson

BUTTER
0. F. HUNZIKER, SECTION EDITOR
279. Forsok med ett av vassle framstillt anti-
oxidationsmedel vid tillverkning av smor (Ex-
periments using an antioxidant prepared from

whey for butter manufacture). K. E. THoMmE,
T. Owusson, L. O. Lobiy and A. B. BUHRGARD,

State Dairy Expt. Sta., Alnarp, Sweden. Med-
delande no. 32. 1951.
About 120 parallel churnings were made

under commercial conditions using the antioxi-
dant ABV prepared from whey (Swedish patent
no. 129024, 1950). The butter was made from
ripened cream and had a pH of approximately
4.8. Each churning with ABV was accompanied
by a parallel churning of cream containing no
ABV. Tor 1 series a “Special Salt” (NaCl+
Na,CO, + NaH,PO,, 2H,0) was used. The but-

ter was stored for 14 d. and 1 mo. at 13° C., and

A4l
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for 3 mo. at — 20° C.
mined.

The addition of 3 kg. ABV to 1,000 I. cream at
an carly stage had a definite antioxidative effect
and oily flavor did not develop. The buttermilk
was discolored. When the preparation was added
to both cream and butter, or to butter alone, it
had a definite antioxidative effect, but the addi-
tion to cream only was most cffective.  Where the
oxidative effect was pronounced, the product did
not have a sufficient antioxidative effect to pre-
vent oily flavor, but the “Special Salt”™ was fully
effective. G. H. Wilster

280. The manufacture of aromatic butter. J. W.
PetTE. Netherlands Milk & Dairy J., 2, 1: 12—
24, 1948.

In order to produce an aromatic butter, a
weakly reducing starter must be used. The reduc-
ing power of a culture can be ascertained by ap-
plying the creatine test after 1, 2 and 3 d. of incu-
bation. A positive test on the 3rd day indicates a
weakly reducing starter. The aroma in butter
also is increased by souring the cream in the pres-
ence of air and churning to rather large granules,
followed by a minimum of washing. Avoid any
contamination with foreign microorganisms, espe-
cially yeasts, which have the ability to reduce the
flavor and aroma constituent.

W. W. Overcast
281. Butter spreader. E. J. Vani. U. S. Patent
2,589,000. 1 claim. March 11, 1952. Official
Gaz. U. S. Pat. Office, 656, 2: 512, 1952.

A 0.25-1b. stick of butter, inserted in this de-
vice, is advanced by a simple hand-operated
mechanism, so that square pats of butter may be
sliced off as desired. R. Whitaker

CHEESE

A. C. DAHLBERG, SECTION EDITOR

Peroxide values were deter-

282. Forsok med skimmelbekaemplse pa ost
(Experiments to control growth of mold on
cheese). Danish Dairy Expt. Sta., Hillerod, Re-
port no. 70. 1951,

A total of 2317 Edam, Gouda, Steppe and
Swiss-type cheese containing 459 fat in moisture-
free portion was used. The milk was pasteurized
at 68-70° C. in a plate pasteurizer. The mois-
ture content ranged from 44-479 before salting
and fell to 39439 in 10 wk. The salt content
was 1.75-2.009% for Edam and 1.4-1.7% for the
others. The following were tested: Nipagin T
(HO—C H,—COO—CH,), sodium bhenzoate,
Pandurol A, propionic acid, oils from A’/S Fer-
rosan, mustard oil, Nipabutyl (C.M.D.) oil, Pen-
toxol. Water, alcohol (not denatured) or refined
oil was used as carrier for these antimold prod-
ucts.

Application of chemicals to suppress the growth
of mold is not to be recommended for non-paraf-
fined cheese during ordinary ripening. Dipping

ABSTRACTS OF LITERATURE

the cheese in a bath of chemicals immediately be-
fore treatment with paraffin wax did not prevent
mold growth during subsequent storage of the
paraffined cheese. It was possible to keep the
cheese free of mold for more than 3—4 wk. only
in a few cases where the cheese had been treated
with a mold preventive during the preceding stor-
age.

Prevention of mold on paraffined cheese gave
satisfactory results where the mold preventive
had been worked into or painted on the paraffin,
whereas treatment of the cheese itself immedi-
ately before paraffining proved ineffective.

G. H. Wilster

283. Forsek med antimuggbehandling av ost
(Experiments to control mold on cheese). A. T.
Bercunm and K. WesTRE, Dairy Research Sta. of
the Agr. College of Norway, Report no. 44. Jan.,
1951.

