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INSTRUCTIONS TO CONTRIBUTORS

The Style Manual for Biological Journals®
has been adopted as the guide for authors.?
Publication of papers is limited to members of
A.D.S.A., but only one author of a joint paper
need be a member. Those of outstanding merit
may be accepted from nonmembers. Papers
when accepted become the copyright of the
JOourNAL and can be reprinted only by the
Garrard Press. Reproduction of graphs, tables,
and illustrations for books and other periodicals
may be authorized by the Editor-in-Chief.

ORGANIZATION OF PAPERS

1. Title should appear at the top of the first
page, be as brief as possible, and be indica-
tive of the research, followed by the au-
thor(s) name(s) and affiliation(s).

2. Summary and its preparation.

a. There are three reasons for the sum-
mary: first, convenience to readers; sec-
ond, reduce costs and expedite work of
abstracting journals; and third, to dis-
seminate scientific information.

b. The summary should be brief, specific,
and factual. It should not exceed 200
to 225 words.

e. The opening sentence should state the
research objectives, but the title should
not be repeated.

d. It should be intelligible without refer-
ence to the original paper and contain
complete sentences and standard termi-
nologies. It should be assumed that the
reader has some knowledge of the subject.

e. The author(s) should emphasize newly
diseovered facts and observations, unique
apparatus and techniques, numerical data
with statisties, physical-chemical con-
stants, and new methods and their ac-
curaey.

f. References to earlier work should be
omitted, except in most unusual cases.

3. Statement of the problem, pertinent in-
vestigations, and reasons for the study.

4. Experimental procedures.

5. Results.

6. Diseussion. (5 and 6 may be combined.)

7. Conclusions.

8. Acknowledgments.

9. References. All references must have au-

thor(s) name(s), name of periodical, vol-
ume, page number, and year of publication.
If a book, publisher’s name and address
must be added.

! American Institute for Biological Sciences,
2000 P Street, N. W., Washington, D. C. Price

$3.
*J. Dairy Sei., 44:17%8. 1961.

10. Manuseripts must be typed double-spaced *
on 8%- by 1l-inch bond paper. Lines on
each page should be numbered from 1 to
26 or 28, to make it easier for the Editorial
Board to review papers. The side margins
should be one inch wide. Clipped-to, pasted-
on, and written insertions are not accept-
able. Do not staple pages together.

11. Figures (graphs) should be made with black
India ink on white drawing paper, tracing
papery or blue linen and the sheets should
not exceed 8%, by 11 inches. Graph papers
with yellow, green, and red lines should
not be used, because the lines cannot be
filtered out. Curves should be identified
with the symbols O, ©, ®, O, l, A, A, V,
+, or X, and they should be about 0.8 mm
thick, for the axes about 0.5 mm thick, and
for grid lines about 0.4 mm thick. Grid
lines are necessary only if readings are to
be made from the curves. Letters on the
abscissae, ordinate, and the figure should
be in upper case and be about 3 by 5 mm
and about 0.5 mm thick, to be readable
when graphs are reduced to column width.
Titles for figures (graphs) must be on
separate sheets. Following is a well-made
figure reduced to size of the printed page:
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12. Tables should be numbered on the center
of the page with the title immediately be-
low, and each table should be typed on a
separate sheet of 814- by 1l-inch bond
paper. They should be placed together at
the end of the manuseript.

3 Multilithing on bond paper is acceptable.
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Titles should indicate the content of ta-
bles and facilitate comparisons, show rela-
tionships clearly, be self-explanatory, and
save space. Label heading and subheadings
accurately and conecisely with the data cen-
tered under them. Use correct abbreviated
dimensions. Data should be referred to and
discussed but not repeated in the text, and
they should be presented in only significant
digits within the accuracy of the methods.
Use the metric system whenever possible.
Do not use vertical lines and only a mini-
mum of horizontal ones.

Tables are costly. Use graphs whenever
possible.

Colored illustrations can be reproduced.
Authors should submit detailed specifica-
tions to the editor and costs will be supplied.
14. Abbreviations for titles of periodicals and

13.

for botanical, chemical, physical, mathe-

matical, and statistiecal terms should econ-

form to those in the Style Manual for Bio-
logical Journals.

Terms such as Cottage cheese, Cheddar

cheese, Limburger cheese, ete., should be

capitalized as indicated. Butteroil, skim-
milk, buttermilk, ete., should be written as
one word. Milk fat has replaced butterfat.

16. Critical reading of papers, before they are

submitted, by persons other than the au-

thor(s) will help to clarify statements and
eliminate errors.

All manuseripts should be submitted to the

Editor-in-Chief in duplicate.

18. Receipt of manuseripts will be acknowl-
edged. Authors will be notified within 30
to 60 days of the action taken by the Edi-
torial Staff.

15.

17.

PEOPLE AND EVENTS
MEMORIALS

Memorial services were held April 23 for
W. M. REcan, 78, emeritus professor of ani-
mal hushandry at the University of California,
Davis. He died April 14 after an illness of
several weeks. Services were held also at the
Davis Community Church. K. A. RYERSON,
dean of the College of Agriculture, emeritus,
and long-time colleague
and friend of Professor
Regan, was the speaker.
The family requested
that any remembrances
be sent to the Cancer
Research Fund, UC
Medical Center in San
Francisco, care of The
Regents of the Univer-
sity of California.

A resident of Davis
for 40 yr, where he was
on the staff of the Uni-
versity, Professor Re-
gan was a pioneer in
experimentation with dairy cattle, the initiator
of the nation’s first large-scale breeding ex-
periments.

Equally important, according to his eol-
leagues in a eulogy delivered at Dairy Cattle
Day, held earlier this year, “Professor Regan
endeared himself to hundreds of students, who
found in him a sympathetic friend as well as
a competent instructor and who were influ-
enced by his character and ideals while they
were taught by his knowledge and experi-
ence . . . A man whose scholarly interests
were balanced by his deep feeling for people
and their problems. . . .”

Born at Joplin, Missouri, February 18, 1884,

W. M. Regan

Regan was granted his bachelor’s and master’s
degrees at the University of Missouri and did
his first teaching at that institution. After
a brief period as assistant professor at Ne-
vada and as professor and head of the Dairy
Department at Rutgers University, he came
to the College of Agriculture at Davis. He
retired in 1951.

Professor Regan was known throughout
California for his devoted promotion of the
work of the Agricultural Extension Serviee.
He was a member of the scholastie fraternity
Phi Beta Kappa, the scientific fraternities
Sigma Xi and Gamma Alpha, the agricultural
scholastic fraternity Gamma Sigma Delta, the
social fraternity Phi Delta Theta, the Ameri-
can Dairy Science Association, the American
Society of Animal Production, the American
(Glenetic Association, and the New York Acad-
emy of Sciences, as well as the standing com-
mittee for Animal Development in the Pacific
Area, Ninth Pacific Science Congress. He was
a classification judge for the American Jersey
Cattle Club.

He is survived by his widow, Susan, who is
Dean of Women at Davis, and three children,
William, Jr., of San Jose, Susan (Mrs. Allan
MeKillop) of Davis, and Mary, a graduate
student at the University of Wisconsin, Madi-
son.

Harry Alexis Harding

When Dr. H. A. Harpixg, 580 Haverhill,
Bloomfield Hills, Michigan, passed away at
the Stevens Nursing Home, Royal Oak, No-
vember 16, 1961, after a long illness, the Amer-
iean Dairy Science Association lost one of its
long-time illustrious members. He lacked 12
days of being 90 yr of age.
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Perhaps through fate Dr. Harding was not
one of the founders of the American Dairy
Science Association, in Urbana, July 17, 1906.
Nevertheless, at the time he had already dis-
o i _ tinguished himself as a
dairy bacteriologist at
the New York Agricul-
tural Experiment Sta-
tion, Geneva.

Yet, as chairman of
the committee including
M. MORTENSEN, secre-
tary, and W. A. SToCK-
ING, president, to study
the future name of the
Official Dairy Instruc-
tors’ Association, he an-
nounced, 1918, “the
‘Official Dairy Instrue-
tors’ Association’ has
become the ‘American Dairy Science Associa-
tion.”” To his leadership, the society is in-
debted for the name held in high esteem
throughout the scientific world.

Many of the fundamentals of dairy bacte-
riology taken for granted today were estab-
lished by Dr. Harding, his associates, and pro-
fessors such as H. L. Russerr, E. G. HasriNas,
L. A. Rocers, W. A. StockiNGg, R. S. Breep,
and M. J. PrucHA, to name a few. His coop-
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erative report, What is Meant by Quality in
Milk, 1918, challenging then, is vital today.
Bacteria were a near obsession to him; his
bounteous energy was spent in knowing and
controlling them in the milk supplies. Few
scientists at annual meetings defended their
fundamental knowledge of bacteria as did Dr.
Harding. His presence and discussions at
scientific meetings was a challenge and inspira-
tion to young scientists.

Dr. Harry Alexis Harding, born in Ocono-
mowoe, Wisconsin, November 28, 1871, died
after a year’s illness, on November 16, 1961,
ending a long career in bacteriology and public
health.

He took his bachelor’s and master’s degrees
from the University of Wisconsin, and then
spent 2 yr in research in phytopathological
studies and as laboratory assistant. He also
for 2 yr was assistant in charge of meteoro-
logical service of the Washburn Observatory.

He studied at Massachusetts Institute of
Technology and took his doctorate at Cornell.
He went abroad for a year’s study in Western
Europe and returned to become Commissioner
of Health, and Bacteriologist for New York
Experimental Station at Geneva. He took up
the problem of an epidemic in Geneva, traced
it to water pollution north of the ecity, and
after several years of political opposition
brought it to a close, with well planned edi-
torial assistance from the leading newspaper.

Tn 1913 the University of Illinois called him
to take charge of dairy bacteriology and be-
come head of the department of dairy hus-
bandry. This was a new field, made attractive
with new problems. With characteristic vigor
and thoroughness he correlated his experience
with more research and launched a large ac-
tivity into public health and sanitary problems
that brought him pre-eminence as an authority
and took him into every state in the Union
except Alabama. He was called to make a
survey of an epidemic in Portland, Oregon,
and from there proceeded to give the same
service in other states and in Canada.

In 1926 he became vice-president and chief
of dairy research for the Mathews Company
in Detroit, until his retirement in 1940 to his
estate at North Bay. He was the author of
numerous books and articles on bacteriological
subjects and at the time of his death was
planning a book on city milk supplies. A
genial personality and caustic wit, combined
with a thoroughness and tenacity to get the
job done, won him popularity as a lecturer,
and unbudging faithfulness to principle the
respect and confidence of all who knew him.

He was an authority on bacteriology, bac-
terial plant diseases, causes of cheese ripening,
soft rot in plants, fixation of nitrogen, and
city milk supplies. He was a serious student
of religions and education. His private funds
were always available to any needy and seri-
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ous student. Fly fishing, reading, and bear
hunting engaged his free moments.

Dr. Harding was one of the founders of the
American Society of Public Health and the
American Society for the Advancement of
Science.

Surviving are four children, Gordon, Glen-
view, Illinois, Esther Patrick, Elletsville, Ind.,
Helen Holscher, Toledo, Ohio, and Ruth Kas-
dorf, Florida; his widow, Jessica, Bailey Har-
bor; two stepchildren, Muriel Lockwood,
Bloomfield Hills, Michigan, and Trevor Hay,
Birmingham, Michigan.

G. M. Trour, Historian
American Dairy Science Association

SPECIAL RECOGNITIONS

Dr. J. L. Strominger Receives Paul-Lewis
Award

Dr. J. L. StroMINGER of Washington Uni-
versity, St. Louis, was the 1962 recipient of
the Paul-Lewis Award in Enzyme Chemistry.
The award, consisting of $1,000 and a gold
medallion, was presented to Dr. Strominger
by Dr. ViNnceNT Bavisorro of Paul-Lewis
Laboratories, Inc., at the general meeting of
the American Chemical Society in Washing-
ton, D. C.

Dr. Strominger was recognized for his out-
standing work on uridine nucleotides and for
elucidating the mechanism of cell wall syn-
thesis. This work demonstrated that penicillin
acts by blocking cell wall syntheses. Dr.
Strominger has also studied mucopolysae-
charide formation in the hen’s oviduet and has
isolated several previously unknown nucleo-
tides from this source. He also discovered

Dr. Vincent S. Bavisotto (left) presenting the
award, consisting of $1,000 and a gold medallion,
to Dr. Jack L. Strominger.

how the liver enzymatically forms glucuron-
ides from various drugs, metabolites, and
similar materials.

Dr. Strominger joins the select circle of 16
enzyme chemists previously honored with this
award. Established in 1946 to recognize and
stimulate research, the Paul-Lewis award is
offered annually under the administration of
the American Chemical Society.

Labor Secretary Goldberg Presents Milk
Industry Foundation’s Louis Pasteur
Gold Medal to Ohio Milkman

D. C. Riges, 33, an Ohio milkman, was pre-
sented the Milk Industry Foundation’s 1962
Gold Medal Pasteur Award for heroism by
Secretary of Labor Arthur J. Goldberg on
June 14. In an impressive ceremony held at
the Secretary’s Washington office, Riggs was
honored for the quick thinking and personal
courage that saved a mother and her two
children from an attack by her mentally de-
ranged husband.

Riggs, a mild-mannered man of five feet
eight inches and a hundred and forty-six
pounds, disregarded his personal safety on
December 18 when he grappled with a mentally
unbhalanced man who was armed with a knife.
Riggs disarmed the man and held him until
help arrived.

Secretary Goldberg paid tribute to Riggs’s
heroism in his citation that accompanied the
presentation of the medal. “Your determined
action in the face of physical danger, your
willing acceptance of great personal risk in
order to avert a potential tragedy, is truly
service above and beyond the call of duty. I
am proud to present to you the Louis Pasteur
Gold Medal of the Milk Industry Foundation
in gratitude and in recognition for outstand-
ing heroism.”

Arthur J.
sents the Milk Industry Foundation’s Pasteur Gold
Medal Award to Donald C. Riggs, driver-salesman
for Harmony Farms Dairy of Columbus, Ohio,
while Mrs. Riggs looks on.

Goldberg, Secretary of Labor, pre-
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Utah State University Dairy Club Sells 168
Gallons of Ice Cream

During Agathon, an annual event for high
school seniors, at Utah State University, Dairy
Club members dipped and sold 168 gal of ice
cream. After subtracting the cost of cones and
the ice eream, the club earned about $100. The
money from this project and previous projects
will be used to finance the Steak Fry, for which
plans are nearly complete. Dairy Club members
and partners, and staff members and partners,
all go to one of the choice Rocky Mountain pie-
nie spots for an evening of recreation and feast.
Dairy Club members will cook the steaks this
year.

For the second consecutive year, the return-
ing Dairy Club president has been named
valedictorian of the College of Agriculture.
Congratulations are in order to Clayton Huber
this year.

Ferron Perkes is chairman of this year’s
Dairy Cattle Judging Contest, sponsored an-
nually. The breed organizations are making
an award to the top judge of each breed, and
the Dairy Club will make an award to the
top judge of the contest.
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The election of officers for 1962-63 was held
at the last regular meeting, with the follow-
ing being elected : president, Harry G. Markos;
vice-president, Leo Isralesen; secretary, Dary-
ush Valanejad; treasurer, Frank Markos; ad-
visor, Professor Robert C. Lamb. Retiring
officers are: president, Clayton S. Huber, vice-
president, Ronald Boman; secretary, Harry
G. Markos, treasurer, Lewis Wiser.

Los Lecheros Dairy Club Holds Fitting and
Showing Contest

Each year the Los Lecheros Dairy Club
conducts a Fitting and Showing Contest dur-
ing the Poly Royal on the San Luis Obispo
campus of California State Polytechnic Col-
lege. This year the event was judged by War-
ren VanderHule of California Dairy Breeders,
Ine., Davis, California. The Mistress of Cere-
monies was Annabelle Alberti, a dairy student
from Los Banos.

The California Dairy Princess, Marilyn
Jacobs, was in attendance to present the
awards. Competition was keen for the top
awards in this year’s contest held April 28.
The four winners were: first, John Winters,
Wapato, Washington; second, Fred Silva, Los
Banos; third, George Nunes, Point Reyes;
fourth, Richard Cotta, Salinas, California.

Ohio State University Holds Honors Banquet

The Ohio State University Student Branch
of the American Dairy Science Association
held its annual Honors Banquet April 27, 1962.
Robert D. Stewart, Secretary of the Ameri-
can Guernsey Cattle Club, was present to
honor Howard J. Ziegler, Clyde, Ohio, an out-
standing Guernsey breeder and director of
the American Guernsey Cattle Club. Ziegler’s
portrait is now in the Dairy Science Hall of
Fame.

Judging team keys were presented to the
judging team members, consisting of Diek
Soldner, Virginia Garrett, Bob Fleming, My-
ron Wehr, Bill Young, Warren Briggs, and
Jim Patterson.

The winners of the Student Judging Contest
were also recognized. The high individual
was Art Smallseed, and Joe Miller received
the high score for oral reasons. The high indi-
viduals in each of the breeds were as follows:
Jersey, Joe Miller; Ayrshire, Joe Miller;
Brown Swiss, Joe Miller; Holstein, Bob Bau-
man; Guernsey, Don Isler.

Dr. William Brakel presented the Salsbury
Scholarship to Dick Soldner, Virginia Garrett,
and Bob Bauman. Dr. Fordyce Ely presented
the Borden Award to Frank Bonie. Joe Miller
presented a trophy to Jackie Miller, the 1962
Dairy Queen.

[8]
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Buckeye Dairy Show

The Student Branch members sponsored a
very successful Dairy Show on April 28, 1962,
in Plumb Hall Arena. Dick Soldner chaired
the program during the judging and Jackie
Miller, the queen, presented the trophies. The
official judges were Purebred Dairy Cattle
breeders who were on the campus for their
annual Purebred Dairy Cattle Association
Judging Conference. The breed winners in
the showmanship classes were as follows:
Ayrshire, Kent Bone; Brown Swiss, Charles
Wallace; Guernsey, Ron Renner; Holstein,
Bob Haskins; Jersey, Roger Smith. At the
conclusion of the individual breed champion-
ships, Bob Haskins was declared the winner
over all breeds.

As an added feature to the show, the best
cow of each breed in the university dairy herd
was paraded before the spectators, to show
how these cows had contributed to their re-
spective breeds.

1962-63 Officers

At a recent Dairy Science Club meeting, the
following officers were elected for 1962-63:
president, Bill Crist; vice-president, Jerry
Smollen; secretary, Don MecAllister; treasurer,
Jim Patterson; Directors, Dick Soldner and
Joe Miller.

Kentucky Dairy Science Club Reports
Activities

The University of Kentucky Dairy Science
Club assisted with a Career Day program
sponsored by the staff of the Department of
Dairy Science and the Kentucky Dairy In-
dustry held April 26. As a climax to the day’s
activities, the Dairy Secience Club sponsored
their annual Honors Banquet in the evening.

Mr. C. O. Ewing II was honored by the
Dairy Science Club as the outstanding dairy-
man of the year in Kentucky. His portrait
will be hung in the Dairyman’s Hall of Fame
in the Dairy Products Building. Awards were
also made to students who participated in the
Dairy Cattle and the Dairy Products Judging
Contests. The winner of the Senior Division
in the Dairy Cattle Judging Contest was Men-
del Howard, Elkton; top award for the Junior
Division was claimed by Neal Owen, Butler;
and winner of the Dairy Products Judging
Contest was Carl Johnston, Custer, Kentucky.

Dairy Club Active in Tennessee

The second Tennessee Dairy Service Award
was made at the Annual Dairy Club Banquet,
April 25, to L. O. Colebank, official classifier
for the American Guernsey Cattle Club. Cole-
bank has been very active in the promotion
of dairy programs for young people in dairy
cattle judging and in dairy extension work.

The Purina Bowl for outstanding scholar-
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% No Returns ég
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ship and leadership during the past year was
awarded to Steve Cates, a junior majoring in
dairy production.

The University of Tennessee Dairy Club
initiated a new activity this year. A judging
contest was held for all university agricultural
students. Four classes of animals and two
classes of dairy products made up the contest.
Awards were presented to the winners at the
banquet. The all-class winner was John Hous-
ley; Steve Cates was the products winner and
Herbert Lackey was high in cattle.

This is to be an annual event sponsored by
the University of Tennessee Dairy Club.

Washington State Dairy Club Conducts
Open House

Nearly all of the Dairy Club members par-
ticipated in a very successful open house eon-
ducted by the Washington State University
Student Chapter on April 28. The open house
consisted of a tour of the Washington State
University ereamery and a tour of the J. C.
Knott Dairy Center about six miles out of
Pullman. The tour started at the creamery
where the Dairy Manufacturing students ex-
plained the holding tank, pasteurizers, homog-
enizer, plate cooler, separator, bottler, ice
cream mix tank, fruit feeder, freezer, cheese

m&@m&&
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vat, cheese knives, cheese press, can scrubber,
can washer, hottle washer, and several pieces
of laboratory equipment, including the eryo-
scope, Babcock test bottles, pH meter, titrat-
able acidity apparatus, and a laboratory man-
ual.

At the J. C. Knott Dairy Center, the Dairy
Production students led visitors through the
milking parlor, milk room, bull barn, silage
bunker, yearling shed, hay barn, calf barn,
and freshening stalls. The visitors were also
shown the bulk tanker. Since the tour was in
the afternoon, they also saw the cows being
milked.

Refreshments, including milk, were served
at the ecreamery and transportation was pro-
vided to the dairy farm.

The tour was suecesstul and the Dairy Club
will probably continue to make it an annual
event.

Babcock Club at Wisconsin Holds Annual
Banquet and Makes Awards

The Marschall Dairy Laboratory Award was
presented to Thomas C. Everson, a student in
the Department of Dairy and Food Industries,
University of Wisconsin, by Bruno Stein,
Chairman of the Board, Marschall Dairy Lab-
oratory, Madison, Wisconsin, on May 12, at
the Annual Spring Banquet of the Babcock
Club, the student organization of the Depart-
ment of Dairy and Food Industries, Univer-
sity of Wisconsin, Madison.

The Virginia Dare Award was presented to
Everson by Professor H. K. Calbert, Chairman
of the Department of Dairy and Food Indus-
tries. He was chosen by the staff of the
Department on the basis of his scholastie
achievement, interest in the dairy industry,
and his activities in college, such as participa-
tion in the Babceock Club and other student
organizations.

Louisiana State University Awards
Fellowship

Ronnie Blanchard, a junior majoring in
Dairy Production Science, at Louisiana State
University, Baton Rouge, has been named as
the recipient of the Danforth Summer Fellow-
ship award for 1962. Blanchard has also been
elected to serve as president of the Louisiana
State University Dairy Science Club for the
1962-63 period.

NEWS FROM THE UNIVERSITIES

Cornell Dairy Industry Conference to be Held
at Niagara Falls

The dates of the 1962 Joint Conference of
the Cornell Dairy Industry Conference and
the New York State Association of Milk Sani-
tarians are September 24-26, 1962. The meet-
ings will be held in Niagara Falls, New York,
at the Hotel Niagara.
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Slow milking machines continue to extract
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strains udder muscles, can cause teat irritation.
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milks fast (and gentle, too) — thanks to nar-
row-bore liners, absolutely uniform pulsation
and rapid-recovery vacuum.

Machines not made to milk fast will never
milk fast. Pulsator speed-ups won’t help. For
further information, write: The De Laval Sep-
arator Co., Poughkeepsie, N. Y.; 5724 N.
Pulaski, Chicago 46, Ill.; 201 E, Millbrae Ave.,
Millbrae, Cal.
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The following Cornell University staff mem-
bers will present papers: R.D. ArriN, Depart-
ment of Agricultural Economics; B. L. HEr-
RINGTON, Department of Dairy and Food Sei-
ence; J. K. LoosLi, Department of Animal
Husbandry; J. C. WHITE, Department of Dairy
and Food Secience; and P. J. VANDEMARK, De-
partment of Dairy and Food Science. Also on
the program will be: ALEc Braprierp, De-
partment of Animal and Dairy Husbandry,
University of Vermont; L. C. THOMSEN, De-
partment of Dairy and Food Industries, Uni-
versity of Wiseonsin; F. W. LENGEMANN,
Atomic Energy Commission, Washington, D.C.;
H. J. BarnuM, Dairy Products Improvement
Institute; and DaroLp Tavror, U. S. Public
Health Service, Washington, D.C.

NORTH CAROLINA
June Dairy Month Activities in North Carolina

Staff members in the Department of Food
Science at North Carolina State College as-
sisted and participated in the June Dairy
Month activities throughout the state. A
June Dairy Month Kick-off Breakfast was
held on June 1 in Raleigh to start activities.
L. L. Ray, Director of Foundations at North
Carolina State College, and State Chairman
of June Dairy Month, presided at the break-
fast. State Dairy Princess BARBARA MORGAN
was on hand to add her charm to the event.

State SENATOR RALPH ScorT, who is also
president of Melville Dairy Company at Bur-
lington, North Carolina, introduced GOVERNOR
TerRrRY SANFORD in his usual incomparable
fashion.

Governor Sanford made several significant
remarks about the new Department of Food
Science at North Carolina State College. He
told the group that the 1963 Legislature will
be urged to provide a $2.3 million building for
the new Food Science Department. The Food
Science Department of the College deserves
recognition, Sanford asserted. “It will work
more effectively in a building of its own ... I
pledge this administration will give this build-
ing top priority.”

Sanford said the new building when com-
pleted, “will symbolize the single greatest ef-

LABORATORY SERVICES
Applied Research and Development,
Testing and Consultation

Food, Feed, Drug and Chemical Analyses,
Animal Studies, Pesticide Screening, Pesti-
cide and Additive Residue Analyses.

For price schedule and specific
work proposals, write
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P. O. Box 2217, Madison 5, Wisconsin

fort being made to improve the farm economy
and the total economy of North Carolina.”

The dairy industry provides an excellent
example of what can be done in food process-
ing in North Carolina, the Governor said.
“Not only has the dairy industry contributed
to the health and economy of the State; of
special significance this year, it has shown the
way for the larger industry of food process-
ing and marketing.”

A Frozen Food Handlers Conference, spon-
sored by the Food Science Department, was
held June 14 at the Sir Walter Hotel in
Raleigh. A North Carolina—produced food
Iuncheon highlighted the meeting.

Ice cream cake was presented to Governor Terry
Sanford by the North Carolina Dairy Industry at
the June Dairy Month Kick-Off Breakfast. The
presentation was made by Miss York Kiker, Dairy
Marketing Specialist, North Carolina Department
of Agriculture.

OHIO
Adult Education Program Discussed

A general review of the Adult Education
Programs in the Department of Dairy Tech-
nology, Ohio State University, was conducted
during June through a series of meetings with
industry representatives. The Education Com-
mittee of the Ohio Dairy Products Associa-
tion, composed of AxToN KELLER, Columbus,
Chairman; L. R. Stavurrer, Warren; CARL
Brougnron, Marietta; O. A. DEraxn, Cleve-
land; J. I. KLINGENBERG, Athens; RALPH
Paryer, Columbus; JorN SpanN, Steubenville,
met with staff members to explore the needs
of industry. A luncheon meeting of presidents
and vice-presidents of the four Ohio Dairy
Technology Societies with staff members pro-
vided an opportunity for planning the 1962-63
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programs of the Societies. Representatives of
the State Departments of Health and Agri-
culture met with members of the Department
to plan for the expansion of joint programs
in public health and sanitation during the
coming year. BEarly in the month the govern-
ing committee of the Ohio Dairy Products
Fund, composed of Frep MEvYER, Cleveland,
ArTHUR MUSSETT, New Bremen, and WILLIAM
BicHSEL, New Philadelphia, met at the De-
partment to review research and consider sug-
gested expenditures from the fund.

Nikolai King Lectures

Nikorar Kixg, on leave from his duties as
Principal Dairy Research Officer, CSIRO, Mel-
bourne, Australia, and a member of the Dairy
Technology Staff at the University of Illinois,
discussed the physical chemistry of milk sys-
tem at the Research Seminar sponsored re-
cently by Ohio State University’s Institute of
Nutrition and Food Technology.

At a dinner given in his honor at the Uni-
versity Faculty Club following the Seminar,
King discussed scientific matters of mutual
interest with staff members and graduate stu-
dents of the Department of Dairy Technology
and interested industry personnel in the Co-
lumbus area.

Ice Cream Sanitation Standards Reviewed

As an outgrowth of a recent conference be-
tween Ohio State Department of Health offi-
cials, municipal health authorities, dairy in-
dustry personnel, and representatives of Ohio
State University’s Department of Dairy Tech-
nology, a committee has been appointed to
study the matter of ice ecream sanitation stand-
ards.

The findings of the committee will be uti-
lized by the parent group in developing a
State-recommended frozen desserts standard
ordinance and code. A Dairy Technology Staff
member will assist the committee in an ad-
visory capacity.

Recommendations Made for Manufactured
Milk

The Manufacturing Milk Division of the
Ohio Dairy Produets Association went on rec-
ord at a recent meeting as favoring those
standards for manufacturing milk regulations
recommended by the Evaporated Milk Asso-
ciation and The American Dry Milk Institute.
Their action has been submitted to the Ohio
Department of Agriculture for its considera-
tion, and indications are that the standards
in question will be implemented.
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Future Farmers of America Hold Contest

Fifty-eight three-man teams competed in
the Annual FFA Milk Judging Event, held
at Ohio State’s Department of Dairy Tech-
nology in May. The contest, coordinated by
Dr. T. KRISTOFFERSEN, was won by the team
from Prospect, coached by J. W. WarTkins.
Runners-up in the contest were teams from
Pleasant View and Canal Winchester.

Frank Wish Passes

Frank WisH, former owner, president, and
general manager of the Hopewell Dairy of
Bellefontaine, Ohio, died on May 8, 1962.
After entering the dairy business in 1927 with
his father, Wish developed the Hopewell Dairy
into a sizable operation embodying many pio-
neer developments in automation, prior to
being sold in 1961 to the Hawthorn-Mellody
Company. At the time of his death Wish was
serving as the president of the Ohio Milk
Distributors Division of the Ohio Dairy Prod-
ucts Association. A prominent and progres-
sive dairyman, who was also active in ecivie
affairs, his passing constitutes a serious loss
to the dairy industry.

Dairy Technology Societies
Central Ohio—The May meeting was high-
lighted by a talk by R. P. Zelm, in charge of

quality development for the American Dry
Milk Institute, on Skim Milk Powders and
Their Application in the Manufacture of Fluid
Milk Products. New officers elected for the
1962-63 year were: president, F. Bright, Wa-
terford; vice-president, R. Flowers, Lancaster;
secretary, J. Peters, Marysville; treasurer,
F. Marsh, Columbus; and sergeant-at-arms,
J. Salabino, Dayton.

Cincinnati—Dr. G. P. Gundlach spoke at
the May meeting on Rebuilding the Image of
the Dairy Industry. The following new officers
were elected: president, H. Carl, Jr., Erlanger,
Ky.; vice-president, D. Appel, Cincinnati;
secretary, C. Hannekan, Covington, Ky.;
treasurer, D. Meyer, Lockland.

Maumee Valley—After an afternoon of
golfing, the Society met at Orchard Hills Coun-
try Club for its May meeting, which featured
an election of officers and a discussion on dairy
economics by C. A. Hilt, Pet Milk Co. New
officers include: president, P. Lind, Toledo;
vice-president, R. Heindricks, Wauseon; sec-
retary, N. George, Toledo; treasurer, N. Stahl,
Toledo; sergeant-at-arms, M. Goldsmith, Wau-
seon.

Northeastern Ohio—The program for the
May meeting was designed to acquaint man-
agement personnel of dairy plants with the
Society and consisted of a review of the year’s
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activities and accomplishments by President INDUSTRY NEWS
Sibert. Dr. I. A. Gould, Chairman, Depart- Far Eastern Fair Visitors to See American
ment of Dairy Technology, The Ohio State Style Dairying

University, introduced the winners of the Modern milk production, as achieved in the

Freshman Dairy Technology ~Scholarships  (7)iteq States in 1962, will be viewed by Far
Eastern visitors at the International Trade
Fall opening this fall at Izmir, Turkey. A
milking panorama, using Turkish cows, will
be presented several times a day.

made available by the Society, and B. F.
Forbes was presented with a briefcase in rec-
ognition of his outstanding service as chair-
man of the Society’s Education Committee.
Newly elected officers include: president,
M. Swinehart, Akron; vice-president, G. John-
son, Cleveland; secretary, Norman Berg, Orr-
ville; treasurer, Robert Black, Mogadore;
sergeant-at-arms, Abe Sandler, Youngstown.

WISCONSIN
Joachim von Elbe Joins Staff at University

Joacuim von KrLee, a native of Rostock,
Germany, currently a graduate student at the
University of Wisconsin, joined the staff of
the Department of Dairy and Food Industries
as an instructor on July 1.

He will work in extension and research in
food science. At the same time he will com-
plete his thesis for the Ph.D. His current re-
search deals with insecticide residues and
color stability in canned fruits. He will work e "
with commercial food processors in Wisconsin G. D. Regan of the Babson Bros. Co. demon-
on processing and quality problems. strating a milking machine to an interested child.
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Four cows will be milked at a time in indi-
vidual, elevated stalls by a white-clad attend-
ant. The milk will be visible as it is taken by
transparent breaker cup machines and flows
through a low milk line, mounted at the op-
erator’s knee-level. It will then pass into a
glass receiver in an ultra-modern milkroom.

There the milk will be cooled in a 250-gal
Minnesota-made bulk tank, where it will be
stored until it 1s processed. An automatic
washing device will show how the modern
American dairy farmer’s equipment is cleaned
at the push of a button.

In charge of installation and operation of
the milking panorama will be G. D. REGAN
of East Point, Georgia, Divisional Sales Man-
ager of Babson Bros. Co. Unusual assignments
are nothing new to Regan, who has had ex-
tensive experience in the dairy production,
artificial insemination, and dairy farm equip-
ment fields.

Regan has helped promote America’s dairy
industry by milking cows before school chil-
dren in such unusual places as department
stores and has trained men working with the
dairy farm equipment industry.

New Additions to Carnation Research Staff

Recent additions to the Carnation Company
Research Staff are Dr. P. MeELNYCcHYN, Uni-

versity of Minnesota, formerly employer as
a collaborator with USDA Fruit and Vegetable
Chemistry Laboratory in Pasadena, Calif., and
M. M. MaxweLL, B.S.,, College of Idaho and
who has done graduate work at Washington
State University.

William F. May to Fill Key Post with
American Can

American Can Company’s new key corporate
post of viee-president, planning and develop-
ment, will be filled by a 46-yr-old executive,
W. F. May, who began his career with the
company as a research chemist and subse-
quently served in nearly every other funection
of the business, including sales, manufactur-
ing, industrial relations, and general manage-
ment.

May, a native of Chieago, graduated from
the University of Rochester in 1937 with a
degree in chemical engineering. He began his
career with American’s research center in
1938.

J. M. Jackson Assumes Two Presidential
Offices
Dr. J. M. Jacksox of American Can Com-
pany’s Research Center in Barrington, Illinois,
has been elected president of the Research and
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Development Associates, Food and Container
Institute. The Associates is an industry-sup-
ported organization which serves as a link
between the research and development activ-
ities of the food and container industries and
those of the Armed Forces.

He is also president of the Institute of
Food Technologists, thus becoming the first
person to hold these two presidential offices
simultaneously. He assumed his duties as IFT
president when the group met for its 22nd an-
nual meeting in Miami Beach, June 10-14.

A graduate of the University of Chicago
with a bachelor of science degree, Jackson re-
ceived his doctorate in chemistry from that
institution in 1932. He joined American Can
the same year.

Degrees Awarded
M.S. Degree:

MouaMMED ABuL Hasnara—Relative merit
of duck egg-yolk compared to hen egg-
volk as a bovine semen extender. A & M
College of Texas.

Bexepicro A. PArxkeErR—Some factors affect-
ing milk fat and protein levels in milk
from dairy herds in eentral Texas. A & M
College of Texas.

Kenxnveras 0. WinsoN—De-fatted fish meal as
a source of protein in a milk replacer for
dairy calves. A & M College of Texas.

Ph.D. Degree:

C. N. Graves—Studies on the metabolism
of bovine spermatozoa. University of Illi-
nois.
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k-CASEIN—pB-LACTOGLOBULIN INTERACTION IN SOLUTION
WHEN HEATED

C. A. ZITTLE, M. P. THOMPSON, J. H. CUSTER, axp J. CERBULIS
Eastern Regional Research Laboratory,! Philadelphia, Pennsylvania

SUMMARY

Heating a mixture (0.59% of each) of B-lactoglobulin and k-casein at pH 7
at 90 C 15 min led to interaction between the two proteins. Electrophoresis at
pH 21 showed that, before heating, the components moved independently;
whereas, after heating, a single component of intermediate mobility was ob-
served. Ultracentrifuge examination of the heated mixture showed a new com-
ponent with an S, value of 45, three times greater than the S., value of k-casein.
The ability of the x-casein to stabilize calcium-sensitive casein was considerably
reduced in the heated mixture. The clotting time of «-casein by rennin was
increased by the addition of B-lactoglobulin and was inecreased still further
when the mixture had been heated. The clot formed by the action of rennin
on the heated mixture contained the B-lactoglobulin as well as the x-casein.

The effect of heat on solutions of mixtures of
B-lactoglobulin and whole casein has been de-
seribed in an earlier publication (2). In sys-
tems containing caleium chloride in which the
B-lactoglobulin precipitated, there was no evi-
dence for complex formation. In systems in
which precipitation did not oceur, the use of
electrophoresis at pH 6.5 suggested that com-
plex formation had occurred. The results of
electrophoresis are equivocal, however, for dem-
onstrating complex formation since, under cer-
tain conditions of heating, the electrophoretic
mobility of B-lactoglobulin increases to about
the same value as for a-casein. Thus, it ecould
not be decided whether the single peak obtained
after heating represented a complex of a-ca-
sein—pB-lactoglobulin or a mixture of the two
proteins, each with about the same mobility.
Electrophoresis in acid solution, which has been
useful in resolving the components of the a-ca-
sein complex (7, 12), has been used in the pres-
ent experiments in the hope that an unambig-
uous answer to the question of casein—B-lacto-
globulin interaction might be obtained. x-Casein
was used in the present experiments. The elec-
trophoresis experiments were supplemented with
ultracentrifuge studies. In addition, the effect of
heating the k-casein—g-lactoglobulin mixture on
clotting time and precipitation by rennin, and
the ability of the k-casein in the mixture to sta-
bilize the ecalcium-sensitive (a,) casein, were
explored.

Received for publication March 19, 1962.

* Eastern Utilization Research and Development
Division, Agricultural Research Service, U. S. De-
partment of Agriculture.

MATERIALS AND METHODS

Where not described, the materials and
methods are the same as in the previous paper
(2). The protein solutions were heated at 90 C
15 min. The concentrations (0.25 to 1.09
total) are indicated for each experiment.

Several k-casein preparations were used. All
gave a symmetrical peak in free-flow electro-
phoresis (see later), and all were good stabil-
izers (11) (i.e., 509 stabilization of a,-casein
at x/a, ratio of 0.04 to 0.05). Some were pre-
pared by fractionation in urea solution with
trichloroacetic acid (8). Others were prepared
by fractionation in ethanol (6). This procedure
was simplified by precipitating the ealcium-«-
casein by saturating with sodium chloride in-
stead of using the potassium oxalate-sodium
sulfate steps. Although seemingly homogeneous
in free-flow electrophoresis, the k-casein prep-
arations contained a small amount of material
that sedimented more rapidly than did the
x-casein. This heavy fraction did not stabilize
a,-casein. The preparation used in the ultra-
centrifuge and some of the electrophoretic ex-
periments had had this heavy fraction removed.
The very sensitive starch gel electrophoresis in
7 M urea (9) showed that the x-casein prepara-
tions were contaminated with small amounts of
the lambda-casein components.

The B-lactoglobulin (Species A) was erys-
tallized from the albumin fraction of Species A
pooled milk (3) and recrystallized twice. A
suspension of the erystals was freeze-dried.

Solutions of casein and B-lactoglobulin were
prepared at pH 7.0 by the addition of NaOH.
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The rennin was a commercial preparation
rated 1:30,000.

1. Electrophoresis. The free-flow Tiselius
electrophoretic technique was used with Perkin-
Elmer ® equipment, Model 38. All experiments
were performed in a mixture of 19 formic
acid and 69 acetic acid at pH 2.1 (ionic
strength 0.01). The protein solutions (0.6%
of each) at pH 7.0 were acidified with HCI to
about pH 2 and were then dialyzed for 24 to
48 hr against the acid mixture.

2. Ultracentrifugation. The protein solutions
were centrifuged in a Spinco Model E ana-
lytical ultracentrifuge.” The centrifuge was op-
erated at 25 C, with a 4-degree sector cell. The
sedimentation values obtained at 25 C were re-
caleulated to 20 C (Sx). The protein solutions
were at a total concentration of 19, and ad-
justed to pH 7.0 with 0.1 x NaOH. These solu-
tions, heated or not heated, were dialyzed
against phosphate buffer, pH 7.0 (two one-liter
portions in a period of 24 hr) until equilibrium
was attained. The phosphate buffer was that
described by Waugh and von Hippel (10), but
the concentrations were one-half as great, i.e.,
the ionic strength was 0.1.

3. Stabilization test. This test has been de-
seribed (11). It measures the amount of «-
casein required to maintain o.-casein in solution
with 0.020 m CaCl, at pH 6.8. The test was
applied to heated and unheated mixtures of
k-casein and B-lactoglobulin.

4. Clotting time with rennin. The rennin was
permitted to act on the x-casein, or the mixture
with B-lactoglobulin, at pH 6.4 and 30 C in
the presence of 0.020 M CaCl,. The rennin was
added to the protein solution in a ratio of
1:2,000 of casein; 0.1 M CaCl, was added to
give the designated concentration. The clotting
time was determined by a visual method (1).
Maintenance of a constant pH is very impor-
tant. The solutions were heated at pH 7.0;
after the CaCl. was added, the pH was ad-
justed to 6.4 with 0.01 x HCl or NaOH.

5. Hstimation of amount of protein clotted
by rennin. In these experiments the concentra-
tion of k-casein was 1.09%, of B-lactoglobulin,
0.89%. These solutions, heated and unheated,
were mixed with water and 0.1 m CaCly; 5 ml
protein solution, 3 ml water, and 2 ml 0.1 M
CaCl,. The pH was 6.6. Two milligrams of
rennin in 0.1 ml of water were added at 30 C.
The solutions were stirred occasionally to ob-
serve clot formation. After clotting was com-

*1t is not implied the USDA recommends the
above company or its product to the possible ex-
clusion of others in the same business.
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plete (5 to 10 min), the solutions were centri-
fuged in 15-ml graduated centrifuge tubes 5
min. The volume of the sediment was recorded
and the protein remaining in the supernatant
solution was determined from the ultraviolet
absorption at a wave length of 280 mu. For
this purpose, the solutions were clarified by the
addition of a drop of 0.5 N NaOH.

RESULTS

1. The electrophoretic behavior at pH 2.1 of
k-casein and of A-lactoglobulin, and of their
mixtures, both unheated and heated, is shown
in Figure 1. The tracings shown were obtained
after about 35 min electrophoresis at 130 v and
4.5 ma (field strength 10.0 v em™). The de-
scending boundaries in the cell are illustrated.
The k-casein gives a sharp peak, with a slight
suggestion of inhomogeneity on the advancing
limb of the peak. The mobility is 7.3 units
(7.3 X 10" em® v* sec™). The mobility is
positive, i.e., all these proteins are positively
charged at pH 2.1. The average mobility of
the heated «-casein is 8.3. For B-lactoglobulin
the mobility is 15.5, and when heated 13.5. In
the unheated mixture the mobilities are 7.3 and
154. When the mixture is heated, the major
component has a mobility of 10.1. When «-
casein alone is heated and then mixed with 8-
lactoglobulin, electrophoresis gives mobilities of
8.4 (average) and 15.5, values expected for an

K-~CASEIN
UNHEATED (A)
HEATED (B)

B-LACTOGLOBULIN
UNHEATED (A)
HEATED (B)

K- CASEIN
B-LACTOGLOBULIN
UNHEATED (A)
HEATED (B)

(A) K-CASEIN
HEATED A

B-LACTOGLOBULIN
UNHEATED

(B) K~CASEIN
UNHEATED

B-LACTOGLOBULIN
HEATED

Fic. 1. Electrophoresis at pH 2.1 of «k-casein
and of B-lactoglobulin, and of mixtures, unheated
and heated.




INTERACTION OF PROTEINS

unreacted mixture from the results given above.
When B-lactoglobulin alone is heated and then
mixed with k-casein, the major component has
a mobility of 9.8, ie., similar to that in the
heated mixture above. Minor components may
be unreacted «k-casein (8.8) and heated (12.8)
B-lactoglobulin.

2. Sedimentation values (Sy) of 2.7 and 15.1
were obtained for B-lactoglobulin and «-casein,
respectively. When these proteins were heated
individually the k-casein contained a fraction
with an S, of 32, but the bulk of the «-casein
sedimented with the characteristic value of 15;
B-lactoglobulin A sedimented with an S, of 5.3.
In the unheated mixture of these two proteins,
the S., values were 2.7 and 17.4, respectively.
When the mixtures were heated, however, and
this was done for x-casein :B8-lactoglobulin ratios
of 1:2 and 1:1, ultracentrifugal examination
showed a rapidly sedimenting component with
an S, value of 45. Components with sedimenta-
tion values corresponding to uncomplexed S-
lactoglobulin and «-casein were still present in
both instances.

3. A test of the ability of x-casein to stabilize
a,-casein was made of an unheated and heated
mixture of x-casein and pB-lactoglobulin. The
results are shown in Figure 2.

4. The influence of B-lactoglobulin on the
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presence of 0.020 M CaCl: by k-casein, and x-casein
mixed with pB-lactoglobulin, both unheated and
heated (90 C for 15 min). x-Casein (Q), x-casein,
heated (@), k-casein plus B-lactoglobulin (A).
These three are represented by a single curve.
k-Casein plus B-lactoglobulin, heated (A).
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TABLE 1

Rennin clotting time of k-casein (x), of k-casein
with B-lactoglobulin (8), unheated and
heated, pH 6.4, 30 C, with

0.020 M CaCl
Treat- Concen- Clotting

Sample ment tration time
(%) (sec)

K Unheated 0.25 645
K Heated 0.25 250
k+B Unheated 0.25 each 1,040
k+ B Heated 0.25 each 1,240

clotting time of k-casein, in unheated and heated
mixtures, is shown in Table 1. A marked in-
fluence on the clotting time is apparent.

5. The precipitation by rennin of various
combinations of k-casein and p-lactoglobulin,
unheated and heated, is given in Table 2. The

TABLE 2

Precipitation of «k-casein (k), of k-easein with
B-lactoglobulin (B), unheated and heated,
by the action of rennin, pH 6.6,
30 C, measured by UVaso

absorption
UVas absorption
Vol of per milliliter
Sample sediment Original Supernatant
(ml)
k, unheated 0.1 5.0 0.25
B, heated 0 4.35 4.35
k+ B, unheated 0.1 9.35 3.75
k + B, heated 0.6 9.35 0.35
k, heated 0.4 5.0 0.35

light absorbance of «-casein is 1.0 for a concen-
tration of 1 mg per milliliter; for B-lactoglobu-
lin, the value is 0.93. The soluble products re-
sulting from rennin acting on k-casein, how-
ever, have a negligible ultraviolet absorption.
Thus, the ultraviolet readings do not assess the
total soluble proteinaceous material, but they
do show that the B-lactoglobulin in the heated
mixture was precipitated by rennin action, to-
gether with the k-casein. Some B-lactoglobulin
apparently has been coprecipitated in the clot
from the unheated mixture. The nature of this
association is not apparent from the present
experiments. The volumes of the clots were
markedly larger for the heated solutions than
for the unheated. This was true even for -
casein alone. Thus, heat had altered the «-
casein, even though with this preparation the
ability to stabilize as-casein had remained the
same.
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DISCUSSION

Electrophoresis at pH 2.1 provides unequivo-
cal evidence that B-lactoglobulin and «-casein
interact when heated together at pH 7 at 90 C
for 15 min. Electrophoresis shows also that
heating B-lactoglobulin before mixing with «-
casein brings about interaction when subse-
quently mixed with «-casein at 20 to 25 C. Long
(5) also, in his extensive studies of B-lacto-
globulin—«-casein interaction found that heat-
ing B-lactoglobulin alone was sufficient for in-
teraction. Presumably, the g-lactoglobulin is
activated by heating, perhaps by the exposure
of SH groups, so that interaction oceurs at the
lower temperature. Ultracentrifuge examina-
tion of the heated mixtures shows that a new
component has been formed which sediments
rapidly with an S, of 45, three times larger
than the S., value of x-casein, the largest com-
ponent of the mixture. Long (5) observed a
complex with an S., value of the same magni-
tude. Heating k-casein alone does not lead to
interaction when subsequently mixed with B-
lactoglobulin. «-Casein is altered by heating, as
shown by the split in the electrophoretic pattern,
by decrease in the clotting time (Table 1), and
increase in the volume of the clot (Table 2).
Heated x-casein solutions, however, frequently
retain their ability to stabilize calcium-sensitive
casein (11).

Tt is evident from the results in Figure 2 that
the ability of «-casein to stabilize the caleium-
sensitive casein has been considerably reduced
by its interaction with MB-lactoglobulin. This
does not necessarily mean that heating milk
would lead to a destabilization by such a
mechanism, for there the k-casein is already
associated with the caleium-sensitive casein be-
fore heat is applied. The work of others (4)
indicates that B-lactoglobulin does complex with
the caseins when milk is heated.

The mere presence of B-lactoglobulin length-
ens the clotting time of x-casein by rennin
(Table 1). This may be a competitive effect,
sinee rennin is a protease and presumably will
have a tendency to associate with all proteins
concomitant to peptide bond splitting. Heating
the @B-lactoglobulin—«-casein mixture brings
about a still further increase in the clotting
time, presumably because of the combination
of the PB-lactoglobulin with the k-casein, with
perhaps spatial interference. Kannan and Jen-
ness (4), in their studies on the clotting time
of “the caleium ecaseinate—caleium phosphate
complex heated with B-lactoglobulin, observed
an inerease in the clotting time and considered

C. A. ZITTLE ET AL

this evidence for interaction between casein and
B-lactoglobulin. The clot obtained by the ae-
tion of rennin on the heated mixture of x-casein
and B-lactoglobulin contains both proteins (Ta-
ble 2), as would be expected if heat had caused
k-casein and B-lactoglobulin to combine. Pre-
sumably, if conditions are found for satisfac-
tory clotting of heated milks, the B-lactoglobu-
lin, and perhaps other whey proteins also, would
be found with the casein clot.
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APPLICATION OF POLARIZATION OF FLUORESCENCE TECHNIQUE

TO PROTEIN STUDIES. I. THE ROTATORY PROPERTIES
OF B-LACTOGLOBULIN !

C. V. MORR, Q. VAN WINKLE, axp I. A. GOULD

Departments of Dairy Technology and Chemistry
The Ohio State University, Columbus

SUMMARY

A study was conducted using the polarization of fluorescence method to
characterize B-lactoglobulin. The method involved forming a fluorescent dye
conjugate of the protein molecule with a dye molecule (1-dimethylamino-
naphthalene-5-sulfonyl chloride) which imparted fluorescent properties to the
conjugate. Only minor alteration in the physical properties of the protein was
produced by the conjugation process.

