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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
JourNAL 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; see-
ond, reduce costs and expedite work of
abstracting journals; and third, to dis-
seminate secientific information.
. The summary should be brief, specific,
and factual. It should not exceed 200
to 225 words.
c. The opening sentence should state the
research objectives, but the title should
not be repeated.
. It should be intelligible without refer-
ence to the original paper and contain
complete sentences and standard termi-
nologies. Tt should be assumed that the
reader has some knowledge of the subject.
e. The author(s) should emphasize newly
discovered facts and observations, unique
apparatus and techniques, numerical data
with statistics, physical-chemical con-
stants, and new methods and their ae-
curacy.

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

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

. Experimental procedures.

. Results.

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

. Conclusions.

. Acknowledgments.

. References. All references must have au-
thor(s) name(s), name of periodieal, vol-
ume, page number, and year of publication.
If a book, publisher’s name and address
must be added.

w

© 00O

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

$3.

1J. Dairy Seci., 44:1788. 1961.

(84

10. Manuseripts must be typed double-spaced®
on 8V,- 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 margir
should be one inch wide. Clipped-to, paste
on, and written insertions are not ac
able. Do not staple pages together.
Figures (graphs) should be made with black
India ink on white drawing paper, tracing
paper, or blue linen and the sheets should
not exceed 8Y% 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, ©, @, 0, 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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oil).
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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 8V5- 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 concisely 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.

13. Colored illustrations can bhe reproduced.
Authors should submit detailed specifica-
tions to the editor and costs will be supplied.

15.

16.

18.

for botanical, chemical, physical, mathe-
matical, and statistical terms should con-
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.
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 must be submitted to the

Editor-in-Chief in duplicate.

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.

14. Abbreviations for titles of periodicals and
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KIMBLE DAIRY TEST GLASSWARE...

features new utility and economy

The new line of Kimble Dairy Test
Glassware includes many important
time and money-saving features to
ease and speed your testing procedures.
® Many items have been converted to
KIMAX® “hard” glass for longer
life—greater resistance to chemical
attack, heat and mechanical shock.
® Redesigned acid test bottles include
TEFLON® stopcock plugs to pre-
vent contamination of test solutions,
eliminate freezing and binding of
stopcock plugs.
® We've color-coded volumetric, se-
rological and bacteriological pipets
by size (at no extra cost) to save
you time in selection and sorting.
® Graduated cylinder #20025 now
comes equipped with free SAFE-
GARD* plastic bumpers. Use them
to mark liquid levels and to prevent
damage to cylinders.
® SAFE-GARD* closures for
#28015-P volumetric flask offer pro-
tection from breakage and cost less
than conventional stoppers.
You'll find these and many other
quality glassware accessories in the
new Kimble KIMAX Dairy Test
Glassware Catalog (SP-83). Send for
your copy today!

TEFLON is a registered trademark
of E. I. duPont & Co., Inc. Manu-
factured under FISCHER & PORTER
Patent No. 2,876,985

KIMBLE DAIRY TEST WARE
AN (D PRODUCT

New 26-page catalog showing the latest
and best in dairy test glassware.

Kimble Glass Company, Subsidiary of Owens-lllinois,
Toledo 1, Ohio

Send new KIMAX Kimble Dairy Test Glassware Catalog.

Name

Company.

Owens-ILLiNoOIS

GENERAL OFFICES - TOLEDO 1, OHIO



PEOPLE AND EVENTS

MEMORIALS

Samuel A. Lear

Dr. S. A. LeAr, 53, professor of dairy in-
dustry at the College of Agriculture, Rutgers
University, New Brunswick, New Jersey, died
recently in Middlesex
General Hospital after
a long illness. He leaves
his widow, Lucille;
three children, Richard,
14;  Janet, 12, and
Bruce, 10; one hrother
and three sisters.

Dr. Lear won wide
recognition in the milk
industry  for his re-
search in milk enzymes
and the bacteriology of
nmilk. He taught courses
in dairvy administration,
milk  sanitation and
milk testing, and assisted in a short course in
ice cream making.

He was a native of Bucks County, Pennsyl-
rania, and earned the Bachelor of Science and
Doctor of Philosophy degrees from Pennsyl-
rania State University and a Master of Sci-
ence degree from the University of Minnesota.
He was appointed to the Rutgers faculty in
1946.

Dr. Lear was recently president of the Met-
ropolitan Dairy Society and was a member of
several professional societies and fraternities.

James MacMillan Murphy

Dr. J. M. Murrny, research professor Vet-
erinary Medicine at the University of Penn-
sylvania, died December 14, 1961, following
major lung surgery. He was forty-nine years
old.

Dr. Murphy was widely recognized as an
outstanding authority on bovine mastitis. A
native of Philadelphia, he obtained his V.M.D.
degree from the University of Pennsylvania
in 1935. The next 2 yr were spent at his
Alma Mater, where he condueted research in
periodie ophthalmia and bovine mastitis. He
joined the faculty at Rutgers University as an
associate professor of dairy husbandry in 1937
and remained at Rutgers until he accepted a
position as professor of veterinary medicine at
Cornell University in 1946. He left Cornell
to rejoin the faculty at the University of Penn-
svlvania in 1959, where he was the director of
the University’'s Basie  Mastitis  Research
Project.

Dr. Murphy spent his entire professional
lite in the study of bhovine mastitis. He was
the author of over 40 papers devoted to his
specialty. He also edited and published Mas-
titis Abstracts. In addition to his brilliant

/

S. A. Lear

contributions in mastitis research, he served
4 yr as editor of The Cornell Veterinarian.
s a member of the American Dairy Sei-
ence Association, the National Academy of
Sciences, The New York Academy of Secience,
the National Institute of General Semanties,
Phi Zeta honorary fraternity, the Northeastern
Mastitis Council, The National Mastitis Work-
ers’ Conference, and The National Mastitis
Council.

In addition to his sterling personal charac-
ter, his colleagues credited Murphy with “one
of the most brilliant research minds the sei-
entifiec community has ever known. He had
the rare ability to think logically and imag-
inatively and he was willing to settle for
nothing less than perfection. His insistence
upon factual data as the basis of hypothesis,
the efforts of his work, the objectives that he
set, and his systematie, analytical approach
have made their marks on an untold number
of other research workers.”

As a token of the high esteem in which he
was held by his Alma Mater, the laboratories
he directed were dedicated as the James Mae-
Millan Murphy Research Laboratories on June
1, 1962. The inseription on the dedicatory
plaque is a fitting farewell to a heloved col-
league, teacher and friend—“Dedicated to the
memory of one who brought honor to his
school as an alumnus and faculty member and
to his profession as a research scientist and
a gentleman.”

He is survived by his widow, Helen, and
their daughters, Betsy (Mrs. Edward Keough),
Martha (Mrs. Alfred G. Tottey, Jr.), and

Virginia.

Dr. George R. Greenbank, USDA Dairy
Scientist, Retires

After 40 years of research on dairy prod-
ucts, Dr. G. R. GreexBaNk, a U. S, Depart-
ment of Agriculture chemist, has retired. Dr.
(Gireenbank, who has lived to see many of his
original ideas on dairy
processing adopted by
the industry, worked in
Washington, D. C., at
the Dairy Products
Laboratory of the Ag-
ricultural Research

Service’s Eastern Uti-
lization Research and

Development Division.
Dr. Greenbhank’s ve-
search established that

dried milk for use in
haking could he im- :
proved for this pur- G. R. Greenbank

pose and could be given

aoreater storage stability by heat treatment,
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Back Numbers of Journal Needed

Certain numbers of the Journal of Dairy Science are needed to maintain an inventory
and o take care of orders. If any of the numbers listed are available and of no further
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In addition to supplying you with high quality

chocolate flavorings and coatings for your ice

cream, The Man From Blumenthal will gladly:

1. Discuss prices and prevailing market conditions.

2. Arrange for his laboratory to perform special
services that can only be handled by a lab
staffed with chocolate technicians and equipped
with the latest analytical and pilot plant equip-
ment to produce special types of chocolate
for ice cream.

3. Refer your problems to one of our consultants
specializing in technical ice cream problems.

4. Conduct research on new ideas suggested
by you.

BLUMENTHAL BROS. CHOCOLATE
MARGARET AND JAMES STS., PHILADELPHIA 37, PA.

CO.
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. REMINDER TO DAIRYMEN

EDUCATIONAL MASTITIS

IS YOUR PROBLEM
FILMS

@ TONGANOXIE
MILKING SYSTEMS

@ PATENT FILM

on Dairy

Management
Practices

If you have a club, class or farm group with
a major interest in good dairying, you should
plan to show these informative films. They
are yours to use FREE for your specific
meeting date. Just write and reserve the
films of your choice a few weeks in ad-
vance. We will be glad to mail them to you.

X-ray photography reveals the harmful effects of
leaving machine on milked out quarters. (16 mm
movie — sound; nine minutes.)

Shows proper herd management practices for con-
trol of mastitis. (35 mm strip film — manual rec-
ord; twenty-five minutes.)

Factually illustrates an entirely new concept of
milking. (16 mm movie — sound; twenty-five min-
utes.)

Technical film dramatizing advantages of BREAKER

Cup for herd health. (16 mm movie — sound; four-
teen minutes.)

TONGANOXIE and BREAKER Yours fo use Free Wi'hOUf Ob,igation

are Babson Bros. Co.
trademark

BABSON BROS. DAIRY RESEARCH SERVICE

©Babson Bros. Co,, 1962 2843 West 19th Street @ Chicago 23, lllinois



S JOURNAL OF DAIRY SCIENCE

homogenization, and clarification. The veteran
seientist also carried out extensive work on
the keeping quality of milk fat. He pioneered
the theory that milk acquires certain off-flavors
as the result of a mild oxidation of one of its
minor constituents. Other research of Dr.
Greenbank’s has contributed new knowledge
about phosphatides and enzymes.

A native of Woodsfield, Ohio, Dr. Green-
bank is a graduate of Ohio State University.
After doing graduate work at Ohio State,
Johns Hopkins University, and Massachusetts
Institute of Technology, Dr. Greenbank re-
cetved his Ph.D. degree trom American Uni-
versity in 1930,

In 1949, Dr. Greenbank’s research was rec-
ognized by the American Chemical Society,
when it bestowed on him the coveted Borden
Award in the Chemistry of Milk. The follow-
ing vear he received the U. S. Department of
Agriculture’s Superior Service Award. Dr.
Gireenbank is a member of the American Chem-
ical Society and has served on a number of
its important committees. He is also a mem-
ber of the American Dairy Seience Associa-
tion and has heen elected to the Washington
Academy of Sciences. His name appears in
Who's Who in Chemistry, Who's Who in Sei-
ence and Industry, American Men of Seience,
Who's Who in the Southeast, and Who Knows
What.

Dr. Greenbank is active in the Boy Scouts
of America and in the Methodist Church.
After a planned 6-month round-the-world tour,
Dr. and Mrs. Greenbank plan to enjoy their
six grandchildren and pursue their hobbies
of floriculture and photography at their home
in Arlington, Virginia. Dr. Greenbank may
also devote some of his time to more researeh.

New Appointments at Missouri

. P. MeriLaN, former chairman of the
dairy husbandry department at the Univer-
sity ot Missourt, has been named associate
director of the University’s Agricultural Kx-
periment Station.

Merilan succeeds Sanr B. Suirxy, who re-
tired September 1 at age 65, the University’s
mandatory retirement age for staff members
in major administrative positions.

A native of Lesterville, Merilan received
a B.S. degree from the University of Missouri
in 1948; an AL in 1949 and his Ph.D. de-
eree in 1952, He has specialized in teaching
and research in dairy cattle breeding and nu-
trition, and in rumen bacteriology. He was
named chairman of the dairy husbandry de-
partment a vear ago.

Succeeding Merilan as chairman of the dairy
hushbandry department is J. K. Ebpxoxpsox,
who has heen on the department staff since
1940.

Edmondson, a native of Springfield, received
his B.S. and AL degrees from the Univer-

i

J. E. Edmondson

C. P. Merilan

sity in 1939 and 1940, and his Ph.D. degree
from Towa State University in 1953. He has
done research in mastitis and in produet con-
trol and sanitation.

Dr. Serge N. Timasheff, USDA Scientist,

Named 1963 Winner of Borden Award

in Milk Chemistry

A UL S, Department of  Agrieulture sei-
entist, who solved a riddle about one of the
proteins of milk that had baffled researchers
for 20 yr, is to he honored for his work next
vear by the American Chemical Society.

Dr. SErRGE TiyMASHEFF, of the Agricultural Re-
search Service’s Kastern Utilization Research
and Development Division in Wyndmoor, Penn-
svlvania, will be the 1963 recipient of’ the Bor-
den Award in the Chemistry ot Milk. The an-
nouncement was made
September 10 at  the
142nd  National Meet-
ing of the American
Chemical Society in At-
lantic City, New Jer-

sev. The Jorden
Award, consisting  of
$1,000  and a gold
medal, will be pre-

sented to Dr. Timasheff
at the Societyv’s meet-
g next Apr:l in Los

Angeles, where a sym-
posium  will be con- S. N. Timasheff
ducted in  his honor.

Dr. Timasheft’s research has been conducted
on one of the principal proteins of milk known
as  beta-lactoglobulin.  Because this protein
exists in two almost identical forms, called
heta-lactoglobulin A\ and beta-lactoglobulin B,
it has yielded important clues on the rela-
tionship between a protein’s chemical strue-
ture and its biological or physical behavior.
By studying the A and B forms of heta-lacto-
¢lobulin, Dr. Timasheft has been able to cancel
out their features that are exactly alike, and
to explain their behavioral differences pre-
cisely on the hasis of the very few amino
acid residues that distinguish one form from
the other.
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“Tuffy” is the plastic 1/2 gallon milk con-
tainer formed at the dairy only seconds
before it’s filled with milk. Both operations
are done by a fully automatic, completely
sanitary machine ... American Can Com-
pany’s exclusive new “Tuffy” 1/2 Gallon
Machine. Together, the “Tuffy’” container
and Form n’ Fill machine will advance
sanitary milk handling and packaging
procedures.

The “TUFFY CONTAINER” is plastic-laminated
and plastic-coated inside and out for supe-
rior strength. Both bottom and platform
top resist leaks even under severe abuse.
The platform top is absolutely tight, yet is
easily opened. The unique “Flexispout”
delivers milk which remains uncontami-
nated when poured. And the plastic-coated
construction eliminates wax flake-off.

The “"TUFFY MA-
CHINE” achieves
sterility right on
thedairy produc-
tion line. It
forms, sterilizes,
fills and seals
containers auto-
matically. High
efficiency ultra-
violet lamps
sterilize the in-

side of containers seconds before they are
filled with milk. Unique bottom filling de-
sign eliminates foaming. (No need for a
defoamer!)

And air heated from 650° to 700° is dis-
tributed over container tops and bottoms
to provide leakproof heat seals. Result:
The strongest, most sanitary closures of
any 1/2 gallon on the market!

A REVOLUTIONARY MILK PACKAGING CONCEPT
Nothing ever touches a “Tuffy” container
but sterile equipment, filtered air, and
fresh, clean milk. That’s why a “Tuffy”
milk container, formed and filled at any
dairy, by a “Tuffy” Form n’ Fill 1/2 Gal-
lon Machine is a SUPER-sanitary milk
package, another advance from

MILK CONTAINER

FOR BETTER
PACKAGING

AMERICAN CAN COMPANY
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Biologieally, beta-lactoglobulin is a signifi-
cant protein, since genetics determines whether
the A form, the B form, or a combination of
the two, will be found in the milk produced
by a given cow. Dr. Timasheff discovered that
the molecules of beta-lactoglobulin A, at low
temperatures and within a certain acidity
range, clump together in loose aggregates with
four times the normal molecular weight. No
such aggregation of the B molecules oceurs.

The curious fact about beta-lactoglobulin
(both A and B) is that when its solution is
increased in acidity beyond a certain point,
the molecules of the protein split in half. Then
when the acidity is lowered again, the halves
recombine. Through ingenious research, in-
volving many precise analytical techniques,
Dr. Timasheff was able to prove that in a
mixture of beta-lactoglobulin A and B, the
halves of the A molecules always rejoin halves
of the other A molecules, never of B. Like-
wise, only B half-molecules rejoin each other.
This indicates that the half-molecules of the
two forms are joined in distinctive ways.

Born in Paris in 1926, Dr. Timasheff became
an American citizen in 1944 and was gradu-
ated magna cum laude from Fordham Univer-
sity in 1946. He received his M.S. and Ph.D.
degrees from the same university, where he
also taught until 1950. He became a post-
doctoral fellow at the California Institute of

Technology in 1951, and at Yale University
from 1951 to 1955. Since that time he has
been a member of the staff at the USDA lab-
oratories in Wyndmoor. In 1958, Dr. Tima-
sheff won an American Chemical Society travel
grant to the International Congress of Bio-
chemistry in Vienna. In 1959 he was awarded
a senior postdoctoral fellowship by the Na-
tional Secience Foundation for studies at the
University of Strasbourg, in France.

Dr. Timasheff’s wife, Dr. Marina Timasheff,
is also a secientist at the Eastern Utilization
Research and Development Division. The
Timasheffs live at 705 E. Hartwell Lane, Wynd-
moor, Pennsylvania.

New Appointments at North Carolina
State College

Two recent staff additions to the Depart-
ment of Food Science, North Carolina State
College, are J. F. WirLes and V. A. JoNEs.
Mr. Wiles has assumed the position of Exten-
sion Industrial Engineer in Food Science and
Mr. Jones is on the Food Secience staff in the
area of Food Engineering.

Mr. Wiles has a Bachelor of Industrial En-
gineering degree from North Carolina State
College and has been working in industry for
the past 5 yr. Mr. Jones is now in the process
of completing his Doctor of Philosophy degree
from Michigan State University.

xx + 420 pp.

Farnham Royal

THE SEMEN OF ANIMALS AND
ARTIFICIAL INSEMINATION

Edited by J. P. Maule

A completely new and comprehensive review of progress in the artificial in-
semination of farm livestock, poultry, dogs and laboratory animals.

Each species is dealt with by different specialists and there are chapters on A.I.
in the tropics, and on commercial transport of semen.

Among the subjects covered are: sire management ; semen collection ; assessment
of semen quality; semen composition and metabolism; dilution, handling and
storage of semen; insemination techniques; factors affecting conception rates.

33 dllustrations

Technical Communication No. 15 of the Commonwealth Bureau
of Animal Breeding and Geneties, Edinburgh

Orders may be placed with any major bookseller or sent to

Commonwealth Agricultural Bureaux

Central Sales Branch
Bucks.

Price: £3 or $9.00

England
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Mr. Wiles will work with the Food process- ’
ing plants in North Carolina; Mr. Jones will
have research and teaching responsibilities.

can expect
people to buy
your product

...once!

i

J. F. Wiles V. A. Jones

Dr. Waldern Appointed at Washington State
A Canadian dairy nutritionist, Dr. D. K.
WALDERN, has just joined the staff of WSU’s
Department of Dairy Secience. He will hold
a joint research-teach-
ing appointment with
the rank of assistant
professor and his prin-
cipal assignment will
involve teaching and
research in nutrition.

He has been a staff
member of the Cana-
dian Department of Ag-
riculture’s experimental
farm at Prince George,
British Columbia, for
the past several years.

Dr. Waldern was
awarded a Ph.D. de-
gree in Dairy Science by Washington State
University this past June. Subject of his
doctoral research and thesis was the effect of
diet on volatile fatty acid production and
absorption in the bovine.

The new WSU dairy scientist was born at
Lacombe, Alberta, Canada. He received both
his B.S. and M.S. degrees from the University
of British Columbia, Vancouver. He also at-
tended high school in Vancouver, B. C.

D. E. Waldern

Professor King Lectures at Iowa State

Proressor N. King, Division of Dairy Re-
search, C.S.LR.O., Highett, Viectoria, Aus-
tralia, was a guest of the Department of Dairy
and Food Industry, Iowa State University,
on August 2, 3, and 4. Professor King pre-
sented two seminars concerning his concept of
the nature of the orientation of surface-active
materials at the milk fat globule interface and
his hypothesis of the mechanism of churning.
In addition, he conferred with the members
of the Department concerning topics of mu-
tual interest.

But unless it passes
their taste and sight
approval, what then?
What happens to the
rest of your output. ..
and your company?

That’s where the man
from National Pectin
comes in!

He can help you offer
better-tasting, better-
looking products...
products that will move
from the dealer’s
counters because they
are better. Products
that will maintain that
freezer-fresh goodness!

Write, phone, or wire
collect the man from
National Pectin. Our
complete facilities, ex-
perimental ice cream
plant and laboratory
are at your service. No
obligation, of course.

COPENA or
COPENA SPECIAL:
stabilizer-emulsifier

forice cream

COPENA SS:
special purpose
stabilizer-emulsifier
for soft-serve
products

SURE BET and
EXCEL BET:
for sherbets

and ices

JM@ ompany

2625 W. Cullerion « Chicago 8, 1ll. « Phone: (312) Bishop 7-0070
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Professor King has been a member of the
Dairy Technology staff at the University of
[llinois since February 1, 1962. He returned
to Australia on August 15 by way of Copen-
hagen, Denmark, where he participated in the
program of the International Dairy Congress
which was held September 3 to 7.

David Wieckert Appointed to Southern
Illinois University

Davin Wikckkrr, Appleton, Wisconsin, is a
new assistant professor of animal industries
at Southern Illinois University, effective Sep-
tember 15, 1962. e is a doctoral candidate
(1963) at the University of Wisconsin. He
received his Bachelor's and Master's degrees
from Wisconsin in 1952 and 1956, respectively.

[lis doctoral problem has been a genetic
study of the well-known Pabst Farm Herd of
Holstein cattle in Wisconsin. Wieckert’s spe-
cialization is dairy breeding. He held a Ful-
hright research grant in 1957-58 for ten
months of study in New Zealand in the field
of dairy cattle physiology. For 1 yr, 1956-57,
he served as a 4-H extension agent in Wis-
consin.  Ile is a member of the American
Dairy Science Association and the American
Society of Animal Production.

Professor E. O. Anderson Assumes New
Position in Connecticut

E. O. AxpersoN, Emeritus Professor of
Dairy Manufacture, University of Connecti-
cut, was recently appointed to the newly cre-
ated post of Food Quality Control Specialist.

Professor Anderson, who retired after 30
vr of service at the University of Connecticut,
will work with the dairy industry in the state
to help maintain and protect the natural fla-
vor of milk from the cow to the consumer.
The United States Department of Agriculture
and the University of Connecticut will coop-
erate with the department in this endeavor.
Professor Anderson will also assist dairy or-
eanizations in the setting up of milk-testing
panels, and will organize milk flavor clinies
for plant employees and farmers.

Dairy Fieldmen’s and Dairy Plant Operators’
Conferences at Purdue

F. N. Axprews, Head of the Animal Sei-
ences Department at Purdue University, and
I, J. Bager, professor in charge of the Dairy
Manufacturing Section, have announced two,
one-day meetings to be held in November,
1962, in the Memorial Center at Purdue Uni-
versity. The Dairy Fieldmen’s Conference will
he held on November 13 and the Dairy Plant
Operators’ Conference on November 14. The
conferences are an annual affair sponsored in
cooperation with the Indiana Dairy Produets
Association.

The Dairy Fieldmen’s Conference will in-
clude papers on High Corn Silage Rations,
Recent Developments in Milking Systems, Com-
parisons of Daily Fresh Milk Tests and Strati-
fied Random Fresh Milk Tests, The Milk Fla-
vor Problem, and Solids Testing from the
Producer’s Point. The program will also in-
clude a discussion of The Cooperative Kxten-
sion Service and a report on the World's Dairy
Congress and Kuropean Dairyving.

The Dairy Plant Operators’ Conference is
to include discussion on Quality Programs
for Manufacturing Grade Milk, The Dairy In-
dustry and Governmental Policies, Kffect of
the Ewropean Common Market on Midwest
Dairving, Processing Sterile Produets, Varia-
tions in Total Solids and Protein Content of
Bulk Tank Producer Milk, and a discussion
on Recent Developments in Dairy Product

Packaging.

Short Course at Wisconsin

A special 3-wk  winter dairy course in
cheese-making will be offered by the Univer-
sity of Wisconsin department of dairy and
food industries November 26 to December 14.

The lecture portion of the course will fea-
ture principles of cheese-making, milk compo-
sition and testing, dairy arithmetie, dairy
mechanies, dairy bacteriology, starter cultures,
and dairy sanitation. Using the University's
facilities in Babeock Hall, the students will
gain experience in the actual manufacture of
many varieties of domestic and ftoreign type
cheese, as well as Cottage and other soft
tyvpes of cheese.

An examination for a Wisconsin cheese-
maker’s license will be given by the Wisconsin
State Department of Agrieulture for qualified
students at the end of the course.

The course is open to hoth residents and
nonresidents of Wisconsin who have com-
pleted high school or its equivalent. For

further details write H. K. Calbert, chairman,
Department of Dairy and Food Industries,
University of Wisconsin, Madison, Wisconsin.

Completed Theses
M.S. Degree:

Roserr Ray Winson. Weight and volume
relationships in fluid dairy produets. .\.
and M. College of Texas.

Asrox S. Woob. Nitrofurans in infant dairy
calt diets. University of Minnesota.

Ph.D. Degree:

Winriam AL Ownsox.  Factors influencing
utilization of lipid material by the dairy
calf.  University of Minnesota.

ApurL Wanap Quresar. Genetic trends in
milk and butterfat production of Texas

Dairy  Herd Improvement Association
cows. A and M. College of Texas.
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It’s what’s inside that counts . . . for or against milk quality —
and profits! To be sure your bulk tanks and truck tanks are
kept bright and sanitary, use PENNSAN. It’s non-corrosive
to stainless steel —brightens and conditions it, leaves
it sparkling.

A thoroughly effective sanitizer, PENNSAN retains its bac-
tericidal effectiveness for as long as 24 hours after drying on
stainless steel. It controls waterstone and milkstone, even in
hardest water. No need to rinse equipment after sanitizing with
PENNSAN unless required by health authorities.

Use PENNSAN regularly for your bulk tank and tank truck sanitizing. ..
order from your Pennsalt distributor or write direct.

Visit us at booth B-29 DISA Show

B-K Department Pennsal"'
PENNSALT CHEMICALS CORPORATION

Chemical
3 Penn Center, Philadelphia 2, Pa. emicais

ESTABLISHED 1850
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% Bacteriological evaluation by swab tech-
niques of equipment cleaned by Klenzma-
tion Systems reveals product contact
surfaces to be far below required standards
— even after cleaning and before sanitiz-
ing. Klenzmation Cleaning Systems com-
bined with Klenzade Engineered Piping
Systems insure highest quality products.

Chemical Application
Carefully engineered
Klenz-Sprays provide
effective application of
detergent solutions.
Backed by years of de-
velopment work in
spray design and ap-
plied research.

KLENZ-SPRAY EQUIPMENT FOR

ANY TANK OR VAT Mechanital

Performance

i - This compact '‘pack-
f age'' recirculation unit
J is pre-assembled,

wired, air-piped, ready

for connection to utili-
KLENZMATION MODEL NO.
1493-1 CONTROL UNIT

ties. Includes tempera-
ture recording and
control equipment and
C.L.P. supply pump.

_ Automatic
Programmmg
Trouble-free Program-
ming provides precision
control of time, and
water and steam
usage. Components
are carefully selected
and assembled for
plant requirements.

Chemical Feeding

These air-operated tri-
ple-barrel piston pumps
with positive flow-con-
trol assure reliable per-
formance and accurate
control of detergent
utilization. Completely
assembled, ready for
wall mounting.

KLENZADE MODEL NO. 1111-1
CHEMICAL FEED PUMPS

Engmeered K!enzmanori “Puckage Sysfems far

the Dairy and Food Indust es

KLENZIADE PRODUCTS, Dept. 2[]KBEIO|t WIS
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American Association for the Advancement of
Science to Sponsor Symposium

A symposium on food quality as affected
by production practices and processing will
be sponsored by the AAAS in Philadelphia,
Pennsylvania, on December 27,1962, Dr. R. E.
Hobgsox, Director, Animal Husbandry Re-
search Service, USDA, Beltsville, Maryland,
will preside over the section concerned with
Dairy Products. The program is as follows:

The Evaluation and Measurement of Quality
of Dairy Produets. V. H. NIELSEN, Professor
and Head of Department of Dairy and Food
Industry, Towa State University, Ames, Towa.

Genetic and Environmental Factors in De-
velopment and Performance. NEp D. BAYLEY,
Assistant Director, Animal Husbandry Re-
search Division, Agricultural Research Serv-
ice, USDA, Beltsville, Maryland.

Protection of Milk Quality Through Man-
agement Practices. W. M. RoBerTs, Professor
and Head of Food Science Department, North
Carolina State College, Raleigh, North Caro-
lina.

Effects of Processing Factors on Quality of
Dairy Products. Stuart PaTron, Professor of
Dairy Science, Pennsylvania State University,
University Park, Pennsylvania.

Similar sections will be devoted to cereal
grains, poultry and eggs, meats, and fruits
and vegetables.

Forage Symposium Program

A symposium program on The Eeonomies
and Role of Forages in Dairy and Beef Pro-
duction has been scheduled by the Pastures
and Forages Program Committee of the Ameri-
can Society of Animal Produetion. This sym-
posium is part of the annual meeting program
of the American Society of Animal Production
and will be held on the afternoon of Novem-
ber 24, 1962, at the Sherman Hotel in Chi-
cago, Illinois. The symposium will consist of
six papers by agricultural economists, animal
nutritionists, and one agronomist, covering
various phases of forage production and uti-
lization. These are as follows:

Economic Evaluation of Forages for Dairy
Cattle. C. R. Hoglund, Michigan State Uni-
versity; Forage and Nutritional Factors In-
fluencing Potential and Economic Use of For-
age for Dairy Animals. M. E. MecCullough
and J. R. Russell, Georgia Experiment Sta-
tion; Irrigated Pastures, an Energy Source
of Supplemental Feed. J. H. Mayer and J. L.
Hull, University of California; Roughage
Testing, Its Implications and Values. J. R.
Baylor and co-authors, Pennsylvania State
University; Measuring Economie Impacts for
Modern Forage Technology. N. C. Hadley,
Purdue University; Economies of Forage
Mechanization. R. N. Van Arsdall, Univer-
sity of Illinois.
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STUDENT

NEWS SECTION

W. W. SxvypER, Editor
A Section Devoted to News of Student Members

A.D.S.A. Invests in the Future

The American Dairy Science Association is
very much interested in dairy students—the
future leaders of our Association. An example
of this interest can be shown by outlining the
purposes and activities of one of the com-
mittees which functions as a unit of A.D.S.A.
The Student Affiliate Committee, composed of
nine members of the American Dairy Science
Association, is appointed by the President of
the Association. The prime function of this
committee is to create student interest in the
activities of the Association. Tts objectives
may be stated as follows:

1. To develop student appreciation of the

magnitude of the Dairy Industry, the

opportunity it offers, and the training
required for success in the field.

. To acquaint students with the American
Dairy Science Association, its scope and
purposes and the role of student affiliate
members in this over-all prograni.

3. To encourage closer relationships be-
tween students, faculty, industry, and
other educational institutions.

0o

4. To work with the National Student
Branch, encourage strong local affiliate
chapters, and coordinate the student ac-
tivities with those of the parent associa-
tion.

The Student Affiliate Committee sponsors
many activities in an effort to accomplish
these objectives. One important activity is
the promotion of the Student Chapter News
Section in the JournaArn, which serves to keep
dairy students informed and bind them closer
together. Other activities include:

1. To promote student affiliate memberships.

2. To conduct the student chapter activity

contest during the annual meeting.

3. To conduct the Graduate Student Sei-

entific Paper Presentation Contests.

4. To advise the National Student Branch

officers and aid in planning and conduct
of the annual convention.

A series of articles giving additional infor-
mation on the chapter activity contests, the
National Student Branch, and the Graduate
Student contests will appear in future issues

: RAMSEY

7%« Yresh ik

SHERBET FLAVORS

Ramsey flesllEk, Sherbet flavors are exactly what the name implies—FRESH. The
juices are squeezed and processed from fresh fruit the year around and our unique
process preserves all of the original flavor of the fresh, ripe fruit. No matter how
compelling your brand name or how forceful your merchandising, your sherbets must
be good for continuing consumer acceptance. You will make the very best sherbets
with Ramsey TreshBk flavors and formulas especially created for full compliance
with the new Federal Standards. You can not get a more complete sherbet program from

any other source. Now, from one single source you are able to procure flavors with

proven formulas for their use, and containers with advertising designed to match.

* SIX FLAVORS — Orange, WRITE OR CALL TODAY ° FIVE CARTONS in full color

Lemon, Lime, Tangerine, RAMS'EY lithography. Also plastics.
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of the Jourxarn. The officers of each affiliate
club are encouraged to read these articles and
discuss them at a club meeting.
L. J. Boyp, Chairman
Student Affiliate Committee

SPOTLIGHT

[This is the first in a series of feature
articles to appear under this heading. The
purpose of these articles is to help all clubs
improve their activities. The officers and ad-
visors should be willing to study these reports
in order to achieve this purpose.

The Dairy Science Club of the University
of Georgia was selected as the first affiliate
¢lub to be honored, because of its outstanding
record in the eclub achievement award pro-

eoram. The spotlight club won the A.D.S.A.
trophy at the annual meeting for two suc-

cessive years, 1961 and 1962. We salute the
Dairy Science Club of the University of
Georgia for a job well done—W .W. Snyder]

The University of Georgia’s
Dairy Science Club

The Dairy Science Club at the University
of Georgia had its beginning in 1946 when
enrollment began the post-war surge. Since
the Dairy Department had been officially or-
ganized just 5 yr earlier, almost at the bhe-
ginning of the war, 1946 really was the be-
ginning of its student program. Olin C.
Rhodes, currently district sales manager for
Nopco Chemical Company, was the first presi-
dent of the c¢luh. He was followed by Richard
Sendelbach, who today is a district sales man-
ager for Foremost Dairies. Thirty-five stu-
dents were charter members.

The purpose of the Club from its beginning
has been threefold:

1. To promote understanding among dairy

students and other students interested in

any phase of dairying.

2. To promote fellowship among dairy stu-
dents and between the dairy department
staff and the students.

3. To be of service to the Dairy Department

and to the dairy industry.

To say that the Club has been successful in
the above aims would be an understatement.
The Dairy Club is an essential part of the

LABORATORY SERVICES
Applied Research and Development
Testing and Consultation
Food, Teed, Drug and Chemical Analyses,
Animal Studies, Pesticide Screening, Pesti-

cide and Additive Residue Analyses.
For price sehedule and specific
work proposals, write
WISCONSIN ALUMNI RESEARCH
FOUNDATION
P. 0. Box 2217, Madison 5, Wisconsin

Dairy Department, and probably no other de-
partment in the University has such a cos-
mopolitan group—geographically as well as
field of interest—and at the same time enjoys
such a close working relationship among its
students. Likewise, the interest and support
of industry in the activities of the department
are commendable, most of which can be at-
tributed to the Dairy Science Cluh.

In the current organization several staff
members serve as advisors, thus dividing the
areas of responsibility. Prof. H. B. Hender-
son serves as general advisor and works with
all of the committees. Dr. Olin T. Fosgate
works with the program committee and as-
sists in scheduling events during the year.
Mr. Robert E. Roberts works with the staft
of the Georgia Dairyman, the scrapbook com-
nmittee, and coordinates the social activities of
the Club. Dr. Carl Clifton works closely with
the Dairy Day committee.

The major activities of the Club are han-
dled through committees. These committees
work with the advisors in developing the
project for which each committee is respon-
sihle. At the semimonthly meeting of the
Club, the president calls for a report from
each committee. The vice-president is an
ex-officio member of all committees.

The social program of the Club is varied
enough to keep the students interested, but
not so extensive as to be too time-consuming
or expensive to the average student. The year
is started each fall with a chicken bharbecue
sponsored by a local dairy. This is the time
when students can get acquainted with each
other, the faculty, University administrators,
ete. This is followed by the fall banquet just
hefore the conclusion of the fall quarter. At
this time, scholarship awards are made and
a large number of industry people are present.
The spring banquet concludes the year's ae-
tivity. At this time the Georgia Dairy Prin-
cess and the American Dairy Princess are al-
ways present. It is the time, too, for presenta-
tion of the Honorary Member of the Year, and
the dedication of the annual.

Parents and students enjoy the fellowship of the
Dairy Science Club banquets.
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Foremost
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(the amazing sugar of milk)

ADDS QUALITY AND UNIFORMITY
IN EVERY DAIRY APPLICATION

® Foremost Lactose does wondrous things for dairy
products, For instance: To SKIM MILK, it imparts the
satisfying flavor of whole milk. In CHOCOLATE DRINK,
it replaces 50% of the butterfat, adds sales-making
richness to the chocolate flavor, To BUTTERMILK,
it gives “‘old-fashioned goodness’ and with 50% less
butterfat. In FRUIT DRINKS, it heightens the fruit
flavors without altering the sweetness balance. To
COTTAGE CHEESE DRESSINGS, it imparts built-
in freshness, richer taste. In COTTAGE CHEESE
STARTERS, it means uniformity, quick starting, finer
flavor, improved curd qualities. To ICE CREAM, it
gives velvet smoothness, and to SHERBETS AND
ICES, a more pronounced fruit flavor without
altering the desired sweetness level, ® Prove all
these things to yourself in your own plant— mail
us the coupon for facts and a generous sample!

FOREMOST INDUSTRIAL @ BURLINGAME, CALIFORNIA

Please send details on Lactose, plus sample.

NAME.

COMPAN!

ADDRE:

cIty. ONE. TATE
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Miss Louise Knolle, American Dairy Princess, and
Miss Marlyn Smith, Georgia Dairy Princess, with
the President of the Dairy Science Club, Mr. David
Hoyer.

The Annual published by the Club has been
of great value. Named “The Georgia Dairy-
man” by the members of the Club in 1946,
it has been published annually since 1947.
The editor of the first edition was Jim Stone,
who today is owner of a hardware and build-
ing supply firm. From the very beginning,
the aim was to publish a very high-class an-
nual, which has been accomplished only be-
cause of the support of the people who adver-
tised in it. Thus far, the publication has
never lost money although, most of the time,
very little is left, after all expenses are paid.

“Let’s get this job done,” seems to be the central
theme as these Dairy Science Club leaders get to-
gether to plan the annual publication, “The Georgia
Dairyman.”

An important aspect of the student-industry
relationship has been the Honorary Member
program. One member from the industry is
elected to honorary membership each year.
Generally, this is a person who has shown
some special interest in the Club and the ac-
tivities of the Dairy Department. The 1961-62
honorary member, for example, was Mr. George
Farrar, an outstanding livestock auctioneer,

who serves as auctioneer for the annual Dairy
Day heifer sale. It should be noted that Mr.
Farrar has never charged the Club for this
service.

Another aspect of the student department—
industry relationship is exemplified by the
presentation at the fall banquet of Certificates
of Appreciation to industry people who have
assisted the department with some aspect of
its program during the past year. These cer-
tificates go to firms and individuals who have
made contributions to the Dairy Scholarship
Fund, made grants to the department for re-
search, or in some other way assisted the pro-
gram of the department.

Officers of the Club are elected for terms
of one-half the school year. Such an arrange-
ment provides opportunity for more students
to obtain leadership experience. Likewise, it
creates more student interest. A new presi-
dent may have ideas which he has bheen ac-
cumulating for a long time. He has four and
a half months in which to accomplish his pro-
gram. Thus, he works hard, and gets his class-
mates to work hard.

One of the early projects of the Club was
the establishment of a scholarship fund. This
was proposed by Mr. George Griffin, for sev-
eral years now in public health work in Doug-
las, Arizona. From a meager beginning with
Mr. Griffin’s $3 contribution, the fund has
grown to more than $1,700. It was the intent
of Mr. Griffin and the other members of the
Club at that time, that this fund be used only
for emergencies, such as when some student
was going to drop out because of financial
difficulties but who could be kept in school
by a contribution of a small sum of money.
It has been used only twice, but for two very
deserving young men.

The Club has several money-making projects.
The major one is the Dairy Day program held
annually the last Saturday in April. As a
part of this program 36 dairy heifers are
auctioned to certified 4-H and FFA members.
The animals are consigned by breeders in the
Southeast and represent the three major
breeds in this area. The Dairy Science Club
receives a commission of 109 of the gross.
The net profit from the sale has been approxi-
mately $500 each year. The publication of

The Georgia Dairyman also nets a small
amount of profit. A concession stand at

Dairy Day generally nets a nice profit. Re-
cently, the Club took on a project of selling
subseriptions to dairy magazines, which proved
rather profitable. Club dues are $1.50 per
vear. The total receipts for last year were
approximately $12,000; expenditures amounted
to more than $11,000.

The Dairy Science Club meets twice each
month during the school year. Variety in the
type of program is intended, to create interest.
Programs range from talks by dairy industry
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You, too, can have “the finest
Chocolate ice cream in town”
when you use Ambrosia’s
distinctive Dutch Process Cocoas,
Pure Chocolate Liquors, or
Chocolate Flavors. Why not

try Ambrosia for your
Chocolate Ice Cream?

For samples and more information write to:
AMBROSIA CHOCOLATE COMPANY
Milwoukee 3, Wisconsin

Manufacturers of fine chocolate and cocoa since 1894
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MAKE THE
WORLD’S BEST ICE CREAM

You must use the finest dairy ingredients, the
finest flavors, the finest mix processing and
freezing equipment, the finest packaging—And
The Finest Stabilizer—KELCO STABILIZER. i

Dariloid XL® for your white mixes
Sherbelizer® for your chocolate mixes

Products of KELCO CDMPANY

FLAV-0-LAC FLAKES
and FLAKES 40

Now Available:

Buttermilk #1,2,3,4,5,6,7,8,9,12,13, 14, 15

Cheese #1,2,3,4,5,12,13, 14,15,16,17,18,19

Butter #1, 2, 3,4, 5

Sour Cream #1, 2,3,4,5

Streptococcus thermophilus

Streptococcus faecalis (D-K)

Streptococcus durans (S.D.A.)

Lactobacillus bulgaricus

Lactobacillus acidophilus

Lactobacillus helveticus

Yoghurt culture (3 strains)

Propioni bacterium shermani

Standard ‘“Flake” makes 1 quart starter.

“Flake 40” bottle makes 40 quarts culture.

“40” is unique in the industry, proved in use

for 23 years. First propagation produces 40

quarts culture . . . no additional incubation, no

special treatment involved. |

Also available: * Roquefort and Camembert |
molds, various Leuconostoc
strains on agar slants.

* Whey phage testing
program.

THE DAIRY LABORATORIES
2300 Locust Street
Philadelphia 3, Pennsylvania
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Mr. Emory Cocke, President of Suni Citrus Prod-
ucts Company, Haynes City, Florida, a benefactor
of the Dairy Department and the Dairy Science
Club, receives a Certificate of Appreciation from
Dean C. C. Murray, Dean and Coordinator College
of Agriculture, at the Dairy Science Club Banquet.

leaders, University officials, movies (even in-
cluding cartoons), to tours of other depart-
ments in the University. An important fea-
ture of all programs is that the students run
the show, and that no longer than the allotted
1 hr is used for a meeting. Refreshments are
always served, which provides opportunity
for fellowship following the program.
Perhaps the high light of the over-all pro-
gram of the Club is the biennial trip for
Juniors and Seniors. The major portion of
the expense is borne by the Club from the
profits of the dairy heifer sale. With a profit
of about $500 annually, this provides about
$1,000 for each trip. This year the tour was
held during the break between the winter and
spring quarters and included visits to some
15 dairy establishments in Georgia, Tennessee,
and North Carolina. More than 30 students

made the 1,200-mile trip by chartered bus
during the five-day period. Seniors who made
the trip acclaimed it the high light of their
college program.

Ready to board the bus for the biennial tour of
dairy plants and farms in the Southeast. More than
20 Juniors and Seniors made the trip.
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FROM THE SECRETARY’'S DESK

Classification of New 1962 Affiliate
Membership

It is of interest that of 255 new 1962 affil-
inte members, 609, are graduate students and
409 undergraduate. This is  different from
previous vears. From 1956 through 1960 erad-
uate students varied from 34.8 to 549,. The
1962 figures result from a recent survey made
by your Secretary, whereby it was found there
were more graduate students in dairy tech-
nology getting advanced degrees in 1961 than
there were undergraduate  students getting
B.S. degrees.

Of the 1962 new undergraduate student affil-
lates, there were seniors, 18%; juniors 169 ;
sophomores, 4 ; freshmen, 29.

Of the 275 new 1962 members as of August
21, 1962, 66, or 249, were student affiliates in
1961.

VOLUMES OF THE JOURNAL OF DAIRY
SCIENCE FOR SALE
1. Complete set starting with 1928, Volumes
1T through Volume 34 (1951). These are
unbound with the exception of 1931 through
1935, which are bound. Contact Dr. R. V.
Hussong, Research and Development Divi-
sion, National Dairy Produets Corporation,
S01 Waukegan Road, Glenview, [11.

ADVERTISERS" INDEX

Chocolate (Clo.

American Can Co. .

Ambrosia

American Cyanamid (Co.

Bahson Bros. Co.

Blumenthal Bros. Chocolate Co. ...
Commonwealth Agricultural Bureaux

Dairy Laboratories.. U
Difco Laboratories . +4th Cov
Foremost Dairvies, Tne. .

Keleo Manufacturing Co.
Klenzade Products, Inec. ...

Lazarus Laboratories, Ine.

National Pectin Products Co. ...
The Nestlé Co., Tne.

Owens-Illinois Glass Co. (Kimble Glass) ..
Pennsalt Chemicals Corp.
Ramsey Laboratories, Tne.

West Chemical Produects ..
Wisconsin Alummi Research Foundation

BACTERIA COUNTS ARE KEPT LOW

when pipelines are kept germ-free
with DYNE® foamless cleaner— sanitizer

As it cleans, DYNE loosens and washes away milkstone. Pipe-
lines are left spotless and germ-free because DYNE contains
“Tamed lodine"®, most effective germicide known to science.

For consistent lows in bacteria count, raw and pasturized, use

DYNE foamless cleaner-sanitizer
daily. DYNE dilutes in cool or
lukewarm water —saving you
plenty on hot water bills. And its
action is not affected by hard
water.You get the job done easier,
faster, and at lower cost. Avail-
able from your dairy supplier or
write to the address below.

LAZARUS

LABORATORIES

INC.

Division, West Chemical Products, Inc. » 42-16 West Street, Long Island City 1, New York
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esearch and deelo;iment bmldzg Cyanmzd s Agculural Center

CYANAMID
COORDINATES
FACILITIES TO

SERVE AGRICULTURE
BETTER

Research and development activities
of American Cyanamid Company in
the agricultural field are now located
at a new Agricultural Center on a 640-
acre tract near Princeton, N. J.

The new Center combines the most
modern facilities for laboratory re-
search and development work with
practical field-testing conditions simi-
lar to those found on a well-run com-
mercial farm.

As you know, Cyanamid is com-
pletely based upon science and re-
search. Because of this we feel we
have a deep bond with the dedicated
people who do research in the colleges

and universities of the country.

We constantly review your papers
and . . . follow your progress. Often
we bring our products and our prob-
lems to you for testing and evaluation.
Sometimes we have an opportunity to
work side by side with you on an agri-
cultural problem.

American Cyanamid not only ben-
efits from your ideas and insights ; we
are also dependent upon the univer-
sities for the scientifically trained
people who really are the underlying
force behind our Company progress.

American Cyanamid Company,
Agricultural Division, Princeton, N. J.

_



SOME CHANGES IN CATION COMPOSITION OF MILK CAUSED BY

TION EXCHANGE TREATMENT !

B. J. DEMOTT, H. C. HOLT, axp R. G. CRAGLE
Atomic Energy Commission, Agricultural Research Laboratory
Oak Ridge, Tennessee

University of Tennessee

SUMMARY

Solutions containing various concentrations of caleium, magnesium, sodium,
and potassium have been used for the conditioning of ion exchange resins,
the resins then being used for the removal of radiostrontium and/or radio-
cesium from milk. Using the batch technique at a milk:resin ratio of 20, resins
in the calcium form caused an inerease in caleium concentration in the milk of
about 22 meq/liter balanced by losses in sodium, magnesium, and potassium.
Likewise, sodium resin treatment increased the sodium concentration about 59
meq/liter of milk, balanced by losses in caleium, magnesium, and potassium.
Resins conditioned with solutions containing mixtures of these four elements
caused changes in the eomposition of milk which reflected largely the con-
centration of that element in the regenerant. In general, the changes were
minimized when the resin regenerant composition, on the basis of meq-frae-
tion, approached that of milk. The concentration of regenerant, between
1,200 and 1,700 meq/liter had but little influence. Approximately 509, of the
radiostrontium and 609 of the radiocesium were removed by this method. By the
use of a column technique the strontium removal was shown to be more constant
than the cesium removal. The concentration of Ca, Mg, Na, and K in the milk

changed as the milk continued to flow through the column.