Gouda cheese containing 459 fat from 54
batches manufactured in 2 cheese factories were
used in the experiments. The experimental and
control cheese were identical until they were re-
moved from the brine bath. Different treatment
of the cheese to prevent mold growth on the sur-
face consisted in one factory of: (a) dipping the
cheese before waxing in 5 or 15% Nipagin solu-
tion, (b) placing cheese on shelves treated with
Pandurol T, (¢) dipping cheese before waxing in
25% Nipagin, benzoic acid solution (Nipagin =
para-oxybenzoic acid methyl ester). In another
factory treatment consisted of: (a) dipping cheese
before ripening in 15% water solution of Nipagin
M (Na salt of para-oxybenzoic acid methyl ester),
(b) placing cheese on shelves treated with 29
water solution of Pandurol M, (c) cheese rubbed
with paraffin oil containing 7% sodium benzoate.

Best results were obtained when the cheese were
treated with a water solution of Nipagin. The
oil treatment also was very satisfactory; the cheese
thus treated had a good rind and the growth of
mold was insignificant. The cost of treatment was
0.7 ore/kg. cheese for oil treatment, and 2.65
ore for Nipagin M Sodium treatment.

G. H. Wilster

284. Manufacture of cheese. L. L. Rusorr and
A. J. Gevrpr, Jr. (assignors to Board of Supervisors
of Louisiana State Univ. and Agricultural and
Mechanical Coll.). U. S. Patent 2,585,501. 4
claims.  Feb. 12, 1952, Official Gaz. U. S. Pat
Office, 655, 2: 486. 1952,
The surface of cheese is treated with an anti-
biotic prior to curing. R. Whitaker
285. Manufacture of bakers’ cheese. M. M.
Kroser, T. L. Knnarr and O. J. ScHRENK (as-
signors to Bowman Dairy Co.). U. S. Patent
2,586,830. 7 claims.  Feb. 26, 1952,  Official
Gaz. U. S. Pat. Office, 635, 4: 976. 1952.
Bakers' cheese is made by cooling coagulated
skimmilk to below 657 I'.; then pumping it to a
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filter press at not over 35 p.s.i. pressure.  The curd
in the press is cooled further with water and the
moisture content reduced with cool air.
R. Whitaker
DAIRY BACTERIOLOGY

P. R. ELLIKER, SECTION EDITOR

286. Influence of refrigerated storage on dye re-
duction time of milk. C. K. Jouns, Dept. of
Agr., Ottawa, Can. J. Milk & Food Technol.,
15: 8-12. Jan.-Feb., 1952.

It appears that the 2-hr. icing of raw milk
samples for methylene blue and resazurin tests are
not justified. When resazurin was added to milk
and stored overnight, the results were comparable
to samples refrigerated for 2 hr. When milk
was refrigerated overnight without methylene blue
added, results agreed closely with the controls.
The 2-hr. and overnight holding of milk with the
dye slowed down the rate of the reduction of
methylene blue. None of the differences were
statistically significant.

If the tests are not run on the day of sampling
the milk for the methylene blue test, milk should
be stored overnight without the dye, while those
samples used for the resazurin test should contain

the dye. H. H. Weiser

287. An improved procedure for microscopic
grading of milk intended for pasteurization. M.
E. Morcan, P. Mac Lron and E. O. ANDERSON,
Storrs Agr. Expt. St., Storrs, Conn. J. Milk &
Food Technol., 15: 3-7.  Jan.—Feb., 1952.

The authors have proposed a sequential analysis
for microscopic grading of raw milk. The grad-
ing procedure suggests a bacterial standard of
200,000 clumps/ml., as well as additional stand-
ards of 100,000 and 400,000 clumps/ml.

Sequential tables provide for 3 grades of raw
milk in which milk can be accepted or rejected as
each microscopic field is counted. The main ad-
vantage of sequential grading provides for exami-
nation of fewer microscopic fields while achieving
results comparable to the present standard pro-
cedure. H. H. Weiser

288. Evaluation of food irradiation procedures.
Quantitative chemical measurements utilizing
high energy cathode rays. S. A. Gorvsurn, B.
E. Procror and O. A. Haxnveree, Dept. of Food
Technol.,, M.I.T., Cambridge, Mass. Ind. Eng.
Chem., 44, 2: 310-314. Feb., 1952.