Curves of reciprocal polarization vs. T/n for B-lactoglobulin yielded an aver-
age slope of 1.02 x 107 at 0.02 ionic strength and 0.72 X 107 at 0.10 ionic
strength. The apparent molecular volume of a spherical protein molecule,
having the same relaxation time as the slightly elongated B-lactoglobulin mole-
cule, was 98,310 em® at 0.10 ionie strength and 64,580 em® at ionic strength 0.02.
The mean harmonic relaxation time for B-lactoglobulin was 6.85 X 107° see at
0.02 jonic strength and 10.91 X 107 see at 0.10 ionic strength. Addition of
sucrose to protein solutions to increase the viscosity and, thereby, reduce the
rate of rotatory diffusion of the fluorescent B-lactoglobulin molecule, resulted in

substantial reduction in the apparent molecular volume.

A relatively new technique known as polari-
zation of fluorescence has been employed by
several workers to study the molecular dimen-
sions of various proteins from widely different
sources. Proteins included in these studies have
been bovine serum albumin (4, 10), actin (8),
lysozyme and egg albumin (10), horse serum
albumin (1), and soybean trypsin inhibitor (7).

Weber (9) has pioneered the development
of the theory for this technique. In practice,
a fluorescent dye such as 1-dimethylaminonaph-
thalene-5-sulfonyl chloride is linked to the pro-
tein molecule by covalent bonding. The partial
polarization of the fluorescent light emitted by
such protein-dye conjugates in solution is a
function of the relative size and rotatory diffu-
sion characteristics of the protein molecule.

This paper deals with the application of the
polarization of fluorescence method to study
the effect of altering the ionice strength, protein
concentration, and sugar concentration upon
the relaxation time and the apparent molecular
volume of g-lactoglobulin.
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EXPERIMENTAL PROCEDURE

The B-lactoglobulin used (Nutritional Bio-
chemical Corporation) was found to possess
typical electrophoretic and ultracentrifugal
properties. )

To prepare the B-lactoglobulin-dye conjugate,
a quantity of the fluorescent dye, 1-dimethyl-
aminonaphthalene-5-sulfonyl chloride, equiva-
lent to 1-29; of the M-lactoglobulin, was dis-
solved in acetone, added slowly with stirring to
the protein solution (0.5 g per 100 ml), and the
mixture stored at 0-5C for 5-12 hr (10). At
this point, the unreacted dye, present in the
free sulfonyl form, was removed from the
solution by repeated passing of the solution
through a Dowex 2 ion-exchange column as
measured by paper chromatography (11). The
B-lactoglobulin-dye conjugate solution was
stored in polyethylene bottles at ahout —10 F.

Reagent-grade chemicals were used. Buffers
utilized were sodium phosphate (pH 6.5, ionic
strength 0.02 and 0.10) and potassimin phos-
phate (pH 6.5, ionic strength 0.02). Final pH
adjustments for these buffers were made at
23-25 C.

Eleetrophoresis experiments were conducted
at 2 C in a Tiselius-Klett instrument equipped
with a Longsworth schlieren scanning device.
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Sedimentation determinations were made by
utilizing a Spinco Model E Analytical Ultra-
centrifuge, equipped with a rotor designed to
accommodate a standard and a wedged cell
simultaneously. All determinations were con-
ducted at rotor temperatures regulated between
20 and 26 C, with a centrifugal force of about
259,600 X G. Sedimentation constants were
calculated without ecorrecting for the small
changes in density of the protein at these tem-
peratures. The protein concentration was main-
tained at about 0.5 g per 100 ml, the pH was
6.5, and the ionic strength at either, 0.02 or
0.10.

A schematic diagram of the fluorescence mi-
crophotometer, used to measure the intensity
of fluoresecent radiation emitted by the protein-
dye conjugate, is presented in Figure 1. The
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F1e. 1. Diagram
tometer.

of the fluorescent micropho-

light source was a G.E. H-100 A4 mercury
vapor lamp. The quartz lens (L,) produced
parallel light which passed through two elim-
inating slits (S, and S.). The incident filter
(F,) had a maximum transmittance at 365 mu
wave length, used for the excitation radiation.
The unpolarized radiation entered the cell com-
partment (C), which contained the fluorescent
protein sample supported in a temperature-
regulated water bath, through a quartz window
(W;). The fluorescent radiation emitted from
the excited fluorescent molecules passed through
the thin glass window (W.) at an angle of
90 degrees from the incident radiation. The
intensity of the fluorescent radiation was meas-
ured with a no. 931-A photomultiplier tube
(P). The vertical and horizontal components
of the fluorescent radiation were measured sep-
arately by rotation of the nicol prism (N)
through an angle of 90 degrees. Also, an op-
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tical shutter (S) was mounted in front of the
phototube so that the cell compartment could
be opened without turning off the voltage to
the phototube. The current output from the
phototube was measured on a Rubicon galva-
nometer whose sensitivity was 6 X 10 amp/
mm deflection. Voltage regulators were used to
maintain a constant voltage in the light and
phototube circuits.

It was found necessary to correct for the
generally small amount of scattered, nonfluo-
rescent radiation entering the phototube. Blank
values were determined for nonconjugated S-
lactoglobulin solutions at each of the tempera-
tures and protein concentrations that were to
be used with the conjugated protein solutions.
These blank values for horizontal and vertical
intensities were subtracted from the observed
experimental values before caleulation of par-
tial polarization values.

RESULTS AND DISCUSSION

Effect of fluorescent conjugation reaction
upon the electrophoretic and sedimentation

properties of B-lactoglobulin. The conjugation
process whereby one or more fluorescent dye
molecules were linked with a molecule of B-
lactoglobulin by means of a covalent sulfona-
mide linkage might be expected to alter slightly
the properties of the protein. Therefore, a
comparison of electrophoretic and sedimenta-
tion data was made for nonconjugated and
conjugated B-lactoglobulin at pH 6.5 and ionic
strength 0.10 (see Table 1). These results in-

TABLE 1
Comparison of electrophoretic mobilities and
sedimentation constants for nonconjugated
and conjugated B-lactoglobulin

Sedi-
menta-
Descend- Ascend- tion
ing mo- ing mo- con-
Sample bility * bility *  stant®
Nonconjugated
B-lactoglobulin —4.94 —4.94 3.00
Conjugated
B-lactoglobulin —4.83 —4.96 3.26

* Electrophoretic examination at 2 C mobility X
107 em?* v7' see™.
b 8a0 X 10™.

dicate that relatively minor changes oceurred
in these quantities as a result of conjugation.
However, examination of the electrophoretic
and sedimentation patterns showed that slight
polydispersity was produced in the protein by
the conjugation process, as evidenced by some
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flattening and broadening of the respective
peaks.

Previous workers have reported that other
proteins such as ovalbumin, bhovine serum albu-
min, lysozyme, and others were not altered to
an appreciable amount, based upon electro-
phoretic, sedimentation, enzymatie, and other
fundamental properties (1, 4, 8, 10).

Polarization of fluorescence—theory and cal-
culations. Partial polarization (P) is defined
by the equation

I,—1,

I+ 1,

where (I,) is the component of fluorescent ra-
diation emitted with its direction of vibration
in a horizontal plane, and (I,) is the com-
ponent of radiation with its vibration in a
vertical plane. Arbitrary galvanometer units
were used for the radiation intensities applied
to Equation (1).

It has been shown (9) that the partial polari-
zation (P) for a spherical molecule in solution
is related to its molecular volume (V) by the

expression
1 1 RT
— il — 14—rx (2)
r, 3 v

P = (1)

E

where P, is the value for (P) when T/n =0,
at which time no depolarization due to molecu-
lar rotation takes place, (R) is the gas constant
(8.314 X 107 erg mole™ deg™), (T') is absolute
temperature of the protein solution during the
polarization of fluorescence measurements.
These temperatures ranged from 5 to 35 C for
all trials, (n) the viscosity of the solvent in
poises, (r) the lifetime of the excited state of
the fluorescent molecule, and (V) the molecular
volume of the molecule in em®. Aeccording to
this equation, the intercept of the graph of

1 1 il 1
— 4+ — | vs. I'/y is equal to [— + — | and
P 3 P, 3

i 1 Rr
the slope is equal to —+ —| —. From

Pi: 3 14
this it follows that the volume of the macro-
molecule, assuming spherical shape, is obtained
from the simplified expression

Intercept
V= Ry X —— (3)
Slope

The value for the relaxation time of the
macromolecule (p) can be calculated from the
following relationship (9)
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39V
p=— (4)
RT
To determine the relaxation time for ellip-
soidal molecules, whose axial ratio is sufficiently
large, requires the use of a more refined equa-
tion that takes into consideration the relaxa-
tion time about each major axis of revolution.
In the present study, a value for the harmonie
mean of the principal relaxation times (pn)
was obtained from the equation

1 1 1 1 3r
G 2]-Eo ][] o
P 3 P, 3 pn

According to Weber (9), if a straight line is

1 1
obtained in plotting [— + —:| vs. T/, the
rp 3

relaxation time of the rotation is (pn). In the
case where curvature of the graph is experi-
enced, the value of the initial slope where T/x
— 0 is used to caleculate (V) and (pn) for the
ellipsoid.

The curve for an elongated ellipsoid will ex-
hibit curvature of the graph only if the axial
ratio of the protein is six or greater (9). Sinece
the reported value for the axial ratio of f-
lactoglobulin is less than six (2, 6), curvature
of the graph would not be expected. On this
basis, the value of the mean harmonic relaxa-
tion time for @-lactoglobulin was calculated
from the simplified equation

3V
pn = —— (6)
RT

Polarization of fluorescence—p-lactoglobulin.
(a) Effect of ionic strength. The partial polari-
zation of fluorescence was determined for fluo-
rescent, conjugated pB-lactoglobulin in phos-
phate buffer, pH 6.5 and at ionic strength 0.02
(Figure 2) and 0.10 (Figure 3). Although
some variation was noted in the intercept values
among trials at each ionie strength, this varia-
tion is considered to be relatively small and
probably due to uncertainties in measurement
of the fluoresecent intensities. Average values
for intercepts for trials at 0.02 ionic strength
were 5.66 == 0.77 and the value for 0.10 ionie
strength was 6.08 == 0.61. The slopes of the
graphs were significantly greater on the average
for ioniec strength 0.02 (1.02 X 107*) than at
ionie strength 0.10 (0.72 X 107).

(b) Effect of protein concentration. To de-
termine the effect of protein concentration on
the results obtained by the polarization of
fluorescence method, determinations were con-
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F1g. 2. The partial polarization of fluorescence
of conjugated B-lactoglobulin in phosphate buffer
as affected by protein concentration (pH 6.5,
jonic strength 0.02).
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Fi1c. 3. The partial polarization of fluorescence
of conjugated B-lactoglobulin in phosphate buffer
as affected by protein econcentration (pH 6.5,
ionie strength 0.10).

ducted at ionie strengths of 0.02 and 0.10 and
protein concentrations (B-lactoglobulin) rang-
ing from 0.006 to 0.34 g/100 ml. The results
are presented in Figure 2 (ionie strength 0.02)
and Figure 3 (ionic strength 0.10).

In general, the shape and position of the
curve were not greatly affected by the concen-
tration of the protein, within each particular
trial. One exception was noted; two curves
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were necessitated to represent the data for
Trial 2 at ionic strength 0.02 (Figure 2). No
particular significance is attached to this ob-
servation.

(e¢) Molecular volume. The average values
for slope and intercept for curves of trials at
ionic strength 0.02 and 0.10 were employed for
estimation of the molecular volume (V) of a
sphere whose relaxation time is that of the
slightly elongated B-lactoglobulin molecule.
was assumed to be 1.4 X 107 seec (10). The
values obtained for (V) were 64,580 em® mole™
at 0.02 ionie strength and 98,310 em® mole™ at
0.10 ionic strength.

To use these data to obhtain information con-
cerning the nature of the rotational behavior of
B-lactoglobulin molecules, the following assump-
tions and considerations were made with a
hypothetical molecular model possessing the
known characteristics of B-lactoglobulin.

The molecular weight of B-lactoglobulin has
been shown to be about 36,000 (3), its apparent
specific volume 0.746 (5), and its axial ratio
about 4 (2). Using this information, the true
molecular volume for B-lactoglobulin was esti-
mated to be in the order of 26,860 em® mole™.

The radius of a model sphere of equal volume
would be about 18.6 em; and the major and
minor axes of an oblate spheroid fitting these
conditions (a/b = 4) would be about 29.5 and
7.4 em, respectively.

The larger experimental values for (V) in
the present study than is predicted from these
calculations is probably due to the random ro-
tation of the ellipsoidal B-lactoglobulin mole-
cule about its two axes. Due to the uncertainty
of the configuration of B-lactoglobulin, no at-
tempt was made to relate the polarization of
fluorescence data to the true molecular weight
of the B-lactoglobulin molecule.

(d) Mean harmonic relaxation times. The
mean harmonic relaxation time at 25 C was
calculated from Equation (4). The value for

1 1

|:__|_-—:l 25° was interpolated from the
r 3

curves in Figures 2 and 3 at T/n correspond-

ing to 25 C. The average intercept value for

1 1
|:— ~+ —:I was already available from these
p, 3

figures and the value for (r) was again as-
sumed to be 1.4 X 107° see. The average for
the mean harmonie relaxation time was found
to be 6.85 X 107 sec at 0.02 ionic strength and
10.91 X 10°° seec at 0.10 ionic strength. These
values compare rather closely with those of
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Oneley (6), who listed values which averaged
to about 155 X 10~ sec and 5.4 X 107° see for
the two principal relaxation times of lacto-
globulin as calculated for each axis of rota-
tion. Furthermore, the present findings reveal
a significant difference in the mean harmonie
relaxation time obtained in the two different
ionic strength buffers, indicating a possible
change in shape or size of the B-lactoglobulin
molecule.

(e) Effect of addition of sucrose. Sucrose
was added to B-lactoglobulin solutions, to in-
crease the viscosity and thereby furnish points
on the graph of 1/P vs. T/n at lower values
of T/n. The concentration of B-lactoglobulin
was maintained at 0.25 g/100 ml in sodium
phosphate buffer at pH 6.5 and ionie strength
0.10. All solutions were adjusted to volume
at 20 C, and the sucrose concentrations varied
up to 409 by weight. Typical results reveal
(Figure 4) that increasing sucrose concentra-

O 0% sucrose

5
—=—=—0 5% sucrose
— — & 10% sucrose
® 20% sucrose
al — — —A 40% sucrose
1 i 1 L
0 ! 2 3 4 L
i -4
— x 10
n

Fic. 4. The partial polarization of fluorescence
of conjugated B-lactoglobulin in phosphate buffer
as affected by the addition of sucrose (pH 6.5,
ionic strength 0.10, protein concentration 0.25
g/100 ml).

tions resulted in a definite tendency to steeper
slopes and lower intercept values.

The values for the intercepts and slopes of
the curves and the caleulated molecular vol-
ume (V) and mean harmonic relaxation time
(pn) for B-lactoglobulin, in each sucrose solu-
tion, were determined (Table 2).

The molecular volumes of B-lactoglobulin in
sucrose solution show a pronounced and steady
reduction as the suerose concentration was in-

TABLE 2

1 Tk
Intercepts and slopes of the curves of |:—+—:|
P 2
vs. T /7, molecular volume and relaxation
time for p-lactoglobulin in sucrose
solutions *

Su-
crose
coneen- Inter- Slope VX (pn. 25°)
tration cept X 10* 107 X 10°
(%)
0 5.38 0.798 78.49 8.56
5 5.20 0.871 69.47 8.24
10 5.02 0.940 62.14 8.97
20 4.92 0.902 63.47 13.07
40 4.80 1.152 48.58 27.24

*pH 6.5, sodium phosphate buffer, ionic strength
0.10.

creased. This was likely due to a reduction in
the hydration of the protein molecule, caused
by the affinity of sucrose for the free water of
solution. Additional caleulations revealed that
nearly all of the water of hydration was re-
moved from B-lactoglobulin in 409, sucrose
solutions.

Due to the large relative inerease in viscosity
from 0.9 to 52 ep, upon raising the sucrose
concentration to 409 in the above solutions,
the mean harmonic relaxation times inereased
by about 3009. This increase in relaxation
time would no doubt have been larger except
for the previously noted reduction in molecular
volume at the high suerose concentrations.
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APPLICATION OF POLARIZATION OF FLUORESCENCE TECHNIQUE

TO PROTEIN STUDIES. II. THE ROTATORY PROPERTIES
OF «-CASEIN?

C. V. MORR, Q. VAN WINKLE, anp I. A. GOULD
Departments of Dairy Technology and Chemistry
The Ohio State University, Columbus

SUMMARY

The polarization of fluorescence technique was used to study certain proper-
ties of k-casein prepared either by the urea-fractionation method or a constant-
pH method. Dye-conjugated preparations of each of these caseins responded
similarly to the application of the polarization of fluorescence method, in that
both yielded curves with negative slopes, but with the urea-fractionated x-casein
giving slightly steeper slopes. These x-caseins were found to be generally simi-
lar, with only minor differences being observed in their electrophoretic and
ultracentrifuge patterns.

The properties of constant-pH «-casein as determined by the polarization of
fluorescence method were altered slightly by addition of sucrose, disodium
EDTA, calcium, and phosphate, but treatment with a cation exchange resin at
pH 6.5 and 11.0 was essentially without effect. The polarization of fluorescence
properties of this protein were shown to be dependent upon temperature and
pH, yielding positive slopes for reciprocal polarization vs. temperature/vis-

cosity eurves at pH 10.9 and above.

The monomer-polymer interaction for k-casein was investigated and values
for the mole fraction of each, as a function of pH and temperature, were

approximated.

The polarization of fluorescence method for
studying the rotatory properties of fluoreseent
B-lactoglobulin was deseribed in the previous
paper (4). The present study deals with the
application of this procedure to k-casein pre-
pared by urea fractionation (1) or by a con-
stant-pH method (3) for the purpose of in-
vestigating the characteristics of this protein
in respect to molecular size and micelle forma-
tion, sensitivity to selected additives, pH, and
response to cation exchange resin treatment.

EXPERIMENTAL PROCEDURE

Protein preparations were obtained from a
commercial source of fresh, unheated skimmilk.

Constant-pH «-casein (pH 6.5-7.0) was pre-
pared essentially as deseribed by Long et al.
(3), with only one modification. The finely
suspended os-casein was removed by warming
the solution to 35 C and centrifuging for 60

Received for publication April 5, 1962.

* Article 362, Department of Dairy Technology.
Supported in part by TUniversity grants-in-aid
and by a grant from the National Institutes of
Health (U. S. Public Health Service).

min at 10,000 X G in a Lourdes Model LR
Centrifuge (VRA rotor).

Urea k-casein was prepared by the method
of Fox (1), with several modifications. as-Ca-
sein and B-casein were removed from the 0.2 M
caleium chloride solution by ecentrifuging at
about 2,500 rpm in an International Centri-
fuge for 10-15 min. The supernatant was then
adjusted to pH 4.7 at 0 C and dialyzed for
24 hr against a large excess of distilled water
to precipitate the crude x-casein. Further puri-
fication steps were conducted exactly as out-
lined (1).

The protein solutions were stored in poly-
ethylene bottles at —20 C at pH 6.5-7.0.

Fluorescent-dye conjugates were prepared
using the dye 1-diamino-naphthalene-5-sulfonyl
chloride. The preparation and handling of the
conjugates was identical to that for gB-lacto-
globulin (4).

In addition to the buffers previously de-
seribed (4), a sodium phosphate buffer (pH
6.98, ionic strength 0.10) was prepared accord-
ing to the directions of Waugh and von Hippel
(5).
The methods for electrophoretic examination
and ultracentrifugal analysis and polarization
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TABLE 1
Electrophoretic mobilities and sedimentation constants for k-casein ®
Mobility ®
k-Casein preparation No. detns. Dese. Asc. No. detns.  Su X 10%
Urea fractionated 6 —7.48 —8.07 7 13.69
Urea fractionated-dye conjugate 4 —7.90 —8.39 1 13.46
Jonstant pH 3 —7.45 —7.87 4 13.10
Constant pH-dye conjugate 2 ~7.32 —8.06 1 15.36

2 pH 6.98, ionic strength 0.10 sodium phosphate buffer.

b Mobility X 107° em® v' see™ at 2 C.

of fluorescence have been previously described
(4).

RESULTS AND DISCUSSION

Effect of fluorescent dye conjugation upon
k-casein. The electrophoretic mobilities of urea-
fractionated and constant-pH k-casein were ob-
tained for the original and dye-conjugated
preparations (Table 1). Relatively minor
changes in the ascending and descending elec-
trophoretic mobilities were produced by the
conjugation process; however, it may be seen
that the mobilities for the conjugated prepara-
tions were slightly larger than for the non-
conjugated preparations.

Comparison of the values for sedimentation
constants of the nonconjugated solutions re-
veals little difference between urea and constant
pH k-easein (Table 1). Furthermore, conju-
gation of the urea k-casein caused no appre-
ciable alteration in its sedimentation constant;
however, on the basis of one trial, the conju-
gation reaction caused a significant increase in
sedimentation constant with constant-pH «-
casein.

The sedimentation patterns revealed that urea
k-casein was a much more homogeneous prep-
aration than constant-pH k-casein. The conju-
gation process caused a slight broadening of
the sedimenting peaks, which indicates that
this treatment introduced some additional poly-
dispersity to both urea and constant-pH «-
casein.

Polarization studies with wrea-fractionated
k-casein. Urea-fractionated «x-casein solutions
were examined by the polarization of fluores-
cence method at four different temperatures,
in a manner identical to that described for B-
lactoglobulin (4). Three trials were conducted;
each trial included four different protein con-
centrations ranging from 0.005 to 0.50 g per
100 ml in phosphate buffer at 0.02 and 0.10
jonie strength at temperatures ranging from
5 to 35 C. Curves representing the averages for
two trials at 0.10 ionie strength are presented
in Figure 1, where reciprocal polarization is

plotted against the ratio of temperature to
viscosity. Considerable variation was exhibited
in the values for the intercept (=1.37) and
slope (==0.172) for these two trials.
Concentration effect. Intercept values for
the eurves for different x-casein concentrations
varied appreciably. Theoretically, the inter-
cept value should be dependent only upon the
wave length of the exciting radiation and inde-
pendent of the protein concentration (6). It
was noted that the more concentrated solutions
of urea k-casein possessed considerable tur-
bidity, which may have altered the wave length
of exciting and/or fluorescent radiation by dif-
ferential scattering of the various wave lengths.
Also, the effect of dilution may have caused
some dissociation of the k-casein polymers into
smaller protein particle sizes, thereby altering
the amount of such turbidity effects.
Temperature effect. Negative slopes were ob-
tained for urea k-casein for the curves obtained
by plotting reciprocal polarization vs. T/x.
Theoretical considerations indicate that the mae-

K-Gasein /100 ml “

~N\<— 0054

025g K-Casein/I00ml
sk
0.50 g K-Casein/I00 ml
4
3 1 L TS L
o [ 2 3 4 5
% % 10~%

Fic. 1. The partial polarization of fluorescence
of conjugated urea-fractionated k-casein in phos-
phate buffer (pH 6.5, ionie strength 0.10).
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romolecule would be expected to rotate at a
faster rate at larger T/n values and produce
larger values for the reciprocal of the partial
polarization. Since the reverse behavior was
observed, it may be concluded that the average
molecular dimensions of the k-casein aggregate
were not constant but were increasing in size
upon warming from 5 to 35 C. It was further
determined that the slope and intercept of each
of these curves was reproducible by making
the four different polarization measurements,
for any one sample, in the order of either in-
creasing or decreasing temperature. Therefore,
the change in size of the k-casein micelle, which
was observed, appears to be reversible. Since
the sedimentation constant for k-casein report-
edly increases from 13.2 to 14.8 S upon raising
the temperature from 1 to 32 C (5), it was con-
cluded that the apparent increase in rotational
size during such temperature changes was due
to an association-dissociation reaction between
k-casein monomer and polymer, and not due
simply to an unfolding of existing casein mi-
cellar components.

Ionic strength effect. Ionic strength, within
the limits used, appeared to have virtually no
effect upon the slope or intercept of the graph
and, consequently, this variable may be eon-
sidered ineffective in altering the previously
described monomer-polymer association reac-
tion.

Polarization studies with constant-pH k-ca-
sein. Seven polarization of fluorescence trials
were conducted for constant pH «-casein, each
with at least four different protein concentra-
tions in 0.02 and 0.10 jonic strength phosphate
buffer. Since no significant differences were
observed for the results with the two ionie
strengths, the results were averaged for each
protein concentration and plotted in Figure 2.
For all trials rather close agreement for inter-
cept and slope values, within each protein con-
centration, was noted. For example, the seven
samples containing 0.05 g k-casein per 100 ml
solution exhibited an average of 6.33 == 0.11
for the intercept and —0.133 = 0.0267 for the
slope. This variation was eonsiderably less than
was obtained for urea-fractionated x-casein
trials.

Concentration effect. The figure shows that
the concentration of constant pH «x-casein had
a definite effect upon the intercept of the re-
spective curves, although this effect is less pro-
nounced than was observed with urea-fraction-
ated k-casein. Inereasing the concentration of
k-casein from 0.005 to 0.25 g per 100 ml caused
a progressive increase in the average intercept
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value; however, upon further increasing the
protein concentration (to 0.50 g per 100 ml),
a reduction was effected in the intercept value
to a point below all the others. This latter
alteration, i.e., reducing the intercept value by
raising the protein concentration, is consistent
with the concentration effects as previously
noted at all concentrations of urea-fraction-
ated k-casein.

Temperature effect. The temperature effect
upon the slopes in Figure 2 for constant-pH
k-casein were similar to those for urea-frac-
tionated «-casein but the magnitude was smaller
(Figure 1). This indicates that the relative
amount of monomer-polymer interaction is
probably greater in urea-fractionated x-casein
than in constant-pH «-casein.

Added sucrose. Sinee negative slopes were
obtained in all preceding trials with «-casein
in which T/n was altered by temperature manip-
ulation, attempts were made to alter T/n by
adjusting the viscosity of the respective solu-
tions by addition of sucrose while maintaining
a constant temperature. It was hoped that this
would provide a graph of reciprocal polariza-
tion vs. 1/ with a positive slope and permit
estimation of the relaxation time and molecular
volume for the x-casein molecule.

Sucrose was added to constant-pH «k-casein
in pH 6.5 sodium phosphate buffer at 0.10 ionie
strength to a final sucrose concentration up to
609%. The partial polarization was measured
at three or four different temperatures for each
sucrose concentration. Solutions with higher
viscosities (lower 1/9) should cause the x-casein

T |
———— 005g K-Casein/I00ml |
——. 010g K-Casein/100 m|

4l wem—... 0259 K- Casein/100 mi
—— 050¢g K-Casein /100 ml

1 1 1 1
36 i 2 3 P 5
24 -4
— x 10
n
Fi6. 2. The partial polarization of fluorescence

of conjugated constant-pH «x-casein in phosphate
buffer (pH 6.5, ionic strength 0.10).
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; 6.45 C
6.0|

39= 16.50 C
1 1
(F ¥ 3) L
58
57F
3348 C
- O,
1 1 1 1 H 1 i 1 1
585 4 8 12 6 20
L -1
T x 10

F16. 3. Effect of temperature and sucrose con-
centration upon the partial polarization of fluo-
rescence of constant-pH «-casein in phosphate
buffer (pH 6.5, ionic strength 0.10, casein con-
centration 0.05 g/100 ml).

molecule to rotate at a slower rate and thereby
produce a larger value for partial polarization
(P). The resulting curve for reciprocal polari-
zation vs. 1/n would, therefore, be expected to
yield a straight line with a positive slope. The
results for determinations at three tempera-
tures for k-casein solutions containing 0, 20,
40, and 609 sucrose concentrations are shown
in Figure 3. The three eurves in Figure 3 are
all eonvex toward the 1/7 axis, reflecting a
nonlinear relationship between viscosity and
reeiprocal polarization in the presence of such
high sucrose concentrations. These curves tend
to substantiate the previous findings that the
x-casein micelle is larger at higher temperatures
and reveal an inverse velationship between
temperature and reciprocal polarization values.

When the conventional plotting of reciprocal
polarization against T/% is made (Figure 4),

the results indicate that sucrose alters the prop- (

erties of the protein in the same manner as
that reported for B-lactoglobulin (4). In the
present study, the addition of sucrose accentu-
ates the temperature-induced casein monomer-
polymer interaction, causing steeper curves of
reciprocal polarization vs. T/xn at higher su-
crose concentrations.

The above results seem to justify the con-
clusion that sucrose addition does not permit
satisfactory determination of the k-casein mi-
celle size by the polarization of fluorescence
method.

Calcium effects. Since ealeium had been used
in the preparation of «-casein, it was consid-
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ered possible that incomplete removal of trace
amounts of ecaleium might be responsible for
the unusual temperature alteration of «-casein,
ie., the increase in micelle size upon warming
to 35 C.

To investigate this possibility, k-casein solu-
tions (0.50 g per 100 ml) were subjected to
the following treatments prior to polarization
of fluorescence determinations: (a) suspended
in sodium phosphate buffer, pH 6.5, ionie
strength 0.10 (ionic strength adjusted from
0.02 to 0.10 with and without NaCl); (b) sus-
pended in sodium cacodylate buffer, pH 6.5,
jonic strength 0.10 (lonie strength adjusted
from 0.02 to 0.10 with NaCl); (c¢) suspended
in each of the ahove buffers containing 0.05 or
0.509 disodium ethylenediaminetetraacetate
(EDTA); (d) treatment of the k-casein-water
solution with Dowex-50 cation exchange column
(sodium ecyele at pH 6.5 and 11.0) prior to
suspending in sodium phosphate buffer; and
(e) addition of CaCl: (up to 0.1 M) to k-casein
solutions in cacodylate buffer, pH 6.5, and 0.10
ionic strength.

Only minor differences were produced by
these treatments; no significant difference was
obtained between the results with sodium phos-
phate and sodium cacodylate buffers. However,
the addition of 0.509% disodium EDTA to this
protein caused a slight reduction from the
normal curves in slope and intercept of the
curve of reciprocal polarization vs. T/5. The
phosphate buffer (0.10 ionie strength-no NaCl)
resulted in a slight reduction from the normal

75 O 0% sucrose
A 5% sucrose
0 10% sucrose
® 20% sucrose
7o
65
| |
#3)
601~
®
5.5
50 1 L L |
(e} I 2 3 4 5
X o ap®
n

F1e. 4. Effect of temperature and sucrose con-
centration upon the partial polarization of fluo-
rescence of constant-pH k-casein in phosphate
buffer (pH 6.5, ionic strength 0.10, casein con-
centration 0.05 g/100 ml).
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curves in both the slope and intercept of the
curve and the addition of disodium EDTA to
this buffer solution of «-casein caused an
greater reduction of the slope of the curve.
The ion-exchange treatment had no significant
effect upon the properties of the solution as
measured by polarization of fluorescence. Ad-
dition of caleium (0.001 to 0.05 M) to x-casein
solutions in sodium phosphate and sodium
cacodylate buffers resulted in steeper curves
than at 0.1 am caleium, indicating the possibility
that a certain range of calcium concentrations
may ecause maximum aggregation of k-casein
monomers upon warming the protein system to
35 C (sece Table 2).

TABLE 2
Effect of added caleium chloride upon
polarization of fluorescence properties
of k-casein solutions *

Caleium

the

chloride
added Intercept — Slope

(Molar) value X 10*
0 6.42 0.190
0.001 6.68 0.340
0.01 6.59 0.340
0.05 6.63 0.308
0.10 6.49 0.280

* Concentration of constant-pIl «k-casein  0.05
g/100 ml in sodium cacodylate buffer, pHl 6.5,
jonic strength 0.10 (ionie strength 0.02 in respect
to sodium cacodylate and 0.08 in respect to so-
dium chloride).

pIl effects. k-Casein solutions (0.05 g per
100 ml) were made up in sodium phosphate
buffer, ionie strength 0.10 (0.02 ionie strength
contributed by phosphate and 0.08 by NaCl),
at various pH values between pH 3.2 and 11.3
hy titration of their pH 6.5 solutions with
either 0.10 ~ HC1 or NaOH. The straight line
curves for trials at pH 3.2, 52, 6.5, and 8.4
(Figure 5) arve all similar to those previously
obtained at pH 6.5. This figure reveals that
each of these eurves exhibits progressively
larger values for its intercepts with increasing
pH from 3.2 to 8.4. However, the results for
pH 10.9 and 11.3 differ from other pI results
in two major aspects: their intercepts values
are larger but, more significantly, both high
pH trials exhibit eurves with positive slopes.

The observation that the high pH (pH 11.3)
results in a steeper positive slope than when
the pH is 10.9 and lower is explained by the
inereased resistance against the temperature-
induced zggregation reaction of the k-casein
monomners produced by the greater dissociation
force at the higher pH.
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The apparent molecular volume of the «-ca-
sein micelle was caleulated for the pH solu-
tions exhibiting positive slopes (pH 10.9 and
11.3), using the method previously described
(4). The molecular volumes were estimated at
611,900 em® and 104,400 em® mole™ at pH 10.9
and pH 11.3, respectively.

Mole fraction of k-casein monomer. pH effect.
Based upon equations by Weher (6) and calcu-
lations of Westerberg (7), an expression was
derived to estimate the mole fraction of fluo-
rescent x-casein in the monomer (free) and
micelle (complex) species. The expression was:
1 X, X
Y Y, Y.
where (Y) is the reciprocal of partial polari-
zation for the solution of k-casein containing
both monomer and complex species, (X;) the
mole fraction of x-casein monomer, (Y,) the
value for reciprocal partial polarization for
the fluorescent monomer species, (X,) the mole
fraction of k-casein complex species, and (V)
the value for reciprocal partial polarization
for the fluorescent complex k-casein species.

The ahove expression was used to caleulate
the mole fraction of conjugated x-casein in the
monomer form for solutions at various pH
levels from about 4.5 to 11.3, assuming the
total intensity of fluorescence was contributed
by only two molecular species: monomer and
complex (micellar). For these ecalculations,
the values for (Y), for each pH employed,
were obtained by interpolation from each re-

(1)

12

9l

a4 O pH 3.2

® pH 52

L, o pH 65

A pH 84

2k & pH 109
B opH 113 J

1 1 d Il
o i 2 3 P 5
% x 1074

Fia. 5. Reciprocal polarization of constant-pIl
k-casein in sodium  phosphate buffers at several
pIL levels (ionie strength 0.10, k-casein concen-

tration 0.05 g/100 ml).
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spective eurve in Figure 5 at the value of T/y
of 4.00 x 10" (33C). A value of 10.85 was
used for (Y,), the experimentally obtained
value for (Y) in the pH 11.3 determination,
where it was assumed that all x-casein was in
the monomer species (X,, =1.0). (Y,) was
taken to be 5.00, since in all preceding experi-
ments this appeared to be the limiting mini-
mum value for the reciprocal of partial polari-
zation for constant-pH «-casein; the value that
would be expected when all of the k-casein is
in the complex species form.

pH

F1s. 6. Relationship between the mole fraction
of k-casein monomers and pIl of the sodium phos-
phate buffer (ionic strength 0.10, k-cascin con-
centration 0.05 g/100 ml).

The values calculated for (X,,) were graphed
vs. pH (Figure 6), from which it is seen that
k-casein monomer-polymer interactions are most
sensitive to pH changes at each end of the
curve, ie., between pl 4.4 and 5.0 and again
between pH 8.5 and 11.0. Thus, based upon
these assumptions and caleulations, the range
of pH from about 5.0 to 8.5 is the region of
the pH scale at which k-casein monomer-poly-
mer interactions are relatively insensitive to
pH changes.

Temperature effect. Since it was shown that
warming k-casein solutions from 5 to 35C
caused a gradual inerease in molecular weight
for the polymer form, it was desired to calcu-
late the mole fraction of k-casein monomer
(X)) as a function of temperature. The values
used for (Y) in these calculations were inter-
polated from the pH 6.5 curve (Figure 5) at
values of T/n equivalent to each respective
temperature in the range of 5 to 35C. (Y,,)

MORR, Q. VAN WINKLE, AND 1. A. GOULD

TABLE 3
Caleulated mole fractions of monomers for
k-casein solutions at several selected
temperatures *

Ym
4 11 X
Tempera- 1 1 <—+——) Mole
ture < —+ —> P 3 fraction
(C) r 3 pH 11.3 nmonomer
1] 6.20 7.50 0.58
5 5.98 9.10 0.36
15 5.88 9.75 0.31
25 5.78 10.35 0.26
35 5

W70 10.95 0.23

* Concentration of k-casein (constant pH) 0.05
g per 100 ml, ionic strength 0.10.

values were obtained in the same manner from
the pII 11.3 curve in Figure 5 at each of the
above points. The values for (X,,) were caleu-
lated and are listed in Table 3. The values
shown for (X,.) reveal a rapid decrease from
0 to 5 C and, thereafter, a steady but slow de-
crease up to temperatures of 35 C. This redue-
tion in (X,,) further substantiates the observa-
tions made previously, that warming causes a
gradual increase in molecular weight of «-ca-
sein and that it does so by association of mono-
mer forms to polymers with corresponding
slower relaxation times.
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APPLICATION OF POLARIZATION OF FLUORESCENCE TECHNIQUE

TO PROTEIN STUDIES. III. THE INTERACTION OF
x-CASEIN AND B-LACTOGLOBULIN?

(. V. MORR, Q. VAN WINKLE, anp I. A. GOULD
Departments of Dairy Technology and Chemistry
The Ohio State University, Columbus

SUMMARY

The interaction hetween k-casein and B-lactoglobulin in phosphate buffer
when held at 25 or 65C for 1 hr was demonstrated by the polarization of
fluoresecence technique. The average apparent molecular volume of fluorescent
B-lactoglobulin in a mixture with nonfluorescent «-casein underwent approxi-
mately a 42.5% and a 96% increase as a result of holding them in phosphate
buffer for 1 hr at 25 and 65 C, respectively.

The mole fraction of fluorescent B-lactoglobulin in the complex form (X,)
was most highly dependent upon the ratio (r) of the weight of B-lactoglobulin
to k-casein (B/k) in the region where (7) is 1.0 or less.

Evidence was presented indicating that the interaction of B-lactoglobulin
and k-casein probably occurs in a manner that allows the B-lactoglobulin mole-
cules to attach themselves at the k-casein micelle-water interface to produce a
complex whose properties are less temperature-dependent than those of pure

k-casein.

The preceding papers have dealt with the
application of the polarization of fluorescence
technique to fluorescent-dye conjugated k-casein
and B-lactoglobulin (3, 4). This paper will
deal with the use of this procedure in deter-
mining the responses of fluorescent and non-
fluorescent «-casein and B-lactoglobulin when
they are both present in a system subjected to
different temperature treatments.

Considerable evidence has been presented
dealing with the heat-induced interaction of
k-casein with B-lactoglobulin in milk (1, 5-7)
as well as in purified, synthetic protein sys-
tems (2). The polarization of fluorescence
method appears to offer another useful tool
for studying this interaction, since it enables
the determination, independently, of the rota-
tory properties of each protein in the mixture.

EXPERIMENTAL PROCEDURE

The preparation and treatment of pB-lacto-
globulin and constant-pH «-casein and their
fluorescent dye conjugates (the fluorescent 1-
diamino-naphthalene-3-sulfonyl chloride has
been chemically bonded to the protein molecule

Received for publication April 5, 1962.

! Article 462, Department of Dairy Technology.
Supported in part by University grant-in-aid and
by a grant from the National Institutes of Health
(U. S. Public Health Service).

through a covalent sulfonamide linkage), as
well as the preparation of the pH 6.5, 0.02
ioni¢ strength sodium phosphate buffer have
been described previously (3, 4).

For the protein interaction mixtures, pure
solutions of conjugated B-lactoglobulin and non-
conjugated k-casein were mixed in varying
weight ratios (r = B/k) from zero to infinity
in duplicate 25-ml volumetrie flasks. All mix-
tures were prepared to contain 0.50 g total
protein at a final volume of 10.0 ml in sodium
phosphate buffer (pH 6.5, ionic strength 0.02).
For each mixture, one duplicate was held in
a water bath at 25 C for 1 hr and another was
maintained at 65 C for 1 hr. Each mixture was
agitated gently at regular intervals throughout
the heating period. After heating, each sample
was cooled rapidly, adjusted to 20 C, and made
to volume with the sodium phosphate buffer.
The final protein concentration was 0.20 g per
100 ml (in all samples). These samples were
then subjected to the polarization of fluores-
cence measurements at several temperatures be-
tween 0 and 35 C as described earlier (3).

Three mixing ratios (r = B/k) of pure solu-
tions of conjugated k-casein and nonconjugated
B-lactoglobulin were also prepared; »=1.0,
2.0, and 4.0. These were treated exactly as the
mixtures of conjugated B-lactoglobulin and non-
conjugated k-casein, except that only a 65C
trial was conducted.
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RESULTS AND DISCUSSION

Conjugated [-lactoglobulin and nonconju-
gated «-casein. The partial polarization of
fluorescence was determined for reaction mix-
tures containing conjugated B-lactoglobulin and
nonconjugated x-casein in which the ratio (r =
weight ratio of B-lactoglobulin/k-casein) ranged
from 0.111 to infinity. Results for reciprocal
polarization (1/P) vs. the temperature/vis-
cosity ratio (7/n) are presented (Figures 1
and 2).

90t
8o
701
LIy
(F 3) -
60
o 7 =0l
o > = 0.500
50k a7 = 1000
® 7 = 5000
L W7 :=10250
A7 = infinity
1 1 L 1
o} | 2 3 4 5
T x 0

Fig. 1. Polarization of fluorescence of mixtures
of fluorescent-dye conjugated B-lactoglobulin and
nonconjugated k-casein held at 25 C 1 hr in sodium
phosphate buffer (pH 6.5, ioniec strength 0.02,
total protein concentration 0.20 g/100 ml).

-

90~

or-
50 a7 = 0500
a7 = 1000
L ® 7 = 5000
B 7 = 10250
40 1 1 1 1
0 | 2 3 a 5
I 0
n
Fi6. 2. Polarization of fluorescence of mixtures

of fluorescent-dye conjugated B-lactoglobulin and
nonconjugated x-casein held at 65 C 1 hr in sodium
phosphate buffer (pH 6.5, ionic strength 0.02,
total protein concentration 0.20 g/100 ml).
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In Figure 1 (25 C trial) all six curves ex-
hibit a similar intercept value of 5.2 to 5.5;
however, a direct relationship between (r) and
the magnitude of the slope for all curves was
observed. The slope inereased progressively in
magnitude from 0.638 X 107 (r = 0.111) to
0.900 x 107 (» = infinity).

Figure 2 (65 C trial) shows similar results;
the degree of dependence of the slope of the
curves to (r) was more pronounced. The slope
inereased progressively from 0.465 X 107 (r =
0.111) to 0.957 X 10™* (r = infinity).

Apparent molecular volume. The increase in
slope of the curves for the samples containing
progressively larger proportions of eonjugated
B-lactoglobulin = (r = 0.111 to infinity) were
interpreted in terms of changes in molecular
volumes and relaxation times for the heat-in-
duced complex species (Table 1). The average
apparent molecular volume for the fluorescent
B-lactoglobulin dye conjugate decreased from
98.03 X 10° to 68.79 X 10® em® mole™ as the
mixing ratio (r) was inereased from 0.111 to
infinity in the trial at 25 C. For 65C, the
corresponding decrease in apparent molecular
volume was from 125.6 X 10* to 63.48 x 10°
em” mole™. The reduction of the average ap-
parent molecular volume for both free and com-
plexed conjugated B-lactoglobulin in those mix-
tures containing progressively larger mixing
ratios (r) was interpreted as evidence of an
interaction hetween the two proteins present.

TABLE 1

Values tor the slope, molecular volume, and
relaxation time of fluorescent-dye conjugated
B-lactoglobulin and nonconjugated k-casein

mixtures *

Mean

Apparent relaxa-
molecular tion
r Slope volume time
(B/x) (8 X10%) (VX10™) (p, X 10%)
25C
0.111 0.638 97.03 10.55
0.500 0.668 94.99 10.27
1.000 0.695 92.55 9.88
5.000 0.838 78.89 7.95
10.250 0.865 71.61 1576
Infinity 0.900 68.79 7.45
65 C
0.111 0.465 125.60 13.60
0.500 0.508 116.60 12.65
1.000 0.540 112.10 12.14
5.000 0.688 86.97 9.47
10.250 0.740 82.74 8.98
Infinity 0.957 63.48 6.89

*pH 6.5 sodium phosphate buffer, 0.02 ionic
strength.
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This effect could be caused by two possible
mechanisms: (a) a higher ratio of (8/«) may
cause formation of smaller average complex
sizes between B-lactoglobulin and k-casein by
a stoichiometrie relationship, or (b) higher
ratios of (B/x) may result in proportionately
more free B-lactoglobulin (not complexed with
K-casein).

The more pronounced effect of mixing ratio
(r) upon the apparent molecular volume in
the 65 C trial indicates that more interaction
was caused at this higher temperature than at
25 C.

Mean harmonic relaxation times. Trends in
the relaxation times (Table 1) correspond to
the changes in average apparent molecular vol-
umes of the fluorescent B-lactoglobulin mole-
cules, since larger molecular volumes produce
correspondingly larger relaxation times. For
example, the mean relaxation time of the fluo-
rescent protein species (B-lactoglobulin in the
free and complexed form) inereased from 7.45
X 107 to 10.55 X 107 see for the 25 C trial
and from 6.89 X 10°° to 13.60 X 10 sec for
the 65 C trial, with the reduction of the mixing
ratio from infinity to 0.111.

Mole fraction of free and complexed B-lacto-
globulin. A relationship suitable for estimating
the approximate proportion of dye-conjugated
B-lactoglobulin in the free (X,) and complexed
form (X,) has been described earlier (4).

1 X, X,

i (1)

Y Y, Y.
For the present applieation of this expression,
the value of reeiprocal polarization (Y) was
determined for each mixture by interpolation
of the respective curves in Figures 1 and 2
from the value of 7/n = 4.0 X 10%, which cor-
responds roughly to 30-32 C. A value of 6.88
was obtained for (Y,) by interpolation from
the curve for (r = 0.111) in the 65 C trial,
as these experimental conditions resulted in
the largest average molecular volume of the
fluorescent species (Table 1). The value of
(Y,) was taken to be 9.04, since it corresponds
to the value read from the curve for the mix-
ture containing the smallest average molecular
species for all of these mixtures (»r = infinity
for the 65 C trial). Results for these caleula-
tions are listed in Table 2.

When (X,) is plotted against (r), the differ-
ence hetween the two temperature trials be-
comes more definite (see Figure 3). Although
the shape of both curves is quite similar, the
65 (' curve is positioned above the 25 C curve
at all values of (r). These curves indicate that

TABLE 2

Mole fraction of free (X;) and complexed (X.)
B-lactoglobulin in heated mixtures of fluores-
cent-dye conjugated PB-lactoglobulin and
nonconjugated x-casein*

Mole

Mole frac-

frac- tion

Mixing Y at tion com-

ratio ® T/n= free plex

(r=8/x) 4 X 10* (X1) (Xe)
25C

0.111 7.86 0.522 0.478

0.500 8.12 0.639 0.361

1.000 8.24 0.690 0.310

5.000 8.67 0.866 0.134

10.250 8.78 0.908 0.092

Infinity 8.92 0.960 0.040
65 C

0.111 6.88 0.000 1.000

0.500 7.12 0.144 0.856

1.000 7.36 0.273 0.727

5.000 7.80 0.495 0.505

10.250 8.12 0.676 0.324

Infinity 9.04 1.000 0.000

*pIl 6.5, ionic strength 0.02, total protein con-
centration 0.20 g per 100 ml.
" Weight ratio, g p-lactoglobulin/g k-casein.

the mole fraction of conjugated B-lactoglobulin
in the complexed form (X.) increases at the
greatest rate when (r) is in the order of 1.0
Inereasing the amount of nonconju-
cated k-casein in the solution to furnish lower
values of (r) ecauses the greatest increases in
(X.) values.

or less.

1.0

o8

or[

0.5k 65° C. TRIAL

0.4

0.3

0.2
0.l |

25° C. TRIAL

Fic. 3. Effect of mixing ratio upon the mole
fraction of fluorescent-dye conjugated [-lacto-
globulin in the complexed form (pH 6.5, ionic
strength 0.02, total protein concentration 0.20
g/100 ml).
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Conjugated «k-casein and mnonconjugated [-
lactoglobulin. Studies were also conducted us-
ing fluorescent, dye-conjugated x-casein and
nonconjugated B-lactoglobulin and three mix-
ing ratios (r = 1.0, 2.0, and 4.0) of B-lacto-
globulin/k-casein were employed. The solutions
of the two proteins were held at 65 C for 1 hr,
to induce interaction.

The values obtained for the slope and inter-
cept of each of these mixtures are listed in
Table 3. Lower intercept values resulted from
increases in the ratios of B-lactoglobulin/k-ca-
sein. Straight-line eurves with negative slopes
were obtained which exhibited a trend toward
smaller values for their slopes by inereasing
(r) from 1.0 to 4.0. This is interpreted as
indieating a greater amount of interaction of
the two proteins at the higher values of (r):
the resulting protein complex possesses less
ability to associate into larger micelle sizes
upon warming to 35 C (during measurement of
polarization of fluorescene values at these tem-
peratures) than does conjugated x-casein. In
this respect, the protein complex appears to
possess more of the properties of B-lactoglobu-
lin and less of the properties of k-casein.

It is assumed that the interaction of k-casein
monomers and polymers is responsible for caus-
ing negative slopes for the curves of reciproe:)
polarization vs. 7'/n in these interaction mix-

TABLE 3

Intercept and slope of reeiprocal polarization vs.

T/n for interaction mixtures of tluorescent-dye
conjugated k-casein and nonconjugated

B-lactoglobulin *

Mixing
ratio Slope
(B/x) Intercept (=8 X 10")
1.0 6.36 0.096
2.0 6.26 0.065
4.0 6.16 0.015

* Concentration of total protein 0.20 g per 100
ml, sodium phosphate buffer pII 6.5, ionic strength
D)
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tures, as was the case for pure k-casein solu-
tions (4). Since higher values for (r) in the
present study resulted in curves whose slopes
exhibited smaller negative values, the role of
nonconjugated B-lactoglobulin in these mixtures
is thought to be one of competing with the
fluorescent k-casein monomers for interaction
sites on the k-casein polymer. The larger rela-
tive number of noneonjugated B-lactoglobulin
molecules reacting with the k-casein polymers,
in the case of the higher values of (r), appears
to cause a reduction in the number of available
sites for interaction between polymer and mono-
mer forms of «k-casein. The reduction in the
number of these interaction sites was reflected
by the smaller values for the negative slopes of
the graphs of reciprical polarization vs. T/y
in those samples with higher values of (r).
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INHIBITORY EFFECT OF NISIN UPON VARIOUS ORGANISMS

K. M. SHAHANT
Department of Dairy Husbandry, University of Nebraska, Lincoln

SUMMARY

Two nisin-producing strains of Streptococcus lactis were found to vary in
their ability to produce the antibiotic. In the milk medium containing 5% of
nisin-broth, cell multiplication and acid production of two strains of Strepto-
coccus thermophilus were delayed, but upon further incubation their total cell
count and acid production were not affected appreciably. Nisin-broth did not
inhibit three strains of S. lactis, two strains of Lactobacillus bulgaricus, two
strains of S. thermophilus, a mixed lactic culture, and one strain each of
Bacillus subtilis and Bacillus cereus. Nisin was not quite as inhibitory as several
other antibioties against the dairy cultures tested. Of 11 strains of Staphylococ-
cus aureus used, the antibiotic seemed to he active only against the coagulase-
negative and weak coagulase-producing organisms.