The exposure of milk to ion exchange resins
in the calcium form has heen shown to be effec-
tive in the removal of radiostrontium from
milk (3, 4, 11). Resins in the sodium form have
been used to decrease the caleium content of
milk for stabilization of evaporated milk (6).
Nervik et al. (11) used a sodium resin for re-
moval of radiostrontium from milk and found
an accompanying decrease in the calcium eon-
centration. Easterly et al. (3) found an in-
crease of about 229 in the caleium concentra-
tion of milk by treatment of milk with a ecal-
cium-resin at a milk:resin ratio of 20. Migi-
covsky (9) found no change in the concentra-
tion of ecalcium, sodium, or potassium in milk
after ion exchange treatment when the resin
was regenerated with a solution containing these

Received for publication May 1, 1962.

'This manuseript is published with the per-
mission of the Director of the University of Ten-
nessee Agrieultural Experiment Station, Knox-
ville, Tennessee. The radioactive materials used
in the work were obtained from the United States
Atomic¢c Energy Commission. The work was com-
pleted under Contraect No. AT-40-1-GEN-242 be-
tween the University of Tennessee College of Ag-
riculture and the Atomic Energy Commission.
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clements in the same ratio as present in milk.
Landgrebe et al. (8), however, state that be-
cause the cations in milk exist in the form of
several complexes, one cannot use the con-
centration in the milk as the most effective con-
centration to use on the resin. By lowering the
pH of milk to 5.2, followed by treatment of
the milk with a resin conditioned with a mix-
ture of Ca, Mg, Na, and K ions, Murthy et al.
(10) were able to remove larger amounts of
radiostrontium and radiocesiumn than when the
milk, at its normal pH, was treated with a
resin. The present study deals with some of
the effects upon milk of caleium-resin treat-
ment, sodium-resin treatment, and treatment
to a resin conditioned with solutions containing
various concentrations of caleium, magnesium,
sodium, and potassium ions. No attempt was
made to alter the pH of the milk.

CALCIUM RESIN TREATMENT

Procedure. Five grams of Dowex 50 W-X12,
in the hydrogen form as received, was washed
several times with 100-ml portions of 109
('aCl,, then with water until the wash water
was negative to the chloride test using AgNO,.
One hundred milliliters of pasteurized, homog-
enized, vitamin D-fortified milk was agitated
9
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with this resin [or 15 min at approximately
15 C. After allowing the resin to settle, the
milk was filtered and analyzed on a Beckman
DU flame spectrophotometer for sodium and
potassium, using wave lengths of 589 and 768
mp, respectively.  Samples preparved by the
method of Fiske and Subbarow (5) were ana-
lyzed tor phosphorus hy the use of a color-
imeter.  Caleium and magnesium  were deter-
mined by the method deseribed by Kamal (7).
Samples of the untreated milk were analyzed
also.

Results. Data in Table 1 show that the ion
exchange treatment as used in these trials in-
creased  the caleium  concentration 21.6 == 3.3
meq/liter o' milk, or about 379%. This inerease
was balanced by decreases in magnesiun, so-
dium, and potassium. The phosphorus content
of the control milk was essentially the same as
that of the treated: 956 = 34 and 944 == 27
ppm, respectively.

SODIUM RESIN TREATMENT

Procedure. Four lactating Jerse
cach given a single oral dose of 1 me of ('s™
and six me of K® at approximately 2 pa.
Seven consecutive milkings, beginning with the
milk obtained the morning following dosing,
were used for these trials. Milk from the four
cows was mixed together and a composite taken.
Trial 1T was conducted in October and Trial IT,
using four other animals, was conducted in
January. Assuming a 359 counting efficiency
for C(s™ and 509 for K¥®, and with a back-
ground count of 550 per minute, the level of
(s in the milk ranged from ahout 0.24 to 6.4
we/liter of milk and K" ranged from 0.16 to
0.62 we/liter. These minimums ave the approxi-
mate lower limits of reliable detection by the
instruments used under the experimental con-
ditions.

'VOCOWSs were

HOLT, AND R. G.

CRAGLIE

The bateh procedure used was @~ deseribed
above, except 109, NaCl was used instead ot
(‘aCl.  Duplicate 3-ml samples of milk ob-
tained hefore and after treatment were analyzed
for gamma activity by use of a scintillation
counter. The samples were then stored at ap-
proximately 40 F and counted 1 wk later. The
original count was due to both <" and K™
The second count was due to Cs™ only; the K*
having decaved to a stable state (half-life of
K™ is 125 hr; that of (s"™ ix 2.3 vr). The
K* count was then corrected to compensate for
decay  during the counting of  the samples.
Fresh resin was used for each sample of milk.
The effects of such resin treatment upon the
Na, K, Ca, and Mg content of the milk were
determined, using another sample of milk. For
radiological safety reasons no =ample contain-
ing added radioactivity was analyzed on the
flame photometer.

The ion exchange columns used were 2.0 ¢m
in diameter and cach conteined 10 o of resin
in the hydrogen form as received in shipment.
The vesin was supported by a layer of Ottawa
sand approximately one-half ineh in thickness.
Five hundred milliliters of a 107, solution of
NaCl were passed through each colwmnn. The
pH of the influent and the final effluent were
the same. Seven hundred milliliters ot distilled
water was then passed through the colwnmn.
This quantity was sufficient to give o negative
chloride test in the effluent.

Two hundred milliliters of milk were passed
through each column. The first 10-ml portion
of effluent was discarded due to its dilution
with water in the colummn. Duplicate 3-ml sam-
ples from the 2nd, 6th, 10th, 15th, and 20th
10-ml portions of efiluent were anzlyzed for
the concentration of ('s™ and K" and compared
to the composition of milk not pas-ed through
the colwmm.

TABLE 1

Before
treatment

Na £ 2.0"
K 0.6
Ca 3.1
Mg . 1.8
Net 129.8

* Seven trials on Na, K, and Ca; six on Mg.

~X

P Standard deviation =

Changes in composition of milk treated to a caleium resin®

After

Change
treatment
———(meg/liter ) ——mM8Mm —————————————
21.0: == — 34 =04
—13.8 == 0.5
1.6 3.3
— 3.2 2E 1.6
+ 1.8
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Regeneration  was accomplished by rinsing
the colunn with distilled water until all traces
of milk were removed, followed hy the NaCl
deseribed above.  The
same eolumns were used for seven consecutive

solution and water as
milkings from the dosed cows.

Results, The data in Table 2 show that about
749 of the "™ and about 709, of the K*
present in milk is removed by the hatch ion
exchange techniques used in these experiments.
The percentage removals were rounded to the
nearest whole number, except where that would
have resulted in a figure of 1009 removal.

Analysis of the eight samples of milk showed
an inerease in Na content of 59.2 &= 4.6 meq/
liter and losses in Ca, Mg, and K of 31.1 = 1.2,

4.8 = 1.4, and 229 4 1.3, respectively. The
concentration of an element in the untreated
milk and the loss of the element due to the

treatment were shown to have correlation coetfi-
cients of 087 for Ca, 0.98 for Mg, and 0.68 for
K. The pil of the milk was increased from
6.8 to about 7.3, due to the treatment.
Comparison of the two methods shows the
column to be more efficient in isotope removal
than the hatch technique (Table 2). The re-
movals of K* in the second trial were slightly
less than those in the first trial, which might bhe
attributable to differences in the milk due to
slightly ditferent feeding conditions or differ-
ences hetween the animals.
MINED TON

RESIN REGENERANTS

Due to the alterations in milk composition

CATION

COMPOSITION
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by treatment with resins either in the Ca form,
as shown previously (3), or the Na form, as
shown above, experiments were conducted using
regenerant solutions made up of mixtures of
the four most abundant cations in milk.

Procedure. Four series of solutions for resin
regeneration were formulated using the experi-
mental design deseribed by Box (1). Twenty-
five different solutions comprised each series.
The first series contained HCl, added to keep
the total ionie strength of all solutions constant
at 1,400 meq/liter, sinee the work of Strelow
showed that the amount of a specific ion taken
up hy a resin is partially dependent upon the
jonie strength of the regenerant solution (12).
The pH of the solutions in Series I was ap-
proximately 1.0, except in the one solution
which required no ICl to maintain constant
ionie strength.

Milk used throughout the remainder of the
study was reconstituted nonfat dry milk solids
made up to 99 total solids approximately 20
hr betore resin exposure. The use of the same
milk source eliminated variations in the ratio
of the elements in the milk before resin treat-
ment. The batch procedure as described above
was used. When radionuclides were used they
were added at the time the milk was reconsti-
tuted. S1™ was added at the rate of about
0.6 we/liter, Sr¥ at the rate of 124 ue/liter,
and (s™ at the rate of 1.8 we/liter. Sr™ was
determined by the oxalate method (2); Cs™
and Sr¥ by counting 3-ml liguid samples in a
seintillation well counter.

TABLE 2

Per cent (5™
3ateh
method
Milking 91l

after -
dosing ('s K (s K Cs
2nd 75 68 99 99 99
3rd 75 7T 99 99 949
+th 74 72 99 99 99
5th 74 83 99 98 99
tth 75 70 99 98 99
Tth 75 99 99
~th T4 99 99
74 64 99 99 05

T3 (§13] 99 99 99

73 76 99 99 99

73 59 99 99 99

74 72 99 99 98

73 99 9%

73 99 99

6th

and K™ removed from milk by use of a resin in the sodium form

10-ml portions through column

10th 15th 20th
K s K (&N K Cs K
Trial T (4 cows)
99 99 Q9 949 98 99 95
99 99 97 99 97 98
98 09 99 99 97 98
99 58} 02 99 93 97
99 09 06 98 99 08
99 a9 99
99 99 96
Trial 1T (4 cows)
99 99 97 98 96 96 91
96 a9 94 99 93 a7 93
98 L9 U8 07T w9 94 o2
96 09 98 98 09 96 99
99 99 88 97 85 95 S0
98 Iy 04

a9 94 94
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Results. The low pH of the first series of
regenerant solutions caused the pH of the
treated milk to be reduced from the original
6.7 to as low as 5.85 and increased the titratable
acidity from 0.16 to as high as 0.23%. Thus,
the use of acid to maintain constant ionie
strength was not considered advisable, and the
ionie strength of the other series of solutions
was not constant. The range of each of the
elements in each series 4s shown in Table 3.

The removal of Sr® from milk by resins
conditioned with solutions in Series 1 ranged
from 55 to 709% and Cs'™ removal was 54 to
699.

The pH of regenerant solutions in Series 2
ranged from 6.0 to 7.8 and the milk treated
with resins conditioned with these solutions was
lowered not more than 0.1 pH unit. All solu-
tions in this series, however, caused an inerease
of 2.0 to 7.5 meq/liter in the caleiumn content
of the milk. Removal of Sr® was 49-569, and
removal of Cs'™ was 56-609.

Milk treated with resins conditioned with
solutions in Series 3 had virtually the same pH
as before treatment, but most samples lost Na
and K and gained (a and Mg. The removal
of Sr™ ranged from 34-519, and the removal
of Cs™ ranged from 59-679%. The standard
deviation for within treatment variation for
strontium removal was 3.89 and for cesium re-
moval was 1.71.

Solutions in Series 4 were formulated to
cover a wider range of each of the four ele-
ments. The pH of milk treated with resins
conditioned with any solution in this series was

B. J. DEMOTT, H. ¢. HOLT, AND R. G. CRAGLE

not lowered more than 0.1 pH unit. Sr*® re-
moval ranged from 48-549,, and Cs™ removal
was 59-639%. The standard deviation for within
treatment variation for strontium removal was
1.14 and for cesium removal was 0.66.

A least-squares fit was made for the data
from Series 4, using a model containing all
linear, quadratic, and interaction terms for the
four variables in the regenerant solution. Using
only those terms with which statistically sig-
nificant contributions are associated, the rela-
tionships are:

Y, = 2.05 +1.462, —0.582, —0.51xy —1.23.r,

Y. = 0.014 +0.114x, +0.0352, —0.045.,
—0.1342, —0.0072,°

Y, = —2.02 —0.42x;, +0.53x,

Y, = —1.29 —0.72, 4+1.30z,

where Y,, Y,, Y, and Y, are the changes noted
in the composition of milk in meq from pre-
resin to post-resin treatment for Ca, Mg, Na,
and K, respectively, and z,, ., x5, and z, are the
coded values for levels of Ca, Mg, Na, and K,
respectively (Table 4) in the regenerant solu-
tion. The standard errors for the estimation
of the partial regression coefficients in these
experiments for Y,, Y, Y,, and Y, were 0.078,
0.006, 0.135, and 0.172, respectively, for the
linear terms and 0.379, 0.029, 0.662, and 0.842,
respectively, for the intercept. The quadratic
coefficient for Y, had a standard error of 0.009.

The use of these equations might be illus-
trated by calculating the expected change in K
concentration in milk by assuming a resin to
be conditioned with a solution eontaining 420
meq (a (—2 level of Table 4), 610 meq K

Range in composition of mixed regenerants

TABLE 3

Series Ca Mg Na K HC1 Total
(meqg/liter)
1 420-580 0-160 180-340 320-480 0-320 1,400
2 600760 45-125 185-265 320480 0 1,150-1,630
3 500-740 45-125 190-310 320480 1] 1,055-1,655
4 420-820 5-165 200-400 290-610 0 915-1,985
TABLE 4
Concentration of ions used in resin regeneration solutions in Series 4
Interval Coded value
between = S
Ton levels —2 —1 0 1 2
(meq/liler)
Ca 100 420 520 620 720 820
Mg 40 5 45 85 125 165
Na 50 200 250 300 350 400
290 370 450 530

K 80

610




CHANGES IN CATION COMPOSITION

(+2 level), 5 to 165 meq Mg, and 200 to 400
meq Na. The concentration between these
ranges of Mg and Na in the regenerant solu-
tion did not influence the amount of K gained
or lost from the milk; therefore, it does not
enter into the caleculation.

Y, = —1.29 —0.72x, + 1.30x,

= —1.29 —0.72 (—2) + 1.30 (2)

Y, = 2.75 meq K change

The standard deviations based on the milk-
treatment interaction for Ca, Mg, Na, or K
change (meq/liter) in milk were == 0.64, == 0.08,
=+ 0.86, and == (.67, respectively.

Interactions of ions were not statistically
significant in these experiments. Most of the
changes noted in milk composition had a linear
relationship with the concentration of that ion
in the regenerant solution. The correlation
coefficients between the meq fraction of the
regenerant made up by a particular element and
the change in concentration of that element in
milk due to resin treatment was: for caleium,
0.86; for Mg, 0.11; for Na, 0.83; and for K,
0.78.

The concentration of total ions in the re-
generant between the limits of 1,200 and 1,700
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meq/liter did not influence to any great extent
the change in milk ecomposition or removal of
radiostrontium or radiocesium. The correlation
coefficients between the total ionie strength of
the regenerant on the one hand and changes in
milk composition on the other hand were: Ca
—0.006; Mg —0.037; Na —0.31; K +40.07;
total ionic change —0.17; 9% Sr® removal,
+ 0.018 and 9, Cs™ removal, —0.394. Al-
though slightly different concentrations of Ca,
Mg, Na, and K in different milks exist, the
general relationships expressed in these equa-
tions would be expected to apply.

A column technique was employed to deter-
mine changes in milk composition as the quan-
tity of effluent inereased. Twenty grams of
Dowex 50 W X-12 in the hydrogen form was
conditioned with two liters of regenerant solu-
tion passed downward through the column at a
rate of 2 ml per min, followed by two liters
of distilled water. The milk effluent was col-
lected in 100-ml portions and analyzed for
changes in composition and removal of Sr* and
Cs™. Two different regenerants were tested in
this manner; Regenerant A, the same as + 1
Level in Table 4, contained 720 meq Ca, 125

TABLE 5

Effect of ion exchange resin column treatment upon composition of milk and the removal of
Sr® and Cs'™

S '™ Ca Mg Na K
Regenerant A
Et.‘ﬂucnt No. of trials
from
column 4 4 12 11 3 3
100-ml % Removed meq/liter change
2nd 49.2 99.9 +1.08 —0.16 +1.52 +0.21
3rd 49.3 99.6 1,10 —0.15 0 +0.40
4th 48.4 98.8 +0.75 —0.08 +0.30 +0.36
5th 47.9 95.1 +0.71 —0.02 +0.50 +0.30
6th 48.0 86.0 +0.54 +0.07 +0.10 —0.13
7th 47.3 69.5 +0.66 +0.16 0 —0.13
8th 47.4 44.6 +0.96 +0.02 —0.15 —0.55
9th 47.1 26.8 +0.96 +0.16 —0.15 —0.08
10th 47.2 9.7 +0.71 +0.13 +0.19 0
Regenerant B
No. of trials
2 1 7 4 4
%0 Removed meq/liter change
2nd 50.9 99.9 +2.79 —0.04 +1.30 0
3rd 50.7 99.9 +2.71 0 —0.20 +0.30
4th 51.1 98.9 +2.71 +0.04 —0.20 0
5th 50.7 94.3 +2.21 +0.10 —0.10 —0.15
6th 50.2 84.6 +1.93 +0.16 —0.10 —0.15
7th 49.5 62.4 +1.86 +0.18 0 —0.15
8th 49.8 37.7 +1..71 +0.17 —0.20 —0.30
9th 48.7 10.7 +1.29 +0.12 +0.01 —0.15
10th 9. +0.86 +0.08 +0.01 —0.10
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meq Mg, 350 meq Na, and 530 meq K/liter,
and Regenerant B, less coneentrated, contained
644 meq Ca, 88 meq Mg, 300 meq Na, and 435
meq I/liter.  After passage of the milk, the
columns were flushed with distilled water, fol-
lowed by 500 ml of 0.1 ~ (], again flushed
with water, and reconditioned with the regen-
erant solution.

Results listed in Table 5 show the strontium
removal to be lowered only slightly as the milk
passes through the column. The cesium removal,
however, is much less efficient as the quantity
of milk passed through a column increases.

Regenerant B contained less calcium  than
Regenerant A, vet the caleium addition to the
milk is greater with resin regenerated with
Solution B than with Solution A. The sug-
gestion 1s made that because Regenerant B
contained a larger percentage of the total meq
in the form of caleium (43.8) than did Regen-
erant A (41.7), more caleimn was taken up
hy the resin from Solution B than from Solu-
tion A.
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OXIDATION OF MILK FAT GLOBULE MEMBRANE MATERIAL.
THIOBARBITURIC ACID REACTION AS A MEASURE OF
OXIDIZED FLAVOR IN MILK AND MODEL SYSTEMS!

R. L. KING

Department of Dairy Secience, University of Maryland, College Park

SUMMARY

The thiobarbiturie acid (TBA) reaction was used for investigating oxidized
flavor in model systems containing fat globule membrane material and ascorbic
acid. Trichloroacetic acid was used to flocculate the proteins and the TBA
reaction was carried out and determined in the filtrate. The method is highly
satisfactory in reproducing and measuring rapid oxidation rates in the model
system.

When applied to milk, lactose was found to contribute considerable inter-
ference in the TBA reaction. This was shown by chromatographic separation
and spectrophotometric analyses of TBA pigments. A satisfactory application
for milk uses trichloroacetic acid to remove fat and protein and ethanolic-TBA
to increase the rate of color formation at 60 C, a temperature at which lactose
degradation is minimized. Results arve presented showing quantitative recovery
of oxidized milk from mixtures of oxidized and nonoxidized milk. Effect of ex-
posing homogenized milk to direct sunlight for 20-min intervals is readily

detected hy the method.
is indicated.

Relation between organoleptic and TBA  analyses

Detection of lipid oxidation in foods organo-
leptically is considered the most sensitive and
reliable method, though it does not lend itself
well to quantitative measurements. The natural
complexity of milk and the relatively small
amounts of material or changes therein respon-
sible for oxidized flavor have limited most
studies to organoleptiec evaluations. The use of
a model system will overcome some of the in-
herent problems associated with the complexity
of milk, but may introduce others such as the
comparison of organoleptic sensations between
milk and simpler systems.

Olson and Brown (4) reported that small
quantities of ascorbic acid added to copper-con-
taminated washed eream resulted in intense
oxidized flavor. Fat globule membrane mate-
rial obtained by churning washed cream reacts
i a similar manner, even without the addition
of copper (3). The reaction proceeds very
rapidly and the intense flavors are difficult to
evaluate organoleptically. The 2-thiobarbiturie
acid (TBA) reaction has been widely applied

Received tor publication June 4, 1962,

"Scientific Article No. AY85. Contribution No.
3370 of the Maryland Agricultural Experiment
Station, Department of Dairy Science.

for the detection of lipid oxidation in foods
including  dairy produets (1, 7, 9. 10, 13).
Ottolenghi (5) used the TBA reaction to meas-
ure the reaction hetween mitochondrial lipids
and ascorbice aeid.

This study was undertaken to evaluate the
TBA reaction as a measure of lipid oxidation
in simplified systems containing milk fat gloh-
ule membrane material (FGMM) that simulate
development of oxidized flavor. Various
tors influencing the reaction and methods for
application to milk or model systems arve pre-
sented.

fac-

EXPERIMENTAL PROCEDURE
Model systems. Fat globule membrane ma-
terial was prepared by churning washed eream.
The washed c¢ream was prepaved from fresh,
uncooled  milk  separated at 40 (', using a
De Laval Model 518 machine. The eream was
washed four times with four volumes of 40 C
tap water. Kxperiments using P* indicated that
at least 809 of the organie phosphorus is re-
tained by the washed fat globules by this pro-
cedure. The membrane material was sedimented
from the buttermilk by centrifugation at about
1,000 X G in 250-ml glass bottles, after adjust-
ing the pH to 4.9 with 1 ~ HC1. The sedimenta-
tion is facilitated if the buttermilk is resepa-
rated to remove unchuwrned fat globules and
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free fat. The clear supernatant was disearded
and the sediment redispersed in phosphate buf-
fer, pH 6.6, containing 4.4 ¢ Na H.PO, and
2.6 g Na,HPO, per liter. The solids content of
the redispersed membrane preparation was
about 69%. The basic model system contained
various amounts of the 69, membrane prepara-
tion, wL-ascorbic acid, and additional buffer.
These membrane preparations can be stored
under refrigeration for several weeks without
oxidative deterioration.

TBA TEST FOR MILK

Pipet 17.6 ml milk into a flask fitted with
glass stopper, warm to 30 C, add 1.0 ml tri-
chloroacetic acid solution containing 1 gram
per milliliter, followed by 2.0 ml 959, ethanol,
stopper, and shake vigorously for 10 sec. After
5 min, filter the contents through no. 42 What-
man paper. To 4.0 ml of the clear filtrate add
1.0 ml of TBA solution made by dissolving
1.4 g 2-thiobarbituric acid in 959 ethanol to
100 ml. Stopper container, mix contents, and
place in 60 C water bath for 60 min. Cool,
determine optical density of 532 mp with a
Beckman DU spectrophotometer, using dis-
tilled water as a reference.

Preparation of the TBA reagent is facili-
tated by heating in a 60 C water bath. The
reagent undergoes deterioration (12) and should
not be stored longer than about three days.

The TBA test for the model system is carried
out in a similar manner, except that the addi-
tion of ethanol to the sample is not required.
The quantity of trichloroacetic acid will de-
pend on the composition of the model system,
but should not be more than that needed to
lower pH to 1.4 (1). An alternative procedure
requires 2.0 ml aqueous TBA (0.05 m) to 4.0
ml filtrate and the reaction is ecarried out at
100 C for 15 min. Interference caused hy high
heat treatment is not a problem in the model
system deseribed.

Chromatographic separation of TBA pig-
ments. The trichloroacetic aeid filtrate-TBA
mixture is poured on to a cellulose column pre-
pared from an aqueous slurry of powdered
cellulose packed under 5 lb of nitrogen to a
height of 10 em in a 2-cm diameter column.
From acid solution the pigments are strongly
absorbed at the top of the packing. The column
is then rinsed with 0.1 x HCI until the effluent
is clear and eluted with 5 ml 0.1 ¥ Na.,HPO,,
followed by 0.1 x NaOH. This results in two
distinetly separated bands, both of which move
rapidly down the column. The first fraction
emerging from the column consists of a brown
pigment and the second the red pigment.

R. L. KING

RESULTS

In evaluating the possible usefulness of the
TBA reaction for the study of oxidizing milk
fat globule membrane systems, the following
criteria were considered: relation to organo-
leptic sensations; reproducibility; definite end
point of the reaction; simplicity and rapidity.
Other applications of the TBA reaction to milk
or milk fat (1, 6) do not satisfy one or more
of these criteria and suggest that the TBA
reaction should not be carried out in the pres-
ence of the oxidized or oxidizing lipids, since
further oxidation may oceur during the reac-
tion with TBA.

The method initially adopted for use in the
present study is similar to that proposed by
Keeney and Bassette for detection of the
browning reaction (2). Some results obtained
using this method are shown in Figure 1. Rates
of oxidation for model systems of two different
compositions are shown. Each curve contains
two sets of data representing separate experi-
ments, thus illustrating the reproduecibility of
the model system and the TBA reaction. The
rapid rate at which the oxidative reaction pro-
ceeds is apparent when compared to a badly
oxidized milk which will yield an optical den-
sity in the range of 0.06-0.10, a value reached
in these model systems in about 10 min. This
also indicates the futility of organoleptic meth-
ods for measuring these changes accurately.

Trichloroacetic acid serves several functions
in this method. It effectively floceulates the
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Fie. 1. Rate of oxidation of FGMM at 25 C as

measured by the TBA reaction. Two compositions
of the model system and two sets of rate data for
each are represented.
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membrane material, thus facilitating its re-
moval by simple filtration. At the same time,
it provides the acidity necessary to carry out
the subsequent reaction with TBA. The addi-
tion of trichloroacetic acid effectively stops the
lipid oxidation which is particularly important
with such a rapid reaction. The filtrates are
suitably clear after reaction with TBA to allow
direct determination of absorption, thus elim-
inating the need for extraction and simplifying
the entire procedure. Sampling frequencies of
2-min intervals have been successfully used in
measuring reaction rates.

The method developed for the model sys-
tems could not be applied directly to milk.
When trichloroacetic acid filtrates from milk
are heated with TBA at 100 C a reddish-brown
color develops, the intensity of which is re-
lated to the degree of heat treatment rather
than the flavor of the original milk. The red
pigment associated with oxidized lipids will
form at temperatures less than 100 C, but at a
slower rate. At temperatures below 60 C forma-
tion of the brown pigment is markedly reduced
and interference with red pigment absorption
is essentially eliminated. A 59 lactose solution
in phosphate buffer, when treated in a similar
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manner to milk, also produees a brownish-red
color when heated with TBA at 100 C. The
absorption characteristies of the TBA pigments
formed in trichloroacetic acid filtrates of fresh
milk, oxidized milk, oxidized FGMM, and 5%
lactose solution, as affected by the temperature
at which the TBA reaction is carried out, are
shown in Figure 2. Fresh milk and lactose
yield very similar curves at 100 C and both
show considerable absorption in the region of
maximum absorption of the red pigment. The
curve representing FGMM is relatively un-
affected by the different heat treatments re-
flecting the absence of lactose. The difference
in absorption at 532 mu between fresh milk
and oxidized milk (same milk after 36 hr of
storage) is similar for both temperatures; how-
ever, the relative difference is much greater at
60 C.

The 100 C reaction mixtures (represented in
Figure 2) were passed through cellulose col-
umns and the adsorbed pigments from 100 ml
were eluted with 0.1 ¥ NaOH into a final vol-
ume of 15 ml adjusted to pH 1.5. The absorp-
tion spectra for these unresolved TBA pigments
are shown in Figure 3. The original reaction
mixtures show considerable absorption at 443
my (Figure 2) which passes through the cellu-
lose column. The pigments retained by the
column show two major peaks at 450 and 532
mp. The curves representing fresh milk and
lactose are quite similar. The oxidized milk
shows the same two peaks but at much greater

0.6

o
o

OPTICAL DENSITY

§ I T TN T N N ) |

(o] ] L
400 430 460 490 520 550 580
WAVELENGTH—MILLIMICRONS

Fig. 3. TBA pigments from 100-ml reaction
mixture carried out at 100 ¢, 15 min, adsorbed on
cellulose, and ecluted into final volume of 15 ml,
pH 1.5. —-— 5% lactose solution; ———— fresh
milk ; oxidized milk.
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pigments (Figure 3) into brown (Fraction 1)
and red (Fraction 2) components. Final volume
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oxidized milk.

concentration: however, the red

predominant.

pigment s

The pigments shown in Figure 3 were re-
solved into two components as deseribed pre-
viously. These results are shown in Figure 4.
The lower curves represent Fraction 1 (hrown)
and the upper, Fraction 2 (red). The hrown
pigment shows two peaks at 450 and 550 under
acid conditions. In besie solution the peak at
450 flattens out and the one at 550 shifts to
540. This fraction is much less soluble in acid
than bhase. Fraction 2, the red pigment, has a
minor peak at 450 which probably represents
a slight contamination with Fraction 1. The
major peak absorbs &t 532 mp in acid condi-
tions and at 545 mu in basie solution. The ab-
sorption measured at 532 mp of the original
reaction mixture is contributed to by hoth of
these fractions.

A source of the interference caused hy copper
contamination is demonstrated in Figure 5.
Fresh milk and 5¢¢ lactose solutions were pre-
pared containing incereasing amounts of Cu'™,
after which the TBA reaction was carried out
at 100 ¢ for 15 min. The TBA pigments from

R. .. KING

50 ml of the reaction mixtures were adsorbed
onto cellulose and eluted with 0.1 ¥ NaOH into
a final volume of 15 ml, pH 1.5. Both lactose
and milk produced similar pigments; however,
the quantity was greater in milk. The pigments
formed as a result of copper contamination are
similar if not identical to those represented by
Fraction 1 in Figure 4.

A portion of the reaction mixture repre-
senting a 5% lactose solution containing 1.0
ppm Cu'' was extracted with an equal volume
of pyridine-isoamyl alecohol and the absorption
compared with the original mixture. These re-
sults are shown in Kigure 6 and indicate that
interference caused hy ecopper contamination
as reported by Dunkley and Jennings (1) is
partly it not wholly due to lactose degradation.

To obtain additional mformation concerning

the origin of substances reacting with TBA,
the following experiments were conducted:

Samples of fresh milk containing 0.1 ppm
added copper were stored in quart containers
into which were suspended dialysis tubing con-
taining 20 ml water. After intervals of storage

at 3 C, with infrequent mixing, the milk and
0.4
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03| b

FRESH MILK

OPTICOAL DENSITY
>
T

§ WY N T T T O S T |

1

0 1 P11
400 430 460 490 520 550
WAVELENGTH—MILLIMICRONS

580

IF16. 5. Effect of copper on TBA reaction at
100 " for 15 min in fresh milk and lactose solu-
tions. TBA pigments adsorbed from 50-ml reac-
tion mixture in final volume 15 ml, pH 1.5, A—
control, B-—0.5 ppm (u'’, C—1.0 ppm Cu'", D—
1.5 ppm Cu™
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Fig. 6. TBA pigments from lactose containing
1 ppm Cu’" after heating at 100 C for 15 min.
reaction mixture; — - — — pyridine-isoamyl
alcohol extract of reaction mixture.

the contents of the bag were subjected to the
TBA reaction as herein described. Similar ex-
periments were carried out on the model sys-
tem. Some of these results are shown in Table
1 and indicate that the amount of TBA pig-
ment formed is not related to the addition of
trichloroacetic acid to the milk.

TABLE 1
Comparison of TBA values for intact samples and
their dialysates

Optical density (532 mu)

Deserintion Sample Dialysate
Mik1 0.072 0.052
Mik 2 0.111 0.103
Mi'k 3 0.217 0.203

0.305

FGMM 0.275

To eliminate the interference due to lactose
degradation other reaction conditions were in-
vestigated. It was found that ethanol as a sol-
vent for TBA allows an inerease in the concen-
tration of the reagent and also has an apparent
catalytic effect on the color reaction. The quan-
tity of trichloroacetic acid needed to yield a
pH of 1.4 does not consistently yield complete
protein precipitation, as evidenced by a slight
turbidity when the ethanolic TBA is added to
the filtrate. To overcome this, a small amount
of ethanol is added to the milk before filtration.
A temperature of 60 C was found to cause

FAT GLOBULE

MEMBRANE
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minimal lactose degradation and the color reac-
tion proceeds at a reasonable rate. The rate of
formation of the red pigment for several sam-
ples is shown in Figure 7. The upper curve
represents a FGMM filtrate produced by the
original procedure at 100 C. The reaction is
essentially complete in about 15 min. The
other curves represent pigment developed using
ethanolic-TBA at 60 C and the reaction is eom-
plete in about 45 min. In all cases a definite
end point is indicated which is contrary to rve-
sults reported using different procedures (1,
7). The relative flatness of the curves at 60
min indicates that plus or minus a few minutes
will have little effect on the result.

Samples of oxidized milk were diluted with
various amounts of nonoxidized milk and the
samples were evaluated organoleptically and
by the TBA method. Results of two separate
experiments using different milks are shown
in Figure 8. Both of these curves indicate a
linear relation between optical density and
relative coneentration of oxidized milk, thus
indicating good recovery and sensitivity. Rank-
ing by a flavor panel was good for samples
yielding optical density values above 0.04; how-
ever, correlation fell off among the samples
having low flavor intensity.

The obhserved relation between organoleptic
evaluation and optical density is shown in .

Table 2. Multiple determinations have been
0.5
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Fi1s. 7. Rate of formation of TBA pigment in

trichloroacetic acid filtrates. The
senting FGMM are not related.

curves repre-

V¥Y—V  oxidized FGMM, 100 C
V———V  oxidized FGMM, 60 C
O———0O oxidized milk, 60 ¢
H—B 59 lactose solution, 60 C
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TABLE 2
Relation between organoleptic and TBA values

Range of
optical
Flavor density
score Description (532 mu)
0 No oxidized flavor 0.010-0.02¢
1 Questionable to very slight 0.024-0.029
2 Slight but consistently

0.030-0.040
0.041-0.055
>0.056

detectable
3 Distinet or strong
4 Very strong

found to agree within == 0.003 optical density
units. Contamination of the milk with copper
up to about 0.5 ppm does not alter the result.

A further test of sensitivity of the method
was demonstrated by measuring changes in
homogenized milk during exposure to direct
sunlight. These results are shown in Figure 9.
The lower curve represents milk exposed in a
quart glass milk bottle on a cold day. The
point outside the figure represents the value
obtained for this 140-min-exposed milk after
24 hr of cold storage, indicating the reaction
did not proceed much after the exposure was
discontinued. This was consistent with the
organoleptic evaluation. The upper curve in
Figure 9 represents 17.6-ml samples exposed in
50-ml Erlemeyer flasks on a mild day. When
compared with the lower curve, the influence
of degree of exposure and, probably, heat are
indicated. These data are presented as a test
of sensitivity; however, the method would ap-
pear to have some value in the study of flavor
changes induced by light exposure.
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sunlight as measured by TBA reaction. Point
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DISCUSSION

The substance(s) reacting with TBA to pro-
duce the red pigment as well as the composi-
tion of the pigment have been rather thoroughly
investigated (6, 8, 11). The origin of the total
TBA-reactive material is not so well under-
stood. Results reported in this paper show that
this material can be derived from lactose as
well as oxidized lipids. When the reaction is
carried out in whole milk or in the presence of
milk fat, the pigments derived probably do
not entirely reflect the organoleptic property
of the intaet sample, but must include material
produced by the reaction conditions. This is
evident from the lack of a definite endpoint.
Such procedures may indicate the suseceptibility
of the lipids to undergo oxidation under ac-
celerated eonditions. Other sources of inter-
ference in this reaction are reported hy Tar-
ladgis et al. (12).

In the present study, it was found that the
addition of trichloroacetic acid to the sample
did not affect the amount of TBA pigment
formed. Dialysates from oxidized milk or
FGMM yielded approximately the same amount
of TBA pigment as did the intact samples.
The material reacting with TBA in this pro-
cedure is not hound to the fat globules or the
FGMM, but is freely dialyzable.

It is concluded that the procedure as pre-
sented produces results that closely reflect the
organoleptie condition of the intact sample and
embodies the sensitivity, reproduecibility, and
simplicity to be useful in studying the kinetics
of the reaction in model systems as well as
flavor changes in milk.
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HEAT-INDUCED CHANGES IN MILK FAT!*

W. W. NAWAR, L. E. CANCEL,” axp 1. S. FAGERSON
Department of Food Science and Technology, University of Massachusetts, Amherst

SUMMARY

A study on the effect of heat on milk fat shows that acetone, pentanone-2,
heptanone-2, nonanone-2, and undecanone-2 are formed in the ahsence of ox-
ygen and moisture. The use of gas chromatography with capillary columns
and flame ionization detection also reveals the presence of many other com-
ponents. Among these, and present in relatively small quantities, are the even-
numbered carbon ketones butanone-2, hexanone-2, and octanone-2, as well as
the n-alkanals C, to C,.

Temperatures above 100 C appear to be eritical for the development of an
off-flavor. Samples of milk fat so heated and homogenized into fresh skimmilk
had a marked resemblance to reconstituted milk powder when subjected to a

taste panel.
The effects of heat in the absence
milk fat arve shown.

of oxygen on the color of anhyvdrous

Although a considrable amount of research
has been carried out on the oxidation of milk
fat (4-7, 12), a clear distinction has not al-
ways been made between the effect of heating
and the effect of oxidation. The only eompre-
hensive study on thermal degradation of milk
fat is that of Patton and Tharp (10), in which
they stripped the fat with steam for a period
of 3 hr, holding it at a temperature of 200 C
and a pressure of 0.1-0.25 mm Hg. They iden-
tified a homologous series of methyl ketones
containing the n-alkyl members with odd num-
bers of earbons from C, to C,;. These workers
have also identified §-decalactone (8), and 8-
dodecalactone (13) in the steam distillate of
milk fat.

The purpose of the present study was to
investigate in some detail the effect of heat on
milk fat in the absence of oxygen and moisture.
Particular emphasis was placed on those com-
pounds which might be produced in trace quan-
tities but could contribute significantly to the
flavor of heated dairy products.

EXPERIMENTAL PROCEDURE

Preparation of milk fat. Fresh milk from
the University herd was separated at 30 C and
the eream promptly cooled to 5 C and churned.

Received for publication June 7, 1962.
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The butter was washed three itmes with cold
water, warmed, and centrifuged. Only the
clear oil was collected, placed in low actinie F
firlenmeyer flasks (350 g fat in a 500-ml flask),
and bubbled with a stream of nitrogen for 3
min. The flasks were then sealed by insertion
of the appropriate size rubber serum caps and
securing the sleeves of the caps with several
tight turns of copper wire.! The temperature
of the milk fat never exceeded 45 (C during
preparation. The tightly stoppered flasks were
stored at —15 C for use as needed.

Heat treatment. While still cold, the pressure
in the sealed flasks was reduced to approxi-
mately 100 x by means of insertion via the
serum cap, of a hypodermic needle connected
to a vacuum pump and a McLeod gauge. To
reduce the possibility of breakage, the flasks
were warmed in a 70 ¢ water bath for 2 min
betore bheing placed in a constant oil bath set
at the desired heating temperature. As the
temperature of the fat increased, the evolution
of entrapped nitrogen hecame apparent.” Pre-

'The effectiveness of the seal was determined
on empty flasks which had been evacuated to a
pressure of 100 . The rate of leakage was of the
order of 1 ec¢ of air per hour as determined by
measuring the volume of the entrapped bubble
resulting from replacement of the residual flask
volume by water.

" Gas chromatographic analysis of oxygen and
nitrogen in the headspace of the flasks was carried
out by the method of Bremnner and Cieplinski (1)
utilizing an Aerograph model A-90-P instrument.
Oxygen concentration prior to the heat treatment
was less than 0.39% with no detectable increase
during heating. The evolution of nitrogen from
the fat during heating reduces the pressure differ-
ential and thereby assists in maintaining the low
oxygen concentration.
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CHANGES IN MILK FAT BY HEAT

liminary studies showed an increase in the
production of volatiles with inereasing tempera-
tures of heating in the range 100-170 C. Be-
low 100 C, the production of volatiles is rela-
tively low. Unless otherwise noted, heat treat-
ment of samples was carried out at 130 C for
3 hr.

Gas chromatographic analyses. Volatiles were
analyzed by both the direct and the enrichment
techniques reported previously (9). In the
direct technique, a portion of the atmosphere
is simply transferred by means of a syringe
into the gas chromatographie instrument. The
enrichment technique consists of a continuous
cyeling system involving gas-liquid extraction.
The volatiles are collected in a special cold
trap which can then be capped, warmed, and
its enriched headspace analyzed as in the direct
technique. The heated fat as well as an un-
heated control were held at 40 C during the
collection period. A Perkin Elmer Vapor Frac-
tometer Model 154C with a hydrogen flame
ionization detector was used with hoth capillary
and packed columns.

Since it is likely that, under some conditions,
two or more compounds could have the same
retention time, and sinece it is diffienlt to achieve
optimal operating parameters for the satis-
factory resolution of all of the variety of com-
ponents present, attention was focused sep-
arately on each group of carbonyl compounds
having similar boiling points or carbon chain
lengths. Preliminary runs were made with au-
thentic compounds to determine conditions
which would permit good resolution of the dif-
ferent members of each group. These pre-
viously determined conditions were used for
comparing the retention times of unknowns with
those of known chemicals. As an example, au-
thentic butanone-2, n-butanal, isobutanal, and
biacetyl did not separate well on a diisodecyl-
phthalate packed column at most of the tem-
peratures used. EKfficient separation, however,
was easily achieved by means of a capillary
polypropyleneglycol (PPG) column at 35, 40,
and 50 C. At higher column temperatures, these
low-boiling compounds emerge so close to each
other that retention data are of little value.
Our triethanolamine (TEA) column was par-
ticularly interesting, since aldehydes were ap-
parently retained on the column while ketones
were eluted normally.

Reaction with DNPhydrazine” and chroma-
tography of the hydrazones. The volatiles col-
lected in the cold trap by means of the eyeling

®The abbreviation DNP is used throughout for
2,4-dinitrophenyl-.
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system mentioned above were allowed to react
with 4 x HCI saturated with DNPhydrazine
for 2 hr at room temperature. The hydrazones
were extracted repeatedly with n-heptane, con-
centrated, and chromatographed on paper using
a modification of the method deseribed by
Clements and Deathrage (2), which employs a
system of N, N-dimethyl formamide-pyridine
(5:1) as the stationary phase and cylohexane
as the mobile phase. The DNPhydrazones were
also separated by column chromatography ac-
cording to the method of Day, Bassette, and
Keeney (3).

Spectrophotometric — analyses.  Absorption
characteristics in the ultraviolet region of the
hydrazones eluted from paper or column chro-
matography (in 959 ethanol) were obtained
by means of a Cary 14 recording spectropho-
tometer. .\ Spectronic 20 spectrophotometer
was used for transmittance and reflectance meas-
urements on the heated milk fat samples.

Flavor evaluation. The effect of heating of
the fat phase alone on the flavor of milk was
studied by homogenizing the heated fat into
fresh skimmilk to the level of 49, fat. A series
of dilutions with an unheated control was pre-
pared and presented at random to a panel of
eight judges. The threshold concentration of
the off-flavor was determined as deseribed by
Whitney and Tracy (14).

RESULTS

Figure 1 shows a composite gas chromato-
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IF16. 1. Gas chromatographie analyses of vola-

tiles from milk fat heated at 130 C for 3 hr, 150
ft UCON LB-550-X capillary columns. Flame
ionization detector. Column temp. a-b 70C, b-¢
100 C. 1. Methanal, propanal, and acetone. 2.
n-butanal. 3. butanone-2. 4. pentanone-2. 5. n-
pentanal. 6. hexanone-2. 7. n-hexanal. 8. hepta-
none-2. 9. n-heptanal. 10. octanone-2. 11. n-oc-
tanal. 12. nonanone-2. 13. n-nonanal.

gram of volatiles from milk fat heated at 130 C
for 3 hr. The components shown are mainly
carbonyl compounds with the methyl ketones
of odd carbon numbers present in relatively
high concentrations, heptanone-2 being the
highest. The figure also shows that also present
but in much smaller amounts were the even-
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numbered carbon ketones (', (4, and C,, as well
as the n-alkanals C,, C, C, C; C, and C,.
Agreement of retention times of the unknowns
with those of authentic compounds was ob-
tained under a wide variety of gas chromato-
graphie conditions, as shown in Table 1. Since
resolution on ecapillary columns is far superior
to that of packed columns, retention times oh-
tained from the use of the former under varied
conditions of temperature are more reliable. In
addition to the ahove-mentioned eompounds, the
presence of methanal, ethanal, propanal, and
possibly undecanal is revealed. Unfortunately,
the use of temperatures higher than 100 C for
packed columns and 120 C for eapillary ecol-
umns was limited by excessive bleeding of col-
umn substrate. This made difficult the analyses
of ecarbonyl compounds with longer chain
lengths than C, and also limited the detection
of lactones reported to be present in heated
milk fat by Patton and his co-workers (8, 13).
However, a peak which appeared to correspond
to butyrolactone could be observed only at a
column temperature of 120 C. Further work
is needed to confirm the presence of this ecom-
pound. Chromatograms of the control showed
the presence of a number of volatile compounds
in the unheated fat. However, these were pres-
ent in exceedingly low concentrations with ace-
tone being predominant.

Additional evidence for the presence of alde-
hydes and ketones was secured by the following :

1. Gas chromatographic patterns of the head-
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space in the cold trap (of the eyeling system)
before and after reaction with DNPhydrazine
were compared. The major peaks shown in
Figure 1 were markedly reduced, whereas most
of the minor peaks disappeared altogether.

2. Bands of DNPhydrazones separated by
paper chromatography were treated with a-
ketoglutaric acid (11), the released carbonyls
analyzed by gas chromatography under differ-
ent conditions and their retention times com-
pared with known compounds. R, values were
also determined. The data reported in Table 2
show that each band contains a number of
minor components in addition to the major
compound. Trace compounds of different R,
values could possibly be earried along with
neighboring bands.

3. Hydrazones separated by column chroma-
tography were likewise treated. The gas chro-
matographic analyses of the released carbonyls
are shown in Table 3. The presence of small
amounts of minor components, along with the
major component in each band, is again dem-
onstrated. It is possible that in the purification
often necessary for melting-point determina-
tions of the major components several minor
components are lost.

4. Ultraviolet spectra of the hydrazones sep-
arated by column chromatography (Table 3),
as well as those obtained from paper chro-
matographic bands, confirmed that the carbonyl
compounds present were mainly aliphatic satu-
rated aldehydes and ketones.

TABLE 1

Summary of gas chromatographic analyses of volatiles from heated milk fat on various columns
at various temperatures

TUCON LB-550-X eapillary Diisodecyl- Triethanola-
phthalate mine

Compound 35° 50° 70° 100° 120° 70° 100° 60° 90°
Ethanal R R R NR NR R R
Methanal R NR) NR) NR NR R R
Propanal R NRf NR f NR] NR NR] NR)
Acetone R R NR NR { NR | NR NR R R
n-Butanal R R R \IR NR } R NR
Butanone-2 R R R NRf XNR R NR § R R
Pentanone-2 R R R NR] XNR R R R R
n-Pentanal R R R NR( NR R R
Hexanone-2 R R R )« R NR R R R R
n-Hexanal R R R NRf XNR R R
Heptanone-2 ND R R R NR) R R R R
n-Heptanal ND R R R NR § ND R
Octanone-2 ND ND ND R R ND R ND ND
n-Octanal ND ND ND R R ND R
Nonanone-2 ND ND ND R R ND ND ND ND
n-Nonanal ND ND ND R R ND ND
Undecanone-2 ND ND ND ND R ND ND \D ND

R—Resolved from adjacent peaks.

NR—Not well resolved, brackets indicate groups of unresolved peaks.

ND—Not disecernible at this temperature.
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TABLE 2

Gas chromatographic retention times of carbonyl compounds released from DNPhydrazones
partially separated by paper chromatography

GC analyses GC analyses

on diisodecyl- on trieth-
phthalate anolamine
at 100 C at 60 C
RT of RT of
vapors vapors
released RT of released RT of Ry of
Tentatively from authen- from authen-  authen-
Band no. identified eluted tie com- eluted tiec com-  tic com-
on paper R compounds band pounds band pounds pounds
—(min)
Heptanone-2% 38.7 39 20.4 20.4 0.74
Prxx 0.65 n-Heptanal 41.6 42 s s 0,73
Hexanone-2 19.1 19.1 11.2 11.4 0.66
n-Hexanal 20.5 200 0 asmen s 0.68
Pentanone-2** 9.5 9.5 6.8 6.8 0.56
3 0.61 n-Pentanal 10.0 100 cisee s 0.56
Hexanone-2 19.2 19.1 11.4 11.4 0.66**
n-Hexanal 20.0 2000 e e 0.68%*
Butanone-2*
+ 0.46 or 5.4 5.4 4.1 4.2 0.48
n-Butanal
Pentanone-2 9.5 9.5 6.8 6.8 0.56%%
D 0.40 Acetone or*
Propanal 3.0 3.0 2.8 2.8 043

*—_Major ecomponent.
**_Trace carry-over from other bands.
**¥__A band with an R; value of 0.85 preceded Band 2. However, GC analyses were not
adequate, possibly due to low concentration of higher-boiling compounds.