The sterilization of foods and drugs by ionizing
radiations without heat may sometime be a real-
ity. This study was made to develop a rapid
routine technique to determine quantitatively the
depth of penetration of the radiations and the
area subjected to the radiations.  Supervoltage
cathode rays destroyed the test dye, methylenc
blue, in aqueous solutions, but in non-aqueous
solutions reversible reduction occurred in part, as
well as destruction.  Applications of the findings

CHEMISTRY
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to evaluations of beams of ionizing radiations have

been made . B. H. Webb

289. Preparation of diacetyl with butter cul-
tures. M. W. Marcoux (assignor to Armour and
Co.). U. S. Patent 2,586,072. 5 claims. Feb.
19, 1952. Official Gaz. U. S. Pat. Office, 655, 3:
696. 1952.

Diacetyl is produced by culturing milk with
Streptococcus diacetylactis for not over 12 hr. at
75-80° F. until the acidity is about 0.55% as
lactic acid. R. Whitaker

DAIRY CHEMISTRY

H. H. SOMMER, SECTION EDITOR

290. Fractionation of the calcium in bovine
blood by fluoride precipitation. A. H. Crack,
Univ. of Md., College Park. Am. J. Vet. Re-
search, 13, 46: 31-37. Jan., 1952.

Concentrations of NaF from 1-6 mg./ml. were
found to precipitate increasing proportions of Ca
from bovine blood plasma with fairly constant re-
sults from 3, 4 and 5 mg. NaF/ml. This method
then was used to follow “free” and “bound”
Ca under various conditions. 7 ml. of freshly
drawn heparinized blood were blown into clean,
dry centrifuge tubes containing 12 and 16 mg.
NaF. After shaking twice at 15-min. intervals,
the treated and untreated blood was centrifugal-
ized and analyzed for Ca. By this method cows
with ketosis had less free Ca than normal; cows
with milk fever had less free and bound Ca than
normal. Normal cows at parturition dropped
more in bound than in free blood Ca, but seemed
to recover normal bound levels ahead of normal
free Ca. Injections of CaCl, which produced
more acute symptoms of hypercalcemia than did
Ca borogluconate also caused much larger in-
creases in free blood Ca measured by this method.
The free Ca level in normal bovine blood ranged
from 5.2-6.4 mg./100 ml. plasma for stable-fed
cows and 4.3-5.8 for pastured cows.

E. W. Swanson
291. Determination of 1,1,1-trichloro-2,2-bis
(p-methoxyphenyl) ethane in milk and fatty ma-
terials. H. V. Crasor~ and H. F. BEckmAN.
Bureau of Entomology and Plant Quarantine,
U.S.D.A., Kerrville, Tex. Anal. Chem., 24, 1:
220-222.  Jan., 1952.

The proposed use of methoxychlor for livestock
pest control has indicated need for a more accu-
rate method of determination than has been avail-
able.  This method may be used to determine
the methoxychlor deposited in fat tissue and ex-
creted in milk.  Fat from tissue or milk is dis-
solved in n-hexane. The methoxychlor is sepa-
rated from the hexane solution of fat with nitro-
methane, which then is removed by evaporation.
The sample is nitrated with fuming nitric acid at
100° C. for 30 min., the color measured by photo-
clectric colorimeter and methoxychlor determined
by a standard curve. B. H. Webb
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292. Method of iodinating proteins. W. R.
Granam, Jr., G. O. Konrer and R. D. Hoover
(assignors to American Dairies, Inc., and The
Quaker Oats Co.). U. S. Patent 2,586,425. 1
claim. Feb. 19, 1952, Official Gaz. U. S. Pat.
Office, 655, 3: 791. 1952.

Proteins, such as casein, are iodinated with free
iodine with sodium  paratoluene-sulphochlor-

amine. R. Whitaker
DAIRY ENGINEERING

A. W. FARRALL, SECTION EDITOR

293. Frozen confection apparatus. C. ERicKsoN

and E. SpeLiyan. U, S. Patent 2,587,127, 16
claims. Feb. 26, 1952. Official Gaz. U. S. Pat.
Office, 655, 4: 1055. 1952.