The data presented in this paper indicate that the antibiotic may be con-
sidered for use to inhibit certain staphylocoeei or lactic organisms. Additional
work should be eonducted to determine the applications of nisin and nisin-pro-

ducing organisms in the dairy industry.

Nisin, an antibiotie, is a normal metaholite
of certain strains of a commonly used cheese
starter, Streptococcus lactis. The antibiotic is
a large polypeptide with the molecular weight
of about 10,000, and it consists of five polypep-
tide components which vary slightly in their
chemieal, physieal, and biological properties
(3, 4). Hawley (9) has reported that nisin is
inhibitory against several streptococei, lacto-
baeilli, elostridia, staphylococei, and bacilli; and
Mattick and Hirseh (11) observed that the anti-
biotic has no activity against gram-negative
organisms. Several toxicity studies (1, 6, 8)
have shown that when the erystalline nisin or
milk soured with nisin-producing S. lactis was
fed to animals, it produced no toxic effeets.
O’Brien et al. (13) have reported that nisin
lowers the thermal resistance of food spoilage
organisms and suggested that consideration
could be given to using nisin for food preser-
vation.

In the dairy industry, considerable quantities
of processed cheese and several other sweet or
low-acid cheeses, for example, Swiss, Gouda,
Kdam, and Parmesan, arve spoiled during stor-
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age due to gas-holes or inflation eaused by
growth of Clostridia or butyrie acid fermenta-
tion. MeClintock et al. (12) observed that the
incorporation of small quantities of nisin in
processed Gruyere cheese was found to retard
or inhibit such undesirable fermentation. Haw-
ley (9), in his review article, reports that the
cheeses in which the antibiotic is produced
naturally have been found to be quite resistant
to certain bacterial spoilage defects.  Also,
some work has been done relative to the use of
nisin-produeing streptococei, singly or in com-
bination with other cheese cultures, to prevent
the spoil: ge of cheese (14). As far as is known,
comparatively little thought has heen given to
the determination of the effects of nisin upon
the commonly used dairy cultures. This work
was initiated, theretore, to investigate the effeets
of nisin and nisin-producing streptococei upon
the organisms generally found or used in dairy
products.
EXPERIMENTAL PROCEDURE

Several nisin-producing strains of S. lactis,
obtained from France, Austria, and England,
where much of the previous work on nisin has
heen done, were used in this work. Preliminary
trials revealed that two strains multiplied at a
faster rate than the others, and were chosen
for further studies. The initial phase of this
study was concerned with the comparison of
nisin production of the two cultures. The method
of Chevalier, Fournaud, and Mocquot (5), with
minor alterations, was used to determine the

7



828 K. M.

antibiotic production of the cultures. The
method involves plating suitable dilutions of a
nisin-producing culture and of a nisin-sensitive
culture in the same plate, which is then incu-
bated. Tt is imperative that the optimum tem-
perature for growth of the sensitive organisms
be considerably different from that of the nisin-
producing organisms. In this case, the plate
thus prepared is incubated at 22 C, or at the
optimum temperature of the nisin-producing S.
lactis, in order for the streptococcus to grow and
produce nisin. At this temperature, L. lactis
with an optimum temperature of 32-35 C can-
not multiply. After the plate is incubated at
22 (! for 24 hr, it is transferred to an incubator
at 32 (' for 48 hr to permit L. lactis to grow.
During the second incubation, the test organism
grows normally, except around the colonies of

the nisin-producing organisms, and clear zones
of inhibition ave obtained, as is shown in Figure

i

Fia. 1.

A plate showing the inhibition of Lacto-
bacillus lactis by nisin produced by Streptococcus
lactis.

Using this technique, it was observed that
when similar dilutions were used for the two
nisin-producing organisms and for the test
organisms, the two nisin-producing cultures
produced nearly the same number of zones or
colonies. However, one culture (S. lactis )
produced bigger zones of inhibition around the
colonies than did the other culture (S. lactis T).
This was felt to be due to the larger amount of
nisin produced by F than by T. To investigate
this further, nisin-broths were prepared from
14- to 16-hr old tomato juice broth suspensions
of cultures ¥ and T. Cells were removed by
centrifugation, and the elear broth was heated
at 80-90 (! for 2 to 3 min to kill the remaining
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live organisms. This heat treatment was con-
sidered to have had no effect on the nisin con-
tent of the broth, since it has been shown that
nisin is highly heat-resistant (7). Varying con-
centrations of ¥ and T nisin-broths were intro-
duced in separate broth tubes and were inocu-
lated with 19, broth suspension of L.
Turbidity determinations were made after 14
to 16 hr of incubation at 32 C. It was ob-
served that broth of both the nisin cultures in-
hibited the growth of L. lactis, but nearly twice
as much broth of T culture was required as F
for the same amount of inhibition.

lactis.

Effect of nmisin-broth upon various lactic cul-
Studies were conducted to determine the
effect of nisin-hroth upon the acid production
of three strains of S. lactis, two strains of L.
of S. thermophilus,
and a mixed lactic culture. Using the same
technique as ahove, nisin-broth of the
producing culture ¥ was prepared and added
at the rate of 1- to 18-ml aliquots of sterile
milk in test tubes. The {ubes were then inocu-
lated with 1 ml of a 12- to 14-hr-old lactic cul-
ture preparved in milk. Thus, the tubes con-
tained 5% by volume of the nisin-broth and
5% hy volume of inoculum from a eculture of
the test-organism. The contents of the tubes
were mixed thoroughly and incubated at the
optimum temperatures of the test organisms.
At periodie intervals of 6, 16, and 24 hr of
incubation, tubes were taken out and titratable
acidity was determined. Four to six trials were
conducted with each culture, and average re-
sults are presented in Table 1. Tt was observed
that except for two strains of S. thermophilus,
(ultures 8 and 9, the amount of nisin in 1 ml
of mnisin-broth had no appreciable inhibitory
effect upon the three strains of S. lactis, the
two strains of L. bulgaricus, the two strains of
S. thermophilus, and the mixed culture. The
antibiotic inhibited slightly the acid production
of two strains of S. thermophilus (no. 8 and 9)
during the first 6 hr of incubation. However,
upon longer incubation, the amounts of acid
produced by the cultures in the presence and
in the absence of the antibiotic were almost the
same. The faet that nisin-broth showed some
inhibitory effect upon the acid production of
S. thermophilus Y and Z during the initial
stages of incubation and showed no adverse
effect upon extended incubation (24 hr) may
be explained by a prolongation of the lag phase

tures.

bulgaricus, four strains

nisin-

of the S. thermophilus eultures. This prolonga-
tion in the lag phase may be due either to the
inhibitory effect of the antibiotic upon the
voung and/or sensitive bacteria or to the time
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2. Str. lactis C

3. Str. lactis T

7. Str.

8. Str.

9. Str.

TABLE 1
Effect of nisin upon the rate of acid production by vvarious lactic cultures

Culture 0 hr 6 hr 16 hr 24 hr

. (% Titratable acidity)
1. Str. lactis UN 0.22 0.50 0.70 0.81
Str. lactis UN + nisin 0.25 0.48 0.66 0.80
0.23 0.48 0.73 0.84
Str. lactis C + nisin 0.25 0.49 0.71 0.85
0.25 0.45 0.67 0.79
Str. lactis Fy + nisin 0.28 0.45 0.68 0.77
4. L. bulgaricus C 0.28 0.79 1.42 1.88
L. bulgaricus C; + nisin 0.30 0.80 1.45 1.95
5. L. bulgaricus b 0.26 0.91 1.68 1.91
L. bulgaricus b -+ nisin 0.30 0.94 1.60 1.89
6. Str. thermophilus U 0.21 0.51 0.79 0.92
Str. thermophilus U + nisin 0.23 0.52 0.78 0.94
thermophilus X 0.24 0.46 0.69 0.87
Str. thermophilus X + nisin 0.25 0.49 0.70 0.86
thermophilus Y 0.23 0.51 0.72 0.91
Str. thermophilus Y + nisin 0.25 0.44 0.69 0.90
thermophilus Z 0.23 0.49 0.73 0.89
Str. thermophilus Z + nisin 0.25 0.40 0.70 0.91
10. Mixed culture ¥ 0.21 0.46 0.71 0.90
Mixed culture F + nisin 0.23 0.46 0.72 0.86

required for the culture to get accustomed to
the new medium. Also, there exists a possibility
that the antibiotic may have lost its activity
upon prolonged incubation in the presence of
milk solids and of the lactie culture, as found
true in terramycin (15).

Effect of misin upon cell-multiplication.
Hirsch (10) has indicated that nisin is bae-
tericidal rather than bacteriostatic and that it
achieves a rapid killing of sensitive bacteria.
Also, he suggests that nisin often forms an
irreversible complex with the protein moieties
of the organisms. Trials were made to deter-
mine the effect of nisin upon cell multiplication
of the nisin-sensitive L. lactis and S. thermoph-
ilus  when grown in sterile milk. In this
work, the technique used for determining the
effect of nisin upon cell multiplication was es-
sentially the same as used in the preceding
phase, except that pure nisin® was used in-
stead of mnisin-broth. Appropriate quantities
of aqueous solutions of nisin were added to
vield concentrations of 0.5, 1.0, 5.0, and 10.0
units per milliliter. Pure nisin is helieved to
contain 40 to 50 million Reading units per gram
(2, 9). A Reading unit has been described as
the amount that will normally just inhibit the
growth of the test organism, Streptococcus
agalactive, in 1 ml of broth. Using the standard

? Crystalline nisin was supplied by Alpin and
Barret Ltd. Co., England.

plate count method involving duplicate or trip-
licate plates for each dilution, viable cell counts
were determined immediately after adding the
antibiotic and then at the end of 6, 12, 18, 24,
and 36 hr of ineubation. In Figure 2 are pre-
sented data representing the average results
of five to eight trials conducted with each or-
ganism and each concentration level of the
antibiotic. Curves 1 are the control curves, or
represent the cell numibers produced by the
organisms in the ahsence of the antibiotie, and
Curves II, ITI, IV, and V represent the cell
numbers produced by the organisms in the pres-
ence of 0.5, 1.0, 5.0, and 10.0 units of nisin per
milliliter, respeetively. In the absence of the
antibiotie, the organisms grew normally, reach-
ing the maximum counts in 18 to 24 hr and
declining thereafter. In the presence of the
antibiotie, the viable counts of both the organ-
isms decreased rapidly for a while. There was
a direct but improportional relationship between
the antibiotic concentration and the reduction
in the counts, following which the cultures mul-
tiplied normally and paralleled the growth
curves of the controls. As little as 0.5 or 1.0
unit of nisin per milliliter effected an immediate
slight decrease in the counts, after which the
cultures scemed to grow normally. The higher
concentrations of nisin (5.0 and 10.0 units/ml)
decrezsed rapidly the cell counts of the organ-
isms during the first few minutes and continued
to do so for the first 6 hr of incubation, but
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thereafter the surviving organism multiplied
normally and proximated the counts of the con-
trol samples at the end of 24 to 36 hr. At the
end of 36 hr, the total counts of the cultures
in the presence of the antibiotic were either just
ahout the same or slightly higher than the con-
trol counts. This could be expected, since the
cultures in the absence of nisin reached the
stationary or declining phase earlier than the
cultures in the presence of the antibiotic.
Comparison of the inhibitory effect of nisin
with other antibiotics. Trials were made to
compare nisin with other antibioties with re-
spect to their inhibitory effect upon various
lactic cultures. Individual test tubes containing
19 ml of sterile milk were inoculated with 1 ml
of freshly prepared 12- to 16-hr-old lactic
cultures. Appropriate amounts of penicillin,
streptomyein, aureomyein, or erythromyein were
added to ohtain coneentrations varying hetween
0.05 and 50.0 ppm of the antibioties. In nisin,
the concentrations varied between 0.5 to 150.0
units per milliliter. The tubes were then incu-
hated for 14 to 16 hr at the respective optimum
temperatures of the cultures under study. At
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the end of the incubation period the coagula-
tion of the milk was taken as the criterion of
the growth of the cultures. The samples coagu-
lated were assumed to be uninhibited and the
samples which showed only partial or no coagu-
lation were considered to be inhibited. Average
results of four to six trials with each antibiotie
and each culture are presented in Table 2. The
table shows the minimum levels of various anti-
bioties required for inhibiting the organisms.
It may be observed that in general the organ-
isms were more sensitive to penicillin, aureo-
myein, streptomyein, or erythromyein than to
nisin. Also, there were observed wide varia-
tions in the sensitivities of these organisms to
penicillin, aureomyein, streptomyein, erythro-
myecin, or nisin. The concentrations of the anti-
biotics required for the inhibition of the
tures were 0.05 to 0.3 unit of penicillin
nilliliter, 0.05 to 0.75 ug of aureomycin per
milliliter, 0.2 to 1.5 ug of streptomycin per
milliliter, or 0.2 to 5.0 pg of erythromyein per
milliliter. In the case of nisin much higher
of the antibiotic (2.0 to 150

cul-
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TABLE 2
Minimum levels of penicillin, aureomycin, streptomycin, erythromyein, and nisin for

inhibiting milk coagulation by various lactic eultures®

Peni- Aureo- Strepto- Erythro-

Culture cillin myecin myein myein Nisin

(n/ml) (rg/ml)  (ug/ml) (ng/mi) (u/ml)
1. S.lactis UN 0.10 0.50 0.3 0.6 24
2. 8. lactis C 0.10 0.50 1.5 0.2 72
3. 8. lactis Fy 0.05 0.75 0.6 0.5 24
4. 8. thermophilus U 0.05 0.10 0.75 2.0 48
5. S. thermophilus X 0.10 0.05 0.15 5.0 100
6. S. thermophilus Y 0.30 0.05 0.3 0.8 4
7. 8. thermophilus 7 0.10 0.25 0.5 0.5 4
8. S. cremoris 0.15 0.50 0.75 0.75 2
9. L. bulgaricus Cy 0.25 0.25 0.2 1.0 8
10. L. bulgaricus b 0.20 0.10 0.75 1.0 50
11. L.lactis 0.10 0.25 0.75 1.0 2
12. Mixed culture 0.15 0.30 1.5 1.25 150

* Noncoagulation of the milk at end of 16-hr incubation period was taken as the eriterion
of the inhibition of the cultures by the antibiotics.

TABLE 3
Effect of nisin-broth upon the growth of Bacillus subtilis and Bacillus cereus
Culture 0 hr 6 hr 16 hr 24 hr
—————(Log of bacterial count)
1. Bacillus subtilis ATCC 6633 5.954 7.708 8.827 8.638
Bacillus subtilis + nisin 5.929 7.740 8.786 8.601
2. Bacillus cereus 6.121 8.179 8.997 8.838
Bacillus cereus + nisin 6.127 8.121 9.041 8.860
TABLE 4

Effect of mnisin upon the growth of different strains of Staphylococcus aurcus

Coagulase test

Transmission %

With
No. Culture Nature Time Control nisin

(hr)
1. S. aurcus 196 Positive 0.4- 1.4 22.5 25.0
2. S.aurcus UN Positive 0.5- 2.1 30.0 29.5
3. S.aurcus 209 Positive 0.5- 1.8 28.0 26.0
4. S.aurcus Roth Positive 0.8— 2.6 28.5 24.0
5. S.aurcus Red Positive 0.9-10.8 22.0 20.5
6. S. aurcus 139 Positive 0.7-12.2 18.0 25.0
7. S.aurens 174 Positive 1.1-13.2 31.0 35.0
8. S.aurcus 125 Weak 0.7-20.3 32.0 275
9. S. aurcus 26 Weak 14.4-24.1 29.5 52.0
10. S. aurcus 3 Weak 1.8-19.4 26.0 28.5
11. S. aurecus 21 Negative or 26.0 24.5 86.0

very weak
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units/ml) had to be present in the medium to
inhibit the organisms.

Effect of nisin upon B. subtilis and B. cereus.
Another phase of the study was to determine
the effect of nisin upon B. subtilis ATCC 6633
and B. Varying quantities of nisin-
broth, ranging between 1 and 5% v/v, were
added to whey broth tubes inoculated with
B. subtilis or B. cereus. The tubes were incu-
bated, and at periodic intervals the total counts
of bacilli were determined using whey agar as
the plating medium. The average results of
four to five trials with each organism are pre-
sented in Table 3. It was observed that both
the organisms had little or no sensitivity towards
the antibiotie.

Effect of nisin upon Staph. aureus. Gowans
et al. (8) have reported that some strains of
Staph. aureus were very sensitive to nisin,
whereas some other strains were relatively in-
sensitive.  The virulence of
staphylococei has been reported to be directly
related to their coagulase activity. A study
was conducted, therefore, to investigate the
effect of nisin upon several strains of Staph.
aureus varying in their coagulase production.
The antibiotic sensitivity of the cultures was
determined by growing the cultures in whey
broth containing 5 units of nisin per milliliter,
and the turbidity development was measured
and taken as an index of their growth. Their
coagulase activity was determined by the stand-
ard plasma coagulase test. Eleven strains of
Staph. aureus were graded according to the
rapidity with which they produced the enzyme
coagulase, and are listed in Table 4. Culture
No. 1 was the most active coagulase producer
and coagulated plasma in 25 to 80 min, and the
last culture was almost negative, in that it
took more than 24 hr, or in some trials it did
not coagulate the plasma. When tested for
their sensitivity to nisin, it was observed that
out of the 11 cultures only two cultures, no. 9
and 11, were sensitive to the antibiotic. Both
of these sensitive cultures were found to be
either weak or negative coagulase producers.
The results indicate that nisin might be active
against only the coagulase-negative or weak
coagulase-producing strains of Staph. aureus.
However, further study is required to arrive at
any definite conclusions.

cereus.

food-poisoning
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B-COMPLEX VITAMIN CONTENT OF CHEESE?® 2

NIACIN, PANTOTHENIC ACID, PYRIDOXINE, BIOTIN, AND
FOLIC ACID

II1.

K. M. SHAHANI, 1. L. HATHAWAY,® axp P. L. KELLY
Department of Dairy Husbandry, University of Nebraska, Lincoln

SUMMARY

A large number of samples of 23 varieties of cheese and eight varieties of
processed cheese or cheese foods and spreads were assayed for several B vita-
mins. The cheeses contained on an average 277 pg of niacin, 94 ug of vitamin
By, 691 pg of pantothenic acid, 1.79 ug of biotin, and 22.3 pg of folie acid per
100 g. There were wide variations in vitamin content among individual samples
of the same variety, as well as among the different varieties. The proteolytic
type cheeses, Blue, Camembert, etc., had the most niacin, vitamin B, panto-
thenie acid, biotin, and folic acid. The hard varieties, except for biotin and
folic acid, were next, followed by semihard or soft-unripened types. The pro-
teolytic varieties were high in vitamin content, possibly because microorganism
varieties synthesize vitamins during curing. In general, any cheese variety high
in one B-vitamin was high in most of the other B-vitamins studied. The cheese
contained 9 to 559 of the vitamin content of milk and, nutritionally, cheese

may be considered a fairly good source of B vitamins.

The public is becoming increasingly inter-
ested in the vitamin content of food. More
information is needed relative to the vitamin
content of different foods, to help determine
the nutritive value of various diets. The impor-
tance of dairy products as a source of vitamins
of the B-complex is diseussed by Chapman
et al. (4) and Sullivan et al. (20). Wokes et al.
(21) have reported that vegetarians whose diet
contained dairy products showed no apparent
ill-effects; whereas, another group of vege-
tarians who ingested no dairy products devel-
oped several illnesses which were alleviated by
B...

Cheese occupies an important place in the
American diet. The per capita yearly con-
sumption of ripened and unripened cheeses has
risen to more than 14 lb. The literature con-
tains relatively limited information on the vita-
min content of cheese. Many of these studies
were concerned with the vitamins A, D, ascorbic
acid, thiamine, and riboflavin content of cheese
(5, 7, 8, 10, 12) and little attention has been
given to the other vitamins of the B group (15,
19, 20).
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Aykroyd and Roscoe (2) were perhaps the
first to assay cheese for vitamin B, content.
In 1936, Day and Darby (6) reported that
American cheese contained 80 pg of riboflavin
per 100 g, Swiss cheese 60 ug, and eream cheese
14 pg. Most of the work on cheese was done
during the 1940’s (5, 7, 8, 14, 20), because of
the meat shortage at that time and the greater
importance of cheese from a nutritional point
of view. Several of these studies, however, were
made on only a few samples and their results
difter widely, possibly because of the different
assay methods employed. The present study
ras conducted, therefore, hecause of the lack
of information concerning the eontent of some
of the newer B vitamins in several varieties of
cheese commonly used in this country. A re-
port on the riboflavin content of cheese has been
published by Hathaway and Davis (14), and
in this paper are presented results of assays
of several cheese varieties for other B-complex
vitamins.

EXPERIMENTAL PROCEDURE

Market samples of various cheeses were ob-
tained from the University of Nebraska dairy
and local food stores, and from Omaha and
Milwaukee. The vitamin content was deter-
mined immediately, or the samples were held
frozen until the assay could be made. The
cheeses were classed as follows: Soft-unripened
varieties, like Cottage and cream cheese; semi-
hard varieties, like brick and Muenster; hard
varieties, like Swiss or Cheddar cheese; very

833
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hard varieties, like Parmesan and Romano;
high proteolytic varieties, like Blue; and un-
classified varieties. The B vitamins determined
were: niacin, pantothenie acid, pyridoxine, bio-
tin, and folic acid. In the initial stages of the
study, the microbiological methods as deseribed
by the Association of Vitamin Chemists (1)
and Chapman et al. (4) were tried. However,
because of the differences in the pH, and in
the solids and protein contents of different
cheese varieties, a vitamin assay method for any
vitamin could not be applied in exactly the
same way to all the different varieties of cheese.
Lawrence et al. (18) also observed that an assay
method for a vitamin in milk may not be ap-
plicable to other products. Therefore, the miero-
biological assay technique for each vitamin was

HATHAWAY, AND P. L. KELLY

modified slightly for application to different
cheese varieties. The methods in brief are de-
seribed bhelow.

Niacin. A weighed sample of cheese, ranging
between 1.0 to 10.0 g, depending upon the kind
of cheese, was blended with approximately 20
times its volume with 1.0 N sulfuric acid. The
blend was autoclaved at 15 psi for 30 min,
cooled, brought to pH 6.8 with 209, sodium
hydroxide, and filtered. The niacin content of
the filtrate was determined mierobiologically,
using Lactobacillus arabinosus ATCC 8014 as
the assay organism.

Pyridoxine. A weighed sample of cheese, 0.3
to 0.4 g, was mixed thoroughly with 0.005 ~
hydrochloric acid and autoclaved at 15 psi for
4 hr. The sample was cooled, adjusted to pH

TABLE 1

Niacin content of a variety of cheeses

Niaein content

Cheese No.of  Average Std.®
variety samples solids Range Mean * dev.
Highly proteolytic (%) (rg/100 g) (rvg/100 g) (rg)
Blue 33 61 68-2,346 1,247 577.0
Roquefort 8 63 84-1,044 629 313.0
Camembert 10 51 46-1,124 586 414.1
Liederkranz 8 36 60- 767 428 284.4
Limburger 10 50 35- 390 158 114.1
Beer Kaese 10 65 34- 213 85 27.5
Port Salut 9 52 30- 120 59 28.0
Avg 664
Very hard
Parmesan 10 75 44- 500 290 171.5
Romano 10 70 25- 173 77 53.3
Edam 10 72 19- 64 38 13.2
Avg 135
Hard
Provolone 10 60 50- 314 191 103.0
Swiss 10 59 35- 233 120 219.1
Gruyeére 9 57 62- 145 98 35.7
Gouda 10 61 24- 185 63 47.8
Cheddar 30 65 13- 212 58 46.0
Avg 93
Semihard
Husker 10 62 30- 287 99 72.6
Brick 13 60 12- 163 89 45.3
Muenster 11 64 21- 125 67 34.5
Mozzarella 9 51 15- 126 62 33.0
Avg 80
Soft
Cottage-creamed 10 25 22- 233 120 66.0
Cottage-plain ° 10 26 51- 325 112 90.0
Neufchatel 8 40 29- 158 86 42.6
Cream 20 51 42- 175 83 35.0
Avg 98
Total 278 Grand avg 277

*On wet or fresh weight basis.
* Standard deviation.

¢ Commercially known as dry Cottage cheese.
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TABLE 2

Vitamin Be content of a variety of cheeses

Vitamin Bs content

Cheese No. of Average Std.*
variety samples solids Range Mean * dev.
Highly proteolytic (%) (1g/100 g) (1g/100 g) (ng)
Camembert 22 51 142-367 248 189.5
Blue 22 61 101-239 200 56.0
Liederkranz 13 36 124-333 189 63.1
Roquefort 20 63 61-210 104 34.8
Limburger 22 50 39-163 89 31.1
Beer Kaese 19 65 42-139 83 22.2
Port Salut 8 52 47- 85 59 12.8
Avg 146
Very hard
Parmesan 15 75 64-114 96 13.2
Edam 20 72 61-111 84 14.9
Avg 89
Hard
Swiss 32 59 51-154 91 30.4
Cheddar 63 65 49-147 84 23.0
Provolone 21 60 58-122 83 18.0
Gruyére 46 57 55-116 81 13.2
Gouda 20 61 49-124 80 20.4
Avg 84
Semihard
Husker 9 62 63- 96 79 11.9
Muenster 10 64 54-100 76 15.3
Brick 28 60 49-105 73 17.0
Mozzarella 10 51 51- 79 64 10.8
Avg 73
Soft
Cottage-plain © 14 26 21- 90 56 25.3
Cottage-creamed 32 25 28- 83 54 18.1
Cream 32 51 32- 85 53 12.8
Avg 53
Total 478 Grand avg 94

* On wet or fresh weight basis.
* Standard deviation.

¢ Commercially known as dry Cottage cheese.

4.5 with sodium hydroxide, and filtered. The
filtrate was subjected to the vitamin assay, using
Saccharomyces carlsbergensis ATCC 9080 as
the test organism.

Pantothenic actd. A weighed sample of cheese
(0.5 to 1.0 g) was mixed with 50 ml of water,
adjusted to pH 6.8-7.0, and autoclaved at 15
psi for 15 min. After cooling, the bound vita-
min in the sample was released by incubating
it 24 hr either with mylase P or the double en-
zyme system (alkaline phosphatase and pigeon
liver extract). After incubation, the mixture
was filtered and made to volume, and panto-
thenic acid was determined, using L. plantarum
(formerly L. arabinosus 17-5) as the assay
organism.

Biotin. A 20- to 30-g sample of cheese was
blended with 60 ml of distilled water, and 10
ml of the blend was mixed with 25 ml of 2.0 N

sulfuric acid and autoclaved 1 hr at 15 psi.
The autoclaved sample was diluted to 100 ml
and extracted twice with ethyl ether. Follow-
ing the extraction, a 10-ml aliquot of the sample
was diluted to about 80 ml with distilled water
in a 100-ml volumetrie flask, its pH adjusted
to 6.8, made up to volume with water, and used
for the vitamin assay. The assay organism
used was L. arabinosus ATCC 8014.

Folic acid. One-half gram of the cheese
sample was mixed with 5.0 ml of 0.2 M phos-
phate buffer, pH 7.0, and heated 5 min at
100 C. The sample was cooled, mixed with
20 mg acetone-extracted chicken pancreas, and
incubated at 37 C 24 hr. Following the incu-
bation, the sample was placed in a boiling
water-bath for 5 min, cooled, extracted with
ethyl ether, and filtered. The vitamin content
was determined in the filtrate, using Strepto-
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coceus faecalis ATCC 8043 as the assay organ-
ism.
RESULTS

Niacin content of several varieties of cheese.
A total of 278 samples of 23 cheese varieties
were assayed for niacin, and the results are
presented (Table 1). The average niacin con-
tent for all the cheese samples was 277 ug per
100 g. There were wide variations in the vita-
min content of different samples of cheese of
the same variety, as well as of different vari-
eties and groups. The proteolytic cheeses con-
tained the highest concentration, with very hard,
soft-unripened, hard, and semihard heing next
in decreasing order. The standard deviations
of the vitamin content of the different varieties
of cheese varied widely, ranging from 13 for
Edam to 577 for Blue cheese.

When the data were recalculated on the dry
or moisture-free solids basis, essentially the
same relationship was observed between the
niacin content and types of cheese.

Pyridoxrine (B,) content of cheese. A total
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of 478 samples of 21 varieties of cheese were
assayed for B,, and the results are presented
(Table 2). The grand average of the vitamin
B, content of all the cheeses assayed was 94
ng per 100 g. In general, the vitamin concen-
tration was of a decreasing order in the pro-
teolytic, very hard, hard, semihard, and soft-
unripened groups.

As observed for niacin, there were wide varia-
tions in the vitamin B, content of different
samples of the same variety of cheese. How-
ever, the differences in the B, content of sev-
eral groups of cheese were not as wide as in
niacin.  The standard deviations of all the
rarieties ranged between 11 and 190.

When the data were caleulated on a dry
solids basis, it became evident, however, that
the soft-unripened group was the highest in
the concentration of B,, with the proteolytic
group heing very close to it. The hard, semi-
hard, and very hard were the next, in deereas-
ing order.

Pantothenic acid content of cheese. As pre-

TABLE 3

Cheese No. of Average

variety samples solids
Highly proteolytic (%)
Blue 13 61
Liederkranz 8 36
Roquefort 15 63
Camembert 15 51
Limburger 14 50
Beer Kaese 12 65
Very hard
Edam 11 72
Hard
Gruycre 5 57
Provolone 6 60
Swiss 14 59
Gouda 15 61
Cheddar 29 65
Semihard
Brick 16 60
Husker 6 62
Soft
Cream 35 52
Cottage-creamed 22 25
Cottage-plain © 8 26

Total 244
*On wet or fresh weight basis.
¥ Standard deviation.

Pantothenic acid content of a variety of cheeses

Pantothenie acid content

Std.’
Range Mean * dev.
(wg/100 g) (ng/100 g) (ug)
1,004-3,416 2,046 234.0
1,252-2,622 1,985 467.8
1,193-3,634 1,953 646.1
464-6,578 1,398 2,037.0
196-2,781 1,277 647.9
224-1,683 695 386.9
Avg 1,523
102-1,255 282 327.0
544- 680 614 54.2
29-1,025 476 377.3
175-1,673 441 62.9
65- 740 340 201.9
111- 711 331 140.0
Avg 388
108- 643 293 166.4
37- 349 240 108.6
Avg 279
095- 645 271 96.7
79- 416 223 92.4
21- 873 144 290.3
Avg 239
Grand avg 691

¢ Commereially known as dry Cottage cheese.
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TABLE 4

Biotin content of a variety of cheeses

Biotin content

Cheese No. of Average Std.’
variety samples solids Range Mean * dev.
Highly proteolytic (%) (kg/100g)  (wg/100g)  (rg)
Camembert 20 §51.1 1.92-17.84 5.70 4.00
Limburger 19 50.4 1.30- 6.59 2.26 2.20
Beer Kaese 9 64.7 1.06- 5.61 2.09 1.40
Liederkranz 11 36.3 0.63- 5.51 1.96 1.45
Blue 17 61.4 0.99- 3.65 1.64 0.80
Roquefort 15 62.9 1.02- 281 1.49 0.56
Port Salut 14 52.: 0.53- 3.61 1.18 0.74
2.51
Very hard
Parmesan 10 75.2 1.70 6.20
Edam 16 72.4 1.52 111
Romano 15 70.2 1.34 1.10
1.50
Hard
Provolone 9 59.6 1.79 0.47
Cheddar 57 65.0 1.73 0.53
Gouda 20 61.4 0.65- 2.50 1.68 5.20
Swiss 25 59.0 0.35- 2.30 0.94 0.56
Gruyere 20 56.7 0.37- 1.92 0.84 0.30
Avg 1.44
Semihard
Mozzarella 13 50.9 0.61- 2.33 1.62 0.49
Brick 30 59.9 0.87- 2.45 1.59 0.49
Muenster 11 64.0 0.96- 3.24 1.39 0.86
Husker 14 62.4 0.49- 1.49 1.18 0.41
Avg 1.48
Soft
Cottage-plain © 9 26.3 1.44- 2 1.99 0.88
Cottage-creamed 21 25.4 0.48- 1.96 0.67
Neufchatel 11 39.8 0.79- 2 1.93 0.72
Cream 20 51.8 0.99- 3.7: 1.64 0.77
1.85
Total 406 Grand avg 1.79

*On wet or fresh weight basis.
" Standard deviation.

¢ Commercially known as dry Cottage cheese.

sented in Table 3, the pantothenic acid content
in 244 samples of 17 varieties ranged between
144 and 2,046 pg per 100 g for plain Cottage
and Blue cheese, respectively. The grand aver-
age of all the samples was 691 pg of panto-
thenic acid per 100 g of cheese. Here again,
there were wide variations in the pantothenie
acid content of individual samples of the same
variety, as well as in different varieties of
cheese. The vitamin content was highest in
the proteolytic group and the lowest in the
soft group. However, on the dry solids basis,
the vitamin content of the soft-unripened group
of cheese was higher than that of the hard
groups.

Biotin content of different cheeses. As pre-
sented (Table 4), the biotin content of 406

samples of 23 varieties of cheese ranged from
0.84 pg per 100 g for Gruyere to 570 for
Camembert cheese. The grand average biotin
content of all the samples was 1.79 ug per 100
2 of cheese. The proteolytic cheeses as a group
were the highest in biotin content, and soft,
very hard, semihard, and hard were next, in
that order. However, when the vitamin con-
tent was caleulated on a dry solids basis, the
soft-unripened group was found to be the high-
est, with the proteolytic group being next to it.
The semihard, hard, and very hard were the
next, in decreasing order.

Folic acid content of cheese. A total of 716
samples of 23 varieties of cheese were assayed
and the data are presented (Table 5). The folie
acid content ranged between 6.4 and 120.6 pg
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per 100 ¢ for Swiss and Liederkranz, respeec-
tively, and the grand average for all cheeses
was 22.3 pg per 100 g. The proteolytic group
as a whole was the most potent source of the
vitamin, and the hard cheese group was the
lowest. Essentially the same relationship was
observed when the vitamin content was caleu-
lated on a moisture-free basis.

Vitamin content of processed cheese, spreads,
and special cheeses. Recently, new varieties of
processed cheese, cheese spreads, and special
cheeses have appeared on the market, and in-
formation concerning the vitamin content of
such cheese varieties is not available. Therefore,
several processed cheeses and cheese spreads
were assayed for the various B vitamins, and
the results are tabulated (Table 6). Also, al-
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though not presented in the table, ten samples
of Velveeta and 31 samples of Kaukauna Klut
were assayved for pantothenic acid, and they
contained 786 and 985 ug of pantothenic acic
per 100 g, respectively. In general, the water
soluble vitamins content in these types of proe
essed cheese and spreads was comparable tc
that observed in natural hard cheeses. This
may be hecause mostly natural cheeses are usec
in the manufacture of processed cheese and
sinee most of these vitamins are heat stable
no great loss oceurs during processing. Also
while there were some variations in the indi
vidual vitamin contents of different types of
cheese, there was little variation between dif-
ferent samples of the same type of cheese. This
should be expected, since the methods for the

TABLE 5

Folic acid content of a variety of cheeses

Folic acid content

Cheese No. of Average Std.”
variety samples solids Range Mean * dev
Highly proteolytic (%) (ng/100 g) (rg/100 g) (ng)
Liederkranz 21 36 75-248 120.6 49.5
Camembert 18 51 34- 96 62.2 37.5
Limburger 25 50 19- 97 57.5 26.5
Roquefort 24 63 20- 82 49.0 38.0
Blue 34 61 21- 45 36.4 5.2
Beer Kaese 20 65 8- 33 22.2 13.0
Port Salut 19 52 8- 34 18.2 8.0
Avg 51.5
Very hard
Edam 41 72 6- 35 16.2 9.4
Parmesan 20 75 2- 15 7.3 3.5
Romano 24 70 2- 20 6.8 4.9
Avg 11.4
Hard
Gouda 20 61 8- 36 20.9 11.6
Gruyére 51 57 5- 14 10.4 8.7
Provolone 15 60 4- 18 10.4 4.3
Cheddar 112 65 4- 21 10.4 4.5
Swiss 26 59 3- 15 6.4 1.3
Avg 10.9
Semihard
Brick 30 60 5- 39 20.3 17.0
Muenster 25 64 3- 30 12.1 8.4
Husker 34 62 5- 19 10.4 5.1
Mozzarella 21 51 5- 17 9.9 5.1
Avg 13.4
Soft
Cottage-plain © 27 26 21-105 42.9 29.0
Cottage-creamed 40 25 9- 36 23.6 12.0
Cream 56 51 5- 27 13.6 5.0
Neufchatel 13 40 7- 16 11.3 2.8
Avg 22.1
Total 716 Grand avg 22.3

" On wet or fresh weight basis.
* Standard deviation.

¢ Commercially known as dry Cottage cheese.



TABLE 6

Vitamin content of a variety of processed and special cheeses

Folic acid

Biotin

Pyridoxine

Niacin

Processed

No. of Std.  No.of Std.  No.of Std.
samples Mean dev. samples dev samples Mean dev

Std.
dev

No. of
solids  samples Mean

Average

cheese or
spread

Mean

(ng)
1.2

1.6

(rg/
100 ¢g)

(ng)
0.46
0.81

(ng/
100 g)

(1g)

(ng/
100 g)

(rg)
41.1

(ng/
100 g)

(%)
61.5
47.9

Hot processed

American

7.8
6.4

12.5

26
14

1.7

15
10
14

81.1 15 82.4 11.5
316.3
116.6

114.6
148.3

32.5

84.8 83.1

3
8
7
14

Cheese-bacon spread

Garlie

9.2

18
16
18

0.99
0.61
1.34

4.0

3.1

9.1

3.9

14
15

12.5

114.3
122.7

6
20

60.5

53.3

53.0

54.6

Jalapenos
Velveeta

o]

(o]

6.2

12.5

0.0

7

53.2

Cold processed

1.10 21 5.4 1.6
6.8

1.15

4.9

51.8 23.5 26 141.3 25.5

15
10

Kaukauna Klub

0Old English
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16.0

[~}
[}

2.6

13.2 13

76.0

16.5

41.5

65.5

Unclassified
Ski Queen

2.4

4.6

1.52

16.6

25

5 813.4 247.8

87.4

manufacture of these types of cheese are highly
standardized.

In general, the hot processed cheese varieties
did not differ too greatly in vitamin content
from the cold processed varieties, except in the
case of niacin content, which was somewhat
lower in the cold-processed varieties. Ski Queen,
a whey cheese which constitutes the third group
of unclassified or special cheese, was unusually
high in the niacin, biotin, and folie acid content.

DISCUSSION

The average values of several vitamins in a
large number of cheese varieties assayed were
fairly typical of the few reported in the litera-
ture. Sullivan et al. (20) assayed 12 varieties
of cheese and noted their niacin, pantothenic
acid, and biotin contents ranged from 30 to
1,600, 130 to 960, and 1.1 to 7.6 ug per 100 g
of cheese, respectively. Hardinge and Crooks
(11) have reported that in Cheddar, Cottage,
and processed cheeses, the pantothenic acid
content ranged from 280 to 480; the biotin
ranged from 3.6 to 4.6; folic acid ranged from
11 to 31 pg per 100 g; and Cheddar cheese
contained 66 ug of By per 100 g. The results
of the present study revealed that the average
niacin, B,, pantothenic acid, biotin, and folie
acid contents in a large number of cheeses
were 277, 94, 691, 1.79, and 22.3 pg per 100 g,
respectively.

In general, there were wide variations in
vitamin content not only in different varieties
and classes but also in different samples of the
same variety. This might be due partly to the
differences in the vitamin content of the milk
used in the manufacture of the cheese. In addi-
tion, as pointed out by Burkholder et al. (3),
the vitamin content of cheese depends in large
measure on the organisms and methods used
in its manufacture and the subsequent curing
period.

The proteolytic types contained the highest
concentrations of the vitamins. Perhaps the
microorganisms present in these types synthe-
size vitamins during curing, as was observed
by others (3, 19, 20). Pilot studies were carried
out in this laboratory to determine the rate of
synthesis of vitamin B, during the curing of
certain types of cheese. Using the same lot of
milk, Coulommier, Romadur, and Camembert
cheeses were made and cured at 55 to 60 F. At
the end of 5 days’ curing period, Coulommier,
Romadur, and Camembert eontained 57.2, 55.0,
and 65.7 ug of B, per 100 g of cheese, respec-
tively. At the end of 64 days’ curing, the vita-
min content of cheeses increased to 131.6, 123.0,
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and 215.0 ug per 100 g, respectively, indicating
that during curing the organisms synthesize
vitamin B,. The organisms in Camembert cheese
were able to synthesize the vitamin more rap-
idly than the organisms of the two other
varieties.

Except for the biotin and folie acid content,
the very hard or hard varieties of cheese were
the next highest in vitamin content, followed
by the semihard or soft-unripened types. The
low folie acid content of the hard cheeses might
result from the high processing temperature
used in their manufacture, since folic aeid is
more heat-labile than B vitamins in general
(1), particularly in an acid medium.

Ski Queen cheese variety was very high in
niacin, biotin, and folic acid. Tt is made from
cow’s or goat’s milk whey and contains more
than 879 solids. Also, Velveeta cheese, in the
manufacture of which whey solids are included,
was relatively high in the B vitamins. The high
concentration of the vitamins present in these
cheeses might he because the whey solids con-
tain a major part of the water-soluble vitamins
present in the original milk. These observations
are in harmony with the results of Sullivan
et al. (20).

Since most of the cheese samples assayed
were purchased from the market, no informa-
tion was available regarding the vitamin con-
tent of the milk used in their manufacture.
Therefore, the values for the B vitamins con-
tent of milk as reported in the literature were
taken to calculate theoretically the retention of
the vitamins in cheese from milk. The litera-
ture records average values for the niacin, B,
pantothenie acid, biotin, and folie acid content
of milk as 910, 700, 3,100, 4.7, and 60 ug per
100 g, respectively (4, 9, 11, 13, 17, 18). On
the basis of the average values for these vita-
mins found in the cheese samples, it was ob-
served that the cheeses contained 9 to 559 of
the vitamin content of milk.

The significance of B vitamins in nutrition
is well established. While they have been shown
to be essential in the metabolism of carbohy-
drates, proteins, and fats in the human diet,
the daily requirements for an adult have been
established for only a few of the B vitamins.
Day and Darby (6) have reported that a 4-oz
portion of American cheese would provide ap-
proximately one-third of the daily requirement
of riboflavin. The present data reveal that
cheese is fairly rich in most of the B vitamins.
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ABSENCE OF FATTY ACID SPECIFICITY DURING LIPOLYSIS

SOME SYNTHETIC TRIGLYCERIDES BY B-ESTERASE
PREPARATIONS FROM MILK?

R. G. JENSEN, J. SAMPUGNA, anp R. M. PARRY, JR.
Department of Animal Industries, University of Connecticut, Storrs

AND

T. L. FORSTER
Department of Dairy Seience, Washington State University, Pullman

SUMMARY

The specificity of B-esterase preparations from bovine milk for short-chain
fatty acids was studied by using as substrates glyceryl 1-oleate 2,3-dicaproate
(OCC) and glyceryl 1-palmitate 2,3-dibutyrate (PBB). These triglycerides
were emulsified into skimmilk, incubated with the B-esterase preparations for
varying lengths of time at 38 C, and the products of lipolysis isolated by
column and thin-layer chromatography. The fatty acid compositions of the
isolated free fatty acids and mono- and diglycerides were determined by gas-
liquid chromatography. Absence of specificity for short-chain acids was indi-
cated by the release of equimolar quantities of caproate and oleate or bhutyrate
and palmitate during lipolysis periods of up to 1 hr. When PBB was incubated
at 4 C for 24 hr, there was apparent specificity for butyrate which was probably
caused by the comparatively rapid lipolysis of dibutyrin in contrast to glyceryl
1-palmitate 2-butyrate at the diglyceride stage.

OF

One of the vexing problems faced by investi-
gators studying lipases has been the apparent
specificity for short-chain acids shown by some
of these enzymes (19). For example, when
tributyrin was compared to tripalmitin and
to milk fat as substrates, the relatively rapid
rates of hydrolysis obtained with tributyrin
lent superficial support to the belief that milk
and other lipases showed specificity for short-
chain aecids (7, 19). Because of the extreme
difficulty in preparation of comparable emul-
sions with two triglycerides differing widely
in molecular weight, melting point, and solu-
bility, the validity of these comparisons may
be questionable. There have been very few
reports deseribing the use of known triglye-
erides with long- and short-chain acids on the
same molecule as substrates for lipases. En-
tressangles et al. (8) found that purified pan-
creatic lipase preferentially released 4:0 from
the diglyceride, glyceryl 1-palmitate-3-butyrate.
Similar investigations of milk lipase have not
been reported. Harper (12) analyzed the
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short-chain acids liberated from milk fat by
milk and other lipases and found that sub-
stantial amounts of 4:0 were released. How-
ever, recent studies employing pancreatic li-
pase (20) and milk lipase (16) have suggested
that most of the 4:0 in milk fat is esterified
at the primary ester positions of the triglycer-
ides. Both pancreatic and milk lipases are
known to preferentially hydrolyze the primary
ester linkages of triglycerides (9, 10, 16, 17,
23). Does this positional specificity extend to
mixed triglycerides containing short-chain
acids? If it does, then the apparent specificity
of milk lipase for 4:0 and other short-chain
acids may be explained by positional speeificity.
If not, then short-chain fatty aeid specifieity
may exist.

The difficulties involving determinations of
fatty acid specifications mentioned above ecan
be eliminated if both fatty acids are esterified
at the primary positions of the same triglye-
eride as in glyceryl 1-palmitate 2,3-dibutyrate.
We have prepared two mixed triglycerides and
lipolyzed them with B-esterase preparations
from milk. B-esterase preparations have many
similarities to milk lipases (17). The employ-
ment of B-esterase preparations in lipolysis
studies aids reproducibility and permits attain-
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ment of short reaction times. This paper de-
seribes the results obtained from lipolyses of
synthetie mixed triglycerides with milk B-ester-
ase preparations in a study of fatty acid spe-
cificities.

EXPERIMENTAL PROCEDURES

B-esterase preparations. These were pre-
pared by a modification of the method of
Montgomery and Forster (24), sent to the
University of Connecticut by air mail-special
delivery, and stored on arrival at —20 C.
Three different preparations were used. These
were prepared from gravity skimmilk from
(1) ecows 2201 and 3203, (2) cow 2201, and
(3) cow 2218. Three milligrams were equiva-
lent to 1 ml of milk in all preparations.

Synthetic triglycerides. (a) The monoglyeer-
ides were made from isopropylidene glycerol *
(distilled through a 28 plate spinning band
column) and palmitoyl (Matheson, Coleman,
and Bell) (2) or oleoyl chloride (6). Oleic
acid was halogenated with oxalyl chloride to
provide oleoyl chloride (3). Some of the mono-
glycerides were obtained by washing and re-
crystallizing commercial 1-monopalmitin and
1-monoolein® of high purity. The l-mono-
palmitin was crystallized from petroleum ether
(30-60 C) at room temperature and 1-mono-
olein from mixtures of petroleum ether (30-
60 C) and ethyl ether at —20 C. These materials
and the synthetic monoglycerides contained at
least 989% l-monoglyceride when tested by
periodate oxidation (15) and were free from
di- and triglycerides when checked with thin-
layer chromatography (TLC) (18, 25). The
purified 1-monopalmitin contained in excess
of 979, 16:0, whereas the l1-monoolein con-
tained at least 929 18:1.

(b) Glyceryl-1-palmitate-2,3-dibutyrate (PBB)
and  glyceryl-1-oleate-2,3-dicaproate  (OCC)
were prepared by direct acylation with butyryl
or caproyl chloride of the appropriate 1-mono-
glyceride (26). The triglycerides were purified
by passage through neutral alumina (activity
grade 1) in petroleum ether (30-60 C) (21)
and ecrystallization from acetone at —40 C for
PBB, and —96 C for OCC. These purifica-
tions were repeated until the triglycerides were
free from mono- and diglycerides when ex-
amined by TLC. Gas-liquid chromatography
(11) and, in the ease of PBB, eolumn chroma-
tography (1) were used to determine the fatty

? Aldrich Chemical Co., 2369 N. 29th Street,
Milwaukee 10, Wisconsin.

¢ Distillation  Products
New York.

Industries, Rochester,
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acid compositions of the triglycerides. OCC
and PBB contained the appropriate fatty acids
in the correct quantities when analyzed.

Lipolyses. The substrates were emulsified
into pasteurized skimmilk with a Waring
Blendor in the amount of 200 mg per 10 ml.
Sixty milligrams of B-esterase preparation was
added for each 10 ml of skimmilk and mixed
in, also with a Waring Blendor. The enzyme
in the control was inactivated by boiling. The
mixtures for each trial, consisting of 15-, 30-,
and 60-min periods of lipolysis and a control,
were prepared in one batch. The mixtures were
distributed in the amount of 10 ml each into
digestion flasks and incubated with shaking in a
38 C water bath for the specified times, except
for a 24-hr sample (with PBB) which was
placed in a refrigerator at 4 C for 24 hr. Tim-
ing started when the B-esterase preparations
were added to the emulsions. All three batches
of B-esterase were used with OCC and Prepara-
tions 1 and 2 with PBB. The controls were de-
void of FFA, MG, and DG.

Recovery and analysis of the products of
lipolysis. At the termination of the lipolysis
periods, the samples were acidified and ex-
tracted by the silica-gel method with 200 ml
ethyl ether (13). Preliminary trials comparing
ethyl ether and ethyl ether: ethyl alcohol
(90:10) as extractants indicated that ethyl
ether satisfactorily extracted all of the prod-
uets of lipolysis. The material extracted in
the ether was then separated into neutral lipids
and free fatty acids (FFA), as deseribed by
Me('arthy and Duthie (22), by passing the
ether from the silica-gel extractions directly
through an alkaline silicic acid column. The
neutral lipids were separated into mono- (MG),
di- (DG), and triglycerides (TG) by TLC
(18, 25). The neutral lipids were dissolved in a
minimal amount of ether and applied in a con-
tinuous band to the base of one or more thin-
layer plates. The plates were developed with sol-
vent systems of ethyl ether: petroleum ether
(30-60 C) (1:1). The separated glycerides were
made visible with a brom thymol blue spray
(14), scraped off, and extracted with ethyl
ether. A photograph of a developed and
sprayed plate is shown in Figure 1. Prelim-
inary identifications were obtained by eompari-
sons of known compounds with unknowns on
thin-layer plates, infrared spectrophotometry,
and periodate oxidation for the monoglyceride
(15, 18). After preliminary identifications
were established by these methods, further
identifications were made by position on the
thin-layer plates.
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Fi1e. 1. Thin-layer plate illustrating separation
of mono- (bottom band), di- (middle band), and
triglycerides (top band). Plate developed with
ethyl ether—petroleum ether (30-60C) (1:1) and
sprayed with aqueous brom thymol blue.