TABLE 3

Gas chromatographic retention times of carbonyl compounds released from DNPhydrazones
partially separated by column chromatography

RT* of
vapors RT* of Absorption
Band no. Absorption released authentic Tentatively maxima of
(from maximum from carbonyl identified authentic
column) of band bhand compounds compounds compounds
(mp) (min) (mu)
1 360 38.4 38.2 Nonanone-2 360
40.4 40.0 n-Nononal**
2 362 20.8 20.8 Octanone-2 360
40.2 40.0 n-Nonanal 358
38.3 38.2 Nonanone-2** 360
3 359 11.1 11.1 Heptanone-2 361
21.8 21.8 n-Octanal 358
12.5 12.5 n-Heptanal** 358
4 362 6.6 6.6 Hexanone-2 360
12.5 12.5 n-Heptanal 358
7.1 7.0 n-Hexanal** 358
5 363 4.3 4.3 Pentanone-2 360
7.0 7.0 n-Hexanal 358
6.6 6.6 Hexanone-2** 360
6 362 4.3 4.3 Pentanone-2 360
4.5 4.5 n-Pentanal** 360

*__On a 150-ft UCON LB-550-X capillary column at 100 C.
**_Possibly carry-over from other bands.
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Effect of heating milk fat on flavor. The off-
flavor found in milk containing milk fat heated
at 100 C or above was deseribed by the panel
as having a marked resemblance to reconsti-
tuted milk powder. There did not appear to he
any qualitative difference in flavor, with tem-
peratures of heating between 100 and 170 C.
There did appear to be an increase in intensity
of off-flavor with an increase in temperature
in this range. While the flavor threshold for
the 100 C heated fat was nearly 1009, it was
below 209, for samples containing the 170 C
treated fat.

Effect of heating on the color of milk fat. The
effect of heat in the absence of oxygen on the
color of milk fat is shown in Table 4. The con-
trol was held at 40 C for 3 hr. A progressive
increase in light transmittance, with higher
temperatures of treatment, is evident. A similar
pattern was shown by reflectance measurements.

DISCUSSION

The results of this investigation confirm the
presence of an homologous series of methyl ke-
tones with odd numbers of carbon atoms in
heated milk fat as reported earlier by Patton
and Tharp (10). However, this study indicates
that the presence of moisture is not necessary
for the formation of these compounds. In addi-
tion, the formation of smaller amounts of sev-
eral other carbonyl ecompounds as a result of
this heat treatment is demonstrated. The latter
components may also contribute significantly
to the flavor of heated dairy products, since
there is evidence to show that in some ecases
compounds present even at subthreshold levels
exhibit a synergistic effect (9).

The origin and mechanism of formation of
carbonyl compounds arising in milk fat upon
heating are not well understood. Wong et al.
(15) proposed that beta-keto-acids in the milk
fat glycerides might represent possible pre-
cursors for the methyl ketones. These authors
further point out that it would be unlikely that
the formation of these compounds in such
products as evaporated milk and heated eream

TABLE 4

Optical transmittance of milk fat heated for 3 hr
at different temperatures

Temperature Per cent
of heating transmittance
(C) at 490 mu
40 11.5
100 16.0
130 23.0
150 27.0

170 42.0

CANCEL, AND I. S. FAGERSON

oceurs via atmospheric oxygen attack on the
lipids, in view of the abundance of reducing
substances present.

The possibility that some form of oxidation
might be involved is suggested by the accom-
panying bleaching of color observed in milk fat
upon heating. However, the loss of eolor by
heat seems to proceed via a different mechanism
than the bleaching normally produced by in-
tensive oxidation of milk fat. No oxidized fla-
vor was detected when the fat was heated to
the point of discoloration in the absence of
oxygen and moisture. Gas chromatographic
patterns of the heated fat were markedly dif-
ferent from those of milk fat oxidized at low
temperatures. Results reported by several in-
vestigators (4-6) indicate that aldehydes pre-
dominate as products of oxidative mechanisms,
whereas this study shows that ketones may be
the major components formed by heat. In
actual practice, both mechansims may be oper-
ating simultaneously, giving rise to an ex-
tremely complex system. Attempts to obtain a
correlation of flavor change with chemical com-
position are further complicated by the quanti-
tative relationships involved. Further work is
needed to clarify the mechanism by which heat-
generated products are formed, as well as the
role they play in contributing to flavor.
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SENSITIVITY OF MILK LIPASE TO ANTIBIOTICS?

K. M. SHAHANI axp R. C. CHANDAN

Department of Dairy Husbandry, University of Nebraska, Lincoln

SUMMARY

A study was made to determine the effect of various concentrations (0.5-50.0
ppm) of antibioties upon milk lipase. Aureomyein, penieillin, streptomyein, and
terramyein inhibited the lipase activity by 9.5 to 42.4, 7.9 to 49.8, 9.2 to 39.6,
and 7.6 to 44.29, respectively. Up to 10.0 ppm, there was a direct relationship
between the concentrations of the antibioties and the per cent lipase inhibition,
but with higher concentration the increase in lipase inhibition beecame dispropor-
tional to the antibiotic concentration. Fractional determinations of the fatty
acids released showed that antibiotics did not possess any selectivity in inhib-
iting the release of short-, medium- or long-chain fatty acids by the enzyme.
An increase in the fat content of milk lipase systems containing antibioties
nullified the inhibitory effect of antibiotics. Kvidence is presented which indi-
cates that the antihioties apparently work as competitive inhibitors of milk lipase.

The lipase system of milk has been shown to
be sensitive to several physical and chemical
treatments. Several workers have reported the
heat-inactivation of lipase(s) in milk by pas-
teurization temperatures (15). The destrue-
tive effect of light has been studied in detail
by Stadhouders and Mulder (21), who ob-
served a considerable inactivation of the en-
zyme by even a short exposure of milk to dif-
fused daylight. Several chemical treatments
affecting lipase activity have been used to eluci-
date the nature of the enzyme system. Using
formaldehyde as an inhibitor, Schwartz et al.
(17, 18) demonstrated that milk contains a
multiple lipase system which is active through-
out a pH range of 5.2 to 9.8, and that formalde-
hyde behaves as a competitive inhibitor. Taras-
suk and Yaguchi (22) observed that N-ethyl
maleimide inhibited milk lipase and concluded
that the enzyme probably contained sulfhydryl
groups which are essential for its hydrolytic
action. Also, sodium chloride has heen shown
to inhibit the lipase activity in milk and cheese
(7, 23).

As a consequence of the extensive use of
antibiotics in mastitis therapy and their inci-
dence in milk, several studies have been made
concerning the effect of antibiotics upon starter
cultures and upon the preservation of dairy
products (1, 6). Shahani et al. (19) observed

Received for publication July 11, 1962.
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that pimaricin and mycostatin inhibited the
yeast and mold growth and rancidity develop-
ment in Cottage cheese and thereby extended
its shelf life. Kooy and Pette (13) noted that
the presence of the antibiotie-producing strain
of Streptococcus lactis inhibited the butyrie
acid fermentation in milk inoculated with Clos-
tridium tyrobutyricum.

Goldberg (6) and Kagle and Saz (5) have
reviewed several studies relative to the mode
of action of antibiotics on several enzyme sys-
tems. Tetracyclines have been reported to in-
hibit the action of urease (6). Kraskin and
Stern (14) showed the competitive nature of
the inhibition of coenzyme diphosphopyridine
nucleotide (DPN) by oxytetracycline using the
Lineweaver-Burk plot. Working with Mycobac-
terium butyricum and Mycobacterium tubercu-
losis, Cohen et al. (3) found that low concen-
trations of polymyxin B inhibited the esterase
activity of the organisms. Scholz et al. (16)
reported that under in vivo conditions nystatin,
an antifungal antibiotie, inhibited markedly the
activities of the enzyme aldolase, glyceralde-
hyde phosphate dehydrogenase, alcohol dehy-
drogenase, and phosphoglycerate kinase of
yeast. Until recently little attention has been
given to the effects of antibiotics upon the
microbial and milk lipase systems which bear
significance to the dairy industry. In a pre-
vious paper (2), the inhibitory effect of several
antibiotics on microbial lipase was presented.
The studies were continued and the effects of
several antibiotics upon milk lipase systems
were investigated. The results are presented
in this paper.
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EXPERIMENTAL PROCEDURE

The effect of various concentrations of anti-
biotics was determined upon the naturally pres-
ent lipase system in raw milk. Raw milk was
obtained from the University herd, cooled im-
mediately, and used within 30 min after milk-
ing. Prior to the addition of antibioties, the
enzyme system in the raw milk was subjected
to the activation treatment, in order for lipol-
ysis to proceed at a rapid rate (7). The acti-
vation treatment consisted of mixing five parts
of homogenized, pasteurized milk with 95 parts
of raw milk and subsequent cooling to 4 C,
warming to 30 C, and cooling again to 4 C.
This permitted the easy detection of even
minute inhibitory effects of antibiotics on milk
lipase(s). Appropriate quantities of 0.1-0.5 ml
of aqueous solutions of aureomyein,® penieillin,®
streptomyein,’ or terramyein® were added to
24.5 ml of different samples of the raw milk
system to yield antibiotie concentrations of 0.5,
1.0, 5.0, 10.0, and 50.0 ppm in milk. These
antibiotics were used primarily because they
are more commonly employed in mastitis ther-
apy and may be present in residual quantities
in market milk. The final volume of the reac-
tion mixture was 25 ml and the fat content
approximately 3.5% in all the samples. The
control samples were prepared the same way,
except that sterile distilled water was used in
place of the antibiotic solution. Each of the
control and experimental samples was divided
into three lots. One lot was assayed immediately
for the free fatty acid content, and the other
two lots were stored in eorked 100-ml Erlen-
meyer flasks in a refrigerator at 4-6 C and as-
sayed for the free fatty acid development after
24 and 48 hr storage, respectively. The free
fatty acid content, measuring the extent of
lipolysis, was determined by the silica gel
method of Ilarper et al. (10). This method
was selected because of its aceuracy; in the
preliminary trials the recovery of added free
fatty acids from milk was of the order of 91
to 999%. For each assay, 10-ml aliquot of the
incubated milk system was used, and the free
fatty acids were eluted with 150 ml of chloro-
form-butanol mixture. The titration was per-

2 Aurcomyein (R), Chlorotetracycline Hydrochlo-
ride, Oral grade, American Cyanamid Co., New
York 20, N. Y.

®Procaine Penicillin G, Commercial
Corporation, New York 17, N. Y.

* Streptomycin Sulfate, Abbott Laboratories,
North Chiecago, Tll.

® Terramycin Hydrochloride, Chas. Pfizer and
Co., Brooklyn 6, N. Y.

Solvents

formed with 0.01 ~ aleoholic potassium hy-
droxide, using phenol red as the indicator. The
titer value representing the free fatty acids
content (FFA) is used to express the lipase
activity.

For the fractionation of the total free fatty
acids into long-, mdium-, and short-chain fatty
acids, the general assay procedure as outlined
by Harper and Armstrong (9) was used. Long
chain implied C,. to C,s fatty acids, medium
chain C; to C,, and short chain less than six
carbon fatty acids. Penicillin and aureomyein
in concentrations of 10.0 and 50.0 ppm were
added to the raw milk system, and the samples
were stored at 4-6 C for 24 and 48 hr. Employ-
ing different threshold volumes of the eluant
(9), each fraction containing different chain
length fatty acids was collected and titrated
with 0.01 ~x aleoholic potassium hydroxide.

To determine the effeet of varying the con-
centration of substrate (milk fat) on the anti-
biotic inhibition, and to determine whether the
inhibition upon the lipase(s) was of a com-
petitive or noneompetitive type, reaction mix-
tures containing various concentrations of the
substrate were prepared. The procedure re-
ported for studies with microbial lipases (2)
was modified slightly to adapt it to milk lipase.
The experiments were conducted at the natural
pH of milk to simulate the condition en-
countered in milk. In brief, the following tech-
nique was employed: The raw milk system
containing activated lipase activity was pre-
pared as just deseribed. Varying amounts of
freshly separated pasteurized whipping cream
(409, fat) were added to the activated enzyme
system to obtain a fat content ranging between
3.5 and 259%, as determined by the Babcock
method. One-half milliliter of an aqueous solu-
tion of appropriate concentration of aureomy-
cin or penicillin was added to the system to
obtain antibiotic concentrations of 5.0 and 50.0
ppm. The final volume of each mixture was
50 ml. Conecurrently, control samples contain-
ing the substrate and the enzyme but no anti-
biotic were also prepared and treated the same
way as the experimental samples. Each sample
was divided into two lots and stored in a re-
frigerator at 4 C. After 24 hr of storage, one
lot was removed and mixed thoroughly, and
10-ml aliquot was used for the determination of
free fatty acids liberated. Similarly, the second
lot was analyzed after 48-hr storage.

RESULTS AND DISCUSSION

Effect of various concentrations of antibiotics
on milk lipase. The data relative to the effect
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of various coneentrations of aureomyein, peni-
cillin, streptomyein, and terramyein upon the
liberation of free fatty acids by milk lipase are
presented in Table 1. The data represent av-
erage values of four to five trials conducted
with each antibiotic and each concentration. It
may be observed that the control sample con-
taining no antibiotic exhibited a maximum lib-
eration of the FIFA. In the samples containing
0.5 to 50.0 ppm of antibiotic, a decrease in FIFA
was observed in the milk samples, indicating
that all the antibioties suppressed the lipolytie
activity.

At lower concentrations (0.5 to 1.0 ppm),
there was a corresponding increase in lipase
inhibition with inerease in the concentration
of the antibiotic. However, at higher concen-
trations (5.0 to 50.0 ppm) of the antibiotics,
the increase in the enzyme inhibition was not
in direct proportion to antibiotic concentration.
Cne-half ppm of the antibioties inhibited the
lipase activity by 7.6 to 11.59%. On increasing
the antibiotiec concentration to 50.0 ppm, the
corresponding inhibitions were found to vary
hetween 345 and 49.89.

In the control samples, of the total free fatty
acids liberated in 48-hr storage, 645 to 88.29
were liberated in the first 24 hr of storage;
whereas, 65.3 to 91.39% were liberated in the
case of samples containing antibioties.

During the first 24-hr period of storage, 0.5
to 50.0 ppm of aureomyein inhibited the lipase
activity by 9.5 to 38.69. The corresponding
inhibitions found in the ecase of penieillin,
streptomyein, and terramyein were 7.9 to 48.09%,
9.2 to 3459, and 7.6 to 38.69%, respectively.
Further storage for 24 hr effected an additional
inhibition of 0.8 to 6.79 only, indicating that
most of the inhibitory effect of the antibiotie
oceurred in the first 24 hr of storage.

In these studies, at the lowest concentration
of 0.5 ppm, streptomyein was the most inhib-
itory antibiotic; whereas, at the highest con-
centration of 50.0 ppm, penicillin was the most
inhibitory antibiotic.

[n an earlier study (2), it was observed that
0.5 to 50.0 ppm of penicillin inhibited 3.0 to
10097 of the lipase activity produced by A chro-
mobacter lipolyticum, Geotrichum  candidum,
Aspervgillus niger, and Penicillivm roqueforti.
A comparison of the antibiotie-sensitivity of
milk lipase to that of the microbial lipa
dicated that the milk lipase system was less
sensitive to antibioties than the microbial lipases.

Tuhibitory effect of antibiotics wpon the re-
Milk

lipase appears to he speeifie in splitting off

s in-

lease of varions fatty acids by lipase.

MILK LIPASE
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various fatty acids trom milk fat. Harper (8)
reported that freeze-dried raw milk split off
14.79% butyric acid from milk fat. More re-
cently, Harwalker (11) studied the release of
relative amounts of lauric-and-higher, caprie,
caprylie, caproie, and butyrie acids from milk
fat by the action of milk lipase. He observed
that the laurie-and-higher fraction was the
major component released during lipolysis. Jen-
sen et al. (12) also noticed that milk lipase
released long-chain fatty acids from milk fat.
This study was undertaken to determine the
effect of antibioties upon the liberations of
long-, mediun-, and short-chain fatty acids by
The data pertaining to this in-
vestigation are presented in Table 2.

Both aureomyein and penicillin inhibited the
liberation of all the three groups—long-, me-
dium-, and short-chain fatty acids. In gen-
eral, the inhibition of the release of the indi-
vidual groups of fatty acids was of the same
magnitude for different concentrations of the
antibioties and ftor different times of storage.
In 24 hr, 10.0 ppm of aureomyein inhibited
37.5% of the release of the long-chain fatty
acids, 37.59% of the medium, and 35.09; of the
short-chain fatty acids. Storage for an addi-
tional 24 hr resulted in the inhibitions of the
three groups of fatty acids up to 38.9 to 40.79%.
At 50.0-ppm level of aureomyein in milk, the
release of three groups of fatty acids was
arrested by 43.8 to 50.09 in 24 and 48 hr of
storage.  Kssentially similar results were ob-
tained in the studies with penicillin.  Sinee
the inhibition of the liberation of all the
three groups of fatty acids by antibioties fol-
lowed the same pattern, it was felt that the
antibioties did not exhibit any selectivity in
regard to their inhibitory effects upon the re-
lease of various fatty acids by milk lipase. The
results reported in Table 2 are in harmony with
the observation of other workers (11, 12), that
long-chain fatty acids comprise the major com-
ponent of total fatty acids released during
lipolysis of milk fat.

Relationship between antibiotic inhibition and
The results relative to
the effect of inereasing substrate concentration
on the inhibition of milk lipase by antibioties
are presented in Figure 1. The figure presents
the average values of three to four trials con-
ducted with each antibiotic and at each coneen-
tration level ol’ the antibioties and the substrate.
Curves marked I are the control curves repre-

the enzyme.

substrate concentration.

senting the lipolysis at various levels of milk
fat in antibiotics. Curves 11
and 11T show the effeet of 5.0 and 50.0 ppm of
antibioties on the liberation of free fatty acids.

the absence of
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TABLE 2
Effect of antibiotics on the release of long-, medium-, and short-chain fatty acids during
lipolysis
Anti- Fraction T Fraction IT Fraction ITL
biotie Long-chain Medium-chain Short-chain
Time of coneen- - = = —_— —
storage tration FFA*"*  Inhibition FFA ™"  Inhibition FFA*  Inhibition
(hr) (ppnt) (%) (%) (%)
Aureomyein
24 0.0 .60 .. 0.80 1.00 =
10.0 1.00 37.5 0.50 0.65 35.0
50.0 0.86 46.3 0.45 0.50 50.0
48 0.0 2.25 s 0.90 ..
10.0 1.36 39.6 0.70 40.7 0.55 38.9
50.0 1.25 44.0 0.60 49.1 0.45 50.0
Penicillin
24 0.0 1.37 0.58 . 0.48
10.0 0.65 52.6 0.25 56.9 0.25 48.0
50.0 0.60 56.2 0.25 56.9 0.20 58.4
48 0.0 100 e 0.71 . 0.67 ..
10. 0.85 50.0 0.37 47.9 0.35 47.8
50.0 0.77 54.7 53.6 0.30 55.2

0.33

* FFA—Milliliters of 0.01 N aleoholic potassium hydroxide used to titrate free fatty acids

extracted from 10 ml milk sample.

24 HOURS 48 HOURS
PENICILLIN
5(,[
[ P
SUF "
40+r -

AUREOMYCIN

00! N ALCOHOLIC POT HYDROXIDE (MI)

-

e e T
30 0 5 10 15 20 25 30

5 10 15
SUBSTRATE CONCENTRATION (% FAT)

20 25

F1e. 1. Influence of substrate coneentration
upon the reaction velocity of milk lipase in the
absence and in the presence of antibioties. I.
Controi samples (no antibiotics); IL. Samples
containing 5 ppm of the antibiotic; and IIL.
Samples containing 50 ppm of the antibiotic.

In general, an increase in the fat content of
the reaction mixture counteracted the inhibitory
effect of the antibiotic against the enzymic
aetion.

As the fat content increased in the reaction
mixture containing 5.0 and 50.0 ppm of anti-
hiotie (Curves IT and II1), the inhibitory effect
of the antibiotic against the enzyme was nulli-
fied and Curves 11 and 111 tended to merge with
Curves I. This phenomenon was observed in
the study of both the antibioties. The maximum
reaction veloeities of hoth the control and the
antibiotic became the same as the fat content
reached the 259, level. Also, in the reaction
mixtures containing more than 259, fat, the
antibioties exhibited no inhibitory effect upon
the lipase activity of the system. The presence
of fat seemed to protect the lipase against
antibiotie inhibition. Nilsson and Willart (15)
found a similar protection of lipase activity by
milk fat against heat inactivation.

The reaction velocities in the absence and in
the presence of two different concentrations of
the antibiotics as plotted in Figure 1 were used
to determine the type of inhibition. Employing
the procedure outlined hy Dixon and Webb (4),
it was observed that the lipase of milk was ap-
parently inhibited by the antibioties in a com-
petitive manner. A similar inhibition observed
with microbial lipases was reported in an earlier
paper (2).
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EFFECT OF HIGH-LEVEL GRAIN FEEDING ON MILK PRODUCTION
RESPONSE OF LACTATING DAIRY COWS!

L. D. BROWN, J. W. THOMAS, R. S. EMERY, L. D. McGILLIARD, D. V. ARMSTRONG,
AND C. A. LASSITER

Dairy Department, Michigan State University, East Lansing

SUMMARY

Eighteen lactating dairy cows were divided into three comparable groups
approximately 36 days postpartum to study the etfeet of feeding high levels
of grain for a complete lactation. Grain was fed at three levels: Group 1, 1.0 1b
grain per 3.5 1b milk; Group 2, 1.0 1b grain per 2.5 Ih milk, and Group 3, grain
ad libitum. The cows fed the two higher levels of grain produced considerably
more milk than expected from the first part of lactation, whereas cows fed the
low level of grain produced slightly less milk than expected. The averages of
milk produced during the 260-day experimental period were 9,861, 10,650, and
12,543 1b per cow for Groups 1, 2, and 3, respectively. In the same order, the
average percentages of milk fat, protein, and SNF were 3.7, 3.8, 8.9: 3.6, 3.8,
8.9; and 3.7, 3.8, 9.0, respectively. The average gains in hody weight were 0.64,
0.91, and 0.94 1b per cow per day for Groups 1, 2, and 3, respectively.

For many years roughages have played the
predominant role in dairy cattle rations, pri-
marily because they were recognized as the most
economical sources of energy. However, in
recent years much has been done to increase
the yield of corn which, at least in the Corn
Belt, is rapidly becoming the Number One econ-
omy feed. In many cases, the cost of 100 Ib
of TDN from ear corn is less than that from
hay-crop silage or hay. Therefore, from an
economic standpoint, maximum use should he
made of the cheapest source of energy within
the physiological limits of the cow.

High-level grain feeding of dairy cows has
recently been reviewed by Huffman (4). Castle
and Watson (2) reported inereased milk yields
of cows fed high levels of concentrates over
those fed low levels of concentrates. The in-
creased milk vield amounted to approximately
1.0 1h of milk per 1.0 1b additional starch
equivalent. In a 10-wk field trial in New York
State, Charron (3) observed that 959 of the
cows responded in milk production to increased
grain feeding, with approximately 409 show-
ing a profitable response.

This experiment was conducted to determine
the milk production response of cows fed high

Reeeived for publieation May 24, 1962.

" Published with the approval of the Direcetor
of Michigan Agricultural Experiment Station as
Journal Article No. 2985.

levels of grain for the major portion of the
lactation period.

EXPERIMENTAL PROCEDURE

Eighteen Holstein cows were divided into
three comparable groups on the hasis of milk
production, age, and body weight, and assigned
to one of three experimental treatments ap-
proximately 36 days postpartum. During the
subsequent 260-day experimental period all
cows were fed 40 lb corn silage per day. In
addition, cows in Group 1 received alfalfa hay
ad libitwm and grain at the rate of 1.0 1b grain
for each 3.5 1h of milk. Cows in Group 2 were
limited to 15.0 1b of alfalfa hay per day and
the grain feeding increased to 1.0 1b of grain
for each 2.5 Ib of milk. Group 3 cows were
limited to only 5.0 1b of alfalfa hay per day
and grain was fed ad libitum. The hay and
corn silage were considered to be of excellent
quality.

The grain mix was composed of 1,500 1b of
corn and cob meal, 500 1b of soybean oil meal
(449, C.P.), 20 1b of trace mineralized salt, 20
1b of dicaleium phosphate, and 100 1b of feed-
erade molasses.

Milk samples were colleeted bi-weekly for
milk fat analyses and monthly for solids-not-
fat (SNF) and protein analyses. Milk fat
was determined by the standard Babceock pro-
cedure; protein content was determined by
formol titration (7); and SNF measurements
were made by the lactometriec method (8).
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TABLE 1

Estimated and actual milk production of cows fed different levels of hay and graiu

Rate of

260-Day production

Difference

grain —_— — -
Group feeding Estimated Actual Act.-Est. Std. error
1 1:3.5 — 644 444.1
2 1:2.5 +1,108 627.8
9,926 +2,617

3 ad lib.

RESULTS AND DISCUSSION

Milk produetion was used as the principal
criterion in evaluating treatment effects. Since
the amount of milk produced in a lactation is
closely correlated with milk produced during
the early stages of lactation, the amount of milk
expected during the 260-day experimental period
was estimated from the amount of milk pro-
duced during the preliminary period as follows:
M
Fo o
pected cumulative production of milk for the
260-day experimental period, P, is the cumu-
lative milk production during the preliminary
period, f, is the ratio factor (chosen for ap-
propriate age, season of calving, and days in
the preliminary period) for estimating 305-day
production from the preliminary production
and .. is the ratio factor (chosen for ap-
propriate age, season of ecalving, and number
of days to the end of the 260-day experimental
period)  for estimating  305-day  production
from preliminary and 260-day experimental
production. The response of milk production
to treatment was measured by comparing the
expected production with the actual produc-
tion for the 260-day experimental period (Ta-
ble 1).

The estimated potential production of all
three groups was relatively close, ranging from
9,542 to 10,505 1h per cow. IHowever, when the
actual production of each cow was compared
with the expected production, the milk response
definitely inereased as the level of grain feed-
ing increased. Cows in Group 1 produced 644
Ih less milk than expected, whereas cows in
Groups 2 and 3 produced 1,108 and 2,617 Ib,
respectively, more milk than expected. This
difference was significantly higher (P < 0.01)
for cows in Group 3 than for cows in Group 1.
Ditferences hetween Groups 1 and 2 or 2 and 3
approached significance (P < 0.05). If the
accuracy of the production equation was con-
stant for all three groups, the average net in-
crease in milk production from feeding higher
levels of grain would bhe 1,752 and 3,261 for
Groups 2 and 3, respectively.

Py = P — 1 ), where P, is the ex-

926.5

All cows did not respond to high-level grain
feeding. Four of the six cows in Group 3 pro-
duced from 2550 to 4,970 1b more milk than
expected, whereas the two other cows produced
at their respective caleulated level. The reason
these two cows did not respond is not known,
but may have been due to the lack of genetic
potential for high-level production. These data
indicate that inereasing the nutritional level of
cows that do not have the genetic potential for
high-level milk production will not result in
inereased milk produetion for a major portion
of the lactation period.

The average daily milk production, feed con-
sumption, and changes in hody weight by groups
are given in Table 2. The differences in hay
and grain consumption among groups were
primarily due to experimental treatment. The
highest daily grain consumption for any one
cow was 46.0 1b per day, with an average of
43.2 1b per day for the 260-day period. In no
case was difficulty encountered with digestive
disturbance or cows going off feed. Corn silage
consumption decreased as the level of grain in
the ration inereased. There were no significant
differences in corn silage consumption between
Groups 1 and 2; however, both groups .con-
sumed significantly more corn silage than Group
3 (P < 0.05). Cows consuming the two higher
levels of ¢rain gained slightly more in bhody
weight than the low-level grain group. How-

TABLE 2
Average daily milk production, feed consumption,
and body weight change for the 260-day
experimental period

Grroup

i 2 3
Milk production —(b/day)———
Actunal 37.9 41.0 48.2
FCM 36.6 39.9 46.0
Feed consumption
Grain 11.9 17.0 36.0
Hay 24.4 13.9 4.9
C'orn silage 38.2 37.7 34.2
Body weight change  +0.64 +0.91 +0.94
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ever, due to considerable within-group variation
the differences among treatment groups in body
weight gain were not statistically significant,
Cows in Group 3 produced significantly (P <
0.01) more milk and FCM than cows in Groups
1 or 2. In general, the response to added grain
was through a slight initial increase in produc-
tion and inereased persistency throughout the
260-day period (Figure 1). The average group
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w 30 ) 30
© s “GRouP *2
» 20 \ 20
2 \
z N
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o
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-150 15 45 75 105 135 165 195 225 255 285
DAYS ON EXPERIMENT

F'16. 1. Actual milk production by 30-day pe-
riods for the three experimental groups.

persistency values were 85.0, 92.7, and 94.09, for
Groups 1, 2, and 3, respectively. The increased
persistency of cows in Groups 2 and 3 was
somewhat more evident in late lactation than in
early lactation. The average initial milk pro-
duction values were slightly higher for Groups
1 and 3 than for Group 2. However, due to
the lower persistency of Group 1 cows, at the
end of 90 days the average daily milk produec-
tion was approximately the same as Group 2
and declined rather rapidly throughout the re-
mainder of the 260-day period. The relation-
ship between increased grain feeding and total

L. D. BROWN ET AL

This experiment was not designed to study
the efficiency of milk production in terms of
pounds of TDN required per pound of milk.
However, when net efficiency was ealculated,
the cows in Group 2 required 0.39 1b of TDN
per pound of FCM as compared to 0.49 and
0.52 1h, respectively, for Groups 1 and 3 (P <
0.05). In this calculation the following assump-
tions regarding TDN values of feeds were
made: grain, 729, TDN; hay, 529 TDN; and
corn silage, 199z TDN. The TDN requirements
for maintenance were taken from Morrison (6)
and the requirements for body weight gain
from Brody (1). A correlation of —0.79 was
observed between level of milk production for
the 260-day period and pounds of TDN re-
quired per pound of milk. The increased effi-
ciency of the higher-producing c¢ows over the
lower-producing cows may have been partially
due to over-feeding the cows of inherent low
production. The specific reason for the high
correlation hetween level of milk production
and efficiency of production cannot be ascer-
tained from these data. The pounds of TDN
required per pound of FCM for cows produe-
ing over 10,000 1b of milk averaged 0.44 b, as
compared to 0.32 Ib recorded in various feed-
ing standards (5, 6). In this comparison, how-
ever, the limitation of the calculations employed,
as well as the fact that the cows receiving ad
libitum grain were overfed in late lactation,
should be considered.

The average milk fat, protein, and solids-not-
fat percentages are shown in Table 3. Each
period represents 30 days, with the exception
of Period 9, which represents only 20 days.
In general, the protein, fat, and solids-not-fat
content of milk increased with stage of lacta-

milk produetion is evident. tion. The small differences observed among
TABLE 3
Effect of high-level grain feeding on milk composition
Group
1 2 3

Periods Protein  Fat SNF  Protein  Fat SNF Protein Fat SNF
(%)

1 3.14 3.4 8.8 3.34 3.8 8.8 3.25 3.4 8.9

2 3.31 3.5 8.9 3.38 3.6 8.6 3.30 3.5 8.9

3 3.40 3.6 8.8 3.20 3.7 8.9 3.60 3.4 8.9

4 3.60 3.9 8.8 3.42 3.9 8.9 3.60 3.6 9.0

5 3.80 3.8 8.8 3.74 3.7 8.8 3.90 3.9 9.3

6 3.80 3.8 8.9 4.00 4.0 9.0 4.00 4.0 9.0

7 4.00 4.0 8.9 4.00 3.8 9.0 3.90 3.9 8.9

8 3.90 4.3 9.2 4.14 4.0 9.0 3.80 4.1 8.0

9 4.10 4.3 9.2 3.64 4.1 9.2 3.81 4.0 9.1

Average 3.7 3.8 8.9 3.6 3.8 8.9 3.7 3.8 9.0

|
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treatment groups were not significant and did
not appear to be associated with the feeding
regime.

From the economic standpoint,
Groups 2 and 3 returned approximately $35
more over feed cost than cows in Group 1.
When only the four highest producers from
each group were considered, the return over
feed cost was approximately $60 per cow higher
for Group 3 than for Groups 1 and 2. In these
caleulations the following prices were assumed :
grain, $40 per ton; hay, $20 per ton; corn
silage, $7 per ton; and 49, FCM, $4.60 per 100
Ib. Without question, the return over feed cost
could have been inereased considerably for cows
in Group 3 by reducing grain to the lowest
possible level without affecting milk production
after cows reached their peak of production.
Based on this work, it appears that feeding
grain to appetite will increase milk produetion
markedly and thus will aid in determining the
genetic potential of the cow for high milk
production.

cows In
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PERFORMANCE OF DAIRY COWS FED PELLETED AND BALED

COASTAL

0. L. BROOKS,” W. .J. MILLER,” E.

BERMUDAGRASS

AND ALFALFA ITAY!

R. BEATY," axp C. M. CLIFTON *

Dairy Department, University of Georgin, Athens

SUMMARY

Twenty-one cows were fed:
and pelleted Coastal hermudagr:

(a) baled Coastal bermudagrass, (b) ground
s plus 2.0 1h of haled Coastal hay per day,

and (e) haled alfalfa hay. Following a standardization period, in which hoth
concentrates and haled Coastal hay were fed ad libitum, the treatment rations
were fed continuously for the 8th-37th wk of the lactation in one replicate, and
the 8th-27th wk in a second replicate. Initially, concentrates were fed with the
treatment forages at the rate of 1 to 5 1b of FCM, with the amount reduced 6
cach 4 wk. Cows fed the pelleted Coastal produced more milk and CM, ate
more forage, gained more weight, and produced milk higher in milk fat, solids-
not-fat, and protein than those fed the baled Coastal. They also produced milk
higher in solids-not-fat than those fed alfalfa hay. Consumption of alfalfa hay
was higher than that of baled Coastal but lower than that of pelleted Coastal.
Cows receiving alfalfa hay produced more F'CM than those fed haled Coastal.
All of these differences were significant statistieally.

Because of its high vields, dependability, and
other desirable agronomie properties, Coastal
bermudagrass is rapidly hecoming the domi-
nant forage throughout much of the southern
United States, already occupying several mil-
lion acres. However, milk production of cows
fed Coastal bermudagrass as the principal feed
generally has not been satisfactory (6). The
poor performance was probably due to low
consumption  (10).  Grinding and  pelleting
Coastal has bheen shown to increase its con-
sumption by dairy calves (8) and becl steers
(2.

Feeding all finely ground forage, whether

pelleted or not, or severely restricting the
amount  fed, will drastically reduce the fat

content of milk (9). Ronning et al. (11) have
shown that the effect of feeding ground and
pelleted forage on milk fat content increases
as higher levels of concentrates are fed.
Feeding an all-pelleted ration has produced
rumen parakeratosis, but feeding small amounts
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ol Tong forage with the pellets eliminated this
abnormal rumen condition and improved feed
consumption and gains of heef steers (5).

The purpose of the study herein presented
was to determine whether grinding and pellet-
would increase for-
age consumption and milk production of dairy
cows and whether anv adverse effects on milk
composition or animal health would be exhih-
ited when Coastal hermudagrass pellets were
fed along with a very limited amount of
long hay and a low level of concentrates
over an  extended period of time. A
ondary purpose was to determine the perform-
ance of cows fed Coastal bermudagrass in the
two forms relative to that of those fed com-
mercal alfalfa hay of a quality available to
dairymen in the area.

g Coastal hermudagrass

SOC-

EXPERIMENTATL PROCEDURE

The Coastal hermudagrass was grown on
Norfolk sandy loam, fertilized with 500 1b of
0-10-20 and 82 1b of N per acre 30 days before
being harvested in August at an average age
of 40 days, after the previous cutting, field-
cured and baled. Alternate bales were ground
with a hammer mill, using a He-inch screen
and pelleted with steam through a 14-inch die.
The Coastal hay graded U.S. No. 2. The baled
alfalfa was purchased from Midwestern sources
in three lots, in an effort to obtain hay typieal
ol that sold commercially in the Southeastern
area. Iay from the three lots was fed at ran-

1188



PELLETED AND BALED HAY

dom. On an average, the alfalfa contained
84.59 alfalta, 11.59 timothy, and 4.09, other
forages and foreign material and graded U.S.
No. 2 green alfalfa-light timothy hay.

In a continuous type design with a prelim-
inary standardization period, the following
forages were fed to 12 IHolstein, six Jersey, and
three Guernsey cows: (a) baled Coastal ber-
mudagrass hay ad libitum; (b) pelleted Coastal
bhermudagrass hay, ad libitum, plus 2.0 1b of
haled hay per cow daily; and (¢) commercial
alfalfa hay ad libitum. The forages were fed
twice per day and were available to the cows
continuously except tor the time required for
milking.

Following calving, the cows were adjusted
to a high level of concentrates. Irom the 3rd
through the 7th wk they were fed Coastal ber-
mudagrass hay and concentrates ad libitum as
a standardization diet (7).

The experimental feeds were each fed to
four cows for the 8th-37th wk in Replicate One
and to three cows for the 8th-27th wk in Rep-
licate Two. When the treatments were ini-
tiated (8th wk) concentrates were reduced to
1 1b tor each 5 1b of 49, FCM produced during
the standardization period.  Thereafter, the
amount was decreased 69 each 4 wk. The con-
centrate mixture consisted of 69.6% ground
snapped corn, 27.49%  cottonseed meal, 1.09
NaCl, 1.59% defluorinated rock phosphate, and
0.59% vitamin A concentrate (3.0 million T.U.
per 1b).

Milk production was weighed five days per
week throughout the study. Five-day composite
samples were analyzed for milk fat by Bab-
cock procedures (1) and solids-not-fat by Wat-
son Lactometer (3) each of the last 3 wk of

the standardization period and for alternate
weeks during the treatment period. Protein

was determined by the Kjeldahl method (1)
on samples composited for two alternate week
periods. At bi-weekly intervals three to five
hales of hay or bags of pellets were sampled
for proximate analyses (1). Feed intakes were
determined by weighing the amounts fed and
refused with forage being measured on a group
basis, within replications, and grain on an indi-
vidual cow ha The cows were weighed on
three consecutive days at the end of the stand-
ardization period, after adjusting to the ex-
perimental diets, at monthly intervals, and at
the end of the treatment periods.

RESULTS AND DISCUSSION
During the last 3 wk of the standardization
period there was very little average change in
milk production (Figure 1). However, when
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the cows were changed from the standardiza-
tion diet of ad libitum hay and concentrates
to the experimental forages and limited con-
centrates there was a sharp drop in the level
of milk produced (Figure 1). After 3 wk on
the treatments this decline averaged 26, 19,
and 199 for groups fed the Coastal hay,
Coastal pellets, and alfalfa hay, respectively.
Following this, the decline in milk production
was approximately the same for all treatment
groups and at a more normal rate.

Cows fed Coastal pellets plus 2.0 1b of long
hay per day produced more milk and 6.8 1b
more FCM per day than those fed baled Coastal.
The higher milk production when pelleted
Coastal was fed is attributed to the large in-
crease in the amount of feed consumed (Table
1). Somewhat more feed was required per
pound of milk when pellets were fed, as con-
trasted to Coastal hay. The milk production
of those cows fed alfalfa was not significantly
different from that of the other two groups.
The average amounts of forage dry matter con-
sunmed per 100 1b of hody weight per day were:
3.08, 2.10, and 2.73 for the cows fed Coastal
pellets, Coastal hay, and alfalfa hay, respec-
tively.  Average initial weights of the corre-
sponding groups of cows were: 1,136, 1,039,
and 1,092 b,

Milk from cows fed the pelleted Coastal her-
mudagrass contained significantly more fat,
solids-not-fat, and protein than that from those
fed the same grass as hay (Table 1). The 2.0
Ih of baled hay was fed with the pellets in a
deliberate attempt to alleviate the reduction
in milk fat content (9) and rumen parakera-
tosis which have been observed previously (5).
It is apparent that any depressing effect which
the pellets might have had on fat content was
eliminated. The fat test of milk from cows fed
the alfalfa hay was intermediate between that
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Fig. 1. Milk production of cows fed three for-
ages during the standardization and treatment

periods.
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TABLE 1

Milk and FCM production, feed consumption,
weight gains, and milk composition of cows
fed the various forages

Coastal Alfalfa Coastal
pellets hay hay
(lb/cow/day)
Milk production * 27.0" 26.1 22.4
FCM production * 28.3 25.9 21.5
Forage consumed © 37.6 32.2 23.6
Concentrates consumed ¢ 6.5 6.7 6.7

1b FCM/1b concentrates ¢ 4.2 4.0 8.2

1b FCM/1b total feed ¢ 0.62 0.68 0.71

Weight gains 01 —01 —0.6
(%)

Fat* 4.27 3.98 3.78

Solids-not-fat in milk *  8.94 8.58 8.49

Protein in milk * 3.56 3.37 3.21

* Adjusted for slight differences in the stand-
ardization period by covariance procedures (4).

® Values underlined by the same line are mnot
significantly different (P =0.05).

¢ Differences in forage consumption were highly
significant statistically (P =0.01).

9 Values not analyzed statistically.

of the other two groups and not significantly
different from either (Figure 2). Some of the
differences in per cent milk fat between those
fed the two forms of Coastal bermudagrass
may have been due to the low plane of nutri-
tion of the cows fed the hay. The low level
of milk production and the 0.6 lb of body
weight lost per day in this period when cows
normally gain, as well as the low forage con-
sumption, indicate that they did not eat enough
Coastal hay to maintain a satisfactory plane
of nutrition.
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Fie. 2. Milk fat content of cows fed three
forages during the standardization and treatment
periods.
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The higher protein and solids-not-fat con-
tent of milk from cows fed the pelleted Coastal
relative to those fed this hay unpelleted is at-
tributed primarily to the higher nutrient in-
take, as this has been shown to have consider-
able influence on these values (13). The inter-
mediate protein and solids-not-fat percentages
from those fed alfalfa hay may also be related
to differences in level of nutrient intake. How-
ever, the effect of the change in physical form
on rumen fermentation may tend to increase
solids-not-fat and protein as suggested by Rook
et al. (12).

The chemical composition of the Coastal pel-
lets, Coastal hay, alfalfa hay, and the concen-
trates on a dry matter basis was: protein 12.6,
12.4, 17.2, and 19.1; ecrude fiber; 30.6, 33.9,
35.0, and 12.0; ether extract; 1.7, 1.6, 1.5, and
4.0; and ash; 4.7, 4.9, 7.2, and 5.3.

In this study pelleting Coastal bermudagrass,
when fed with a small amount of long hay and
a relatively low level of concentrates, greatly
increased the consumption of forage, resulted
in higher milk production, and did not ad-
versely affect milk composition or apparent
cow health, even over extended periods. The
differences in performance between the group
fed pelleted Coastal bermudagrass and those
fed the same hay baled might have been smaller
if a higher level of grain had been fed to all
the cows. The exact amount of long hay needed
or required has not been coneclusively estab-
lished. However, in the light of other research
it seems probable that the long hay does have
beneficial effects. The 2.0 lb of long hay per
day given the cows fed pellets in this experi-
ment was eaten with relish.

Whether pelleting Coastal bermudagrass will
prove to be a profitable practice will depend on
many factors, including the cost of producing
pellets relative to competitive feeding systems
which result in comparable milk production.
The commercial alfalfa used in this study was
a better forage for supporting milk production
than was the unpelleted Coastal hay. However,
it was not superior to the pelleted Coastal.
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RELATION OF DAYS OPEN AND DAYS DRY TO LACTATION MILK

AND FAT YIELDS!?

J. W. SMITH axp J. E. LEGATES
Department of Animal Science, North Carolina State College, Raleigh

SUMMARY

The relationships between days open, days dry, and 90-day and 305-day
production were studied, using 4,385 lactation records from nine North Caro-
lina Institutional Holstein herds from June, 1950, through December, 1958.
Relationships were studied separately for first, second or later, and all lacta-
tions to determine if adjustment of 305-day lactation records for days open
and days dry are warranted in compiling sire summaries.

The intra-herd-year-season phenotypie correlations between 90-day produe-
tion and days open were not significant and ranged from 0.05 to 0.08, suggest-
ing that level of production had very little influence on this meeasure of fer-
tility. The heritability estimates for days open were also very low, ranging
from 0.01 in first lactations to 0.09 for all records.

Length of the previous dry period had very little influence on production,
aceounting for only 0.6 and 0.3¢¢ of the variation in 90-day and 305-day fat
yield and less than 0.19% of the variation in the two measures of milk produetion.

Number of days open during the lactation significantly influenced produe-
tion and accounted for 6.5, 4.3, and 4.29% of the variation in 305-day milk
vield for first, second or later, and all lactations, respectively. Factors for
adjusting 305-day production for differences in days open are presented.

Early conception and short dry periods are
reported to have depressing effects on lactation
milk vields (4, 12, 13, 21, 22). Some dairymen
and researchers also are of the opinion that
high production is antagonistic to early con-
ception following parturition (5, 18). These
observations suggest a dual cause and effect
relationship between lactation yield and repro-
ductive efficiency. High-producing cows may
not conceive as readily as low producers; and
cows with more days open may have less inter-
ference of pregnancy on lactation milk yield.

The opinion that high-producing cows do not
conceive as readily as low producers lacks con-
clusive experimental evidence (25). Most of
the studies concerning the relation between re-
productive efficiency and production have uti-
lized measures of complete lactation yield with
some lactations as long as 500 days. Carman
(5) and Lewis and Harwood (18) attributed
the correlation between lactation production
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and reproductive efficiency to the depressing
influence of high production on fertility. How-
ever, Lee et al. (17) and Sanders (22) attrib-
uted the correlation between production and
reproductive efficiency to the inhibitory action
of gestation on production. The influence of
level of production on reproductive efficieney
must be examined using a measure of initial
level of production hefore gestation could exert
an inhibitory influence. Boyd et al. (3) corre-
lated the first 120-day yield with services per
conception and obtained a coefficient of —0.04.
A study conducted on records taken from the
Guernsey Herd Register by Gaines (11) re-
vealed a correlation of only 0.039 hetween the
first full month’s production and the serviee
period.

Investigations of the relation between pro-
duction and reproductive efficiency should take
into account the major environmental factors
that may influence the observed correlations.
Herd, year, season, age, and length of the pre-
vious dry period are among the factors that
should be considered. Sanders (21) observed
that the seasonal differences in length of dry
period and service period were responsible for
part of the seasonal differences in milk yield.
Differences in production associated with age
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and the length of the previous dry period have
received considerable attention. However, the
relation of age to the length of the previous dry
period and days open in the current lactation,
and the possible interrelationships between pre-
vious dry period and days open, have not heen
investigated extensively.

This study was undertaken to determine the
existing relationships between production, days
open, and days dry, and to determine if adjust-

ment of 305-day lactation records for these
rariables is warranted in compiling sire sum-

maries,
DATA AND METHODS

Data collected in nine state-owned Iolstein
herds in the North Carolina Institutional Breed-
ing Program from June, 1950, through De-
cember, 1958, were studied. Sinee June, 1949,
these nine Holstein herds have been organized
as one breeding unit, with an attempt to maxi-
mize genetic progress, within practical limits,
using progeny testing and selection. Good man-
agemental practices have been emphasized since
the beginning of the program. As a general
rule, heifers initially are inseminated when they
are 15 months old and attain a body weight of
750 1h. For subsequent lactations, cows are
initially inseminated on the first heat 60 to 70
days postpartum.

The number of days open during the 305-day
lactation period was used as the measure of
reproductive efficiency in this study. Days open
during the lactation provides essentially the
same information as days carried calf. Both
of these measures arve superior to calving in-
terval, in that they permit the inclusion of data
on the final lactation of ecows leaving herds in
a barren condition. Days open also has the
advantage in herd management, in that it
foeuses on the need for coneeption by a speci-
fied time after parturition. Days open is de-
termined at the time of conception; whereas,
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days carried calf is directly influenced by the
number of days in milk,

Complete records of less than 305 ds in
milk were included only if the cow remained
in the herd for the full 305-day period. The
number of days open for all lactations followed
by a normal calving were computed by sub-
tracting a 280-day gestation period from the
alving interval (6). There were 755 complete

lactation records not followed by a mormal
alving.  Most of these records were for the

last lactations of cows removed from the herds.
By using all available information, such as
records of breeding, heat dates, pregnancy diag-
nosis and disposal, the number of days open
was determined for 909, of these lactations.
Actual means for traits included in the study
and their age-adjusted standard deviations are
presented in Table 1.

The production during the first 90 days, as
determined by the first three test days, was
used as the measure of production during the
mitial breeding period.

The data were analyzed in three groupings,
first, second and later, and all lactation records.
There were 1,314 first lactations and 3,071 sec-
ond and later lactations, or a total of 4,385
lactation records meeting all requirements for
inclusion in this study. In general, the analyses
were the same for each grouping, except that
the length of the previous dry period could be
included as an independent variable only in the
second and later records. The data were ad-
justed for age effects based on the age influ-
enees, indicated by the linear and the curvilinear
regression of the several variables on age at
freshening in months.