An ice cream freezer of the horizontal continu-
ous type, has a positive feed pump which intro-
duces mix under pressure into the center of one
end of the freezing cylinder. The frozen and
whipped product is forced out of the other end
through a dispensing outlet. R. Whitaker

294. Homogenizing apparatus. E. H. ReeB (as-
signor to Star Metal Mfg. Co.). U. S. Patent
2,586,258. 10 claims. Feb. 19, 1952. Oflicial
Gaz. U. S. Pat. Office, 655, 3: 747. 1952.

An emulsifier for oil-in-water type of emulsions
such as milk, consists primarily of a rapidly rotat-
ing cylindrical bowl. The product is drawn into
the bowl and discharged, by centrifugal force, be-
tween 2 concentrically grooved discs, into a col-
lecting chamber. R. Whitaker

FEEDS AND FEEDING

W. A. KING, SECTION EDITOR

295. A study of normal bovine serum solids with
vitamin K added as an oral prophylactic for calf
scours. I. Use of healthy newborn calves. G.
W. Anperson, W. M. Dupre and J. P. La
MasTER, So. Carolina Agr. Expt. Sta., Clemson.
Am. J. Vet. Research, 13, 46: 5-9. Jan., 1952.

Serum solids prepared from slaughterhouse cat-
tle blood, defibrinated, centrifuged, filtered and
lyophilized was used in combination with vitamin
K and enzymatic digested milk solids to feed to
calves during the Ist day after birth. Part of the
calves remained with their dams, the rest were
separated at birth. Primary scours was not com-
pletely prevented by treatments, but there was
evidence that treament was helpful in effecting
rapid recovery. No deaths resulted from scours
in 36 treated calves nor in 21 control calves.

E. W. Swanson

296. The effect of the ingestion of urea on the
rate of wool production by Merino sheep. A. W.
PercEe, Univ. of Adelaide, So. Australia. Austra-
lian J. Agr. Resecarch, 2, 4: 435-446. 1951.
Urea nitrogen was not as well utilized by
Merino ewes as an equivalent amount of nitrogen

ABSTRACTS OF LITERATURE

from wheat gluten as measured by wool produc-
tion and wool fiber diameter. When added to a
low-protein high-fiber ration, urea had no sig-
nificant effect, whereas there was a significant
effect of added urea on a similar ration with
added starch. It is suggested that urea is most
useful when added to a diet low in protein and
high in available carbohydrates but is not as use-
ful to sheep as wheat gluten. The possible benefi-
cial effects of sulfur on urea utilization are dis-
cussed. G. E. Stoddard

297. The influence of the amount of starch on
the utilization of urea by sheep. W. A. PeircE,
Univ. of Adelaide, So. Australia. Australian J.
Agr. Research, 2, 4: 435-446. 1951.

Urea was fed to Merino wethers on a low-pro-
tein ration with potatoes added as a source of
starch at the rates of 50, 100, 150 and 200 g. daily.
As measured by wool production, increases of 0, 7,
19 and 23%, respectively, for the 4 levels of
potato feeding were obtained. A mixture of red
palm oil and peanut oil added at the rate of 28 g.
daily to each of the above rations to increase
caloric intake gave similar increases of 0, 9, 15
and 15%, respectively, indicating little or no
effect of added calories in the form of oil.  Simi-
lar proportionate increases in wool fiber diameter
were observed but with smaller percentage in-
creases than total wool production.

G. E. Stoddard

298. Animal protein factor supplement pro-
duced by direct bacterial fermentation. Produc-
tion and evaluation. H. M. Hobce, C. T. Han-
soN and R. J. Avrceier, U. S. Ind. Chemicals
Co., Div. of Nat’l. Distillers Prod. Corp., Balti-
more, Md. Ind. Eng. Chem., 44, 1: 132-135.
Jan., 1952.

This report describes production of B, by
anaerobic fermentation of plant proteins in vari-
ous cereal grains and in yeast and bacterial cells.
Some protein sources including dried skimmilk
were unsatisfactory. The production of B,, with
cultures of Pseudomonas sp. and Proteus vulgaris
was 0.03 and 0.13 v/ml., but a mixture of these
cultures grown together on an anaerobic neutral
medium produced 0.32 y/ml. The product has
been evaluated by experimental feeding on rats
and chicks. B. H. Webb

HERD MANAGEMENT
H. A. HERMAN, SEGTION EDITOR

299. Milking machine. D. F. Avres (assignor
to The DeLaval Separator Co.). U. S. Patent
2,587,680. 5 claims. March 4, 1952, Official
Gaz. U. S. Pat. Office, 656, 1: 87. 1952,

A portable milking machine built on a 2-
wheeled cart is described. R. Whitaker
300. Test milking apparatus. J. W. L. ATTERr-
LING, I2. Repin and H. Rype (assignors to Aktie-
bolaget Manus). U. S. Patent 2,588,461. 16
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claims. March 11, 1952. Official Gaz. U. S.
Pat. Office, 656, 2: 367. 1952.