The FFA were eluted from the separation
column into an evaporation flask containing
22 ml of the isopropanol-KOH (1) and a mag-
netic spinner, which provided thorough mixing
for conversion of the FFA to K salts. The
solvents were removed on a flash evaporator
and the K salts transterred to a 100-ml pear-
shaped flask with methanol. The methanol was
removed by evaporation and the K salts of
the FFA’s were acidified, converted to butyl
esters, and identified by GLC employing tem-
perature programing (11). When the intact,
pure triglycerides were converted to butyl
esters, the correction factors allowing for in-
complete recovery of 4:0 and 6:0 developed in

JENSEN ET AL

our earlier study on milk fatty acids (11) were
found to bhe applicable.

RESULTS AND DISCUSSION

All of the fractions ohtained from lipolysis
of OCC contained fatty acids in about the
proportions predicted by positional specificity
for the primary ester positions and lack of
fatty acid speecificity (Table 1). These rela-
tionships are shown in the equation below, in
which the fatty acid compositions are, as MY :
FFA, 6:0 — 50, 18:1 — 50; DG, 6:0 — 75,
18:1 — 25; and MG, 6:0 — 100; 18:1 — 0.

18:1 — OH
B-esterase
6:0 —— . G20
HOH
— 6:0 L  6:0
oce s
18:1
cc
18:1 e OH
B-esterase ‘
6:0 —— 6:0
HOH
__OH ‘_ OH
+ +18:1
6:0 + 6:0
cC 2-monocaproin
It specificity for 6:0 existed, then there

would be more 6:0 than 18:1 in the FFA, the
6:0 content of the DG would decrease, and the
composition of the MG would remain largely
6:0. Since the results in Table 1 were in close
agreement with the theoretical fatty acid com-
positions, B-esterase preparations did not re-
lease 6:0 more rapidly than 18:1, when both
were esterified at the primary positions of
triglycerides.

When PBB was lipolyzed with B-esterase
preparations for periods of up to 60 min, the
results indieated that 4:0 was not favored
over 16:0 (Table 2). The theoretical relation-
ships for primary-position specificity and lack
of fatty-acid specificity are the same for PBB
as for OCC, and are illustrated above. In ad-
dition, with PBB we ran a 24-hr lipolysis at
4 C to show how the results from long periods
of incubation ean be misinterpreted as indi-
cating specificity for 4:0. When these samples
were analyzed there was more 4:0 (M%) than
16:0 in the FFA, superficially indicating speci-
ficity for 4:0. We wished to determine whether
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reaction constants K, or K. (below) were equal
or different.

___16:0 K, )

_ 4:0 B-esterase _ 4:0 +16:0

40 HOH 40

1620 K, _16:0

— 4:0 B-esterase . 4:0 4+ 4:0
e

40 HOH OH

However, as the diglycerides appear, reac-
tions (below) represented by reaction constants
K, and K, become possible.

_____OH K, _____OH

_ 4:0 B-esterase —4:0 4+ 4:0
—_—

40 HOH OH

_16:0 K, ____OH

_ 4:0 B-esterase _ 4:0 +16:0
—_—

____OH HOH _ 0OH

Because of the differences in molecular size and
solubility between these diglycerides K, would
be expected to be greater than K,. That is to
say, the dibutyrin would be expected to be
lipolyzed more rapidly. The data will be biased
if this occurs. Reactions represented by K,
and K, must be kept at a minimum. This can
be done experimentally only under those con-
ditions where the original triglyceride concen-
tration is large in proportion to the concentra-
tions of the two diglycerides formed. Such is
the case during short incubation periods. That
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such conditions can occur during long periods
of incubation is borne out by the data in Table
2, where most of the diglyceride in the 24-hr
sample was accounted for as glyceryl 1-palmi-
tate 2- (or 3) butyrate (PB). The dibutyrin
was, therefore, lipolyzed more rapidly than
the PB and the results were biased toward
apparent specificity for 4:0. Short periods
of incubation are generally recommended for
studies of specificity and fatty acid distribution
in triglycerides, because lipolysis of the di- and
monoglycerides leads to faulty interpretation
of the results (4). The discussion above also
illustrates the value of determining the com-
position of the partial glycerides in studies of
fatty acid specificity. The 24-hr results cannot
be explained by random lipolysis, because all
of the fractions would contain as M9 : 4:0,
67 and 16:0, 33. Nor can they be explained by
the effects of temperature on the substrate,
since PBB was liquid at 4 C.

With both OCC and PBB, the monoglycerides
formed were largely monocaproin and mono-
butyrin (Tables 1 and 2). Therefore, B-ester-
ase preferentially attacked primary ester link-
ages of triglycerides with short-chain acids on
the 2-positions. The presence of the small
quantities of monopalmitin and monoolein in
the monoglycerides may possibly be explained
by isomerization of 6:0 and 4:0 to the 1-posi-
tion during the diglyceride stage and the re-
lease of these acids, leaving 1-monoolein and
1-monopalmitin.

We were not overly concerned ahout losses
of 4:0 and 6:0 during our manipulations, be-
cause the procedures used quantitatively re-
cover these acids (13, 22) and the fatty aeid
compositions of the mono- and diglycerides
agreed closely with the theoretical values.
Therefore, lack of recognition of short-chain
specificity could not have been due to losses of

TABLE 1

Fatty acid composition of the FFA and mono- and diglycerides formed during the lipolysis
of glyceryl 1l-oleate 2,3-dicaproate by milk B-esterase concentrates®

. FFA Diglycerides Monoglycerides
Incubation e e
time 6:0 18:1 6:0 18:1 6:0 18:1

(M)
15 min 52.6"° 47.4 78.3 21.7 97.9 2.1
30 min 46.9 53.1 74.2 25.8 93.5 6.5
60 min 58.2" 41.8 71.3 28.7 96.5 3.5
50.0 50.0 75.0 25.0 100

Theoretical ¢

* Lipolysis conditions:

200 mg substrate, 60 mg B-esterase

concentrate, and 10 ml of

pasteurized skimmilk incubated with shaking at 38 C.

» Averages of trials with two different batches of B-esterase concentrate.

The 30-min

figures are averages of trials with three different batches.
¢ Assuming specificity for the primary ester linkages, but not fatty acid specificity.
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TABLE 2

Fatty acid composition of the FFA and mono- and diglycerides formed during the lipolysis
of glyceryl 1-palmitate 2,3-dibutyrate by milk B-esterase concentrates *

JENSEN ET AL

3 FFA Diglycerides Monoglycerides

Incubation —
time 4:0 16:0 4:0 16:0 4:0 16:0
(M%)

15 min 42.9° 57.1 70.8 29.2 Not recovered
30 min 53.5 46.5 75.7 24.3 100
60 min 48.9 51.1 78.2 21.8 100
24 hr 65.7 34.3 57.3 42.7 97.7 2.3
Theoretical ° 50.0 50.0 75.0 25.0 100

* Lipolysis conditions:

200 mg substrate, 60 mg B-esterase concentrate, and 10 ml

skimmilk incubated with shaking at 38 C except for 24-hr sample, which was stored at 4 C.
® Averages of trials with two different batches of B-esterase concentrate.
¢ Assuming specificity for the primary ester linkages, but not fatty acid specificity.

4:0 and 6:0 or the compositions of the mono-
and diglycerides would have differed from the
actual values.

The conditions employed in our studies differ
somewhat from the conditions in natural milk.
Our “milk” contained more enzyme(s) and less
substrate than normally present in milk. The
skimmilk used as a dispersion medium for the
substrate was pasteurized. It is not known if
triglycerides of the type employed above are
present in the natural milk fat. The B-esterase
preparation used, while possessing many of the
attributes of milk lipases (18), may not ac-
tually be milk lipase and may contain several
lipases. Nevertheless, we believe that fatty acid
specifieity of lipases is best studied with rela-
tively simple systems, and substrates of known
structure. Although it is possible to prepare
even simpler systems by using buffers and
some suspending agent such as gum arabie, we
preferred to use a system somewhat more simi-
lar to milk. If the fatty acids being compared
are placed on the 1 and 3 positions of the tri-
glyeeride molecule, rate studies can be made
without interference from wide differences in
melting point and solubility, as would be the
case if simple triglycerides were used.

CONCLUSIONS

When glyceryl 1-oleate 2,3-dicaproate (OCC)
and glyceryl 1-palmitate 2,3-dibutyrate (PBB)
were lipolyzed for 15-, 30-, and 60-min periods
with milk B-esterase preparations, there was
no evidence for preferential release of 6:0
and 4:0 from the triglycerides. When PBB
was lipolyzed for 24 hr at 4 C there was evi-
dence which could be misinterpreted as speeci-
ficity for 4:0, probably due to relatively rapid
lipolysis of dibutyrin.

(1)

~

(2

(3

.

€]

~

(7

(8)

(9)

(10)

(11)
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EFFECT OF ANTIOXIDANTS ON THE FLAVOR OF
COLD STORAGE BUTTER'!

A. M. EL-NEGOUMY axp E. G. HAMMOND

Department of Dairy and Food Industry
Towa State University of Seience and Technology, Ames

SUMMARY

Fresh salted sweet eream butter containing 0.019, by weight of nordihy-
droguaiaretic acid (NDGA), butylated hydroxytoluene (BHT), and BHT +

iso-propyleitrate (IPC), respectively, was stored at —18 and 38 F.

The

autoxidation of the butter was followed organoleptically and by the thiobar-
bituric acid (TBA) test and peroxide value. None of the antioxidants retarded
the development of oxidized flavors in butter kept at —18 and 38 F. BHT +
IPC acted as a pro-oxidant in butter kept at 38 F. Oxidized flavor development
was retarded by NDGA in butter stored for several months at —18 F and then
transferred to 38 ¥, but the NDGA gave an objectionable bitter flavor to the
butter during storage. The TBA test and peroxide value were found to have
little value for predicting the flavor score under these storage conditions.

Antioxidants are widely used in many foods
to prevent the autoxidation of fats, but their
value in butter is uncertain. Some investi-
gators report that antioxidants will retard the
onset of autoxidative deterioration, whereas
others find them of little value and report that
the antioxidants may contribute new undesir-
able flavors to butter (2, 5, 6, 9, 11-17). There
has been some discussion recently of the de-
sirability of changing the standards of iden-
tity of butter to permit the inclusion of anti-
oxidants and other additives (1). In other
fats the particular antioxidant and its level
are quite important in determining the opti-
mum storage life under a particular set of
conditions (10). The present experiments were
designed to test a few antioxidants under butter
storage conditions typical in the United States.

MATERIALS AND METHODS

Four lots of butter with 259 salt were
prepared from one lot of fresh sweet cream
obtained in March. The cream was pasteurized

Received for publication December 1, 1961,
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is being supervised by the Eastern TUtilization
Research and Development Division of the Ag-
ricultural Research Service.

at 164 F for 30 min. One lot of butter con-
tained no additives and served as a control.
The other three lots contained 0.019; by weight
of butylated hydroxytoluene (BHT), 0.01%
nordihydroguaiaretic acid (NDGA), and 0.01%
BHT + 0.019 iso-propyleitrate (IPC), re-
spectively. The antioxidants were dissolved
or suspended in the butter color and added
after ehurning with the salt. Uniform disper-
sion of the butter color during working indi-
cated uniform dispersion of the antioxidant.

The butter was stored in 12 hoxes of 5 lb
each. Nine of the boxes were stored at —18 F
and the remainder at 38 F. Every two months
one of the boxes was transferred from —18F
storage to 38 I storage. The butter was judged
for flavor every month by a panel of experi-
enced judges and was graded on a scale of 0
to 10, as shown in Table 1. The butter was
also tested bimonthly for autoxidation by the
thiobarbituric acid (TBA) test and peroxide
value.

The TBA test, based on the method of Dunk-
ley and Jennings (3), was conducted as fol-
lows: A 10.00-g sample of butter was weighed

TABLE 1
Definition of the flavor score

6—Slightly metallic
7—Metallic
8—Strongly metallie
9—O0ily

10—Fishy

0—No oxidation
1—Flat
2—Slightly oxidized
3—Oxidized
4—Strongly oxidized
5—Tallowy
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in a glass-stoppered 15-ml centrifuge tube.
The tube was immersed in boiling water for
1 min to melt the butter and 1 ml of 1 x HCl
was added. The tube was shaken vigorously
and centrifuged for 5 min. The fat layer was
removed with a medicine dropper and discarded.
Tests showed that no more of the material
which reacts with TBA could be extracted from
the fat. The aqueous layer was washed with
5 ml of petroleum ether and centrifuged for
5 min. The petroleum ether layer was drawn
off with a medicine dropper and discarded.
Next, 1.5 ml of TBA reagent (0.025 » thio-
barbituric acid in 1 M phosphorie acid) was
mixed with the aqueous layer, three drops of
n-hexyl alecohol were added as a foam depres-
sant, and the tubes were heated in a boiling
water bath for 15 min. The red eolor which
developed was extracted with 4 ml of a mixture
of iso-amyl alcohol:pyridine (2:1, v:v). The
tubes were centrifuged for 5 min and the ab-
sorbancy of the upper layer was determined
at 490, 535, and 580 mu with a Beckman DU
spectrophotometer. The absorbaney at 535
minus the mean of the readings at 490 and
580 mp was taken as a measure of autoxida-
tion. The determinations were done in dupli-
cate and the absorbancies were usually found
to agree within 0.01.

The peroxide number was determined aceord-
ing to Hills and Thiel (8).

RESULTS

Figure 1 presents the average flavor scores
for butter stored at 38 F. The flavor scores

10— CONTROL ~ ——
NDGA ——
of— BHT RE—
BHT+IPC---—-

~

AVERAGE FLAVOR SCORE
(3] o)
T
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of the samples with antioxidants are not much
different from the control. The lot of butter
containing NDGA developed an objectionable
bitter taste after a few months’ storage. One
of the judges could not detect the bitter taste.
The flavor scores of the individual judges were
analyzed statistically by Friedman’s test (4),
and the scores for the four lots of butter were
inhomogeneous at the 0.01 significance level.
When the scores for the butter with BHT +
IPC were deleted, the scores for the other lots
of butter were inhomogeneous only at the 0.1
significance level. Thus, the butter with BHT
+ IPC differed from the other three lots con-
siderably more than they differed from each
other. Iowever, the butter with BHT + IPC
was in a more advanced stage of autoxidative
deterioration than the other lots, and the BHT
+ IPC is evidently a pro-oxidant.

Figure 2 presents the average flavor scores
for butter stored at —18 F. It is apparent
from the figure that there is not much differ-
ence in the lots containing antioxidants and
the control. The scores for the four treatments
were inhomogeneous only at the 0.5 significance
level. The judges tended to score the bhutter
stored at —18 F more autoxidized than that
stored at 38 F during the first six months of
storage. Beyond six months, the —18 F' butter
did not progress much beyond the tallowy
stage, whereas the 38 F' butter became progres-
sively worse during the entire storage period.
Actually, the designation tallowy covered a
broad range of intensity, and some of the

| |

10 15 20

MONTHS

Fic. 1.

Average flavor scores of butter stored at 38 F.



850 A. M. EL-NEGOUMY AND E. G. HAMMOXND

10— CONTROL =
NDGA —_—
bl o BHT ——
BHT+IPC-—-—-
8}—
w
8
o 7
7]
S
6
Z
@
w 5
g
[ 4
Z
3
2
|
1 1 |
0 5 10 15
MONTHS
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samples were considerably more objectionable
than others.

Figures 3 and 4 show the flavor scores of
butter stored for two and four months at
—18S I and then transferred to 38 F for three
months.  The flavor score of these samples
continued to inerease at about the same rate
as those kept at —18 F. As noted above, this
15 somewhat faster than those stored at 3S F.
Samples stored longer than four months at
—18 F were generally judged tallowy and the
score did not inerease during three months of
storage at 38 F. A statistical analysis of the
butter stored at —18F for various periods
and then transferred to 38 ' showed the scores
were inhomogeneous at better than the 0.005
significance level. When the scores for the
butter containing NDGA were deleted, the
scores for the three other lots were still in-
homogeneous at the 0.025 significance level.
When the scores for the butters with NDGA
and BHT + IPC were deleted, the scores for
the control and BHT butter were homogeneous.
In the transferred butter both NDGA and
BHT + IPC acted as antioxidants and im-
proved the oxidative stability significantly, but
the effect of the NDGA was by far the larger.

Some TBA analyses of the butter stored at
—18 and 38 F are shown in Figures 5 and 6,
respectively. In both cases, the presence of
NDGA gave a considerably lower TBA ab-
sorbancy. The butter containing BHT gave
lower TBA tests at 38 F. There was consider-
able variation in the TBA from month to
month. These large differences in TBA results
stand in contrast to the small differences in

7— CONTROL
NDGA
6 BHT -
w
S
o5
(7]
&a—
z
-
I.L3._
w
(T)
&2
w
2
|»—
0 | | | |
3

(o] | 2
MONTHS AT 38 F

Fi6. 4. Average flavor score of butter stored
four months at —18 F, then transferred to 38 F
storage.
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flavor scores for the same butter. Obviously,

the TBA test is not a reliable index of the
organoleptic score under these conditions.

Figures 7 and 8 show some peroxide values
for butter stored at —18 and 38 F, respec-
tively. The peroxide values at 38 F agree with
the TBA results in showing less oxidation for
the lots of butter containing NDGA and BHT.
But there are large variations in the peroxide
values which do not correspond to similar
variations in TBA test. Like the TBA values,
peroxide values do not reliably prediet the
organoleptic score.

DISCUSSION

The peroxide value and TBA test are often
used as indices of autoxidation in fats, but the
autoxidation of fats is a complex set of reac-
tions. The peroxide value and TBA test meas-
ure the extent of certain of these reactions
under a given set of conditions, but there is
no reason to expect that they will correspond
closely under all conditions with the degree of
oxidation judged organoleptically. In the data
presented, the relatively lower peroxide values
and TBA values of butter containing NDGA
and BHT at 38 F did not correspond to better
flavor scores. This demonstrates the hazard of
basing autoxidation studies on these chemieal
tests when the organoleptic score is the impor-
tant variable in question.

In general, the results demonstrate no bene-
fits from the use of antioxidants. Although

A. M. EL-NEGOUMY AND E. G. HAMMOND

NDGA gave a better flavor score in the sam-
ples transferred from —18 to 38 F, it also
imparted an objectionable bitter flavor to the
butter. We have not been able to rationalize
the results obhtained completely with any of the
theories of the behavior of antioxidants. It is
hard to explain why NDGA was significantly
effective in hutter transferred from —18 to
38 F, when it is not effective with butter kept
at either temperature.

The greater rate of oxidation of butter at
—18 F than at 38 F during the first six months
of storage may be related to the pro-oxidant
effect of the natural and added antioxidants
as expounded by Heimann and von Pezold (7).
They found that antioxidants might accelerate
or retard autoxidation, depending on the tem-
perature and concentration. Lowering the tem-
perature was found to inecrease pro-oxidant
more than antioxidant action. If this were so,
one would expect the butter with added anti-
oxidants to be worse than the controls at —18
F, which was not the case. Also, the butter
transferred from —18 to 38 F continued to
oxidize more rapidly than that kept at 38 F.
It is also difficult to explain on the basis of
this theory why BHT + IPC had a pro-oxi-
dant effect at 38 ¥ but not at —18 F. A more
extensive knowledge of the compounds respon-
sible for the organoleptic sensations and of
the mechanism of their production will prob-
ably be required to explain these results.
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RELATIVE MILK PRODUCTION VALUE OF BARLEY, DRIED BEET
PULP, MOLASSES DRIED BEET PULP, AND CONCENTRATED
STEFFEN FILTRATE DRIED BEET PULP !

MAGNAR RONNING axp D. L. BATH
Department of Animal Husbandry, University of California, Davis

SUMMARY
Conecentrated Steffen filtrate (CSF) is a by-product of beet sugar manufac-
ture which may be added to beet pulp. A study was conducted to compare the
feeding value of CSF dried heet pulp with plain and molasses dried beet pulp.
Each of the three types of heet pulp was fully equal to barley in the replace-
ment of approximately 259 of the energy of a basal ration consisting of 709,

alfalfa hay and 309 barley.

Concentrated Steffen filtrate (CSF)® is a
by-product of the Steffen process for the de-
sugarization of beet molasses. It is a concen-
trated solution remaining after the removal of
sucrose, and contains all of the other extract-
able solids of the sugar beet.

This material has been used for some time
in a modified form (condensed heet solubles
product) as a livestock feed. Washington
workers (1) found beet pulp containing a
combination of ('SF and molasses to he equal
to conventional molasses beet pulp as a part of
the concentrate mix for milking cows.

Since considerable CSE is produced in beet
growing areas, there was interest in studying
further its nutritional value for the feeding
of dairy cattle. Of partieular interest was the
value of dried beet pulp which contained ap-
proximately 289 CSI solids. In addition, it
was desired to compare this material with plain
and molasses dried beet pulp, and to evaluate
all three beet pulp preparations with refer-
ence to barley.

EXPERIMENTAL PROCEDURE
The study was made in two feeding trials,
each with eight first-lactation, grade Holstein
cows allotted to four treatments according to
the extra-period, Latin-square, change-over de-
sign proposed by Lucas (8). The animals had

Received for publication April 9, 1962.

'Supported in part by Amalgamated Sugar
Company, Ogden, Utah; Ilolly Sugar Corporation,
Colorado Springs, Colorado; Spreckels Sugar Com-
pany, San Francisco, California; Utah-Idaho Su-
gar Company, Salt Lake City, Utah.

*Information on CSF furnished by S. L. Stovall,
Spreckels Sugar Company.

all calved within a period of 25 days and were
started on trial at an average of 62 days post-
calving. The trials were of 175 days' duration
with five 28-day periods, each preceded by a
period of seven days to allow cows to adjust to
changes in feeding regimes.

Prior to the trials the cows were all handled
alike and fed altalfa hay free-choice, with a
high level of ground barley. A rationing plan
was  established for each cow for the entire
trial on the basis of milk production predicted
from a ten-day indexing period immediately
preceding the initiation of the trials.

A basal ration consisting of 709, alfalfa hay
and 309 barley was fed at full and at re-
stricted levels of intake, which accounted for
Treatments 1 and 2 in each of the feeding trials.
The full-fed basal ration was estimated to meet
the maintenance and production requirements
of the cows and the restricted basal was fed to
furnish 759 of the estimated net energy re-
quirements.  With this proportion of alfalfa
hay in the ration, protein intake was adequate,
even at the restricted level of intake.

The four test feeds were added in turn to
the restricted basal ration in amounts estimated
to support levels of production comparable to
that on the full-fed bhasal ration. In Trial A,
harley and dried heet pulp (BP) were added to
the restricted basal in Treatments 3 and 4,
respectively; and in Trial B, molasses dried
beet pulp (MBP) and concentrated Steffen
filtrate beet pulp (CSFBP) were involved.

The addition of the test feeds to the restricted
basal resulted in rations which contained ap-
proximately 459, concentrates. In turn, the
inerements of test feeds accounted ftor about
459% of the concentrate portion and about
209 by weight of the total rations.
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TABLE 1
Composition of dry matter of feeds
Feed CiP; E.E. C.F. NFE Ash
(%)

Alfalfa hay 19.9 1.8 27.6 41.9 8.8
Barley 11.2 1.7 6.1 77.8 3.2
D.B.P. 7.9 0.4 22.9 65.2 3.6
M.B.P. 10.3 0.2 17.4 66.1 6.0
14.7 0.4 54.4 12.8

C.S.F.B.P.

17.7

The alfalfa hay was all from a single lot of
one cutting from one field. The barley was all
from one large procurement and averaged 47
1b per bushel, but varied from 40.7 to 50.1 1b
among weights obtained at various times during
the trials. The dried beet pulp preparations
were all made from a single batch of wet pulp.

Weighed amounts of hay were hand-fed
twice daily after milking in individual stan-
chions, with 2 hr being allowed for eating at
each time. The barley and the beet pulps were
fed twice daily in the milking barn. A repre-
sentative sample of each feed was obtained at
cach feeding and composited for weekly dry
matter determinations and for proximate analy-
ses for each period. The proximate analyses
of the feedstuffs are listed in Table 1.

The milk produced was weighed at each milk-
ing and a representative sample withdrawn and
composited for weekly determination of milk
fat by the Babcock procedure and of solids-
not-fat by the Golding bead method.

A single sample was obtained at random from
one day’s production of each cow during each
period for determination of heat of combustion
of the milk solids. From these data the re-
gression of energy value of milk solids on milk
fat content was determined for use in ecalcu-
lating the energy production of the cows on

the basis of the weekly milk analyses. Results
of this procedure were virtually identical with
those obtained using the following prediction
equation devised by Lofgreen and Otagaki
(7): Y =4.,516 + 0.321X, Y being the com-
bustion value of milk solids expressed as keal
per gram and X being the milk fat per cent.

The cows were weighed immediately after
milking, before being fed hay or allowed water,
three days in succession each week during the
entire trial. The average daily liveweight change
of each cow was calculated for each period
from the regression of weight on time.

RESULTS AND DISCUSSION

The pertinent data regarding feed intake,
milk production, and liveweight changes in
Trials A and B are summarized in Tables 2
and 3, respectively.

The response to treatments in the two trials:
were comparable. In each case daily milk pro-
duction was reduced by 5.0 1b when the basal
ration was restricted, but there were no sig-
nificant differences among the full-fed rations.
The per cent milk fat was not affected, while
solids-not-fat were decreased significantly on
the restricted basal rations, as would be ex-
pected with the restricted energy intake.

The loss of weight on restricted basal was

TABLE 2

Feed intakes, amount and composition of milk produced and liveweight changes, Trial A

Restricted
basal

Feed intake, dry matter (pounds/day)

Alfalfa hay 15.8
Barley 6.8
Beetpulp
Total 22.6
Incerement
Milk production (pounds/day) 32.0"
Butterfat (avg %) 3.50®
Solids-not-fat (avg %) 8.42°
Milk energy (meal/day) 9.8
Liveweight change (pounds/day) —0.84"

Y Values with different superseripts are

Restricted  Restricted
Full bhasal + basal
basal barley + B.P; SX
20.6 .8 15.8
9.1 12.6 6.8
...... 5.8
29.7 28.4 28.4
7.1 5.8 5.8
37.0" 36.4° 35.9*"
3.45* 3.42° 3.43°
8.79* 8.80*" 8.75"
11.6 11.3 11,1
0.10" 0.22* 0.51*

significantly different.



856

MAGNAR RONNING AND D. L. BATH

TABLE 3

Feed intakes, amount and composition of milk produced and liveweight changes in Trial B

Restricted Restricted

Restricted Full basal + basal +
basal basal M.B.P. CSFBP SX
Feed intake, dry matter (pounds/day)
Alfalfa hay 15.0 19.8 15.0 150 s
Barley 6.5 8.6 6.5 6.5 0 s
Molasses beet pulp .. . 53 s
CS.F. beet pulp . 5.3
Total 21.5 28.4 26.8 26.8
Inerement 6.9 5.3 5.3
Milk production (pounds/day) 29.9° 34.9° 34.1° 33.7*
Butterfat (avg %) 3.42° 3.38* 3.29*° 3.39°
Solids-not-fat (avg %) 8.47" 8.71*% 8.62 * * 8.71*
Milk energy (mecal/day) 9.1 10.7 10.3 10.4
Liveweight change (pounds/day) —0.78" —0.02* 0.49* 0.30*

*® Values with different superseripts are significantly different.

comparable in both trials. Liveweight gains
on the full-fed rations, although rather vari-
able, were not significantly different from one
another within trials, and averaged 0.28 and
0.26 1b per day in Trials A and B, respectively.

It is quite clear from these data that the
barley and each of the three types of heet pulp,
when added to the restrieted basal ration, were
equally efficient in restoring milk production
and liveweight gains. While increments of 5.8
and 5.3 1b of dry matter, respectively, in Trials
A and B restored 5.0 1b of milk, the energy
content of the milk in Trial B was slightly
lower. In Trial A the average difference in
daily milk energy between the restricted hasal
and full-fed rations was 1.5 meal, which is
equivalent to 259 keal per pound of barley
and heet pulp increment. In Trial B the aver-
age difference between the restricted and full-
fed rations was 1.4 meal, or 264 keal per pound
of MBP and CSFBP increment, which is
essentially of the same magnitude as that ob-
served in the first trial.

These observations are in agreement with
other work, both with lactating cows and fatten-
ing meat animals. Billings (2) demonstrated
that plain and molasses beet pulps were of
equal value in milk production rations. Other
workers (3, 5) have shown that both types of
beet pulp have been comparable to grains in
milk produetion value when fed up to 60%
of the concentrate mixture.

Holden (4) and Maynard and co-workers
(9) found no effect upon the performance of
fattening lambs when one-half of the corn was
replaced with either plain or molasses dried
beet pulp. Singleton et al. (10) found molasses
beet pulp to be worth 97 to 1119 of barley

when fed at various levels up to 509 of fatten-
g rations for cattle.

Recently, Lofgreen et al. (6) reported that
for steers CSE beet pulp had a lower net
energy value than molasses beet pulp but, in
this case, palatability problems were encoun-
tered. In the present study with lactating cows
and lower levels of feeding CSF dried beet
pulp, there were no problems with palatability.
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DIGESTIBILITY OF ALFALFA HAY AND REED CANARY GRASS HHAY

MEASURED BY TWO PROCEDURES'!

J. G. ARCHIBALD,” II. D. BARNES, II. FENNER, axp B. GERSTEN

Department of Animal and Dairy Science
Massachusetts Agricultural Experiment Station, Amherst

SUMMARY

A feeding trial with four mature, rumen-fistulated cows was conducted using
alfalfa and reed canary hay as the sole ration. Digestibility was determined by
the total feces collection procedure and by the dacron bag technique.

Results of the fodder analysis plus cellulose, lignin, pentosans, and gross
energy showed that the only significant differences in composition between the
two hays were in lignin and pentfosans.

Reed canary hay proved more digestible than alfalfa in all entities determined
except protein, nitrogen-free extract, and lignin. But only the differences of
crude fiber and cellulose digestibility were significant. This confirms the results
of a previous study with alfalfa and timothy hay (1).

There was no significant differences between individual cows in their ability
to digest the two hays. The only significant difference between breeds was in the
digestion of fiber; average for the Ayrshire cows was 76.0%, for the Holsteins
70.29 (P < .05).

Considerably greater digestibility of erude protein, N-free extract, ether ex-
tract, energy, and lignin, and a lesser digestibility of crude fiber with the dacron
bag technique, led to the tentative conclusion that the conventional procedure
of a total collection digestion trial is the more reliable method for determining
the digestibility of forages. A significant inverse relationship hetween lignin
content of hay and its digestibility, and a possible direct relationship between
pentosan content and digestibility, suggest that more rapid evaluation of for-
ages may possibly be achieved through research to simplify and shorten present

methods for determination of these two constituents.

A second study has been completed on the
evaluation of hays by two procedures deseribed
in detail in a recent publication (1). The ob-
jeet of the study has been to investigate some
of the differences in composition and digesti-
bility between alfalfa and certain grasses when
fed as hays to dairy cows. The previous study
concerned alfalfa and timothy hay. This year
the comparison has been between alfalfa hay
and reed canary grass hay (Phalaris arundi-
nacea).

EXPERIMENTAL PROCEDURE

Four mature, farrow, rumen-fistulated cows
(two Ayrshires and two Holsteins) have been
the subjects. The cows were divided into pairs,
one of each breed to a pair, and were fed

Received for publication May 19, 1962.

! Contribution No. 1325 of the Massachusetts
Agricultural Experiment Station.

2 Retired, June 30, 1961; present address: West
Chesterfield, New Hampshire.
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altfalfa and reed canary grass hays by a re-
peated switchback system for four 5-wk periods
beginning October 16 and ending March 10.
The last three weeks of each 5-wk period con-
stituted the data collection period. The alfalfa
hay was predominantly third-cutting and was
grown on the University farm, and the reed
canary hay was mostly second-cutting, raised
on heavily fertilized river bottom land on a
farm in a neighboring township on plots estab-
lished and supervised by the Agronomy De-
partment* of the experiment station. Hay fed
at a daily rate of 29, of the animal’s body
weight and a salt-dicalecium phosphate mixture
constituted the sole ration.

Conventional digestion trials involving total
feces colleetion were conducted during the last

? Grateful acknowledgment is made of the coop-
cration of Professor M. L. Blaisdell, Farm Super-
intendent B. L. Hilton, Professor R. A. Southwick,
and Dr. W. G. Colby, who furnished the forage
for these trials.
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TABLE 1
Average composition of hays fed
Crude N-free Ether

Kind of Dry pro- Crude  ex- ex- Cellu-  Lig- Pento-  Gross
hay matter tein fiber tract tract  Ash  Sugar lose nin  sans energy
(therms

(Ve )— per

100 1b)

Alfalfa 89.6 19.0 29.7 39.7 2.1 9.5 4.2  19.2 9.5 153 199.2

Reed canary

grass 89.2 21.3 29.1 372 2.3 10.1 4.0 20:3 5.6 19.0 198.7

The difference

ten days of each 5-wk period. Inflatable rubber
catheters were used to separate urine and feces.
Procedures and analytical methods were iden-
tical with those deseribed and listed in an
earlier report (1).

During the first ten days of each collection
period four dacron bags each containing 30 g
of the hay being fed to each cow at the time
were placed in each cow’s rumen and removed
after 48 hr. This procedure was described
previously (1).

RESULTS AND DISCUSSION

Average composition of the hays is given in
Table 1. The only significant differences were
in the content of lignin and pentosans. Worthy
of mention is the very high protein content of
the canary grass, due presumably to liberal ap-
plication of nitrogen fertilizer. The true pro-
tein was determined and found to be 15.89%,
or 74.19, of the total.

Values for digestibility of nine different en-
tities in the hays by both procedures are sum-
marized in Table 2. By the conventional pro-
cedure, the canary s hay was more di-

»
g1

The difference in lignin content is very highly significant: P < .001.
in pentosan content is significant at the 5% level.

gestible than the alfalta hay in all entities
except protein, nitrogen-free extract, and lig-
nin (the lignin values are highly questionable).
Results from the rumen technique (dacron
bags) show the same general trend. The whole
picture is very similar to the results previously
obtained with alfalfa and timothy hays. There
is the same striking difference in digestibility
of fiber and cellulose in favor of the grass hay,
accompanied by somewhat smaller but still very
significant differences in digestibility of energy
and pentosans.

Statistical analysis of the results shows that
there was no significant difference hetween
breeds for any of the entities determined by
the rumen digestion (dacron bag) technique,
and only one instance of significance in the
results from the conventional procedure. This
was for fiber in canary grass, of which the Ayr-
shire cows digested on the average 76.09,
whereas the Holsteins digested 70.29%, a dif-
ference significant at the 59 level. Since only
two animals of each breed have been used,
this statement is not qualified.

Mention was made in an earlier report (1)

TABLE 2
Digestibility of alfalfa and Reed canary grass hay by total collection and dacron bag technique

Total feces collection procedure

Dacron bag technique

Canary Canary
Entity Alfalfa grass Difference Alfalfa grass Difference

Dry matter 1.7 68.3 = 2.0 + 0.8 73.0 £ 0.5 76.7 = 0.3 Sl 0 il
Crude protein 0.9 76.9 = 1.2 — 0.8 90.6 = 0.3 89.5 = 0.7 = 1d
Crude fiber 21 735316 +18.1*** 449 = 1.8 67.6+ 1.2 +28,7%**
N-free extract 5 64.7 = 2.8 =10.2** 79.7T =% 1.1 72,9 = 0.9 — 16, 8% **
Ether extract 1 39.8 £ 4.8 + 0.9 779 =38 81.9x3.0 + 4.0
Energy 9 64.8 + 2.6 - 0.4 70.8 =1.2 75.3 £ 1.0 + 4 GxEx
Cellulose g 741 %18 +16.7*** 514+ 11 67.6+ 0.9 +16.2%%%
Lignin .6 6.3 £ 4.1 5.9 30534 33.5x5.1 — 3.0
Pentosans o 71.0 = 1.9 3.5 61.6 = 1.3  66.7 £ 1.0 =t 19 X

* Significant—P < .05.

** Highly significant—P < .01.

*** Very highly significant—P <.005 and in some cases < .001.
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of the considerable differences in results be-
tween the two methods employed for measuring
digestibility, and explanations for the differ-
ences were suggested. Very similar differences
are noted again (see Table 2). Since the con-
ventional (total feces collection) procedure is
more truly representative of the entire process
of digestion, it appears that results from it
may be of more value in practice than those
obtained by the rumen digestion technique.
This would be especially true of the marked
increase in protein digestibility and the very
considerable decrease in digestibility of the
structural carbohydrates (fiber, cellulose, and
pentosans), noted with the dacron bag tech-
nique. The drawback with the conventional
procedure is, of course, the much greater cost
in time and equipment. Such a situation spurs
the search for simpler means of correctly eval-
uating forages.

In this connection some correlation coeffi-
cients were calculated between content of cer-
tain constituents of the hays and their dry
matter digestibility. The only highly significant
relationship was between lignin content of hay
and its dry matter digestibility (r = —.54, df
31, P < .01). Unfortunately, the determination
of lignin is so time-consuming that it does not
lend itself to routine evaluation of large num-

J. G. ARCHIBALD ET AL

bers of samples. Sullivan’s method (2), which
has been employed in our work for the past
2 yr, shows some improvement in this respect
over older methods. The inverse relationship
between lignin and digestible dry matter when
this method was used was of slightly higher
magnitude (r = —.60, df 15, P < .01) than
when all our results for the past six seasons
were pooled.

There is a suggestion from some of our
recent work (1959-1961) that pentosan content
of hay may be related to dry matter digesti-
bility. The correlation coefficient for the 1959-
1960 lots of hay was » = 0.86, (df 7, P < .01).
For the two seasons combined (1959-1961) it
was only r = 0.34, (df 15, P < .05). Research
to simplify and shorten present methods for
determination of lignin and pentosans should
prove fruitful.
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EFFECTS OF LEVEL OF HERD ENVIRONMENT. 1.

RELATIO

SHIP BETWEEN YIELD AND AGE!

C. G. HICKMAN
Canada Department of Agriculture, Ottawa, Ontario

SUMMARY

Milk records in herds producing at high, medium, and low levels were
analyzed for biases in adjustments for age at freshening. A highly significant
relationship between age of cow and yield remained in the age-corrected records
at all levels of environment. The bias appeared to be less marked in the high-
environment herds for milk production but not for fat production. However,
this apparent change in the yield-age relationship with inereasing herd environ-
ment was not statistically significant. A method for predieting first-lactation
from herd yield at older ages to minimize this bias and, at the same time, to
provide a more efficient use of first-lactation records for sire evaluation in

small herds is described.

The usefulness of records from all cows for
sire evaluation depends in large part on the
possibility of removing the intraherd effects of
(1) age and (2) seleetion on level of produc-
tion. Many studies have been reported on
age-correction procedures (3, 6, 7-9, 12, 14),
but probably the most important is that of
Lush and Shrode (8), which indicates that
under practical conditions, the relationship
between yield and age cannot be estimated
without bias. Culling removes the lower pro-
ducers at young ages, and production figures
available for estimating age effects are higher
than they should be for the older animals. If
only repeated records are used, the production
at young ages is higher than it should be in
relation to subsequent production. Hickman
and Henderson (6) found a negative correla-
tion between the level of first-lactation produc-
tion and increase from first to second lactation,
using records adjusted for age by the mature-
equivalent method. Searle (13), using actual
records, found a positive correlation for the
same variables. This reversal of results can be
explained by the biases introduced with the
process of applying age-correction, because rec-
ords in high-producing herds are over-correeted
and those in low-producing herds are under-
corrected. This produces a relationship between
vield and age for corrected records which is
reverse in sign to that for uncorrected records.
These relationships are indications of an inter-
action between level of herd production and
relationship between yield and age.

Received for publication April 5, 1962.

! Contribution No. 105, Animal Research Insti-
tute, Ottawa, Ontario, Canada.

The division of data by levels of herd pro-
duction introduces statistical problems, if the
data to be analyzed are used for the establish-
ment of levels. The objective should be to sort
the herds on some eriterion referring to man-
agement or fteeding levels. Various such fae-
tors were studied by Bayley and Heizer (1, 2).
Of the 20 management influences they studied,
12 had no prediction value for level of herd
production. Level of feeding was significantly
correlated with herd yield, but the correlations
were small for all influences considered. It is
known that the average genetic differences
among herds is small (11). Apparently, the
ause of difference in herd production is not
casily identified and may bhe explained largely
by herdmanship which ecannot he measured
ohjectively.

Division of herds by level of environment.
Canadian Record of Performance (R.O.P.)
first-lactation age-corrected milk records started
during 1958 were used to caleulate averages of
production for all herds. These were multi-
plied by the inverse of the intraherd variance,
to stabilize the variance for differences in herd
size. The adjusted herd averages were ranked
in order of magnitude and the rank order was
recorded on the herd summary cards. These
cards were then merged by herd number with
all records reported in the previous year (1957),
and the rank order was transposed to these
records, making possible division into equally
sized groups of high, medium, and low environ-
mental levels. Thus, the first-lactation records
used to establish herd level were by cows that
could not appear in the data to be analyzed
and, therefore, the two sets of records are inde-
pendent, except for whatever is common in the

861
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TABLE 1
Performance in three levels of environment
High Medium Low Over-all
Age-corrected milk production (B.C.A.) 104.0 100.0 96.0 101.2
Age-corrected fat production (B.C.A.) 105.0 100.0 96.0 101.8
Average age at freshening (10 days) 168.0 168.0 170.0 168.8
Variance of milk production 409.5 392.5 404.6 414.6
Variance of fat production 468.6 453.9 463.6 462.3
Variance of age (100 days) 6,724.5 6,290.5 6,388.3 6,513.9
Number of records 9,195 6,300 4,572 20,063
two periods of time that contributes to differ- the same herds in the succeeding year into

ence in herd level of produetion.

Averages and variances of the data studied
in terms of age-corrected Breed Class Average
Indexes (10) for milk and fat production in
the three environments are given in Table 1.
This age-correction procedure expresses cor-
rected records as a coefficient which ideally
averages 100. These coefficients are obtained
by dividing actual yields by production stand-
ards established nationally for all ages at calv-
ing. It is obvious from Table 1 that the method
applied was successful in bringing about three
different production levels, although the records
analyzed were not used to establish the differ-
ences. The levels of age-corrected production
in the directly sorted first-lactation milk records
were 102.3, 95.6, and 90.9, or a range of 11.4
units, in contrast to a range of 8.0 units in
the previous year's production in the same
herde.

There is a regression towards the population
mean in herd level at 1 yr, with sorting on
herd level in an adjacent year. As would be
expected, the differences among the levels in
the data studied are not as large as was accom-
plished by directly sorting production from

groups of high, medium, and low level. They
are considered to be as large as might oceur
among progeny of bulls used over several herds
in artificial insemination and, therefore, for
practical purposes would relate to extreme
biases in bull tests. The variances in Table 2
show a slightly smaller variability of produc-
tion and age for the medium environment than
for the high and low groups. This may be ex-
pected hecause, in dividing a normally dis-
tributed variable into equal-numbered, high-
medium, and low groups, the medium group
has the smallest range of variation. However,
overlapping occurred among the high, medium,
and low groups studied because they were not
directly sorted but were, instead, grouped by
ranking of performance in a succeeding year of
performance in the same herds. Therefore, the
differences among the variances would be less
without such overlapping and the variances
are more realistic than when no overlapping
exists, as in the case with the direet-sort method.
The present method does not completely solve
the problem of the method of sorting affecting
the results, but it is probably the most suitable
method available for using herd data to char-

TABLE 2

Tests of significance for heterogeneity of individual regressions of age-corrected milk and

fat yield on age at freshening for three levels of environment

Mean
squares F
Source of Degree of = —_—
variance freedom Fat Milk Fat Milk
1 Total 20,062 477 415
2 Reduetion from estimating three
regressions 6 3,454 6,675
3 Residual or error variance 20,056 476 412
4 Reduction from estimating one
regression 2 9,926 18,717 20.85%% 45.43%*
5 Residual (1-4) 20,060 476 413
6 Difference between the individual
and single regressions 4 219 653 0.46 1.58

** Highly significant mean square.
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acterize herds by level of management and nu- 0~ s PUITERFAT PRODLCTION
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o o MED. HERDS,
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Regression of yield on age. Since all records ¢ AL HEROS
available had already been adjusted for age, 2
these age-corrected records, rather than the g
actual records, were analyzed. This made pos- 3z - P
sible examining biases in the present ace-corree- % g T T
tion method, as well as studying the level of g I “>~__
environment effects. The age-correction method S TSR e -
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duction. AGE AT CALVING (UN|TS OF 10 DAYS FROM BIRTH)
A polynominal equation was fitted separately Fia. 2. Relationship between age-corrected milk

to data of the three levels of environment and
the heterogeneity of the equations tested by
analysis of variance. The regression equation
was of the following form

Y, = p+ b, + boa®,

where Y, is an age-corrected record produced
at age ¢;; p is common to all records and
simply positions the equation in the normal
range of production; b, is the linear component
of the relationship between yield and age, and
b, is the curvilinear component. These were
estimated by least-squares analysis and the
resulting three curves for milk yield and milk

fat yield in the different environments are
shown in Figures 1 and 2, respectively. The

pooled within-level variances and covariances
for vield and age were used to establish a
fourth regression for the whole population.
At face value, it appears that for milk yield
the differences between age-corrected produe-
tion at young and old ages is smaller in the
high environment than in both the medium and
low environments, but for fat yield the three
curves arve remarkably parallel. The lack of
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Fi16. 1. Relationship between age-corrected milk

vield and age at freshening in three levels of
environment.

fat yield and age at freshening in three levels of
environment.

parallelism for milk yield conforms with evi-
dence by Hickman and Henderson (6), that
the difference between age-corrected first- and
second-lactation production decreases with in-
creasing level of production. The importance
of the interaction is difficult to assess in prae-
tical terms, but an analysis of variance was
conducted to determine if the differences in
the shapes of the curves should be regarded as
real or due to sampling error. Table 2 shows
a summary of the covariance analysis and an
insignificant heterogeneity of individual re-
gressions for hoth milk and fat yield. The F
values of 1.58 for milk and 0.46 for milk fat
are decidedly insignificant. This particular test
may not he the most suitable for detecting the
only departure of parallelism which occurs
under 4 yr of age. For the whole range of
ages, the error mean square for milk yield of
413 1s reduced to 412 by using a single regres-
sion vs. an individual regression for each en-
vironment. For fat yield the error mean square
of 476 is the same after correction for either
the single or triple regression. Therefore, there
should he no gain in statistical efficiency ex-
pected from applying separate regressions for
environments differing by the magnitude indi-
cated in Table 1.

It is obvious from the significant single re-
gression that the over-all bias due to differ-
ences in age at freshening in these age-corrected
records 18 far more important than the hetero-
geneity of yield-age relationships in the present
differences of environment. The highly sig-
nificant reduction in sums of squares, due to
fitting the average within regression, may be
considered of minor practical importance; it
indicates clearly that age-correction procedures
used cannot be expected to eliminate completely
the effect of age.
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DISCUSSION

The general bias of the age-correction pro-
cedure used on these data overestimates the
production of very young and very old animals
or progeny groups of below or above average
age. Since the proportion of old animals is
very small, it is bias at the young ages which
is most important. Statistical adjustment of
vield data for differences in age requires the
application of factors which ecannot be un-
biased over extended periods of time or in
every feeding and management circumstances.
As an alternative to using age-correction pro-
cedures, there is a temptation to use only first-
lactation record for estimating breeding value
of bulls and for studies on breeding records.
The main danger here lies in the small number
of first-lactation animals per herd. The herd
size of only first-lactation animals would be
seriously low for sire evaluation it, before
eliminating all but first-lactation records, the
herd size is in the neighborhood of 20. Despite
using only first-lactation records, it is evident
from Figures 1 and 2 that if age still varies
from 2 to 3 yr among the first-lactation animals
a general advantage would remain for age-
corrected records from the young first-lacta-
tion animals. This would be particularly so
for the young animals in medium and low en-
vironments, if the interaction indicated in this
and a previous study using New York State
data is actually real. First-lactation data are
now being analyzed to determine whether selee-
tion differentials calculated in one environment
are the same in other environments.

Probably the most advanced attempts at age-
correction are those routinely applied in New
Zealand (3) and in Sweden (4). Because of
the indication of bias in age-corrected records,
these methods of calculating expectancy of pro-
duction for each herd gain importance. Such
an expectancy could be caleulated from a re-
gression of first-lactation production on the
herd average of all but first-lactation produc-
tion. A prediction of this sort would bhe re-
lated to herd production and, therefore, would
give an expected first-lactation level according
to the yield-age relationship appropriate for
different herd levels. In addition, the predic-
tion method provides a comparison where all
first-lactation animals in a herd have the same
sire; whereas, the present contemporary com-
parison procedure applied regularly to these

HICKMAN

data uses only first-lactation records and is
unable to make use of these single-sire, first-
lactation herd records.
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SYNTHESIS OF OPTIMUM FORAGE HANDLING SYSTEMS
FOR A ONE-MAN DAIRY FARM!*

D. L. ARMSTRONG,” E. T. SHAUDYS, axp J. H. SITTERLY

Department of Agricultural Economics and Rural Sociology
Ohio Agricultural Experiment Station, Wooster

SUMMARY

Linear programming techniques were used to select the forage-handling prac-
tices that would yield maximum family income from a dairy farm operation
under corn belt conditions and to consider their effect on the entire farm organi-
zation. A high level of management and dairy production was assumed. Most
phases of the dairy farm organization that could affect or be affected by the
forage-handling practices were considered. Optimum farm organizations were
developed restricted by the family labor available and selected amounts of
capital. The total acreage in the farm was found to be primarily a funection of
the available capital. Maximum family ineome was realized when the number
of cows was at the maximum permitted by the labor available on the farm.
Generally, cows contributed more to net farm income than production of grain
or hay for sale. A ration with a high proportion of grain was found to provide
the most economical source of nutrients on farms with large areas of land.
About the same number of cows was kept on the small as on the large farms but
the small farm operators used more forage in the dairy ration. A rotational
grazing program was found to be economically desirable. Further improvement
in income could be obtained by adding first a hay conditioner and second a mow
dryer. With a good yield of high-quality hay, silage was economically feasible
only if a silo was already on the farm.

Few dairymen know which of the available
forage-handling systems and practices should
be used to build the most efficient farm organi-
zation for a particular situation. Until re-
cently, only a few alternatives needed consid-
eration in making a sound selection. Today, a
farm operator is confronted with many al-
ternative forage handling techniques such as:
hay conditioning, mow drying, baling, chopping,
pelleting, green-chop pasture, rotational graz-
ing, ete. Less waste, greater ease of operation,
lower cost, and higher feeding values have been
claimed as advantages for each new practice
and technique.