Components of variance and covariance were
estimated from the age-adjusted data by adapt-
ing Henderson’s (1953) Method IT to a model
with covariates and extending it to adjust co-
variances between traits for fixed effects. The

TABLE 1

Actual mean values for traits by groups

Record grouping

Trait First
Age in months 32
Days dry
Days open 143 (77)*

90-Day milk (1b)
90 Day fat (1b)
305-Day milk (1b)
305-Day fat (1b)

3,670 (559)
129 (21)

368 (58)

10,370 (1,683)

Second

or later All
70 59
72 (35)

146 (77) 145 (77)
5,016 (739) 4,613 (681)
177 (30) 163 (27)
12,706 (2,180) 12,007 (1,970)
445 (78) 422 (70)

* Age adjusted within-herd-year-season-sire standard deviations.
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model for a given character including the p
fixed effects is:

p
Yw: e + a; + Siy+ e + Sbm (xm)t!k

m=1

Where: Y., is the observation on the k™
daughter of the j sire in the " herd-year-
season group.

wis the general mean.

a, 1s the effect common to all records in the
i'" herd-year-season group.

s;1s the effect common to all daughters of
the j* sire in the " herd-year-season

group.

e is an effect peculiar to the k" daughter
of the j*" sire in the ¢*" herd-year-season
group, ineluding measurement and ran-
dom errors.

The b,, are coefficients for the regression of
the Y.; on the independent z, on an
among cow in sire in herd-year-season
basis, and the means for the a,, si;, and
e are zero, and their variances are
o, o, and ., respectively.

RESULTS AND DISCUSSION

Age at freshening. The regression of 90-day
and 305-day milk and fat on age followed the
well-established pattern. Linear regression ade-
quately accounted for changes in produetion
associated with age at freshening in first-lacta-
tion records. In the other two groupings of the
data, the regression of yield on age was dis-
tinetly curvilinear. The age effects were larger
in the 90-day records than in the 305-day rec-
ords. From the analyses combining all records,
29 and 289, of the variance was attributable
to age in 90-day records for milk and fat, re-

AND J. E.

LEGATES

spectively; whereas, only 179 of the variance
was attributable to age in 305-day milk and
fat records.

The regressions of days open and days dry
on age are given in Table 2. In these data,
only a small percentage of the variation in days
open and days dry can be attributed to age.
This low relation between days open and age
is in close agreement with the findings of Lewis
and Harwood (18). The regression of days
dry on age is in agreement with the findings of
Dickerson (7), who reported that the length of
the dry period increased slightly with age.
Johansson and Hansson (16), however, stated
that the dry period between the first and see-
ond lactation was shorter than the subsequent
dry periods which showed no trend with ad-
vaneing age.

TABLE 3

Intra-herd-year-season phenotypic correlations
between days open and 90-day milk
and fat yield

Lactation 90-day milk 90-day fat
First 0.08 = 0.04 0.08 = 0.04
Second or later 0.06 == 0.03 0.05 £ 0.03
All 0.06 =+ 0.02 0.06 == 0.02

Relation between days open and 90-day pro-
duction. The intra-herd-year-season phenotypic
correlations between days open and 90-day milk
and fat yield are presented in Table 3. These
correlations of 0.05 to 0.08 are so small that
there is little evidence that high production
during the first 90 days of lactation delayed con-
ception. These estimates compare favorably
with the correlation of 0.04 between the first
month’s production and the service period re-
ported by Gaines (11). The phenotypic re-
gression of days open on 90-day milk yield for
all lactations indicated that as 90-day milk

TABLE 2

Regression coefficients * for the effect of age (A) and age squared (A®) on days open
and days dry

=

Character

Per cent
of varia-
tion due
to regres-
A? sion

Days open ¢

Days dry ¢

cooo
=3 DO =~ WO
[CRREEoN
|
Sooo
Do wWwo
(=N Yo}

0.61
0.63
0.99
1.39

0.001 * 0.002
—0.003 %= 0.001

* Partial regression coefficients where values for A and A® are given.

® Age in months.
¢ All lactation records.
? Second and later lactation records.



MILK AND FAT YIELDS

yield inereased from two standard deviations
below the mean to two standard deviations
above the mean (i.e., 2,868 1b) only an 18-day
inerease in days open would be expected.

These ecorrelations and regressions include
contributions from hoth the genetic and en-
vironmental influences. Intentional manage-
mental delays in breeding high producers could
have added a positive increment to these rela-
tionships. However, the managemental pro-
grams in these herds include regular breeding
of all cows at the first estrus 60 to 70 days post-
partum. The correlations obtained indicate that
there was neither an important influence of
initial yield on days open, nor was their evi-
dence of a differential delay in breeding higher
producers. As was previously stated, only rec-
ords where the cows remained in the herds for
305-days post-partum could be included in this
study. If a higher proportion of the low-pro-
ducing cows which were open were removed
from the herds prior to 305-days post-partum,
as compared to the high-producing cows which
were open, some additional positive bias might
be included in the values given in Table 3.

The length of the previous days dry could
not have exerted much influence on days open,
either directly or through its influence on 90-day
yield. In these data the correlation between
preceding dry period and days open was only
0.07 = 0.03 and, as later results point out, days
dry accounted for less than 19, of the variance
in 90-day yield.

Relation of days dry to yield. Variation in
production and days open associated with the
length of the previous dry period could be
estimated only in second and later lactation
records. Figure 1 shows the curvilinear regres-
sion of 90-day and 305-day milk yield on days
dry. As the number of days dry increased from
0 to 100, the predicted milk yield increased 100
and 200 1b in 90-day and 305-day records, re-
spectively. These regressions accounted for less
than 0.19 of the variance in milk yield. The
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5.0001//
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Fic. 1. Intra-herd-year-season-sire regression of
milk yield on days dry.
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length of the dry period was slightly more
important in the two measures of fat yield,
accounting for 0.6 and 0.39 of the variation
in 90-day and 305-day records, respectively.
The flat curves indicated in Figure 1 are not
consistent with the often-reported sharp decline
in production for dry periods of less than 40
days (1, 2, 9, 16, 23). In these data, however,
only 9.49 of the dry periods were less than
40 days and 259 were more than 80 days.
Hence, the records with under 40 days dry
had little impact on the regression equation.
In addition, the importance of the dry period
may vary with the level of feeding. Dickerson
(7) found that the length of the dry period
was more important in low-producing herds.

Relation between days open and yield. Rela-
tionships that exist between 305-day yield and
days open may be interpreted to be due largely
to the influence of gestation on production,
since the correlations between days open and
90-day yield were small and not significant, and
the length of the previous dry period appeared
to be unimportant and not significantly corre-
lated with days open. The regressions of 305-
day milk yield on days open are shown in
Figure 2. The estimated regressions for milk
yield on days open are in close agreement for
each grouping of the data accounting for 6.5,
4.3, and 4.29% of the age-adjusted variance in
first, second or later, and all lactation records.
Similar analyses indicated that 6.0, 4.0, and
3.69% of the variance in 305-day fat yield could
be attributed to days open. The corresponding
multiple correlation coefficients for fat are 0.24,
0.20, and 0.19, respectively. Touchberry et al.
(26) found a simple correlation of 0.12 between
days open and fat yield, and the comparable
correlation in these data of 0.18 was not sig-
nificantly different.

Gavin (13) and Sanders (22) found that
production seemed to decline more rapidly 16
to 20 wk following conception. One of the
early theories held that this decrease in milk
production was due to the drain of nutrients
imposed by the developing fetus (4, 8, 14, 19).
However, it is doubtful if the nutrient require-
ments of the fetus are great enough to account
for all of the observed decline in milk yield.
This is especially true in view of the data pre-
sented by Swett et al. (24), indicating that more
than half of the fetal growth takes place during
the last 60 days of gestation. Many other the-
ories involving various types of hormone action
also have been presented. However, in an ex-
tensive review on the subject, Reece (20) indi-
cates that none of the theories presented thus
far has been substantiated. The one faect that
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seems well established is that pregnaney, espe-
cially during the later half, is accompanied by
a marked depression in milk yield.

The variation in production attributable to
days open in these data was to some degree in-
fluenced hy lactation length. Thirty per cent,
or 1,304 of the lactations, were less than 305
days in length, During the majority (843) of
these lactations the cows coneeived prior to 85
days post-partum, and during these lactations
sufficient time was not available for a com-
plete 305-day lactation and also a 60-day
dry period. These differences in production
that are associated with lactation length and,
in turn, associated with reproductive status
should be included as effects of days open on
produetion. The short lactations of cows that
have inherently low persistency would be ex-
pected to be associated with an average number
of days open, since days dry and days open
are essentially independent. Hence, these short
lactations should not have contributed to the
regression of production on days open.

Adjustment for days open. The regression
of 305-day milk yield on days open, for each
grouping of the data, shown in Figure 2, indi-
cated that there was ahout a 1,000 1b difference
in the production of eontemporary paternal
half sibs that conceived at 60 and 160 days
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post-partum. Such differences in production
appear to be closely associated with the de-
pressing effect of gestation. There is little evi-
dence that conception was more difficult in in-
herently high producers than in the lower pro-
dueers, sinece the correlations hetween 90-day
milk yield and days open, shown in Table 3,
were low. These results are supported by the
findings of Boyd et al. (3) and Gaines (11).
Also, genetic differences in days open in these
data were unimportant. Heritability estimates
for days open, derived from the sire compo-
nents of variance, were 0.01, 0.05, and 0.09 in
first, second and later, and all lactations, re-
spectively. In addition, the regression of daugh-
ter on dam for 449 daughter-dam pairs was
—0.001. Even if it were assumed that the ge-
netic correlation between days open and milk
yield was unity, adjustment of records for davs
open would not involve genetie influence for
yield, since the heritability of days open is
essentially zero.

The adjustment of lactation records for vari-
ous environmental factors poses several difficult
problems. Adjustments derived from one set
of data might not he appropriate for records
in different herds or future records in the same
herds. In fact, they ean not he expeected to fit
precisely all records in the data from which
they were derived. It is impossible to actually
control many of the environmental tactors that
influence production; thus, it is neeessary to
resort to certain statistical controls to enhanee
the accuracy of estimates of the hreeding values
of dairy animals.

Since most of the bulls are at least condi-
tionally selected or rejected on the hasis of the
first lactations of a reasonably small group of
daughters, these first-sire sminmaries would be
most seriously affected by differences in days
open. This would be especially true where the
proof was from a single herd that had en-
countered reproductive irregularities. Many of
the environmental effects of management on
sire proofs are side-stepped by using contempo-
rary comparisons. These comparisons, however,
remove only variation associated with herds,
vears, and seasons. At the present time, age
conversion factors are widely used to adjust
milk yield for differences due to age. This type
of adjustment is possible hecause age at fresh-
ening is a measurable character assumed to
have no direet genetie correlation with produe-
tion. The age and genetic variation in days
open appears to be unimportant; hence, adjust-
ment of lactation produection for differences in
days open may be of considerahle value.
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Multiplicative factors derived from the intra-
herd-year-season-sire regression of milk yield
on days open should provide an appropriate ad-
justment for days open. Sanders (22) sug-
gested multiplieative factors in his report con-
cerning  the effect of gestation on  complete
lactations. In his data there were only slight
differences in factors derived from low- and
cows.  Factors derived from
the three regression equations, shown in Fig-
ure 2, were in very close agreement. The equa-
tions for second or later and all lactations
provided the same factors. Those for first
lactations ranged from 0.02 higher to 0.01
lower than those for the two other groupings
of the data, as days open inereased from 20
to 220 days. Factors developed from all laec-
tations using 100 days open as the base are
shown in Table 4. This base of 100 days open

high-producing

TABLE 4
Multiplicative factors for adjusting 305-day
production for variation in days open

Days open Factor Days open Factor
24 or less 1.09 86— 95 1.01
25-30 1.08 96-105 1.00
31-35 1.07 106-115 99
36-45 1.06 116-135 .98
46-55 1.05 136-155 97
56—€ 1.04 156-175 .96

j 1.03 176-205 .95
T6-85 1.02 206 or more 94

was chosen, as it 1s between the mean and the
mode and a high percentage of the data re-
quires only a small correction. In addition,
when conception occurs with no more than an
average of 100 days open, a twelve- to thirteen-
month c¢alving interval ean he maintained.
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EFFECT OF FREQUENT FEEDING ON WEIGHT GAIN RESPONSE IN
YOUNG DAIRY HEIFERS!

B. CLARK?*® axp H. A. KEENER
Department of Dairy Science, University of New Hampshire, Durham

SUMMARY
In four successive trials, weight gain was observed on growing Holstein
heifers as a result of feeding 24 X or 10 X vs. 2 X daily. Both restricted and
unrestricted systems for governing feed intake were employed. Frequent feeding
induced faster weight gain only when the rations were quantitatively restricted,
and only for a period of 30 to 38 days. There were no significant differences
in feed consumption hetween treatment and control animals.

In recent years, considerable interest has
heen focused on the proposal that more frequent
feeding of the growing ruminant will produce
faster weight gains. If this proposal is correct,
then by the simple expedient of offering por-
tions of the daily ration at intervals more fre-
quent than the traditional once or twice daily,
the livestockman could eause his animals to
erow faster and come into production sooner,
thus increasing his efficiency of production.

Work has been reported using sheep (2, 13),
dairy heifers (8, 12), and beef cattle (9, 11)
which indicates that these animals will show
weight gain response to frequent feeding. Other
workers (4) reported no advantage to frequent
feeding with lambs. Earlier workers (8) con-
cluded that there was no advantage to frequent
feeding with respect to milk production, while
more recent work (1) has shown, largely on
the basis of a greater feed intake, that feeding
dairy cows four or seven times daily inereased
milk production.

The study reported here was undertaken to
determine if a weight gain response to frequent
feeding could be maintained in growing rumi-
nants over a longer period of time than had
been reported from other stations, and if so,
to determine the optimum number of intervals
that feed should be offered.

EXPERIMENTAL PROCEDURE AND RESULTS

The feeding of the frequently fed animals
was accomplished by the use of an electrically
controlled conveyor running over the mangers.
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A day’s supply of feed was placed in the con-
veyor in the morning and was delivered to the
animals automatically at the desired intervals.
The hay was chopped for all animals, to facili-
tate its use in the conveyor. Concentrate feed
was distributed uniformly on top of the chopped
hay in the conveyor for the frequently fed ani-
mals, and was hand-fed along with the hay to
the controls. Water was provided by automatic
drinking cups, and trace-mineralized salt was
placed before the animals at all times. Analyses
of variance were applied to the data according
to the method of Snedecor (14).

Trial 1. Twelve Holstein heifer calves, rang-
ing in weight from 235 to 325 1b, were paired
according to age and weight. One member of
cach pair was randomly selected to receive its
daily ration in 24 hourly allotments, while the
controls were fed twice a day, at 7 am and 4 p.
The ration was composed of medium-quality
grass hay, predominantly timothy, and a 179
commercial dairy concentrate mixture. The
hay was furnished at a level which allowed
approximately 109, refusal, and this level was
adjusted daily. Concentrate consumption was
kept constant at 2.5 lb daily per animal.
Weights of all animals were recorded initially
and on three consecutive days at monthly in-
tervals. The animals were individually fed,
and daily records of feed consumption and re-
fusal were kept.

After eight months, during which the ani-
mals showed normal gains and general good
health, no statistically significant differences
in weight gains were apparent. There were no
statistically significant differences between treat-
ments at the end of any of the monthly inter-
vals during the trial. Total feed consumption
by the two groups was essentially the same.
The data are summarized in Table 1.

Results of this trial were not in agreement
with those of Gordon and Tribe (2), Mochrie
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TABLE 1

Body weight gain and feed consumption by heifer
alves fed 2 X and 24 X daily in Trial 1"

Total Total
No. times No. weight feed
fed animals gain consumed
—_— (1h)
9 X 6 15,234
24 X 6 15,319
Difference 85

" Length of trial =245 days.
" Rations adjusted daily to 109% refusal allow-
ance.

et al. (8), Mohrman et al. (9), Putnam et al.
(11), and Rakes et al. (12, 13). These workers,
however, reported having fed their respective
animals  considerably fewer times daily. In
the present study it was noted, in the case of
the frequently fed animals, that inasmuch as
they received a small portion of their ration
each hour, with no bhreak in the sequence, there
was always present some uneaten feed. Thus,
it was reasoned that perhaps the number of
feeding intervals for the test group was too
many and so continuous as to approximate a
regimen not essentially different from that of
the control group.

Trial 2. The procedure of Trial 1 was used
with respect to the hay fed, method of feeding,
and data collected. The same group of twelve
animals as in Trial 1 was used, again paired
according to weight.  They were allowed a
21-day preliminary feeding period to establish
the daily hay intake. This level was adjusted
within pairs and then held constant throughout
the trial, which lasted 60 days. One member
of each pair was randomly assigned to receive
its daily ration in equal portions at ten hourly
intervals during the daytime, beginning at 7 Am.
The controls were fed twice a day as in Trial 1.
One-half pound of soybean oil meal per day
per animal was substituted for the 179, con-
centrate mixture used in Trial 1. Beeause of a
shift in weighing schedules the animals in this
trial were weighed at the end of the first 38
days instead of the usual 30 days. Since the
daily ration was not inereased during the conrse
of this trial, there was very little acemmulation
of feed in the mangers throughout the day,
so that essentially no feed was available to the
animals during the night.

After 38 days of this treatment, the fre-
quently fed group had outgained their controls
by 102 1b, or 17 1b per animal. This difference
was significant (P < .05). After 60 days, how-
ever, the difference had decreased to 44 1h (7.3
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Ib per animal) and was not statistically sig-
nificant. Feed consumption at the end of the
60-day period was nearly the same for bhoth
groups. The data are presented in Table 2,

TABLE 2
Body weight gain and feed consumption by heifer
calves fed moninereasing ration 2 X and
10 X daily

Total weight

3 Total
ain

) feed

No. times No. 38 60 con-
fed animals days days sumed
(lh) -

2 X 6 119 268 6,191

10 X 6 221 312 6,178

Difference 102* 44 13

* Signifieant at the 5% level of probability.

These results indicated a decreasing difference
in weight gain with time, and also suggested
the possibility that when an animal has gained
to a point beyvond which a constant daily ration
fails to supply nutrients in adequate amounts
to maintain the added weight, the rate of gain
declines.

Trial 3. In this trial, instead of restricting the
daily hay intake to a constant level as in Trial
2, the animals were all fed at a level which was
governed hy an approximate 109 refusal. This
level was adjusted daily, and the refusal was
weighed back in the am. The hay was similar
i kind and quality to that used in the previous
trials, and was fed 2 X and 10 X daily to re-
spective members of two groups of animals
The animals used were a ditferent group of 12
Holstein heifers, and ranged in weight trom
382 to 522 1h. They were pairved according to
weight and previous treatment. Three-quarters
of a pound of soyhean oil meal was fed to each
animal daily.

Although this experiment was continued for
only 60 days in comparison to eight months for
Trial 1, results were similar. At the end of
the first 30 days there were no statistically
significant differences in weight gain between
the two groups, and when 60 days of this treat-
ment were completed the two groups were still
approximately even. The data for this trial
are presented in Table 3.

A greater difference in total feed consumption
appeared in this trial, with the control group
having consumed 48.5 1h more hay per animal
than the frequently fed group, but statistieal
analysis showed this difference to he nonsig-
nificant.
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TABLE 3

Body weight gain and feed consumption by heifer
calves fed nonrestricted ration®
2 X and 10 X daily

Total weight

i Total
ain
S C feed
No. times No. 30 60 con-
fed animals days days sumed
(1b)
2 X 6 332 651 4,742
10 % 6 341 641 4,450
Difference 9 10 292

* Ration adjusted daily to 109 refusal allow-
ance.

It was suggested from these findings, and
from the results obtained in Trial 2, that re-
striction of feed intake may have a bearing on
the problem. It was reasoned that a response
to frequent feeding may acerue in a situation
wherein the method (frequeney) of feeding re-
sulted in a more or less continuous nonsatisfied
appetite on the part of the animals. This con-
dition may exist when a econstant daily ration
is maintained over the length of a trial period,
but not when the daily ration is allowed to
change. This possibility is supported by results
obtained in Trial 2, and from the work reported
from other stations (2, 8, 12, 13), for in those
trials in which advantage was shown for fre-
quent feeding, the animals were maintained on
a noninereasing daily ration.

Trial 4. This trial was conducted to investi-
cate the possibility of feed restriction being a
factor, and was conducted in a manner similar
to Trial 3 with respect to kind and quality of
ration, number of treatments, and number of
feeding intervals within the respective treat-
ments. The same group of animals was used
as in the previous trial. The hay fed to the
trequently fed animals was offered at a level

in which only a bare minimum refusal from
cach animal was allowed. This refusal was
composed of undesirable and coarse stems.

Close daily scrutiny was maintained, in order
to make adjustments in the rations to insure
that this refusal remained minimal. The con-
trol animals were allowed approximately 109,
refusal in their rations. The trial lasted for
60 days. Data for this trial are presented in
Table 4.

The data for the first 30 days showed a
weight gain advantage of 106 1b for the fre-
quently ted group. This difference was highly
significant (P < .01). When the trial had run
for 60 davs, all of this advantage had disap-
peared. The two groups ended the trial nearvly
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even in weight, with the control group weighing
nearly 10 lb more per animal. As in the pre-
ceding trial, feed consumption was higher in
the control group but, again, this was found
to be nonsignificant statistically.

DISCUSSION

Results obtained in these trials indicated that
when growing ruminants were fed their diets
on an unrestricted regimen, no advantage was
obtained by feeding at frequent intervals. Al-
though Mohrman et al. (9) have reported
weight gain advantage for frequent feeding on
an unrestricted feed intake regimen, it is noted
that 179, more feed was consumed by the fre-
quently fed animals.

On the other hand, when the feed was re-
strieted, the data showed a significant advan-
tage in frequent feeding for a 4- or 5-wk pe-
riod, after which all advantage disappeared.
The initial advantage observed was in agree-
ment with work reported by others (2, 8, 11-
13), but was of shorter duration. Thus, it is
suggested that the change from a once- or
twice-a-day feeding routine to several times a
day leads to conditions which alter the rumen
microbial population and/or change the amount
or ratio of end products of rumination suffi-
ciently to cause a temporary response which
may last for a tfew weeks, after which the ani-
mals’ adjustment to the new routine is com-
pleted and a response no longer accrues. The
work of Moir and Somers (10) has shown a
highly significant increase in numbers of ru-
minal protozoa when sheep were fed 4 X as
compared to 2 X daily. More recently, Knox
and Ward (3) have reported that total volatile
fatty acid concentration was significantly in-
creased, acetic and propionic acids were de-
creased and inereased, respectively, and the
acetie/propionic ratio was lowered in the in-
gesta of cows fed 8 X as compared to 2 X

TABLE 4
3ody weight gain and feed consumption by heifer
calves fed semirestricted ration*®
2 X and 10 X daily

Total weight

i Total
gain
_—— == feed
No. times No. 30 60 con-
fed animals  days days sumed
(lb)——
2 X 6 182 595 5,231
10 X G 288 536 4,916
106" 59 315

Difference

* Minimum daily refusal of coarse stems allowed.
"Nignifieant at the 1% level of probability.
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daily. Putnam et al. (11) were unable to con-
firm this result.

Results indicating that response to frequent
feeding may be only temporary in nature are
not inconsistant with other reports, when it is
considered that in those experiments that showed
weight gain advantage (2, 8, 11-13) the re-
versal type of trial was employed. If the re-
sponse is temporary, then it could be expected
that results obtained after a reversal of treat-
ment had been made at a time in the experiment
when the frequently fed animals may have
reached their peak in advantage would reflect
an accumulation of temporarily accelerated
weight gains from two groups of animals sue-
cessively given the same treatment. Such re-
sults would not be a true indication of the
long-term performance of animals on a fre-
quent feeding schedule.

No direct evidence is available to offer an
explanation of possible mechanisms involved in
the present study. Although Rakes et al. (13)
discussed possible explanations for the weight
gain response, these do not suggest why the
effect could not be maintained. Indirect evi-
dence which may provide a clue in this respect
comes from the West Virginia station. Welch
et al. (15) noted that the utilization of non-
protein nitrogen (NPN) by lambs increased
with time and reached a maximum in 35 days.
This work was confirmed and extended by
MecLaren et al. (6, 7), who indicated that an
adaptation response took place in the tissues
when the dietary source of nitrogen was changed
from natural rations to NPN compounds. Sub-
sequent work by McLaren et al. (5) has further
suggested that specific enzymic pathways of
metabolism in the tissues are affected. In light
of these findings, it seems tenable to suggest
that as a result of frequent feeding specific
enzymie¢ pathways for the metabolism of end
products of rumination may be altered because
of a change in the concentration ratios of these
metabolites, and once the new pathways are
established any favorable response induced by
the change in feeding regimen levels off.
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EFFECT OF LEVEL OF INTAKE AND PHYSICAL FORM OF THE DIET

ON PLASMA GLUCOSE CONCENTRATION AND VOLATILE
FATTY ACID ABSORPTION IN RUMINANTS?

A. BENSADOUN’,2 O. L. PALADINES, axp J. T. REID
Department of Animal Husbandry, Cornell' University, Ithaca, New York

SUMMARY

An attempt was made to investigate some of the factors affecting plasma
glucose concentration in sheep. A randomized complete block design was used
to study the effects on plasma glucose concentrations of three feeds each fed
at three levels of intake to sheep either 15 or 27 months old. The three rations
were chopped hay, pelleted finely ground hay, and the pelleted mixture of 45%
corn meal and 55% finely ground hay. At the medium and high levels of in-
take the plasma glucose concentrations of the animals receiving hay pellets
or grain-hay pellets were higher (P<0.01) than those of sheep fed chopped
hay. The lambs (15 months old) on the medium or high level of intake had
a significantly higher (P<0.01) plasma glucose value than the low-level-of-
intake lambs. The plasma glucose concentrations of the 27-month-old sheep
did not respond to increased levels of intake.

To try to explain some of the differences in plasma glucose concentrations
reported here, glucose and volatile fatty acid (VFA) absorption studies were
conducted on six sheep fed either chopped or pelleted, ground hay. The method
to measure the absorption of a given metabolite involves the serial sampling
of blood from the portal vein and the earotid artery and the measurement of
the portal blood flow rate during the same experimental period by a thermo-
dilution method. There was essentially no glucose absorption from the gastro-
intestinal tract. In the rumen ingesta, there was a trend for the ratio of
acetic to propioniec acid to be lower when the test rations were fed in the
pelleted, ground form. The relative proportions of VFA in the portal blood
were markedly different from those in the rumen ingesta. Although the data
are not sufficient to make definite conclusions concerning the effect of physical
form of hay on the amounts of fatty acids absorbed, they demonstrated that
appreciable amounts of formic acid, 47 to 13.4 g per day, were absorbed. The
total quantities of VFA absorbed per day ranged from 73 to 89 g per day.

Ruminants present in their carbohydrate me-
tabolism certain peculiarities which distinguish
them from simple-stomached animals. Mature
ruminants absorb practically no glucose from
their digestive tract [Schambye (25-27), Anni-
son (2), Phillipson (20), and Elsden (9)] and
depend almost entirely on gluconeogenesis for
their glucose supply. Although it has been
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? A part of the data reported here was recorded

in the Ph.D. thesis presented by A. Bensadoun to
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shown that propionic acid is a precursor of
blood glucose in ruminants [Johnson (15),
Clark and Malan (7)], to our knowledge it has
not been proved that propionic acid is the
main precursor.

Fermentable carbohydrates of the diet are
broken down to short-chain fatty acids in the
rumen. The importance of these metabolites
in the energy economy of the animal has been
recognized (2, 6, 10). Less attention has been
given to the quantitative inter-relationships be-
tween the fatty acids absorbed and glucose me-
tabolism. An understanding of these relation-
ships in the normal animal might provide leads
to the causes of certain baffling metabolic dis-
orders such as ketosis. In these studies it is of
prime importance to consider a range of nu-
tritional levels with extreme conditions without
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which the values of certain parameters in mar-
einal metaholie situations would be missed.

It is generally believed that plasma glucose
concentrations are not subject to variations
caused by feed consumption, level of intake,
and kinds of feed (21). Towever, recently
Rook et al. (23) showed in one of their experi-
ments with dairy cows that changes in plasma
¢lucose coneentrations oceurved with varying
levels of intake.

This report is concerned with the changes in
plasma blood glucose concentration due to
changes in the plane of nutrition, physieal
form of the diet, and the concomitant changes
in the quantities of volatile fatty acids (VFA)
absorbed from the gastro-intestinal traet of
sheep.

EXPERIMENTAL PROCEDURE

Foperiment 1. Plasma glucose concentrations
were determined in the jugular blood of 27
sheep and 18 lambs used in a feeding experi-

ment. The sheep were 1 yr older than the
lambs. A randomized complete block design

was used to study the effect of physical form
of the diet and level of intake on the energy
utilization of a mixed timothy-alfalfa hay. The
three rations were chopped hay, pelleted finely
ground hay, and a pelleted mixture of 459
corn meal and 559% finely ground hay. Kach
of these was fed at three levels of intake desig-
nated as low, medium, and high. Three sheep
and two lambs were assigned at random to each
of the treatment groups. The low level of intake
animals received enough feed to show positive
energy balance. The animals on the high level
of intake were fed ad libitum. The medium
level of intake was adjusted every week in
order that it should be intermediate between
the low and the high levels of intake. The av-
erage feed intakes over the 196-day feeding
period are given in Table 1.

TABLE 1

Average feed intakes

Feed intakes
Pel-  Corn-hay

Level Chopped  leted  pellets
————(g/kg of B.W
T Sheep 46.9 46.5 41.1
= Lamb 49.9 475 39.4
Medi Sheep 56.2 55.3 52.0
SRR Lamb 59.3 58.4 56.0
Hiel Sheep 70.2 82.4 69.1
181 Lam)) 70.6 97.3 90.2

L. PALADINES, AND J. T. REID

After the animals had been fed experimental
diets for at least 150 days, blood samples were
taken for glucose analysis. The samples were
taken at 2 to 3 pm. Data were examined by
an analysis of variance. The Dunecan’s new
multiple-range test was used to compare the
among-treatment means.

Experiment 2. In an experiment comple-
mentary to the preceding one, the amounts of
glucose and VFA’s absorbed by conscious ani-
mals were determined. Six sheep equipped with
an exteriorized carotid loop and a rubber runen
cannula were fed either an early-cut timothy
hay or a mixed alfalfa-timothy hay in either
chopped or pelleted, finely ground form. Sheep
1, 2, and 3 received the timothy hay and Sheep
4, 5, and 6 were fed the mixed alfalfa-timothy
hay. Hay in the following amounts and form
were fed in one meal per day: Sheep 1, 1,000
g of pellets; Sheep 2 and 3, 1,000 g of chopped
hay: Sheep 4, 1,300 g of pellets; Sheep 5, 1,000
g of pellets; and Sheep 6, 500 g of chopped
hay.

The method (4) used to study absorption in-
volves the serial sampling of blood from the
portal vein and carotid artery for glucose and
VFA analyses and the measurement of the
portal blood flow rate during the same experi-
mental period. The amount of a metaholite
absorbed during a given interval of time ix
then obtained as follows:

Amount of metabolite ahsorbed in interval
t=(M,— M,) F,; where,

M, = average concentration of metabolites in
the portal vein and

M, = average concentration of metaholites in
the carotid artery during the interval
of time, t; and

F; = Flow of blood in the portal vein during
the interval of time, ¢.

In these studies the amounts of metabolites
absorbed during 2-hr intervals were caleulated
for periods of 8 to 15 hr after the feeding of
the test diets. To estimate the fatty aeid ah-
sorption for the remaining 9 to 16 hr average
absorption rates were caleulated using the hlood
concentrations and the portal blood flow rates
during the last hour of observation and the
hour before the heginning of a run. Arterial
and portal blood samples for metabolite anal-
vses were withdrawn every 2 hr during the
sampling period. One to 12 blood-flow rate
nmeasurements carried out during  each
2-hr period.

were

The portal blood samples were drawn through
a polyethylene catheter anchored in the wall of
the portal vein (4). The method of determining
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TABLE 2

Effect of physical form of diet and level of intake on plasma glucose concentrations " in the
jugular blood of sheep and lambs

Type of feed

Level P )
of I Chopped Hay Corn-hay
intake Animal hay pellets pellets Average
v (mg per 100 ml of plasma)———
Sheep ® 62.9 63.2 65.5 63.8
Law Lamb © 63.0 60.1 61.9 61.7
; Sheep * 59.1 68.7 67.3 65.0
Midiren Lamb © 62.6 75.1 73.9 70.5
7 Sheep ° 57.3 65.0 71.1 64.5
High Lamb ° 65.8 76.1 78.7 735
Average 61.8 68.0 69.7

" The plasma glucose concentration for each sheep was determined by taking two blood
samples on successive days, analyzing them in duplicates, and averaging the four values.

sheep.

® Each plasma glucose value represents the average of the plasma glucose levels of three

¢ Each plasma glucose value represents the average of the plasma glucose levels of two

lambs.

portal hlood flow was the Fegler (11), thermo-
dilution technique. A known amount of cold
saline was injected in a branch of the mesenteric
vein and the corresponding changes in tem-
perature were recorded downstream in the
portal vein. At least a week before the data
were collected the surgery necessary for blood-
flow measurements and blood sampling was
performed. Details concerning the surgery and
portal blood-flow measurements have already
heen published (4).

Total VFA concentrations were determined by
steam-distillation. Aecetie, propionie, butyrie,
and valerie acids were separated by gas-chro-
matography (3). Formic acid was analyzed by
colorimetry (12). Plasma glucose concentra-
tions were determined by the Somogyi iodomet-
rie titration method (28).

RESULTS AND DISCUSSION

Erperiment 1. Fffect of pelleting on plasma
glucose concentrations. The mean glucose con-

centrations for each experimental group are
given in Table 2 and the results of analyses of
variance are shown in Tables 3, 4, and 5. At
the medium and high levels of intake the plasma
glucose concentrations of the animals receiving
hay pellets were higher (P < 0.01) than those
of sheep fed chopped hay. The plasma glucose
concentrations of the animals fed hay pellets
were not significantly different from those fed
corn-hay pellets at any level of intake. At the
low level of intake the plasma glucose level was
the same for all treatments.

No changes in blood glucose concentration
due to nature of diet were reported by Reid
(21) in his comprehensive study of carbohy-
drate metabolism in sheep. Reynolds et al. (22)
obtained small but significant differences in
the plasma glucose concentrations of ecalves
(16 wk of age) fed pelleted hay versus calf
starter. In a different trial the same authors
found differences between hay pellet-fed calves
and calves on a whole milk diet.

TABLE 3
Analysis of variance in levels of plasma glucose of sheep
Mean

Source of variation d.f square F
Level of intake 2 157.9 8.4%*
Kind of feed 2 254.0 13.4%*
Age 1 183.3 .
Level X kind 4 75.4 4.0%
Level X age 2 119.1 6.3%*
Kind X age 2 1.5 B
Level X kind X age 4 5.5 3
Residual 27 18.9

*P < .05.

** P .01
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TABLE 4
Interaction of level of intake X kind of feed
Kind of feed
Long Hay Corn-hay
Level hay pellets pellets
(mg per 100 ml of plasma)
Low ‘ 62.9 61.6 63.7
Medium 60.8 71.9 70.6
High 61.5 70.5 74.9

Any two means not underscored by the same
line are significantly (P < .01) different.

Effect of level of intake and age. The lambs
which were about 15 months old at the time of
blood sampling responded markedly to changes
in intake level (Figure 1). The lambs on the
medium or high level of intake had a sig-
nifieantly higher (P < .01) plasma glucose
(Table 5) value than the low-level-of-intake
lambs. The sheep which were 27 months old at
the time of sampling did not respond to in-
creased levels of intake and at the high level
of intake had significantly (P < .01) lower
plasma glucose levels than the corresponding
younger lambs on the same level of intake.
Sampson and Boley (24) also reported an in-
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Fig. 1. Plasma glucose concentrations of 15-
months-old lambs receiving chopped hay, hay
pellets, or corn-hay pellets at various levels of
intake.

A. BENSADOUN, O. L. PALADINES, AND J. T. REID

crease in blood glucose with increased levels of
intake in nonpregnant, 18-month-old ewes.
These results are at variance with Reid’s (21)
findings. Reid (21) did not give the specifie
ages of his animals in his report. A difference
in age might explain the apparent discrepancy
of the results.

Ezperiment 2. Absorption studies. The re-
sults of absorption studies (Tables 6 and 7)
are reported here in an attempt to explain
some of the differences in peripheral plasma
glucose concentrations reported above. Blood
glucose concentrations in the portal vein were
not significantly different from the correspond-
ing arterial samples in all cases except for
Sheep 6. Sheep 6 showed significantly (P <
.01) higher arterial concentrations. These re-
sults as a whole confirm the findings of Scham-
bye (25-27) and Annison et al. (1). On most
diets no appreciable amounts of glucose are
absorbed from the gastro-intestinal tract of
adult ruminants. The higher plasma glucose
in the pelleted hay-fed animals, therefore, can-
not be explained on the basis of increased glu-
cose absorption per se.

The concentrations of VFA in rumen ingesta
showed a trend for the acetic to propionic acid
ratio to be lower when the test rations were fed
in the pelleted, ground form (Table 6). This
confirms the results of previous experiments in
which the effects of pelleting on rumen VFA
were studied (14). The portal blood analyses
revealed marked changes in the relative pro-
portions of the volatile fatty acids absorbed
compared to the distribution in the rumen.
These changes are even more accentuated when
formie aeid is included in the group of fatty
acids considered. Formic acid was found in
very small proportions in the rumen liquor
(less than 19, of the total VFA in all cases)
and was not included in Table 6. In the portal
blood, however, its proportion was found to be
as high as 359% of total VFA. Rumen VFA
concentrations can be translated in terms of
VFA production and absorption only if the
mechanisms of absorption are known. The

TABLE 5
Interaction on plasma glucose concentration of level of intake and age of sheep

Level of intake

Animals
Animals Age per group Low Medium High
(months) (mg per 100 ml of plasma)
Sheep 27 9 63.8 65.0 64.5
Lambs 15 6 61.7 70.5 73.5

Any two means not underscored by the same line are significantly (P < .01) different.
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TABLE 7

Response of a flame ionization detector to various fatty acids

Formie Acetic Propionic Butyrice TIs Valerie
(Response/mole relative to acetic acid)
2.42 2.96

.006 )

results of studies of relative VI'A absorption
rates are conflicting (13, 16, 18) and the dis-
crepancies hetween conclusions refleet  differ-
ences in the physiological conditions under
which the observations were made. Until these
mechanisms of  absorption are established in
the conscious, fed animal, it will he difficult to
give (uantitative meaning to VF'A concentra-
tions n the rumen.

Annison et al. (2) have established in very
critical analyses the existence of formie acid
in the blood of ruminants. Tts presence in
rabbit blood (8) had been established as early
as 1932, Beeause of its labile properties, formie
acid can be lost very easily in the course of an
analysis. When a mixture of VFA in aqueous
solution is separated in a gas chromatographie
analysis employing thermo-conductivity  detec-
tion, the water peak obscures the formic acid
peak. If a flame ionization detector is used, it
is difficult to estimate formie acid because of
the poor sensitivity of this detector for tformic
(Table 7). This explains the authors’
choice of analyzing formic acid by a colorimet-
ric procedure.

The results of rumen perfusion experiments
led McCarthy et al. (19) and Brown et al. (5)
to conclude that the proportions of VFA were
nearly the same in the rumen and the hlood
leaving the rumen. The discrepaney hetween
the results of that study and those reported
here reflects essentially a difference in the tech-
nique employed. The isolated rumen seems to
have an altered physiological hehavior.

acid

Estimates were made of the total amounts of
the individual VIFA's absorbed by sheep fed
chopped or pelleted, ground hay. The method
ol measuring VFA absorption is based upon
portal-arterio differences and the measurement
of the portal blood-flow rate. In Figure 2 are
given, for Sheep 2, the arterial and portal hlood
VA concentrations, the portal blood flow rates,
and the amounts of VFA absorbed during each
2-hr interval after feeding.  Chiefly  beeause
of the formation of clots at the tips of the in-
Jeetion and sampling  catheters, the applica-
tion ot the method in conscious, healed speci-
mens s difficult and tedious. In the present
experiments, the patterns of portal blood flow
in three <heep (no. 2, 4, and 6) were obtained

2.63

during sufficiently long periods of time to allow
the amounts of the VFA's absorbed to be
computed. These are summarized in Table 8.
Although the data are not sufficient to make
definite conclusions concerning the effect of the
physical form of hay on the amounts of fatty
acids absorbed, they demonstrate that appre-
ciable quantities of formie acid are ahsorbed.
The fatty acid mixture ahsorbed by Sheep 4
receiving pelleted, ground hay, contained
higher proportion of propionic acid and :
lower proportion of formic acid, than the mix-
ture absorbed by the sheep ingesting chopped
hay. Relative to the amounts of butyrie acid
in ruminal ingesta, those absorbed were quite
small.

It would seem improbable that the higher
levels of plasma glucose observed in animals
fed high levels of pelleted feeds than in those
fed chopped hay can be explained entirely by
the absorption of a greater amount of pro-
The relative proportions of glu-

pionie acid.

[=]
RUMEN VFA PORTAL VFA £~
8 =
_ 80 2 g~
g3 o
>N 70 aJ
& z2
2z ) 60 | < >3
w o et
== 2=
= 50 B =
x = @
- S S —— Ok
= 2 4 6 8 10 12 14 16 >
S 2000
w
o~
8 5 1500 .
S <
@ j 1000 |
JZ | ||
g 500 1 N O I
['4
S I
4 6 8 10 12 14 16
oz
§E 250
@ < 200
o n
9 g 150
<2 00
E [
£= 50 I
+ 1
2 4 6 8 10 12 14 16
TIME AFTER FEEDING
(HOURS)
I'tG. 2. Conecentrations of VFA in rumen in-

gesta, carotid blood, and portal blood, portal blood
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intervals after the ingestion of 1,000 g of chopped
hay (Sheep 2).
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TABLE 8

Total volatile fatty acids absorbed per day on various diets

FATTY ACID ABSORPTION 1209

Amounts of VFA absorbed

Sheep —
no. F A P B A\
(9)
2 Timothy hay (1,000 g CH) 13.4 45.0 14.7
4 Mixed timothy-alfalfa (1,300 g HP) 4.7 58.1 21.6 2.7 1.6
6 Mixed timothy-alfalfa (500 g CH) 7.1 57.4 9.1 4.2 4.6

HP = Hay pellets.
CH = Chopped hay.

cogenic amino acids absorbed might also con-
tribute to the higher levels of plasma glucose.
On the other hand, the concentration of glucose
in plasma does not necessarily reflect the size

of the glucose pool (17).
needed to

Further study is

determine whether the increased

plasma concentration of glucose associated with
the ingestion of high levels of pelleted feeds
reflects a shrinking of the glucose space and/or
a reduced rate of glucose utilization, rather
than an inereased production of glucose within
the bhody.
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RELATION OF RATION COMPOSITION TO RUMEN DEVELOPMENT IN
EARLY-WEANED DAIRY CALVES WITH OBSERVATIONS
ON RUMINAL PARAKERATOSIS!

R. L. GILLILAND/ L. J. BUSH, anp J. D. FRIEND
Departments of Dairying and Veterinary Anatomy, Oklahoma State University, Stillwater

SUMMARY

A calf starter containing VFA salts was compared with a control starter
in terms of growth, health, ruminating activity, and rumen development of dairy
calves. There was no significant difference (P > 0.05) hetween the respective
starters regarding weight gain and rumen development of calves to 39 days of
age. The amount of feed consumed was closely associated with rumen develop-
ment as indicated by statistically significant regressions (P < 0.025) of various
criteria of rumen development (weight of total rumen, musele and mucosa, and
per cent mucosa) on feed consumption to different periods of the experiment.

All of the calves ruminated at 11 days of age; however, there was no sig-
nificant difference (P > 0.05) between groups of calves in the amount of time
spent ruminating at either 11 or 25 days of age.

Five out of eight calves receiving the starter containing the VFA salts had
some degree of ruminal parakeratosis as compared to one out of eight calves
receiving the control starter. The cause of this condition was not determined.

During recent years it has been shown that
voung dairy calves may be raised successfully
using an early weaning system (3, 13, 20).
However, the success of such a system of rais-
ing calves depends on early rumen develop-
ment, since it is necessary for the calves to
subsist entirely on dry feed at an early age.

The rumen of a new born calf is essentially
nonfunctional, having a smooth, stratified,
squamous epithelium with no prominent pap-
illae, and the microbial population has not been
established (1, 16). Therefore, considerable
development with respect to capacity, mucosal
and muscular tissue, and microbial population
is necessary before dry feeds of plant origin
can be utilized effectively. It has heen estab-
lished that the stimulus for development of the
rumen tissue does not come entirely from the
physical nature of the feed, but is due partly
to the volatile fatty acids (VFA) which result
from rumen fermentation (5, 7, 14).

The objective of the work reported herein
was to determine the effeet of adding salts of
propionic and butyriec acids to a ealf starter

Received for publication June 28, 1962.

' Data taken from a thesis submitted by the
senior author to the Graduate School, Oklahoma
State University, in partial fulfillment of the re-
quirements for the Master of Science degree,
May, 1962.

“ Present address: Agricultural Extension Serv-
ice, Oklahoma State University, Stillwater.

on rumen development and growth of early-
weaned dairy calves. In addition, the relation
of the composition of the starter ration to the
onset of rumination in young dairy calves was
investigated.

EXPERIMENTAL PROCEDURE

Twenty-four Holstein bull calves were
grouped into three blocks of eight calves, each
on the basis of season of birth. Each calf re-
ceived colostrum for three days and was started
on experiment the fourth day after birth.
Whole milk was fed at the daily rate of 109,
of initial body weight during the first 14 days
on experiment and then 89 of initial weight
for an additional ten days. Chlortetracyeline *
was fed twice daily in the milk and 25 mg per
pound was included in the starter ration. The
calves were housed in individual tie stalls with
expanded metal sereen floors, so that no hedding
was required.

The calves within each block were randomly
assigned to either an experimental or control
ration. The experimental ration consisted of
a basal ration® plus a mixture of fatty acid

* Chlortetracyeline supplied as Aurofae-D in the
milk and as Aurofac-10 in the starter ration.

*Ingredients in basal ration expressed as per
cent of final mixture: cubed corn, 20; crimped
oats, 20; wheat bran, 6; corn distillers solubles,
5; dried molasses, 4; soybean meal, 12; dehydrated
alfalfa crumbles, 20 ; dicalcium phosphate, 1; trace-
mineral salt, 1; antibiotic-vitamin premix, 1.

1211
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TABLE 1

Composition of mixture of volatile fatty acid salts

Per Per

cent cent

Molec- of of

Fatty acid ular  mix- final
salt weight ture ration
Sodium propionate 96 10.5 1.05
Potassium propionate - H.O 130 14.2 1.42
Caleium propionate + H.O 204 22.3 2:23
Sodium butyrate 110 12.0 1.20
Potassium butyrate - H.O 144 15.7 1.57
Caleium butyrate - H.O 232 25.3 2.53

salts, whereas the control ration was made up
of the basal ration with glucose added as a
readily available source of energy. The mixture
of fatty acid salts (Table 1) and the glucose
each made up 109 of the respective ration in
which it was ineluded. On a molar basis equal
amounts of propionate and butyrate were used
and the amounts of caleium, potassium, and
sodium salts were calculated to give an equal
amount of each in the mixture. The respective
rations were fed free-choice throughout the ex-
periment and constituted the sole diet after
the calves were weaned abruptly at 28 days
of age. An effort was made to get each calf
to consume dry feed at an early age.

Observations were made on the ruminating
activity of 16 calves during the experiment.
The amount of time spent ruminating, eating,
and drinking was determined during two sep-
arate 24-hr periods, when the calves were 11
and 25 days of age, respectively.

Upon sacrifice of each calf at 39 days of
age, the digestive tract was removed for study.
Kach compartment of the stomach was sepa-
rated from its omenta and stripped of its
larger blood vessels, lymph nodes, and fat.
The different stomach compartments and in-
testines were weighed hefore and after the re-
moval of ingesta to determine the weight of
ingesta contained therein. A 100-¢m® section
was taken from the ventral wall of the cranial
dorsal sac of the rumen and the muscular and
mucosal layers were separated. Each layer was
weighed and then dried at 90 C for 48 hr to
obtain the dry weight. The remainder of the
runmen was also separated into mucosal and
muscular layers and the respective weights
added to the fresh tissue weights of the 100-
em’ section to caleulate the percentage of mu-
cosa for the entire rumen.