A device is described, which attaches to a milk-
ing machine and which meters the volume of milk
produced and delivers an aliquot portion into a
test tube on the outside. R. Whitaker

301. Milk can cooler. H. W. HousewgrArT.
U. S. Patent 2,588,927. 3 claims. March 11,
1952. Official Gaz. U. S. Pat. Office, 656, 2: 494.
1952.

Milk in a can may be cooled easily by this de-
vice which consists of a lid for the can supporting
a cooling coil capable of being rotated by the
pressure of the coolant. R. Whitaker

ICE CREAM
C. D. DAHLE, SECTION EDITOR

302. Stabilizers for variegated ice cream. C. D.
Dance and W. F. AuLrL, Jr., Penn. State College,
State College. Ice Cream Rev., 35, 5: 52, 54-56,
58. Dec., 1951.

A stabilizing agent is necessary in preparation
of variegating materials to prevent bleeding and
iciness and to develop sufficient viscosity so that
smeary streaks or pools in the ice cream will be
avoided.

Six stabilizers, including pectin, Irish moss ex-
tract, cellulose gum, locust bean gum, gelatin and
gum karaya were each used in preparation of
strawberry and chocolate variegating syrups.
Gum karaya was least efficient.  Pectin proved
satisfactory when used at the rate of 2% for
chocolate or 19 for strawberry variegating syrups;
Irish moss extract was effective when used at the
rate of 0.3%; locust bean gum was satisfactory
at 0.5%; cellulose gum was effective at a concen-
tration of 0.75% in chocolate syrups or when
used at slightly over 19 with strawberry syrups;
gelatin (200 Bloom) was effective at 1% in choco-
late syrup but this proved inadequate in the case
of strawberry syrups.

The formula suggested for a suitable straw-
berry syrup included 45 Ib. of 3:1 pack straw-
berries, 36.97 1b. of sugar, 18.45 lb. of water and
stabilizer and 0.3 1b. of citric acid. The mixture
is heated to 170° F. or higher depending upon
the stabilizer used, cooled and held overnight at
40° F. or below prior to use.

The chocolate syrup formula included 13 Ib.
of cocoa, 40 lb. of sugar, 0.2 lb. of salt and 46.8
Ib. of water and stabilizer. The syrup is pro-
cessed in the same manner as the strawberry syrup.

W. J. Caulfield

303. Method of adding emulsifying agents to
prepared ice cream mixes. N. H. Nasu (assignor
to Lanco Prod. Corp.). U. S. Patent 2,587,369.
5 claims. Feb. 26, 1952. Official Gaz. U. S. Pat.
Office, 655, 4: 1119. 1952.

A cold solution of an ester of a higher fatty
acid aad a polyhydric alcohol in a suitable sol-
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vent is added at the rate of 0.1-0.2% by weight
to ice cream mix after it has been pasteurized.

R. Whitaker

304. H.T.S.T. pasteurization of ice cream mix.
P. H. Tracy, J. Toias and J. Orpar, Univ. of

Illinois. Ice Cream Rev., 35, 8: 145-147. Mar.,
1952.

Pasteurization of ice cream mixes by the
H.T.S.T. process at 175° F. for 30 sec. was found

to be just as effective as use of 155° I. for 30
min. from the standpoint of bacterial destruction.
To obtain bacterial destruction comparable with
that resulting from pasteurization of mixes at
160° F. for 30 min., it was necessary to use a
temperature of 177.5° F. for 30 sec.

W. J. Caulfield

305. A study of some factors related to volume
shrinkage of ice cream during storage. E. L.
Turomas, W. B. Comss and S. T. CourLTer, Univ.
of Minnesota. Ice Cream Rev., 35, 8: 134, 136,
138. Mar., 1952.