Narrowing profit margins requires a dairy
farm operator to strive for and use the most
efficient farm organization and production prac-
tices possible. Forage production, harvest,

Received for publication September 18, 1961.
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storage, and feeding methods are a very impor-
tant segment of the total dairy farm operation.
New technologies are being developed each year.
The adoption of some of these new technologies
requires major revisions in the building, equip-
ment, and labor needs. Often changes in pro-
duction methods call for major capital invest-
ments that can be recovered only gradually,
over a period of years. Mistakes are costly
and may tie up capital in unprofitable facilities
and equipment that may be rendered obsolete
by more advanced technology. Both the farm
operator and the research worker find it diffi-
cult to develop and maintain the optimum
farm organization when forage-handling sys-
tems and practices are constantly changing.
To maximize income, a dairy farm operator
needs to know what his optimum farm organi-
zation is and to keep his farm developing in a
desirable manner toward that optimum organi-
zation. This requires that forage-handling sys-
tems and practices that will best meet the needs
of his farm be identified and that his farm or-
ganization be modified, from time to time, to
benefit from these new technologies as the re-
turns from using them exceed the costs.
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This study is primarily concerned with the
income-producing ability of the total farm or-
ganization as affected by selected forage-han-
dling systems and feeding programs. It is not
the intent of this study to dwell on the proh-
lems of the hay-concentrate ratios or on the
comparative advantage of one forage over an-
other. Despite the extensive research involving
forage-concentrate combinations (6, 9, 15), the
evaluations of torages and forage production
7, 8), and the economies of least-cost ra-
tions (d), little attention has been given to
how these relationships fit into a total farm
organization.

Heady et al. (3) and Westcott (14), in study-
ing optimum farm organizations and the ad-
justments due to price change and the adoption
of alternative practices, did observe changes in
the e¢rop rotation, feeding programs, and herd
size. Westeott found that buying hay and pas-
turing meadows was more profitable than re-
stricting the size of the dairy herd to the for-
age-producing capacity of the farm.

The effeet of the forage/grain substitution
rate on milk production is a matter of con-
siderable controversy. Several of the studies
mentioned show the effects of various forage,
grain ratios on milk production and the profit-
ability of high concentrate ratios when fed to
high-producing cows. Putnam and Loosli (9)
reported finding no significant difference in milk
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production when selected forage/grain ratios
were fed. Available data from studies report-
ing differences in milk production for variable
forage /grain ratios were not adequate for use
in this study.

Level of milk production per cow, size of
farm operation, land use capability, labor avail-
able, capital available, and many other factors
affect the desirability of any given production
system or practice. In the past, numerous peo-
ple have looked on the dairy herd primarily as
a heavy consumer of forage erops. However,
in some areas many changes are taking place.
In Ohio, for example, the dairy enterprise is
prominent in the corn belt section of the state.
Under corn belt conditions the most desirable
dairy farm organization and the production of
feed nutrients may be quite different from that
in other areas. The goal of this study was to
develop the dairy farm organization, with em-
phasis on forage-handling systems and praec-
tices that would maximize net income.

EXPERIMENTAL PROCEDURE

Production coefficients were obtained from
studies of existing farm operations, using a
rariety of forage-handling practices (see Table
1). A synthesized farm organization was de-
veloped using these coefficients for the purpose
of measuring the effects of selected forage-
handling systems and practices. This approach

TABLE 1

Production coefficients and e¢rop cost data used in the linear

program matrix, Western Ohio,

dairy farm operation, 1960

Crop Unit
(forn Bu
Wheat Bu
Oats Bu
Hay, 1 cutting * Ton
Hay, 2 cutting * Ton
Hay, 3 cutting ! Ton
Grass silage (1st eut only) Ton
Corn silage Ton
Pasture (Conv.) AUGD "
Pasture (Rotation-grazed) AUGD "
Pasture (Green-chopped) AUGD "

Annual
costs per  Man hours
Yield * Price ” acre © per acre
80 £55.00 7.0
30 39.79 6.1
60 43.48 6.4
2.0 18.65 4.2
3.0 27.05 6.7
3.8 34.58 8.9
6.0 e— 27.25 7.9
16 U 84.13 10.0
167 7.09 1.6
208 10.88 8.2
233

2152 +.7

* Crop yields were 309% above county average.

" Selling price:

buying price was 15% higher than selling price.
Annual costs as presented do not include land or labor costs.
" Annual costs for harvesting hay with a ficld chopper. The cost per ton of harvesting

hay with a baler was $1.69 higher, a field conditioner $1.08 higher, and a mow dryer $2.02

higher than for harvesting hay with a field chopper.

A ton of ficld-conditioned hay was

equivalent to 1.1 T and a ton of conditioned-mow dryed hay was equivalent to 1.3 T of field-

cured hay.
¢ Animal unit grazing day.
Source:

Blosser (1) and studies related to the Ohio Agricultural Experiment Station

Study, An Analysis and Comparison of the Economics of Forage Management Systems.
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enabled the researcher to eliminate the effect
of such factors as variation in the amount of
apital available, existing buildings, faecilities
and institutions (habit or precedent), diversi-
fication, and varied levels of production effi-
ciency. The elimination of these kinds of
variations and restrictions permitted an opti-
mum farm organization to be considered and
one that would be most desirable from its abil-
ity to produce family income. This method
permitted a farm to be organized by starting
with bare land and adding the most efficient
improvements and facilities presently available.

Land use capability, crop yields, and land
ralues used in this study were based on those
found in eight west-central Ohio corn belt
counties.” In this area dairying accounted for
219% of cash farm receipts in 1961 and was
one of the more important livestock enterprises.

Optimum farm organizations were developed
for selected production possibilities and re-
sources available by the use of linear pro-
graming. The optimum organization was de-
fined as the one yielding the maximum farm
family income. More than 80 different possible
farm production activities and price relation-
ships were considered, using the IBM 704 com-
puter.

Linear programing is basically a system of
comparing many repetitive budgets. It em-
bodies solving a series of simultaneous equa-
tions to allocate limited resources among given
activities or uses. The most profitable activities
are used to the maximum extent permitted by
the most limiting factor needed for produection.
After the limiting factors are fully consumed,
substitution of other available inputs will be
made until the most profitable resource allo-
cation is achieved. The allocation of each unit
ot a resource used is made by determining the
production activity that yields the highest pos-
sible net return.

Forage-handling systems were developed
with a given availability of labor and eapital.
Starting with land (without buildings or fence
improvement) the entire farm organization
was developed until the limiting factors of
labor and capital were exhausted. Kach pro-
duction activity included the resources required,
such as labor, capital, buildings, fence, and
equipment for the operation of the farm.

Although primary emphasis was on the for-
age program, other phases of the farm organi-
zations were considered in developing a work-

®The counties were: Auglaize, Champaign,
Clark, Darke, Logan, Mercer, Miami, and Shelby.
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able farm operation. The following assump-
tions and restrictions were imposed:

(a) The farm operator was assumed willing
to use the forage system that would yield
maximum family income.

The ability of the operator was reflected
in the production coefficients used. The
coefficients were typical for the upper
one-sixth of the western Ohio (corn belt)
dairymen.

(b

S

(¢) Productive family and operator labor
available was limited to 3,600 man-hours
each year (2,600 operator, 600 family,
400 hired). Hired labor was available
only from June 1 to September 1.

(d) Land was valued at $180 per acre for
commerecial farm land without buildings
or fence improvements. Improvements
would add $125-$175 per acre. Build-
ings and improvements were excluded
to eliminate the prejudice existing fa-
cilities would have on the optimum or-
ganization.

(e) Seventy-seven per cent of the land area
was cropped and 109, was in permanent
pasture. The remaining 139, was used
for farmstead, roads, lanes, and woods.

(f) Rotational limits were established based
on agronomie recommendations which
set the lower limit for meadow at 209,
(C-C-C-SG-M) and an upper limit of
609 (C-SG-M-M-M).

(g) The purchase of top-quality hay (equiva-
lent to conditioned—mow dried hay) was
limited to 20 T per year. Undoubtedly,
more hay could be purchased, but it was
considered unrealistic to assume that
more than 20 T of the quality of hay
needed for high-producing cows would
be available.

(h) One ton of conditioned hay was con-
sidered equivalent to 1.1 T of field-cured
hay, and conditioned—mow dried hay was
considered equivalent to 1.3 T of field-
cured hay (11, 13).

(i) At least 75 T of silage had to be pro-
duced hefore it was economically feasible
to provide silage storage facilities.

(j) Wheat was planted to the extent of the
allotment and sold as a cash crop. Oats
were planted to complete the small grain
in the rotation.

(k) Dairying was the only livestock enter-
prise considered. Grain and hay could
be purchased or sold.

(1) Each dairy unit consisted of one cow,
producing 12,500 1b of 3.59% milk plus
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A cow would remain in
the milking herd 4 yr. A parlor-pen
system, bulk-handling, Grade A fluid
milk was assumed. The blend price,
minus handling, for milk sold in the
Dayton-Springfield market was used.

(m) Daily feed intake was assumed to be
26.8 1b of total digestible nutrients per
cow and replacement. (This is 115%
of Morrison’s feeding standards.) The
ration was determined within the fol-
lowing limits: a) nutritive requirement,
b) stomach capacity (25 lb hay, 75 1b
silage, 30 1b grain, or 250 lb green chop
per day), ¢) a minimum of 6-8 1b of
concentrates per cow per day, d) maxi-
mum grain ration is 102 bu of corn,
minimum grain ration is 65 bu of corn;
within these limits grain could substi-
tute at a constant rate (based on TDN)
for forage (9); e) 400 lb protein sup-
plement per cow annually; and f) a
minimum of 6-8 1b of dry matter from
roughage per cow per day.

replacements.

RESULTS AND DISCUSSION

Three levels of available capital were con-
sidered: $120,000, $95,000, and $85,000 (See
Table 2). Capital included money needed to
acquire and operate the entire farm business
for 1 yr (see appendix).

$120,000 of capital. Available labor was
found to be the only limiting factor at the

D. L. ARMSTRONG, E. T. SHAUDYS, AND J. H. SITTERLY

$120,000 level. As long as the return to ecap-
ital exceeded the interest rate (69%), addi-
tional capital was employed until all of the
available labor (3,600 hr) was used. The re-
sulting farm organization included 204 acres
of land and 35 cows in milk. A considerable
amount of grain was produced and sold on
this farm. The grain sold included all of the
wheat that could be produced under the allot-
ment, 4,938 bu of corn and 294 bu of oats.
Family income received was $7,527 annually.
The optimum ration at this level of available
capital included 82 bu of corn per cow and
replacement annually. Hay was fed as the only
harvested forage and econventional grazing
of pasture was selected.

$95,000 of capital. At the $95,000 level, cap-
ital was the limiting factor. The farm size was
reduced to 133 acres and 37 cows in milk were
kept. Family income earned was $5,977, or
$1,550 less than at the $120,000 capital level
and 3,384 hr of labor were productively em-
ployed. Three bushels less corn but more forage
in the form of hay and silage were fed per cow
and eropland pasture was rotationally grazed.

$85,000 of capital. When available capital
was restricted to $85,000 the acreage in the
farm was reduced further to 104 acres, and 33
cows in milk were maintained. Three thousand
eighteen hours of labor were productively em-
ployed and $5,331 of family income was earned
annually. At this level of capital, 65 bu of
corn were fed per cow but more hay, silage,

TABLE 2

Optimum forage system and herd size for a one-man family dairy operation for selected levels
of capital available, Western Ohio, 1960

Capital *

Ttem Unit $120,000 $95,000 $85,000
Cows in milk Cow 35 37 33
Size of farm Acre 204 133 104
Basie erop rotation C-C-C-8G-M C-C-8G-M-M  (C-8SG-M-M-M
Corn per cow Bu 82 79 65
Hay per cow ” Ton 3.2 cAlg 2.0
Pasture day per cow © AUGD 142 160 180
Corn silage per cow ¢ Ton 2.1 3.8
Supplement per cow Pounds 400 400 400
Straw bought Ton 14 28 25
Corn sold Bu 4,938
Oats sold Bu 294 192 170
Labor used Hour 3,600° 3,384 3,018
Family labor and management

income Dollar $7,527.02 $5,977.58 $5,331.75

2 Total capital outlay mneeded to implement system at new prices.

* Conditioned and mow-dried.

¢ Pasture conventionally grazed with $120,000 of capital and rotationally grazed at other

levels of capital available.
4 Stored in bunker silos.
¢ Total hours of labor available.
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and pasture were fed. The pasture was rota-
tion-grazed.

The number of cows kept in the herd was
affected hoth by the amount of labor and by
capital available. Generally, it was most profit-
able to maintain as many cows as could be
finaneed and cared for during periods of crit-
ical labor demand. At hoth the $85,000 and
$95,000 levels, capital availability rather than
labor, determined cow numbers. More labor
was available than could be wused pro-
ductively and was not the most limiting factor
at these levels of available capital. Cow num-
bers were increased from 33 head at the $85,000
capital level to 37 head at the $95,000 level.
At the $95,000 level 216 hours of available
labor still remained unemployed on the farm
and could have been used to increase family
income if more capital had been available.

Cows kept for milk were reduced to 35 head
at the $120,000 level of available capital. All
of the available labor (3,600 hr) was employed
at this level, but cow numbers were reduced
by two head and a cash grain enterprise was
added to the farm organization. More cows
could have been financed. However, this would
have utilized all of the available labor with
something less than $120,000 of capital and
would have yielded less family income. When
labor rather than capital became the limiting
resource, capital was combined with labor as
long as the earnings on the added capital used
exceeded its market cost of 69.

The maximum family income was earned at
the $120,000 level of capital availability when
a cash grain enterprise was combined with the
dairy under corn belt conditions.

High-producing cows were indeed a worthy
competitor for the cash grain enterprise. This
was demonstrated by the slight reduction in
cow numbers that took place as the available
capital decreased. If additional labor could
have been obtained during the periods of crit-
ical labor demand, it would have been eco-
nomically desirable to have inereased cow num-
bers. Although a production activity can be
handled easily throughout the entire year ex-
cept for one period it is, in faect, this eritical
period that governs the total amount of pro-
duction that can be carried on.

Farm acreage was primarily a function of
available capital. The rotation and, conse-
quently, the dairy ration became a function of
the relative availability of labor and capital.
A rotation of C-C-C-SG-M was used at the
$120,000 capital level and a rotation of C-SG-
M-M-M at the $85,000 capital level. More nu-
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trients could bhe produced in the form of grain
than in the form of forage with the relatively
limited labor available on the large well-financed
farm. A small farm operator had more labor
available relative to capital and land, so more
of the available labor was used for forage
production (a heavy labor consuming enter-
prise) than for grain on a limited acreage. A
heavy grain rotation would have employed
fewer hours of labor on the small farm than
the heavy forage rotation. Conversely, the
available labor on a large farm could not have
handled the work load of a heavy forage rota-
tion.

Comparison of forage systems. Six alterna-
tive forage systems were compared at the
$95,000 capital level, to determine the effect that
various forage systems would have on herd
size, farm size, and family income. Farm size,
number of cows in the herd, and family income
were similar for all six systems.

Chopping hay was selected by the computer
in preference to baling, when no restrictions
were put on the harvesting system. Yields were
identical in each ecase, but baling costs and
labor requirements were slightly higher than
for chopping.

The improved quality of hay from the use
of the hay conditioner and mow dryer more
than offset the added costs. Income was in-
creased by the addition of these practices. An-
other very real advantage of this equipment
is that risk of weather damage is reduced.

Additional hay was purchased in three of
the forage systems considered (see Table 3).
It was assumed that hay of comparable quality
to that made on the farm could be purchased.
Hay prices were varied with method of har-
vesting as follows: field-cured, $23 per ton;
conditioned hay, $25.50; and conditioned and
dried hay, $30. Hay would not be profitable
to purchase at a cost above $25.50 per ton.

Except when the farm size was reduced to
110 acres, and the possibility of field grazing
was withdrawn, rotational grazing of pasture
was selected by the computer for each of these
six forage systems.

The improved quality of hay obtained by
using a hay conditioner and mow dryer more
than offset the added cost. It was found that a
higher farm income could be obtained when
high-quality hay was produced than when silage
was produced and fed. Based on these find-
ings, it would be difficult to recommend build-
ing a silo on a one-man farm. When a silo
was assumed to be on the farm, corn and not
grass legume silage was selected. Corn silage



870

ARMSTRONG, K.

T. SHAUDYS,

TABLE 3

Optimum organization of a one-man dairy operation under selected forage systems,
Western Ohio, 1960

AND J. H.

(With 895,000 of capital available)

SITTERLY

Condi-
tioned,
Field-  Condi- mow-  Silage Silage
cured,  tioned dried, and and
haled baled baled baled chopped Dry lot
Item Unit hay hay hay hay * hay® system ©
Cows in milk Cow 37 38 38 39 37 39
Size of farm Acre 135 131 130 130 133 110
Corn ® Bu 90 91 89 74 80 93
Hay °© Ton 2.4 2.4 2.4 1.9 2.2 2.5
Pasture @ ° AULGD 160 157 163 157 152 148
Corn silage © Ton - _— 3.7 2
Hay purchased Ton 20 16 . 20
Straw purchased Ton 28 29 29 30 28 34
Corn purchased Bu . . . . . 1;295
Corn sold Bu 274 . 5 = =
Oats sold Bu 193 189 188 188 192 158
Labor used Hour 3,397 3,415 3,402 3,521 3,384 3,391

Family labor and
management income

005.53 $6,048.02 56,334.13 =6,051.30 =5,997.56 =5,747.10

* Hay not conditioned or mow-dried.
" Hay was conditioned and mow-dried.
¢ Included  green-chopped
grazing).

4 Limited to 110 acres.

¢ Fed per cow and replacement annually.,
! Pasture rotationally grazed.

Note:

pasture, conditioned-chopped, and mow-dried hay (no ficld

The basic crop rotation was C-C-SG-M-M, 400 1b of supplement were fed per cow

and replacement annually under all forage programs.

was selected over grass primarily because of
the relative availability of labor in September
compared to labor available and needed for
critical production in June. Although the ecost
of producing, harvesting, storing, and feeding
nutrients in the form of silage was higher
than for hay, the production of silage was more
profitable than purchasing feeds. In a brief
investigation of two-man farms it was found
to be more profitable to lower hay feeding and
increase the feeding of silage. This was due
to the greater availability of labor.

Differences in family income for the six for-
age handling systems selected were small. This
indicates that the other organizational factors
had more effect on inecomes than the choice of
forage-handling plans. Kase of handling and
other considerations associated with a system
may he more important to a farmer than the
small difference in family income.

The results do offer some guides and lead to
some conclusions with respect to the effeet avail-
ability of capital, size of farm, type of crop
production, forage-handling methods, and the
supply of labor available have on income. Farms
with limited land areas and ecapital maximized
income by marketing most of their available

family labor by producing and feeding a heavy
forage moderate grain ration. When more cap-
ital was available it was found profitable to
produce and feed more of the needed nutrients
as grain and less as forage than on corn belt
farms with limited capital. A large, well-financed
farm could maximize income by maintaining a
fair-sized dairy herd (35 cows) with a cash
grain enterprise.

Some forage-handling practices were found
to he more profitable than others. Supported
by this, and based on other studies, returns from
pasture improvement and use of controlled graz-
ing were economically desirable. The next most
desirable forage-handling practices were found
in the hay-harvesting operation. EKither a hay
conditioner or mow dryer was profitable. Im-
proved hay quality resulting from the use of
a hay conditioner was considerably greater than
its added cost, particularly for the first eutting
of hay. The use of a mow dryer was found
profitable but offered a smaller advantage than
the use of a hay conditioner.

Silage was one of the last alternatives con-
sidered under corn belt conditions and was se-
lected on small farms only after the other for-
age-handling practices had heen incorporated
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into the farm organization. On a large, well-
financed farm a silo could not be recommended
as the needed nutrients could be produced at
a lower cost in other ways. When a silo was
already on the farm, it was used and was filled
with corn silage.
APPENDIX

TYPE OF CAPITAL NEEDED AT THE $95,000 LEVEL

The total capital required was divided into
$45,000 for land and buildings, $22,000 for
machinery and equipment (new prices), $18,000
for dairy animals, and $10,000 operating cap-
ital.  Assuming that 30-359% equity is needed
in land and buildings and 609, for chattels,
$45,000 to $50,000 could be borrowed.

With a dairy operation, receipts are stable
and furnish a constant flow of income. Thus,
only abhout one-fourth, or $2,500 of the total
$10.000 operating capital needed annually,
would be required at any one time during the
vear.

This means that a minimum of $40,000 of
equity capital would be needed to establish and
operate this farm.

Equity in land and buildings . $13,500
Kquity in machinery . 13,000
Equity in livestock 11,000
Operating capital . 10,000

$47,500

Total equity .
$47,500

Borrowed capital
Total capital needed,
plus living expense

$95,000

1t used or partially depreciated machinery
were included or custom operators were em-
ployed, machinery investment might be reduced
considerably.
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INFLUX OF SODIUM THIOCYANATE INTO CEREBROSPINAL FLUID
IN NORMAL AND VITAMIN A DEFICIENT CALVES

J. BITMAN, H. C. CECIL, M. R. CONNOLLY, R. W. MILLER, M. OKAMOTO,
J. W. THOMAS,' axp T. R. WRENN

Dairy Cattle Research Branch, U. S. Department of Agriculture, Beltsville, Maryland

SUMMARY

The influx of thiocyanate ion (SCN) from the blood to the cerebrospinal
fluid (CSF) was studied in normal and vitamin A deficient Holstein calves to
provide information on the mechanism whereby the CSF pressure is increased
in vitamin A deficiency. Mean CSF pressures in the normal group during the
experiment were 97 mm, whereas the deficient animals exhibited mean pressures
of 173 mm. SCN concentrations were determined in CSF and blood samples taken
hourly during the first 9 hr and at 24, 48, 72, and 96 hr after injecting NaSCN
intravenously. While the SCN coneentrations in CSF and serum were slightly
higher in the deficient calves, CSF thiocyanate values expressed as per cent of
the serum level were very similar in both normal and deficient groups. The
kineties of penetration indieated that SCN moves from the blood stream to the
CSF at rates quantitatively similar in normal and vitamin A deficient calves.

One of the first measurable effects of vitamin
A deficiency is an increase in cerebrospinal
fluid (CSF) pressure. This was first demon-
strated in calves by Moore and Sykes (12) and
has since been confirmed by numerous workers
in a variety of species (9, 15, 19). The average
CSF pressure for calves was found to be about
105 mm of saline, and all values ranged be-
tween 80 and 150 mm (16). With progressive
avitaminosis the CSF pressure increased and
pressures of 150-300 mm were measured.

The mechanism whereby the CSF pressure
is inereased in vitamin A deficiency is not
known. Possible circumstances that could ex-
plain these differences include variations in (a)
the anatomieal space which contains the CSTF,
or (b) the biochemical constituents in the fluid,
or (¢) formation and absorption of the CSF.
Bone growth with consequent constriction of
the spinal canal has been considered an unlikely
explanation of the increased pressure (11).
Changes in the concentration of blood and CSF
constituents could produce the increased pres-
sure, due to alteration in osmotic relationships.
Several workers have examined this aspect and
no abnormalities in osmotic pressure measure-
ments or in constituents sufficient to account
for the pressure differences have been detected
(7, 8, 10, 13).

Received for publication Marech 3, 1962.

* Present address: Dairy Department, Michi-
gan State University, East Lansing, Michigan.

Many recent studies have demonstrated that
the CSTF is a secretion of the choroid plexus
and ventricles of the central nervous system
(5, 14). Constancy of the CSF pressure re-
quires maintenance of a balance hetween the
formation and removal of the fluid. Overpro-
duction or underabsorption, therefore, could
cause a greater volume of fluid in the relatively
restricted subarachnoid space and ventricles,
with a resultant inerease in CSEF pressure.
Studies of the constituents of the CSF in nor-
mal and vitamin A deficient animals have not
yvielded information indicative of differences
in the rate of formation of the CSF. These
investigations were carried out under relatively
static conditions, i.e., samples of fluid were
removed and the concentrations of some normal
substances present in the blood and CSF were
determined (7, 8, 10, 13).

Experiments have been conducted in which
the kinetics of penetration of a foreign sub-
stance from the blood into the cerebrospinal
fluid has been examined. Thiocyanate (SCN)
has been widely used as a marker and its vol-
ume of distribution (thiocyanate space) in
fluids and tissues determined. The ready pene-
tration of SCN into extracellular spaces, its
ease of determination, and its relatively slow
excretion favor its use for this purpose. The
steady-state distribution of SCN in CSF has
been found to be markedly different, however,
from that of other extracellular constituents.
Davson (3) and Wallace and Brodie (17) in-
jected NaSCN into the blood of rabbits and
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dogs, and compared the subsequent distribution
in the blood and CSF.

To provide information concerning the rate
of formation of the fluid, a study of the dy-
namices of the influx of a substance into the
CSF from the blood was undertaken in this
laboratory. Aceording to modern views of CSF
formation (4), a substance maintained at a
high concentration in the blood will appear in
the CSE by one or more of three main proe-
esses: (a) passage into the seeretory cells of
the choroid plexuses from the vascular bed and
thence into the fluid formed, (b) passage by
direct diffusion across the walls of the ventricles
and subarachnoid spaces, and (¢) passage be-
tween the secretory cells through intercellular
holes. This paper presents a study of the in-
flux of SCN into CSF in normal and vitamin
A deficient calves.

MATERIALS AND METHODS

Two separate groups of Holstein bull calves
were used in these studies:

Group 1. Eight Holstein bull calves 60 days
of age were subjected to a 90-day depletion
period to decrease body reserves of vitamin A
and carotene. The vitamin A depletion ration
consisted of timothy hay, low vitamin A grain,
and skimmilk. The feed constituents and the
blood serum of the calves were analyzed for
vitamin A and carotene. When vitamin A
values decreased to 5.0 ug/100 ml serum, the
animals were considered to be depleted. At
this point, the calves were divided into a nor-
mal control group and a vitamin A deficient
group. The normal control group ration was
thereafter supplemented with alfalfa leaf meal,
so that the calves received 45 ug of carotene
per pound body weight per day. The ration
of the vitamin A deficient group was also sup-
plemented with alfalfa leaf meal, but at a
level of 15 ug carotene per pound body weight
per day. Both groups received supplemental
sources of vitamin D (12,500 USP units per
week) and vitamin E (300 mg p-a-tocopherol
acetate per week).

Sampling of CSF was found to be more
difficult in the normal control than in the de-
ficient group and resulted in loss of some of
the animals before all of the trials could he
completed. Because of this, eight Holstein
heifers raised on diets not designed at any time
to deplete their body reserves of vitamin A
were also used as normal animals. Their av-
erage age at the time of use was six and one-
halt months. The results of the SCN distribu-
tion in these normal controls were grouped
with those of the vitamin A controls.

873

Group 2. Six Holstein bull calves 60 days of
age were subjected to a depletion period, and
a similar group of six was retained as controls.
When the serum vitamin A values of the de-
ficient group were at a level of 5.0 ug/100 ml
serum, both groups were supplemented with
alfalfa leaf meal at a rate of 10 ug carotene
per pound body weight per day for the de-
ficient, and 75 ug carotene per pound body
weight per day for the control, group.

To determine the rate of entrance from the
blood to the CSF, 300 ml of a solution con-
taining 10 g NaSCN per 100 1b body weight
were injected into the jugular vein. Due to its
relatively slow exeretion rate, a single injection
of SCN results in a fairly constant level of
SCN in the blood for several hours; continuous
infusion is, therefore, not necessary to main-
tain a steady plasma SCN concentration. CSF
samples were withdrawn by cisternal puncture
according to the method of Sykes and Moore
(16). It was found advantageous to leave the
16-gauge spinal needles, mounted with adjust-
able needle stops, in place during the course
of a trial. This avoided repeated punctures,
with attendant injury and trauma. Between
sampling intervals, a Teflon or metal plug was
inserted into the hub of the spinal needle to
prevent loss of fluid.

For the first 9 hr after the injection of
NaSCN, hourly samples of 4-5 ml CSF were
withdrawn, using a hypodermie syringe. Addi-
tional samples were taken at 24, 48, 72, and
96 hr post-injection. At the same time inter-
vals, samples of blood were withdrawn from
the jugular on the side opposite to that of the
SCN infusion. CSF pressures, when obtained,
were determined by measuring the height above
the cisterna magna to which the fluid rose in
a capillary tube attached to the needle (needle
length + height of fluid in glass capillary
tube).

Carotene in the diet was estimated spectro-
photometrically after chromatography by the
method of Wiseman, Irvin, and Moore (18).
Vitamin A in serum was estimated by a modi-
fication of the Carr-Price method (2). Carotene
in serum was extracted with Skellysolve B and
the concentration estimated at 453 mp against
appropriate standards.

SCN was determined by the method of Bowler
(1) on trichloroacetic acid filtrates of serum
and CSF. The SCN concentration was esti-
mated by colorimetriec measurement at 460 mpu
of the color complex developed by ferrie ni-
trate treatment.

Statistical comparisons were made using Stu-
dent’s “t” test.
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TABLE 1

Feeding period Serum vitamin A

Serum vitamin A and carotene depletion of calves (Group 1)

Serum carotene Body weight

(days) (ug/100 ml) (pg/100 ml) (1h)
Depletion period Cfontrol Deficient Clontrol  Deficient Control Deficient
1-29 7.0 87 79 179
30-61 6.8 59 61 254
62-68 6.6 37 30 273
69-75 7.7 36 36 286
76-82 7.6 23 23 304
83-89 5.2 19 22 284 319
Depleted 90 2.9 15 11 12 330
Supplemental period
1-30 9.8 5.8 67 26 355
31-60 10.6 4.2 60 25 396
61-90 8.1 3.3 £ 28 469
91-120 12.0 8.5 72 46 524
RESULTS A and carotene levels greatly exceeded the

Table 1 shows the serum vitamin A and caro-
tene levels and hody weights of the control
and vitamin A deficient calves of Group 1 dur-
ing the depletion and supplemental periods.
During the depletion period, vitamin A and
;arotene decreased in both control and deficient
animals. Growth of the calves in hoth groups
was similar. At the end of the 90-day deple-
tion period, serum vitamin A was 4.6 pg/100
ml and 2.9 pug/100 ml in the control and de-
ficient groups, respectively. Serum carotene
values were also very similar, being 15 and 11
wg /100 ml for the normal and deficient animals.
During the earotene supplementation period,
the serum levels were restored to 9.8 ug vita-
min A/100 ml and 67 pg carotene/100 ml in
the control group, whereas the deficient group
(low carotene supplementation) showed only
minor increases to 5.8 pg vitamin A/100 ml
and 26 pg carotene/100 ml. Serum vitamin A
and carotene values were maintained at ap-
proximately these levels during most of the
supplementation period. During this time body
weights incereased and were very similar in hoth

groups, with one exception. One deficient calf
was considerably larger (ca. 339,) than any

of the others comprising this group and was
mainly responsible for the larger mean weight
of the deficient animals. All except one of the
trials were conducted during the first 90 days
of the supplemental period.

The Holstein heifers which had not been
depleted had serum vitamin A and carotene
26.0 pug/100 ml and 282.6
#g/100 ml, respectively. These animals weighed

concentrations of
ca. 362 1b at the time of use, and were thus
similar to other controls of Group 1. However,
due to differences in diet, their serum vitamin

values shown by the bulls of Group 1 (Table
1).

Table 2 presents serum vitamin A and caro-
tene levels of the second group of control and
vitamin A deficient bull calves (Group 2) dur-
ing the depletion and supplemental periods.
The feeding regime was not designed to deplete
the control group to the extent obtained pre-
viously, and the serum values reflect this. Thus,
the deficient calves exhibited average vitamin
A and carotene values during the depletion
period which were about half those of the nor-
mal calves. During the supplemental period
in which the SCN influx experiments were con-
ducted, the deficient calves maintained low
serum coneentrations, mean values for vitamin
A and carotene being on-half to one-third
those of the control animals.

CSE pressures measured just hefore
istration of SCN (Table 3) indicated signifi-
cantly higher pressures in the deficient groups
than in the normal animals. Measurements
during the 24-96-hr post-injection period also
demonstrated much higher CSF pressures in
the deficient calves.

The serum concentration of SCN in both
normal and deficient groups remained at a
fairly constant level during the first 9 hr of the
experiment (Table 4). The deficient animals,
however, consistently exhibited SCN  concen-
trations which were about 209, higher than
the controls. Daily samples taken for four days
following the injection showed a steady decline
in SCN concentration in both groups. The de-
ficient animals in the 24-96-hr period still main-
tained higher serum concentrations. The dif-
ferences between the normal and deficient calves
at most of the time intervals were statistically
signiticant.

admin-



Feeding period

(days)

1-30
31-60
61-90
Mean

Supplemental period

1-30
31-60
61-90
91-120
121-150
151-180
181-210
211-240
241-270

Mean

PENETRATION

oFr

TABLE 2

SCN INTO CSF

Serum vitamin A and carotene depletion of calves (Group 2)

Depletion period

Scrum vitamin A
(ug/100 ml)

6.8
1.8
12.2

9.1

21
13.1
12.9
124
12.3
15.6
15.3
15.4
14.1
13.2

Control

Serum carotene
(ug/100 ml)

Deficient  Control
5.9 24
4.0 12
3.6 30
4.3 22
4.3 2
5.6 54
7.8 54
8.8 60
9.3 49
6.7 50
7.9 53
0.0 40
2.9 41
6.8 49

TABLE 3

B

ody weight

CSFE pressure in normal and vitamin A deficient calves

Time after

SCN injection

(hr)
0
24-96

Passage of SCN from blood to SCIF after intravenous injection of NaSCN into ecalves

Number of
determinations

Normal
16
12
12
11
10
10
10
7
6
13
8
7
9

Deficient

11
11
11
11
12
12
12
9
5
9
9
9
9

Hours _
after
injee- —
tion Normal

Pressure in mm CSF

Normal

97 (19)*
111 (8)

TABLE 4

* Numbers in parentheses represent number of observations.

Concentration of NaSCN

(mg/liter)

Deficient

173 (15)
195 (8)

Per cent of

serum level

Serum (Cy)

CSF (Cest)

(Cest/Ch X 100)"

532
508
518
507
524

Deficient

70
96
118
122
126
156
143
177
173
132
88
31
11

85
109
130
150
154
168
181
193
181
183
111

43

15

Normal Deficient Normal

12.6
18.4
22.8
23.6
23.9
289
29.9
33.0
30.8
27.2
29.0
18.9

276

14.1
18.0
22.2
223
26.3
28.3
30.1
31.5
30.0
35.5
27.9
14.2
10.3

* These values are the means of the ratios for individual determinations.

(1b)
Deficient Control Deficient
24 102 108
8 148 152
7 212 179
11
10 279
13 350
16 417
20 476
18 523
16 574
18 615
11 668
3 725
15
Significance
between
— — normal and
deficient
p <.001
p < .05

Deficient

(S}
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The concentration of SCN in the CSEF rose
steadily during the 9 hr after the intravenous
administration of NaSCN. The CSF concen-
trations reflect the blood content, the deficient
animals showing a higher SCN level than the
control ecalves. Clearance from the CSF from
the 9-hr level to the 96-hr period was similar
in the deficient and control calves, and no sig-
nificant differences exist in SCN content at
either 48, 72, or 96 hr.

The rate of entrance of SCN into the CSF,
when expressed as per cent of the serum level
(Table 4), was very similar in the normal and
deficient animals during the period immediately
following the injection. Thus, initial CSF-SCN
values of about 159% of the plasma level in-
creased to about 309 during the first 8 hr.
Clearance in the subsequent period, however,
was somewhat different, SCN being maintained
at a higher ratio in the normal animals. As
previously indicated, the CSF concentration of
SCN in the deficient animals was not signifi-
cantly higher than in the controls (48-96 hr).
This higher ratio, therefore, was due primarily
to a difference in removal from the blood
stream, the deficient animals elearing the SCN
at a less rapid rate than normal calves (normal
serum contains smaller per cent of original
SCN concentration than does deficient serum).

DISCUSSION

Measurements of the rate of entrance of SCN
into CSF from the blood have been made pre-
viously by Wallace and Brodie (17) in the
dog and by Davson (3) in the rabbit. In the
experiments reported here, SCN was admin-
istered to the calves on a body weight basis at
the same levels employed by Wallace and Brodie
for dogs. It is interesting to note that the
blood SCN levels attained in the dogs, 7.0/
meq/liter or 567 mg/liter (expressed as
NaSCN) are similar to those observed in the
vitamin A deficient calves and slightly higher
than the level attained in normal calves. Al-
though the blood concentrations were quite
similar in the two species, the concentration of
SCN in the CSF in dogs was one and one-half
to two times that observed in the calves. Initial
levels (1-2 hr) in calves were of the order of
100 mg/liter and at 6-8 hr were 150-200 mg/
liter; comparable concentrations in the dogs
were 150 mg/liter and 300 mg/liter, respec-
tively. These differences are reflected in the
distribution ratio for SCN in our data (r =
Ccsf
~O~— =0.30) as compared to the data of Wal-

b

lace and Brodie (r = 0.52). Davson (4) ob-
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served distribution ratios for SCN in rabbits
of 0.095 at 2 hr, which is a ratio only half that
observed in calves.

The purpose of the experiments reported here
on calves was to study the rates and amount of
SCN passing from the serum into the CSF.
Following intravenous injection SCN begins
to pass promptly into the CSF. After the
first 5 hr, SCN econcentration levels off and
remains relatively constant, being about 309%
of the serum level.

Wallace and Brodie (17) found that the
CSF-SCN concentration in dogs attained a
level of approximately 509 of the serum level
in about 4 hr. In contrast, CSF concentration
in the calves attained only about 309 of serum
levels, and this oceurred somewhat later (Table
4). As noted by Wallace and Brodie (17) and
Davson (5), the passage of SCN into the CSF
differs from the passage of SCN into other
body fluids, in that the CSF concentration
never reaches that of serum and the rate of
net entrance (bhalance between entrance and
removal) is slower.

‘When clearance from the CSF and serum
was considered by examining the rate of de-
cline of SCN on a logarithmic basis during the
24-96 hr period, the normal and vitamin A de-
ficient calves showed similar slopes.

The kineties of SCN penetration are com-
plex and are undoubtedly complicated by a
metabolic toxicity factor (4) and the extent of
plasma protein binding of SCN which effec-
tively removes it from the permeability process
(6). The steady-state kineties used by Davson
and Matchett (6) for studying penetration of
the blood-aqueous barrier have been employed
with these data, however, to determine values
for the penetration constant, k. The steady-
state distribution ratio, », was taken from the
observed values of C./C, during the first 9
hr after the injection of SCN. This value was
estimated to be 0.30 for SCN in both the nor-
mal and deficient animals, and was derived by
averaging the mean values for the 6, 7, 8, and
9 hr periods, when the CSE concentration, as
a per cent of serum level, appeared to reach

Cosr
an equilibrium. The graph of 1n| 1 — —
rCy

was then plotted against time for both the
normal and vitamin A deficient groups (Fig-
ure 1). From the slope of these plots, a value
of k= 0.0069 min™ was obtained for the defi-
cient and & = 0.0074 min™ for the normal ani-
mals, indicating a very similar rate of penetra-
tion of SCN into the CSF in vitamin A deficient
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Fi1c. 1. Penetration of sodium thiocyanate into
the cerebrospinal fluid of normal and vitamin A
deficient ealves.

calves. A tendency for SCN to adopt a tem-
porary specious steady-state, particularly in
normal ecalves, was noted at the 3-5-hr inter-
vals (Figure 1 and Table 4). The problem of
an apparent steady state has been discussed by
Davson (4).

Interpretation of these findings is difficult,
due to the complexity of the numerous factors
involved. The extent to which the differences
in CSF pressure affect rates of penetration and
SCN concentrations in blood and CSF, the
extent and rate of simple diffusion exchange,
the extent of metabolic oxidation of SCN as a
detoxification process by the nervous tissue,
the relative volumes of the compartments, the
rate of replacement of the fluid, the rate of
reabsorption and removal of the fluid, are some
of the factors contributing to CSE dynamies.

The CSF pressure differences which exist
between normal and vitamin A deficient ealves
cannot be accounted for by a difference in the
rate of penetration of a substance into the
CSF from the blood, based on these studies
utilizing SCN as a marker. If the rate of in-
flux is taken to be an approximate and indirect
measure of rate of formation of CSF, then the
results presented here indicate a somewhat
similar rate of CSF formation in normal and
vitamin A deficient calves. It should be pointed
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out, however, that these conelusions are limited
by certain of the experimental conditions:

(1) The vitamin A deficiency state studied
was a mild one. While elevated CSF pressures
were continually observed, none of the usual
clinical manifestations and symptoms of vita-
min A deficiency could be noted in the animals.

(2) Growth of the valves during the period
of investigation. The experiments, of neces-
sity, were conducted on growing immature ani-
mals, sinee major mechanical handling prob-
lems are associated with work on mature cattle.
Changes in body size and weight are undoubt-
edly mirrored in changes in CSF volumes,
spinal and brain membranes, with consequent
differences in permeability and metabolism of
the brain, choroid plexus, arachnoid villi, and
other structures involved.

(3) SCN is a nonphysiological electrolyte.
The results may be indicative of a very similar
metabolic pathway (detoxification mechanism)
for this material, even though differences in
penetration, exchange, or transport of other
electrolytes may exist.

From the limited studies reported here, it is
difficult to state which factor or combination
of factors is primarily responsible for these
findings. Additional studies are indicated, to
account for the CSF pressure differences be-
tween vitamin A deficient and normal ecalves.
Two approaches which have been explored and
which are the subject of further reports are
(a) the determination of the rate of efflux of
a substance from the CSIK and (b) direct de-
termination of the rate of CSIK replacement
and absorption.
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EFFECT OF VITAMIN A DEFICIENCY ON EFFLUX OF SODIUM
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SUMMARY

Vitamin A deficient and normal Holstein calves were studied to provide
information on the mechanism of the cerebrospinal fluid (CSF) pressure in-
crease oceurring in vitamin A deficiency. Thiocyanate (SCN) was injected into
the cisterna magna and the concentration of this marker remaining in the CSF
was estimated at 30, 60, 90, 120, 180, 240, and 300 min post-injection. Com-
parison of the SCN concentrations during the first 90 min showed similar values.
Samples taken thereafter exhibited higher values in the deficient animals.
Graphical interpretation of these data resulted in SCN disappearance rates of
3.02 X 10 mg/ml/min for the deficient group and 5.44 X 10 mg/ml/min
for the control animals. This difference would indicate a lesser reabsorption of
the CSF in the deficient calves and could also explain the higher CSF pressures
in the deficient animals—225 mm as ecompared to 96 mm.

A previous study has shown that thiocyanate
(SCN) moves from the blood stream to the
cerebrospinal fluid (CSF) at rates quantita-
tively similar in vitamin A deficient and nor-
mal calves (2). This paper concerns the fate
of SCN introduced directly into the CSF.
These studies on CSF dynamies were under-
taken to provide information on the mechanism
whereby the CSF pressure is increased in vita-
min A deficiency. Overproduction and/or un-
derabsorption of the CSF has been suggested
as the cause of the elevated pressures. Since
substances leave the CSE by absorption through
the arachnoid villi and by diffusion into central
nervous system tissue and capillaries, a measure
of the rate of disappearance of SCN from the
CSF is related to the magnitude of these routes
of absorption.

MATERIALS AND METHODS

Six Holstein bull calves 60 days of age were
subjected to a depletion period to decrease hody
reserves of vitamin A and ecarotene, and a
similar group of six was retained as controls.
The vitamin A depletion ration consisted of
timothy hay, low vitamin A grain, and dried
skimmilk. The feed constituents and the blood
serum of the calves were analyzed for vitamin
A and carotene. When the serum vitamin A
values of the deficient group were at a level
of 5.0 ug/100 ml serum, hoth groups were sup-

Received for publication March 3, 1962,

plemented daily with alfalfa leaf meal in such
quantities as to provide 10 pg ecarotene per
pound hody weight for the deficient and 75
g carotene per pound body weight for the
control group.

The deficient calves had serum vitamin A
and carotene concentrations of 4.3 and 11 pg/
100 ml, respectively, during the depletion pe-
riod, as compared to 9.1 and 22 ug/100 ml
serum for the controls. During the supple-
mental period the deficient calves maintained
low serum econcentrations, mean values being
6.8 pg vitamin A/100 ml and 15 ug carotene/
100 ml compared to control levels of 13.2 ug
vitamin A/100 ml and 49 ug carotene/100 ml.
Serum vitamin A, carotene, and CSF thioeya-
nate concentrations were determined according
to the procedures previously deseribed (2).

The efflux experiments were conducted in
both control and deficient calves during the
supplemental period. The average age of the
animals at the time when the experiments were
conducted was six and one-half months. The
average body weight at the time of use was
428 and 424 lb for the control and deficient
calves, respectively (range 352-583 b control
and 370-655 1h deficient).

The animals were placed in a eommercial
cattle-restraining chute during the course of
each efflux trial. A steel grid was fixed in a
vertical plane 2 ft in front of the chute and
the horns and nose of the calf tied firmly to
the crosshars of the grid. After the punctures
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TABLE 1
Efflux of SCN from CSF
Concentration of SCN in CSF after intracisternal injection
mm mg
CSF NaSCN
pres- in- .
No. sure jected SCN Concentration mg/100 ml
Time in minutes after injection
30 60 90 120 180 240 300
Control 15 96 214 164 108 70 56 28 14 9
Deficient 13 225 212 157 99 72 45 35 23 13
p Control vs. deficient <.001 NS NS NS <.05 <.05 <.005 <.05

were made, the adjustable walls of the chute
were released so that the calf could stand nat-
urally with only its head tightly restrained.
The grid could be lowered or raised to insure
that the cisterna magna was at the same height
as the rest of the spinal column for accurate
CSF pressure determinations. The use of this
apparatus made it possible to conduct these ex-
periments with only two operators.

A 16-gauge Touhy spinal needle, three and
one-half inches long with Huber point, was
introduced into the cisterna magna and allowed
to remain in place during the 5-6 hr course
of the trial. An adjustable needle-stop pre-
vented the needle from penetrating beyond the
cisterna. A two-way metal stopeock was added
to the hub of the spinal needle and provided
a means of closing the column and measuring
pressure as well as injecting and withdrawing
fluid.

After measurement of the preinjection CSF
pressure, 5.0 ml of CSF were withdrawn into
a syringe. Three milliliters of an aqueous solu-
tion of NaSCN, containing 50 mg NaSCN /100
Ib body weight, were then injected into the
cisterna magna of the calves to study disap-
pearance from the CSF. TFollowing this, 2.0
ml of the withdrawn CSF were injected to
rinse out the stopcock and needle. Three-milli-
liter samples of CSKF were then withdrawn at
30, 60, 90, 120, 180, 240, and 300 min after the
SCN injection. Two blood samples were taken
at 120 and 300 min after SCN administration,
but serum concentrations of SCN were either
negligible or zero.

Statistical comparisons were made using
Student’s “t” test.

RESULTS AND DISCUSSION
Comparison of SCN concentrations between
control and deficient groups at each time inter-
val during the first 90 min after intracisternal

administration of NaSCN (Table 1) showed
essentially similar values.

Samples taken after 90 min showed signifi-
cantly higher coneentrations in the deficient
animals. Figure 1 illustrates the kineties of
the efflux of SCN from the CSF. It appears
that SCN leaves the cisternal compartment by
a multiple exponential process, and two single
exponentials are apparent, giving a rapid and
a slow rate of absorption. The rapid com-
ponents are essentially the same in the vitamin
A deficient and normal animals. The slow
component of the deficient group shows a
retardation, thereby indicating a slower rate
of absorption. Extrapolation of the second
slower slope to zero time indicates a decrease
in SCN concentration of 3.02 X 107 mg/ml/
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F1¢. 1. Disappearance of sodium thiocyanate

from the cerebrospinal fluid in normal and vita-
min A deficient calves.
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min for the deficient animals and 5.44 X 107°
mg/ml/min for the control animals. This ex-
trapolation also provided a means of estimating
cerebrospinal fluid volume. Caleulations uti-
lizing these concentrations and the mean amount
of NaSCN administered yielded an estimate of
124 ml for CSF volume in the normal animals
and 202 ml for CSF volume in the deficient
calves. Extrapolation of the slopes to yield
an estimate of CSF volume, however, may be
fallacious and is confounded by the different
rates of absorption occurring concomitantly.

The observed slower rate of efflux of SCN in
vitamin A deficient calves as compared to con-
trols is in contrast to the results obtained in
influx experiments utilizing the same marker.
The rate of penetration of SCN into the CSF
from the blood stream was found to be similar
in a previous study (2). Bowsher (3) has dis-
cussed this possibility: “It must be remembered
that, in studies of the rates of appearance in,
and disappearance from, cerebrospinal fluid
of various substances, times measured for rates
of disappearance following introduction by sub-
stances into cerebrospinal fluid are absolute,
while times of appearance are only relative to
the rate of concurrent disappearance.” In
hydrocephalus, a condition in which the quan-
tity and pressure of the CSF are both in excess
of normal, the rate of absorption of eleetro-
lytes was found to be greatly reduced (7).
Another investigator, however, studying the
turnover of water, found no increase in the
rate of appearance in hydrocephalus (1). The
findings in this study of vitamin A deficiency
are thus somewhat similar to the results ob-
tained in hydrocephalus.

The results reported here indicate a rapid
elimination of SCN from the CSF in both nor-
mal and deficient calves, although there is a
slower rate of disappearance in vitamin A
deficiency with its elevated CSF pressures.
Other workers have demonstrated that SCN
leaves the CSF at a rapid rate. Davson (4)
found in rabbits that SCN leaves mueh more
rapidly than Na*, and concluded that metabo-
lism of the foreign material by the nervous
tissue is primarily responsible. Wallace and
Brodie (6) injected NaSCN into the cisterna
magna of a dog and found that the concentra-
tion decreased from 2.25 ug/ml at 44 min to
0.40 pug/ml at 2 hr. These concentrations are
somewhat similar to those we ohserved. At
4.25 hr, SCN concentration was 0.033 pg/ml in
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the dog, a value which appears to be much
lower than in calves at this time. Since the
results of Wallace and Brodie were obtained
in an experiment involving only one dog, com-
parisons with our results are necessarily limited.

Disappearance rates of other electrolytes
from the cerebrospinal fluid have been investi-
egated. Sweet and Locksley (7) studied the
disappearance of K, Cl, and H.;O in humans,
and found rapid rates of disappearance. Herlin
(5) also found a rapid disappearance of elec-
trolytes from the cisterna in rabbits.

Production and absorption of the CSF are
concomitant physiological processes which can
never be wholly separated. Disappearance of
an exogenous material introduced into the CSF,
however, has been assumed to yield a relative
measure of the magnitude of absorption of the
fluid (3). The retardation in the rate of SCN
disappearance from the CSF observed in vita-
min A deficient calves provides tentative evi-
dence of reduced or defective fluid absorption
in vitamin A deficiency. Underabsorption of
CS¥, therefore, may be the primary factor in
the mechanism whereby the CSE pressure is
increased in vitamin A deficiency.
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SUMMARY

Cerebrospinal fluid (CSF) replacement and ahsorption were measured in
vitamin A deficient and normal ealves. Replacement estimates involved removal
of CSF and determination of the time necessary to replace the volume removed,
and absorption estimates involved reinjection of the fluid and estimation of
the time necessary to absorb this volume. Thirty-five minutes were required to
replace the 3.0 ml of CSF in the normal animals, as compared to 15 min in the
deficient calves. When estimating absorption capacity in the deficient calves,
the CSF pressure was highly stable in 11 of the 12 experiments and the trials
were terminated between 25-60 min. With normal calves the pressures returned
to the original level in 17 min. The results suggest that underahsorption repre-
sents a greater factor than overproduction as a cause of increased CSF pressure

in vitamin A deficient calves.