During the early part of the experiment an
abnormal ruminal wall condition, similar to
that deseribed by Jensen et al. (10), was ob-
served in some calves. Since the condition

GILLILAND, L. J. BUSH, AND J. D. FRIEND

appeared to oceur more frequently in the group
of calves fed the ration containing VFA salts,
its incidence and severity were recorded for
the last 16 calves on the experiment. Observa-
tions were made on the gross appearance of
the entire rumen, and photographs were made
of a section of the ventral wall of the cranial
dorsal sac using a Graflex-type camera. Histo-
logical sections were also prepared from the
same area to determine any differences in the
ruminal mucosa from ecalves of the two groups.

Two additional calves were assigned to each
group to obtain data on the pH and propor-
tion of VFA in the rumen fluid. Rumen sam-
ples were taken at 18, 25, 32, and 39 days of
age by means of a stomach tube. The analyses
for rumen VFA were made using the method
described by Keeney (11).

RESULTS AND DISCUSSION
The average weight gain and feed consump-
tion of the calves receiving the control ration
surpassed that of those fed the ration contain-
ing the fatty acid salts (Table 2); however,

TABLE 2

Average feed consumption and weight gains of
calves to 39 days of age

Feed consumed

Calf Weight
Ration Milk starter gain
(1v)
Control 195 35.2 27.2
VIFA salts 195 24.8 21.4
there was sufficient variation among calves

within each group that the differences between
groups were not statistically significant (P >
0.05). The addition of the VF'A salts was not
expected to have any direct effect on the growth
of the calves as the two rations were caleulated
to have approximately the same energy con-
tent; and, since the calves receiving the VFA
ration neither started consuming dry feed at
an earlier age nor consumed more of it, no
advantage in growth rate was obtained. Simi-
larly, Martin et al. (12) found no significant
difference in live-weight gains of calves fed a
ration containing fatty acid salts vs. those fed
a purified diet.

With respect to the weight of different
stomach compartments, only the average com-
bined weight of the omasum and abomasum of
the VFA group surpassed that of the control
group (Table 3). The differences between
groups were not statistically significant (P >
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TABLE 3

Average fresh tissue weights of different stomach eompartments and percentage of ruminal

mucosa of calves sacrificed at 39 days of age

Total rumen

Cranial-dorsal
sac of rumen *

Omasum- — i S S
abo- Retie- Fresh
Ration masum ulum Muscle Mucosa tissue Dry
(9) (%) (% mucosa)——
Control 382 140 269 338 55.3 60.9 67.7
133 239 279

VFA salts 409

52.7 56.8 65.3

* Measurements based on a 100-em* section taken from the cranial-dorsal sac.

0.05), whether the values were expressed in
terms of total organ weight or in relation to
ingesta-free body weight. More extensive pap-
illary development was evident in the control
than in the VKA group; however, the difference
in average percentage of rwminal mucosa in
favor of the control group was not statistically
significant (P > 0.05). Thus, addition of VFA
salts to the ration did not increase development
of the rumen as determined by measurements
at 39 days of age.

A partial explanation for the above rvesults
may be found in a comparison of the relative
amounts of VIA available from the two ra-
tions. If one assumes that fermentation of
10 1b of feed in the rumen results in the pro-
duction of 34 equivalents of volatile acids, as
indicated by Carroll and Hungate (2), an av-
erage of 120 equivalents of VFA would have
been produced by the ealves fed the control
diet in the present study. Analyses of rumen
fluid from calves fed this ration revealed that
propionic and butyrie acids represented ap-
proximately one-half of the total VFA; thus,
it was estimated that about 60 a of these acids
were produced during the 7-wk period. In
comparison, an average of approximately 45 ar
of propionie and butyrie acids were available
to the calves fed the VIFA ration, including
74 2 consumed directly as VFA salts. Thus,

the approach of accelerating rumen develop-
ment by the addition of VFA salts to the ration
proved unsatisfactory, due to failure of the
calves to consume sufficient quantities of this
ration at an early age.

Although the total amount of VFA admin-
istered has been observed (5, 16) to be a
critical factor determining the extent of pap-
illary development in the calf, the exact level
required for this development has not been
determined. Tamate et al. (16) reported that
typical papillary growth did not oceur in calves
given approximately 30 m (2.5 kg) of volatile
acid, either as a mixture of acetic and pro-
pionic¢ acids or as butyric acid, over an 8-wk
period, while papillary growth was observed in
alves given 61 and 63 M of butyrie and pro-
pionie acid, respectively. In the present study,
a moderate degree of papillary development
occeurred in two ealves which consumed a total
of only 20.8 and 25.3 1b of the control ration,
respectively. On the basis indicated above, an
estimated 35 and 43 3 of propionic and butyrie
acids were available to the respective calves
for stimulation of papillary growth over the
7-wk period. The presence of absorptive ma-
terial in the rumen which would prolong the
exposure of the ruminal wall to the VFA has
heen ohserved to be a factor influencing papil-
lary development (5), and this factor along

TABLE 4

Age of Dry feed
calves Ration intake *
(days) [
11 VFA salts 0.25
Control 0.84
25 VIA salts 4.50
Control 8.57

*Total pounds of dry feed consumed from
respeetively.

Average feed consumption and ruminating activity of calves at 11 and 25 days of age

Time spent in 24 hr

Ruminating Eating Drinking
— ———(min)——
12.0 15.0 9.0
14.0 24.0 6.0
154.0 45.0 27.0
51.0

187.0 7.0

4-11 days of age and from 4-25 days of age,
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with inereasing levels of rumen VFA with ad-
vaneing age, as observed in this study, may
account for the apparent divergence of these
results and those previously reported (5, 16).
Obviously, more work is needed to elarify this
point.

Variation in development among
calves within the two groups of calves in the
present study was associated with differences
in feed consumption during different periods
of the experiment. Regressions of various eri-
teria of rumen development (weight of total
rumen, muscle, and mucosa, and per cent mu-
cosa) on the amount of feed consumed to 18,
28, or 39 days of age were statistically sig-
nificant (P < 0.025), except for the regression
of weight of rumen muscle on feed consumed
to 18 days of age.

rumen

Calves fed the control ration spent slightly
more time ruminating at 11 and 25 days of
age than those fed the VFA (Table 4); how-
ever, the differences hetween groups were not
statistically significant (P > 0.05). All ecalves
were observed to ruminate at 11 days of age,
even though there was a considerable amount
of variation among calves in the amount of
time spent in this activity. Other workers (15,
16) have likewise observed that the onset of
rumination in the calf occurs at a very young
age. )

At least part of the observed difference be-
tween groups in ruminating time at 25 days of
age appeared to be related to a difference in
amount of feed consumed to that age. A corre-
lation coefficient of 0.46, which approached
statistical significance (P ca. 0.05), was found
between ruminating time and feed consumption
to 25 Similarly, Swanson and
Harris (15) obtained a highly significant corre-
lation of 0.51 rumination time and
feed consumption of calves 6 to 16 wk of age.

days of age.
between

Five out of eight calves receiving the ration
containing VFA salts had some degree of ru-
minal parakeratosis as compared to one of eight
calves receiving the control ration. The rumens
of the majority of the calves in the control
group had well-developed papillae with no
incrustation (Figure 1). In contrast, the calves
diagnosed as having ruminal parakeratosis had
less well-developed papillae, which were in-
crusted with dark, keratinized material (Fig-
ure 2). A furfuraceous desquamation of the
inerusted, keratinized material occurred very
rapidly when handled. Regardless of the de-
gree of papillary development most of the
larger papillae in each rumen were arranged in

J. BUSH, AND J. D. FRIEND

folds with very short papillae located hetween
the folds.

The histological appearance of the ruminal
wall of all calves compared favorably with the
deseription set forth by Habel and Biberstein
(6). Microscopically, degree of  des-
quamation of the stratum corneum was observed
in all calves of bhoth groups, and was very ex-
tensive in the calves with ruminal parakera-
tosis. In the ealves with ruminal parakeratosis
the stratwm corneum was thickened in those
papillae in which desquamation was not com-
plete (Figure 3). Where desquamation had
oceurred it was difficult to demonstrate miero-
scopically the incrusted cap of keratinized ma-

some

terial, because it had separated from the
papilla proper either before or during the

histological preparation of the tissues.
Although ruminal parakeratosis has been ob-
served in cattle and sheep by a number of
workers under various conditions (4, 8-10, 17,
19), its cause has not been determined. Vidacs
and Ward (19) suggested a low acetate-to-
propionate ratio in the rumen as the cause of
this condition in dairy cows; however, in a
later report (18) the presence of a heat-sensi-
tive or protein-hound factor in the rumen fluid
was suggested as the causative agent. Some
workers (4, 8) have observed a lower rumen
pH in animals fed rations which resulted in
ruminal parakeratosis. However, Hinders et al.
(8) found that parakeratosis was not elimi-
nated when the pH of the rumen was raised
from 6.0 to 6.65 by the addition of Na.JIPO,.

In the present study, the pH of the rumen
contents of calves receiving the ration with
VFA salts was only slightly different from
that of calves receiving the control ration, and
there were no consistent differences between
groups with respect to the proportion of VFA
in the rumen fluid. Therefore, the reason for
a greater incidence of ruminal parakeratosis
in the calves receiving the VFA ration in this
experiment was not established. An attempt is
being made presently to clarify the relationship
between the inecidence of ruminal parakeratosis
and the production and/or absorption of vola-
tile fatty acids within the rumen.

ACKNOWLEDGMENT

Appreciation is hereby expressed for various
products used in the conduet of this study as fol-
lows: ecalcium propionate, Century Chemical Cor-
poration, Towson, Md.; Aurofac-D and Aurofaec-
10, American Cyanamid Co., Princeton, N. J.;
d-biotin and thiamine, Merck, Sharp & Dohme,
Rahway, N. J.; B-vitamin supplements, Chas.
Pfizer & Co., Ine., Terre Haute, Ind.




RUMEN DEVELOPMENT IN DAIRY (CALVES

e b

Fi6. 1. Well-developed papillae with no incrustation from calf fed control starter. X 10.

F1¢. 2. Papillae inerusted with dark keratinized material indicating ruminal parakeratosis. X 10.
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RELIABILITY OF SCORE-CARD JUDGING OF HAY 2

T. P. FATRCHILD, E. L. CORLEY, axp G. M. WERNER

Dairy Science Department, University of Wisconsin, Madison

SUMMARY

A total of 129 samples of alfalfa or alfalfa-brome mixtures (55 first-crop, 65
later-crop, and nine additional samples) were each scored twice by seven judges,
using a score-card based on stage of growth, leafiness, and color and econdi-
tion. Cutting dates were recorded for the first-crop samples. These dates
provided a means, other than the judges’ estimates, of scoring stage of growth
on the first-crop samples.

Repeatability in the use of the score-card was studied on a within-judge
basis by computing the appropriate intraclass correlation. These repeatability
estimates ranged from .42 to .80. Between-judge repeatabilities were estimated
by averaging simple between-judge correlations. These repeatability estimates
ranged from .38 to .78. All estimates of repeatability were highly significant.

Simple correlation and multiple regression techniques were used to study
the relationship of the score-card and its components to various indicators
of nutritive value. Simple correlations were averaged for the seven judges
over both scorings. These analyses indicated that the score-card was most effee-
tive in reflecting nutritive value when used among later crop samples low in
grass content. Among these samples the average correlations between final
secore and crude protein, erude fiber, estimated TDN, and percentage of cellu-
lose were .50, —.43, 43, and —.51, respectively, and were highly significant.
However, among first-crop samples and among later-crop samples which were
high in grass content nonsignificant correlations were obtained.

The multiple regression analyses indicated that dates of cutting for first-
crop samples and leafiness scores for later-crop samples were the most useful
criteria of the score-card for predicting nutritive value. However, even among
the later-crop samples, where the score card appeared most effective, it ac-

counted for only 20-309, of the variation in estimated TDN.

The need for defining and measuring hay
quality has been long recognized by research
workers, extension personnel, and feeders of
livestock. Aectual feeding and digestion trials
have helped to answer many of the questions
in this area, but there is still a need for a
simple, yet accurate measure of hay quality.

Many simple methods have been proposed.
The proximate chemical analysis, proposed by
Henneberg and Stohman in 1863 (3), is still
the basis of the official method of feed analyses

today. Some methods of estimating digestible
energy (DE) or total digestible nutrients

Received for publication January 17, 1962.

* Contributions from the Dairy Cattle Research
Branch, USDA, Beltsville, Maryland, and from
Wisconsin’s Agricultural Records Cooperative.

2 Approved for publication by the Director of
the Experiment Station, University of Wisconsin,
Madison.

(TDN) from various components of the proxi-
mate chemical analysis are (a) the use of Mor-
rison’s digestion coefficients (9), (b) regression
equations as developed by Schneider et al. (14),
and (c) the Axelsson-Reid-Swift formula (7).
Work by Pigden and Bell (11), Quicke et al.
(12), Hershberger et al. (7), and Baumgardt
(1) has led to the development of artificial
rumen techniques which can be used to estimate
DE or TDN. Canadian workers (4, 6) have
further used such techniques to study rate of
digestion, and these workers have related this
work to the Nutritive Value Index, which ap-
praises both the digestible energy content of
a hay and the rate of voluntary consumption.
Reid et al. (13) have shown that simple indexes
such as percentage of leaves or date of cutting
can be used to estimate the digestibility of hay.

In 1957, Werner, of Wisconsin, developed a
score-card for hay to be used as an educational
tool in extension programs. The score-card
was designed to encourage farmers (a) to cut
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hay earlier, (b) to do a better job of saving
leaves, and (¢) to handle and ecure the hay
properly, so as to prevent losses from excessive
heating and mold development. It was felt
that these three items should be important in
determining over-all feeding value of which
both palatability and digestibility are impor-
tant components.

Nichols (10) evaluated this score-card in
1959 and found that it was repeatable and that
it did reflect nutritive value to some extent.
However, Nichols felt that (a) his samples
lacked sufficient range in color and condition,
that (b) the score-card was not compared with
an adequate measure of hay quality, and that
(e¢) dates of cutting were inaccurate. There-
fore, the present study was undertaken to ap-
praise the same score-card with the above-men-
tioned difficulties in mind.

DATA AND METHODS

Hay samples were collected in the fall of
1959 from 49 southern Wisceonsin dairy farms
cooperating with the University of Wisconsin
and the USDA in an environmental project
study. The hay samples were predominantly
alfalfa and alfalfa-brome mixtures, and they
included 55 first-crop, 65 later-crop, and nine
additional samples. The nine additional samples
were included in order to obtain greater varia-
tion in color and condition scores, and repre-
sented hay which had severely weathered or
had been left in the mow from the previous year.

An attempt was made to obtain samples of
the first-crop and a later-crop from each farm.
To secure representative samples of each crop,
five or six different probes were made with a
core sampler and the contents of these probes
were then placed together in a large paper bag
to make a composite sample for later judging
and testing. Samples from first, second, and
third erops were not mixed, and within a crop,
hays with obvious species or weathering differ-
ences were not mixed.

Dates of cutting for the first-crop samples
had been recorded by the farmers at the time
of cutting. However, under farm conditions
each crop of hay is normally cut on more than
one day. Therefore, it was necessary to assign
to each first-crop sample an average cutting
date based on the farmer's recordings. These
average cutting dates ranged from May 29 to
July 10.

At the time of judging, the samples were
placed on tables under fluorescent lighting and
labelled only as to first or later crop. The sam-
ples were scored independently by seven judges
on two different occasions. The score-card used
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is shown in Table 1. The average score of the
seven judges for hoth scorings was 28.07, 30.35,
26.73, and 84.76 for stage of growth, leafiness,
color and eondition, and final score, respectively.

In scoring stage of growth there is less range
allowed for later-crop samples than for first-
crop samples. This is in accordance with obser-
vations made by Reid et al. (13), that the di-
gestibility of later-erop hays is less variable
than that of first-crop hays, regardless of stage
of growth. Cutting dates were also used for
scoring stage of growth on first-ecrop samples
by the use of the alternate scoring system as
shown in Table 1.

Repeatability in the use of the score-card
was studied both on a within-judge and a be-
tween-judge basis. Within-judge repeatabilities
were estimated by computing the appropriate
intraclass correlation. Between-judge repeata-
hility values were estimated by averaging simple
hetween-judge correlations.

To determine the effectiveness of the scove-
card as a method for measuring nutritive value
of the hay, it was necessary to obtain the best
estimate of TDN or DE from the chemical
analysis available. For this determination 49
test samples® were used to compare TDN or
DE calculated by different methods to the aec-
tual values from feeding trials. The data on
these 49 samples included actual digestibility
values, values of the proximate chemical analy-
sis, and in vitro cellulose digestibility values.
On a dry matter basis these samples contained
an average of 15.589, crude protein and 29.129,
crude fiber. The average animal digestibility
values were 62.59, TDN and 2,834 cal/g of DE.
These values are included to give some idea of
the quality of these samples.

The methods of estimating either TDN or
DE, which were compared, were (a) the use of
Morrison’s digestion coefficients (9), (b) the
Axelsson-Reid-Swift formula (7), (¢) regres-
sion equations introduced by Schneider and co-
workers (14), and (d) an in vitro cellulose di-
gestion procedure as proposed by Baumgardt
(1). Data on 39 additional samples * were also
available for a further ecomparison of Schnei-
der’s (14) regression equations and the Axels-
son-Reid-Swift formula (7). Simple correla-
tions were computed, to study the relationships

?These samples had been obtained from Penn-
sylvania State University, Rutgers University, and
the Pasture Research Lab, State College, Pennsyl-
vania, for in vitro digestibility studies.

"The neeessary information on these samples
was obtained through correspondence with Wright
of Rutgers University.
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TABLE 1
Hay score-card
Points
I. Stage of growth when cut First erop | Later crops (2nd, 3rd, — )
1. Imitial bloom or earlier 35 33
Alternate scoring:
2. 1/10 blo § 33 32
/ e Score full score for
3. 1/4 bloom 31 31 first-crop hay cut on
June 1 or earlier, and
28 29, P
4. 1/2 bloom 8 subtract 3% point for
5. 3/4 bloom 24 Ly — each day later. Mini-
mum score, 12 points.
6. Full bloom . 20 24 g
B Score.
7. Late bloom to seed stage 15 20)
IT. Leafiness I1I. Color and condition Points
% Leaves Points .
1. Bright green 30
1. 50 or more . 35.
2. Medium green . 29
2. 45-49 34
3. Faded green 26.
3. 40-44 33
: 4. Faded green, sl. musty 24
4 Jod 4l 5. Slight brownish 23
5. 30-34 28 6. Slight grayish, some mold 21
6. 25-29 25 7. Medium brown 16
7. 20-24 22 8. Pronounced mold and gray 10
8. 15-19 19 9. Deep brown to black 6
9. Less than 15 . 15 10. Very moldy and white 5

Stage of growth .
Leafiness

Color and econdition

Score

Final score

between the various estimates of TDN or DE
and actual digestibility values.

The 129 samples involved in the evaluation
of the score-card were analyzed by the use of
the proximate chemical analysis, and percentage
of cellulose was determined on these samples
by a method proposed by Crampton and May-
nard (5) and later modified by Matrone (8).
I'rom these analyses four indicators of nutritive
value were selected to study the relationship
of the score-card to nutritive value. These indi-
cators were crude protein, erude fiber, Schnei-
der’s TDN, and percentage of cellulose. On a
dry-matter basis the average erude protein con-
tent and the average crude fiber content of
these 129 samples were 17.47 and 28.989%, re-
spectively. The mean values for Schneider’s
TDN and percentage of cellulose were 57.17

and 33.309%, respectively. Simple correlation
and multiple regression techniques were then
used to study the relationship of the score-card
and its components to these indicators of nu-
tritive value.

RESULTS AND DISCUSSION

Judge repeatability. A three-way factorial
design was used for a series of analyses of
variance to study seore-card judging. The three
main sources of variation included differences
between samples, hetween judges, and between
replicates (i.e., between the two scorings). All
effects were considered as random. Following
this study, the sources of variation in the three-
way factorial design were combined to give the
following breakdown: hetween judges (J), be-
tween samples/within judge (S/J), and error
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TABLE 2
Within-judge repeatabilities as estimated by intra-class eorrelations*
Stage of Color and Final
growth Leafiness condition score
55 First-crop samples 44 42 .66 51
65 Later-crop samples 45 60 .69 .61
120 First- and later-crop samples 48 54 .70 .60
129 Total samples 52 .70 .80 .74

® All within-judge repeatability estimates were highly significant.

(E). The variance components of the mean
squares were then calculated, and the variance

- S/J :
m t ratio,—————, or the intraclass
componen 0, S/J+ B
correlation, was used to express within-judge

repeatability.

Estimates of within-judge repeatability are
shown in Table 2. Color and condition appeared
to be the most repeatable component of the
score-card ; whereas, stage of growth, as scored
by the judges, appeared to be the least repeat-
able. However, it should be remembered that
stage of growth is estimated by such eriteria
as blossoms and seed pods which are difficult
to see in chopped and core samples. Repeat-
ability estimates for leafiness scores were higher
among the later-crop samples than among first-
crop samples. The estimates of within-judge
repeatability for leafiness, eolor and condition,
and final score inereased markedly when all
129 hay samples were considered. The higher
repeatabilities in this over-all study were prob-
ably due to the greater variation provided by
the nine samples ineluded originally to provide
a greater range for scoring color and condition.

Simple correlation coefficients between the
scores of individual judges were averaged to
obtain estimates of repeatability between judges.
These repeatability estimates are shown in Ta-
ble 3. These values followed much the same
pattern and were of about the same magnitude
as the estimates of within-judge repeatability.
However, for leafiness scores the estimates of
repeatability  were

between-judge generally

higher than similar estimates of within-judge
repeatability. It should be noted that within-
judge repeatability estimates would be lowered
by the presence of a sample-X-replicate inter-
action, which would indicate that certain sam-
ples had been scored consistently (over-all
judges) higher or lower in the first or second
scoring. On the other hand, estimates of be-
tween-judge repeatability would he decreased
by the presence of a sample-X-judge interac-
tion, which would indicate that certain judges
had seored some samples consistently (over both
scorings) higher or lower than had other judges.
The original three-way factorial analysis of
variance showed a relatively large sample-X-
replicate interaction and a small sample-X-
judge interaction in the scoring of leafiness,
which would explain the higher between-judge
repeatability estimates for leafiness scores.

All estimates of repeatability, both within-
and between-judges, were highly significant.
However, it should be pointed out that before
the nine additional samples were included in
the analysis none of the repeatability estimates
exceeded .70 and many of them were consid-
erably lower, particularly for stage of growth
scores.

Comparison of four methods of estimating
TDN or DE. Betore studying the relationship
of the score-eard to nutritive value, 49 test
samples were used to compare four methods of
estimating TDN or DE. The data on these test
samples and the four methods compared have

already been deseribed.  Correlations between

TABLE 3

Between-judge repeatabilities as estimated by averaging simple interclass correlations between
seven judges over two scorings*®

Stage of Color and Final

growth Leafiness condition score
55 First-crop samples 44 .59 .65 .59
65 Later-crop samples 39 1 .64 .69
120 First- and later-crop samples 45 67 .64 .66
129 Total samples .50 .76 .76 .78

2 All between-judge repeatability estimates were highly significant.
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the estimates of TDN or DE and actual TDN
or DE values were computed and results were
as follows:

Correlation with
Method of

estimating Actual Actual
TDN or DE TDN DE
Schneider’s 49%* B4x*
Axelsson’s 29* HI**
Morrison’s —.03 =12
In vitro Cellulose Digestibility J75%* 85%*
*=P <.05.
*#* =P <L.01.

In vitro cellulose digestibility values exhibited
a closer relationship with either actual TDN
or actual DE than did any of the three esti-
mates of digestibility based on components of
the proximate chemical analysis. Therefore, it
appeared that in vitro cellulose digestibility
values would serve as a useful test for the
secore-card, and a further investigation is
planned to study the relationship of the score-
card to cellulose digestibility.

The correlations involving Morrison’s esti-
mated TDN with actual digestibility values were
not significantly different from zero, whereas
the correlations involving Schneider’s and Ax-
elsson’s methods were statistically significant

T. P. FAIRCHILD, E. L. CORLEY, AND G. M. WERNER

and of comparable value. As mentioned pre-
viously, information on 39 additional samples
was available for a further comparison of
Schneider’s and Axelsson’s methods. Using this
information, it was found that the correlation
hetween TDN values caleulated by Schneider’s
equation and actual TDN was highly significant
(r = .529), whereas the correlation between
TDN values by Axelsson's formula and actual
values was not quite significant (r = .306).
These results were in agreement with those
mvolving actual TDN values on the 49 test
samples.  Therefore, Schneider’s regression
equation appeared to be more useful than
Axelsson'’s formula for testing the relationship
of the score-card to nutritive value.

Relationship of the score-card to nutritive
value. As already explained, four indicators
of nutritive value (erude protein, crude fiber,
percentage of cellulose, and Schneider's esti-
mated TDN) were used in simple correlation
analyses, to study the relationship of the score-
card to nutritive value. These results appear
in Table 4. The cutting date scores in Table 4
refer to stage of growth scores derived from
actual cutting dates by use of the alternate
scoring system, as shown in Table 1. The re-
mainder of the correlation coefficients in Table
4 refer to correlations averaged for the seven
judges over hoth scorings.

TABLE 4
Correlations between score-card values and four indicators of nutritive value
Crude Crude Schneider’s Percentage
protein fiber TDN of cellulose
Cutting date scores
55 First-crop samples 6 S e 38* —;38%*
St. of growth scores
55 First-erop samples .26* —-.15 .10 —.26*
65 Later-erop samples 35** —.24% 25* —=.29*
120 First and later ) —=.28* .18* —i32%*
129 Total samples 43 = RO s —.41%*
Leafiness scores
55 First-crop samples 11 —-.15 .01 —id(Q*®
65 Later-crop samples 3o+ —.32%% 34%# —.43%*
120 First and later 3o%* —.30** .20* —4G**
129 Total samples 42X —.46** A4rF —;59%%
Color and condition scores
55 First-erop samples —.13 i} =22 ~4]
65 Later-crop samples .16 —,28% 26% e
120 First and later 3 =17 .06 —i36%*
129 Total samples 26%% =, 35%* J5¥% —.48%*
Final scores
55 First-crop samples 18 —.12 .01 —.39%*
65 Later-crop samples Bex* —.35%* B6** —.45%*
120 First and later gyre ==, 3O 20* —.48%*
129 Total samples 46%* —.46** 45%* —.60**
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TABLE 5

Correlations between final scores and four indicators of nutritive value within samples grouped
according to grass content '

Crude Crude Schneider’s Percentage
protein fiber TDN of cellulose
55 First-crop samples
Low grass content (30 samples) .33 —.06 —.05 —.46%
High grass content (25 samples) .07 —.20 .24 —.22
65 Later-crop samples
Low grass content (42 samples) B50** = 4358 A43%* =,5] **

High grass content (23 samples)

15 =21 13 —.30

The correlations involving the first-crop sam-
ples indicated that the alternate stage of growth
scores based on actual eutting dates were more
closely related to the four indieators of nutri-
tive value than were the judges’ seores for esti-
mated stage of growth. However, the correla-
tions involving scores based on ecutting dates
were not as high as might have been expected,
considering the results of Reid et al. (13). The
fact that most of the cutting dates represented
an average date for the days over which the
crop was cut could explain why the correla-
tions were mnot higher. Also, Baumgardt (2)
has pointed out that the relationship between
cutting date and stage of growth and between
cutting date and digestibility can vary from
vear to year. This would suggest that a single
alternate scoring system for stage of growth
hased on actual cutting dates might not be
suitable over all years.

The correlation analyses in Table 4 suggested
that among first-ecrop samples actual cutting
dates would be more useful than judges’ esti-
mates of stage of growth. Therefore, in subse-
quent multiple regression analyses, cutting date
scores were substituted for the judges’ esti-
mated stage of growth scores.

Results in Table 4 also indicated that all of
the score-card components were more closely
associated with nutritive value among later-crop
samples than among first-crop samples. In
fact, among the first-erop samples most of the
correlations did not reach significance. Among
the later-crop samples all but one of the corre-
lations were either significant or highly sig-
nificant, but none of the correlation coefficients
was greater than .45. In general, the correla-
tions involving the 120 first- and second-crop
samples were not high enough to suggest that
the score-card could be used to accurately pre-
diet nutritive value. The highest correlations
resulted when all 129 samples were considered.
As in the repeatability analysis, this again in-

dicated that the nine added samples contributed
greater variation to the over-all analysis.

In further analyses similar correlations were
computed within samples grouped according to
high or low grass content. The results of these
analyses, Table 5, indicated that the score-card
had a closer relationship to nutritive value
among samples low in grass content. Among
the first-crop samples, one of the correlations
was significantly different from zero, whereas'
among the later-crop samples, highly sifinificant
correlations were obtained when those samples,
which were low in grass content, were involved
in the analyses. The fact that the score-card
had a closer relationship to the indicators of
nutritive value among samples low in grass con-
tent could be explained in part by the fact that
the score-card had been designed primarily for
judging legume hays. The lack of association
between the score-card and estimated nutritive
value over all types of samples indicated that
the score-card could not be used satisfactorily
to estimate nutritive value. KEven among the
42 later-crop samples which were low in grass
content, the highest correlation between final
score and an indicator of nutritive value reached
a magnitude of only .51.

The first scorings of four judges were then
used in multiple regression analyses in an at-
tempt to study the independent influence of
the score-cards’ components on the indicators
of nutritive value. The results of these analyses
were diffieult to interpret, because the results
varied among the groups of samples, among the
four judges, and among the different indicators
of nutritive value. To avoid some confusion,
only those analyses involving Schneider’s TDN
as the dependent variable are shown in Table 6.
Schneider’s TDN was chosen because it seemed
to be a more comprehensive indicator of over-
all nutritive value than crude protein, crude
fiber, or percentage of cellulose. In these mul-
tiple regression analyses the scores for stage
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TABLE 6

Multiple regression analyses involving Schneider’s TDN on the score-card components
(SG =stage of growth, L =leafiness, CC =color and condition)

Judge 1 Judge 2 Judge 3 Judge 4
b’ += Shb"* b =+ Sb’ b’ = Sb’ b’ + Sb’
55 First-crop samples
SG —.02 = .13 22 + 15 15 *+ 15 21 £+ .14
L 32 + .15 =81 F ;16 3 e o I .06 *= .16
CcC 43 = .15 —.04* .15 —18 + .15 -19* 15
R?® 15 .09 .07 .08
AS° 30 = .12 Sl 14 31+ .14 384 13
L 26 = .14 =12 =% 15 07 = .15 03 = .15
CcC —.40 £ 14 —.08 = .15 —16 + .15 —18 * .15
R? 24 14 13 14
65 Later-crop samples
SG .02 = .13 .05 £.19 .20 = .11 .04 = .14
L 30 = .13 34+ .17 37X .12 41 £ .13
CcC 21 %= .13 07 = .14 A9 = 11 15+ .12
R? 19 18 31 .26

* b’ =+ Sb’ = Standard partial regression coefficient plus or minus its corresponding standard

€error.

® R? = Multiple coefficient of determination.

¢ AS = Alternate stage of growth score based on cutting date.

of growth, leafiness, and color and condition
were considered as the independent variables.
The standard partial regression coefficients (b")
for the different independent variables can be
compared to determine the relative importance
of the components of the score-card in pre-
dicting Schneider’s TDN. This type of com-
parison is possible because the standard partial
regression coefficients are expressed in the same
units, standard deviations. The multiple coeffi-
cients of determination (R°) indicate the per-
centage of variation in the dependent variable
(Schneider’s TDN), accounted for by the three
independent variables.

Among the 55 first-crop samples, the alter-
nate scores (AS) for stage of growth, based
on actual cutting dates, were more closely re-
lated to Schneider’s TDN than were the judges’
scores for stage of growth (SG). The substi-
tution of the alternate scores in place of the
judges’ scores for stage of growth increased
the R* values in all cases, but for three of the
four judges these R® values reached a magni-
tude of only about .14.

Among the later-crop samples leafiness con-
sistently (for all four judges) appeared to be
the most useful component of the score-card.
In the analyses involving the later-crop samples,
most of the R? values were higher than they
had been for the first-crop samples. In other
words, the score-card was generally able to
account for more of the variation in Schneider’s
TDN among later-crop samples than among
first-crop samples. However, even among the

later-crop samples the score-card components
were able to account for no more than 20-309,
of the variation in Schneider’s TDN. As was
true for the simple correlation analyses, the
multiple regression analyses also indicated that
the score-card could not be used to predict
nutritive value with reliability.

It is concluded that the score-card is some-
what repeatable hoth within and between judges,
but it appears to reflect nutritive value only
to a limited extent. The score-card appears
most effective when used among later-crop sam-
ples low in grass content. Dates of cutting for
first-crop samples and leafiness seores for later-
crop samples seem to be the most useful eriteria
of the score-card.

It should be noted that the lack of an ade-
quate measure of nutritive or feeding value
with which to test the score-card was a limiting
aspect of this study. Acceptability or palata-
bility, which was not taken into consideration
here, is an important determinant of actual
feeding value of hay. It is possible that the
evaluation of the effectiveness of the score-card
and its components could change considerably,
if different indicators of nutritive value were
considered.
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HERITABILITY OF BIRTH WEIGHT AND ITS RELATIONSHIP WITH

PRODUCTION IN DAIRY CATTLE

C. R. LEGAULT axp R. W. TOUCHBERRY

Department of Dairy Secience, University of Illinois, Urbana

SUMMARY

The data included in this study were taken from the University of Illinois
dairy herd and consisted of 1,234 birth weights representing the five major
breeds of dairy cattle. A comparison of the confidence intervals demonstrates
significant breed differences at the 0.001 level of probability for all possible
comparisons. The fixed effects of sex of calf and calving sequence were esti-
mated by the method of least-squares. These combined effects were found to
be significant at the 0.01 level of probability in all five breeds. The adjustment
factors so obtained were applied to the birth weights bhefore the estimates of
heritability and genetic correlations were derived. The differences associated
with the sires of the calves were found to be significantly different from zero
in all breeds except Guernseys.

The pooled within-breed estimates of heritability of birth weight obtained
by multiplying, respectively, by 4, 2, and 2, the paternal half-sib correlation,
the intra-sire regression of offspring on dam, and the full-sib correlation were
0.38, 0.48, and 0.51. Theoretically, it should he relatively easy to change the
average birth weight of a population.

The differences hetween estimates by different methods could be due to
sampling errors, epistatic and dominanece effects, to additive genetic effects
of birth weight as a characteristic of the dam, or to maternal effects of the
dam on birth weight of the calf. The small magnitude of the differences be-
tween the three estimates indicates that the within-breed maternal effect was
small and that birth weight was mostly a characteristic of the calf.

The correlations between the birth weight of the calf and the subsequent
milk and fat production of the dam were caleulated on a within-sire basis for
the five breeds and for a within-breed pooled estimate. The absence of correla-
tions significantly different from zero indicated that the birth weight of the
calf and the immediately subsequent lactation production of the dam were
essentially independent.

Intra-service-sire correlations between the birth weight of a calf and its
subsequent production were not significantly different from zero in any of
the five breeds or for a within-breed pooled estimate.

The pooled within-breed estimates of the genetic correlations between birth
weight and milk and fat productions were small and not significantly different
from zero. Tt appears that birth weight and production are genetically inde-
pendent.

Weight at birth is one of the first character-
istics of an animal that can be easily measured
and, in addition, weight does not change ap-
preciably during the first few days of life (12).
For beef cattle, investigators have shown the
importance of birth weight in predicting wean-
ing weight (5, 11), weight at 1 yr (11), rate
of gain to weaning, rate of gain during fatten-
ing, or rate of gain from birth to slaughter
(3, 5, 8, 11, 14), weight at six months (7),

Received for publication January 12, 1962.

fattening performance (16), and final weight
(15, 21). Hammond (6) reported that within
a number of species an association has heen
found between birth weight and viability. Most
of the studies of the heritability of the hirth
weight in cattle are relative to beef cattle (2,
3, 9-11, 18, 20). The estimates are quite vari-
able and range from 0.11 to 1.00; however, the
majority of them fall within the range of from
30 to 509%. On the other hand, relatively few
investigators (1, 14, 15) have studied the rela-
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tion between birth weight and produection in
dairy cattle.

Because birth weight is rather closely corre-
lated with beef characteristics, and dairy beef
is likely to become more important in the
world, it is pertinent to know its heritability
and its relationships with production. The
primary objectives of this study were to de-
termine the heritability of birth weight in
dairy cattle and its relationships with milk
and fat yields.

SOURCE OF DATA

The data included in this study were ob-
tained from breeding records of dairy cattle
in the University of Illinois herd, for the years
from 1940 to 1959. The 1,234 birth weights in
the sample consisted of 213 Ayrshires, 163
Brown Swiss, 154 Guernseys, 587 Holsteins,
and 117 Jerseys. The calves were weighed
within the 24 hr following birth. All birth
weights of single, normal, living calves were
included, regardless of their magnitude,
whereas twins and stillbirths were excluded
from the data. The calves were sired by 15
Ayrshire, 16 Brown Swiss, 14 Guernsey, 57
Holstein, and 13 Jersey bulls. All available
and pertinent milk and fat yields were adjusted
for age of the cow at calving and length of the
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lactation period aceording to the most recent
DHIA conversion factors.

ANALYSIS OF DATA AND RESULTS

Variation due to breed, sex, and calving se-
quence. All available birth weights were
grouped by sex and calving sequence for each
of the five breeds, in order to determine the
appropriate effects of these causes of variation,
to derive valid adjustment factors and, finally,
to estimate with more precision the part of the
phenotypic variance that could be attributed to
genetic effects. The fourth and subsequent
calves were grouped in the same class.

The average birth weights for breeds, sex
within breed, calving sequence within breed,
and the confidence intervals, respectively, at
the .001, .01, and .05 levels are given in Table 1.
The standard deviation for the whole breed
was used in computing confidence intervals for
the different subeclasses of the same breed; con-
sequently, the confidence intervals for sex and
calving sequence subelass are only approximate.
The breed averages are significantly different
from each other at the .001 level of probability.
The bull calves are significantly heavier than
the heifers at the .01 level of probability in
the Ayrshire, Brown Swiss, Guernsey, and
Holstein breeds and at the .05 level in the

TABLE 1
Average birth weights and confidence intervals for breeds (.001 level), sex (.01 level), and
calving sequence (.05 level)

Brown
Breed Ayrshire Swiss Guernsey  Holstein Jersey

Number 213 163 154 587 117
Average birth weight (1b) 80.4 102.6 71.1 94.7 544
Confidence interval (C.I.) 2.1 +3.0 ol 11 +1.6 +9.4

Standard deviation 9.56 11.86 11.93 11.82 8.01

No. 107 87 S84 302 62
Males Avg 84.3 106.9 76.2 9R.1 56.9
C.I. +2.4 *£3.3 3.3 1T 2.7

No. 106 76 70 285 55
Females Avg 76.5 97.6 67.5 91.1 51.6
C.I. +24 *3.5 +3.7 +1.8 +2.9

[ No. 98 68 56 207 34
First calving 1 Avg 77.8 97.5 70.1 90.0 50.0
[{eas +1.9 +29 =319 +1.6 +28

J No. 54 42 46 158 37
Second calving Avg 81.0 106.7 71.8 97.7 56.8
Kond +2.6 “£3.7 +3.5 +1.8 0.7

EXo. 28 25 27 100 19
Third ealving Avg 84.2 105.3 69.7 98.5 57.3
lCI. 3.7 +4.9 +4.7 =213 +3.8

Fourth [ No. 33 28 25 122 27
and later Avg 84.2 106.2 73.6 95.4 54.7
calving C.T. +3.4 +4.6 +4.9 +2.1 *3.2

|
\
|
|
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TABLE 2

Effect of sex and calving sequences within breed on birth weights of dairy calves obtained by
least-squares analysis

Brown
Ayrshire Swiss Guernsey Holstein Jersey

Number 213 163 154 587 117
Effect of sex ’

S, 412 4.45 3.62 3.46 2.35

S. —4.12 —4.45 —3.62 —3.46 —2.35
Effect of calving

sequence 0, —3.76 —7.19 —1.90 —4.99 —5.21
0. - 33 1.53 +1.25 2.50 2.02
Os 1.81 4.15 — .89 2,37 2.92
0, 2.28 1.51 +1.53 12 27
F value of the test of

significance of the

combined effects of

sex and calving

18.21** 18.23** 4.06%* 30.99** 18.80**

sequence

** Significant at the .01 level of probability.

Jersey breed. Average birth weights for the
second, third, and fourth calvings are not sig-
nificantly different from each other for any
of the possible comparisons for the five breeds.
In Brown Swiss and Holsteins, the first calves
are significantly lighter than all the following
ones. The first calves are only significantly
lighter than the third and fourth ecalves in
Ayrshires, and the seecond and third calves in
Jerseys. The calving sequence does not have
a significant effect on birth weight in the
Guernseys.

Although the data covered a 20-yr period,
there was no apparent trend in the yearly birth
weight means after the data were adjusted for
sex of calf and sequence of calving and the
sire of the ealf. This would be expected, since
there has been no conscious effort to change
birth weight.

Adjustment for sex and calving sequence.
Because of disproportionate subeclass numbers,
the effects associated with sires, sex, and calv-
ing sequence cannot be separated directly by
considering each independently; therefore, a
simultaneous consideration of all effects has to
be made and this is most conveniently done by
the method of least-squares. The following
mathematical model was assumed to represent
the birth weights for each breed:

Yim=pn+ B+ S+ O+ e (1)

in which Y, is the birth weight of the I'* calf
of the k™ calving sequence of the j™ sex of
the i'" sire. w is the over-all mean birth weight.
B, is the effect of the i'" sire expressed as a
deviation from the over-all mean. S; is the
effect of the j™ sex expressed as a deviation

from the over-all mean. O, is the effect of the
k'" ealving sequence expressed as a deviation
from the over-all mean g, and e,;, represents
the random errors which are assumed to be
independent. All the variables were assumed
to be fixed except B, and e, which were as-
sumed to be random variables with means of
zero and variances of oy and o, respectively.
The sire equations were absorbed into the sex
of calf and calving sequence equations so that
a system of six least-squares equations with six
unknowns resulted. Because the determinant
of this 6 X 6 coefficient matrix was equal to
zero, two restrictions were imposed in the
cequations:

4

8= 3 0:=0 (2)

1 k=1

”'M oo

J

The reduced system of four equations was
then solved by an interactive method. The
constants S, 0,, 0,, O, were obtained directly
and the two remaining econstants, S. and O,
were derived from Equation (2). The results
for the five breeds are listed in Table 2, where
the effects are expressed as deviations from the
mean. Thus, the second Holstein calves are
(4.99 + 2.50) = 7.49 1b heavier than the first
ones and male Holstein calves are 6.92 1b
heavier than females. The effects for sex and
calving sequence were hoth significant at the
59, level for all breeds, with the exception of
sequence of calving for the Guernsey breed.
The I values listed in Table 2 are those for the
combined effeets of sex and calving sequence.
These combined effects were significant at the
0.01 level of probability for all five breeds.
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Heritability of birth weight. After adjusting
the birth weights for the combined effects of
sex and ealving sequence, the correlations be-
tween the birth weights of paternal half-sibs
and between full-sibs and the intra-sire regres-
sion of offspring’s birth weight on dam’s birth
weight were used as bases for caleulating heri-
tability of birth weight, the values of which are
listed in Table 3. Only the paternal half-sib
estimate for Guernseys and the full-sib esti-
mate for Holsteins failed to he significantly
different from zero.

To the extent that birth weight is a charac-
teristic of the calf, its heritability can be ob-
tained by multiplying the paternal half-sib
correlation by four. The groups of full-sibs
have not been accounted for because of the
small number of full-sib comparisons relative
to the number of half-sib comparisons; conse-
quently, the half-sib estimates of the heritability
of birth weight are larger than they should be
for heritability as defined in the narrow sense.

As far as the estimates of the heritability of
birth weight obtained by multiplying the full-
sib correlation by two are concerned, only the
estimate for Holsteins failed to be significantly
different from zero.

All available pairs were used in ecaleulating
the regression of birth weight of calves on the
birth weight of dams for each breed and for a
within-breed pooled estimate. Any yearly varia-
tions would be appreciably removed by work-
ing on an intra-sire hasis. The same adjust-
ment values were applied to the birth weights
of dams as to the birth weights of calves, since
all the dams were from the same herd and most
of them were involved in the study as calves.
When a dam was remated to the same sire, the
resulting calf’s birth weight was included in

OF BIRTH WEIGHT
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the calculation with a replicate of the birth
weight of the dam. This could be a cause for
the estimate of heritability of birth weight ob-
tained by doubling the regression of offspring
on dam being larger than the half-sib correla-
tion estimate.
When dealing with the paternal half-sib esti-
mates of heritability, it has been shown (9) that
4 (F-1)
We——
K+ F—-1
where F is the value obtained by dividing the
between sire mean square by the within sire
mean square and K is the appropriate coeffi-
cient of the component of variance for sires in
the mean square associated with differences
between sires. Shown in Table 4 are the values
for K and F.

(3)

1+ (K-1)r
—
where r is the intraclass correlation. Fisher (4)
1+ (KE-1) r:l
1—r
K
2 (K—1) (n,—2)

It can be shown that F =

1
has shown that Z:T)loge [

% log. F and that o, :\/

where n, represents the number of groups. In
the present case, n, represents the number of
paternal half-sib groups.

By transforming F to Z and deriving the
standard errors of Z, it can be seen that the
paternal half-sib estimates of heritability for
the different breeds are not significantly differ-
ent from each other.

The pooled within-breed paternal half-sib
estimate is considered to be the most valid of
the half-sib estimates of heritability. By mak-

TABLE 3
Heritability of birth weight in dairy breeds

4 X pat. 2 X intra-sire reg. 2 X full-sib corr.
half-sib. corr. of off. on dam § N
— No. of
No. of No.of Herita- No.of Herita- No. of parental Herita-
calves sires  bility pairs bility o' calves groups bility
Ayrshire 213 15 BT* 213 . .08 102 44 LT
Brown Swiss 163 16 41* 163 49*¥ .08 60 27 94**
Guernsey 154 14 21 154 JoEx .10 68 29 .64*
Holstein 587 ar Bar% 587 B0 .04 150 71 A2
Jersey 117 13 147> 117 T .09 52 22 119**
Pooled within-hreed
estimate 1,234 95 38%* 1,934 AT** .03 432 193 DAHE

* Significant at the .05 level of probability.

** Significant at the .01 level of probability.
* Standard errors of the regression coefficients which were doubled to obtain an estimate

of heritability.
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TABLE 4
Between and within-group components of variance, the values for K. F, Z, and oz for paternal

Paternal half-sib estimates

half-sibs and full-sibs

Full-sib ostimﬁtes

Z

s oFw F oz g F K V/ oz
Ayrshire 103 1013 235 13.3 .43 .20 46.0 90.6 2.17 89 .13
Brown Swiss  10.5 913 211 9.7 .37 19 419 473 296 b4 17
Guernsey 6.8 123.7 1.60 109 .21 .21 36,5 77.9 2.09 § B 15
Holstein 111 103.8 2.67 15,6 .49 .12 84 1309 1.13 211 .06 .11
Jersey 15.0 36.3 235 85 43 .22 33.2 216 461 235 .76 18
Pooled within
breed esti-
mates 10.3 98.0 235 129 .43 .08 30.0 87.2 1.77 2.24 29 .07
o o’w + K o’n Between-group mean square
B o’w ~ Within-group mean square
Zfil []4'(}(*1)1‘_].1'_ s .
) OBy I'=F ’ o’ + o’
K

ox= | sy

2 (K—1) (m—2)

ing a transformation of the F value of 2.35
shown in Table 4 to Z, one can place confidence
intervals on Z. The 959% confidence interval is:

[Z—1960, < Z< 7+ 1.96 0]
or
[27 < 43 < 58]

4 (F—1)

Sinee b = ————
K+ F—1

, the 959 econfidence in-
terval for 7 above can be transformed back
into terms of F, thus placing a confidence in-
terval on heritability. For the pooled within-
breed paternal half-sib estimate of heritability,
the 959, confidence interval is [.21 << .38 < .58].

The estimates based on full-sib relationships
can be treated in the same way except that

K + F—1
to Z and deriving o, it can be seen from Table
4 that the full-sib estimate for Holsteins is
significantly smaller than the estimates for the
other breeds. No other differences are sig-
nificant. The 959% confidence interval for the
pooled within-breed full-sib estimate of herita-
bility is [.27 << .51 < .74]. The difference be-
tween the pooled within-breed half-sib estimate
and the pooled full-sib estimate is significant
at the 109, level.

Shown in Table 3 are the standard errors of
the regression coefficients which were doubled
to provide the intrasire regression estimates of
heritability. By observing these standard errors,
it can be seen that the intrasire regression of
offspring on dam for Holsteins is significantly

. By making the transformation

smaller than those for the four other breeds.
No other differences were significant.

To put a confidence interval on the estimate
obtained from the pooled within-breed, intra-
sire regression of offspring on dam, and to
compare this estimate with the full-sib and
paternal half-sib estimates, a logical procedure
is to make a transformation to Z. In this ease,

1
7z = 3 [log, (147) — log. (1—7)] and o, =

Vs

between parent and offspring and N is the total
number of pairs less the number of sires.