Heat treatment of mixes at 185° F. for 10 min.
or 165° F. for 30 min. resulted in more shrinkage
than when a longer or shorter holding period was
used with either temperature. Heat treatments
which yielded the maximum tendency towards
shrinkage also coagulate significant amounts of
the serum protein, but do not cause complete
coagulation of these proteins. Increasing the glo-
bulin content of the mix by either 0.05 or 0.10%
through addition of colostrum milk to the mix
tended to increase shrinkage.

Dry ice-induced shrinkage is due primarily to
internal pressure changes associated with alternate
absorption and desorption of CO,.

Jolting of qt. ice cream samples at the rate of
230 jolts/min. for 4 hr. during which the tem-
perature of the ice cream increased from — 18 to
6° F. did not accelerate shrinkage.

Shrinkage trends were found to be similar for
spontaneous and vacuum-treatment methods.
The vacuum treatment, however, failed to vield
results which would predict either the rate or
magnitude of shrinkage that can be expected to
occur under spontaneous conditions. Spontaneous
shrinkage could always be obtained provided the
storage temperature is such that the ice cream
lacks structural rigidity and the storage time is
sufficiently prolonged. Time required for spon-
taneous shrinkage to occur in ice cream samples
stored at 2° =3° F. ranged from 4-12 wk.

The authors conclude that there is need for
much more research work on the shrinkage prob-
lem before it will be solved. W. J. Caulfield

306. Simplified laboratory equipment for test-
ing mix, ice cream samples. J. Torm, Harry W.
Dietect Co., Detroit, Mich. Ice Cream Rev., 33,
6: 78-80. Jan., 1952.

Plans are presented for an efficient but rela-
tively inexpensive ice cream plant laboratory de-



A46

signed for checking composition of raw materials
and ice cream mixes. Total cost of equipment
in the laboratory was estimated to be under
$1,100. Data show that the accuracy of fat and
total solids determinations is comparable with
that of the A.O.A.C. procedure.

W. J. Caulfield

307. Luick applies power take-off units for re-
frigeration of ice cream trucks. Anon. Ice
Cream Rev., 35, 8: 50, 157. Mar., 1952.
Complete automatic temperature control is
provided on ice cream trucks operated by the
Luick Ice Cream Co., Milwaukee, Wis., by equip-
ping the trucks with refrigeration units operated
as needed from the truck motor. During the
period when the trucks are not in service, the re-
frigeration unit is operated by electricity.
Temperatures within the truck body are main-
tained at -5 to —14° F. Since temperature
within the truck is at a suitable level for ice
cream storage when trucks return to the plant, it
has been possible to load the trucks in the after-
noon for the following day’s delivery. It is esti-
mated that the compressor unit draws the equiva-
lent of about 3.5 h.p. from the truck motor.

W. J. Caulfield

308. Credit in the ice cream industry. F. Mur-
pHY, Hendries’ Ice Cream, Milton, Mass. Ice
Cream Rev.; 35, 6: 108-109. Jan., 1952.

The ice cream manufacturer should sell his
product for cash. The lending of money is a
function of the banks or other lending agencies
and not a function of the ice cream industry.
Since ice cream is sold for cash and it is a product
with a rapid turnover, there should be little or no
need for credit sales. W. J. Caulfield

309. Building ice cream gallonage through retail
milk routes. Anon. Ice Cream Rev., 35, 8: 48,
49, 92. Mar.,; 1952.

The retail milk route offers an important po-
tential and profitable market for ice cream, in the
opinion of several milk companies who have had
experience in this field. Some of the essential
rules for a successful and profitable operation are
listed as follows: (a) Compensate the driver
salesman with a liberal commission for his ice
cream sales; (b) don’t reduce prices except for
specials; (¢) try out the venture on 1 route to
determine potential sales  possibilities  before
equipping too many trucks.

The use of a well-insulated box on the milk
trucks refrigerated with frozen brine slugs having
cutectic points of from -8 to — 12° F. has proved
to be a practical and economical method of main-
taining ice cream at a satisfactory temperature
while on retail routes.  This system of refrigera-
tion has proved less expensive than use of dry ice
and ice cream is maintained at a more satisfactory
temperature. W. J. Caulfield

ABSTRACTS OF LITERATURE

SANITATION AND CLEANSING
K. G. WECKEL, SECTION EDITOR

310. Sanitization of dairy farm utensils. A com-
parison of a cleaner-sanitizer containing Hyamine
1622 with an alkaline cleaner and hypochlorite
sanitizer. W. E. BorwricaT, Rohn and Haas
Co., Phila,, Pa. J. Milk & Food Technol., 15:
29-33. Jan.—Feb., 1952.