One of the initial effects of vitamin A de-
ficiency is an increased cerebrospinal fluid
(CSF) pressure (8). The mechanism whereby
the increase in CST pressure is brought about
has been the subject of many previous investi-
gations. The British investigators, Millen and
Woolam (7), have reviewed their extensive
studies in rabbits and chicks on the relation-
ship of the inereased CSF pressure in the
hydrocephalus caused by vitamin A deficiency.
They have concluded that overproduction of
CSF occurred, although no measurements of
the rates of appearance or departure of CSF
constituents were made to support this in-
terpretation. Indeed, underabsorption of CSF
could have produced the same results. In this
country, a group of workers at the Storrs,
Connecticut, Agricultural Experiment Station
have investigated the osmotic relationships of
vitamin A deficiency and the CSF (5, 6). The
biochemical constituents of serum, CSF, and
aqueous humor were studied, because any
changes in eomposition could have important
osmotic effects and eould bring about the in-
creased CSE pressure. The authors concluded
that the increased CSF pressure observed in
hypovitaminotic A calves was due to a greater
volume of fluid within the spinal fluid system.
They could not distinguish between overpro-
duction or underabsorption, however, as a caus-
ative factor, and there were only very slight
changes in any of the constituents studied.

Received for publication March 3, 1962.
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Whether overproduction or underabsorption
of the CSF is the primary factor responsible
for the increase in pressure in vitamin A de-
ficiency has been difficult to determine. In pre-
vious studies from this laboratory, no differ-
ences were observed in the rate of transfer of
SCN from the blood to the CSF in normal and
vitamin A deficient calves (1). However, when
SCN was introduced direetly into the CSF, a
slower rate of disappearance was found in the
deficient animals, suggesting a slower rate of
CSF absorption (2).

The purpose of the present study was to
estimate more directly CSF replacement and
ahsorption by a technique described by Schalten-
brand (9, 10). This involves removal of CSF
and determination of the time necessary to
replace the volume removed, and secondly, re-
injection of the fluid and estimation of the
time necessary to absorb this volume.

MATERIALS AND METHODS

Treatment of the five normal and eight vita-
min A deficient calves used in these experiments
was the same as previously deseribed (2). Use
of a CSF stopcock assembly enabled CSE pres-
sure measurements to be made continuously
during withdrawal and injection of fluid (Fig-
ures 1 and 2).

Replacement of CSF. The CSF pressure
was measured, a standard volume of CSK re-
moved (3.0 ml), and the length of time neces-
sary for the CSF pressure to return to its
original level determined. The CSF pressure
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Fic. 1. Measuring the dynamies of cerebro-
spinal replacement and absorption. The ecalf’s
head is restrained tightly against the fixed iron
grid.

was measured continuously and readings taken
every 3 min (deficient) or 5 min (normal).
This return time was an estimate of the re-
placement of the volume removed.

Absorption of CSF. When stable CSF pres-
sure was reestablished, the previously removed
3.0 ml of C'SF were injected and the CSTF pres-
sure increased. The CSF pressure was meas-
ured continuously and readings were taken
every 5 min (deficient) or every minute (nor-
mal). The time taken to return to the original
pressure level was an estimate of the capacity
of ahsorption.

RESULTS AND DISCUSSION

The data in Table 1 indicate marked differ-
ences in replacement and absorption of CSF
between the normal and deficient animals.
Thirty-five minutes were required to replace
3.0 ml of CSF in normal animals &s compared
to only 15 min in the deficient calves. The rate
of replacement was thus two to two and one-
half times more rapid in the vitamin A defi-
cient calves.

Estimates of the absorption capacity indi-
cated even larger differences. In 11 of the 12
experiments in deficient calves, the pressure
remained elevated after reinjection of CSF
and did not return to the starting pressure
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during the course of the trial. The CSF pres-
sure was highly stable and, after 25-60 min,

the experiments were terminated. The mean
return time, therefore, exceeds 38.7 min and

actually represents a mean nonreturn time. It
represents an average of the time periods in
which the absorption experiments on the defi-
cient calves were terminated, the CSEF pressure
showing little or no tendency to fall from its
elevated level. The absorption in milliliters
per minute, therefore, is considerably less than
0.092, and more than 2.3 min are required to
absorb 1 ml of CSF. It was our impression
from the slight or negligible decreases in pres-
sure exhibited during the experiment that ab-
sorption was very slow in vitamin A deficient
calves.

Previous investigators have demonstrated
that the effect of withdrawal of CSF is a sud-
den fall in the fluid pressure and that injection
of fluid causes a rapid increase in CSF pres-

sure (4). These changes and the initial com-
pensatory reactions have been explained as

being due to the response of the craniospinal
vascular bed to withdrawal and injeetion of
fluid from the subarachnoid space. After the
initial vascular reaction, the subsequent re-
sponse has usually been attributed to the rate

F1a. 2. Close-up illustrating stopcock and needle
assembly. The CSF pressure has just been meas-
ured and a sample of fluid is being withdrawn.
The adjustable needle stop near the skin surface
prevents acceidental penetration of the spinal cord.
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TABLE 1
Replacement and absorption of CSF in normal and vitamin A deficient calves
I. Replacement
mm CSF Min to
No.of mm CSF pressure return to
experi- pressure ml CSF  after starting
Group ments  at start removed removal pressure ml/min min/ml
Normal 8 125 3 98 35.2 £ 14.0%* 0.101 10.38
Deficient 15 287 3 232 155 % 7.6 0.253 4.95
II. Absorption
mm CSF Min to
No.of mm CSF pressure return to
experi- pressure ml CSF  after starting
Group ments  at start injected injection pressure ml/min min/ml
Normal 8 128 3 203 171 =124 0.305 5.40
Deficient 12 282 3 366 >38.7**11.8 <0.092* >12.31*

*In 11 of 12 experiments, CSF pressure did not return to the starting pressure and re-
mained elevated. More than 38.7 min is the mean nonreturn time and absorptions in the last
two columns, therefore, are less and more than values shown.

** Standard deviation.

of production and absorption of the fluid.
Thus, the Schaltenbrand technique utilized here
includes the net effect of the vascular response
and production and absorption of fluid. The
results presented suggest that retarded or faulty
physicochemical absorption of the CSE in the
deficient calves was a greater factor than dif-
ferences observed in re-formation of CSE. The
retarded absorption ohserved in our study is
in agreement with tracer studies, indicating
that the inereased fluid and pressure in hydro-
cephalus is due to faulty absorption (3).

It is not possible to directly compare the
absorption rate for normal and vitamin A de-
ficient calves. Such comparisons of the ah-
sorption figures of Table 1 are, therefore,
misleading, because the deficient calves did
not show a return to original pressures. The
slower rate of absorption of about threefold

<.305
.092
mum, and the rate is undoubtedly retarded to a
significantly greater degree than is here indi-
cated.

If the deficient calves had exhibited absorp-
tion rates of even 0.05 ml CSF/min, this would
have resulted in some decline in CSF pressure.
The results suggest that a difference in absorp-
tion capacity represents a much larger factor
in increasing CSF pressure in vitamin A de-
ficient calves than formation of fluid. This in-
dication agrees with the previously observed
slower rate of disappearance of SCN from
the CSF in vitamin A deficient calves (2).

:3.3> would represent only a mini-
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SUMMARY

Growth data on 659 dairy calves were used to determine the effects of breed,
sex, season of birth, inbreeding, ration, and birth weight on weight gains of
dairy calves to 8 wk, six months, and 1 yr of age. Breed, sex, degree of inbreed-

ing, and ration were found to be significant sources of variation.

Effects of

season of birth were significant in the analysis of weight gains to 1 yr. Correla-
tions of birth weight with weight gains were all less than .40. Karly rate of
eain had little or no effect on later gains, age at calving, and milk produetion.
Although ecalf nutrition experiments should be designed to prevent confounding
breed, sex, and inbreeding effects with ration effects, a portion of these effects
can be removed by using birth weight as the independent variable in an analysis

of covariance.

Body weight inerease has heen used as a
measure of the adequacy of numerous calf ra-
tions and managerial systems. A number of
factors in addition to ration have been shown
to affect calf growth. Rathore (23) found sex
and breed differences in growth rate of dairy
calves, and Rollins and Guilbert (25) found
that sex and season of birth affected growth
of beef calves. There are many other similar
studies on beef calves. Baker et al. (3) and
Nelson and Lush (19) observed that growth
ate decreased as inbreeding increased.

The relationship between birth weight and
early growth rate has not heen reported on
large samples of dairy cattle. Forshaw et al.
(13) observed a correlation of 0.46 between
birth weight and weaning weight of Duroc
pigs. Dawson et al. (6) and Arizona workers
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(1) have reported growth of bheet calves to he
aseociated postively with birth weight.

Correlations of milk production with
weight, six-month body weight, mature
weight, and growth reported by Straus
Bailey and Broster (2), Plum et al. (20),
Blackmore et al. (4), and Holtz et al. (15)
were generally small and positive. Results re-
ported by Reid (24) showed no signiticant dif-
ferences in first lactation production between
heifers underfed and normally fed prior to
their first lactations. Since there were differ-
ences in growth rate, these results imply that
there is little or no relationship between growth
rate and milk production. Age at first calving,
however, was later for the underfed heifers
than for those fed more liberally.

Ohjectives of the present study were: (a)
to evaluate the effects of sex, breed, season of
birth, birth weight, and inbreeding on early
weight gains of calves; (b) to determine the
relationship of milk production to birth weight
and body weight gains.

birth
body
(26),

SOURCE AND CLASSIFICATION OF DATA

Data used in this study were collected from
experiments in calf nutrition econducted at Towa
State University from 1945 to 1954. The ra-
tions varied, but other management practices

remained relatively constant over the 9-yr
period. Each animal was classified according

to sex, hreed (Avrshire, Brown Swiss, (fuern-
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sey, Holstein, or Jersey), season of birth (win-
ter, December to February; spring, March to
May; summer, June to August; or fall, Sep-
tember to November), degree of inbreeding
(0-5, 6-109%, ...... , 26-30%, or over 309%), and
ration. Rations involved in 16 experiments were
classified into five broad types: (a) rations
containing either chlortetracycline or oxytetra-
cycline; (b) liberal milk plus hay and grain;
(e) limited milk (less than 300 lb milk per
100 Ib birth weight) plus hay and grain; (d)
milk only; and (e) rations containing un-
hydrogenated vegetable oil. Since there were
more than 40 individual rations, the classes
deseribed above are rather arbitrary groupings
and represent a gradation from the best diets
to the poorest, based on growth rate and well-
being of the calves.

There were 659 calves included in this study,
though all calves could not be included in all
of the several analyses of the data. Most of
the calves were weighed at weekly intervals up
to 8 wk of age and some were weighed at 12
and 16 wk. Only Holstein calves were rou-
tinely weighed at six and 12 months of age.
Since only a few of the calves were weighed at
all the above ages, gain from birth to 8 wk,
gain from birth to six months, and gain from
birth to 1 yr were treated separately. Inbreed-
ing occurred in the Holsteins but not in the
other breeds. The measure of birth weight
was taken at four days of age, when the calf
was removed from the dam.

ANALYSIS OF DATA

The least-squares technique described by
Kempthorne (16, chapter 6) was used to evalu-
ate simultaneously the effects of sex, breed,
season of birth, and ration on 8-wk gain and
birth weight. This allowed the effects of the
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factors to be tested for significance, both before
and after adjustment of gain values for birth
weight variation. The analysis is presented
in Table 1. Effects of sex and breed were re-
duced by adjusting to a eommon birth weight.
However, the effects of sex and breed on ad-
Jjusted gains were significant sources of varia-
tion. The method of analysis assumed no inter-
action between the main effects, but allowed
a test of the significance of pooled interactions.

Since six-month weights were available only
for Holsteins, no estimates of breed effect
could be obtained from analysis of six-month
gain data. Constants were fitted simultaneously
for birth weight, 8-wk gain, and 6-month gain,
Effects of sex, season of birth, and ration on
the variation of six-month gain, six-month gain
adjusted for birth weight, six-month gain ad-
justed for 8-wk gain (essentially a test of the
effects of the various variables on gain from
8 wk to six months of age), and six-month
gain adjusted for both birth weight and 8-wk
gain are shown in Table 2.

Most male calves left the herd between six
and 12 months of age, thus reducing further
the number of calves available for an analysis
of factors affecting 1-yr gain. Results of the
analysis of 1-yr gain data followed closely the
results of the previous analyses, except that
season of birth effects were significant (P <<
.05).

Constants derived from the three analyses
described above are shown in Table 3. These
are deviations from the general mean. An
estimate of the difference between any two
breeds is the difference between the constants
for the two breeds compared. Comparisons of
any two rations, seasons, or sexes can bhe made
in a similar manner. The differences in birth
weight associated with rations were due to

TABLE 1
Analyses of variance and covariance of birth weight and 8-wk gain

M. S.

8-wk

gain
adjusted

M. S. M. S. for

Source of birth 8-wk birth
variance d.f. weight gain weight

Season 3 103 281 245
Sex 1 7,092%* 5,409%* 2,607%**
Ration 4 158 21,886** 21,803%*
Breed 4 12,570%* 2.410%* 814%**

Interactions 122 139 288 303

458" 140 249 243

Within cells

457 for adjusted 8-wk gain mean square.

** P gsignificant at the 1% level of probability.
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TABLE 2
Analyses of variance and covariance of birth weight, 8-wk gain, and six-month gain
(Holsteins only)
M.S.
six-
month
M. S. M.S. gain
six- six- adjusted
month month for
gain gain 8-wk
M. S. adjusted adjusted gain
six- for for and
Source of month birth 8-wk birth
variance d.f. gain weight gain weight
Sex 1 63,601** 42,448** 27,519** 20,963**
Season 3 2,664 2,476 1,451 1,662
Ration 4 23,771** 19,402%** 1,672 1,398
Interactions 27 1,209 1,166 971 879
260* 1,393 1,304 871 845

Within cells

** T significant at the 19 level of probability.
* 259 degrees of freedom for six-month gain mean square adjusted for either birth weight
or 8-wk gain; 258 degrees of freedom for six-month gain mean square adjusted for 8-wk gain

and birth weight.

the allotment procedures, since the calves did
not receive the rations until after birth.
Data from two nutrition experiments were
used in a preliminary study of the linear re-
gression of body weight gain to 12 wk of age
on inbreeding. One experiment was analyzed
as a randomized complete block experiment
with 12-wk gain of the calf as the dependent
variable. Inbreeding and birth weight of the
calf and inbreeding, birth weight, and 8-wk
gain of the dam were used as independent
variables in a covariance analysis. The portion
of total variance due to regression on all five

variables was .273, whereas the portion of total
variance due to regression on inbreeding of
calf alone was .203 (r = —.450). Inclusion of
variables other than inbreeding of the ealf
added little accuracy to the prediction of 12-wk
gain in this small sample. Correlation of in-
breeding with 12-wk gain in the second experi-
ment was —.275 as compared to —.450 in the
first experiment. The regression -coefficients
for the first and second experiments, respee-
tively, were —.98 and —.78 1b 12-wk gain per
1% inbreeding. All calves used in these two
experiments were 5% or more inbred.

TABLE 3
Constants derived from least squares analysis of birth weight and gain data
Six-
Birth 8-wk month 1-yr
Effect weight * gain gain gain

T, (Male) 3.61 3.08 15.15 29.85
T. (Female) —3.61 —3.08 —15.15 —29.85
B: (Ayrshire) 4.88 5.30
B: (Brown Swiss) 12.39 4.61
B: (Guernsey) —8.24 —8.64
B (Holstein) 10.05 4.29
Bs (Jersey) —18.89 —5.55
S: (Winter) .82 —.44 1.30 —10.63
S: (Spring) 1 2.00 1.40 21.87
Ss (Summer) —.88 —.46 —9.35 —6.35
S. (Fall) —.65 —1.10 6.64 —4.89
R: (Antibioties) —.78 19.27 25.59 46.49
R (Lib. milk) 1.31 11.33 18.76 12.78
Rs (Lim. milk) .28 1.07 3.44 4.05
Rs (Milk only) 1.26 —11.86 —17.30 22
Rs (Unhyd. veg. oil) —2.06 —19.81 —44.49 —63.11

® All weights and gains are in pounds.
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Following the above preliminary analyses,
this study was expanded to include all avail-
able data. To remove more completely the
ration and time trend effects, as well as sex
effects, a two-way classification of the data
was effected. One classification was the inbreed-
ing classes described earlier and the seecond was
a sex, experiment, ration class. Use of the in-
breeding classes allowed an estimation of the
curvilinear effects of inhreeding on weight gain.

Constants derived in the more complete
analysis are plotted in Figure 1. The trend
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the 26-309 class, a negative association be-
tween inbreeding and weight gain. The high
value found for the 26-309, class could be due
to sampling errors, since there were only six
calves in that class.

In each of the analyses concerned with the
effects of season of birth, sex, breed, and ra-
tion, correlations of weight gain with birth
weight were computed. It is desirable to know
whether weight gain in the early periods has
a higher or lower correlation with birth weight
than gain in the periods considered earlier in
this study. Correlations of birth weight with
weight gain to various ages would tend to shed
some light on the differences in growth patterns
of large and small calves. All correlations com-
puted in all analyses are listed in Table 4.
Very early weight gain is negatively correlated
with birth weight and the value of birth weight
as a predictor of weight gain increases at least
to 12 wk of age. Beyond that point, the corre-
lation tends to stabilize and sometimes even
decreases.

Of the animals included in this study, 113
THolstein females had all of the following in-
formation available: birth weight, 8-wk gain,
six-month gain, 1-yr gain, age at first calving,
and first-lactation milk production. Correla-
tions among these traits were computed and
are shown in Table 5. Production records were
305-day, 2x, M.E., 359% F.CM.; therefore,
the expected correlation between calving age
and production was zero. Correlations among
the various measures of weight gain were part-
whole relationships and were expected to be
large.

DISCUSSION

As observed previously by other workers

(7, 8, 12, 22, 27), sex and breed were found

TABLE 4

Correlations between birth weight and gain from birth to various ages®

Dependent variable; gain to age in wk

Data analysis ® d.f. 2 4 6 8 12 16 26 52
8-wk gain 457°¢ JBL%*
Six-month gain 259 195%* 260**>
1-yr gain 181 219%%
All gains to 8 wk 349 —.100 057 133%  .164%*
All gains to 16 wk 149 —.051 431 244*%  297%%  382%* | 272%*
All gains except
161 —.159%  .001 B16*Y 3orEE

12 and 16 wk

* Signifieant at the 5% level of probability.

107 .188*

** Significant at the 19 level of probability.
* Correlations within breed X sex X season X ration classification. .
® Sets of data are mnot entirely independent, since some calves were included in two or

more data analyses.

¢ All breeds represented; other analyses include Holsteins only.
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TABLE 5

Correlations among birth weight, 8-wk gain, six-month gain, 1-yr gain, age at first calving,
and production based on 95 degrees of freedom within ration and season

(Holsteins only)

Six-
8-wk month 1-yr Age at Produe-
gain gain gain calving tion
Birth weight 166 356%* 291 %** —.205* 276%*
8-wk gain DTBEE B3T*E —.104 .088
Six-month gain B59** —.058 200"
1-yr gain —.067 J0L**

Age at calving

* Significant at the 5% level of probability.

044

** Significant at the 19% level of probability.

to influence birth weight of the calf. Tn the
present study, primary attention was directed
toward the relationship between weight gain
and birth weight.

Relatively large differences in weight gain
were found among the breeds and between the
sexes. Variation due to sex and breed was
reduced by adjustment for birth weight, but
these effects were still important sources of
variation. This would indicate that calves
should be assigned to treatments in such a
way as to allow treatment effects to be inde-
pendent of sex and breed. A randomized block
design, wherein all animals in a block ave of
the same sex and hreed, would probably best fit
this situation. If, however, the research worker
is willing to aceept a less accurate estimate of
treatment effects, a design unbalanced with
respect to sex and breed could be used and a
part of the variation attributable to breed and
sex removed by adjusting gains to a conmmon
birth weight by covariance. Season-of-birth
effects were not a major source of variation in
any of the analyses, but this does not imply
that extreme heat or cold as well as other en-
vironmental factors do not affect weight gain
over a short period of time. It does, however,
imply that the average conditions in the four
seasons in the present study were essentially
equally conducive to weight inerease of the
young calf. Season effects were significant in
the analysis of 1-yr weight gains and probahbly
should be accounted for in experiments extend-
ing beyond six months of age. I1f further sub-
division is possible, after all of the more im-
portant sources of variation are blocked out,
season of birth should bhe accounted for hy
dividing the calves into groups as nearly con-
temporary as possible. The reasons for the
significant season effects at 1 yr of age are not
entirely clear, but the differences may be asso-
clated with seasonal variations in feeding and

managenient practices between six months and
1 yr of age.

Inbreeding appeared to have little effect on
weight change of young ealves until the coeffi-
cient of inhreeding exceeded 159%. Ilowever,
above 159%, inbreeding apparently depressed
growth rate. This suggests that when the herd
furnishing experimental animals is inbred ex-
tensively, and the range of inbreeding coeffi-
cients is great, calves should be grouped into
inbreeding classes, or an analysis of covariance
should be used to remove part of the variation
due to inbreeding.

Correlations of birth weight with weight
gains were consistently small, and less than
159 of the variation in gain could be removed
by adjusting to a common birth weight. Analy-
sis of covarianee, with birth weight as the
independent variable, can be justified only
when there is a question regarding significance
of treatment effects and a modest increase in
precision  will help eclarify the situation, or
when the research worker is unable to halance
breeds and sexes in the design. The association
between age and the correlation of birth weight
with gain in weight indicate that large calves
are slow starters, whereas small calves adjust
more rapidly to extra-uterine environment.

Ration was found to affect weight gains from
hirth to all ages considered in this study.
Analysis of covariance and ecorrelation studies
indicate that, though ration effects persist to
1 yr of age, weight gain heyond the treatnient
period (first 8 to 12 wk) was not affected by
gain during the treatment period. The nature
of the ration eclassifications virtually forced
ration effects to he significant at 8 wk.

Reid (24), Hansson et al. (14), and Eckles
and Swett (10) all reached the conclusion that
growth rate and consequent age of maturity
could be influenced by feeding. They did not,
however, find any great influence of early rate
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of growth on first-lactation milk produection.
The study reported herein is not in complete
agreement with these findings, inasmuch
six-month and 1-yr gain were correlated (r =
.30) with milk production. Since no correction
for inbreeding was made, and inbreeding could
affect both gain and milk production, this
correlation could have been the result of corre-
lated effects of inbreeding. Also, six-month
and 1-yr gains represent a substantial portion
of mature weight and it is possible that the
observed correlation is simply that between
body weight and milk production. Blackmore
et al. (4) and Holtz et al. (15) concluded that
the factors creating rapid early growth are
independent of those causing high production.
In the present study, 8-wk gain had little or
no effect on later gains, age at calving, or sub-
sequent milk production. It would seem that
the ecalf-raising program has little effeet on
traits independent of and expressed after the
experimental period.

It weight gain is not to be used as an index
of the sufficiency of a calf ration, a health or
condition index is a possible substitute. How-
ever, it has the major disadvantage of being
subject to human judgment and, therefore,
easily biased. Changes in skeletal measure-
ments would identify only the most inadequate
rations. The present study was not designed to
test the adequacy of the two indexes suggestea
above, but it does clearly raise a question con-
cerning the use of weight gain as an index of
calf ration sufficiency. The unit cost of weight
gains prior to the development of rumen fune-
tion is considerably greater than that of gains
made later. Therefore, it would seem advisable
to keep calves healthy and thrifty during the
carly weeks of their life without great regard
for weight gains. If weight gains are used as
the ecriterion of adequacy, it should bhe borne
in mind that the variable is a growth response
which has little relationship to the ultimate
lactational response of the animal.

as
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Growth standards have been tabulated by
several workers in the past. A comparison of
the values reported for Holstein heifers with
average growth of Holstein heifers included
in this study is shown in Table 6. There was
variation within the Iowa State University
herd, as indicated by ration differences. The
differences between standards indicate differ-
ences from one sample or herd to another. If
a standard other than one for the herd in
question is used, the research worker is com-
paring herds as well as management regimes.
Obviously, a control ration should he incor-
porated into the design of each calt nutrition
experiment designed to evaluate growth re-
sponse, and standard growth curves should be
used only as an additional criterion.
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Growth standard values for Holstein heifers at birth, two months, six months, and 1 yr of age

Two Six

Standard Birth months months 1yr
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Eckles (9) 90 157 349 558
Espe et al. (11) 89 132 358 662
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Present study * 86 125 307 579

* All values based on 170 or more animals.



(8)
(9)

(10)

(11)

]

(12

(13)

(14)

(15)

(16)

@an

(18)

T. G. MARTIN ET

Ecxkres, C. H. A Study of the Birth Weight
of Calves. J. Dairy Sei., 2:159. 1919.

Ecxkies, C. H. The Normal Growth of
Dairy Cattle. Missouri Agr. Expt. Sta.,
Research Bull. 36. 1920.

Ecxres, C. H., axnD Swert, W. W. Some
Factors Influencing the Rate of Growth
and the Size of Dairy Heifers at Maturity.
Missouri Agr. Expt. Sta., Research Bull.
31. 1918.

Esrr, D. L., Caxxon, C. Y., AND HANSEN,
E. N. Normal Growth in Dairy Cattle.
Towa Agr. Expt. Sta., Research Bull. 154:
297. 1932.

Frren, J. B.,, McGmuiarp, P. C., AND
DrumMm, G. M. A Study of the Birth
Weight and Gestation of Dairy Animals.
J. Dairy Sei., 7: 222, 1924.

Forsnaw, R. P.,, Mappock, H. M. Ho-
MEYER, P. G., axp Carrox, D. V. The
Growth of Duroc Suckling Pigs Raised in
Drylot. J. Animal Sei.,, 12:263. 1953.
HANSSON, A., AND BONNIER, G. Studies on
Monozygous Cattle Twins. XII. Influence
of Nutrition on the Rate of Body Devel-
opment.  Acta Agr. Seand., 1:98. 1950.
Hourz, E. W., Ers, R. E, anp Hopason,
A. S. Relationships Between Rate of Gain
from Birth to Six Months of Age and Sub-
sequent Yields of Dairy Cows. J. Dairy
Seci., 44: 672, 1961,

KempPrHORNE, O. The Design and Analysis
of Experiments. John Wiley and Sons,
Ine.,, New York. 1952,

MarraEws, C. A., axp Fomrmax, M. H.
Beltsville Growth Standards for THolstein
Cattle. USDA Tech. Bull. 1099, 1954.
Mogrison, F. B. Feeds and Feeding. 22nd
ed. Morrison Publishing Co., Ithaca, N. Y.
1956.

(19)

(23)

(24)

(26)

AL

NELson, R. H., axnp LusH, J. L. Effects
of Mild Inbreeding on a Herd of Holstein-
Friesian Cattle. J. Dairy Sci.,, 33: 186.
1950.

Prum, M., SingH, B. N., AND SCHULTZE,
A. B. Relationship Between Early Rate
of Growth and Butterfat Produection in
Dairy Cattle. J. Dairy Sei., 35: 957. 1952.
RagspaLe, A. C. Growth Standards for
Dairy Cattle. Missouri Agr. Expt. Sta.,
Bull. 336. 1934.

Rarnorg, A. Hereditary and Environmental
Factors Which Influence Birth Weight in
Holstein-Friesian Calves. Thesis, Towa State
University of Science and Technology,
Ames, Towa. 1947.

RarHORE, A. Differences in Growth of
Sindhi and Crosses of Sindhi with Jersey,
Brown Swiss, Holstein-Friesian and Guern-
sey Cattle. Thesis, Towa State University
of Science and Technology, Ames, Iowa.
1949.

Rem, J. T. Effeets of Several Levels of
Nutrition upon Growth, Reproduction, and
Lactation in Cattle. Proe. 1953 Cornell
Nutr. Conf. Feed Mfrs., 88. 1953.
Rorrins, W. C., AND GUILBERT, H. R. Fac-
tors Affecting the Growth of Beef Calves
During the Suckling Period. J. Animal
Sei., 13:517. 1954.

Stravs, F. S. Birthweights of the Calves
as a Means of Evaluating the Productive
Ability of Dairy Sires. Thesis, Towa State
Universityl of Secience and Technology,
Ames, Towa. 1940.

TvyrLer, W. J., CHAPMAN, A. B., AND DICK-
ERSON, G. E. Sources of Variation in the
Birth Weight of Holstein-Friesian Calves.
J. Dairy Sci., 30: 483. 1947.



ACETATE TURNOVER RATE IN THE BOVINE'!

S. D. LEE® axp W. F. WILLTAMS
Dairy Science Department, University of Maryland, College Park

SUMMARY

Data have been obtained on the rate of acetate turnover in a steer and in
Holstein cows 2-4 hr after feeding. The turnover rate for mature cows was
21 = 0.5 mm/hr/kg (5.5 %= 1.3 g/hr/cwt). Evidence was obtained from the
caleulated acetate pool size in relation to blood acetate concentration and from
the calculated acetate space that the technique used is measuring the turnover
rate of the acetate pool in the accessible central (blood) compartment. The data
do not support the concept that the rate of acetate utilization is concentration-
dependent, at least for the normal blood concentrations existing in this study.
From the data in this study, in relation to various estimates of acetate absorp-
tion, it is suggested that as much as 259, of the acetate turned over may be of

endogenous origin.

Inferences are drawn econcerning possible physiological

effects on acetate metabolism and the relationship of acetate metabolism to the

total metabolic rate.

Acetate, a most important endogenous me-
tabolite in all animal species, is of importance
in ruminant animals as a major exogenous me-
tabolite as well. Much has been learned about
the utilization of acetate ecarbon in many spe-
cies; whereas, relatively few studies have at-
tempted the measurement of the rate of metab-
olism of acetate in these species.

Bloch and Rittenberg in 1945 (4) utilized
the acetylation of foreign amines in the rat as
well as carbon-labeled acetate to estimate the
acetate turnover in this speecies. Smyth (16),
several years later, using acetate tolerance
curves, estimated the turnover rate in cats as
6-7 ma/hr/ke. Harper et al., in 1953 (9), were
the first to utilize the conventional isotope di-
Iution techniques for the determination of ace-
tate turnover. These studies in the dog indi-
cated a turnover rate of 3-7 my/hr/kg. The
most recent work in nonruminants is that of
Dayton et al. (6) with rats, using essentially
the technique of Bloch and Rittenberg (4). In
this study an interesting finding was the effect
of changes of fat in the diet on the acetate
turnover rate. On a normal diet the turnover
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rate was 4.5 mm/hr/kg and on a fat-free diet,
3.5 mar/hr/kg.

The first report of such studies in ruminants
was a preliminary communieation by Annison
and Lindsey in 1958 (1). A more eomplete
study in sheep was reported by these authors
in 1961 (2). Using the single injection tech-
nique with carboxyl-labeled acetate, these
workers reported a rapid turnover of acetate
with a half-life (Tl) of 3-4 min as deter-
mined from the blood acetate specific activity
slope between 6 and 16 min post-injeetion.
Using this slope, an improbably large acetate
space of 70 liters, or approximately 1.5 liters/
kg hody weight, was estimated. Without fur-
ther investigation of this technique, this group
then used the constant rate infusion technique
in four sheep to determine the utilization rate
of acetate. In these four animals they obtained
acetate turnover rates ranging from 0.7 to
5.58 m/hr/kg.

Davis et al. (5) reported the results of a
single injection experiment and a constant in-
fusion experiment on a 160-kg steer, fasted
72 hr in the first experiment and fed in the
second experiment. In the single injection ex-
periment the specific activity data for 90, 120,
and 150 min post-injection were used in the
caleulation of T4 and acetate pool size. These
data gave a T4 of 58 min and an improbably
large value for the acetate space (some 100
times larger than the animal). These results
are not surprising when it is considered that
the single injection technique is useful only
for measurement of the accessible central com-

8¢3
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partment of a mammillary system and not for
the acetate pool which these workers have de-
fined. TFrom their constant infusion experi-
ment an acetate turnover rate of 7.1 mm/hr/kg
was calculated from acetate carbon oxidation
values. Using the more conventional calcula-
tion (15), their data give a value of 4.2 mm/
hr/kg for the acetate turnover rate in this steer.

Preliminary data from this laboratory, re-
ported in 1960 (12), using the single injection
technique, gave average values for a steer of
2.6 mum/hr/kg and for several cows of 1.8
mm/hr/kg. The TV in these experiments
ranged from 1.5 to 4 min, which is similar to
the other reported values for acetate, except
for that of Davis et al. (5). These are also
similar to the T4 values reported for the
long-chain fatty acids in various species (3, 8,
10, 11).

EXPERIMENTAL PROCEDURE

These experiments were conducted on a Jer-
sey steer and on mature Holstein cows. The
steer was maintained on good-quality alfalfa
hay at 1109, of Morrison’s recommended al-
lowance. The dairy cows were maintained at
somewhat above Morrison’s standards on a
normal herd ration of grain and hay at about
a 1:3 ratio. All experiments were conducted
2-4 hr after the am feeding.

The definitions employed and the experi-
mental procedures used in these single injection
turnover studies have been reported in detail
elsewhere (13). The only exception to the
published procedure occurred in Experiments
1 and 2, where the blood sampling was at
2-min intervals. In all other experiments sam-
pling was at 1-min intervals.

In general terms, the procedure involved
rapid injection of acetate-1-C'* into the jugular
vein, the sampling of jugular blood at 1-min
intervals, except as noted, for 10-12 min, and
the immediate deproteinization of these samples.
Acetate was isolated from the blood filtrates
chromatographically and the specific activity
(epm/mg) determined. A semilog plot of spe-
cific activity vs. time was made and the slope
calculated by the method of least squares. The
half-time (T7%4) and acetate pool size were
calculated using this slope. From the Tl and
pool size values the acetate turnover rate was
caleulated by the standard caleulation for such
rates.

The terms employed in this study are de-
fined as follows:

Specific  activity:  Radioactivity unit

mass, e.g., cpm/mg acetate.

per
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Half-time: The time required for the radio-
activity to deeline by one-half.

Turnover rate: The rate of entrance and
exit to a pool in a steady state. Usually
expressed as mass per unit time.

Acetate pool: The mass of acetate in the
accessible (blood) compartment or in any
compartment in very rapid equilibrium
with this accessible compartment.

Mammillary system: The metabolic model
which assumes that all peripheral com-
partments containing metabolite are joined
through a central compartment. In these
studies, the central compartment is the
accessible (blood) compartment which con-
tains the bulk of the acetate pool as de-
fined.

Acetate space: The volume occupied by the
acetate pool, expressed as a per cent of
body weight, under the assumptions of an
acetate concentration equal to that in blood
and a body specific gravity of one.

RESULTS AND DISCUSSION

The data obtained in this series of experi-
ments are given in Table 1. The semilog plot
of the specific activity data in typical experi-
ments is shown in the study of acetate isotope
dilution techniques by Lee and Williams (13).
The first point to examine in these data, since
the single injection technique used here pur-
ports to measure the turnover rate of the ac-
cessible central compartment of this mammillary
system, is whether the pool size bears a reason-
able relationship to the blood acetate concen-
tration. Secondly, the calculated acetate space
should not be improbably large, as was reported
by Davis et al. (5) and Annison and Lindsey
(2). If either of these conditions is not met,
considerable doubt is placed on the validity of
these results. It is apparent from Table 1
that, in general, the higher the blood concen-
tration of acetate the larger the calculated ace-
tate pool. Although not shown in Table 1, the
acetate space averaged 10.1 == 1.89, of the
body weight in these experiments. These two
findings suggest that the use of this technique
is valid for the measurement of turnover rate
in the central (blood) compartment.

If the turnover rate obtained in each experi-
ment and the blood acetate concentration at
the time of determination is examined, it is
seen that no direct relationship exists. This
finding tends to cast doubt on the concept that
the rate of acetate utilization is concentration-
dependent, at least for the blood concentra-
tions encountered in this study.

When these results for acetate turnover rate
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TABLE 1
Acetate metabolism in dairy cattle
Expt Blood Pool
no. Date Animal acetate Tl size Turnover rate
7 - " . (g/hr/ (mn/
(mg %) (min) (mg/ecwt) (g/hr) ewt) hr/kg)
1 8/59 Steer J 12.9 4.0 654 53.1 6.8 2.5
2 10/59 Steer J 5.94 1.6 205 63.1 7.5 2.8
327TH
3 2/60 Low prod. 5.72 1.6 175 57.2 4.6 iy
287
4 2/60 Dry—open 4.32 1.5 181 74.9 5.0 1.9
187 H
5 6/60 Dry—open 9.06 2.5 467 110.5 7.8 2.9
317 H
6 8/60 Dry—open 5.90 2.3 233 55.3 4.2 1.6
149 H
7 3/61 High prod. 5.70 2.1 355 81.5 7.1 2.6
149 H
8 3/61 High prod. 5.00 1.6 208 64.7 5.6 2.1
149 H
9 6/61 High prod. 8.46 3.8 405 54.6 4.4 1.6
Mean (steers) 2.8 475 58.1 7.2 2.
Mean (cows) 2.240.8 289108 71.2%204 55+1.3 21205

are compared to the data on four sheep pre-
sented by Annison and Lindsey (2), it is seen
that the agreement is reasonably good. These
authors reported values ranging from 0.7 to 5.6
mMm/hr/kg for their sheep, as compared to
2.1 £ 0.5 mm/hr/kg for the mature cows in
this study. Davis et al. (5) reported a value
of 7.1 mm/hr/kg for their steer, which is more
than three times the mean value for the cows
in this study. When just comparing steer
values this is still almost three times the values
reported here.

It is of interest to compare the turnover
rates obtained in this study (2.1 &= 0.5 mm/
hr/kg for cows) with various calculations of
acetate absorption from the rumen. The turn-
over rates obtained in this study should result
from the turnover of both endogenous acetate
and exogenous acetate and, therefore, absorp-
tion rates would be expected to be somewhat
less than the values reported here for turnover.
Stewart et al. (17), using a combined in vitro-
in vivo technique, have estimated an acetate
absorption of 1.8 mm/hr/kg in a steer. From
goat rumen perfusion studies, MeCarthy (14)
estimated a ruminal produetion of acetate of
1.9 my/hr/kg. Dobson (7) has estimated the
fatty acid absorption of sheep as 1.6 mm/hr/kg,
as caleulated from various data in the literature.
Annison and Lindsey (2) have estimated ab-
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sorption as 1.5-2.2 mm/hr/kg in sheep. These

comparisons suggest the correctness of the as-
sumption that the measured turnover rate in-
cludes both endogenous and exogenous acetate
production. Tt seems reasonable to estimate
that the endogenous production under these
conditions may account for as much as 259,
of the acetate turnover.

Although only two steer experiments were
conducted, these data suggest several possible
differences between growing steers and mature
cows. The whole body turnover of acetate ap-
pears to be not greatly different in the growing
steer and the mature cow. The acetate turn-
over rate per unit body weight, however, ap-
pears to be greater in the growing steers. If
this difference is real, it suggests that the rate
of production of acetate per unit body weight
is larger in the growing animal. This is prob-
ably true of the exogenous production and may
very well be true of the endogenous produe-
tion as well due to the differing endocrine
climate in the growing animal. These sugges-
tions should be submitted to further experi-
mental examination.

As noted in the introduction, only relatively
few studies of the rate of acetate turnover
have been carried out. Ignoring species dif-
ferences, the differing techniques employed
and the differing physiological states encoun-
tered, when these turnover values for rats (4),
cats (16), sheep (1, 2), and the rates for cattle
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determined in this study are plotted logarith-
mically against body weight, a straight line

plot is obtained. Since only few data are

available, the slope was estimated graphiecally
as 0.8. This value is very close to the usually
accepted values of 0.7 to 0.75 for the slope of
resting or basal metabolism vs. body weight.

That these values should be similar is not sur-

prising, considering the position which acetate

oceupies in oxidative and synthetic metabolism.

The data obtained in this study indicate the
ability of this technique to measure acetate
metabolic rates, if the observational period is
such that the changes in specific activity ob-
served are predominantly due to turnover in
the accessible central ecompartment and not
predominantly due to reflux and carbon re-
eycle. The contention, based on acetate oxida-
tion studies (18), that the acetate pool must
be small and the turnover of this pool rapid,
is fully supported by these data. The sug-

gestion from these data and others (2, 7, 14,
17), that exogenous acetate may account for as

little as 759, of the acetate turned over, sug-

gests that the sources of this acetate, particu-
larly the long-chain fatty acids, merit further
investigation.
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EFFECT OF PARATHYROID HORMONE ON CALCIUM AND OTHER

PLASMA CONSTITUENTS OF DAIRY CATTLE
NEAR PARTURITION !

H. D. JACKSOX, A. R. PAPPENIIAGEN; G. D. GOETSCII, axp (. H. NOLLER

Departments of Biochemistry, Veterinary Physiology and Pharmacology, and Animal Sciences

Purdue University, Lafayette, Indiana

SUMMARY

The administration of parathyroid extract within 2 hr postpartum to first
calf heifers, normal mature cows, and mature cows with a past history of milk
fever did not appreciably alter the plasma levels of caleium, magnesium, or
alkaline phosphatase. Plasma inorganiec phosphorus was increased moderately
in most of the animals by the action of parathyroid extract. At the time of
parturition mature animals showed a greater decrease in caleium and inorganic
phosphorus and a greater increase in magnesium than did the younger animals.
Alkaline phosphatase remained relatively constant in all animals. Thirty-one
parturitions were studied and six cases of milk fever observed. Data suggest
that milk fever can result from either a low level of calcium or a low level of
both phosphorus and calcium. Cases of milk fever which relapsed were of the
latter type. Parturient cows were not responsive to parathyroid extract and
its administration just after ecalving had no apparent effect on the occurrence

or severity of milk fever.

The parathyroid deficiency theory of par-
turient paresis or milk fever has had wide ac-
ceptance since it was first proposed by Dryerre
and Greig in 1925 (3). However, there is little
experimental evidence supporting this theory,
other than the observation of hypocalcemia and
the successful use of caleimm to relieve the
symptoms of this disorder. Although para-
thyroid extract (PTE), when administered in-
tramuscularly, has been shown to elevate the
level of blood caleimm in most species of ani-
mals (20), it has not been tested adequately
in the prevention of bovine milk fever. Little
and Mattick (9) administered to two cows 450
or 600 Hanson Units® of parathyroid activity,
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One Hanson unit is 0.01 of the amount of
parathyroid activity required to increase serum
caleium by 1.0 mg 9% in parathyroidectomized
dogs within 6 hr (20). One U.S.P. parathyroid
unit is 0.01 of the amount of parathyroid activity
required to increase serum calcium by 1.0 mg %
in normal dogs within 16-18 hr (21).

Presbyterian Hospital, Chi-

intramuscularly, daily for four days prepartum
to one day postpartum. Data showed no definite
effect of the Paroidin injections over the eon-
trols for that year, but the treated animals
showed lower calcium levels at the next par-
turition a year later, when no parathyroid ex-
tract was given and when one of the cows de-
veloped milk fever. These workers concluded
that the parathyroid extract may have been
beneficial to some extent, possibly by preventing
milk fever. Seekles, Sjollema, and Van Der
Kaay (17) were able to relieve the symptoms
of milk fever in one cow by the intravenous
administration of 100 USP units of parathy-
roid hormone. Hibbs, Pounden, and Krauss
(8) have given a brief report that parathyroid
extract (3,000-5,000 USP units/animal) was
of no benefit to three cows with early milk
fever symptoms but was of benefit to a
similar cow when injected in conjunction with
oral vitamin D. Stott and Smith (19) thyro-
parathyroidectomized seven cows, 3-6 yr of age,
approximately one month prepartum without
the subsequent occurrence of symptoms of milk
milk fever. The parathyroid deficiency theory
of milk fever has been reviewed by Hibbs (7)
and the role of the parathyroids in regulating
the level of blood ecaleium has heen reviewed
by Boda and Cole (2).

Preliminary experiments have indicated that
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parathyroid extract administered intramuscu-
larly to dairy ecattle elevated plasma caleium
to a maximum level in 8 to 12 hr and had a
duration of action of more than 30 hr (12).
Since milk fever is most likely to occur within
12 to 24 hr postpartum, the administration of
parathyroid extract within 2 hr postpartum
could be expected to increase plasma caleium
during this eritical period.

This experiment was designed to study the
effects of the postpartum administration of
parathyroid hormone on the occurrence of milk
fever, and to determine whether normal cows
and cows with a past history of milk fever have
a different response of plasma caleium, phos-
phorus, magnesium, and alkaline phosphatase
to the administration of parathyroid hormone
at parturition.

EXPERIMENTAL PROCEDURES
Twenty-seven dairy animals of Holstein,
Guernsey, or Jersey breeding were studied in
31 parturitions during this experiment (Table
1). FKirst ealf heifers (Group I) and the nor-

TABLE 1
Distribution of animals used to test the effect of
parathyroid extract at parturition

b
a (with
Group (no PTE) PTE ")
I First ealf heifers 4 +
I1 Normal mature cows

in their fourth or

higher lactation with

no milk fever

history. 5 4

ITI Mature animals with
milk fever histories
in at least the last
two parturitions. b 6

* 400 U.S.P. units/100 1b (3,000-6,000 unit:
animal ).

mal mature cows (Group II) were from the
Purdue University Dairy Herd. Animals with
a history of milk fever in their last two lacta-
tions (Group IIT) were obtained from Indiana
farmers and maintained at the School of Vet-
erinary Science and Medicine. All of the ani-
mals were fed and managed by the practices
used in the University Dairy Herd.

Animals which received parathyroid extract
were given 400 USP units/100 1b (3,000-6,000
units/head) intramuscularly in the cervical re-
gion of the neek within 2 hr postpartum. All
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of the PTE used in the experiment was of the
same bateh. Since the experiment required
more than a year, the potency ot the PTE was
tested near the end of the experiment by its
administration to two dry cows, to determine
if it had lost its ability to elevate plasma
caleium.

Blood samples were obtained in heparinized
syringes from the jugular vein and were centri-
fuged to remove red cells. Plasma was analyzed
for inorganic¢ phosphorus by adding one volume
of plasma dropwise to tour volumes of 109
trichloroacetic, filtering, and determining the
phosphorus in an aliquot of the filtrate by the
ALOALC. colorimetric method (1). Phosphorus
and alkaline phosphatase (18) were determined
within 12 hr after collection of the blood. Mag-
determined by the method of
Grette (4). Caleium levels were initially de-
termined by Grette’'s method (4), which in-
volves oxalate precipitation and titration of
the caleium with ethylenediaminetetraacetic acid
(KDTA), but most of the ecalcium levels were
determined by a new method involving the di-
rect titration of the plasma caleium with
KDTA, using Cal-Red as the indicator (13).
Daily plasma levels of these constituents were
determined in most cases from seven days pre-
partum to seven days postpartum; for 48 hr
postpartum blood samples were drawn every
2 hr for the first 12 hr, every 4 hr for the next
12 hr, and every 6 hr for the next 24 hr.

nesium - was

RESULTS AND DISCUSSION

The mature cows in this study showed a
wide variation hetween animals in their plasma
levels of caleium, inorganic phosphorus, «nd
magnesium. In contrast, the plasma levels of
these constituents in the first calf heifers were
much  more uniform. Alkaline phosphatase
values were quite consistent in all groups at
approximately 2 to 3 mm units (18) and these
ralues did not change at the time of parturi-
tion, with the age of the animal, or with the
administration of parathyroid hormone.

The first calt’ heifers all calved normally and
none developed milk fever. The plasma levels
of calecium and 1norganic phosphorus were
mildly depressed at parturition, but magnesium
showed mno change. Administration of para-
thyroid extract within 2 hr after parturition
had no appreciable effect in these young ani-
mals (IFigure 1, Groups I a and b). Average
caleium levels decreased 1.4 mg 9 just after
parturition in control heifers and 1.3 mg % in
heifers which received PTE. The lowest level
of plasma caleium was observed at the time of
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parturition, followed by a slow postpartal in-
crease and a second deeline in six of the eight
heifers 16 to 24 hr postpartum.

The normal mature cows did not have a
history of previous milk fever and, like the
first call heifers, did not show symptoms of
milk fever during their current lactation (Fig-
ure 1, Groups II a and b). Furthermore, eight
of the 14 cows with a past history of milk fever
were unaffected during the current parturition
(Figure 1, Groups IIT a and b). Four of these
eight cows had received PTE at parturition
and four had not. If milk fever did not occur,
the mature animals in the several categories
(with and without previous milk fever and with
and without PTE) could not be distinguished
from mature cows in the other categories by
their post-parturient changes of plasma cal-
cium or magnesium, even though there was
variation between individual animals within a
group. These cows appeared to have a modest
inerease in plasma inorganic phosphorus due
to PTE. Together, these mature animals with-
out milk fever showed an average decline of
2.5 mg % of plasma caleium at parturition and
this decline was not substantially affected by
PTE administration (Figure 1; Groups II a
and b, and Groups III a and b). Other sci-
entists (11, 15) have also observed a greater
plasma caleium and in inorganie
phosphorus at parturition in mature cows than
in younger cows. Since the prepartal decline
m the level ot plasma caleium has been asso-
ciated with milk seceretion (15), higher-produe-
g mature cows could he expected to show a
greater decline in plasma caleiwn than first-
calt heifers.

decrease 1in

Preliminary experiments with EDTA infu-
sions (12), and the experiments of Hansard,
Comar, and Plumlee (6) show that young cattle
metabolize caleimm  more efficiently than do
mature cattle. In the younger animals of the
current experiment the lowest level of plasma
caleium was observed 1 to 2 hr after partur-
tion and 1t rose rapidly. In the mature cows
not showing milk fever the lowest level of
plasma caleium was not observed until 6 to 12
hr postpartum and it rose more slowly. By
48 hr postpartum, the plasma caleium in hoth
age groups had returned to a normal level of
ahout 10 mg 9. In the mature animals there
was a gradual inerease in plasma magnesium
which reached its maximum average level (3.0
mg %) ahout 4 hr postpartum, then slowly re-
turned to a normal level of approximately 2.0
mg Y%.

Ot the 14 cows with a previous history of
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milk fever six developed milk fever during the
experiment and two of these relapsed (Kigure
2). The data suggest that two types of milk
fever occur and these result from a low level
of plasma caleium, or a low level of both phos-
phorus and ecaleium. Three cases of the low
caleium type were observed and one of the
animals received PTE at the time of parturi-
tion. When the symptoms of milk fever were
observed in these cows plasma calcium levels
were 4.7 to 6.4 mg 9%, inorganic phosphorus
levels were 2.0 to 5.4 mg 9%, and magnesium
levels were 3.2 to 4.0 mg 9% (Figure 2: Cows
A-5, A-6, and B-4). These cases of low caleium
milk fever all showed good recovery following
a single treatment with a commerecial caleium-
phosphorus preparation.