In these data, the pooled within-breed intra-
sire regression of offspring on dam is .234, and
the corresponding correlation is .221. Because
the above regression and correlation coefficients
are so nearly equal, it appears legitimate to
use the regression coefficient as an estimate of
the correlation coefficient, make a transforma-
tion to Z, and place confidence intervals on the
estimate of heritability. The 959 confidence
intervals are [.358 < .468 < .588]. When the
standard error of the regression coefficient itself
was used in deriving a 959 confidence interval,
the following result was obtained: [.348 <
468 << .588].

With the paternal half-sib, the full-sib and
the parent offspring pooled estimates of heri-
tability all expressed in terms of Z, it is pos-
sible to make tests of significance between the
three estimates. Such tests indicated that the
difference between the paternal half-sib esti-
mate and the regression of offspring on parent

, where r is the intra-sire correlation
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estimate was significant at the 0.05 level of
probability and that between the half-sib and
full-sib estimates was significant at the 0.10
level. The difference between the full-sib and
parent offspring estimates was not significant.

Relationship between birth weight and pro-
duction. All available milk and fat yields for
the lactations immediately following the birth
of calves that had birth weight recorded were
adjusted for age of the cow at calving and
length of the lactation period. DHIA conver-
sion factors were used to adjust for age and to
reduce records made in more than 305 days to
a 305-day basis, and to extend incomplete rec-
ords to a 305-day basis. The lactations were
only considered as incomplete in case of death
or casualty and were not extended if they were
just short lactations. However, only those in-
complete lactations longer than 100 davs were
included.

The birth weights were adjusted for sex and
calving sequence according to the adjustment
values previously derived. When a cow had
several calves for which birth weight had been
recorded, each of them was included in the
study and paired with the milk and fat yields
following its birth. When the birth weight of
the cow was compared to her future production,
there were as many replicates of this birth
weight as she had calves with a birth weight
that could be paired with her production in the
subsequent laetation.

The correlations between birth weight of calf
and immediately subsequent lactation produec-
tion of dam were caleulated on a within-sire of
the calf basis, to remove environmental varia-
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whether there are factors affecting both the
birth weight of the calf and the immediately
subsequent lactation production of the dam.
Correlations between the birth weight of a calf
and her subsequent production records were
computed on a within-service-sire basis, to re-
move environmental variations. These correla-
tions could be helpful in predicting the milking
potential of any young dairy heifer. The
pooled estimates were computed on a within-
breed within-sire basis. The results listed in
Table 5 show that none of these correlations for
either milk or fat was significant at the 0.05
level of probability; thus seemingly indicating
that birth weight and production are inde-
pendent traits.

Shown in Table 6 are estimates of the genetie
correlations between birth weight and milk pro-
duction and birth weight and milk fat produe-
tion. By regrouping the data from which the
correlations in Table 5 were derived, paternal
half-sib estimates of the genetic correlations
hetween birth weight and production were de-
rived as shown by Robertson (17). The esti-
mates of 0.137 == .094 and .026 == .096 between
birth weight and milk and birth weight and fat
production, respectively, indieate that birth
weight and production are essentially inde-
pendent genetically. There is the possibility
that the genetic correlations between birth
weight and production differ among breeds.
Those for Ayrshire and Jersey were approxi-
mately —0.50, but with only 13 Ayrshire and
14 Jersey sires these correlations were not sig-
nificant. Those for Brown Swiss, Guernsey,

tions.  These correlations should indieate and Holstein were approximately equal to the
TABLE 5
Correlations between birth weight and production ®
No. of No. of .
Breed pairs sires T'wMm Twr 1w T wr
Ayrshire 172 14 +.094 +.035 —.088 —.049
Brown Swiss 123 15 —.065 +.014 —.012 —.056
Guernsey 124 13 +.104 +.078 +.137 +.087
Holstein 475 36 —.050 —.032 +.012 +.003
Jersey 93 10 +.046 +.044 +.043 +.026
Pooled estimate ® 987 88 +.006 +.007 +.015 —.007

rwa = Intra-service-sire correlation between the birth weight of the calf and the imme-
diately subsequent lactation milk production of its dam.
rwr = Intra-service-sire correlation between the birth weight of the calf and the imme-
diately subsequent lactation milk fat production of its dam.
r"wi = Intra-service-sire correlation between the birth weight of a calf and her subsequent

milk produection.

r'wr = Intra-service-sire correlation between the birth weight of a calf and her subsequent

milk fat production.

*=None of these corrclations is significantly different from zero at the .05 level of

probability.
b ==

The pooled correlations were estimated on a within-breed within-sire basis.
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TABLE 6

Genetic correlations between birth weight and milk production and birth weight

and milk fat

production

No. No. |
sires  daughters Tyl TayGy
Pooled within-breed
paternal half-sib estimate 109 987 A37 =094 .026 = .096
Pooled within-sire, within-
breed, daughter-dam estimate 88 987 .040 £ 148 047 = 145

pooled within-breed estimates and at least 20
sires were involved for each of these hreeds.

Daughter-dam estimates of the genetic corre-
lations were derived by making use of the
correlations in the last line of the middle two
columns of Table 5 and the within-breed intra-
sire correlations between dam and daughter for
birth weight (.221), milk production (.11), and
milk fat production (.10). The daughter-dam
estimates of the genetic correlations are shown
in the last line of Table 6 and are not sig-
nificantly different from zero.

DISCUSSION OF RESULTS

The pooled estimates of heritability of hirth
weight obtained by multiplying respectively by
4, 2, and 2, the paternal half-sib correlation
(A), the within-sire regression of offspring on
dam (B), and the full-sib correlation (C) were
equal to 0.380, 0.478, and 0.511, respectively.
In addition to sampling errors, the difference
between the estimates (A) and (B) of 0.088
may be attributed to a fraction of the epistatic
varianee included in (B) and not in (A) and
also to a fraction of the additive genetic vari-
ance of birth weight as a characteristic of the
dam and to so-called maternal effects. The dif-
ference between the estimates (A) and (C)
may be attributed to a fraction of the dominance
variance, and a small fraction of the epistatic
variance that is included in (C) but not in (A),
and to a fraetion of the additive variance of
birth weight as a characteristic of the dam.
The maternal effect is in addition to the dam’s
genetic contribution to the factors, but thesec
estimates of heritability by different methods
indicate that birth weight is mostly a charac-
teristic of the ecalf and that permanent ma-
ternal effects are small.

Including fractions of the epistatic variance
tends to increase the three estimates of the
heritability as far as it is considered in the
narrow sense as defined by Lush (13); more-
over, estimates (A) and (B) are also slightly
biased upwards because the full-sibs were not
removed from the data. However, the additive
genetic effects may be assumed to represent at

least 359% ot the phenotypic variance and this
magnitude of heritability is large enough to
make selection efficient. Selection for increas-
ing birth weights might have some serious dis-
advantages after a few generations. In faet, if
heavier calves make calving more difficult, the
results might be deleterious for hoth dam and
calf. This faect has been particularly noticed
in Europe, where the practice of crossing dairy
cows with heef sires is used. For example,
Charolais sires giving average-size calves at
birth are preferred, in spite of some lack in
subsequent growth rate and weaning weight.
Increasing birth weight would tend to inerease
length of gestation period too and, consequently,
the calving interval. On the other hand, selec-
tion for lighter weight at birth could tend to
weaken the breed after a few generations.

The absence of a significant correlation be-
tween the birth weight of a calf and the im-
mediately subsequent milk or fat lactation pro-
duction of its dam indicates independence of
these characteristies. Consequently, it would
be possible to select for birth weight without
influencing milk and fat production of the
dams of the calves. The results agree with the
nonsignificant correlation of +40.05 reported
by Blackmore et al. (1) obtained from 287
daughter-dam pairs with Holsteins.

Phenotypie correlations of approximately
zero were found hetween the birth weight of
calves and their subsequent production and
this agrees with the results obtained by
Munkacsi (15) ; however, Martin (14) reported
a significant but small positive correlation be-
tween birth weight and milk produection.

The genetic correlations of approximately
zero between birth weight and milk and fat
production indicate that birth weight and pro-
duction are genetically independent. Tndeed,
the results are not surprising, sinece Touchberry
(19) and Blackmore et al. (1) found that milk
and fat production seemed to be genetically
independent of weight and we have also seen
previously (3, 5, 7, 8, 11, 14, 15, 21) that birth
weight was positively correlated with weight
and growth rate.
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In concluding, it can be said that birth weight
of the calf is a heritable characteristic not sig-
nificantly correlated with the immediately sub-
sequent lactation production of the dam of the
calf nor with the calf’s own subsequent produc-

tion.

The genetic correlations of essentially

zero indicate that birth weight and production
are genetically independent.

(1)

(2)

)

—~
-3
~

(8)

(9)

(10)
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VARIATION IN CONCEPTION RATES OF GUERNSEY CATTLE'!

W. E. COLLINS, E. K. INSKEEP,* W. J. TYLER, axp L. E. CASIDA
Division of Genetics and Department of Dairy Science
University of Wisconsin, Dairy Cattle Research Branch, USDA, Madison

SUMMARY

Data from 42 Guernesy herds served by one A.l. stud, and 37 Guernsey
herds served by another were analyzed to determine heritability of conception

rate.

The data included records of 2,470 daughters of bulls in these studs,

and breedings occurred during the period of 1950 to 1959. Heritability es-
timates from intrasire correlations of paternal half-sib groups were 0.08 and
0.02 based on an average of from one to four records per daughter, while
those based on heifer records only were 0.06 and zero, respectively. Regres-
sion of daughters on dams yielded heritability estimates of 0.03 and 0.10 for

the two studs.

Early studies found little evidence for genetic
variability in conception rates of dairy eattle.
Dunbar and Ilenderson (2) estimated herita-
hility of nonreturn to first service at 180 days
of pregnancy to be near zero in production-
tested Tolstein cows. Rottensten and Touch-
berry (5) found similar results in dairy heifers
at Danish progeny-testing stations.

However, daughter-dam comparisons of the
number of services required (1 or > 1) in two
purebred Iolstein herds and one commercial
herd indicated that the condition of repeat-
breeding was slightly heritable (1).

Studies in an experimental Holstein herd (4)
indicated highly significant differences in the
conception rates of cows from different sire
lines as diagnosed by rectal palpation 35-41
days after hreeding. There were also significant
differences bhetween sire lines in the effect of
inbreeding on conception rate in hoth cows and
heifers.

A field study on IHolsteins by Inskeep et al.
(3) yielded a heritability estimate for concep-
tion rate (birth of a live calf as a result of first
service) of 0.085 on the basis of intra-sire cor-
relation of paternal half-sib groups.

More recently, Shannon and Searle (6) esti-
mated heritability of nonreturn rates for the
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male on the basis of son-sire regression to be
0.55 == 0.26.

The present study was designed to estimate
heritability of coneeption rate at first service
in the Guernsey breed.

DATA AND METHODS

Data were taken from barn breeding records
and calf’ record books of 42 Guernsey herds,
hoth grade and purebred, served by Badger
Breeders Cooperative, Shawano, Wisconsin
(Stud I) and 37 herds served by Tri-State
Breeders Cooperative, Westhy, Wisconsin (Stud
IT). These data provided information on 1,237
and 1,233 daughters of bulls in the two studs,
respectively, for years 1950 through 1959. Cows
were considered to have conceived if the first
insemination of a service period resulted in
the birth of a live calf. Fertile inseminations
were coded 15 infertile ones were coded 0. For
each daughter and her dam, records were taken
for as many of the following four service pe-
riods as were available: nulliparous, primi-
parous, and the first two recorded multiparous
service periods. From one to four records were
obtained for each daughter and zero to four
records for each dam. These records were based
on breedings to all Guernsey serviece sires in
the studs.

Analysis of variance of the differences in
fertility among paternal half-sib groups was
caleulated in order to estimate heritability of
conception rate. Two analyses were made: one
was of mean conception rates based on all
available service periods (a maximum of four)
of each daughter, and the second was of the
nulliparous records only. In both, only progeny
groups composed of a minimuum of ten daugh-
ters were included. Estimates of heritability

1234



CONCEPTION RATES

were obtained from the intra-sire correlation
of paternal half-sisters.

Analysis was made to determine whether sig-
nificant differences existed in fertility levels
among herds. Regressions of daughters’ con-
ception rate on dams’ conception rate were then
caleulated on a within herd basis, and tests
for heterogeneity of the individual herd ve-
eressions were made. Mean coneception rates
of daughters and dams were used in these
analyses. These regressions provided further
estimates of heritability.

RESULTS

The number of sires in Stud I represented
by groups of ten or more daughters totalled 34.
Included in these groups were 1,117 of the 1,237
available daughter records. The over-all mean
conception rate at first service of these daugh-
ters was 53.19% (based on the average of a
maximum of four service periods). Similarly,
Stud II provided records on ten or more daugh-
ters for each of 32 sires. These groups included
1,097 of 1,233 available daughter records with
an over-all mean conception rate of 54.29.
The half-sib groups had fertility ranges of 8
to 67% (x=5249%) and 35 to 73% (X =
54.89%) for the two studs, respectively.

Significant differences (P < 0.05) were found
among paternal half-sib groups in the Stud I
area (Table 1). The intrasire correlation pro-
vided a heritability estimate for conception rate

or
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from Stud II, however, yielded a heritability
estimate of 0.02 from statistically nonsignificant
difterences among paternal half-sib groups.

When only nulliparous records were eon-
sidered, 33 half-sib groups with a total of 981
daughters from Stud I sires and 27 half-sib
egroups with 839 daughters from Stud IL sires
were analyzed. The over-all mean fertility
levels were 52.1 and 54.5%, respectively. Group
conception rates ranged from 8.3 to 75.9% (X
=51.5%) and 40.7 to 81.89% (X=56.1%),
respectively, In Stud I records, significant
differences (P < 0.05) in coneception rates were
again found among sire groups and heritability
was estimated at 0.06 (Table 2). The Stud II
records showed no significant differences and
the estimate was approximately zero.

There were, on the average, 18.7 and 16.6
herds, respectively, per paternal half-sib group
in the parous records. Thus, it was assumed
in the foregoing analyses that any effect due
to herd would be random among the daughters
of the various sires. All available daughter
records were included in an analysis for herd
differences in coneeption rate hefore studying
the daughter-dam comparisons. The number
of records per herd ranged from nine to 67 in
Stud I and five to 105 in Stud II. The ranges
of herd mean conception rates were 30.9 to
7559 and 29.6 to 80.09%, respectively. Herd
differences were highly significant (P < 0.01)
in both studs (Table 3).

(additive genetic variance) of 0.08. Records Since significant herd differences existed, the
TABLE 1
Analysis of variance of conception rates among paternal half-sib groups based on average records
Stud I Stud IT
Mean Mean
Source d.f. square Variance d.t square Variance
Among sires 33 24207 .0029 31 .1837* .0009
Within sires 1,083 1479 1479 1,065 1537 1537
*P < 0.05.
*0.20 < P < 0.25.
TABLE 2

Analysis of variance of conception rates among paternal half-sib groups based on
nulliparous records

Stud I Stud IT
Mean Mean
Source a1, square Variance a1 square Variance
Among sires 32 .3656% .0041 26 .2500" .0001
Within sires 948 .2459 2459 812 2482 2482
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TABLE 3
Analysis of variance of conception rates among herds
Stud T Stud IT

Mean Mean

Source d.f. square d.t. square
Among herds 41 .2814%** 36 .3235%*

Within herds 1,195 1450 1,196 1497

** P < 0,01

regression of daughters' conception rate on
dams’ conception rate was caleulated on a
within herd basis. A total of 1,060 daughter-
dam pairs from Stud I and 1,047 pairs from
Stud IT were available for analysis. The intra-
herd regressions were 0.01 and 0.05 for Studs
I and 1I, respectively, and individual herd re-
gressions were not heterogeneous. These non-
significant regressions yielded heritahility esti-
mates of 0.03 and 0.10 which are of the same
general magnitude as those obtained in other
studies. Tt should be noted that regressions of
this magnitude could not be statistically sig-
nificant with the number of records available
for this study.

The heritability estimates obtained in this
study are somewhat higher than they would
have been, had the mean coneception rates been
adjusted to a single observation basis. How-
ever, adjustment did not seem warranted. sinee
the estimates were low.

(6)
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MOTILITY AND FERTILITY OF BULL SEMEN EXTENDED AT HIGH

RATES IN YOLK EXTENDER CONTAINING CATALASE

R. H. FOOTE
Department of Animal Husbandry, Cornell University, Ithaca, New York
AND
H. 0. DUNN
New York Artificial Breeders’ Cooperative, Ine¢., Tthaca, N. Y.

SUMMARY

Sperm survival in 209 yolk extender (CUE and CU-16) during a 12-day
storage period was improved by ecatalase. The improvement was greater for
semen extended to five million motile sperm per milliliter than for semen ex-
tended to ten million (P < .01), thus reducing the dilution effect on motility.
However, fertility tests of semen used for insemination within a few days of
collection showed no beneficial effect of catalase on fertility. In two trials the
control CUE extender averaged 71.0 and 76.99 60- to 90-day nonreturns com-
pared with 71.5 and 74.6% nonreturns for CUE containing 20 ug of catalase
per milliliter. When bull semen was extended to five million motile sperm vs.
ten million motile sperm per milliliter of CUE extender, no difference in fertility
was observed (P > .05). In two trials totaling 64,930 inseminations, the 60- to
90-day percentage of nonreturns for 5 X 10° motile sperm were 74.6 and 75.2,
and for the control 10 X 10° motile sperm were 76.1 and 76.1. These results
clearly indicate that the usefulness of genetically superior sires can be inereased

by reduecing the number of sperm per insemination.

Numerous reports (2-5, 11, 12, 14-17, 20-22)
have indicated that fertility of bull semen de-
clines with increasing extension rates, particu-
larly when the number of sperm inseminated
appears to become critical. Bratton et al. (3)
found that the 60- to 90-day nonreturns de-
clined 4.29, when sperm numbers were reduced
from ten million to five million motile sperm
per milliliter. Willett (21) reported that the
decline in fertility was aceelerated when fewer
than six million total sperm per milliliter were
used, but also observed a decline when the num-
ber of sperm used was less than 12 million per
milliliter. Reecently, New Zealand workers (13)
have reported only one percentage unit differ-
ence in fertility between 12.5 and 6.25 million
sperm per insemination when the extension
rate was Kkept constant and sperm numbers
varied by using 1 ml vs. 0.5 ml of extended
senen per insemination.

Catalase is known to prolong sperm survival
(7,19). Andersen and Rottensten (1) ohserved
that the beneficial effect of catalase in yolk-
citrate and CUE extenders was more pro-
nouneed at high extension rates. This effect
also was noted in a preliminary report by
Foote (6).

Received for publication May 28, 1962,

The obhjectives of the experiments reported
here were to establish the relationship between
catalase and fertility of semen when different
numbers of sperm were inseminated, and to
niore reliably establish the relationship between
sperm numbers and fertility.

EXPERIMENTAL PROCEDURE

Semen for laboratory studies and for the
field trials was obtained from bulls in the regu-
lar stud owned by the New York Artificial
Breeders” Cooperative, Ine. The percentage of
motile sperm, and sperm concentration per
milliliter of freshly collected semen were used
to calculate the extension rate needed to give
the desired concentration of sperm per milli-
liter of extended semen. Semen was added to
either CUK or CU-16 extender and processed
as deseribed previously by Foote et al. (8).
The catalase preparation used has heen de-
seribed in a previous report (7).

Fxtended semen for sperm survival studies
was stored at 5 C in 2.5-ml plastic tubes. Pe-
riodically, these tubes were mixed, subsampled,
and the percentage of motile sperm determined
microscopically at 430 X in a stage incubator
set at 37 C. The pll’s of the extenders were
determined with a Beckman Model G pH meter.
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Field Trial 1. This trial consisted of a simple
comparison of CUE versus CUE containing
catalase added at the rate of 20 upg/ml of ex-
tender. Semen from 40 bulls, representing five
dairy breeds plus Angus, was used during two
2-wk periods in August and September, 1959.
All semen was extended to ten million motile
sperm per milliliter of extender at the time of
collection. Semen was not shipped into the
field on the day of collection, excepting on
Sundays. Therefore, most of the inseminations
were performed with semen stored one to six
days following collection.

During each 2-wk period semen from all
bulls was extended with each extender. Within
each week the order of treatment was ran-
domized to prevent any possible bias due to
time trends. All technicians had equal oppor-
tunities to use each treatment, but none knew
the identification of each treatment.

Field Trial 2. This trial, conducted in Janu-
ary and February, 1960, consisted of CUE ex-
tender with and without 20 ug/ml of added
catalase, and five million versus ten million
motile sperm per milliliter of extended semen.
The four treatments were arranged factorially
in a 2X 2 design. Ejaculates of semen were
split to compare the sperm numbers’ treatments,
and during a 2-wk period semen from each
bull was extended with bhoth of the extenders.
Within each week the order of treatment was
randomized to prevent any possible bias due to
time trends. The whole experiment was repli-
cated during a second 2-wk period with 12
Holstein bulls.

Field Trial 3. A comparison of five million
vs. ten million motile sperm per milliliter of
extended semen was made in this trial, repli-
cated over a period of 6 wk in May, June, and

July, 1961. A total of 23 Holstein and Angus
bulls completed the experiment. Again, the
treatments were randomized to days within
weeks to prevent any bias due to time trends.

Statistical analyses of all results were carried
out as outlined by Henderson (10) and Steel
Torrie (18). Bulls were considered to
represent a random sample of bulls, but all
experimental treatments, age of semen, and
other sources of variability were considered to
be fixed effeets.

and

RESULTS

The results of the first field trial are shown
in Table 1. The small over-all difference of 0.5
percentage units did not approach statistical
significance (P > .1). The extender with added
catalase seemed to give better fertility results
with older semen than the control, but the
interaction of age of semen X extender was
not statistically significant (P > 1).

Tt was observed that some of the semen sam-
ples with high extension rates showed excellent
motility in the catalase-containing extender.
The results of an experiment designed to com-
pare survival of sperm extended to five and
ten million motile sperm per milliliter with dif-
ferent extenders econtaining catalase is shown
in Table 2. The effects of catalase, sperm numn-
bers, and the interaction of catalase X sperm
numbers were highly significant statistically
(P < .01). The interaction is particularly im-
portant because it appears that catalase can
partly eliminate the so-called dilution effect on
sperm motility observed by all workers in this
field. The lower motility recorded for the lower
concentration of sperm may, in part, be due
to a bias in the method of estimation, since this
effect was observed from the outset of the
storage period.

TABLE 1
Fertility of semen extended with CUE and CUE plus catalase

Fertility based on 60- to 90-day nonreturns

CUE CUE + catalase *
Age of No. of No. of
semen first Y% non- first % non-
in days services returns services returns Difference
1 1,162 73.4 1,221 72.5 — 0.9
2 3,630 71.9 4,022 71.4 — 0.5
3 1,891 69.1 2,078 71.3 + 2.2
4-6 230 60.4 294 70.4 +10.0
Total or mean 6,913 71.0 7,615 71.5 + 0.5

® Assays for catalase indieated that about 959% of the initial activity was maintained until
the end of the storage period in the extender containing added catalase. The amount naturally
present in egg yolk was negligible by comparison.
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TABLE 2

Effect of catalase and extension rate on survival of sperm during storage at 5C
(Average of 20 ejaculates)

CUE CU-16
No catalase  Catalase, 20 ug/ml No catalase Catalase, 20 ug/ml
Days stored 5X10% 10 X 10° 5§X10° 10X 10° 5X10° 10X 10° 5% 10° 10 X 10°
at b C sperm sperm sperm sperm sperm sperm sperm sperm
(% motile sperm)

i 61 64 61 64 58 62 BT 62
4 52 57 54 56 58 62 59 61
8 36 50 42 52 42 54 52 57
12 21 42 38 48 21 45 43 56
Mean 42 53 49 55 45 56 53 59
pH at 12 days 7.0 7.0 7.0 7.0 6.8 6.8 6.8 6.8

TABLE 3

Fertility of semen extended to five million and ten million motile sperm per milliliter of CUE
and CUE plus catalase

Fertility based on 60- to 90-day nonreturns

Five million sperm/ml

Ten million sperm/ml

No. of No. of
first Y% non- first % nou- Over-all
Extender services returns services returns mean
CUE 5,133 75.4 5,176 76.9 76.1
CUE + catalase 5,480 73.9 5,471 75.4 74.6
Total or mean 10,613 74.6 10,647 76.1 75.4

The good survival of sperm observed at high
axtension rates when catalase was present sug-
yested that this combination should be fertility-
tested. The results of a second field trial are
shown in Table 3. The differences between ex-
tenders and between sperm concentration (num-

ber of sperm inseminated) were not significant
statistically (P > .05). However, there was
nothing to indicate any beneficial effects of
catalase, and this finding was consistent with
the over-all result obtained in the first field
trial.

TABLE 4

Fertility of semen extended to five million and ten million motile sperm per ml of CUE

Fertility based on 60- to 90-day nonreturns

Five million sperm/ml

Ten million sperm/ml

Age " of No. of No. of

semen first Yo non- first % non-

Breed in days services returns services returns
Holstein | 16,198 75.3 13,046 76.7
2 6,557 74.0 4,034 73.6
Angus 1 1,120 78.8 1,046 78.4
2 862 76.7 807 76.8
Both breeds 1 17,318 75.6 14,092 76.8
2 7,419 74.3 4,841 74.1
Total or mean 24,737 75.2 18,933 76.1

* Semen used the day of collection (Day 0) was not tabulated because it was not possible
to distinguish this from three- or four-day-old semen from bulls collected twice weekly.
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A third field trial designed to obtain enough
inseminations to deteot differences in nonreturns
of 1% at P, =.05 and P, = .20 (18) was
undertaken. The results of this trial are shown
in Table 4. The per cent nonreturns for each
ejaculate were used for the analysis of vari-
ance, since the 138 ejaculates in the experiment
averaged over 300 inseminations per ejaculate.
The average nonreturn percentages on this
hasis was 76.0 for each treatment, indicating
no difference between treatments. Fertility re-
sults obtained with nine other bulls (excluded
from the analysis hecause they did not com-
plete all 6 wk) also were equal for each treat-
ment. In this trial, more inseminations were
obtained with the lower sperm concentration,
because it was possible to meet field needs each
day with this treatment, but it was not always
possible with the other treatment. On the av-
erage, the number of motile sperm per ejacu-
late was sufficient to breed more than 2,000
cows, using 5 X 10" motile sperm per milliliter
of extender and per insemination.

DISCUSSION

The consistent beneficial effects of catalase
on survival of sperm over a 12-day period at
5C in yolk extenders previously observed was
confirmed. The effect of eatalase was particu-
larly pronounced when high extension rates
were used. This finding is in agreement with
a report by Andersen and Rottensten (1), and
a preliminary report from this laboratory (6).
This beneficial effect on motility was usually
not ohservable until after four or more days of
storage. The lack of any heneficial effect of
catalase on fertility of bull semen may be be-
cause most of the semen is used for hreeding
before it has been kept in vitro for four days.
The nonreturn rates for catalase-treated semen
tended to be higher with older semen, but this
effect was not significant (P > .1). The lack
of response is in agreement with earlier work
by VanDemark et al. (19) and a recent report
by Hafs (9).

The fertility results with 5 X 10° motile sperm
per milliliter of CUE extender were essentially
equal to those obtained with 10 X 10° motile
sperm per milliliter. This is in contrast to
earlier work with yolk-citrate (3), which indi-
cated that a decline of several percentage units
in fertility was to be expected when motile
sperm numbers were reduced to 5 X 10° per
milliliter or per insemination.

Extension rates resulting in 5 X 10° and
10 X 10° values were based on the initial per-
centage of motile sperm in the sample. The

R. H. FOOTE AND H. 0. DUNN

actual number of motile sperm inseminated
probably was less than this, because some of
the sperm die during handling and storage,
some of the inseminators do not fill the catheter
with 1 ml of extender, and not all of the ex-
tended semen is expelled at the time of in-
semination. Studies were made of these vari-
ables. From these studies it was estimated that
during the first four days after semen was
collected an average of about 7.6, 6.9, 6.4, and
5.8 million motile sperm were deposited in
the cow, when the initial extension was to ten
million motile sperm per milliliter.

The results of these experiments indicate that
bull semen extended to five million motile sperm
per milliliter of CUE and stored at 5C, will
give essentially as high fertility results as will
the inclusion of twice as many motile sperm.
This method can be used to increase substan-
tially the number of breedings to outstanding
sires, and it is currently being applied success-
fully to some of the AB-proven Holstein sires
in New York State.
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MOTILITY AND FERTILITY DURING POST-THAWING STORAGE OF

BOVINE SPERMATOZOA FROZEN CONCENTRATED,
THAWED, AND RE-EXTENDED !

C. DESJARDINS axp H. D. HAFS

Department of Dairy, Michigan State University, East Lansing

SUMMARY

Twenty ejaculates of semen from 17 dairy bulls were extended to contain
200 X 10° and 20 X 10° sperm per milliliter in yolk citrate and whole milk
extenders and frozen with 79 glycerol. The semen frozen with 200 X 10°
sperm per milliliter was re-extended, after thawing, to 20 X 10° sperm per
milliliter in yolk citrate, whole milk, skimmilk, and CUE, and the motility
of these semen samples was estimated during 72 hr of storage at 5 C.

Freezing semen with 200 X 10° sperm per milliliter resulted in signifi-
cantly improved motilities (P<.01), particularly as the storage interval in-
creased (P<.01). The four re-extension extenders differed in their ability
to maintain motility (P<.01), particularly as the storage interval increased
(P<.01). Tn general, sperm survived post-thawing storage much better when
re-extended in extenders other than those in which the sperm were frozen.

The average 60- to 90-day nonreturn percentages for semen frozen with
200 X 10° sperm per milliliter and re-extended after thawing to 15 X 10° motile
sperm per milliliter in yolk-citrate and CUE was 51.8 and 63.09%, respectively,
as measured with a total of 2,062 inseminations made between 24 and 60 hr
after thawing. The 63.09 for CUE did not significantly differ from the average
of 66.59 for control frozen semen thawed immediately before 675 cows were
inseminated (P > .05), but both of these values were significantly higher than

the 51.89 for the semen re-extended in volk citrate (P < .05).

The present use of frozen semen depends
upon storage at —79 C or lower until it is used
to breed cows immediately after thawing (3, 7).
The maintenance of these very low temperatures
for storing frozen semen and transporting it
to the cow appreciably inecrcases the cost of a
frozen semen program. As an alternative, it
would be desirable, at least in certain cireum-
stances, to maintain satisfactory fertility of
thawed semen during storage at 5 C for periods
as long as two or three days.

Bratton et al. (2) suggested the possibility
of freezing bhovine semen concentrated and
re-extending it after thawing. These workers
obtained uniformly lower motility and fertility
with frozen semen frozen concentrated and
thawed from —79C and stored at 5 C, than
with semen from the same ejaculate used un-
frozen or immediately after thawing from
—79 C. Recently, Sevine (10) obtained a de-

Received for publication June 11, 1962.

*Journal Article 2993 from the Michigan Agri-
cultural Experiment Station.

cided improvement in the maintenance of mo-
tility during post-thawing storage at 5 C with
sperm frozen concentrated and re-extended after
thawing in extenders other than that in which
the sperm were frozen.

This investigation was initiated to compare
the effects of post-thawing storage on the mo-
tility and fertility of sperm frozen concentrated,
thawed, and re-extended in extenders other than
those in which the sperm were frozen.

EXPERIMENTAL PROCEDURES

Laboratory equipment. Twenty semen sam-
ples were collected from 17 bulls and were ex-
tended to 400 X 10° sperm per milliliter at
38 C' in a nonglycerol 209 yolk-citrate (YC)
extender deseribed by Foote and Dunn (4),
and in a nonglycerol whole milk (WM) ex-
tender described by Almquist et al. (1). After
this partially extended semen was slowly cooled
to 5C over 90 min, 1 ml of each of the two
samples of partially extended semen from each
ejaculate was further diluted to 40 X 10° sperm
per milliliter in its respective diluter. Six hours
after collection, the samples were glycerolated
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to obtain a final concentration of 79 glyecerol
by the method of Foote and Dunn (4). One-
milliliter aliquots of the glyeerolated semen
were dispensed into glass ampules and the
ampules were hermetically sealed. Eighteen
hours after glycerolation, the ampuled semen
was frozen at the rate of 0.8 C per minute from
5 to —15C, and about 5 C per minute from
—15 to —79 C, by adding Dry Tce to an alcohol
freezing bath. The ampules of frozen semen
were stored at —79 C for 24 to 48 hr, then
thawed in a 5 C water bath with constant agi-
tation to prevent the formation of an ice eap-
sule around the ampule.

Immediately after thawing, the contents of
three replicate ampules of semen frozen with
20 X 10° sperm per milliliter were placed in
each of two 5-ml test tubes. Semen frozen with
200 X 10° sperm per milliliter was re-extended
1:9 in YC, WM, skimmilk (SM), deseribed by
Almquist et al. (1), and Cornell University
Extender (CUE) described by Foote et al. (5).
Duplicate test tubes were prepared for each
re-extension extender, so that each tube con-
tained 3 ml of extended semen with 20 X 10°
sperm per milliliter. Duplicate motility esti-
mations were made from each tube after 0, 24,
48, and 72 hr of storage at 5 C, by a person
unaware of the identity of the sample being
examined.

The analysis of variance of the motility data
considered the following sources of variation:
concentration of sperm at freezing, freezing
extender, re-extension extender, storage time,
bull, duplicate tube, duplicate motility, and 19
appropriate interactions among these seven
main effects. The concentration of sperm at
freezing, freezing extender, re-extension ex-
tender, and storage time were considered to be
fixed and factorial. Bulls were considered to
be random and factorial and tubes to be random
and nested within concentration of sperm at
freezing, freezing extender, re-extension ex-
tender, and bulls. Motilities were considered
to be random and completely nested.

Fertility experiment. Two ejaculates of se-
men from each of eight Holstein bulls in rou-
tine service at Michigan Artificial Breeders
Cooperative were frozen in glyeerolated YC
with 200 X 10° sperm per milliliter. After 2
to 3 wk of storage at —196 C, these ejaculates
were thawed and one was re-extended to 15 X
10° motile sperm per milliliter in YC, whereas
the other was similarly re-extended in CUE.
In other words, these two ejaculates from each
of the eight bulls were treated comparably until
they were re-extended after thawing. Both
were shipped to nearly all of the breeding tech-
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nicians as unfrozen semen. To be certain that
any fertility difference between these two treat-
ments was not solely due to the two re-extension
extenders, a third and fourth ejaculate were
extended to 15 X 10° motile sperm per milliliter
in CUE and YC, respectively, and these were
shipped to nearly all of the breeding technicians
without freezing. The order of application of
these four treatments to the four ejaculates
from each bull was at random.

Each of the four ejaculates from each of the
eight bulls was initially extended to 25 ml with
YC at 38C and allowed to cool to 5C over
about 90 min. The two ejaculates that were
frozen were glycerolated and equilibrated simi-
larly to those in the laboratory experiment.
One and one-tenth-milliliter quantities of the
extended semen were dispensed into 1.2-ml
glass ampules and the ampules were hermet-
ically sealed. The ampuled semen was frozen
on ampule racks in an automatic liquid nitro-
gen freezer.” The rate of temperature change
during freezing and thawing was similar to
that in the laboratory experiment. The opera-
tional routine of the Cooperative dictated that
inseminations be performed between 24 and
60 hr after the unfrozen semen was extended
or after the concentrated frozen semen was
re-extended.

Analysis of variance of the nonreturn data
considered the following sources of variation:
extender, freezing, age of semen, bull, and 11
appropriate interactions among these four main
effects. The sources of variation due to ex-
tender, freezing, and age of semen were con-
sidered to be fixed and factorial. Bulls were
considered to be random and factorial.

A fifth ejaculate from each of the eight bulls,
which served as a control, was extended in YC,
glycerolated to 79 glycerol, and frozen with
225 x 10° motile sperm per milliliter. This
concentration of sperm was chosen, anticipating
a 409% loss of motile sperm during freezing so
as to obtain an average of at least 12 X 10°
motile sperm per milliliter after thawing. This
control semen was stored at —196 C for at
least 2 wk, then shipped to the breeding tech-
nicians who maintained the —196 C tempera-
ture until the semen was thawed in 5 C water
immediately before a cow was to be inseminated.
Six breeding technicians performed all of these
control inseminations over a 3-months’ period.

Although, ideally, it would have been pref-
erable to have measured fertility of this con-
trol frozen semen during post-thawing storage,

?Model No. 3005, available from Frozen Semen
Produets, Inc., R. D. 1, Breinigsville, Pennsylvania.
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TABLE 1

Average per cent of motile sperm during post-thawing storage at 5C

Millions Re-ex-
of sperm per  tension Hours stored after thawing
Freezing milliliter ex- — _—
extender at freezing tender 0 24 48 72 Avg
YC 200 YC 37 27 26 20 28
200 CUE 44 45 43 41 43
200 WM 40 33 33 29 34
200 SM 43 43 42 39 42
Avg 41 37 36 32 37
20 None 32 18 16 14 20
WM 200 YC 27 22 19 18 29
200 CUE 38 34 34 34 35
200 WM 28 28 28 % 27
200 SM 33 31 30 27 30
Avg 32 29 28 26 29
20 None 33 23 22 19 24
Avg 200 YC 32 25 23 19 25
200 CUE 41 40 39 38 39
200 WM 34 30 31 26 30
200 SM 38 37 36 33 36
Avg 36 33 32 29 33
20 None 33 21 19 17 29

as was done for the other four treatments, this
could not be justified, because of the extremely
low fertility to be expected from such a treat-
ment (7). Because of this limitation, the aver-
age fertility of this control treatment was com-
pared with the over-all means for the four other
treatments in a Dunecan’s Multiple Range Test.

RESULTS

LT N e - i T

Laboratory erperiment. The average motil-
ities of the sperm in each of the ten extender
treatments during 72 hr of post-thawing storage
at 5 C are shown in Table 1, and the results of
the analysis of variance of these data are pre-
sented in Table 2.

Freezing semen with 200 X 10% sperm per
milliliter resulted in an average ot 33¢; motility,
a considerable improvement upon the average
of 229, for the semen frozen with 20 X 10°
sperm per milliliter (P < .01). It is apparent
that, although freezing semen with 200 x 10"
sperm per milliliter of WM resulted in a con-
siderable improvement, the comparable improve-
ment for the YC extender was much more pro-
nounced (P < .01), and this statement holds
for each storage time, since the CFS interac-
tion was not significant (P > .50). The CUE
and SM re-extension extenders resulted in av-
erages of 39 and 369%, respectively, markedly
higher than the 30 and 259, for WM and YC,
respectively (P < .01).

TABLE 2

Summary of the important sources of variation in the analysis of variance of the motility of

sperm during post-thawing storage

Source of
variation

Degrees
of freedom

Concentration (C)
Freezing extender (F)
Re-extension extender (R)
Storage time (S)
Interaction (CF)
(CS)
(FR)
(FS)
(RS)
(CF8)
(FRS)

WO LW WWH WL

o

Bulls (B)

=}

Mean F Probability
square ratio (Py)

538.0 25.87 P <.01
268.0 17.70 P <.01
266.0 24.86 P < 01
120.0 23.08 P < .01
2 32.27 P <.01
13.12 P <.01
1.23 Pie= .32
220 P= .03
s 6.36 P <.01
L3 0.50 P> .50
3.7 > = 47
71.8 R« 01




POST-THAWING

The YC freezing extender resulted in an
sverage of 339 motility, significantly higher
than the 279, tor WM (P < .01), but the sperm
trozen in WM declined eight percentage units
during storage, significantly less than the 12
percentage units for YC (P =.03). As ex-
pected, post-thawing motilities declined appre-
ciably during storage (P < .01). However, an
unexpected interaction between concentration
of sperm at freezing and storage times resulted.
This interaction is illustrated by the fact that
semen frozen with 200 X 10° sperm per milli-
liter declined only seven percentage units during
post-thawing storage, much less than the de-
cline of 16 pereentage units for semen frozen
with 20 X 10* sperm per milliliter (P < .01).

The re-extension extenders significantly af-
fected post-thawing longevity (P < .01), with
CUE, SM, WM, and YC resulting in average
motility declines of three, five, eight, and 13
percentage units, respectively. This fact ap-
pears of prime importance in a consideration
of improvements in post-thawing survival of
sperm.  Whether sperm were frozen in YC or
in WM seemed to have little or no effect upon
the manner in which the re-extension extenders
affected motilities (P = .32), and this was true
for each storage time (P = 47). Most of the
interactions between bulls and treatments were
significant, hut since these sources of variation
are of secondary importance in the interpreta-
tion of the above results, they are omitted from
Table 2.

Field experiment. The total number of cows
bred with sperm frozen concentrated, thawed,
and re-extended in either CUE or YC, and the

STORAGE OF SPERMATOZOA
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total number of cows bred with unfrozen semen
in the same two extenders, along with their
average 30- to 60-day and 60- to 90-day non-
return percentages, are presented in Table 3.
In this table, the first and second days of stor-
age refer to cows bhred with semen 24 to 36
hr and 48 to 60 hr, respectively, after the
semen was collected or re-extended.

(‘ows bred with sperm extended in CUK had
an average 60- to 90-day nonreturn rate of
69.9%, considerably higher than the 63.19% for
cows hred with sperm in YC (P=.17). As
expected, the fertility declined measurably dur-
ing storage (P < .01). Although, on the aver-
age, the two extenders maintained fertility
cqually well during storage (P > .50), the 60-
to 90-day mnonreturn rate for semen frozen
with 200 X 10° sperm per milliliter, thawed, and
re-extended in CUE did not appreciably de-
cline from the first to the second day of storage,

whereas the comparable decline for YC was
10.7 percentage units (P = .12). The 60- to

90-day fertility of unfrozen sperm declined an
average of 2.8 percentage units, considerably
less than the 5.8 percentage unit decline for
frozen sperm (P =.17). However, this inter-
action effect was largely restricted to the YC
extender (P = .12).

The control semen frozen at 22.5 X 10" mo-
tile sperm per milliliter, and used to breed 675
cows immediately after thawing, resulted in a
66.5% 60- to 90-day nonreturn rate. The
Duncan’s Multiple Range Test showed no sig-
nificant difference hetween this 66.59, average
for the control frozen semen and the 63.09,

over-all average for the concentrated frozen

TABLE 3

The average * nonreturn percentages for unfrozen semen and for sperm frozen concentrated,

CUE

thawed, and re-extended

YO
B . % nonreturn Y% nonreturn
Day ot No. of No. of ——
storage  services 30-60 d.  60-90 d. services 30-60 d.  60-90 d.
Unfrozen 1 1,073 §3.0 78.7 905 81.7 75.4
2 1,058 80.4 74.9 827 79.4 73.4
Total 2,131 1,732
Avg 81.7 76.8 80.5 74.4
Frozen 1 498 68.5 63.5 498 66.2 57.2
2 550 69.7 62.6 516 54.7 46.5
Total 1,048 1,014
Avg 69.1 63.0 60.4 51.8
Totals 1 1,571 75.8 71.1 1,403 74.0 66.3
oravg 2 1,608 75.0 68.8 1,343 67.0 60.0
Total 3,179 2,746
Avg 75.4 69.9 70.4 63.1

* Unweighted averages.
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semen re-extended in CUE and used to breed
cows up to 60 hr after thawing (P > .05).
However, the 66.59, average for control fro-
zen semen was significantly better than the
over-all average of 51.89 for the concentrated
frozen semen re-extended in YC and used to
breed cows up to 60 hr after thawing (P <.05).

TABLE 4

Average decline from 30- to 60-day to 60- to 90-day
nonreturn percentages for unfrozen sperm
and sperm frozen concentrated

Extender
Day of ——
storage CUE YC
Unfrozen 1 4.3 6.3
2 5.5 6.0
Avg 4.9 6.2
Frozen concentrated 1 5.0 9.0
2 7l 8.2
Avg 6.1 8.6

Average values for embryonie mortality, as
measured by decline in fertility from 30- to
60-day to 60- to 90-day nonreturn rates (9),
are tabulated in Table 4 for unfrozen semen
and for semen frozen concentrated, thawed, and
re-extended in YC and CUE, respectively. The
average decline for frozen semen was 7.4 per-
centage units, somewhat higher than the aver-
age of 5.5 percentage units for unfrozen semen,
suggesting the possibility that freezing sperm
inereases the embryonic mortality rate over and
above that normally expected with unfrozen
semen (P =.20).

DISCUSSION

Results of the experiments described above
indicate that the semen frozen with 200 X 10°
sperm per milliliter survived post-thawing stor-
age much better when re-extended after thaw-
ing in extenders other than those in which the
sperm were frozen. Although most commercial
artificial insemination centers use a YC freez-
ing extender (3), it is apparently inferior in
terms of preserving motility and fertility dur-
ing post-thawing storage at 5C. CUE, on the
other hand, is inferior from the standpoint of
preserving sperm during the freezing process
(Kirton and Hafs, unpublished data), whereas
it is superior when used to extend unfrozen se-
men (5, 6). The combination of freezing sperm
concentrated in YC, an extender which provides
protection during the freezing process, and
subsequently re-extending them in CUE, an
extender which promotes survival during post-
thawing storage, appears to prevent the ex-

C. DESJARDINS AND H. D. HAFS

pected drop in fertility (2, 7) normally ob-
served during post-thawing storage of frozen
semen.

Due to the small number of observations on
sperm motility during storage for the fertility
experiment, tests of significance were not per-
formed for these data. Nevertheless, motility
estimates were made for each extended semen
sample used in the fertility experiment at stor-
age intervals similar to those in the laboratory
experiment. There were three comparable treat-
nients in the two experiments. In the field ex-
periment, the control frozen semen averaged
219, motility and the concentrated frozen semen
re-extended in YC and CUE averaged 29 and
409, motility, respectively. The comparable
values from the laboratory experiment were 20,
28, and 439, respectively. Such repeatability
permits additional confidence in the results of
these experiments.

A report by Kinney and VanDemark (8) in-
dicates that a greater percentage of spermato-
zoa survives freezing in the second than in
the first ejaculate when they are collected a few
minutes apart. Sinee the sperm concentration
of second ejaculates is usually less than that of
first ejaculates, the concentration of plasma
constituents during freezing would he greater
in second ejaculates. Semen frozen with 200
X 10° sperm per milliliter also has an elevated
concentration of seminal plasma and, as shown
in the experiments reported above, the motility
of sperm treated in this manner is considerably
higher than when the semen is frozen with 20
X 10% sperm per milliliter. These facts indi-
cate that some factor(s) in seminal plasma may
play an important role in protecting sperm dur-
ing freezing.
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STUDY OF SUCCESSIVE EXPERIMENTAIL LACTATIONS IN
DAIRY COWS!

RALPH WILLIAMS® axp C. W. TURNER

Department of Dairy Husbandry, University of Missouri, Columbia

SUMMARY

Regrowth of the mammary gland with daily injections of 200 mg progesterone
and 200 ug estradiol henzoate for periods of 120 or 180 days followed by injec-
tions of 0.3 mg of estradiol henzoate per 100 lb body weight for 14 days to
initiate lactation was attempted in 19 lactating cows.

In no case did the milk yield following the second attempt approach the level
of the first experimental lactation. The mean maximum average daily milk
vield of the 19 cows following the second treatment was only 22.7¢ of that
obtained after the first hormone treatment.

The 14-day estrogen injection at the end of the 120- or 180-day estrogen-
progesterone treatment stimulated a slight increase in milk yield in six of the
11 lactating cows ranging from 0.4 to 4.2 1h per day, whereas six of the eight
cows that were dry the last 30 to 60 days produced from 0.3 to 8.5 1bh per day,
with a mean maximum daily milk yield of 3.2 Ib per day for the group.

Daily injections of decreasing amounts of progesterone (150 to 50 mg) and
increasing estradiol henzoate (1 to 3 mg) were administered to 11 dry and seven
lactating cows for 63 days, which had failed to show increased production after
the 120-day constant level P-EB treatment. Following the 14-day estrogen
treatment to initiate milk seeretion this group reached a mean maximum average
daily milk yield of 17.8 Ih per day, which was 79.59% of the mean maximum daily
production of these animals in the first experimental lactation. The 11 cows
which were dry during treatment were stimulated to produce a maximum average
of 16.3 1b per day, ranging from 8.6 to 31.4 lb following the hormone admin-
istration. The lactating animals reached a maximum daily milk vield of 20.3,
which represented an average increase of 15.9 b, with a range of 0.0 to 29.4 1h

per day.

The previous data presented on experimental
growth of the mammary gland in cattle from
the Missouri Station has been concerned pri-
marily with nulliparous heifers (6, 8). In gen-
eral, successive hormonal induced lactations
have not heen as successtul as the first attempt
to grow the udder experimentally. Hill (3)
and Dzuik et al. (1) report their second attempt
on a limited number of animals as unsuccessful.

In a previous study one lactating and three
multiparous dry cows were injected daily with
100 mg progesterone and 100 ug estradiol for
six months, followed by 6 mg of estradiol hen-
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zoate per day for ten days to initiate milk seere-
tion. Only the lactating cow failed to respond
to the hormone treatment, whereas the others
produced a maximum daily milk yield of 19 to
29 1b per day (7).