The effect on thermoduric and total bacterial
count was made on 31 farms using a cleaner-sani-
tizer composed of 109 Hyamine 1622, 59, Triton
X-100, 30% sodium metasilicate pentahydrate
and 55% tetrasodium pyrophosphate as com-
pared to a standard cleaner and hypochlorite
sanitizer. The detergent-sanitizer group was su-
perior to the control group of compounds in re-
ducing the bacterial count and also gave an ex-

cellent appearance to the washed utensils.
H. H. Weiser

311. Rengj¢ring og bakteriologisk kontroll av
melksalgsmeierienes apparatur (Cleaning and
bacteriological control of equipment in milk
plants). Rovrr HonNore, Dairy Research Sta. at
the Agr. College of Norway, Report no. 42, July,
1950.

The circulation method of cleaning equipment
was studied in several commercial plants. In one,
the equipment was not disassembled during 1.5
yr. Inspection then showed no visible deposit on
milk pipes and the bacteriological condition of
equipment was good. It was found that the bottle
fillers could satisfactorily be a part of the equip-
ment cleaned by the circulation method.

Examination of hands, boots and brooms indi-
cated, that in cleaning the vats and tanks, serious
infection of the metal surfaces might occur from
these sources. If subsequent sterilization should
fail, there is a risk of infecting the milk with
pathogenic bacteria.

Tanks were flushed with hot water, or with an
alkaline solution, with no scrubbing. They were
sterilized with either steam or chlorine. After
several months of cleaning by this method they
appeared clean. The bacteriological condition
was good. Sterilization of the pasteurizer, pipe
lines and fittings after circulation-cleaning by
heat proved more efficient than chlorine. For
tanks, vigorous flushing of the surfaces with hypo-
chloride was equal to heat sterilization.

G. H. Wilster

312. Better and more economical cleaning in ice
cream plants. J. R. Perry, Nat’l. Dairy Prod.
Co., Inc., New York. Ice Cream Rev., 35, 7: 48,
50, 60, 62, 65, 68, 71. Feb., 1952.

The use of new cleaning aids, developed for
more efficient and more economical cleaning in
ice cream plants, is discussed. Use of these effi-
cient cleaning tools will save time, save materials,
protect equipment from damage, lower processing
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costs, improve product quality and boost the
morale of personnel engaged in the clean-up oper-
ation. W. J. Caulfield

313. A single reagent field test for quaternary
ammonium solutions. D. B. ConkriN, Rescarch
Div., Wyandotte Chem. Corp., Wyandotte, Mich.
J. Milk & Food Technol., 15: 27-28. Jan.-Feb.,
1952,

A qualitative method for testing the concentra-
tion of quaternary ammonium or dectergent-qua-

AND CLEANSING
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ternary compounds is based on the reaction be-
tween quaternary and a definite amount of brome
phenol blue buffered on the acid side.  When 200
ppm. or more of quaternary and dye solution are
mixed, a blue color appears.  If lesser amounts of
the sanitizer are present, various shades of green
appear. This is due to conversion of the dye to
its blue complex plus the acidified yellow excess.
The method is simple, low cost, quick and adapt-
able to many types of quaternary products.
H. H. Weiser
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save

Bulk cooling and tanker pickup of milk have increased milk

checks and reduced power bills on dairy farms in all parts

money
with

e
BULK

MILK
SYSTEM

of the country. Milk is weighed and sampled in milk house,
eliminating stickage, spillage, and fat losses. Lower hauling
costs are often possible. Bulk Cooler compressor runs only
during milking; less power is used. Fast cooling to 38°F. protects

milk quality, and
much labor is saved.
Get the money-sav-
ing facts about Bulk
Cooling. Write for
Mojonnier Bulletin
240 “The Bulk Cool-
ing Story.”

Left: W. D. Hahn, Ceres-
ville, Md., in milk house
of one of his two farms,
watches driver of pick-

up tanker ‘“weigh’’
milk.

ADDRESS @ MOJONNIER BROS. CO., 4601 West Ohio St., Chicago 44, Ill.

disinfect all your
utensils thoroughly with

DIVERS

ORDER FROM
YOUR HAULER

TODAY

Harsetiall

RENNET and COLOR

Strong, clean Rennet Is important
in the making and curing of
cheese. Use Marschall Rennet
generously for maximum results.
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DAIRY LABORATORY, INC.
MADISON 3, WISCONSIN
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Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the
publication of original research voluntarily submitted by members of the Association to the
JOURNAL and review articles by invitation. In the case of joint authorship, the membership
ruling applies to one author only.