Milk fever of the low-caleium low-phosphorus
type was observed in three cows, of which one
had received PTE at parturition (Figure 2:
Cows A-2, A-4, and B-3). When treatment with
a commercial caleium-phosphorus preparation
was initiated, plasma calcium levels were 3.0
to 4.8 mg %, phosphorus levels were 0.4 to 0.8
mg %, and plasma magnesium levels were 3.1
to 4.8 mg 9%. Magnesium frequently varied
inversely with caleium. Two of these
relapsed and required multiple infusions of
caleium-phosphorus solution. At the time of
the third treatment, PTE was injected intra-
muscularly (400 U.S.P. units/100 1b). After
this dual treatment, both inorganiec phosphorus
and caleium were elevated and remained at an
adequate level so that milk fever symptoms did
not reoccur. It is believed that PTE was bene-
ficial in the treatment of these two ecases of
low-caleium, low-phosphorus milk fever. In
the third low-caleium, low-phosphorus case the
cow had been injected with PTE following par-
turition and caleium therapy was delayed to
allow the hormone to exert its effect. Within
2 hr after milk fever symptoms were first ob-
served the animal rolled on to her side and
bloated. Following caleium-phosphorus therapy
milk fever symptoms were alleviated and plasma
levels of caleium and inorganie¢ phosphorus in-
creased (Figure 2, B-3). However, the animal
died 4 hr after caleium-phosphorus therapy,
due to inhalation of rumen ingesta as revealed
by post-mortem examination.

cases

The observations on low-caleium, low-phos-
phorus milk fever are similar to those reported
hy Marr, Moodie, and Robertson (10) and Rob-
ertson et al. (14), who found that milk fever
animals which relapse or show a poor response
to caleimm therapy often have a very low plasma
level of hoth phosphorus and caleimm. They
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observed that the changes in magnesium in
milk fever cows are no greater than those in
normal parturitions and also indicated that
udder inflation was beneficial in severe cases
of milk fever, as it prevented milk secretion
and the additional drain of calcium and phos-
phorus from the body. Hallgren (5) related
that downers which did not respond to calcium
therapy could be treated by the further injec-
tion of phosphorus alone. These reports help
emphasize the role of blood phosphorus in par-
turient paresis.

Experiments of Robinson, Huffman, and Burt
(16) with dairy calves have shown that PTE
causes a marked increase in the level of plasma
caleium and an inecrease in the excretion of
urinary phosphorus. Experiments in this lab-
oratory using EDTA infusions to depress
plasma caleium (12) have shown that yearling
heifers have a greater response to exogenous
PTE than do mature cattle. For these reasons
it is especially difficult to explain why the first
calf heifers were not responsive to the admin-
istration of PTE at parturition. Near the end
of the experiment a portion of the PTE was
administered to two dry mature cows and their
plasma caleium was increased 1.7-1.9 mg 9
after 16 hr and the maximum levels were main-
tained through 32 hr from the time of injec-
tion (Figure 3). Thus, the PTE had remained

—— COW S-90
s—— - COW W-I3

LS ——"

PLASMA LEVEL, mg/I00mI,
*

! | 1 L ! L i
8 1] 2¢ 32 40 48 €0

TIME FROM ADMINISTRATION OF PARATHYROID EXTRACT, HOURS

F1c. 3. Response of two dry mature cows to
parathyroid extract.

potent throughout the experiment. Plasma
phosphorus was increased modestly in one cow
and deereased modestly in the other due to
the parathyroid injection, but there was no
change in the level of plasma magnesium. These
data extend the observation of Hibbs et al. (8),
that PTE will elevate plasma caleium in non-
parturient cows. Since dry cows showed a

H. D. JACKSON ET AL

marked increase in plasma caleium in response
to PTE, and since parturient cows did not, the
experiments show that exogenous parathyroid
extract is ineffective in parturient cows. Either
an inactivation of the hormone (8) or a tempo-
rary nonresponsiveness of the cow at parturi-
tion could explain the apparent ineffectiveness
of parathyroid hormone at calving time.
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EFFECTS OF WHEAT GERM OIL ON REPRODUCTIVE EFFICIENCY
IN REPEAT-BREEDER COWS?

G. B. MARION
Department of Dairy Secience, Kansas State University, Manhattan

SUMMARY

Clinically normal repeat-breeder cows that had failed to maintain pregnancy
after three or more services were alternately assigned to the experimental or
control group. The experimental cows received 2 oz of wheat germ oil on their
feed once a week for six consecutive weeks. A significantly higher percentage
of the 79 treated cows maintained pregnancy after the first post-treatment
service than of the 88 untreated cows. The difference in post-treatment con-
ception between treated and untreated cows that had three unsuccessful services
before treatment was not significant; however, there was a highly significant
difference in favor of the treated cows that had been bred four or more times

before initiation of treatment.

The effects of wheat germ oil on reproductive
efficiency in cattle and swine have received
considerable attention. However, most of the
original work was concerned with the vitamin
E content of the oil (4). Since it is difficult to
obtain an animal diet deficient in vitamin E,
its addition to normal, well-balanced animal
diets has proved to be of no value. Some in-
vestigators have reported favorable results from
adding wheat germ oil to normal diets. Unfor-
tunately, most of those studies were not ade-
quately controlled to permit accurate interpre-
tation of the results.

In the field of human medicine, Watson and
Tew (10) and Silbernagel and Patterson (8)
reported wheat germ oil to be a valuable thera-
peutic agent in reducing the incidence of the
complications of pregnancy. Compton (2, 3)
concluded from a 2-yr study that no benefits
resulted from adding wheat germ oil to the
ration of pregnant sows. However, sows that
received wheat germ oil farrowed larger pigs,
and a greater percentage of their pigs sur-
vived. Salisbury (6) found no effects on the
reproductive performance of dairy bulls re-
sulting from feeding 1 oz of solvent process
wheat germ oil daily for 1 yr. Bay and Vogt-
Moller (1), Tutt (9), and Pacini (5) have re-
ported beneficial results from treating repeat-
breeder cows with wheat germ oil. Pacini (5)

Received for publication December 8, 1961.

! Furnished by VioBin Corporation, Monticello,
111,

suggested that the favorable results might not
have been entirely due to vitamin K.

EXPERIMENTAL PROCEDURES

This study was conducted during a 3-yr
period at intervals to include all seasons of the
vear, using clinically normal, parous, repeat-
breeder cows representing four dairy breeds
in the Kansas State University herd. All cows
that had been bred two or more times and had
heen determined to be clinically normal were
arbitrarily assigned to either the experimental
or the control group. All cows were checked
for estrus twice daily and were inseminated
approximately 8 hr after being detected in
estrus. Semen from bulls of known reprodue-
tive capacity was used, and every effort was
made to use semen from the same bulls in both
the experimental and control groups, and to
have all inseminations performed by one indi-
vidual.

All cows of both groups were fed and man-
zged in the same manner. During the 3-yr
period that this study was conduected, the ra-
tion fed to the cows varied considerably, de-
pending on availability of feeds. The roughage
varied from alfalfa hay fed ad libitum and
small quantities of silage to ad libitum feeding
of sorghum silage and limited quantities of hay.
Some brome pasture was available during the
pasture season. A grain mixture containing
approximately 169 crude protein was fed ac-
cording to production. In addition to the ration
received by all cows, the experimental cows
received 2 oz of wheat germ oil per week for
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6 wk. The oil was added to one feeding of
grain each week. Alternate ecows that had been
bred two or more times were assigned to the
experimental group and received the first feed-
ing of wheat germ oil on the same day or the
day following returning in estrus. A similar
cow of the same age and breed, that repre-
sented an equal number of repeat-services, was
assigned as her control. The number of cows
that coneeived to the service concurrent with
the initiation of treatment was calculated. It
is doubtful that these cows could have been in-
fluenced by the first treatment; therefore, if
coneeption occurred at this service the cows
were not included in the analyses. The number
of post-treatment services required for con-
ception by each experimental and each of the
control cows was calculated. The data for hoth
groups of cows were analyzed statistically by
use of the Kolmogorov-Simirnov test (7). All
cows that were determined to be clinically ah-
normal were excluded from the study.

RESULTS AND DISCUSSION

The data presented in Table 1 are arranged
to indicate the distribution of cows among the
post-treatment service groups. The Kolmo-
gorov-Smirnov test was used to determine the
significance of differences in the distribution
of the cows among the service-per-conception
groups. The analyses indicated no significant
difference between the treated and untreated
cows that had been bred three times pretreat-
ment (D = 0.14, P > .30). A highly significant
difference existed between the distribution of
treated cows bred four or more times before
treatment initiation and similar untreated cows
(D =046, P < 0.001). Pooling data for all

REPRODUCTION 905

cows on experiment gave highly significant
(D =0.30, P < 0.001) differences in distribu-
tion in favor of the wheat-germ-treated cows.
A much higher percentage of the treated than
untreated cows settled as a result of the first
post-treatment service.

Only 22 or 229, of 101 cows that had been
bred two or more times, which were to be as-
signed to the experimental group conceived to
the service concurrent with the initiation of
treatment, as compared to 19 or 189, of 107
similar cows that were to serve as controls.
This low rate of conception is at least partially
explainable by the faet that at this time the
herd was being used for artificial insemination
practice.

The percentage of cows bred that conceived
to a specific post-treatment service and the
number of services per eonception were calcu-
lated; however, the limited number of animals
in each group would not permit an accurate
interpretation of the results. It is also realized
that the biological significance of this study
would have been improved with a considerably
greater number of animals.

It has been adequately proven that vitamin
E, found in high coneentration in wheat-germ
oil, has no favorable influence on the repro-
ductive efficiency of cattle on normal diets (4).
The results reported in this study suggest that
other substances in wheat germ oil may be
capable of heneficially influencing reproduction
in some eclinically normal repeat-breeder cattle.
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SURVIVAL OF BULL SPERM IN MILK AND YOLK EXTENDERS WITH

ADDED CATALASE

R. H. FOOTE

Department of Animal Husbandry, Cornell University, Ithaca, New York

SUMMARY

After 12 days of storage at 5 C the percentage of motile sperm in CUE
containing 0, 1, 10, 100, and 200 ug of catalase per milliliter of extender was 28,
37, 44, 44, and 45, in CU-16 was 35, 43, 47, 52, and 50, in CU-16 plus chlor-
promazine hydrochloride was 29, 35, 35, 41, and 43, and in 209, yolk-citrate
was 24, 34, 38, 37, and 34, respectively. All levels of catalase improved sperm
survival significantly (P < .01), but little additional response was observed
with catalase levels higher than 10 ug/ml of extender. The concentration of
catalase required to produece a maximum response was much greater than that
theoretically required to eliminate any hydrogen peroxide produced. No hene-
ficial effect of adding 20 ug of catalase per ml of skimmilk or skimmilk-glycerol
extender was found. The percentage of motile sperm after 12 days of storage
at 5 (' averaged 47 for CU-16 extender with catalase, 11 for skimmilk, and 12
for skimmilk with catalase. The reason for the differential response to catalase
in egg yolk versus milk has not been elucidated.

Bull semen has been reported to contain
little catalase (7). Tosic and Walton (12)
showed that bull sperm produced H.O., and
that added catalase was helpful in preventing
H.,0, from depressing motility of sperm. Also,
catalase had been shown to partially protect
sperm cells from the harmful effects of agita-
tion, oxygen, and exposure to light (2, 5, 9,
10, 14). But VanDemark et al. (13) found
no effect of catalase on fertility of semen used
prineipally within two days of collection. Pres-
ent trends of retaining some semen in the field
for longer periods of time before use could
result in H.0,, eausing appreciable damage to
sperm cells. The studies reported here were
undertaken to establish levels of catalase op-
timum for sperm survival in egg yolk and milk
extenders. Since these studies were completed
catalase has been reported by Hafs (8) to
improve fertility of bull sperm stored in ho-
mogenized whole milk containing glycerol, but
not to improve fertility of sperm in egg yolk.
No studies with varying levels of catalase were
reported.

EXPERIMENTAL PROCEDURE

Semen obtained from bulls in the regular
stud of the New York Artificial Breeders’ Co-
operative, Inc. was rapidly evaluated for sperm
motility and concentration. Sufficient semen was

Received for publication May 19, 1962.

added to the experimental extenders to give ten
million motile sperm per milliliter of extender.
On the average, the semen was extended at a
rate greater than 1:100.

Composition and preparation of the CUE
and CU-16 extenders used has been desecribed
previously by Foote et al. (4, 6). Skimmilk
was prepared according to the method described
by Almquist et al. (1). The final concentration
of glycerol in the glycerolated skimmilk was
109 by volume. All extenders contained 1,000
units of penicillin and 1,000 pg of dihydrostrep-
tomyein per milliliter.

The catalase used throughout was a twice-
crystallized lyophilized beef liver catalase ob-
tained from Nutritional Biochemicals Corpora-
tion. The standard method for assaying this
product changed during the investigations re-
ported here. The same product originally listed
as containing 100 units/mg later was listed as
containing 3,000 units/mg. To avoid confusion,
all data here are listed in terms of micrograms
(pg), rather than units of catalase.

Two milliliters of experimentally extended
semen was stored at 5 C in corked 2.5-ml plastie
tubes. At regular intervals these tubes were
mixed, subsampled, and the percentage of mo-
tile sperm determined microscopically at 430X
in a stage incubator set at 37 C. The pH’s of
the extenders were determined with a Beckman
Model G pH meter.
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TABLE 1

Sperm survival in yolk extenders with added catalase
(Average of ten ejaculates)

CUE CU-16 509 EYC*®
Days Catalase, ng/ml Catalase, ug/ml Catalase, ng/ml
stored

at5C 0 1.0 10 100 0 1.0 10 100 0 1.0 10 100
1 62 62 62 63 63 62 63 62 60 61 62 61
4 49 54 54 56 52 52 55 52 49 46 52 48
8 46 45 46 51 45 52 48 48 37 44 43 45
12 31 38 39 48 29 36 40 39 24 30 32 36
Average 47 50 50 54 47 50 52 50 42 45 47 48

* This 50% yolk-citrate extender was the

The statistical analyses were carried out as
outlined by Steel and Torrie (11). Bulls were
considered to be a random variable, and cata-
lase levels, types of extenders, and other vari-
ables were considered to he fixed effects.

RESULTS

In the first experiment, levels of catalase
were chosen which might bracket some of the
levels used hefore purified preparations were
readily available commereially (12, 14). Cata-
lase was added to CUE and CU-16, as well as
a 509, egg yolk—ecitrate extender used in earlier
studies (13, 14), at levels of 0, 2.5, 5.0, and
10 pg/ml of extender. Catalase significantly
improved survival of sperm in ten ejaculates
of semen stored for 12 days at 5C (P < .01).
The highest motility was observed in the ex-
tenders containing the most catalase. Since the
upper limit of response did not appear to have
been established, the experiment was repeated,
using a greater range of catalase concentra-
tions. The results of this second experiment
are shown in Table 1. Again catalase improved
sperm survival at all levels (P < .01). Increas-
ing the level of catalase above 10 pg/ml seemed
to be beneficial in CUE but not in the other
extenders. The 509 egg yolk—citrate extender
gave significantly poorer results (P < .01),
but the motility estimations were more diffieult
to make in this extender. The pIl of all ex-
tenders was within the range from 6.6 to 6.8.

The results of a third experiment are shown
in Table 2. In this experiment a higher level
of catalase was added, a 209, volk-citrate ex-
tender was included, and chlorpromazine hy-
drochloride was added to one extender. The
latter compound was included because of the
possibility of its affecting cell permeability (4).

Again, catalase improved sperm survival
(P < .01). The highest level of catalase was

not superior to the 100 pg/ml level, and most
of the improvement was achieved by including

type used in earlier studies (13, 14).

10 pg/ml. Clumping of sperm was observed
oceasionally in the extenders containing high
levels of eatalase. Sperm survival in the 209
yvolk-citrate was inferior to the other extenders
(P =< 0L).

Subsequent studies revealed that catalase at
20 pg/ml gave a uniformly good response in
yolk-extenders without the clumping observed
at higher levels. The effect of adding this level
ot catalase to skimmilk and to skimmilk-glye-
crol extenders in two experiments is shown in
Tables 3 and 4. No response to catalase was
observed in the skimmilk, or in the skimmilk-
glycerol extender. Sperm survival in the CU-16
was significantly higher than in skimmilk ex-
tender (P < .01), and glyeerol improved sperm
survival in skimmilk (P < .01).

DISCUSSION

The addition of from 1 to 100 ug of catalase
per milliliter of yolk extender substantially
improved the survival ot bull sperm stored at
5 C. Additional amounts of catalase did not
improve sperm survival and tended to increase
clumping of sperm. The beneficial effect of
catalase in sperm survival is presumably ac-
complished through the decomposition of H.O.
by catalase. Desjardins and Hafs (3) have re-
ported that egg yolk contains small quantities
of catalase. The consistent response reported
here with added catalase indicates that the
amount present in egg volk is insufficient for
optimum sperm survival.

The amount of catalase required for maxi-
mum response is far more than should be re-
quired to decompose the H,O. produced (12).
Perhaps a high extracellular concentration is
required to obtain a small quantity of intra-
cellular eatalase, where H,O, production might
damage the cell. However, it is not certain
that catalase will penetrate the sperm cell mem-
brane. The inclusion of chlorpromazine hydro-
chloride, as a possible means of altering perme-
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TABLE 3
Sperm survival in skimmilk with added catalase
QT I 2 (Average of ten ejaculates)
Skim-
TgRL g o CU-16 milk
¥ £ . Days plus plus
= stored 20 pug/ml Skim- 20 ug/ml
= < W e = at5C catalase milk catalase
1 1D <H M ~H QD
g);ﬁ (%0 motile sperm)
< <+ =~ o i i 55 55 55
S 4 57 48 49
= 8 53 a1 30
ce9s o o= % 12 47 sl 12
5 B < _
- Average 53 36 36
2
S e M I 5
o n n H n c =
= e X . s
= ability, provided no evidence for increased
EB BT B 2| £ effectiveness of low concentrations of catalase.
g The ineffectiveness of catalase in the skim-
m o E E = milk extender is diffieult to explain. The nec-
T > essary substrate is present in milk from which
=z sperm cells could produce H.O. in the same
2E%E B 2| ¥ mannerasin egg yolk. Hafs (8) has reported
£ that catalase added to homogenized whole milk
Sco ®w 1 5 containing glycerol resulted in a sizable and
i R ’5 statistically significant improvement in fertility,
= .. but catalase had no effect on fertility when
SEBEE B &| £ added to yolk extender. Whether glycerol in-
8 . & teracts in any way with catalase to improve
&< sEma & o© EE fertility is unknown. It did not interact with
- e o §§ glycerol to affect motility. The beneficial effects
55  of glycerol may be because glycerol can be uti-
EEESE 8 & ﬁg lized by sperm to produce fructose, which in
vg turn sperm can utilize by glycolysis.
SEES 2 oo '-qu w The experiments reported here clearly dem-
2 B st B B &= onstrate that catalase prolongs survival of bull
’g .. sperm in yolk extenders but not in skimmilk.
23R8 3 = %3:: The reasons for this differential response, as
22  well as the reasons for the apparent excess of
St mw o oo 28 catalase required for optimum response in egg
emw s B <28 yolk, have not been elucidated.
£
— b= o ~H | e ]
SRR Vo) 2| &
< EE TABLE 4
e R W 5 :: %  Sperm survival in skimmilk-glycerol with added
T R I catalase
e (Average of ten ejaculates)
—_ Cl
SEEEE B :‘; iqa ) ) Skimmilk-
| gf’P_, Skimmilk glycerol
| =% Days —
= e % = ' =8 stored 0 20 ug/ml 0 20 pug/ml
S alics g‘ at 5C  catalase  catalase  catalase catalase
= B
e (Y% motile sperm)
e |B& 1 61 60 59 59
o = ‘ £ 4 54 50 56 54
~wowa £ oA 8 32 33 44 49
L5 B 12 12 16 32 34

Average 40 40 48 49
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DILUENTS FOR BOVINE SEMEN. XI.

EFFECT OF GLYCEROL
FERTILITY AND MOTILITY OF SPERMATOZOA IN
ITOMOGENIZED MILK AND SKIMMILK'!

J. 0. ALMQUIST
Dairy Breeding Research Center, Department of Dairy Secience
The Pennsylvania State University, University Park

SUMMARY

When 10 or 139 glyeerol was incorporated in skimmilk diluent by gradual
addition to partially diluted semen at 5 C, spermatozoan livability during 14
days of storage at 5 C was higher (P < 0.01) than in the absence of glycerol.
These glyeerol levels prevented the sharp decline in motility observed between
the fourth and sixth days of storage for semen diluted in skimmilk without
glyeerol. Glyeerol levels of 16 to 259, did not significantly improve livability
over semen diluted without glyeerol.

Four field trials involving 21,676 inseminations were conducted to compare
the fertility of semen diluted in milk with that diluted in milk-109; glycerol.
Homogenized milk was used in two trials and fresh, unfortified skimmilk in the
other two. The combined data showed that addition of glyeerol significantly
(P < 0.01) increased fertility of semen used the second, third, and fourth days
after the day of collection hy 7.4, 12.2, and 19.5 percentage units, respectively.
The inerease of 2.3 pereentage units obtained with glycerolated semen used the
day after collection was not significant. In a limited split-ejaculate trial, fertility
of semen diluted in homogenized milk containing 159, glycerol was not sig-
nificantly different from that in 109, glycerol on any of the three days of use.

ON

In 1952, Polge and Rowson (10) reported
that incorporation of glyeerol improved the
fertility of liquid bovine semen. The next year,
Holt (6) substantiated this report with more
extensive fertility data involving a comparison
of egg yolk—citrate diluent with and without
109, ¢lycerol.  Whether glyeerol would pro-
long the time that liquid semen could be used
with satisfaetory fertility results was not re-
ported.

During 1955, the feasibility of using com-
hinations of glveine and skimmilk as a dilu-
ent for bovine semen was investigated «t this
laboratory (4). Addition of glycerol to skim-
milk-glyeine improved livability and inereased
the otherwise relatively low motility readings
observed during the first week of storage at
5C. Subsequent work showed that glyeerol
prolonged sperm livability in skimmilk diluent
without glveine, and fertility trials were begun
early in 1956. That year McLean (7) reported

Received for publication April 13, 1962,

" Authorized for publication on April 4, 1962,
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mmproved livability when 109, glyeerol wax
added to either egg volk-citrate or homog-
enized milk diluents. The effect of different
glveerol levels on spermatozoan motility and
fertility i fresh milk diluents has not been
reported.

The present report concerns the effect of
glycerol level on the livability of hovine sper-
matozoa in skimmilk and the fertility of liquid
semen over a four-day period when diluted
i glycerol-containing homogenized milk and
skimmilk.

GENERAL PROCEDURE

Fresh, unfortified skimmilk was used in the
laboratory study and in two of the five fer-
tility  trials; homogenized milk was used in
the other fertility experiments. The milk was
heated at 92 to 95C for 10 min. In hoth
lahoratory and field experiments, similar tech-
niques were used for preparation of the di-
luted semen. As soon as possible after collee-
tion, the semen to he glycerolated was partially
diluted in milk diluent without glyceerol and
cooled gradually to 5. Final dilution was
achieved by adding an equal volume of cooled
milk diluent containing twice the desired final

concentration ot glveerol. The glyeerol frac-
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tion was added at 5C in three equal volumes
at 10-min intervals. Control semen was diluted
completely at room temperature just prior to
cooling. In all studies, the final diluted semen
contained 1,000 units of potassinm penicillin G
and 1,000 pg of dihydrostreptomycin sulfate
per milliliter.

The split-ejaculate design was used, except
in Trial 4. In Trial 4, six bulls normally col-
lected on Saturday were divided into two
groups; the ejaculates of one group were
treated with milk=109% glycerol, whereas those
of the other group served as controls. The
treatments were alternated between bull groups
on succeeding weeks. In all trials, both glye-
erolated and control semen was shipped in
filled tubes. Variations in semen handling pro-
cedures are deseribed under the individual
experiments.

Livability of diluted semen stoved at 5C
for 14 days was studied by estimating the per-
centages of progressively motile spermatozoa
at 37 C. Fertility was recorded as the per cent
60- to 90-day nonreturns for each day of use
after collection. Semen was used from two to
four days, but none was used on the day of
collection.

SPECIFIC

Livability study. Glycerol levels of 0, 10, 13,
16, 19, 22, and 259% by volume were tested.
Mean percentages of progressively motile sperm
for eight ejaculates from six bulls are pre-
sented (Table 1). Highest mean livability was
obtained with 109 glycerol. This level sup-
ported livability superior (P < 0.01) to the
0, 19, 22, and 259 levels, but was not sig-
nificantly better than the 13 and 169 levels
when tested by Tukey's honestly significant
difference among means. Mean motility with
13% glycerol was higher (P < 0.01) than with
0, 22, and 25% glycerol, but only significantly
better (P < 0.05) than 199, ¢lyeerol.

PROCEDURES AND RESULTS

J. 0. ALMQUIST

Fertility trials. The 109, level of glyeerol
was selected for iitial fertility testing bhecause
it was best in the livability study. A prelim-
inary trial to compare milk and milk-10%
glycerol diluents was started in June, 1956.
Technicians were requested to use semen of
each experimental bull to breed at least one
first- or second-service cow per day for a pe-
riod of four days after the day of collection.
The number of services on Days 1, 2, 3, and 4
was 4,495, 1,937, 731, and 535. There was no
difference in the average fertility of semen di-
luted in homogenized milk with or without
109 glycerol when used the first day after
collection. However, the fertility of glycero-
lated semen used the second, third, and fourth
days after collection was 8, 9, and 13 per-
centage units higher than that of untreated
control semen. Since the technicians were car-
rying fresh semen from nonexperimental bulls
of the same breed, it is possible that the vesults
were biased by selection of the herd and fe-
male in which the older experimental semen
was used.

Trials 1 and 2. Because of the indicated
beneficial effect on fertility of adding glyeerol,
two fertility trials were initiated to gather data
in which use of the semen would be less subject
to technician selection. Trial 1 was conducted
during October, 1956, at a different artificial
breeding cooperative. Three very popular Hol-
stein bulls collected two days per week were
selected. The semen diluted in skimmilk-109
glycerol was used for four days, but the con-
trol semen was used only two days. Only
enough glyveerolated and econtrol semen was
shipped to technicians on the day of collection
to meet the needs for the next day. The re-
maining semen was held in bulk storage in a
walk-in eold room and portions shipped on
succeeding days.

In Trial 2, conducted by the hreeding coop-
erative which carried out the preliminary trial,

TABLE 1

Effect of glycerol level on livability of spermatozoa in skimmilk diluent
(Mean percentage of motile sperm in eight ejaculates)

Days of storage at 5C

Glycerol =

level 1 2 3 4 6 8 10 12 14 Mean

(%)
0 70 66 64 64 58 46 30 21 11 43.0
10 70 70 66 66 64 60 51 46 34 52.7
13 70 69 68 ({5 64 55 49 42 31 51.2
16 70 68 68 63 60 55 40 36 24 48.2
19 69 65 61 58 56 48 35 28 14 43.2
22 69 64 60 56 52 46 &2 28 18 42.5
25 65 52 51 42 36 31 28 11 6 319
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Fertility of semen in Trials 1 and 2

No. services *

Per cent nonreturns

Age of
semen Control Glycerol Control Glycerol Dift.
Trial 1—Skimmilk
Day1°® 636 747 72.2 74.8 +9.6
Day 2 711 721 65.0 69.6 +4.6
Day 3 - 1,328 68.7
Day4 L. 697 66.9
Trial 2—Homogenized milk
Day 1 2,110 2,166 732 75.5 +2:3
Day 2 2,460 2,425 62.4 70.6 +8.2
Total 4,570 4,591
Mean 67.4 729 +5.5

2 Trial 1 based on first services; Trial 2 on first and second services.

® Day after semen collection.

semen from bulls collected on Saturday was
routinely used for two days after collection.
No semen was shipped on Sunday. The three-
month trial with semen used routinely for two
days was started in December, 1956, and in-
volved semen from five Guernsey and Holstein
bulls. Nonreturns were recorded for both first
and second services.

The fertility results for Trials 1 and 2
(Table 2) show that the addition of 109
glyeerol retarded the decline in fertility of
semen with increasing age. With glycerol pres-
ent, fertility decreased about 5% from Day 1
to Day 2 in both trials, whereas without glye-
erol the decline was about 99. Of particular
interest in Trial 1, despite the lack of control
data, was the very small decrease in fertility
from Day 2 to Day 4.

Trials 3 and 4. Based on these results, two
trials were initiated in 1957, to compare the
fertility of semen diluted in milk with and
without 109, glycerol, when hoth were used
beyond the second day after collection. In
Trial 3, semen shipments were made daily for
four days, as in Trial 1. However, the semen
was held in the central laboratory in filled test
tubes rather than in bulk. The trial included
eight ejaculates from each of the two Guernsey
and four Holstein bulls in heaviest service at
the time. Trial 4 involved only bulls previously
collected on Saturday to provide semen for
use on Sunday and Monday. These six bulls
were divided into two groups. Rather than
being collected on Saturday, one group was
collected on Thursday and the other on Fri-
day, and this procedure was reversed on alter-
nate weeks. The semen was held in filled test
tubes at the central laboratory for either one
or two days before shipment on Saturday.

Thus, half of the eight ejaculates eollected per
bull were used for insemination on the second
and third days and half on the third and fourth
days after collection. In Trial 4, the milk-209;
glycerol was added to the partially diluted
semen in volumes of 20, 30, and 509, at 10-min
intervals.

The fertility results (Table 3) substantiate
the earlier data, in that the inelusion of 109,
glyeerol in milk diluents markedly reduced the
decrease in fertility with advancing age of
semen as compared to milk diluent without
elveerol. In both trials, the mean fertility of
semen  diluted in milk-109, glycerol was su-
perior (P < 0.01) to that in milk alone.

The combined fertility results for the four
trials conducted at three breeding cooperatives
(Table 4) show a significant (P < 0.01) im-
provement in mean fertility on Days 2, 3, and
4 when glycerol was added to the milk diluents.
The difference of 2.39 in favor of milk-109;
¢lveerol on Day 1 was insignificant.

Trial 5. The livability experiment showed
no significant difference among the 10, 13, and
169% levels of glyecerol, and fertility trials with
levels of glyeerol other than 109, had not heen
reported. Thus, a limited split-ejaculate field
trial was conducted during November, 1959,
to compare 10 and 159 glyeerol. Semen from
three bulls collected two days each week was
used to inseminate 3,470 cows. Semen col-
lected on Friday from these bulls was used
routinely for three days after the day of
collection; no semen was collected on Saturday
or Sunday. While the partially diluted semen
was being cooled, the glyeerol fraction was
added dropwise from a separatory funnel over
a period of at least 30 min.

The average nonreturn rates for the 24 ejacu-
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TABLE 3
Fertility of semen in Trials 3 and 4
) No. first services Per cent nonreturns
Age of — it ol
semen Control Glycerol Control Glyeerol Diff.
Trial 3—Skimmilk

Day 1 743 704 68.6 70.7 == 2
Day 2 941 833 67.7 74.5 + 6.8%
Day 3 839 825 62.9 68.9 + 6.0"
Day 4 627 714 50.1 69.7 +10.6"

Total 3,150 3,076

Mean 63.2 711 + 7.9°

Trial 4-—ITomogenized milk
324 292 63.0 71.9 + 8.9°
916 825 51.6 69.4 +17.8"°

Day 4 538 579 44.8 63.9 +19.1°

Total 1,778 1,696

Moan 51.6 G8.0 +16.4"

* Difference statistically significant at the 5% level.

Y Difference statistically signifieant at the 19 level.

lates are shown in Table 5. Although the mean
fertility for milk-15%, glyeerol was 2.4 per-
centage units lower than that for milk-109;
glyeerol, this difference and those for day of
use were not statistically significant.

DISCUSSION

Although 1t has bheen shown that glveerol
improves the motility of bovine spermatozoa
stored in milk diluents at 5 ¢ (1, 7), different
glyveerol levels were not compared. In the
present study, motility in fresh, heated skim-
milk was maintained at a significantly higher
level with 10 or 139, glycerol than with no
glycerol (P < 0.01). There was a gradual de-
cline in mean livability when glycerol level
increased from 10 to 259%. Glycerol levels
lower than 109, were not tested. However,
further studies at this laboratory (3) showed
that 59 glyceerol supported higher livability

0.01), but that fertility was not significantly
different.  Willett and Ohms (12) assessed
livability in a nonfat milk solids-cysteine di-
luent with glyeerol levels of 0, 1.25, 2.5, 5.0,
and 10.09%. They found that motility inereased
with increasing glyeerol and that motility with
5 or 109 glyvcerol was significantly greater
than with no glyeerol (P < 0.05).

Based on the livability studies, 109, glycerol
was selected for use in the fertility trials.
Results of the four trials clearly demonstrated
that the inclusion of 109 glycerol retarded
the decline in fertility associated with inereas-
ing age of liquid semen. Although ineclusion
of glycerol did not significantly inerease fer-
tility of semen used the day after collection,
highly significant (P < 0.01) mean inereases
of 7.4, 122, and 19.5 percentage units were ob-
tained for semen used the second, third, and
fourth days after collection. Limited data in-

in fresh skimmilk than 109 glveerol (P < dieated no significant difference between 10
TABLE 4
Combined fertility results for four trials®
X No. services Per cent nonreturns
Age of —_—— - _ — — —
semen Control Glycerol Control Glycerol Diff.
Day 1 3,489 3,617 721 74.4 + 2.3
Day 2 4,436 4,271 64.0 714 + 7.4°
Day 3 1,755 1,650 57.0 69.2 12,97
Day 4 1,165 1,293 47.6 67.1 +19.5"
Total 10,845 10,831
63.7 71.5 +7.82

Mean

* Excluding Days 3 and 4 of Trial 1, for which there were no control data.
" Difference statistically significant at the 19, level.
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TABLE 5

Fertility

No. first services

of semen diluted with heated homogenized milk containing 10 or 15% glyeerol,
Trial 5

I)Gl‘ cent nonreturns

Age of 10% 15% 109 15%
semen (rlycerol Glycerol Glycerol Glycerol Diff.
Day 1 775 771 75.6 72.4 —3.2
Day 2 548 614 72.4 73.6 +1.2
Day 3 386 376 74.4 68.1 —6.3
Total 1,709 1,761
Mean 74.3 71.9 —2.4

and 159 glycerol when the semen was used
for three days. The finding that the addition
of glycerol to milk diluents reduced the decline
in fertility with increasing age of semen is in
agreement with other reports (9, 13). How-
ever, there is only general agreement on the
extent of fertility improvement for semen of
a particular age.

The only detailed report comparing fertility
of hovine semen in milk and milk=109, glye-
erol diluents was published in England by
O’Connor and Smith (9). In a study involv-
ing 14,319 first inseminations, they found a
significant difference (P < 0.01) in favor of
semen diluted in fresh skimmilk-109 glycerol
only when it was used on the fourth day after
collection.

Part of the disagreement may be due to
differences in handling of the diluted semen.
In the present trials all semen was shipped in
filled test tubes, but in the study by O’Connor
and Smith this was not a standard practice
(8). The importance of shipping filled tubes
is indicated from unpublished data of the late
E. L. Willett (11). A limited trial in 1957
with four Holstein bulls compared fertility of
semen diluted in homogenized milk-=109, glye-
erol when shipped either in filled or half-filled
S8-ml tubes. Technicians were requested to use
about half of the semen in each tube the first
day after collection and the remainder on Day
2 after collection. Based on 1,725 services, the
difference of 6.7 percentage units in favor of
filled tubes on Day 2 was highly significant
(P =0.005). The increase of 1.3 percentage
units for filled tubes on Day 1 was not sig-
nificant (988 services). Thus, the beneficial
effect of glyeerol in retarding the decline in
fertility with older semen may he masked in
part by oxygen damage to spermatozoa during
transport and field handling. Hafs (5) recently
that
glyeerol diluent further reduces the decline in

showed inclusion of  catalase in milk-

fertility of semen used for four days after
collection.

In the only other controlled study, Williams
et al. (13) compared fertility of semen diluted
in homogenized milk with and without 109,
glycerol over a period of three days after col-
lection. Contrary to the present report, and
that of O’Connor and Smith (9), they found
a significant (P = 0.02) inerease with glye-
erolated semen used the first day after collee-
tion. Their finding of a highly significant
(P < 0.01) inerease on the second and third
days of use when glyceerol was added agrees
with this report.

The advantages of using milk-glycerol di-
luent in a liquid semen program, and sug-
gestions for the proper preparation and han-
dling of this diluent, have heen presented else-
where (2). The importanee of semen handling
procedures is suggested by the differences in
the fertility of glycerolated semen on Days
3 and 4 in Trials 3 and 4. On Day 3 fertility
was similar in the two trials, but on Day 4
there was a substantial decrease only in Trial 4.
In this trial the semen was shipped the second
day before use and thus was subjected to rou-
tine field handling for one day. In Trial 3, the
semen was shipped the day before use and
exposed to field handling only on the day of use.

It is not known whether bulls of relatively
low fertility show a greater improvement in
fertility with milk-glyeerol diluent than those
of relatively high fertility.
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METABOLISM OF BOVINE SEMEN.

XI. FACTORS AFFECTING THE

TRANSPORT OF FRUCTOSE IN BOVINE SPERMATOZOA 1

R. J. FLIPSE
Dairy Breeding Research Center, Department of Dairy Science
The Pennsylvania State University, University Park

SUMMARY

Using fructose-C'", the transport of fructose across the cell membrane of
washed bovine spermatozoa has been studied. It was found that fructose trans-
port was sensitive to incubation temperature, to cold shock and to inhibitors

such as cyanide, iodacetate, fluoride, and p-chloromercuribenzoate.

Mutual

interference by metabolizable sugars was observed, and transport occurred
against a concentration gradient of fructose under anaerobic conditions.

Anoxia stimulated the transport process.

The selectivity of living cells toward charged
particles has been recognized for some time,
but it has been generally assumed that cell
membranes are freely permeable to uncharged
molecules such as hexoses. Doudovoff et al. (4)
opened a new era in 1949 with the suggestion
of specific transport mechanisms for sugars.
In exploiting this break-through, numerous
tissues (3, 6, 7, 9-11) have been used in study-
ing the transfer of sugars across cell mem-
branes: that is, between the cell interior and
interstitial fluid, blood plasma, or an artificial
bathing medium. As recently reviewed by
Bishop (1), many reports have appeared on
the metabolism of sugars by spermatozoa, but
there appears to be no information on the mode
of sugar entry into spermatozoa.

This report presents results of a series of
experiments conducted to investigate the nature
of the movement of fructose across the cell
membrane of bovine spermatozoa.

EXPERIMENTAL PROCEDURE

Semen was collected from Holstein bulls
with the artificial vagina, examined for uality,
and ejaculates from three or four bulls pooled
for use in each trial. The spermatozoa were

Received for publication May 4, 1962.

* Authorized for publiecation on April 25, 1962,
as paper no. 2656 in the journal series of the
Pennsylvania Agricultural Experiment Station.
Supported in part by grants from the Pennsyl-
vania Association of Artificial Breeding Coop-
eratives, the National Association of Artificial
Breeders, and the Atomic Energy Commission,
Contract No. AT(30-1)-1849.

washed in Ringer solution to free them of
seminal plasma, then resuspended in Ringer
solution or the buffer to be used in the experi-
ment.

To measure transport, 10° cells were sus-
pended in a final volume of 1.5 ml in 6-ml
Warburg flasks and incubated with uniformly
labeled fructose (fructose-C'). Periods of incu-
hation were restricted to 30-60 min, to limit
the metabolic conversion of fructose and re-
lease of radioactivity from the cell. After incu-
hation, the cells were washed as rapidly and
completely as possible to remove extraneous
radioactivity, then plated on cupped glass plan-
chets and dried under infrared lamps. Carbon
dioxide produced during incubation was col-
lected in potassium hydroxide in the center
well of the flasks and converted to barium
carbonate for radioassay (5).

The transport values reported were obtained
by adding the radioactivity recovered in the
cells and that recovered in CO,, with the ex-
ception of the data in Table 6. These were ob-
tained by measuring loss of radioactivity from
the cells into the medium and the procedure
will be presented in the next section.

RESULTS AND DISCUSSION

One of the problems encountered in using
fructose-C** to measure transport was the de-
velopment of a satisfactory method of prepar-
mg sperm for radioassay. After incubation
with fructose-C", three washings were required
to remove extraneous activity from sperm.
Since this procedure involved about 15 min,
the possibility existed that much of the radio-
activity might come out of the cell during wash-

917
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TABLE 1

Effeet of washing buffer temperature and
composition on retention of fructose-C'

Temperature
Buffer 1C 21C
(counts per minute)
Ringer-phosphate 2,250 4,100
Skimmilk 1,400 1,050
Ringer-phosphate-fructose 2,900 3,640

ing. To determine possible effects of tempera-
ture and the wash medium on sperm radio-
assays, sperm were incubated with fructose-C"
at 37 C, then aliquots were washed with three
media at two temperatures, as shown in Table 1.

It is noted that in Ringer-phosphate and
Ringer-phosphate-fructose, retention of radio-
activity by sperm was greater at 21 C than at
4 C. A possible explanation is that at the 4
wash some temperature shoek to sperm occurred
which reduced the ability of the cells to retain
fructose (8). The performance of skimmilk
as a wash in these experiments supports this
explanation, in that skimmilk provides more
cold shock proteetion, and the 4 (:21 C ratio
was much higher than in the washes with less
cold shock protective action. All radioassays
on the milk treatments were lower than those
in chemical media; this would bhe expected as
a result of the shielding effeet of the milk solids
present on the planchets.

Fructose was included in the third wash
medium to determine its effectiveness in ve-
ducing loss of radioactivity by simple diffusion
from sperm. It did not reduce loss from the
cell, indicating that transfer of fructose from
the cell involves more than simple diffusion.
In subsequent trials, the standard post-incu-
bation washing procedure consisted of three
washes with Ringer-phosphate at 21 (.

Effect of temperature of incubation. Several
trials were conducted to determine the effect
of temperature of incubation on the rate of
transport; these are summarized in Table 2.

TABLE 2

Effeet of time and temperature of incubation on
transport of fructose-C"

Minutes of incubation

Temperature 10 20 40 80
() (counts per minute)
18 850 950
28 990
38 910 1,160 1,825

Spermatozoa were incubated at the three tem-
peratures with fructose-C", aliquots removed
at specified time intervals, washed with Ringer-
phosphate at 21 C, dried, and radioassayed.
Uptake due to simple diffusion should be rela-
tively insensitive to temperature, whereas ac-
tive transport should be temperature-dependent
(6). The results in Table 2 are indicative of a
transport system, in that uptake varied with
temperature. However, the response to tem-
perature was not as great as might bhe antici-
pated from strietly metabolic considerations;
possibly, the data reflect a combination of dif-
fusion and active transport.

Studies of the effect of temperature on trans-
port are complicated by the sensitivity of sperm
to temperature shock, which by c¢hanging mem-
brane permeability would be expected to in-
crease transfer by diffusion (8) or, alterna-
tively by decreasing metabolie rate, would he
expected to deerease transport (2). The effects
ot cold shock were studied by immersing flasks
containing sperm in an ice bath for 15 min,
warming to incubation temperature, adding
friuctose-("', and  incubating as indicated in
Takle 3. Iu each experiment cold shock de-

TABLE 3

Effect of cold shock on transport of fruetose-C'
Expt. Incubation ('on- Cold-
no. conditions trol shocked
—(epm )t ——m
10 Glyeine buffer, 37 ¢ 2 880 1,440
n Ringer Tris buffer, 37 (4 3,460 2 850
12 Ringer, 0.004 a1
iodoacetate, 37 C 1,645 1,200
13 Milk, 4+ ¢ 495 350

“In ocells and CO-.

pressed the transfer of radioactivity into the
cell.

Sensitivity to inhibitors. In these experi-
ments, washed sperm were exposed to the con-
centration of inhibitor indicated in Table 4 for
10 to 20 min before fructose-C" was added to
the medium. Some of the inhibitors inereased
the vield of radioactivity in the cells above
that in uninhibited cells, but in all cases the
measured transport (activity in eells plus that
in C0.) was reduced by the inhibitor. The
data are indicative of a transport system, in
that passive diffusion is not influenced easily
by inhibitors, and the concentrations employed
should not alter membrane permeability.

Competitive entry. With a transport system,
metaholizable sugars would he expected to com-
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TABLE 4
Effect of inhibitors on recovery of radioactivity

Cells CO.
Expt. 7 & 8 (mean) (epm)——
Control 485 10,400
Sodium c¢yanide, 0.04 1,870 110
Todoacetic acid, 0.004 860 12
p-Chloromercuribenzoate, 0.004 @ 935 35
Sodium fluoride, 0.04 510 15
Expt. 9
(‘ontrol 490 4,930
Mercurie ¢hloride, 107 ar 590 4,400
Mercurice chloride, 2 X 107" M 295 90

pete with one another for entry; with diffusion,
each should enter relatively independently of
the other. In the trials reported in Table 5,
uptake of fructose-C'* was measured with no
unlabeled sugar added, and with unlabeled
fructose, glucose, or arabinose added to a final
concentration of 0.01 m. The reduction in re-
covered activity upon the addition of unlabeled
fructose was the result of dilution; a fourfold
increase in concentration resulted in a redue-
tion of yield to one-fourth the previous value.
Adding glucose, however, resulted in a much
greater reduction in yield, indieating a greater
affinity for glucose than for fructose. Arabi-
nose is only slowly metabolized by spermatozoa
and offered considerably less competition to
the transport of fructose-C™.

Transfer against concentration gradient. Per-
haps the most stringent eriterion of an active
transport system is the ability to concentrate
against an osmotic gradient (6). Since frue-
tose concentration inside the cell is difficult to
measure and not easily altered appreciably,
this problem was studied by measuring efflux
rather than influx.

Sperm were incubated with fruetose-C™ to
permit entry into the cell. After washing the
cells free of extraneous radicactivity, the C'-
loaded cells were incubated in fresh buffer with

TABLE 5

Effeet of uunlabeled fructose, glucose, and
arabinose on the transport of fruetose-C'"

Unlabeled substrate added

Glu-

Expt. Frue- Arab-
no. None tose cose inose
14 ] 610 1,560
15 SR 260 755
16 3,820 300 1,650
Mean 238 1,322

BOVINE SEMEN. XI.

919

and without 0.1 M unlabeled fructose, as shown
in Table 6. After this second incubation the
cells were removed by centrifugation and the
supernatant dried and assayed for radioactiv-
ity which had transferred out of the cells. In
the aerobic experiments, CO. was -collected,
radio-assayed, and the effluent ¢epm in the table
is the sum of radioactivity in the supernate
and in CO,. This procedure may be questioned,
in that CO. may not necessarily be the result
of transport, since it may represent catabolism
within the cell and diffusion of the gas from
the eell. However, if one considers only the
supernate, the vrelationships are the same—
efflux into the sugarless buffer exceeds that into
fructose.

TABLE 6

Effect of anoxia and fructose concentration in
the medium on outflow of fructose-C™*
from the eell

’ Fructose concentration, M
Mean of expt.

numbers 0 0.1
(effluent ecpm)——
17,18 Aerobie 720 560
22-26

Anaerobic 595 695

In the anaerobic experiments there was essen-
tially no CO, production; thus, only the radio-
activity in the supernate was considered after
it was established that CO, radioactivity was
negligible. These anaerobie trials were impor-
tant in two respects. First of all, the efflux into
0.1 M fructose was greater than that into the
medium without fructose, thus demonstrating
coneentration against an osmotic gradient. Sec-
ondly, anoxia increased the rate of transport
across the cell membrane, in agreement with
the glucose-musele eell studies of Morgan et al.
(9).

General discussion. The data presented show
that bovine spermatozoa possess several of the
characteristics of an active transpert system
for fructose: these include sensitivity to tem-
perature, dependence on active metabolism, sen-
sitivity to inhibitors, mutual interference by
metabolizable sugars, and concentration against
an osmotie gradient. The evidence, while ex-
tensive, perhaps should not be regarded as con-
clusive, for fructose is metabolized so rapidly
that it is difficult to limit the study to transport
without complicating the issue with the problems
brought on by rapid metabolism and movement
of intermediates.

In this study, radioactivity appearing in the
cell and that in ('O, was summed to give a
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value for transport. While this permits com-
parisons to be made, it is subject to inaccuracy
due to metabolites, other than (0., which may
pass from eell to medium and thus escape meas-
urement. More definitive information on trans-
port may be obtained by using sugars struc-
turally similar to fructose but metabolized
slowly or not at all. Such studies are now under
way and will be reported when completed.
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ISOLATION OF ENTEROVIRUSES FROM A HERD OF DAIRY CATTLE !

D. O. CLIVER anp E. H. BOHL

Departments of Dairy Science and Bacteriology
The Ohio State University, Columbus

SUMMARY

A high incidence of enteroviruses isolated by the use of bovine kidney cell
cultures has been found in rectal swabs from normally reared calves. In no
case were enteroviruses recovered from calves less than 4 wk of age. Only one
of seven parturient cows was shown to be shedding enteroviruses.

Two ether-resistant virus types were identified which differed in serologie
specificity, characteristics of plaque formation in bovine kidney cell cultures,
and in vitro host range. The incidence of these types of enteroviruses could !
not be correlated with the appearance of clinical signs in these calves.

The isolation of viral agents from bovine
feces or rectal swabbings has been reported
lately (5). In some cases the presence of these
agents has been associated with certain clinical
signs (8, 9), while in others the animal hosts
were apparently healthy (6, 10-12). Primary
isolation of the agents has, as a rule, been ac-
complished in bovine kidney cultures (1, 6-9).
Certain strains have also been found to be
cytopathogenic in the cultured tissues of other
species (7, 8, 10).

The present report describes the isolation, by
means of bovine kidney cell cultures, of entero-
viruses obtained in rectal swabs from calves
and cows of a normal dairy herd. These viruses
have heen characterized by an application of
the plaque technique in the cultured kidney
cells of four species.

MATERIALS AND METHODS

Herd under investigation. The animals em-
ployed in this study belonged to The Ohio State
University dairy herd. Calves born in this
herd remained with their dams and nursed ad
libitum during the first three days of life. They
were then moved to the calf barn, where they
were fed about 109 of their body weight per
day of surplus herd milk or colostrum, with
free access to water, grain, and hay. They re-
mained in the calf barn until they reached four
to six months of age, during which time they
were exposed 1n varyving degrees to 20 to 30
other calves.

Received for publication July 7, 1961.
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Cell cultures. Primary monolayer cultures
were prepared by the trypsinization of kidneys
from yearling or older cattle with the subse-
quent growth of the dispersed cells in a culture
medium consisting of: 0.59% lactalbumin en-
zymatic hydrolysate ; 5.09 bovine serum; 94.59%
Hanks’ balanced salt solution (BSS); and 100
ug of dihydrostreptomyein, 200 units penieillin,
and 50 units of nystatin (Mycostatin *) per
milliliter. Cultures were prepared both in 4-oz
prescription bottles and in 16- by 150-mm test
tubes (4). Cell cultures were also prepared
from porcine, human, and monkey (Maeaca
c¢ynomolgus) kidneys in a similar manner and
grown in 4-oz preseription bottles.

Virus wsolations. A sterile cotton swab on a
six-inch spplicator was inserted at least three
inches into the rectum. The swab was applied
to the epithelium with a rubbing motion and
withdrawn together with some fecal material,
whenever this was possible. The swab and the
sample were placed in a thick-walled 16- by
100-mm centrifuge tube containing 2.5 ml of
BSS, to which had been added 1,000 upg of
dihydrostreptomyecin, 2,000 units of penieillin,
and 500 units of nystatin per milliliter. Having
arrived at the laboratory, the swab was swirled
in the solution to dislodge the fecal material
and was removed from the tube. The remain-
ing fecal suspension was centrifuged at ap-
proximately 3,800 rpm for 40 min. The super-
natant was aspirated from the sedimented fecal
material and frozen for later testing.