Turner (6) reported on four cows in which
lactation was induced after one or more pre-
vious lactations. Two failed to secrete appre-
ciable amounts of milk, one produced ahout the
same amount of milk at maximum as she did
during her first experimental lactation, bhut
nmuch less than she had produced following a
normal pregnancy, whereas the fourth animal
produced about one-half as much as her pre-
vious normal lactation following parturition.

To provide further data concerning growth
of the udder experimentally during lactation
and the need of a dry period to grow the mam-
mary gland for the next lactation, part of the
animals were continued in milk throughout the
hormone treatment while the remaining animals
were turned dry the last 30 to 60 days of the
treatment period.
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MATERIALS AND METHODS

A total of 19 animals were included in this
study. Fourteen heifers which were induced
to lactate experimentally were in their 180th to
188th day of lactation, when daily injections of
200 mg of progesterone and 200 ug of estradiol
henzoate were initiated. After 120 days’ treat-
nment, 0.3 mg estradiol benzoate per 100 1b
bhody weight was injected daily for 14 days in
an attempt to initiate an increase in milk yield.
Seven of these animals were turned dry the
last 30 days of injection period. The remaining
heifers were milked throughout the experiment
without a dry period.

A Guernsey cow, no. 38, was administered
progesterone and estrogen for 365 days start-
ing with Day 78 of the induced lactation and
was dry the last 60 days of the treatment period.

Two Guernseys, no. 41 (induced to lactate
experimentally), and no. 440 (a cow which,
after normal parturition, had continued to lac-
tate over 8 yr), and two Jersevs, no. 348 (fol-
lowing a normal pregnaney) and no. 89 (lac-
tating following abortion of a mummified fetus
at approximately 200 days) were treated with
200 mg progesterone and 200 ug of estradiol
benzoate for 180 days. Daily injections of 0.3
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mg of estradiol benzoate per 100 1b body weight
were then administered for 14 days in an at-
tempt to increase milk vield. :

RESULTS

The injection of levels of progesterone and
estradiol benzoate (200 mg P. and 200 pg E.B.)
followed by 0.3 mg E.B. per 100 1b hody weight
for 14 days, which were uniformly successful
in heifers and dry cows in the first attempt,
failed to stimulate a second experimental lac-
tation in all cows lactating during the treat-
ment. Animals in this experiment which were
dry during the last 30 or 60 days of the treat-
ment period either failed to milk or produced at
a very low level following the second hormone
treatment (Tahle 1). The mean maximum aver-
age daily milk vield of the 19 cows following
second treatment was only 22.79 of that ob-
tained in the first experimental lactation. Fol-
lowing the 14-day estrogen treatment, five of
the 11 lactating cows continued to decline in
production, whereas six showed an increase
ranging from 0.4 to 4.2 lb per day. The mean
inerease in average daily milk yield above the
production level at the time of estrogen stimu-
lation was only 0.25 b per day. The mean

TABLE 1

Comparative maximum daily yield stimulated in the first and second hormone
treatment period

Maximum avg
daily milk

Avg daily

No. days
treated
with 200 mg

Maximum
avg daily

vield— milk yield milk yield— progesterone
first experi- at time of second 200 pg
Breed and mental estrogen experimental estradiol
herd no. lactation stimulation lactation benzoate
(lb) (lb) (lb)
Group I—Cows lactating throughout second experimental period

H 870 30.8 4.7 0.2 120
H 872 28.8 0.1 0.5 120
H 873 26.5 4.2 1.4 12

J 594 20.1 0.7 4.6 120
G 478 23.0 3.4 i i 120
BS 25 32.0 7.2 0.5 120
BS 27 17.7 72 9.6 120
G 41 30.0 24.6 28.8 180
G 440 43.2 13.2 17.2 180
J 348 27.4 25.6 22.0 180
J 89 30.1 ol 8.3 180

Group IT—Cows dry at the end of second experimental period

H 863 30.2 Dry 30 days 7.0 120
H 868 30.9 Dry 30 days 8.5 120
H 869 25.6 Dry 30 days 0.0 120
J 630 24.0 Dry 30 days 3.3 120
J 631 26.4 Dry 30 days 1.5 120
BS 24 26.8 Dry 30 days 0.0 120
BS 26 . 241 Dry 30 days 0.3 120
G 38 29.8 Dry 60 days 4.7 365
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maximum daily milk yield for the group of
eight cows that were turned dry at the end of
the second experimental period reached a maxi-
mum of 3.2 Ib per day, with a range of 0.0 to
8.5 1b per day following the estrogen treatment
to initiate a second lactation.

EXPERIMENT II

The failure to stimulate milk secretion by
the second course of ovarian hormones even
equal to that stimulated by the first course sug-
gested that the hormone required for lactation
was not stimulated to inereased secretion by
the treatment or that the cells were not prop-
erly conditioned for response.

In late pregnancy it has been shown that
estrogen secretion increases to a relatively high
level in the ecow (2), whereas progesterone
shows a tendency to decline (4, 6). It was
thought that this condition might be simulated
by a more gradual transition from the udder
growth stimulating phase to the lactation stim-
ulating phase. It was decided to try this tran-
sition program during a 63-day period. In this
treatment, the progesterone was gradually re-
duced and the estrogen gradually increased.

MATERIALS AND METHODS

The animals used in the present experiment
were essentially the same as those used in the
previous experiment. Part of the animals, Group
I, were turned dry, whereas Group IT were
milked regularly, although they were produc-
ing at a low level.

Jroup I contained 11 animals, seven from
the previous experiment plus a J X H eross-
bred heifer, no. 601, previously induced to lae-
tate experimentally, a Jersey heifer, no. 635,
two Holstein heifers, no. 263 and 265, which
produced only a few pounds per day following
a 60-day progesterone and estradiol benzoate
treatment. Group IT included seven animals
from the previous experiment that were con-
tinued in milk during the treatment.

The hormone treatment consisted of 1 mg
estradiol benzoate (1.B.) and 150 mg proges-
terone (P.) for 21 days, 2 mg E.B. and 100 mg
P. for 21 days, and 3 mg E.B. and 50 ing P. for
21 days. The cows were then injected with 0.3
mg E.B./100 1b body weight for 14 days to
initiate lactation. In the dry cows, milking was
started when the final E.B. treatment was
hegun.

RESULTS

A steady increase in daily milk yield was ob-
tained in each of the 11 dry cows of Group I
following the injections of 0.3 mg E.B./100
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F16. 1. The mean daily milk yield (based on a
weekly average) for the 11 dry cows treated with
decreasing progesterone and inecreasing levels of
estradiol benzoate for 63 days.

1b body weight daily for 14 days. The maximum
average daily milk yvield of 16.2 lb per day for
the group was reached in the seventh week
(Figure 1), whereas individual maximum yield
ranged from 8.6 to 31.4 lb per day which was
reached in 5 to 12 wk (Table 2).

The average daily milk yield of the animals
of Group II ranged from 0.3 to 8.5 Ib per day,
with an average of 4.5 at the beginning of de-
creasing progesterone (150 to 50 mg) and in-
creasing estradiol benzoate (1 to 3 mg) treat-
ment. Six of the seven animals showed an
increase in milk yield during the last week of
the second treatment period (50 mg P. and 3
mg E.B.). The average daily milk yield for the
group was 12.2 lb per day at the start of the
14-day E.B. injection. The lactating group
showed an increase of 0.0 to 28.9 1b, with a
mean average maximum yield of 15.9 lb per
day within 6 wk after the daily injections were
discontinued (Figure 2).

The mean maximum average daily milk yield
of the 18 cows treated with decreasing levels of
progesterone and inereasing levels of estradiol
benzoate following the 14-day estrogen treat-
ment was 79.59% of the mean obtained in the
first experimental lactation for these animals
(Table 2).

DISCUSSION

Over 30 nulliparous dairy heifers have now
been administered estrogen (estradiol henzoate
and diethylstilbestrol) and progesterone for
180 and 120 days to stimulate the growth of
the udder followed by estradiol henzoate to
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stimulate the lactogenic hormone and milk se-
cretion. The maximum milk yield attained in
these animals has varied from 13.1 to 33.3,
with a mean of 23.8 Ib per day, but the best
estimates of their productivity indieate that
the experimental treatment produced 80 to 909,
of that which could have been expected of
these heifers after normal pregnancy.

It is believed that levels of estrogen (100 ug
estradiol benzoate by injection or 10 mg di-
ethylstilbestrol orally per day) plus 100 mg
progesterone injected daily are as effective in
stimulating extensive lobule-alveolar develop-
ment as higher dosage levels of these hormones.
Following the growth phase estradiol benzoate
will stimulate the secretion of lactogenic hor-
mone and milk secretion.

The failure of this treatment to stimulate a
successive lactation comparable to that which
might be expected to oceur during a second
pregnaney requires analysis.

In a normal pregnancy it has bheen shown
that the progesterone levels of the blood (5),
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ovarian and placental tissue (4) reach a peak
during the first trimester and remain near that
level until 30 to 65 days before calving, then
decline to a low level near parturition. How-
ever, estrogen secretion is low in early preg-
nancy, increasing throughout the latter half
of gestation to a relatively high level at par-
turition (3).

Eleven dry and seven lactating cows were
treated with decreasing levels of progesterone
(150 to 50 mg) and inereasing levels of estra-
diol benzoate (1 to 3 mg) for 63 days, followed
by the 14-day estrogen treatment administered
to initiate lactation. Seventeen of the 18 ani-
mals secreted greater yield than when treated
with constant levels of hormones. The mean
daily milk yield (based on a weekly average)
of the group that was dry during treatment
was 16.3 b, which ranged from 8.6 to 31.4 1b
in 6 to 7 wk, whereas the lactating group showed
a maximum average daily inerease of 15.9 1b in
6 wk, with a range of 0.0 to 28.9 1b per day.
The mean maximum average daily milk vield

TABLE 2
Comparative maximum daily yield stimulated by constant and altered levels of hormones
Per cent
of first
Maximum experimental
avg daily lactation
milk yield obtained
Maximum Maximum after following
avg daily avg daily inereasing the increas-
milk yield milk yield E.B. and ing E.B. and
first experi- second decreasing decreasing
Breed and mental experimental P. treat- P. treat-
herd no. lactation lactation ment ment.
(1b) (lb) (lb)
Group I. Cows dry during increasing E.B. and decreasing P. treatment
H 869 25.6 0.0 18.2 71.1
H 870 30.8 0.5 31.4 101.9
H 873 26.5 4.2 19.1 72.1
J 630 24.0 3.3 16.8 70.0
G 478 23.0 1.1 8.7 37.8
BS 24 26.8 0.0 14.0 52.2
BS 25 32.0 0.5 13.9 43.4
H 263 3.3 15.3 463.6
H 265 3.6 16.8 466.7
J 635 6.2 8.6 138.7
J X H 601 23.0 15.3 66.5
Group IT. Cows lactating during increasing E.B. and decreasing P. treatment
H 863 30.2 7.0 21.5 71.2
H 868 30.9 8.5 28.3 91.6
H 872 28.8 0.5 29.4 102.1
J 594 20.1 4.6 21:1 105.0
J 631 26.4 1.5 19.5 73.9
BS 26 24.1 0.3 14.0 58.1
BS 27 7.7 9.6 8.4 47.5
Mean = 22.4 3.0 17.8 79.5

E.B. = Estradiol benzoate.
P. = Progesterone.
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Fig. 2. The mean daily milk yield (based on a
weekly average) for the seven lactating cows re-
ceiving altered levels of progesterone and estradiol
benzoate.

obtained by this treatment was 79.5% of the
mean ohserved in the first experimental lacta-
tion for these animals. The three heifers in-
duced to lactate following the 60-day estrogen-
progesterone administration showed the great-
est response to the altered level of ovarian hor-
mone injections, producing from 138.7 to
166.79 of their first maximum average daily
milk yield, whereas the 15 animals treated for
120 or 180 days in the first trial produced 37.8
to 105.09%, of their first maximwun yield. While
this improved response over the constant level
of ovarian hormone treatment is encouraging,
it should be noted that these heiters were ap-
proximately 1 yr older and should have been
expected to produce 12 to 159 more milk at
this time. Therefore, milk yields of 112 to
1159, of the first experimental treatment would
have been considered an equal response due to
the hormone treatment. Since considerable sue-

RALPH WILLIAMS AND C. W. TURNER

cess was obtained with the altered levels of the
ovarian hormones in these 63-day trials, as
compared with the failure in both dry and lac-
tating cows with the constant level of hormones
previously used, it is believed that the altered
levels and ratios of estrogen and progesterone
used in this experiment may he a more physi-
ological method of stimulating successive ex-
perimental lactation.
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RATE OF ABSORPTION OF L-THYROXINE I'" FROM THE
GASTROINTESTINAL TRACTS OF DAIRY CATTLE ' *

G. W. PIPES, T. R. BAUMAN, axp C. W. TURNER

Department of Dairy Husbandry, University of Missouri, Columbia

SUMMARY

Radiothyroxine was administered orally to seven dairy cattle and the rate of
absorption was measured by following the radioactivity of plasma samples.
These samples were taken at intervals up to 96 hr after administration. The
half-time (t1%) which can be defined as the time required for a substance to
double in concentration or to decline one-half, was caleulated from the radio-
activity of the plasma. The absorption of thyroxine I'" from the gastrointestinal
tract followed two phases, a rapid absorption phase with a tl5 of 2.65 hr and a
much slower phase with a tl4 of 20.1 hr. After this period, a declining phase
with a t1% of 160.1 hr was observed as metabolism and excretion predominated.
The recycling of 1™ from metabolized thyroxine I™ was blocked by daily admin-
istration of a potent goitrogen, tapazole.

Investigation of the rate of absorption of
orally administered thyroidal materials in eat-
tle appear to be limited to the study of Mixner
and Lennon (2). These workers used the in-
crease in PBI as an index of absorption. After
thyroxine administration, the first blood sam-
ples were taken after 10 hr and an increase in
PBI was observed. Maximum levels were
found 30 to 40 hr after administration, fol-
lowed hy an exponential decline.

These observations, as well as the work of
Premachandra and Turner (6) on the kinetics
ot subcutaneous abhsorption of thyroxine I'™,
prompted an investigation of the rate of ab-
sorption, particularly during the early phase
of orally administered 1-thyroxine I'". The
present paper deseribes such observations.

EXPERIMENTAL PROCEDURE

Six nonlactating heifers of the Holstein,
Jersey, and Guernsey breeds and one lactating
Guernsey cow were used in these trials. All
animals were confined in a dry lot and fed
alfalfa hay and a ground dairy ration. Access
to an iodized salt block was allowed at all times.

Three hundred microcuries of 1™ tagged thy-
roxine were placed in gelatin capsules filled
with filter paper and administered by a balling
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gun to each animal. Blood samples were taken
from the jugular vein at intervals up to 96 hr
after administration. The plasma was sepa-
rated by centrifugation and its radioactivity
was measured in a National Radiac Scintilla-
tion Well Counter (Model 5A-2D).

Four grams of tapazole per 1,000 1b body
weight was given by gelatin capsule one day
prior to the administration of wL-thyroxine I™
and each day during blood sampling. Tapazole
(5) prevents the reeyeling of iodine from me-
tabolized thyroxine.

The per cent absorbed thyroxine I'™ was
caleulated from the radioactivity of the plasma,
using an estimated value of 49, of hody weight
as plasma [Turner and Herman, (7)].

The half-time for increase and subsequent
decline in radioactivity (t4) in plasma was

calculated by the equation — (1) when In is
m

the natural logarithm and m is the slope of the
t=]

regression line (i.e., per cent dose in total

plasma against time).

RESULTS

Radioactivity could be detected in the plasma
3 hr after administration of thyroxine I, when
the mean per cent absorbed was 0.34. The
maximum was reached after 44 to 45 hr, when
the radioactivity of the plasma ranged from
5.6 to 14.99 of injected dose, with a mean of
10.8 == 1.67.

The time course of absorption of thyroxine
['" into the blood followed two phases, a rapid
initial phase and a second more prolonged phase
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Fi1¢. 1. The time course of absorption of thy-
roxine I'* from the gastrointestinal tract of dairy
cattle.

(Figure 1). The initial phase of absorption
had a half-time (tl%) of 2.65 hr and lasted
approximately 16 hr. This was followed by a
second phase with a t1% of 20.4 hr and lasted
until 45 hr after administration. At this time,
the radioactivity of the blood began to decline
with a tl% of 160.1 hr. Measurement of thy-
roidal I'" by the method of Pipes and Turner
(3) confirmed that I'" was not taken up by the
thyroid and that the goitrogen blockage was
complete.

DISCUSSION

Absorption of orally administered thyroxine
I'* was slightly more rapid during the initial
phase but more prolonged during the second
phase than that found by Premachandra and
Turner (6) following subcutaneous injection
(Figure 1). However, the amount absorbed
into the blood was far less than that observed
from subeutaneous injection (Iigure 1). Since
the t1% of intravenous injected thyroxine [Pipes
et al. (4)] is of the order of 59 hr, daily oral
administration would result in a much higher
blood level of thyroxine than that observed.

The slow apparent rate of absorption during
the second phase was not complicated by re-
cycling of I'™ from metabolized thyroxine I'*,
since tapazole was administered in sufficient
amounts to prevent the uptake of I'* by the
thyroid. The second slower phase of absorption
was undoubtedly influenced by the simultaneous
absorption and metabolism of thyroxine I,
as well as subsequent excretion of I'"" in the
urine. During the declining phase (Xigure 1),
metabolism and exeretion overshadowed absorp-
tion, but the tY% of 160.1 hr was far greater
than the t% of 59.3 hr found by Pipes et al.
(4), after intravenous injection of thyroxine
I into the dairy cow. This indicates that ab-
sorption was still taking place.
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Preliminary fractionation studies indicate
the excretion of thyroxine I'* in large amounts
in the feces during the second and third phase.

The possibility exists that the radioactivity
found in the blood after thyroxine I'" admin-
istration was largely inorganic iodine, but the
radioactivity was not rapidly eliminated by the
kidney, as it would have been if such had been
the case.

On the other hand, the blood from the rumen
and intestines must pass first through the portal
vein to the liver, where a certain degree of
deiodination may take place before it reaches
the general circulation. Chemical fractionation
of the plasma indicates that 809, of the radio-
activity of plasma behaves as thyroxine I'
(i.e., is protein-bound).

In view of the rapid absorption of orally
administered thyroxine I'", it is strongly sug-
gested that a certain amount of absorption
takes place in the rumen. While amino acids
are not generally believed to be absorbed from
the rumen, thyroxine may prove to be unique
in this respect. To support this view, limited
data were obtained in fistulated, rumen-liga-
tured sheep. Significant amounts of radioac-
tivity in the blood were observed under these
conditions.

The mean absorption at the peak (Figure 1)
of 10.89 confirms the studies of Mixner and
Lennon (2), who found a mean absorption
efficiency of 11.69% for orally administered
thyroxine.

It should be considered that this study was
made in the dynamic state, since absorption,
metabolism, and exeretion were occurring. True
values for total absorption, therefore, are prob-
ably higher.

At any rate, the comparison of oral and
parenterally administered thyroxine (Figure 1)
show that thyroxine is poorly absorbed from
the gastrointestinal tract of the bovine and
tends to explain the low potency of orally ad-
ministered thyroidal materials.

Further confirmation is the finding of large
amounts of thyroxine-like substances in the
feces.

REFERENCES

(1) BrROWNELL, G. L. Analysis of Techniques for
Determination of Thyroid Funection with
Radioiodine. J. Clin. Endoecrinol., 11: 1095.
1951.

(2) MIXNER, J. P., AND LENNON, H. D., Jr. Effi-
ciency of Absorption of Thyroxine in Vari-
ous Forms from the Gastrointestinal Tracts
of Lactating Cows. J. Dairy Seci., 43: 1480.
1960.



ABSORPTION OF L-THYROXINE I3t

(3) Prpes, G. W., aNp TUrNER, C. W. The Effect
of Thyroxine on Thyroid Function. Mis-
souri Agr. Expt. Sta., Research Bull. 617.
1956.

(4) PreeEs, G. W., PREMACHANDRA, B. N., AND
TurNER, C. W. The Biological Half-Life
of L-Thyroxine and L-Triiodothyronine in
the Blood of the Dairy Cow. J. Dairy Sei.,
42: 606. 1959,

(5) PreEmMAcHANDRA, B. N., Piees, G. W., AND
TvrrNer, C. W. Comparative Goitrogenic

1255

Activity of Tapazole and Carbimazole in
Cattle. J. Animal Sci., 19:553. 1960.

(6) PrREMACHANDRA, B. N., axp TurNER, C. W.
Kineties of Subcutaneous Absorption of
L-Thyroxine I as Measured by Increase
of I'™ in Blood of Cattle. J. Dairy Sei.,
44: 1544, 1961.

(7) TurNer, C. W., axp HeErMAN, H. A. A De-
termination of the Blood and Plasma Vol-
ume of Dairy Cattle. Missouri Agr. Expt.
Sta., Research Bull. 159, 1931.



BIOLOGICAL ASSAY OF THYRKOPROTEIN!

. W. TURNER*® axp T. R.

BAUMAN

Department of Dairy Husbandry, University of Missouri, Columbia

SUMMARY

A new method for the biological assay of thyroidal substances based upon
the determination of the thyroxine secretion rate (TSR) of rats is suggested.
The mean TSR of a group of rats is first determined by thyroxine replacement.
Thyroprotein is then injected subcutaneously in amount sufficient to block
thyroidal-T"™ release in the individual rats. Biological estimation of thyroidal

B ind

activity in five samples of thyroprotein indicated that samples contained 42, 27,
45, 31, and 539 more activity than chemieal estimation of 19, thyroxine. It was
suggested that the inereased biological activity might be due to slower absorption
of thyroxine from the injection site or to the presence of signifieant amounts

of tritodothyronine in thyroprotein.

A number of methods have been suggested
for the hiological assay of thyroidal substances.
These methods have been reviewed by Turner
and Premachandra (7). The ohject of the
present report is to suggest a new method for
the biological assay of thyroidal substances
hased upon the method of determining the thy-
roxine secretion rate of experimental animals
such as rats (3) or mice (8).

Materials and methods. Male rats of Sprague-
Dawley-Rolfsmeyer strain were maintained on
laboratory pellet feed at a constant temperature
of 78 #=1F. The thyroxine secretion rate
(TSR) of each of 63 animals was determined
by the method described (3), except that thy-
roxine (T,) was administered in increasing in-
crements of 0.25 pg and tapazole at the rate of
1400 wg/100 g body weight was injected daily
to prevent recycling of T, The T, used was
supplied by Travenol Lab., Inc., Morton Grove,
[llinois, and was guaranteed to contain not
less than 979 of L-thyroxine.

Thyroidal substances in the form of synthetic
thyroprotein (thyroactive iodinated casein) with
commercial name of Protamone* were assayed.
These preparations were shown by Reineke (6)
on the basis of isotope dilution technique to
contain 1.049, thyroxine. Five commercial sam-
ples which were standardized by the manufac-
turer to contain 19, thyroxine by a counter-
current distribution fractionation system and

Reeeived for publication July 12, 1962.
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a differential spectrophotometric method were
used. On assumption that thyroprotein con-
tained 19 T,, 100 pg thyroprotein would con-
tain 1 pg T, Thyroprotein was homogenized
in solution of 509 propylene glyeol and 509
saline. Both T, and thyroprotein were injected
subcutaneously. The r-thyroxine secretion rate
of each rat in the group was determined. The
TSR of surviving rats was compared in each
successive sample with amount of thyroprotein
required to block thyroidal-T"" release and thus
indicate the thyroxine equivalent effect.

RESULTS

Mean TSR of 63 rats was 1.42 ug T,/100 g
hody weight. Sample T thyroprotein required
only a mean of 100 pg/100 g hody weight to
block thyroidal-T'' velease rate; thus, this
amount of thyroprotein produced a hiological
effect equal to 1.42 pg T, or was 429, ahove
estimate of 100 ug thyroprotein, heing equal
tol pg T,

Sample II required a mean of 113 pg to
equal 1.43 ug T,/100 g body weight, indicating
an increase of 279% above estimated potency of
thyroprotein. Samples ITII, TV, and V were
calculated to be 45, 31, and 539 more potent
than T, on the basis of thyroprotein containing
19% T, It will be noted that successive bio-
assays were based on reduced numbers of com-
parisons due to mortality during the time span
required to conduct successive assays. The mean
TSR of surviving group was compared in each
‘ase.

DISCUSSION

The proposed method of hioassay of thy-
roidal material is based upon the method of
determining the TSR of rats. Comparison is
made of the amount of thyroidal material re-
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TABLE 1

Biological assay of thyroprotein in comparison with thyroxine by thyroxine secretion rate
equivalent method

Mean
TSR
ug/100 g T foat wiwe (10 =
B.W./of Thyroprotein equivalent dosage (100 ug=1 pg Ti)
No. of surviving  Sample Sample  Sample Sample  Sample
animals animals I 11T 1Y% v
—(rg)
100.0
63 1.42 113.0
62 1.43 99.0
50 1.44 109.0
38 1.43 94.0
16 1.44
Poteney * +429, +27% +45% +31% +53%

2 Potency determined by comparison of mean TSR of group with thyroprotein equivalent.
Thus, in Group I, mean TSR =1.42 ug T per 100 g body weight. 100 ug thyroprotein equals
1.42 ug Ti. Thyroprotein 42% more potent than chemical estimate of 19 thyroxine.

quired to equal the T, effect. Because of the
variation in TSR of individual rats and even
groups of rats, it is important that comparisons
be made using the same animals.

Thyroprotein samples were from batches of
commercially manufactured material standard-
ized by chemical analysis to contain 1% T..
Present bioassays indicate that these samples
contained from 27 to 539% more biological ac-
tivity than chemical analysis indicated.

Several possible explanations may be ad-
vanced. In comparison with T, thyroprotein
was injected in complete protein combination.
Present study suggests that the thyroprotein
is hydrolyzed at injection site and T, is re-
leased. Tt is possible that a slower rate of
absorption of T, from hydrolyzed thyroprotein
may increase the effectiveness of T, contained,
thus increasing the apparent effectiveness. In
studies with dairy cattle, the rate of absorption
of thyroxine-I'" from a subcutaneous site was
shown to be exponential with a faster compo-
nent lasting 6 to 10 hr, followed by a slower
component for the remainder of the 24-hr pe-
riod (5). If absorption of T, were slower from
thyroprotein, it is possible that the apparent
biological effectiveness might be increased.

A second and more probable explanation may
be the presence of significant amounts of tri-
iodothyronine in thyroprotein. Friedberg and
Reineke (2) reported that hydrolyzed thyro-
protein contained at least ten iodinated com-
pounds including mono- and diiodotyrosine,
diiodo- and triiodothyronine, as well as thy-
roxine. Since triiodothyronine has been shown
to be three or more times as biologically active
in the rat as thyroxine (7), the presence of

this compound in thyroprotein could increase
its apparent biological activity as shown in
the present study.

In dairy cattle, Premachandra et al. (4) re-
ported that triiodothyronine was slightly over
twice as effective as thyroxine when injected in
inhibiting pituitary thyroprotein secretion.
However, Bartlett et al. (1) reported that tri-
iodothyronine was much less effective orally
than thyroxine, as measured by their influence
on milk yield. Since the response of thyroxine
on milk yield in dairy cattle is quite variable,
the results may not indicate a significant differ-
ence.

The significance of the present study of the
biological asay of successive commercial sam-
ples of thyroprotein standardized to 19 thy-
roxine by a chemieal method is the indieation
that such a method is satisfactory, since all
samples indicate biological activity above the
guaranteed minimum of 19%, in standardizing
this produet. That the biological method indi-
cates potency from 27 to 539 above the chem-
ical method may be due to the difference in rate
of subcutaneous absorption of thyroprotein or
to the presence of triiodothyronine. If the
latter is true and the oral biological value of
triiodothyronine is less than thyroxine, the
chemical and biological methods of assay of
thyroprotein would indicate similar oral ac-
tivity.
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TECHNICAL

NOTES

SIMPLE DEVICE FOR OBTAINING SAMPLES OF HEADSPACE GAS
DIRECTLY FROM SEALED CONTAINERS FOR ANALYSIS BY
GAS CHROMATOGRAPHY !

The determination of oxygen in the head-
space gas of sealed containers of food products
has been a commonly used quality control
measure for many years. The Orsat method
which is often employed generally requires
large volumes of gas and is time-consuming.
Instruments are available for detecting a gas
by measuring its paramagnetic susceptibility,
but such devieces cannot yield a complete analy-
sis of mixtures of gases. Several methods (3,
4) have been described for the removal of gas
mixtures from the headspace of sealed con-
tainers and procedures have been developed
(1, 2) for the separation and identification of
microquantities of gases by gas chromatography.

A simple, inexpensive device (Figure 1) has

1/8"cAP

SEPTUM —_ \
\ )

2-1/2" HYPODERMIC NEEDLE -16 GAUGE

178"X 172" NIPPLE

118" TEE

PIERCING TIP—__

- 1/8" VALVE

F1¢. 1. Detail of gas sampling device.

been developed in this laboratory to permit the
removal of headspace gas from sealed cans
without contamination of the sample from an
outside atmosphere. The materials used in con-
struction of the device were:

1. Base Plate—2” X 14” X 36¢” mild steel
with a 90° bend 2” from end

. End Plate—2” X 2” X %¢” mild steel

Screw—34” X 4” hex head cap screw

. Screw Plate—1” X 1”7 X %6” mild steel

. Piercing tip with rubber stopper

2—14” X " pipe nipples

1/8” X ]/8” >< ]/8” pipe tee

14" pipe cap with a 14” drilled hole

. Yo" valve

© WSO W

! Supported by a grant from the American Dairy
Association.

2 Published with the approval of the Directors
of the Michigan Agricultural Experiment Station
as Journal Article No. 3018 (n.s.).

10. Hypodermic needle, 16 ga., 4”
11. Rubber injection gasket, 3g” dia.

Adjustments made by moving the end plate
of this device adapt the base to any size con-
tainer. The can is first held loosely in the
apparatus and the screw is tightened until a
seal is accomplished between the rubber stopper
and the container. The system can then be
purged by attaching a cylinder of inert gas
and flushing or, alternatively, the contaminat-
ing atmospheric gases in the unit may be re-
moved with a vacuum pump. The screw is
tightened further, compressing the rubber
stopper (not shown in the diagram) until the
can is punctured by the piercing tip. A gas-
tight syringe with a 4-inch hypodermic needle
(23 to 27 ga.) is inserted through the rubber
septum. An internally contained hypodermic
needle (16 ga.) provides a passageway to guide
the inserted needle through the can piercing
tip and into the can. Without this internally
contained hypodermic needle, probing is neces-
sary to find the hole in the piereing tip. Conse-
quently, time is wasted and the needle is dulled
after only a few uses. Two rinsings of the
syringe with the headspace gas are necessary
to obtain reproducible results when the gas
sample is injected into a gas chromatograph.
The hypodermic needle on the air-tight syringe
may be withdrawn and inserted many times
without danger of contaminating the internally
contained gases.

R. L. BrabLEY, JR.

AND
C. M. STINE
Department of Food Science
Michigan State University
East Lansing
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COMPARISON OF 305- AND 365-DAY PRODUCTION RECORDS UNDER

STRATIFIED LEVELS O

The relative merit of lactation records of
varying duration has heen studied by numerous
research workers. Thoele (5), in a review of
the literature dealing with 305- and 365-day
records, generally concluded that for purposes
of selection the 305-day record is at least as
useful as the 365-day record. The inereased
influence of calving interval, age, and season
of calving on records longer than ten months
is apparent (2-5). This, plus the knowledge
that variation in feeding and management have
ereater influence on later than on early stage
of lactation, has stimulated recent rescarch
dealing with the usefulness of records of shorter
duration than ten months.

The issue of 305- vs. 365-day records has been
renewed, by dairymen, as a result of the rapid
erowth of Dairy Ilerd Tmprovement Registry
(DIIR) through which 305-day and completed
lactation records but not 365-day records are
provided as a result of routine Dairy Herd
Tmprovement Association (DHIA) procedures.
The question raised by dairymen is whether
365-day records are more useful for selection
purposes in high-producing herds under Ad-
vanced Registry (AR), lerd Improvement
Registry (HIR), and DHIR conditions. This
study was made in an attempt to appraise the
relative merits of 305- and 365-day records for
selection purposes in stratified levels of AR
and IHIR herd production.

"Supported in part by
cratives.

* Approved for publication by the Director of
the Experiment Station, University of Wisconsin.

Wisconsin’s AT Coop-

TAB
Repeatability estimates of first and sccond

F HERD PRODUCTION *

Production data were provided by the IHol-
stein-Friesian Association of Ameriea and con-
sisted of 81,226 records made by 15,892 cows
in 76 AR and HIR herds. The herds used in
this study were selected on the basis of having
been on test for 15 or more consecutive years
and for variation in level of herd fat produc-
tion (low = 400-449 1b; medium = 450-499 1h;:
high = 500-550 1b). The data included actual
lactations of 306 to 365 days and both M.E.
and actual 305-day or less records completed
through 1959. A total of 15430 records repre-
sented 3X milkings in 17 herds.

The general description of the data with re-
speet to five length-of-lactation groups is as
follows :

Herd groups

Lacta- Medium  High
tion 2x 2X 2x 3%
days (%) (%) (%) (%)
<305 219 23.5 17.8 19.1
305 30.7 38.7 41.5 41.0
13.4 14.8 14.3 11.4
9.3 8.5 9.8 8.4
15.8 14.5 16.7 20.1

There appeared to be no important trends in
the distribution of length of lactation groups
over the three levels of 2X herds. However,
in 3X herds a somewhat greater percentage of
3656-day records was noted. The average age at
calving, length of lactation, and number of
records per cow were very similar and in most,
cases identical over the four herd groups. The

LE 1
available 305- and 365-day aectual and M.E.

production

1st 305-

Repeatability estimates

. : day fat 1st vs. 2nd 305 Ist vs. 2nd 365
ITerd No. No, —— - — =
group herds cows X N Milk Fat Yo Fat Milk Fat %0 Fat
23, M.E.
Low 24 767 471 84 421 375 658 417 376 690
Medium 22 602 516 79 417 348 732 437 .390 763
High 27 1,050 582 89 496 494 748 496 501 770
Over-all 73 2,419 530 85 453 429 719 458 442 746
2X, Actual
Low 24 767 402 80 420 388 428 390
Medium 22 602 440 80 408 367 427 381
High 27 1,050 501 94 456 474 476 501
Over-all 73 2,419 454 87 443 424 451 444
3% on M.E., 2X basis
17 426 502 70 514 535 750 506 530 781
3> actual
17 426 507 81 504 510 012
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distribution of cows having one or more 365-
day records was 49.3, 45.0, 50.6, and 57.69% in
the low, medium, high, and 3X herds, respee-
tively.

Repeatability estimates of 305- and 365-day
records were caleulated after selecting from
the data those cows having two or more 365-
day records. Mature equivalent yield was de-
termined, using the age adjustment factor eor-
responding to the same lactation in 305 days.
The repeatability estimates were based on intra-
herd simple correlation coefficients, and repre-
sented the first and second available records of
2419 cows milked at least 365 days under 2X
conditions, and 426 cows milked at least 365
days under 3X conditions. The results are
summarized in Table 1.

[t is apparent from Table 1 that no significant
differences exist in the estimates of repeatability
of 305- vs. 365-day records. The trend toward
slightly greater values for the 365-day records
is possibly attributed to the more deliberate
effort on the part of these dairymen to delay
hreeding the cows involved in Table 1 tor 12-
month lactations. It was not considered feasible,
however, to study the influence of calving in-
terval in these data.

There is no obvious explanation for the sig-
nificantly  higher repeatability estimates in-
volving fat vield in the high 2X herds. When
herd averages were computed over all years
from all available 305-day lactations, variation
in herd averages was greatest in high herds and
smallest in medium herds. However, coefficients
of variation were 5.8, 4.7, and 6.1 for high,
medium, and low groups, vespectively. The
average interval between the first and second
available record was 25.5, 26.7, 27.5, and 26.8
months in the 3 X, high, medium, and low herds,
respectively.  There was no indication that
short-time environmental influences were a
contributing factor. The percentage of cows
from the original data and represented in the
analysis involving low, medium, and high herds
was 13.5, 13.6, and 18.3, respectively. Conse-
quently, it is possible that the greater selection
of cows in the low and medium herds could have
been contributing factors to the lower repeat-
ability estimates in these groups.

There was little difference in the repeatability
estimates involving actual and 2x, M.E. lac-
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tations.  The average age at ealving for the
first and next available record was 41 and 67
months, respectively. The DIITA-M.E. factors
used here were effective in reducing within-herd
variation in milk and fat yield as measured by
the coefticient of variation.

Simple correlations between concurrent 305-
and 365-day lactations were in the order of
0.99 for milk, fat, and percentage of fat and
did not vary with herd level group. Among
the 2,419 first available records, 89.0 and 88.39%
of the milk and fat, respectively, in 365 days
was made in the concurrent 305 days. The
corresponding values for second available ree-
ords were 90.5 and 90.09, respectively.

There were no indications from this study
that 365-day records are more useful than 305-
day records for selection purposes under AR
and HIR conditions. In high-producing seed
stoek herds, their value is largely for promo-
tion and advertising purposes. For selection
purposes, they add little to the usefulness of
305-day records and, indeed, appear to he more
confusing than usetul in sive provings, pedi-
gree evaluation, and record appraisal in gen-
eral. If there is a need for lifetime production,
completed lactations should bhe used and can
he provided by machine processing centers,

B. J. Frirze
AND
E. L. Coruey
Department of Dairy Science
University of Wisconsin, Madison
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I. CULTURE IDENTITY AND SELECTION

E. B. CoruiNs
Department of Food Science and Technology, University of California, Davis

The first starters used in manufacturing
butter and cheese were natural cultures. The
first recorded instructions appear to have been
those of C. A. Flint, of Boston (8), who in
1866 wrote: “After the milk has been brought
from the yard or stable, strain immediately
into the pans, in which has been put a little
sour milk from which the cream has been re-
moved, the quantity varying from a tablespoon
to half a teacupful according to the state of
the weather.”

In 1873, Lister (17) isolated Streptococcus
lactis (ealled Bacterium lactis) from sour milk,
and studied it. Interest increased in using
natural starters and in isolating organisms for
use in manufacturing dairy products. Papers
on the subject were published in 1889 by Conn
of Connecticut (6), and in 1890 by Storch of
Denmark (24) and Weigman of Germany
(27). Commercial cultures for manufacturing
butter became available in Denmark shortly
after Storeh’s report. By 1897, 802 of the 866
creameries in Denmark were reported to have
been using commercial cultures (14). At about
the same time eommercial cultures appeared to
have become available in America.

In manufacturing dairy produets, cultures
are added for one or both of two purposes: To
produce lactic aeid, or to produce desired aroma.
With these purposes in mind, my discussion
will be divided into two parts: identity and
selection of the bacteria responsible for pro-
ducing aroma; and identity and selection of
the lactie streptocoecei responsible for produc-
ing acid. I have in mind primarily the identity
and selection of organisms normally used in
the manufacture of such products as Cheddar
cheese, Cottage cheese, and buttermilk—not
produets such as Swiss cheese and yogurt,
which require different organisms, though some
of the thoughts expressed might be applicable
to them.

Culture selection will not be discussed from
the viewpoint of buying several commercial
mixed-strain cultures and testing them in the
dairy plant to determine which is best for
manufacturing a particular product. This ap-
proach should not be necessary. One culture
is not enough. For manufacturing cheese, one
needs about four different cultures that can be
depended on to produce acid. For manufac-
turing buttermilk, one needs at least two or
three different cultures that can be depended
on to produce acid and the desired aroma.

Cultures should be composed—not developed.
The selection of organisms for use in cultures,
and the preparation of cultures for specific
purposes, are the responsibilities of the com-
poser—not the dairy-products manufacturer.

When a culture is composed of properly se-
lected organisms, it ean and should be expected
to do the specific job for which it was prepared.
Kven so, the manufacturer has the responsi-
bility of proper care and correct use of cultures.

IDENTITY AND SELECTION OF THE BACTERIA
RESPONSIBLE FOR PRODUCING AROMA

Beginning in 1890, there was confusion as to
whether the desired aroma imparted to butter
by starters was the result of a single organism
or a mixture of organisms. Conn (7) reported
in 1899 that desired aroma was produced by
a single organism in some European cultures,
and by a mixture in others. By 1919 interest
was centered on certain low-acid-producing bac-
teria that produced good butter aroma only
when grown together with lactic streptococel
(2, 13, 25). Hammer (12) named these asso-
clate organisms Streptococcus citrovorus and
Streptococcus paracitrovorus. In 1929, Knud-
sen and Sg¢rensen (16) isolated some organisms
presumably the same as Hammer’s S. citrovorus,
and proposed the name Betacoccus cremoris.
Hueker and Pederson (15) studied some of the
associate organisms in 1930, and concluded that
the names Leuconostoc citrovorum and Leuco-
nostoc dextranicum are more appropriate than
S. citrovorus and S. paracitrovorus. In 1960
Garvie (11) reported a study of the genus
Leuconostoc. She feels that L. citrovorum
should be ecalled L. cremoris, after Knudsen
and Sgrensen’s B. cremoris, on the basis that
the organisms named S. citrovorus by Hammer
might have been Pediococcus cerevisiae. These
various names should not be confusing if one
keeps in mind that all of the following names
in the literature are intended to refer to a
single species: S. citrovorus, B. cremoris, L.
cremoris, and L. citrovorum. Since the name
L. citrovorum is the one now used in Bergey’s
Manual (3), it is the one T use.

For many years following the 1890’s, little
attention was given to the fact that some single-
strain cultures had been found able to produce
good butter aroma in the absence of S. lactis
or S. cremoris or both. More recently, several
investigators have isolated and defined strains
of citric-acid-fermenting streptocoeci. In 1936,
Matuszewski et al. (20) studied such strepto-
cocel and gave them the name Streptococcus
diacetilactis. In 1951, Swartling (26) made
an extensive study of citric-acid-fermenting
streptococei and concluded that the name S.
diacetilactis, rather than other proposed names,
should be retained. Iesitation about giving
species distinction to these organisms, expressed
by Swartling and later by Sherman (23),
stemmed from the fact that cultures of S. dia-
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cetilactis sometimes lose their ability to form
aroma compounds, and in this state appear
indistinguishable from S. lactis. Recent results
in our laboratory show that such mutants differ
from S. lactis by containing ecitritase (5).

Unfortunately, the speeifie identity of the
aroma-producing organisms in most commer-
cial cultures has not been known. In most
instances emphasis has bheen on securing _oul—
tures that produced good aroma, with little
consideration given to identity other than as-
suming that they were some of those I have
mentioned.

Garvie (11) suggested that some of the low-
acid-producing cultures studied by Hammer
and by Orla-Jensen might have heen P. cere-
visiae, and that this species might be useful in
dairy cultures. But I know of no evidence
indicating that pediocoeei are useful in this
way. Galesloot (9) of the Netherlands found
n()‘pediocoeci in any cultures. We recently
aceumulated nine strains of P. cerevisiae, and
found none of them to produce desired aroma.

Garvie (11), in accumulating and studying
organisms of the genus Leuconostoc, found
L. dextranicum (Hammer's S. paracitrovorus)
to be a rarve species, which suggests that this
organism is not often present in cultures.

Swartling of Sweden (26) mentioned in 1951
that S. diacetilactis is of considerable impor-
tance in butter cultures. All starter cultures
presently used in Russia contain this organisn,
according to a recent report (18). In 1959,
Sandine et al. (22), in determining the iden-
tity of organisms responsible for floating Cot-
tage cheese curd, isolated several strains of
S. diacetilactis from cultures, emphasizing the
fact that many of our commercial cultures
contain this organism. But many of our com-
mercial cultures must not contain this species,
since many of them do not produce sufficient
eas to cause floating curd. Galesloot and co-
workers (1, 10), in the Netherlands, began
about 1950 to find some starters containing S.
diacetilactis as aroma bacteria and some starters
containing both S. diacetilactis and L. citro-
vorum. Before 1950, they had found L. citro-
rorum to be the organism producing aroma in
starters used in the Netherlands.

In summary, available information indicates
that aroma production by cultures primarily
involves two species: L. citrovorum or S.
diacetilactis or both. In view of recent findings
of Badings and Galesloot (1) that yoghurt
flavor in butter is due to acetaldehyde produced
by S. diacetilactis, in view of the problem of
floating curd produced by this species (22),
and in view of the difficulties we have had in
attempts to make uniformly good buttermilk
with cultures containing this species (4), it is
perhaps unfortunate that S. diacetilactis is
present in many commercial cultures.

Simple procedures have heen used to sepa-
rate L. citrovorum from S. diacetilactis. San-
dine et al. (22) used incubation in litmus milk
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at 30 C. L. citrovorum produces little or no
change. S. diacetilactis produces sufficient acid
to coagulate milk in 48 hr or less. Galesloot
and Hassing (10) found it possible to detect
S. diacetilactis in mixed-strain cultures without
strain isolation and separation. A positive
creatine test for a culture after one propaga-
tion at 35 C indicated the presence of S. diacet-
ilactis.

Though L. citrovorum appears to he the
organism of choice, it 1s important to recognize
that some strains of this species do not produce
the desired aroma of diacetyl. Results not yet
published show that organisms of this species
mutate to citrate-permease-negative, the same
as we reported for S. diacetilactis (5). Without
citrate permease an organism cannot produce
the desired buttermilk aroma from citrate. The
composer of cultures should select the proper
strains In composing cultures to be used in
products in which a diacetyl aroma is desired.
For this selection we have found useful a
method similar to that of Mather and Babel
(19). A culture is inoculated heavily (about
109.) into sterile skimmilk and ineubated 24
hr at 22 C. Sterile citrie acid is added to reduce
pll to 4.3, or a few drops of S. cremoris is
added. After an additional incubation of 18 hr
the culture is tested for odor and for reaction
to the creatine test.

THE LACTIC
FOR

SELECTION OF
STREPTOCOCCI RESPONSIBLE
PRODUCING LACTIC ACID

Let us now consider the organisms respon-
sible for producing lactic acid in cultures. In
1873, Lister (17) isolated Streptococcus lactis
(ealled Bacterium lactis) from sour milk, and
studied it. In 1919, Orla-Jensen (21) found
in sour milk a lactic streptococcus that was
slightly different from S. lactis. This organism,
which he named Streptococeus eremoris, differs
by forming longer chains, by not growing at
40 ¢, by not producing ammonia from peptone
or arginine, by not fermenting maltose or dex-
trin, and by being somewhat less tolerant to a
raviety of conditions. The primary species for
producing acid in lactic cultures is S. e¢remoris,
though strains of S. lactis may bhe found occa-
sionally. Differences between the species are
of little concern in composing cultures. More
important are the differences among the strains
of either species. Three important character-
isties in which strains differ are: rate of acid
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production, production of nisin-like antibi-
otics, and bacteriophage sensitivity. For a
more detailed discussion of these character-

isties, 1 ecite the published account (4) of a
recent seminar. Here, time permits me only
to mention a few pertinent facts.

Many strains of these lactic streptococei are
too slow in aecid production to be used satis-
factorily in making cultured dairy produects.
Some strains produce antibiotics active against
other strains of lactic streptococei; others do
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not. With regard to bacteriophage sensitivity
there is strain specifieity, though not nearly
as much as we would like. There are different
degrees of sensitivity to bacteriophage action
that must be understood. I refer to the nascent
effect, the lysin reported by Naylor and Czulak,
and host-controlled variations. These have heen
discussed more fully previously (4).

The number of strains of lactic streptococei
suitable for use in composing cultures is quite
limited, selecting merely on the basis of the
three mentioned characteristies. These and
other characteristies must be determined by
the composer if the resulting cultures are to
serve satisfactorily in producing lactie acid.
Kxperience as to the characteristics and capa-
bilities of individual strains is important. There
is only a general correlation between culture
activity in a laboratory and activity in a dairy
plant. Some strains serve well in one product
and not so well in another. Strains selected
for Cheddar cheese cultures should he suffi-
ciently heat-resistant to survive the cheese cook-
ing temperatures without damage.

Strains selected as being sensitive to differ-
ent types of bacteriophages, found not to pro-
duce antibioties, and known to be suitable for
use in making the intended product, cannot he
mixed at will. Of particular importance is
the matter of strain domination (4). Some
strains of lactie streptococei dominate others
in mixtures, soon hecoming responsible for
most of the acid produced. Domination among
strains actually seems to be the rule rather
than the exception, even among strains that
do not produce antibiotics. When strain dom-
ination has occurred, a single bacteriophage
active against the dominant strain can cause
failure in the production of lactic acid. Except
with strains that produce antibiotie, the only
known method of determining compatibility
or lack of it is to grow strains together in the
laboratory and check for domination.