Papers that already have appeared in print or that are intended for simultaneous publica-
tion elsewhere will not be accepted.

Manuseripts—Manuseripts should be submitted in double spacing on one side of suitable
83”x 117 paper. The original copy should be furnished. All illustrative and tabular material
should accompany the manuseript.

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ-
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge
of $5 per over page is made.

Manuseripts will be published in the order of their receipt. They should be sent to the
Editor, F. E. Nelson, Dept. of Dairy Industry, Jowa State College, Ames, Iowa. In order to
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Figures.—Original drawings, diagrams and charts should be done in India ink on tracing
cloth (or white board) not larger than standard letter size (84”x 11”). All lettering should
be inked in block style and be of such size that the lettering will be not less than % in. in height
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and
axis units is not acceptable. Original drawings should be submitted, rather than photographs
of such drawings. When suitable drawings are not furnished, the author will be charged for
the preparation of drawings of satisfactory quality by an independent agency.

Photographs.—Photographs for halftone reproduction should be glossy prints free of all
imperfections.

Legends.—Legends for figures and photographs should be typed on a sheet separate from'
the illustrative material and should be made as concise as possible while retaining their descrip-
tive character.

Tabular Material.—Tabular material should be clear, concise and accurate. Often data
can be condensed and presentea in summarized tabular form. Tables of only one or two lines
should be avoided except in most unusual cases. Excessively large or complicated tables are
almost impossible to print satisfactorily. Headings should be as concise as possible, yet deserip-
tive in character. Data may be presented in either tabular form or in figures, but the same
data must not be presented in both forms. Each table should be placed on a separate sheet
and not in the body of the manuseript. The letters a, b, ¢, ete., should be used for footnote
designations. If possible, tables should be so organized that they may be set across the page,
rather than the length of the page.

References.—Literature reviews should be limited to only the most pertinent references.
Reference lists should be double spaced and arranged alphabetically as to author and by chron-
ological appearance of the journals cited under a given author. Papers by a single author
always precede papers by that author and associates. References to multiple authors are ar-
ranged in the alphabetical order of the several authors. Give only initials rather than full first
names of male authors. Citations in the text should be made by the number in parentheses,
corresponding to the number in the reference list.

Each reference should contain the following: Reference number, author(s), title of article,
name of journal, volume number, first and last page numbers, and year of publication. Titles
of all articles should appear in complete untranslated form. Consult recent published articles
in the JOURNAL for proper citation. Publications are abbreviated according to the form
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946.

Bample of journal citation: (1) JonEs, L. W., AND 8MITH, J. D. Effect of Feed on Body
of Butter, J.Dary Scr., 24: 550-560. 1941.

Sample of book citation: (1) LANDSTEINER, K. The Specificity of Serological Reactions.
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945.

For Experiment Station publications, the citation should be as follows: (1) CoULTER, 8. T.,
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn., Agr. Expt. Sta. Tech. Bull.
167. 1945,

The more common abbreviations used in the text are: em., centimeter(s) ; cec., cubic centi-
meter(s) ; g., gram(s); mg., milligram(s) ; y, microgram(s) ; ml, milliliter(s); mpu, millimi-
cron(s) ; C., Centrigrade; ¥., Fahrenheit; lb., pound(s) ; oz., ounce(s).

Where configurational structures of chemical compounds are used, drawings suitable for
reproduction by photoengraving are to be furnished by the author.

In preparing manuseripts, use of first person should be avoided.
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CULTURE MEDIA

for Examination of Milk

Bacto-Tryptone Glucose Extract Agar

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

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

Bacto-Proteose Tryptone Agar

is recommended for use in determining the bacterial plate count of Certified
Milk. The formula for this medium corresponds with that suggested in
“Methods and Standards of Certified Milk” of the American Association of
Medical Milk Commissions.

Bacto-Violet Red Bile Agar

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

Bacto-Brilliant Green Bile 2% and
Bacto-Formate Ricinoleate Broth

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

Specify “DIFCO”

THE TRADE NAME OF THE PIONEERS
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media

DIiFco LABORATORIES

DETROIT 1, MICHICAN
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