Both tube and bottle bovine kidney cell cul-
tures prepared as described previously were
used routinely for the primary isolation of

* Mycostatin is produced by E. R. Squibb and
Sons, New York.
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TABLE 1

Proportions of calves of various ages

found to be shedding enteroviruses on June 9, 1959

Age in wecks 3 6 9 10 11 12 13 14 16 13
Number positive o,y 3/3 178 31 o2 of2 12 o/ 0/1 0/
Number tested

Age in weeks 24 25 27 29 31 45 All

Bortositing
Number positive o,y 1,1 01 121 o1 o 22 o/ 11 11/07
Number tested
virug from rectal swabs. As a rule, two tube the infection. Rectal swabs were taken ftrom

cultures were inoculated with 0.1 ml each of
the fecal extract and maintained with a medium
which differed from the growth medium only
in the tact that no serum was added; and one
bottlé culture was inoculated with 0.2 ml of
the extract and overlaid with 12 ml of a similar
maintenance medium containing, in addition,
19 of agar. The tube cultures were ohserved
microscopically tor evidence of viral cytopatho-
genie effects, whereas the hottle cultures were
observed macroscopically  for characteristic
areas of cell degeneration designated plaques.

Serological procedures. Four plaque-isolated
strains of viruses isolated from this herd were
used to immunize rabbits. Ten milliliters of
the undiluted virus suspension were homog-
enized with a like quantity of complete Freund's
adjuvant in a 20-ml syringe. Five-milliliter
aliquots of this emulsion were injected intra-
muscularly into the right and left fore and
hindquarters of the rabbits, together with a
1-ml intramuscular injection of the undiluted
culture fluid into the right hindquarter. The
rabbits were bled from the heart 6 wk later and
the serums harvested and frozen.

Neutralization tests with these virus strains
and serums were performed in hovine kidney
cell cultures, using the plaque method deseribed
by Bohl et al. (2). Serums were tested for
neutralizing poteney at dilutions ot 1:10, 1:100,
and 1:1,000.

EXPERIMENTAL PROCEDURE AND RESULTS

Herd survey. To establish the presence of
enteroviruses in The Ohio State University
dairy herd, rectal swabs were obtained from
all calves housed in the calf barn on June 9,
1959. The results of this initial survey are
presented in Table 1.

Detection of enteroviruses in
function of age. This portion of the study was
undertaken to ascertain the age at which en-
teroviruses could first be detected in calves, as
well as some indication of the persistence of

calves as «a

seven cows and their calves at the time of par-
turition. These calves and six other neonatal
calves were then swabbed at weekly intervals
for various periods of time.

The 13 calves which were examined weekly
for rectal excretion of virus were started on
the experiment at ages of 0 to 4 wk. One ecalf
died of enterotoxemia at nine days of age and
was not found to be shedding enteroviruses at
birth or at death. The histories of the remain-
ing calves arve summarized in Table 2.

It will be noted that virus was not detected
during the course of the observations in only

se. In the remaining 11 animals, the age
at the time of the first positive sample ranged
from 4 to 12 wk, with a mean of 7 wk. The
appearance of plaques formed in a hottle cul-
ture used for primary isolation of virus from
one of these rectal swabs is illustrated in Figure
i

In those cases in which calves were tested
at birth, rectal swahs were also taken from the
dams of these animals. Of the seven cows
swabbed at parturition, only one was found
to be shedding virus at that time.

Characterization of the virus strains. All of
the virus strains established from these rectal
swabbings were, of course, capable of produc-
ing cytopathogenic effeets and plaques in ho-
vine kidney cell cultures. Certain of these
strains were further characterized on the hasis
of their serologic relationships, the character-
istics of plaques formed in bovine kidney cell
cultures, and their ability to form plaques in
kidney cell cultures from three heterologous
species.

Neutralization tests using rabbit antiserums
indicated that these strains belonged to two
serological types. Antiserums against each type
cross-reacted to a limited extent with heterol-
ogous strains.

Daily observations of inoculated hovine bhottle
cultures under agar overlay medium revealed
that plaques were first visible macroscopically
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TABLE 2

Incidence of enterovirus in rectal s

wabs from ecalves as a funetion of age

Age in wecks

Calf
1no0. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
530 A — — — = — — — — + 4+ + 4+ + + + + + + + 4+ + + + + + +
5236 — — — — — — — — + — + — — — — - - SR
522G - - - = = = - = = - = 4+ s = = =
SE . e B R G R S G O R T ¥
57 {07 R S T ST B RTINS . S S S
BINET v e = = = = = = f £ o fp e ofr e e e o ;
689H .. — — — + + + + — — + = — + +
BB = == — == = = = = = o e e e e ce
G32A — — = = = = 4 f A A e A | ST
690H — — — — — — — + - + + =+ .
A = = = = = = = 4 A He =t . e
BIAY w0 = = = F = & + H = =

— Means no virus was isolated; +, a virus was isolated: .. not tested.

on the third day after inoculation, at which
time their diameter was about 1 mm. These
plaques continued to enlarge, and others to
appear, for several days. The rate of appear-
ance of plaques of Type I was somewhat slower
than that of Type II, so that a plaque-count
equal to 909 of that ultimately recorded was
observed about 24 hr later with Type I than
Type 1I. Possibly as a result of the delayed
appearance of the plaques, the mean diameter
of the plaques of Type I was usually one or
more millimeters smaller than that of Type II,
other things being equal. An example of these
differences is reported i Table 3.

Differences were also observed in the host
ranges of these virus strains in heterologous
kidney cell cultures. Prototype strains of the
two virus types were diluted in tentold in-
crements and titrated in cell cultures of bo-
vine, poreine, monkey, and human kidneys. No
attempt was made to adapt the strains to the
cultures in which they were tested. The results
of this experiment are reported in Table 4.

Detection of mired viral infections. The re-
sults of first tests applied to the rectal swabs
have been expressed only in terms of whether
viruses were detected. To determine whether
hoth types of viruses might be recovered from
a single rectal swah sample, an additional study
was conducted.

Since the concentrations of viruses in the
original rectal swah fluids were too low to he
suitable for neutralization testing, sero-typing
was performed with fluid harvested from pri-
mary virus isolations in cell culture. The har-
vested culture fluid was diluted in BSS to con-
tain an estimated 50 plaque-forming units of
virus per 0.1 ml. Aliquots of this virus sus-
pension were incubated 60 min at room ten-

perature with an equal volume of: (1) BSS,
(2) BSS containing 59 antiserum I, (3) BSS
containing 19, of antiserum II, or (4) BSS
containing 59 of antiserum I and 19, of anti-
serum I1. Duplicate bottle cultures of bovine
kidney cells were used to assay ecach of these
mixtures by the plaque technique (1). When-
ever the results of the first test were not clear,
virus was subcultured trom selected plaques
and retested in the same manner,

I'16. 1. Appearance of plaques on bovine kidney
cell cultures five days after inoculation from a
rectal swab taken from Calf 510J on November
18, 1959,
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TABLE 3

Daily observations of the number and size of plaques of two virus types on bovine kidney
cell culture

Type 1 Type II
Days of Number Mean Number Mean
incubation of plaques diameter of plaques diameter
(mm) (mm)
3 2 1 3 2
4 4 3 17 4
5 11 5 18 7
6 14 7 18 9
7 14 8 18 12
The first positive rectal swabs from six less than 4 wk, although exposure was probably

calves were successfully typed, and it was found
that both Types I and II were present in sam-
ples from Calves 530A, 532A, and 690H,
whereas only Type II could be indentified in
the first positive samples from Calves 522G,
510J, and 511J. In the case of Calf 530A, an
attempt was made to serotype all of the posi-
tive weekly rectal swabs obtained in the course
of the study. Both virus Types I and II were
identified in samples taken at 8, 10, 20, 22, 23,
and 24 weeks of age. Only Type I was adenti-
fied in samples at 9, 13, 17, 18, 19, and 21 wk.
The virus in the 15-, 16-, and 25-wk samples
was lost. Only Type I could be demonstrated
in the rectal swab taken from Cow 490G at
the time of parturition.

DISCUSSION

The presence of enteroviruses has been dem-
onstrated in a high proportion of rectal swabs
obtained from calves of various ages in The
Ohio State University dairy herd. Since the
system of management of these animals pre-
sents no particularly unusual features, it is
unlikely that this herd is unique with respect
to the incidence of enteroviruses.

Only one of 12 calves was not found to be
shedding virus during a prolonged period of
weekly observations. However, no calt studied
was found to be shedding virus at an age of

continuous from birth. Sinee antibody capable
of neutralizing this virus has been demonstrated
in a number of samples of colostrum (3), it is
possible that these calves were protected by
antibody derived passively through nursing.

Virus was detected in a rectal swah of only
one of seven cows studied at the time of par-
turition. Since it is likely that all of these ani-
mals had been infected and shed virus at some
time during their lives, the decreased incidence
of detectable virus in adults may be taken as
evidence of the development of active immunity.

Pure strains of viruses were established by
isolation from plaques formed in bhovine kidney
cell cultures. It was shown by means of anti-
serums prepared in rabbits that these strains
belonged to at least two separate serologic types.
These types were also found to differ with re-
spect to plaque morphology in bovine kidney
cell cultures and efficiency of plaque formation
in kidney cell cultures from three other species.
The plaques produced by Type I in bovine
kidney cultures were somewhat smaller on any
given day of incubation. Type I apparently
produced plaques relatively efficiently in mon-
key kidney cultures, less so in poreine kidney
cultures, and not at all in human kidney cul-
tures. Type 1I was relatively efficient in form-
ing plaques in monkey kidney cultures, less
so in human kidney cultures, and was not

TABLE 4
Per cent efficiencies of plaque formation by two serologic types of bovine enteroviruses in
the cultured kidney cells of four species

Species of culture

Serologie —
type Bovine Porcine Monkey Human
I 100.00 0.12 42.00 o*
11 100.00 0 52.00 0.05

* No plaques observed after inoculation with the most concentrated (109 ) suspension

tested.
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found to produce plaques in poreine kidney
cultures. Dr. S. A. Sattar of this laboratory
has recently demonstrated that both of these
types are ether-resistant.

Mixed infections with the two types have
been found to he common in these calves under
natural conditions. The incidence of virus of
either type in rectal swabs could not be corre-
lated with diarrhea or pneumonia, which occa-
sionally oceurred in mild form in some of the
animals.
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SUMMARY

Serum and colostrum samples from seven parturient cows, milk from these
animals after seven or more days of lactation, and serum samples from their
offspring before and after nursing, have been tested for their ability to neutral-
ize two serologic types of bovine enteroviruses isolated from the same dairy
herd. In most, the descending order of the neutralizing potencies of these sam-
ples was: colostrum, parturient cow serum, postnursing ecalf serum, prenursing
calf serum, and normal milk. The neutralizing potency of normal milk was
found to be negligible, and five prepartum milkings in one cow were found to
decrease the antibody content of the mammary secretions to that of normal milk.

The efficiency with which ingested colostral antibody was absorbed into the
blood stream was apparently quite high in newhorn calves but somewhat de-
creased if nursing was deferred for 22 or even 12 hr after birth. There was no
apparent correlation between the levels of neutralizing antibody in the serums
of calves at the end of the first week of life and the age at which enteroviruses

were first detected in reetal swabs from these animals.

The isolation of enteroviruses from dairy
cattle has been reported recently by several
laboratories (2, 11, 12, 16-20). Work in this
laboratory has resulted in the isolation of two
serologic types of bovine enteroviruses from a
high percentage of calves in a herd of dairy
cattle (4). Weekly rectal swabbings of these
calves revealed that no enteroviruses could be
recovered from animals less than 4 wk of age,
despite the likelihood that exposure to the
viruses was continuous from birth under nor-
mal conditions of rearing.

The purpose of the present study was to
determine the levels of humoral neutralizing
antibody against these enteroviruses in par-
turient cows and their calves by means of tne
plaque technique. An attempt was made to
evaluate the role of colostrum in the transfer-
ence of passive antiviral antibody to the new-
bhorn calf under conditions of immediate and de-
ferred postnatal nursing.

Early studies with antibacterial agglutinins
indicated that cows which had high serum ag-
glutinating titers produced calves which had

Received for publication July 7, 1961.
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no serum agglutinins. The colostrum of these
cows was shown to be high in agglutinin titer,
and the ingestion of this colostrum resulted in
the passive acquisition of large quantities of
serum agglutinins by the ecalf (15, 21). More
recent electrophoretic studies have indicated
that the serum of the newborn calf is virtually
devoid of immune globulin but that this sub-
stance is acquired from colostrum under normal
conditions of nursing (7, 8). The blood serum
of the cow has been implicated as the source
of colostral globulin (1, 13, 14).

MATERIALS AND METHODS

Cell cultures. Primary monolayer cultures
were prepared by the trypsinization of kidneys
from yearling or older cattle, with the sub-
sequent growth of the dispersed eells in a cul-
ture medium consisting of: 0.59% lactalbumin
enzymatic hydrolysate; 5.09, bhovine serum;
9459 Manks’ balanced salt solution (BSS);
and 100 pg of dihydrostreptomyein, 200 units
of penicillin, and 50 units of nystatin (Myco-
statin ®) per milliliter (6).

Neutralization tests. Neutralization tests were
performed to measure hy means of the plaque

# Myeostatin is produced by E. R. Squibb and
Sons, New York.
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technique the ability of samples of colostrum,
milk, and blood serum to neutralize entero-
viruses of two serologic types isolated from
animals of the same dairy herd (4). Samples
of colostrum, milk, or blood serum to be tested
were diluted in tenfold increments, with an
initial dilution of 1:10 or 1:16. Equal volumes
of the virus suspension (diluted so that in 0.1
ml a countable number of plagues would oceur)
and the diluted neutralizing substance were
incubated together at room temperature for
1 hr. A control for the estimation of the actual
concentration and volume of the virus was pro-
vided by ineubating the same concentration and
volume of the virus suspension with an equal
volume of BSS under the same conditions. The
BSS served as the diluent for the virus sus-
pensions and the colostrum, milk, and blood
serum samples; and 0.2-ml aliguots of each
incubated mixture were inoculated into dupli-
cate bovine kidney cell cultures in 4-oz pre-
scription bottles from which the medium had
been discarded (3).

These bottle cultures were incubated at room
temperature for 1 hr after inoculation, with
frequent agitation. Each culture was then over-
laid with 12 ml of a medium consisting of:
1.09% Noble agar (Difeo); 0.5% lactalbumin
enzymatic hydrolysate; 0.00159, neutral red;
approximately 98.5% BSS; and 100 pg of di-
hydrostreptomyecin, 200 units of penicillin, and
50 units of nystatin per milliliter. These bot-
tles were observed daily for evidence of plaques
(23).

The extent to which each concentration of
a colostrum, milk, or blood serum sample neu-
tralized virus of each serologic type was ex-
pressed as a percentage of neutralization. This
percentage was computed by dividing the total
plaque-count for the duplicate bottles in ques-
tion by the total plaque-count for the appro-
priate duplicate virus control bottles, subtract-
ing the quotient from 1, and multiplying this
difference by 100. As a rule, little importance
was attached to neutralizations of less than
40%.

Animals investigated. The animals under in-
vestigation were members of The Ohio State
University dairy herd. With the minor exeep-
tions noted, the calves studied were being raised
according to the normal system for this herd.
That is, the newborn calves remained with
their dams and nursed ad libitum during the
first three days of life. They were then moved
to the adjacent calf barn, where they received
approximately 109, of their body weight per
day of surplus herd milk or colostrum for sev-
eral weeks and decreasing quantities thereafter

ENTEROVIRUSES 929

to the age of five months, with free access to
water, grain, and hay. Rectal swabs taken from
these calves at birth and at weekly intervals
thereafter were tested for the presence of
enteroviruses in a manner described previously
(4). The cows were tested in the same manner
for enterovirus excretion at the time of par-
turition.

EXPERIMENTAL PROCEDURE AND RESULTS

The animals studied are grouped in pairs
consisting of a cow and her newhorn calf, each
pair being designated a case. Numbers were
assigned to the cases in order of chronological
precedence.

Case 1. A heifer calf, 530\, was born to
Cow 467A on July 5, 1959. Samples of colos-
trum and of blood from both animals were ob-
tained at that time, after which the calf was
allowed to nurse. Additional blood samples
were taken from the calf at 48 hr, seven days,
and 12 wk of age. A sample of normal milk
was obtained from 467A on the 15th post-
partum day. All of these samples were tested
for the ability to neutralize both types of en-
teroviruses. Results of these neutralization
tests are presented in Table 1.

It may be noted from Table 1 that the level
of antibody in the colostrum, and seemingly
in the 48-hr and seven-day calf serum samples
exceeded that of the maternal blood serum at
parturition. The cow was not found to be
shedding enteroviruses at the time of parturi-
tion, but enteroviruses of both Types I and II
were detected in rectal swabs from the calf be-
ginning with the eighth week of life and con-
tinuously thereafter until weekly observations
were terminated after 25 wk. It is, therefore,
noteworthy that the levels of antibody against
each type in the 12-wk serum sample did not
differ significantly from those detected at birth.

Case 2. Cow 630H gave birth to a 130-1b
bull ealf after a complicated lahor on August 15,
1959. Samples of colostrum and of blood from
both animals were obtained at the time of par-
turition. Additional blood samples were col-
lected from the calf at 48 hr and nine days of
age. The calt died later, on the ninth day, with
a diagnosis at necropsy of clostridial enterotox-
emia. A sample of normal milk was taken from
the cow on the 24th postpartum day. These
colostrum, milk, and blood serum samples were
tested for ability to neutralize virus of both
tyvpes at dilutions of 1:16, 1:160, and 1:1,600.
In no case did the extent of neutralization ex-
ceed 409, so the concentrations of neutralizing
antibody in all of the samples from these ani-
mals were regarded as negligible. Enteroviruses
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TABLE 1

Percentages of neutralization of virus Types I and II by colostrum, milk, and serum samples
from Cow 467A and Calf 530A

Nature of sample

Virus Dilution Cow Colos-
type of sample serum trum
1:16 100 100
re 1:160 44 61
1:1,600 0 25
1:16 100 100
1 1:160 14 78
1:1,600 0 0

Pre-
nursing  48-hr T-day 12-wk
Normal calf calf calf calt

l)lilk serum serum serum serum

58 51 100 100 67

13 65 54 0

7 0 7 0

0 ] 100 100 0

0 2 40 17 0

0 - 0 ] 0

* Ninety-nine and one-half plaque-forming units per bottle.

" Sixty plaque-forming units per bottle.

were not detected in rectal swabs tfrom the cow
at parturition and from the calt at birth and
at death.

Case 3. Cow 490G gave bhirth to a heifer
calf, 523G, on September 9, 1959. A\ sample
of blood had been taken from the cow six days
previously. Samples of colostrum and ot blood
were obtained within an hour of parturition.
In this case, the calf was separated from its
dam at birth and received no sustenance of
any kind until it was 22 hr old. after which it
was allowed to nurse. Aside trom a 10-ml
sample, the cow had not been milked prior to
nursing. Additional blood samples were taken
from the calf at 48 hr, seven days, and 13 wk
of age. Normal milk was collected from the
cow on the 14th postpartum day. These colos-
trum, milk, and blood serum samples were
tested for their ability to neutralize entero-
viruses of both types. The results of these
neutralization tests are reported in Table 2.

It will be noted that the neutralizing potency
against both types of enteroviruses was some-
what lower in the sample of cow serum at par-
turition than that taken six days prepartum.
It is also apparent that the levels of antibody
against Type I in the serum and lacteal sam-
ples from 490G were not nearly as high as
those against Type II. It should be mentioned
in this connection that a rectal swab from 490G
revealed that she was shedding enteroviruses
of Type I at the time of parturition.

When contrasted to the results reported in
Table 1, it appears that deferring nursing until
22 hr after birth resulted in a considerable de-
crease in the efficiency with which ingested
antibody is transported to the blood stream of
the calt. Although it was probably exposed to
these enteroviruses from birth (3), weekly
rectal swabs from 523G revealed no virus until
the eighth week of life, at which time Type IT
was found being shed. Antibody titers against

TABLE 2

Percentages of meutralization of virus Types I and IT by colostrum, milk, and serum samples

from Cow 490G and Calf

3G

Nature of sample

6-day
pre- Par- Pre-
partum turient nursing  48-hr 7-day  13-wk
Virus Dilution cow cow Colos- Normal  ealf calf ealf calf
type of sample serum - serum trum milk serum - serum - serum - serum
1:10 88 58 40 30 46 65 58 74
I 1:100 54 54 0 0 54 56 61
1:1,000 39 0 4 0 . 39 30 19
1:10 100 100 100 +1 | Hd 66 73 83
" 1:100 85 73 100 16 24 0 43
1:1,000 60 33 71 0 - 22 12 2

" Twenty-eight and one-half plaque-forming units per bottle.
" Forty-one plaque-forming units per bottle.
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TABLE 3

Percentages of neutralization of virus Types I and II by colostrum and serum samples from
Cow 768 and Calf 162S

Nature of sample

Pre-
nursing 48-hr 7-day
Virus Dilution Cow Colos- calf calf calf

type of sample serum trum serum serum serum
1:16 73 98 54 46 69
I* 1:160 i 63 2 19
1:1,600 67 15 12 0
1:16 8 92 0 3 5
I1® 1:160 0 10 8 0
1:1,600 0 0 0 0

" Twenty-four plaque-forming units per bottle.
* Thirty-eight and one-half plaque-forming units per bottle.

both virus types had apparently persisted at
similar levels in the serum for 13 wk, which
may be taken as an indication that an active
immune response had taken place.

Case 4. Cow 76S gave birth to a bull calf,
162S, on October 3, 1959. Samples of colos-
trum and of blood from both animals were ob-
tained 12 hr after birth, during which time
the calf had been kept away from the cow. The
calf was then allowed to nurse for the first
time, and additional blood samples were taken
from it at 48 hr and seven days of age. The
results of neutralization tests performed with
these colostrum and blood serum samples and
both types of enteroviruses are reported in
Table 3.

The results presented in Table 3 indicate
that the levels of humoral antibody against
Type I in Cow 76S were significantly higher
than those against Type II. The neutralizing
potency against both Types I and II of a sam-
ple of normal milk taken on the 13th post-

partum day was found to be negligible, nor
were the neutralizing antibody levels in any of
the samples reported in Table 3 as high as those
of their counterparts reported in Table 1.
Nevertheless, weekly rectal swabs from the calf
from the day of birth through the 13th week
of life, when observations were terminated,
and the rectal swab from the parturient cow
were not found to contain enteroviruses.

Case 5. Cow 495A gave birth to a bull calf,
532A, on October 9, 1959. Samples of colos-
trum and blood from both animals were col-
lected immediately after parturition, and the
calf was allowed to nurse. Further blood sam-
ples were taken from the calf at 48 hr and
seven days of age. The results of neutraliza-
tion tests reacting these colostrum and serum
samples with both types of enteroviruses are
reported in Table 4.

The degree of neutralization brought about
by the calf serum collected before nursing is
the highest of any such sample tested. Never-

TABLE 4

Percentages of neutralization of virus Types I and II by colostrum and serum samples from
Cow 495A and Calf 532A

Nature of sample

Pre-
nursing 48-hr 7-day
Virus Dilution Cow Colos- calf calf calf
type of sample serum trum serum serum serum
1:16 90 100 96 94 100
I* 1:160 26 54 s 3 40
1:1,600 19 25 o 14 0
1:16 95 100 74 83 94
I’ 1:160 9 13 - 28 4
1:1,600 0 9 11 0

* Eighty plaque-forming units per bottle.

* Seventy-five plaque-forming units per bottle.
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theless, some increase in the serum antibody
level appeared to have taken place by the
seventh day, presumably as a result of nurs-
ing. Despite these relatively high neutralizing
antibody titers at seven days of age, the calf
was found to he shedding both types ot entero-
viruses in its sixth week of life. Knteroviruses
were not detected in a rectal swab from Cow
1495\ at the time of parturition. The neutraliz-
ing potency of a sample of normal milk taken
from the cow on the seventh postpartum day
was considerably lower than that of the colos-
trum or any of the serum samples reported in
Table 4.

Case 6. Cow 646H gave birth to a heifer
calf, 690H, on October 14, 1959. Samples of
blood and the contents of the udder had
heen collected 12 days before parturition. Due
to mastitis, the cow had been milked five times
at 12-hr intervals before parturition. The sam-
ple obtained from the udder at the time of par-
turition did not have the appearance of colos-
trum. Blood samples were taken from both
the cow and the calf immediately after par-
turition, and additional blood samples were oh-
tained from the calf at 48 hr, seven davs, and
S wk of age. A sample of normal milk was
taken from the cow on the 14th postpartum
day.

Neutralization tests against the two types of
enteroviruses indieated that the levels of anti-
hody against these viruses in the sample taken
from the udder at parturition were in the range
regarded as negligible and were quite com-
parable to those measured in normal milk on
the 14th postpartum day. Nevertheless, serum
antibody levels against both types in the calf
at 48 hr and seven days of age were higher
that at birth.

A supplementary experiment was performed
in which the serum and lacteal samples were
heated at 56 (' for 30 min and compared to
unheated samples as to their ability to neutral-
ize a strain of enterovirus Type II isolated
from the calf at 7 wk of age. Such heating did
not significantly decrease the neutralizing po-
tencies of any of the samples. The concen-
tration of antibody against Type IT in the
udder contents on the 12th prepartum day was
much higher than those in the udder samples
at parturition and 14 days thereafter. The
neutralizing potency of the eighth week calf
serum was soniewhat lower than those of the
13-hr and seven-day serum samples.

Case 7. Cow 482\ gave birth to a heifer
calt, 5337, on October 19, 1959. Samples of
colostrum and of blood from both animals were
collected at parturition, and the calf was al-

AND E. H,
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lowed to nurse. Additional blood samples were
taken from the calf at 48 hr and nine days of
age, and a sample of normal milk was collected
from the cow on the ninth postpartum day.
Although the antibody concentrations through-
out were somewhat lower, the relative neutraliz-
ing potencies against both types of entero-
viruses of the colostrum, milk, and serum sam-
ples from this pair of animals were quite simi-
lar to those reported in Table 1. The cow was
not found to he shedding enteroviruses at par-
turition. KEnteroviruses of undetermined type
were first detected in a rectal swab from the
calt during the fifth week of life.

DISCUSSION

Neutralizing antibodies against two types of
hovine enteroviruses have been demonstrated
in the serums of at least tour of seven par-
turient dairy cows under natural conditions.
It was shown in one case that the serum titer
of these antibodies at parturition was some-
what lower than it had been six days previously.
This finding seems to he in keeping with the

results of electrophoretic studies on  bovine
serum 1mmune globulin by Larson (13) and

Larson and Kendall (14). Only one of these
seven cows was shown to be shedding entero-
viruses at the time of parturition, and in this
cow the level of serum antibody against the
enteroviruses type being shed was considerably
lower than that against the other tyvpe of en-
terovirus prevalent in the herd.

The level of neutralizing antibody in the
colostrum was generally higher than that in
the blood serum of the cow from which it was
obtained. The neutralizing poteney of normal
milk collected seven or more days postpartun
was considered negligible, and five prepartum
milkings in one case were found to decrease
the previously high concentration of antibody
in the udder contents to approximately that of
normal milk. An experiment by Dr. K. V.
Singh of this laboratory indicated that the
colostrum sample obtained in Case 3 had little
or no neutralizing effect upon a poreine entero-
virus (ECPO-5).

Calf serums collected at birth had some abil-
ity to mneutralize these enteroviruses, but the
neutralizing potency was considerably higher
at 48 hr and seven to nine days of age if the
calt was allowed to ingest colostrum of high
antibody content shortly after birth. Under
these conditions, the antibody level of the calf
serum at 48 hr might even exceed that of the
dam at parturition. An apparent deerease in
the efficiency with which ingested antibody was
ahsorbed into the blood stream of the calf was
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observed if nursing was deferred for 22 or

even 12 hr after birth. A similar decrease in

intestinal permeability to immune protein has
been demonstrated by electrophoretic techniques

by other workers (5, 24).

In those cases in which blood samples were
taken from calves after they had been shown
to be shedding enteroviruses, it appeared that
the active immune response was somewhat in-
hibited if the early serum titers of' passive anti-
body were high. A similar inhibition of active
immunity by passive antibody was observed
in swine by Hoerlein (9).

Examination of the serum neutralizing po-
tencies in these calves after nursing revealed
no apparent correlation with the ages at which
enteroviruses were first detected in rectal swabs
from these animals. An analogous system 1is
found in human beings and the enteroviruses
homologous to that species, including polio-
virus. Koprowski et al. (10) have reported
that passive, congenitally acquired antibody did
not protect human infants from intestinal in-
feetion with ingested attenuated poliovirus,
and Sabin (22) has found that serum titers of
neutralizing antibody in older human beings
were not correlated with protection of the ali-
mentary tract against infection with attenuated
poliovirus.

It is possible that the observed delay in the
incidence of rectal enteroviruses in these calves,
despite the probability of continuous exposure
at least from the third day of life, may simply
have heen a result of the immaturity of the
digestive tract. However, the lack of correla-
tion between the calt’s serum antibody level at
the end of the first week of life and the age
at which it was first found to be shedding
enteroviruses might also have been due to the
continued ingestion of milk and surplus colos-
trum. It is postulated that the neutralizing
antibody in these ingesta may have persisted
in the intestinal contents and acted locally upon
the virus without altering the serum antibody
level.
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XANTHINE OXIDASE ACTIVITY OF MILKS IN RELATION TO STAGE
OF LACTATION, FEED, AND INCIDENCE OF
SPONTANEOUS OXIDATION!

The development of spontaneous oxidation
in milk has been attributed to its xanthine
oxidase activity (1), copper content (3) and,
more recently, to the copper and ascorbic acid
content (8).

The data in this report were obtained in
conjunction with an extensive study of the
role of dihydroquercetin as an antioxidant (4).
Xanthine oxidase activity is expressed as the
reciprocal of the time, in minutes, required for
complete reduction of methylene blue, using
xanthine as the substrate (6). Spontaneously
oxidized flavors were determined organolep-
tically and by the TBA test (2), at 48-hr in-
tervals. The TBA values, expressed as pg
malonaldehyde per 10 g sample, were derived
from a standard curve for malonaldehyde.

Individual milk samples were received at
regular intervals from the Field Department,
Dairy Cooperative, Portland, Oregon, between
February and May, 1960. They were brought
to the laboratory within 3 hr after milking.

The scatter diagrams (Figure 1) depict the
changes in xanthine oxidase activity as related
to the stage of lactation and to the incidence
of spontaneously oxidized flavors in milks pro-
duced on dry-lot feeding and, subsequently,
by the same cows on pasture.

! Contribution from the
Experiment Station.

Oregon Agricultural
Approved by the Director.
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Fra. 1. Xanthine oxidase aectivity in relation-
ship to stage of lactation and incidence of spon-
taneous oxidation under dry-lot and pasture
regimes.

@® = Spontaneous milk; (O = resistant milk.

A direet relationship appears to exist be-
tween xanthine oxidase activity and the stage
of lactation. The change from dry-lot feed,
consisting of pelleted alfalfa, grain mix and
alfalta hay, to mixed-grass pasture, supple-
mented with grain mix, did not alter the rela-
tionship between xanthine oxidase aectivity and
the stage of lactation.

TABLE 1

Inhibition of spontaneous oxidized flavor in milk during storage at 1 C for 96 hr by
dihydroquercetin

Month

4 0 hr 96 hr

of lacta- S

Cow no. tion Treatment TBA* Flavor ® TBA Flavor
2 2 Control 5.00 = 21.00 ot
+ DHQ * 5.00 = 11.5 =
3 2 Control 7.00 = 22.25 Fefe
+ DHQ 7.00 = 13.75 =
4 2 Control =3 17.00 +
+ DHQ = 9.00 -
5 4 Control — 25.25 5y
+ DHQ = 19.00 +
12 8 Control 5.00 = 12.75 =
+ DHQ 5.00 = 11.25 =

* TBA results expressed as ug malonaldehyde per 10-ml sample of milk.

® Flavor evaluation:

— oxidized flavor not detectable; -+ pronounced oxidized flavor.

¢ Dihydroquercetin dissolved in warm distilled water and added to milk at the 5 mg per

cent level.
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The addition of 5 mg per cent of the water-
soluble antioxidant, dihydroquercetin, to milks
produced during the dry-lot regime inhibited
the development of spontaneous oxidation (Ta-
ble 1). This antioxidant has been shown to
be effective against copper-sensitive milks (5).
The results indicate either that the lipid sys-
tem in milks produced under dry-lot feed con-
ditions is more susceptible to oxidation than
those produced on pastures or that more effee-
tive natural inhibition against oxidation pre-
vails in the latter milks.

It is evident that the activity of xanthine
oxidase in milk 1s not a primary determinant
of its susceptibility or resistance to spontaneous
oxidation. This view supports that of Smith
and Dunkley (7, 9).

T. S. Rajax*
G. A. RicHARDSON
R. W. SteiN
Department of Food Science
and Technology
Oregon State University
Corvallis
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EFFECT OF ENZYMES AND BACITRACIN ON SILAGE QUALITY!

Recent experiments have indicated that zine
bacitracin produced alteration in the chemical
composition of silage. Alexander et al. (1)
reported higher percentages for dry matter,
crude protein, and ash, but lower erude fiber
in silage treated with bacitracin. Andrews and
Martin (2) found that bacitracin tended to
increase silage dry matter percentage and ether
extract, but found little effect on pH, fiber,
protein, or ash. Dexter (3) found the effect
of bacitracin on pH to be inconsistent, but
treated silage had excellent mild odor. Baei-
tracin added to white Duteh clover tended to
reduce the pH but had no consistent effect on
proximate constituents (8). In another ex-
periment (7) this antibiotic inereased the dry
matter, NFE, and ash content of silage.

Leatherwood et al. (4) determined that the
addition of a product containing cellulolytic
and other enzymes to hoth alfalfa and barley
at ensiling decreased the percentage of cellu-
lose slightly and increased reducing substances
and titratable acidity. Ralston et al. (6) re-
ported that fungal protease consistently in-

" Published with the approval of the Director

as paper No. 1247, Journal Series, Nebraska
Agricultural  Experiment Station, Lincoln.

creased digestibility of all components of the
proximate analysis, whereas pectinase, HT pro-
tease, and fungal amylase had no consistent
effects. Treatment of alfalfa with Aspergillus
oryzae and a nutrient culture of lactic acid
bacteria incereased silage consumption and gains
of heifers (5).

Since the complex carbohydrates (erude
fiber) are usually less completely digested by
animals than the more soluble forms (NFE),
an experiment was conducted to determine
whether the addition of cellulase, hemicellulase,
and pectinase to sorghum at the time of ensil-
ing would result in degradation of polysac-
charides or otherwise influence silage quality.

EXPERIMENTAL PROCEDURE

Atlas sorghum was harvested in the mature
seed stage and chopped to about 5-inch lengths
and preserved in 1-gal glass jars. Lids were
sealed with plastic tape. A factorial type de-
sign 4 X 2 X 2 was used. Each enzyme treat-
ment was replicated four times, each at two
concentrations and cach concentration with and
without zine bacitracin addition. The enzyme
preparations used * contained a low percentage

“The enzyme preparations were supplied by
Miles Chemieal Company, Clifton, New Jersey.
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TABLE 1
Effect of enzymes on chemical composition of silages
Control Pectinase Cellulase Hemicellulase

Dry matter (%) 21.5 292 21.0 21.4

Crude protein (%) 7.98 7.83 8.16 8.08
Ether extraet (%)* 9.09 9.22 11.34 8.43
Crude fiber (%) 22.08 21.48 23.05 21.85
N-free extract (% )* 52.70 5877 49.12 53.53
Ash (%) 8.16 7.72 8.33 8.12
pH 4.35 4.20 4.15 4.15

* Significantly different among enzymes at P < 1%.

of enzyme (exact concentration unknown) sus-
pended in a diluent. The treatments were cellu-
lase preparation, 2 g and 8 g/3,000 g; hemi-
cellulase (CE-100) 2 g and 7 g/3,000 g; pee-
tinase concentrate, 2 ¢ and 4 g/3,000 g; and
Silotracin,® 7.5 g/3,000 g.

The Silotracin was added in the dry form
and the enzymes were applied in water suspen-
sion. The suspensions were prepared by shak-
ing the enzyme preparation with distilled water,
tiltering and making up to a volume of 75 ml
to permit spraying of the additive on to the
silage (3,000 g) for each bottle. The control
samples received an equal quantity of water.
These silages were stored at room temperature
for about three months before opening for
examination. Hach silage was evaluated or-
ganoleptically by three individuals, pH meas-
urements were taken, and chemical analyses
were made according to standard procedures.

RESULTS AND DISCUSSION

The influence of the carbohydrate enzyme
additives on silage composition is shown in
Table 1. No differences were found between
the control and the enzyme treatments. How-
ever, significant differences were found among
enzyme treatments in ether extract and nitro-
gen-free-extract content.

®The Silotracin had a potenecy of 5 1b zine
bacitracin per ton. This produet was supplied by
Commercial Solvents Corp., Terre Haute, Indiana.

TABLE 2

Effect of enzyme level on composition of silage

High- Low-
level level
enzymes enzymes
Dry matter (%) 21.27 21.82
Crude protein (%) 8.11 7.93
Ether extract (9% )" 10.38 8.94
Crude fiber (%) 22.43
N-free extract (% )" 50.72
Ash (% )* 8.36
pll 4.12
* Significantly different at P < 5%.
" Significantly different at P < 1%.

There was no apparent degradation of the
complex polysaccharides by any of these en-
zymes. In contrast, the cellulase-treated silage
was about four percentage units lower in NFE
than the other treatments. It appears that mi-
crobial activity might have been stimulated in
some manner by the cellulase with the utiliza-
tion of NFE and the synthesis of microbial fat.

The over-all influence of increasing the level
of enzymes (Table 2) was to significantly in-
crease ether extract and ash and decrease NI'E.
Since these effects of enzyme level were found
to be independent of the type of enzyme, it
appears that each of the three enzymes at
optimum levels may have an effect on ether
extract and NFE similar to that of ecellulase.
An inerease in ash content with the level of
enzyme suggests a loss of organie matter. This,
too, may be the result of stimulated microbial
activity.

The effect of bacitracin was mainly in in-
creasing crude protein and decreasing NFE
(Table 3). This contrasts with earlier reports

TABLE 3

Effeet of addition of zine bacitracin on
composition of silage

With

Without

bacitracin bacitracin
Dry matter (%) 21.34 21.74
Crude protein (9 )* 8.12 7.90
Ether extract (9% ) 9.83 9.21
Crude fiber (%) 22.56 21.66
N-free extract (% )" 51.32 53.24
Ash (9 8.17 7.99
pH 4.28 415

* Significantly different at P < 5%.

of higher dry matter content (1, 2, 7) with
hacitracin supplementation, but it corroborates
those showing increased crude protein (1) and
decreased NFE (7).

The dry matter percentage of these silages
was not appreciably altered by any of the
treatments imposed. The pH values were also
very similar for all treatments. Sinece pH was
below five for all treatments, it is conecluded
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that adequate acid development was obtained
in all silages.

The silage odors were found by judges to
vary from mild and fruity to very strong and
foul. Although agreement among judges was
good, odor characteristics were not consistent
within treatments. One silage sample was dis-
carded when it was found to have extensive
mold development, resulting from a punctured
lid. (The missing value technique was used
to obtain values for this entry.) Three strongly
acid samples and one foul-odored specimen
were detected. Kach represented a different
enzyme treatment and the control group, re-
spectively.

Foster G. OWEN
Department of Dairy Husbandry
University of Nebraska, Lincoln
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OUR INDUSTRY TODAY

DIRECT-STEAM INJECTION SYSTEM FOR PROCESSING
FLUID MILK PRODUCTS !

W. M. Roserrs axp C. W. Dirn
Department of Food Science and Processing, North Carolina State College, Raleigh

In recent years a trend has developed towards
ultrahigh-temperature processing of fluid milk
products. Several commercially manufactured
units are available for heating fluids to various
high temperatures. These can be classed as heat
exchangers (plate or tubular) or direct-steam
injectors.

The use of direct-steam injection heating in
food processing has been discussed by Morgan
(2) and the mechanics of control over the steam
system have bheen established (1-3).

A number of potential advantages to be
realized, particularly from high-temperature
treatments, are better keeping quality in the
finished product, removal of volatile flavor
compounds when vacuum treatment is incor-
porated, and better process control in terms of
quality characteristics of the finished product.

This paper will deseribe the system devel-
oped, with some adaptations for use in a re-
search program involving physical and chem-
ical changes in the constituents of products
subjected to the process.

STEAM-INJECTION SYSTEM

Description of heater. A drawing of the
steam-injection heater is given in Figure 1.
Milk and purified steam enter the heater at
the openings indicated and are mixed at high
velocities in the heater. The constriction in the
mixing chamber is provided to enhance the
mixing process. Spacers may be added where
indicated, to adjust the heater for proportion
and velocities, to insure mixing, and to pro-
vide a wide range of processing volumes. Steam
is supplied to the heater in sufficient quantity
to raise the temperature of the mixture to the
desired point. The equipment may also be op-
erated with excess steam to provide better
steam distillation of volatile compounds.

Description of process. A flow diagram of
the entire heating system is given in Figure 2.
Fluid product can he preheated in a vat, or
continuously through a high-temperature short-
time pasteurizer, as high as 190 F, depending
on the factor(s) being studied. The preheated
product is passed through a homogenizer to
provide positive flow through the steam-injec-
tion heater. The produect is mixed with steam
instantaneously in the heater and is ejected

*Published with the approval of the Director
of Research, North Carolina Agricultural Experi-
ment Station, Raleigh, as Paper No. 1390 of the
Journal Series.
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tion heater.

Schematic diagram of the steam-injee-

into a holding tube of the desired length. Skim-
milk has been heated from 160 to 300 F for
times ranging trom 2 sec (ealeulated) to 180
se¢ (measured). From the holding tube, the
product passes into a chamber wherein sufficient
vacuum is maintained to cool the product to
approximately the preheat temperature by
flash evaporation, which restores the original
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OUR INDUSTRY

solids concentration. The product is removed
continuously from the bottom of the vacuum
chamber and pumped through a plate cooler
to lower the temperature to 40 F.

The desired heating temperature is auto-

nmatically maintained b\' means of a Taylor
recording controller (Series No. 122R) which
operates a %4-inch diaphragm valve in the

steam supply line. Sufficient pressure is main-
tained on the holding tube by means of an air-
operated pressure release valve to prevent flash-
ing and to assure a smooth liquid flow during
the entire length of the holding tube.

Flow rates of steam consumed may be re-
corded continuously by means of a Minneap-
olis-Honeywell recording flowmeter (Model No.
292D15) operating on the principle of a pres-
sure differential across an orifice of known size.
The recorder is connected to the steam supply
line on each side of the orifice with l4-inch
tubing as shown in the diagram.

The condensable vapors removed from the
product by the flash evaporation treatment may
be sampled from the condensate pump (Iigure
2). The noncondensable vapors are sampled at
the vapor trap as shown in the figure. In addi-
tion, if it is desired to cool the-product without
the use of vacuum and/or removal of volatile
components, an alternate holding tube may be
used which passes directly to a plate cooler
or other cooling equipment. Analyses made on
this latter product, however, must be corrected
for dilution.

RESULTS AND DISCUSSION .-

Many devices have heen developed for mixing
live steam with fluid milk products for the
purpose of rapid and efficient heat transfer.
Sinee these deviees have not been used for pas-
teurization, accurate temperature control has
not been required. Therefore, very little em-
phasis has been placed on instrumentation and
control. However, since direct steam-injeetion
heating has become more w1duspread it is de-
s11'able to have a system that is properly in-
strumented and controlled so that data can be
obtained on the effects of a wide range of time
and temperature treatments of milk and milk
produects.

Some of the problems encountered in bring-
ing this system under control were:
Uniformity of flow rates with changes in
temperature.

2. Correct volume and pressure relations be-
tween product and steam.

Maintenance of liquid conditions in the
holding tube.

Location of the temperature sensing con-
troller in relation to the incoming mixture
of steam and product.

=

When a temperature of 300 F is desired, it
is necessary to maintain a holding tube pres-
sure of 60 to 70 1b (gauge). Obviously, pres-
sures of this magnitude decrease the rate of
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flow of steam. Thus, it was necessary to use a
34-inch steam-regulating valve, rather than a
Ys-inch valve, as previously calculated, to pro-
vide an adequate volume of steam. Positive
pumps were found to allow some by-passing of
product resulting in a reduction in rate of flow
at the higher temperatures and pressures. This
was corrected by using a homogenizer as the
product pump. Check-valves were placed in
the incoming product and steam lines to pre-
vent backing-up in either of the lines.

The injection heater was designed with
spacers so that the opening for product could
he adjusted for changes in volume of product
processed. Sinee the produet flow was stand-
ardized at approximately 2,500 Ib/hr, there
was no need for changing the spacers once the
optimum operating conditions were determined.
This was found to vary some between fluid
milk and ice cream mix.

¢lass holding tube was used to determine
the state of the mixture at the operating tem-
perature. A hand-operated air-pressure con-
trol valve was located on the discharge end of
the holding tube. Sufficient pressure was ap-
plied on the valve to maintain a liquid state in
the holding tube. This pressure varied from
about 10 1b at 160 F to 60 1b at 300 . There
was some vibration of the discharge valve as
a result of the large pressure drop from 60 lb
to a 25-inch vacuum. This vibration was elim-
inated by placing an orifice in the holding tube
a short distance before the valve. Times in the
holding tube were accurately measured with a
Solu-Bridge automatic timer (Industrial In-
struments Company) and were found to vary
less than 0.05 se¢ under a given set of operat-
ing conditions,

It was necessary to place the temperature
controller near the heater, to get an immediate
response to temperature changes. This was
especially true when long holdmﬂ times were
used. It was found th(l'[ an orifice placed at
the discharge of the heater reduced fluctuations
that resulted from incomplete mixing and thus
gave more uniform temperature control.

The degree of temperature control with the
equipment as described is shown in Figure 3.
It is noted that very accurate temperature con-
trol was maintained on the system over a range

of temperature varying from 160 to 300 F.
The major fluctuations in the chart, eg., at

270 and 300 F, were due to adjustments in
holding tube pressure. Also, the system was
brought under control with large changes in
temperature in a relatively short period of
time.

Since the discharge valve on the holding tube
is manually operated, some experience and
skill are necessary to make the adjustments
quickly. As more operating data on pressure
relationships are obtained, it should be possible
to preset the conditions for stable uniform op-
eration.
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SUMMARY

A steam-injection system for heating fluid
milk produets is deseribed in which tempera-
tures are automatically and accurately main-
tained as high as 300 F. Holding times are
varied by adjustments in the length of the
holding tube. Thus, accurate heat treatments
of fluid products can be provided over a wide
range of total treatments. The system is very
adaptable for research and commercial use he-
cause of the wide range of treatments and
volumes possible with the equipment.

The system has been used for the commercial
processing of fluid milk and ice cream mixes
in conjunction with a high-temperature short-
time pasteurizer. It has also proved very use-
ful in research on fluid milk, ice cream mix, and
skimmilk  for cultured milk products. The
vacuum system is being used to provide quan-
tities of volatile materials from milk for iden-
tification purposes. The entire system is cleaned
easily in-place and should be very adaptable
to an automated process.

showing temperature control
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PRICE SCHEDULE FOR REPRINTS OF PAPERS THAT APPEAR IN
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H. F. Jupkins, Secretary-Treasurer
32 Ridgeway Circle, White Plains, New York

The Executive Board, at the time of the
Annual Meeting of the American Dairy Science
Association at the University of Wiseonsin, in-
creased the price of reprints 25%, effective
July 1, 1961. The new reprint schedule follows:

published in the JOURNAL; otherwise, the type
will have been destroyed.

In case the original type has been destroyed,
it is possible to supply reprints by a special
photographic process, and their cost will be

Number of pages

No. of
reprints 2 4 8 12 16 20 24 28 32
(Cost in dollars)

50 17.50  20.00 36.25 51.25 67.50 78.75 97.50 115.00 125.00
100 20.00 22.50 41.25 61.25 77.50 92,50 112.50 132.50 145.00
200 22.50 28.75 51.25 76.25 97.50 117.50 143.75 162.75 185.00
300 28.00 33.75 62.50 91.25 117.50 143.75 173.75 205.00 226.25
400 30.00  40.00 72.50 107.50 137.50 170.00 205.00 241.25 266.25
500 33.75  45.00 83.75 122,50 157.50 195.00 236.256 277.25  306.25
600 37.50 51.25 93.75 137.50 177.50 221.25 266.25 313.75 346.25
700 41.25 56.25 105.00 153.75 197.50 246.25 297.50 350.00 387.50
800 45.000 62.50 115.00 168.75 218.75 272,50 328.75 386.25  427.50
900 48.75 67.50 126.25 185.00 238.75 298.75 358.75 422.50 467.50

1,000 57.25 73.75 136.25 200.00 258.75 323.75 390.00 458.75 507.50

If covers for reprints are desired, the cost of
50 covers will be $21.18, and for each addi-
tional 100 covers, the cost will be $8.75. Back
copies of the JoUurNAL will cost $2 each.

The reprints are made from standing type
within 30 days after the papers appear in the
JourNAL. Requests for a few reprints of a
paper should be sent to the authors, whose
names and addresses appear with the title. The
Secretary and the Editor’s office do not keep
supplies of the various reprints. Orders for
large numbers of reprints should be sent to
The Garrard Press, 510 North Hickory Street,
Champaign, Illinois. These orders must be re-
ceived within 30 days after the papers are

50% more than the regular ones. For example,
100 reprints of 32 pages will cost $217.50.

It is hoped that the publication of this re-
print schedule will make it easier for inter-
ested people to obtain reprints in any number
desired and, at the same time, aid in dissemi-
nating useful information to the dairy and
related industries.

The JoUurRNAL oF DAIRY SCIENCE is copy-
righted. Reproduction of complete papers
from this JOURNAL by any organization is not
permitted. The reproduction of graphs, tables,
and illustrations for books and other periodi-
cals may be authorized by the Editor-in-Chief.



BRUCELLA

Isolation, Cultivation
and Differentiation

D BACTO-TRYPTOSE

is the peptone of choice in the
preparation of both liquid and solid media for culturing Brucella
abortus, melitensis and suis and supplies the nutriments required by
these organisms for rapid and abundant growth.

D BACTO-TRYPTOSE BROTH

is a complete liquid
medium for culturing the Brucella and is especially adapted to the
isolation techniques recommended by Huddleson and Castaneda.

[> BACTO-TRYPTOSE AGAR

supersedes media previ-
ously employed for the isolation and cultivation of the Brucella.
This medium serves ideally for the primary or secondary isolation
of Brucella, for the differentiation of species and for vaccine or
antigen production. It is also recommended for use as the solid
phase in the Castaneda technique.

THE DIFCO MANUAL, NINTH EDITION,
including descriptions of these media and their use,
is available on request.

Specify DIFCO — the trade name of the pioneers in the research
and development of Bacto-Peptone and Dehydrated Culture Media

"DIFCO LABORATORIES
DETROIT 1, MICHIGAN
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