Beyond an attempt to indicate the present
situation regarding culture identity and selec-
tion, I have attempted to define those which T
believe present knowledge indicates to he some
of the responsibilities of the culture composer.
He is the one who can and should determine
culture composition. His flexibility in compos-
ing cultures is limited only by the number of
good strains he has available, by his knowledge
and experience with those strains, and by his
awareness of the manufacturer's needs. There
should he close cooperation between composer
and user with regard to the results the user is
getting with the cultures supplied, particu-
larly with regard to the control of bacterio-
phages.

I have not attempted to discuss bacterio-
phages, because time does not permit adequate
coverage, | once saw hacteriophages cause a
dairy plant to lose in one day enough skimmilk

to have made ten tons of Cottage cheese.
Seeing such losses makes one aware of  the
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importance of bacteriophages.  The subject
has been discussed in an earlier report (4).
Those of you who have read that paper know
I am convinced that the key steps in controlling
hacteriophages are tests for bacteriophages,
cultures composed of strains selected to resist
the bacteriophages found, and close cooperation
between culture composer and culture user.
These steps only supplement—they do not re-
place—good sanitation and correct procedures
in the dairy plant.

There are no cast iron cultures. A dairy
products manufacturer who has propagated
and used one culture for a long period is for-
tunate. But he should not teel that he has by
lucky chance found the solution to culture
problems. Rather, he should recognize that he
has given opportunity for several possibilities
to influence culture composition. Strain domi-
nation has been mentioned. Another possibility
s piecemeal elimination of strains, or culture
types, by the action of bacteriophages that are
permitted to contaminate the mother culture.
His culture, though it might be giving excellent
results, might now be, for all praetical pur-
poses, a single-strain culture. That is, the one
or more strains remaining might he of the
same phage type. If this is the case, the manu-
facturer is gambling that a particular active
hacteriophage will not get into the plant and
ause difficulty.
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IXCHANGE AND VARIABILITY IN LACTIC

STREPTOCOCCUS STARTER ORGANISMS'!

W. E. Sanping, P. R. Enuiker, Lots K. Artex, axp W. C. Browx
Department of Microbiology, Oregon State University, Corvallis

I would like to begin with a brief deserip-
tion of culture variation, in order to emphasize
the nature and magnitude of this problem in
the dairy industry. For many years dairy
manufacturers have been plagued by lack of
uniformity in flavor and acid production by
mixed-strain lactic streptococcus starter cul-
tures. Some of this variation has been found
due to specifie environmental factors such as
bacteriophages (30), antibioties (15), quater-
nary ammonium compounds (18), and changes
in milk composition (2). More recently, strain
dominance (8) and strain compatibility (9, 12,
19) have bheen shown to play roles in culture
variability. However, other factors undoubt-
edly also are involved, since variation in mixed-
strain starter cultures frequently is observed
in the apparent absence of any of these afore-
mentioned influences. For example, a number
of cells in a mixed-strain starter culture from

! Technical Paper No. 1585, Oregon Agricul-
tural Experiment Station. Supported by a re-
search grant (G-14703) from The National Seience
Foundation.

time to time will gain or lose certain charae-
teristies, independent of any obvious environ-
mental effects. This gain or loss is a perma-
nent change, for all the progeny or descendents
of the cells involved are like the parents from
which they originated. Good examples of this
may be seen from some of the familiar variety
designations tor Streptococcus lactis, which
identify the characteristic present or absent,
as the case may be. The terms maltigenes for
malty-flavored strains, hollandieus for ropy
strains, anoxyphilus for slow litmus-reducing
strains, tardus for slow acid-producing strains,
and aromaticus for diacetyl-producing strains
have all heen used in this regard (14).

These observations suggest that mutation
and selection occur in mixed-strain starter cul-
tures. Moreover, since different strains of lactie
streptococeus and Leuconostoe organisms are
grown in mixtures to provide starter cultures,
the probability that exchange of genetic mate-
rial may cause culture variation is even more
likely. We now know that the genetic material
of bacteria (3) and most bacteriophages (10,
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20) is deoxyribonucleic acid (DNA). We
know further that there are at least three
mechanisms by which DNA from one bacterium
may become associated with DNA from another
bacterium, in order that recombination ecan
oceur to give rise to new cells that differ from
cach of their ancestors. These well-known
processes may be listed as follows:

TABLE 1

Mechanisms of bacterial recombination

Process inhibited by

Phage
Method DNAse  Antiserum
Transformation + =
Transduction = +
Conjugation — -

Transformation involves the use of DNA iso-
lated from donor bacteria and added to suit-
able recipient bacteria; naked DNA carries the
genetic information. Transduetion involves the
use of bacteriophages propagated on donor
bacteria. The phages, which carry the DNA,
are used to infect suitable recipient bacteria.
Conjugation is a sexual process requiring phys-
ical contact, during which there is a one-way
transfer of genetic material from a fertile cell
(F7) to a non-fertile cell (F").

In each of these three cases, the actual ex-
change or recombination of genetic material
oceurs between the intact DNA of the recipient
cell and a portion of the DNA of a donor cell
or donor phage. One of the popular theories
concerning how this recombination occurs is
called copy choice (16). A simplification of
this process is presented in the following figure,
where it is shown how DNA having markers
ABC might recombine with DNA having mark-
ers 123 to yield DNA which would be capable
of expressing the characters 1B3 and A2C in
individual, segregated cells.

At the top of the figure is the double-stranded
Watson-Crick DNA, which has been redrawn
below using straight lines to represent one of
the strands; on the left is the ABC DNA,
on the right the 123 DNA. Now the copy
choice theory proposes that a new strand of
DNA is formed using one of the parental
strands as a replication model. Oceasionally,
however, a strand will switch over and copy
from the second strand, which will require the
replicating piece on the other strand also to
switech over. This can be seen from the middle
portion of the figure, the two halves of which
would have to be superimposed to see the com-
plete picture. The hypothetical recombinant
characters 1B3 and A2C would then show up in
sonme of the progeny after segregation had
occurred.

Conjugation has only been demonstrated
among gram-negative bacteria of the Escher-
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ichia, Shigella, Salmonella, Vibrio, and Pseudo-
monas genera. I know of no attempts to dem-
onstrate this phenomenon among organisms
used in the dairy industry. For the past year,
however, we have been studying transformation,
lysogeny, and transduction in lactic strepto-
cocel as part of a program to determine whether
variation in mixed-strain lactic streptococcus
starter cultures might arise by genetie exchange.
T would like to present some of our preliminary
findings at this time.

Organisms of the Streptococcus genus have
been transformed by other investigators (4,
22, 23), but no original articles on this phe-
nomenon in lactic streptococei are found in
the literature; Reiter and Oram (25), however,
cite a personal communication from Moller-
Madsen in which he indicated transformation
of citrate utilization from Streptococcus dia-
cetilactis to S. lactis.

The first difficulty we encountered in our
transformation work was the lack of a suitable,
gentle lysing system for lactie acid streptococei
by which we could extract highly polymerized
DNA; lysozyme, sodium lauryl sulfate, and
sodium desoxycholate were relatively ineffective
under a variety of conditions. Other workers
(23) had used an enzyme preparation from
Streptomyces albus to lyse streptococei, but
this material was not generally available. Then
one of us (W. C. B.) observed that old cultures
(four to seven days) of S. diacetilactis strains
grown in eitrate broth (28) became quite vis-
cous. This suggested a possible role for chelat-
ing agents in altering streptococcal cell walls
and reminded us of a report by Repaske (26)
coneerning the lysis-accelerating effect of ethyl-
enediaminetetraacetate (EDTA) on lysozyme-
lysis of gram-negative bacteria. When the lyso-
zyme-EDTA  procedure described by Repaske
was applied to S. lactis, significant lysis re-
sulted (6). Dr. R. Pakula of the Department
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ot Microbiology and Hygiene, School of Medi-
cine, Warsaw, Poland, graciously provided two
strains of transformable Streptococens organ-
isms (SBE and challis), in order that we could
test the activity of DNA prepared using this
lvsis technique:; the DNA was active and typ-
ical data from one of our experiments for
transtformation of streptomyein resistanee fol-
low :

TABLE 2

Number of streptomyein resist
per milliliter

ant  trausformants
a

Modification

3 Treatment of DNA©
of trans- - ——

forming Depro- Undepro-
/ & teinized teinized
None 480 160
DN Ase added 0 0
DNA omitted 0 0
DN A boiled 0 0

*Total cell count was 3 X 107 cells per milliliter.
Organism was Streptococcus strain challis,

"The method and transforming system of Pakula
et al. (22) were used.

€ 2,000 wmg per milliliter.

Transtormation of the challis strain also has
heen accomplished in nontat milk, but at a very
low ftrequency. DNA extracted trom over 40
strains of lactie streptococcus organisms using
this lysis procedure has been used in an effort
to transform streptomyein resistance and tryp-
tophan independence (5). No transtformation
has as vet heen ohserved, suggesting a paucity
of competent or transtormable strains among
these bacteria. However, DNA prepared from
a streptomyein resistant mutant of S, lactis
(10, has heen found to confer antibiotic re-
sistance upon the streptomyein-sensitive, trans-
formable Streptococens strain challis.

[ would like now to comment briefly regard-
ing our studies on lysogeny in lactie strepto-
cocel, but let me first of all define lyxogeny and
phage conversion. Lysogenic bacteria arve those
that carry bacteriophages as prophage in asso-
ciation with their genetic material; they appear
perfectly normal but tfrom time to time some
of the cells in the population will lyse and re-
lease free phage particles. The remaining lyso-
genic bacteria are immune to infection by these
liberated phages, but other unrelated strains
of cells, as would he present in a mixed-strain
starter culture, may be infected. Phage con-
version is similar to transduction, except that
the recipient cells gain a new character only
as a result of heing lysogenized. It is well
known that conversion by bacteriophages also
is a factor in bacterial varviation (13). For
example, Freeman (11) reported the conver-
sion of a nontoxin-producing Corynebacterium
diphtheriae organism into a toxin-producer by
lysogenizing the hacterium. Other examples of
phage conversion also have been shown (13).
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In 1949, Reiter (24) reported the occurrence
of lysogenie lactie streptococcus organisms in
bulk mixed-strain starter cultures and we were

interested in isolating strains exhibiting this
phenomenon for use in variation studies. We

were interested in determining whether there
was any change, for example, in flavor produe-
tion or rate of acid production, when lactic
streptococei were lysogenized. Several strains
from our stock culture collection expressed pos-
sible lysogeny in cross streak tests; cross streaks
of Streptococcus cremoris W oand S. cremoris
('3, for example, provided the results shown
in the following figure:

F1s. 2

This suggested that one or both of these two
S. cremoris strains earried phages which, when
liberated, would lyse the other strain. When
these two strains were grown together, a filtrate
spotted on a lawn of S. eremoris (‘3 resulted
in the lytic spot which may be seen as follows:

Fia. 3

Phages which repropagate on S. cremoris ('3
have heen isolated trom the lysis area. We have
not vet had an opportunity to pursue this
matter further, but subsequent studies will con-
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cern an examination of the role lysogenization
or phage conversion may play in variation
among lactie streptococei.

Transduction among organisms of the Strep-
tococcus genus has not been reported. In fact,
the only gram-positive bacteria reported to
undergo transduction are Bacillus subtilis (29)
and Staphylococcus aureus (21, 27). Recently,
however, transduction of tryptophan independ-
ence in Streptococcus diacetilactis 18-16 and
streptomyein resistance in S. lactis C2 were
accomplished in our laboratory (1). Unlike
most other successful transductions, these were
hrought about using a virulent rather than a
temperate phage. Results of typical quali-
tative experiments for tryptophan independence
may be seen in the following table:
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these experiments has been found to exhibit
no significant mutation to streptomyein re-
sistance; in fact, the antibiotic resistant mutant
donor used in the transduction was obtained
only after several attempts. It can be seen
that a frequency of about one in 27 cells was
found with the first experiment. Phages in the
second experiment were irradiated; this in-
creased the number of survivors but reduced
the frequency of transduction.

On the basis of our findings, T would like to
speculate a little regarding the role that ge-
netie exchange may play as a contributor to
culture variation in the Dairy Industry. Trans-
formation, while it undoubtedly occurs in
starter cultures, may take place less frequently
than other exchange methods. Presumably,

TABLE 3

Transduction of tryptophan independence in Streptococcus diacetilactis 18-16

Survivors

Transdue-

PFTU per per tants per

milliliter MOI1* milliliter milliliter ¢ Frequency
1X10° 1 3 X 10° 0 0
.................. 5% 10° 0 0
1X10" 100 5.2 % 10° >1¢ >1/5.2 X 10°
............ & 6 X 107 0 0

* Multiplieity of infection: The ratio of

" Nonphage control.

bacteriophages to bacterial cells.

¢ The method of Allen (1) was used to carry out the transduction.

4 Detected by observing growth in synth

The frequency of transduction is shown as
greater than one per so many surviving cells
per milliliter, beecause the recipient survivors
were screened in broth medium lacking trypto-
phan. It may be seen that a high multiplicity
of infection (100) was required. The next
table shows the same type of data for strepto-
myein resistance:

etie broth medium lacking tryptophan.

autolysis of cells to release DNA would occur
only at pH 5.0 or below, where the activity of
transforming DNA is much reduced (3). Kx-
ternal lysing agents, however, such as bacterio-
phages and antibioties, could provide the re-
lease of DNA under conditions that would
favor transformation. The consequences of the
ensuing recombinations may not seem unde-

TABLE 4

Transduction of streptomycin resistance in Streptococcus lactis C2

Survivors

Transdue-

PFU per per tants per
milliliter MOI milliliter milliliter Frequencey
5% 10° 1 1x10° 0 0
....... s e 1% 10° 0 0
1% 10° 100 1 x10° st >1/1,000
. 1x10° 0 0
1% 10° 100 4 X 10* >1® >1/40,000
e 4 X 10° 0 0

* Nonphage controls.

" Detected by observing growth in medium

streptomyecin.

Information regarding the frequency with
which this transduction was occurring in strep-
tomyein resistance was obhtained using the rep-
lica plating procedure of the Lederbergs (17).
Results are shown in the next table:

The streptomyecin-sensitive recipient used in

containing 1,000 units per milliliter of

sirable if all the organisms in the mixed-strain
starter culture possess desirable characteristies.
That is, recombinants of desirable parents
might be expected to yield desirable progeny.
This, however, is not necessarily true, for it is
well known that biosynthetie recombinants can
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TABLE 5

Frequency of transduction of streptomycin resistance in Streptococcus lactis C2
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as determined

by replica plating

Avg no. Avg no.
Survivors colonies transdue-
PFU per per per master tants per
milliliter milliliter plate rep. plate Frequency
1X10° 8 X 10® 186 6 1/27
............ 1X10° TNTC 0 0
1X10°° 4 X 10* TNTC 5.3 1/150
............ 2 X 10° TNTC 0 0
* MOT was 100.
* Nonphage controls.
¢ Irradiated phage preparation.
synthesize compounds which cannot be produced Antibiotic Production. Appl. Microbiol., 9:
by the parents (7). 200. 1961.
7 I (7) (9) Danrva, R. S, Axp Speck, M. L. Sym-

It appears that transduction may be more
significant in starter culture variation, espe-
cially since this process would allow for the
introduction of new characteristics as a result
of bacteriophage infection. While the role of
phage conversion in this variation is yet to be
assayed, it also may be important, especially
since lysogenic lactic streptococel appear to
be common. All this emphasizes further the
pressing need for continued research to find
suitable milk additives which will prevent bhaec-
teriophage adsorption. Furthermore, the fre-
quent rotation of starter cultures originating
from a lyophilized powder becomes even more
necessary in view of pending genetie exchange.
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IIT. CERTAIN ASPECTS OF STARTER CULTURE METABOLISM

E. H. MaArTH

Fundamental Research Laboratory, Research and Development Division
National Dairy Produets Corporation, Glenview, Illinois

The metabolism of starter cultures is com-
plex, in that it encompasses not only production
of lactic acid and flavor or aroma substances
but includes production of other compounds
from carbohydrates, utilization of nitrogenous
compounds, vitamins, salts, and fats as well as
development of antibiotic-like substances. This
paper will attempt to summarize some of the
available information, first, on metabolism of
homofermentative lactic starter streptococci,
and, secondly, on heterofermentative starter
organisms. The discussion on homofermenta-
tive bacteria will be restricted to Streptococcus
lactis, Streptococeus cremoris, and Streptococ-
cus thermophilus, whereas the consideration of
heterofermentative organisms will deal pri-
marily with Streptococcus diacetilactis and
Leuconostoc citrovorum.

HOMOFERMENTATIVE LACTIC STREPTOCOCCI

Utilization of carbohydrates. Lactose is the
carbohydrate of greatest concern in a consid-
eration of dairy starter cultures. The organisms
split lactose into its components, namely, glu-

cose and galactose. (lucose then is converted
to lactic acid via the well known Embden-
Meyerhof-Parnes (EMP) metabolic pathway.
The final reaction of this scheme involves re-
duction of pyruvate to lactic acid with the aid
of lactic acid-dehydrogenase. This homofer-
mentative reaction, theoretically, yields two
molecules of lactic acid for each molecule of
glucose utilized (54).

Before galactose ean be utilized by the organ-
ism it must be converted to a glucose-form which
can enter into the KMP metabolic scheme.
This conversion of galactose to glucose-1-phos-
phate occurs aecording to the equations illus-
trated in Figure 1. First, galactose is con-
verted to galactose-1-phosphate with the aid of
galactokinase. The galactose-1-phosphate then
reacts with uridinediphosphoglucose to form
glucose-1-phosphate and uridinediphosphogalac-
tose. The enzyme galactose-1-phosphate trans-
urydilase catalyzes the reaction. Finally, the
UDP-glucose utilized in the previous reaction
is formed by conversion of UDP-galactose
through the action of UDP-galactose-4-epimer-

Fi1e. 1. Conversion of galactose to glucose-1-phosphate.”

(1) Galactose

Galactokinase

sk
ATP®

Galactose-1-Phosphate
+

\

ADP ©

Galactose-1-Phosphate-

(2) Galaetose-1-Phosphate
+

UDP *-Glucose

Transurydilase UDP °-Galactose
> <+
Glucose-1-Phosphate
UDP-Galactose-4-
Epimera
i > UDP-Glucose

(] UDP-Galactose

" Adenosinetriphosphate.

¢ Adenisinediphosphate.

4 Uridinediphosphoglucose.

¢ Uridinediphosphogalactose.

* From Kandler, Milchwissenschaft, 16: 523. 1961.
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ase (H4). The glucose-1-phosphate formed in
the second reaction now is ready to enter the
MP scheme at the same point as glucose. Both
glucose-1-phosphate and glucose are initially
converted to glucose-6-phosphate in the KMP
scheme, although different enzymes serve as
atalysts (54).

Studies with radioactive glucose labeled in
different positions have shown how hexose
-arbon atoms are distributed in lactie acid
molecules,  This is illustrated in Figure 2.

Fr1c. 2. Location of hexose carbon atoms in
product of homofermentative lactic acid bacteria.”
7('
= ”([‘OOH COOH
30— HCOH + H°COT
|
| 'CH °CTI
:A(.V
°C
ITexose Lactice + Laetic
Acid

Acid
*From  Kandler, Milehwissenschaft, 16: 523.
1961.

Carbon atoms one, two, and three are located
in one molecule of lactic acid and the remain-
ing three serve as the carbon component of
the other lactic acid molecule (54).

Production of acid by hoth S. lactis and
S. eremoris is greatest at 94 K and decreases
considerably at 100 and 105F (127). Aecid
production in milk by S. thermophilus: (a)
was higher in autoclaved and lower in raw and
pasteurized milks, (b) varied from day to day,
(¢) varied according to the cow which produced
test milks, (d) was not affected by season of
vear, and (e), in one instance, was partially
inhibited by rennet (28).

Cells of S. eremoris, when grown in a glu-
cose medium without pH control, produced
acetic and formie acids, earbon dioxide, and
ethanol in addition to lactic acid. S. lactis did
not produce formic acid but, instead, developed
some acetoin. S. thermophilus produced all
of the products mentioned for the other two
(97). Control of pH at 7.0 inereased the num-

ber of products formed by S. eremoris and
altered the kinds produced by S. lactis and
S. thermophilus. When S. lactis was grown

in a glucose medium controlled at pIl 7.0 and
sparged with nitrogen; lactie, acetie, and formie
acids, carbon dioxide, ethanol, diacetyl, acetoin,
and 2,3-butanediol were formed (99). Other
products developed by both S. lactis and S.
cremoris include acetaldehyde and acetone (40).

Although heterofermentative starter hacteria
will be considered in greater detail later in this
paper, it iz appropriate to mention now that
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they differ from homofermentative bacteria,
in that they do not possess an aldolase and
hence are unable to degrade hexoses by means
of the EMP scheme (54). Homofermentative
bacteria, however, do possess the enzymes nee-
essary for direct oxidation and decarboxylation
of glucose-6-phosphate to ribulose->-phosphate
and, hence, could also carry out heterofermenta-
tive reactions (54). This is mentioned as a
possible explanation for formation of produets

other than lactic acid by homofermentative
bacteria.
S. lactis  contains  dehydrogenase enzymes

and hence the organism activated carbohydrates
but lacked the ability to dehydrogenate non-
carbohydrate substances. A few could be oxi-
dized, however, and they appeared to be glye-
erol, lactate and pyruvate, butyrate, and some
of the aleohols (115). Endogenous respiration
of S. lactis in a glucose medium was found to
occur and was affected by: (a) glucose and
pH levels, (b) age of cells (9 hr appeared
best), and (¢) presence of sodium fluoride,
which was stimulatory (112). It was postu-
lated that S. lactis may have two respiratory
systems (one involved in glucose and ascorbic
oxidation and the other in oxidation of non-
carbohydrate substances), neither is able to
function during glveolysis (115).

When grown in milk for 24 hr, S. lactis and
S. thermophilus bring about a fivefold inerease
in pyruvie acid and a 1.5-fold inerease in
alpha-ketoglutarie acid (39). An increase in
frequency of transfer was accompanied by an
incerease in levels of these acids.

Cells of S. lactis adapted most readily to
new sugars if they were just emerging from

the lag phase and were in the period of phys-
iological growth. During the logarithmie phase.

adaptability decreased rapidly and continu-
ously (43).

Production of acid by S. thermophilus is
related to the surface-to-depth ratio of the
medium in which the organism was previously
grown. A surface-to-depth ratio of the old
culture which was less than that of the new
medium resulted in slower acid production than
if hoth ratios were similar (38).

Effect of carbon dioride. Laboratory experi-
ments using an artificial medium indicated that
hoth S. lactis and S. cremoris required carbon
dioxide to initiate growth (31, 103). When the
organisms were incubated in an atmosphere

free from carbon dioxide, growth failed to
occur. The addition of 109, carbon dioxide to

the atmosphere permitted good growth and acid
production, but an excessive amount of the gas
proved to be inhibitory (31).

The initial growth rate of S. lactis and S.
eremoris in skimmilk also depends on the pro-
portion of earbon dioxide present in solution
(123). When e¢arbon dioxide was constantly
swept away from a milk medium all strains
showed a very long lag period. The organisms
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eventually emerged from this lag period and
then grew well enough to coagulate milk in
24 hr. To obtain optimal initial growth, lactic
streptococel require the presence, in solution,
in milk of 0.2 to 2.39% ecarbon dioxide. The
exact requirement varied with the strain (123).

To fully understand the signifieance of car-
bon dioxide in the metaholism of lactie acid
bacteria, it is necessary to consider what can
happen to pyruvate formed through degrada-
tion of carbohydrates (54).

First, pyruvate can be reduced to lactate.
This is the primary reaction of lactie strepto-
cocei. Second, a reductive amination can take
place in which pyruvate is converted to alanine
(one of the more important amino acids in the
build-up of protein). Third, the malic enzymes
can catalyze the carboxylation and reduction
necessary to produce malic acid. Carbon di-
oxide is utilized in this reaction. Malic acid
may then be oxidized to oxalacetate. This com-
pound is an important precursor of asparagine,
which ean be converted to threonine and leu-
cine. Fourth, pyruvate can be converted to
phosphoenolpyruvie acid with the aid of py-
ruvatekinase. The phosphoenolpyruvic acid can
be carboxylated to form phosphoenoloxalace-
tate, then oxalacetate. Carbon dioxide is also
utilized in this reaction. This conversion is
the predominant one in lactic acid bacteria and
is necessary for maintenance of life, since these
organisms cannot form oxalacetate by means
of the ecitric acid cycle, as do other bacteria.
Fifth, formation of acetaldehyde, acetolactate,
and acetoin, which will be considered in greater
detail later in this paper.

Utilization of fats. Information on degrada-
tion of fat and utilization of fatty acids by
homofermentative lactic acid bacteria is quite
limited. It has been noted that milk which has
undergone sufficient lipolysis so its surface
tension is reduced to about 10 dynes per centi-
meter is definitely inhibitory toward S. lactis.
The inhibitory action previously was not as-
cribed to reduction in surface tension nor to
the slight accompanying reduction in pH (19),
but recent studies have shown that reduction
in surface tension may be a factor (82). The
presence in milk of certain free fatty acids is
accompanied by an inhibition of aecid produc-
tion by 8. lactis. Laurie, caprie, and caprylie
acids, when present at the 0.19% level, were in-
hibitory, whereas oleie, butyric, linoleie, lino-
lenie, arachidie, or palmitic at the same level
showed no effect. Caproic and stearic acids
were not inhibitory, hut 0.59 ecapric almost
completely stopped acid production by S. lactis
(18). Some strains of S. lactis have been found
to grow in a chemically defined medium only if
it was supplemented with acetate (58) or ace-
tate and oleate radicals (15). The presence of
fat in milk has heen shown to be inhibitory to
some strains of S. cremoris (34). It is believed
that cells of susceptible strains rise with the

¥

cream and then are in an area of insufficient
nutrients.

Cells of S. lactis treated with lysozyme yielded
5% of their dry weight as lipid (73). All lipids
obtained contained the following five major
fatty aeids: myristie, palmitic, palmitoleie,
lactobacillic, and an 18 earbon acid which
possessed one double bond and may be oleie
acid or one or several of its isomers (73).

Recently, it was reported that ethylendiamine-
tetraacetic acid accelerated lysing of S. lactis
by lysozyme (7). Whether the use of this tech-
nique would change the lipid picture is not
known.

Effects of wvitamins, salts, and metals. The
homofermentative lactie streptococei require a
number of vitamins for growth. Various pub-
lished reports indicate that S. lactis requires:
riboflavin (2, 91, 110), pantothenic acid (2,
91, 104, 110), pyridoxine (2, 91, 110), thiamine
(2, 91, 110), biotin (2, 91, 104, 110), nicotinic
acid (91, 110), and niaein (2, 104). Some
variations in vitamin requirements exist among
different strains of S. lactis. Vitamin require-
ments for S. eremoris appear to be similar to
those described for S. lactis. For good growth,
S. thermophilus requires: pantothenie acid,
riboflavin, thiamin, nicotinamide (or nicotinie
acid), biotin, and pyridoxine or its derivatives.

The growth of §. lactis in milk was not af-
fected by addition of pantothenic acid, niacin,
B.., biotin, or folic aecid, whereas slight inhi-
bition was noted when thiamin, xanthine, or
pyridoxamine was added (3). TFolic acid or
B.. additions to a synthetic medium either in
the presence or in the absence of added methio-
nine had no effect on growth of S. lactis (3).

In spring, changes in milk eomposition (low-
ered protein nitrogen and vitamin content) may
bring about disturbances in lactic acid produc-
tion by some strains of S. lactis, whereas others
are not affected (118). The unaffected strains
appear to require less riboflavin and more biotin
than others. They are also more proteolytic and
can synthesize nicotinic aeid (118). Another
strain has been found able to utilize phenylala-
nine in the synthesis of folinic acid (93). S.
lactis also produces folic acid (89).

Vitamin K, when added to milk in concen-
trations as low as 3.0 ppm, reduced the rate of
acid production by lactic dairy starters (125).
Levels of 100 ppm or more were required to
arrest acid production for 24 hr at an incuba-
tion temperature of 30 C (125).

Acid production by 8. lactis and S. cremoris
was reduced in the absence of iron (101). Co-
balt or zine could replace iron (101). Sodium
chloride, when added to milk at the 0.5% level,
served to stimulate acid production by S. lactis
(112). Higher levels caused a decline in acid
development (112).

When added to milk, potassium nitrate or
chlorate had little effect on the growth rate of
8. eremoris, whereas potassium persulfate
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showed slight inhibition and potassium bromate
and iodate were strongly inhibitory (45).

S. thermophilus was inhibited slightly by
the presence of 2 and 4 ppm copper in the
medium. Higher levels, up to 16 ppm, may
have retarded growth somewhat more, but the
effect was not pronounced (87).

Metabolic variations of S. lactis var. malti-
genes. The malty variant of S. lactis has been
the object of considerable interest. At one
time it was believed that this organism pro-
duced the malty flavor through liberation of
acetaldehyde (125). This was later disproved
when it was found that nonmalty strains of
S. lactis produced as much or more acetalde-
hyde than did the malty variant (51). Sub-
sequent studies showed the aroma resulted from
3-methylbutanal and a small amount of 2-
methylbutanal. Both of these compounds prob-
ably were derived from free leucine in milk
(51). The mechanism by which this oceurred
appeared to be as follows: (a) the organism
possesses a transaminase system which effects
a transfer of the amino group of leucine to
alpha-ketoglutarie acid and this results in for-
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mation of alpha-ketoisocaproie and glutamie
acids, (b) an alpha-ketoisocaproic acid de-
carboxylase, in the presence of magnesium ions
and thiaminpyrophosphate, decarboxylates the
keto acid to form 3-methylbutanal plus carbon
dioxide (70).

S. lactis var. maltigenes was found to require
leucine, isoleucine, and valine for multiplica-
tion. The leucine requirement could be satis-
fied with alpha-ketoisocaproic acid (69).

HETEROFERMENTATIVE STARTERS

Utilization of carbohydrates. The mechanism
by which heterofermentative starter bacteria
utilize carbohydrates and produee a variety of
products is indicated in Figure 3. In this in-
stance, glucose-6-phosphate is oxidized to 6-
phosphogluconic acid through aectivity of the
Zwischenferment first described by Warburg.
The 6-phosphogluconic acid is decarboxylated
with formation of ribulose-5-phosphate and
carbon dioxide. Ribulose-5-phosphate is con-
verted to xylulose-5-phosphate, which then un-
dergoes phosphoroclastic splitting and yields
acetylphosphate and phosphoglycerinaldehyde.

Fi1a. 3. Carbohydrate metabolism of heterofermentative lactic acid bacteria.

Hexose

l

Glucose-6-Phosphate

Zwischenferment
+ TPN

6-Phosphogluconic Acid + TPNH + H*

6-Phosphogluconic acid dehydrogenase
+ TPN

Ribulose-5-Phosphate + CO, + TPNH + H*

l Phosphoketopentoseepimerase

Xylulose-5-Phosphate

+ POsF
Phosphoketolase

Acetylphosphate + Phosphoglycerinaldehyde

ADP
A_veto-
Kinzge Aldehydedehydrogenase
Acetic Acid + TPNH + H*
+ ATP

Acetaldehyde + DPNH + H*

l Aleoholdehydrogenase

Alcohol Y
Lactic Acid

(oxidation)

(deearboxylation)

(eonversion)

(phosphoroclastic split)

(dephosphorylation)

(reduction)

(glyeolysis)

* From Kandler, Milchwissenschaft, 16: 523. 1961.
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The phosphoglycerinaldehyde is transformed
into lactic acid by means of the EMP glycolytic
pathway. Acetylphosphate is dephosphorylated
and forms acetic acid, or is reduced to produce
alcohol. Under anaerobic conditions, generally,
complete reduction of acetylphosphate occurs.
If oxygen is present, some of the acetylphos-
phate in converted to acetic acid and some to
aleohol. Theoretically, heterofermentative or-
ganisms convert one molecule of glucose into
one molecule each of carbon dioxide, lactic acid,
and aleohol or acetic acid (54).

Studies with labeled glucose have provided
information about distribution of hexose carbon
atoms in products of heterofermentative bac-
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(a) Diacetyl results from sugar dissimilation
by Leuconostoc and citrate serves only as
a hydrogen acceptor (13).

Lactose is the main source of C-4 com-
pounds formed and citrate is only indi-
rectly involved (17).

Neither glucose nor citrate alone supports
production of acetoin and barium or cal-
cium salts are necessary to initiate the re-
action (116).

Aroma substances are produced by L. citro-
vorum when lactose and ecitric acid are
present. Other carbohydrates could re-
place lactose but citric acid could not bhe

(b)

(e)

(d)

teria. These data are outlined in Figure 4. replaced by other acids (63).
Fic. 4. Location of hexose carbon atoms in products of heterofermentative lactic acid
bacteria.”
1(\\] or
QQ *CHs *CH *COOH
5
| —_— 1CO. + H. *COH *COOH + H°COH
4,
C
| °CHs
5((
ud
Hexose Carbon- Ethyl - Acetic s Lactic
Dioxide Aleohol Acid Aecid

* From Kandler, Milchwissenschaft, 16: 523. 1961.

The carbon atom numbered one is present in
carbon dioxide, whereas the No. 2 and 3 carbon
atoms are found in aleohol or acetic acid. Car-
bon atoms 4, 5, and 6 become a part of the
lactic acid molecule (54).

L. citrovorum, in a series of tests, was able
to convert glucose to the products described
above under both aerobic and anaerobic con-
ditions (5).

When S. diacetilactis was grown in milk for
4 hr at 30 C, 94 to 128 ul of oxygen were uti-
lized and 455 to 591 ul of carbon dioxide were
produced (105). Gas production is greatest
at elevated incubation temperatures (49). De-
velopment of gas by L. citrovorum has caused
slit-openness in Cheddar cheese at ripening
temperatures of 50 and 58 F (96). The de-
carboxylase system of S. diacetilactis has been
shown to be very heat stable (1009 activity
after heating to 80 C for 60 min) and to be
most active when the pCO, was low (94, 95).

Aroma and flavor formation. The produe-
tion of acetoin (and diacetyl) by heterofer-
mentative bacteria has been the subject of many
investigations. These studies have led to differ-
ences in opinion on the nature of the reaction.
Briefly, some of the ideas previously held are
as follows:

(e) Diacetyl and acetoin result from fermenta-
tion of citrate only (13).
(f) Diacetyl is produced from sodium pyru-
vate and citrate but not from glueose (13).
(g) Pyruvate occurs as an intermediate in fer-
mentation of citrate to acetoin. Pyruvate
is not formed from citrate either by a re-
versal of the condensing-enzyme reaction
and subsequent decarboxylation of oxalace-
tate thus formed or by the tricarboxylie
acid cyele (13).
Formation of diacetyl appears to be an
oxidation-reduction process in which methyl
glyoxal and diacetyl are derived from
pyruvate (25, 27). Adding oxidizing agents
to the medium does not alter the O/R po-
tential enough to permit diacetyl forma-
tion (26).
Pyruvate is formed from citrate by cleav-
age of citrate into acetate and oxalacetate
by citridesmolase. This is followed by a
decarboxylation of oxalacetate to acetate
(13).

The variability of these findings has been ex-
plained as follows: (a) Pyruvie acid is the
key intermediate in the fermentation of lactose
and citrate to acetoin and diacetyl, (b) in the
fermentation of lactose to pyruvate by the

(h)
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KEMP scheme, sufficient DPN is produced to
reduce pyruvate to lactic acid, (¢) fermenta-
tion of citrate results in production of pyruvate
without a simultaneous supply of reduced DPN
and, hence, products other than lactie acid are
formed. This difference may account for some
of the controversial findings of different in-
vestigators.

The viewpoint on acetoin formation held by
many investigators today, and based on studies
with labheled hexoses and citrate, encompasses
the following steps shown in Figure 5: (a)

Fic. 5.
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what similar to the beta-galactoside permease of
FEscherichia coli, was observed in S. diacetilactis
(42). The transport syvstem could be induced
and permitted greatest entry of citrate into
cells at pH values below 6.0. Lactose enhanced
citrate uptake, whereas 24-dinitrophenol re-
duced it.

Conditions necessary for optimum acetoin
(and diacetyl) production by S. diacetilactis
include: (a) presence of ecitrate in medium
(107), (b) pH near 5.0 (65, 107), (¢) heat
treatment of milk equivalent to 12 min at 121 C

Scheme for formation of acetoin by Leuconostoc citrovorum.*

C-C*-C*-C-C*-C*  Exogenous Pyruvic Acid

(Citrie Acid)
Sugar
/
L8 o G- C5-C°

Aleohol + CO.

ce-C®
Active
i Acetaldehyde
c-c-c*
Lactic Acid

Pyruvie Acid ——> Acetolactate ————> Acetoin

c

|
0%-C5-C°-C° oo o B

Tk CO:

+ CO:

* From Kandler, Milchwissenschaft, 16: 523. 1961.

citrate is converted to acetate and oxalacetate,
(b) oxalacetate is converted to pyruvate, (e¢)
hexoses are converted to pyruvate, (d) py-
ruvate from the two sources is mixed, (e) py-
ruvate is converted to acetolactate directly or
via active acetaldehyde, (f) acetolactate is con-
verted to acetoin, which then is oxidized to
form diacetyl (8, 13, 84, 85, 117). This figure
also shows distribution of original earbon atoms
in fermentation products.

Addition of the following substances to cul-
ture media resulted in increased acetoin pro-
duction by L. citrovorum: lactose (76), citrie
acid (44, 84), pyruvie acid (44, 84), sodium
citrate (74), and oxalacetic acid (84). Most
metabolic inhibitors stopped acid production
by L. citrovorum more readily than acetoin
formation (84). A reduction in pH to 5.0 (or
below) aceelerated acetoin production (84).

Apparently, S. diacetilactis produces acetoin
i a-fashion similar to that deseribed for L.
citroverum.  Experimental evidence indicates
that the organisin possesses a citritase enzyme
able to eonvert citrate into acetate and oxalace-
tate (41, 105, 106), and an oxalacetic acid de-
hydrogenase able to catalyze production of
pyruvate (106). Pyruvate is then converted

to acetolactate and subsequently to acetoin
(106). The ecitritase enzyme requires magne-

sium and manganese ions together with thia-
mine pyrophosphate for maximum activity (41).
Recently, a citrate transport system, some-

(107), and (d) incubation at temperatures of
18 C or above (65). The fermentation by S.
diacetilactis proceeds in two stages; first, for-
mation of volatile acids and cell mass, and
secondly, formation of lactie acid, acetoin, and
diacetyl (92).

S. diacetilactis fails to produce acetoin from
lactose in the absence of citrate. It has been
suggested that this occurs sinee all available
pyruvate is used for the glycolytic reactions
and none remains for synthesis of acetoin. If,
however, citrate is also present, the amount of
pyruvate exceeds that required for glyeolysis
and permits synthesis of acetoin (41).

‘When cultured products are held for longer
periods of time, diacetyl aromas tend to disap-
pear. Several explanations have been offered
for this occurrence and are as follows: (a)
acetoin (and diacetyl) can be reduced to 2,3-
butanediol (54), (b) S. diacetilactis and organ-
isms of the genus Leuconostoc possess an en-
zyme, diacetyl reductase, which irreversibly
reduces diacetyl to acetoin (108), (¢) spoilage
hacteria (e.g., coliforms, pseudonmonads) pos-
sess the same enzyme and hence carry out the
same reaction (108), (d) contamination with
hacteria able to produce strongly reducing con-
ditions may cause a decrease in aroma and
flavor substances (47), and (e) conversion of
acetoin to acetic acid by micrococel that may
be contaminants (54).

Effect of wvitumins and salts.  Cultures of
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L. citrovorum require the following vitamins
for growth: pantothenic acid (88), pyridoxine
(88), nicotinie acid (88), biotin (88), and
thymidine (57). Thymine desoxyriboside was
found able to substantially increase the growth
of this organism (111). The addition to the
medium of pyridoxamine phosphate, para
aminobenzoic acid, or B,, failed to improve
growth. S. diacetilactis did not require folie
or folinic aecids, thiamine, and B,..

The presence of 1 to 29 salt in skimmilk
proved to be stimulatory for acid produetion
by S. diacetilactis and L. dextramicum (112).
The addition of more salt reduced acid produec-
tion (112). Salt tolerance of these bacteria
was enhanced by the addition to milk of phos-
phates and dried milk and reduced by raising
or lowering the pll from the optimum (112).

PRODUCTION OF ANTIRIOTIC-LIKE SUBSTANCES AND
EFFECT OF THOSE PRODUCED BY OTHER
LACTIC STARTER BACTERIA

Studies in our laboratory (81) indicated that
L. citrovorum produced an antibiotie-like sub-
stance(s) in skimmilk which inhibited a variety
of gram-negative bacteria. The substance(s)

also displayed considerable activity against
Staphylococeus  aureus.  Activity appeared

greatest at a pH near 4.5 and diminished as
the pH was increased. Production of the in-
hibitory material appeared to vary from strain
to strain, but all four strains tested elaborated
detectable levels.

Antibiotic materials produced by S. lactis
inhibited L. c¢itrovorum (61) and S. diacetilactis
(12). The production of antibioties by some
strains may serve to explain why mixed-strain
lactic cultures change after a few transfers
(12, 33).

OTHER ASPECTS OF HOMO- AND HETEROFERMENTA-
TIVE STARTER METABOLISM

Space limitations prevent a complete con-
sideration of starter culture metabolism. These
aspects and appropriate references are indi-
cated below. First, the utilization of nitrogenous
compounds and proteolytic activity is dis-
cussed, in part, in other papers of this series
and in the following references: 2, 3, 4, 9, 14,
16, 21, 22, 24, 37, 48, 50, 60, 62, 64, 68, 69, 71,
72, 75, 83, 86, 90, 98, 100, 102, 104, 119, 120,
121, and 126. Second, the effect of stimulants
added to milk or to an artificial culture medinm
is also discussed in another paper of this series
and in the following references: 3, 10, 11, 32,
35, 36, 53, 55, 56, 58, and 113. Third, the pro-
duction by and effects of antibiotic-like sub-
stances on homofermentative lactic acid bae-
teria is considered in this series of papers and
in the following references: 6, 18, 20, 23, 29,
30, 33, 34, 61, 67, and 124. Fourth, the effect
ot milk-borne antibiotics is discussed in the fol-
lowing references: 1, 66, 77, 78, 79, 80, and
109.
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"D ACTION IN MILK?

M. L. Speck
Department of Food Secience, North Carolina State College, Raleigh

Milk is the substrate most widely used for
growth of the lactic streptocoeci, as evidenced
by the volume of cultured milks and cheeses
produced. Cultures of these hacteria normally
are propagated in milk. In spite of these facts,
milk is not the natural habitat of the lactic
streptococei; rather, they appear to be of plant
origin. Kvidently, plants furnish the proper
nutrients by environmental conditions present
on and within them; also, plants are subjected
to contamination from various biological sources
(i.e., soil, insects, other microorganisms, ete.).
When the laetie streptococci encounter milk as
an environment, certain adjustments would ap-
pear to be required in their metabolic habits.
First of all, the lactenins usually present in
milk are more or less inhibitory to many bac-
teria. However, the nutritive aspects of milk
probably are more important in allowing start-
ers to initiate growth. The complement of nu-
trients in milk is essentially adequate for the
lactic streptococel, except that required nitro-
gen does not exist in forms that are particularly
readily available. Milk as it is secreted con-
tains very little nonprotein nitrogen and, thus,
nitrogen for the needs of the culture must be
obtained primarily by hydrolysis of the pro-
teins. Not all streptococei are endowed with
equal proteolytic activity, and this may limit
the ability of cultures to obtain their nitrogen
in amounts, or forms, necessary for maximum
growth rates.

During the production and processing of
milk, it may become contaminated with many
bacteria capable of rapid growth which, in
turn, can be very deleterious to the growth of
starters and to the ecultured product heing
manufactured. To prevent this undesirable
situation, milk ean he heated to destroy the un-

' Contribution from the Department of Food
Science, North Carolina Agricultural Experiment
Station, Raleigh, North Carolina. Published with
the approval of the Director of Research as Paper
No. 1494 of the Journal Series.

desirable bacteria. This heating, however, may
have marked effects on the nutritive qualities
of the milk for the lactie streptococei.

The purpose of this presentation is to col-
late certain of the information available which
might serve as a guide for better utilization of
lactic starter cultures in the manufacture of
cultured milk products. Owing to limitations
of time, only information more directly per-
taining to the foregoing introductory comments
will be discussed.

HEAT TREATMENT OF MILK AND STARTER GROWTH
To reduce competition from other mieroor-
ganisms and attenuate lactenin, milk is nearly
always heat-treated before being inoculated
with starter cultures. The heating also usually
results in the milk being more bheneficial to
starter growth, although this effect does not
exist for all magnitudes of heat treatment.

Foster (11) reported that autoelaved (115 C-
15 min) milk was markedly superior to milk
heated at 80 C for 10 min for growth of lactic
streptococel. Extension of autoclaving time be-
yvond 15-20 min resulted in decreased growth-
supporting ability of the milk. Tle concluded
that milk normally is deficient in readily avail-
able nitrogen sources and that the improved
growth in autoclaved milk was the result of
partial hydrolysis of the casein.

Greene and Jezeski (13-15) have shown that
progressing severity of heat treatments resulted
in milk first showing stimulatory properties
for cultures; this was followed by the milk
being inhibitory on further heating; increased
exposure produced a second zone of stimulation
which was followed by a second zone of inhibi-
tion. The heating exposures and resulting char-
acter of the milk were:

62 C for 30 min to 72 C for 40 min—stimula-

tion

72 C for 45 min to 82 C for 10-45 min, or

90 C for 1-45 min—inhibition
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90 C for 60-180 min to 120 C for 15-30 min—
stimulation
120 C for longer than 30 min—inhibition

The first zone of stimulation was considered to
be caused by a variety of factors acting inde-
pendently and together. These were: (1) low-
ering of Eh due to expulsion of oxygen; (2)
destruction of heat-labile inhibitors normally
present in milk; (3) partial hydrolysis of milk
proteins; and (4) the denaturing of serum
protein. The first zone of inhibition was due
to an excessive concentration of ecysteine with
the conecomitant increase in toxic volatile sul-
fides. The second zone of stimulation was
coincident with a heat-induced diminution of
the toxic sulfides.

The association of free sulfhydryl groups
with the nutritional qualities of milk was ap-
proached from a different viewpoint by Hen-
ningson and Kosikowski (21). Streptococcus
pyogenes, which quickly dies in fresh raw milk
or whey, was used as the test culture. These
workers observed that the germicidal property
of fresh raw whey was lost as the whey was
heated, and that the loss of germicidal prop-
erty was accompanied by the presence of free
sulfhydryl groups in increasing concentration.
As heating was continued and free sulfhydryls
decreased, growth of S. pyogenes also decreased.

Evidence, therefore, indicates that heating
of milk at certain levels denatures proteins and
that such changes, accompanied by the presence
of free sulfhydryl groups, are beneficial to
bacterial growth. The actual compounds pro-
duced which directly cause this increased nu-
tritional quality are still not completely iden-
tified. The inhibition, however, caused in milk
by various heat exposures appears to reside
in the volatile sulfides produced.

Heating of milk has been shown by Auclair
and Portmann (3) to result in the formation
of formie acid from lactose degradation. The
formiec acid appeared to be stimulatory for
Lactobacillus lactis. However, a mixture of
milk heated at 90 C and autoclaved milk was
better than either alone. Autoelaving was con-
sidered to have resulted in diminution of free
amino acids by their reaction with lactose and
thus result in a decreased ability of the milk to
support culture growth.

There is general agreement that certain heat
treatments of milk benefit starter culture
growth, and that others result in developing
inhibitory properties in the milk. There still
remains some question concerning the actual
causative factors involved in these two oppos-
ing properties.

The practical importance of heat effects on
milk are quite obvious. For example, dry skim-
milk that may be used for preparation of
various cultured produects, particularly Cottage
cheese and buttermilk, should be manufactured
without heating to such an extent that its
ability to support culture growth would be im-
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paired. The increased use of UHT treatments
of milk also may be expected to result in some
alteration of the ability of the milk to support
culture growth. This type of heat processing
possesses many desirable features from the
standpoint of plant operations, and it is rea-
sonable to expect that it will be adopted for
milk to be made into cultured products. Pre-
liminary data in our laboratories have indi-
cated that care must be exercised that inhibi-
tory properties for starters are not developed
in UHT treated milk.

MILK CONSTITUENTS AND STARTER GROWTH

Milk that appears normal in all recognizable
properties and constituents often seems to vary
in its ability to support growth of starters.
Certain investigations have been directed toward
obtaining an explanation for this apparent
anomaly. Anderson et al. (2) have indicated
that normal milk may vary in a nonprotein
nitrogen component (designated as a peptide
fraction) and that growth rates of many lactie
streptococel varied direetly with the content of
this fraetion in milk. There was, however, a
variation in the amount of response by differ-
ent cultures, indicating that nutritional require-
ments of the cultures were diverse.

Claydon and Fryer (5) studied variations
in milk composition, including differences in
the proteose-peptone content, due to pasture
and dry feeding. The content of the proteose-
peptone fraction was not correlated with cul-
ture activity. Differences in starter growth in
milk from cows on pasture or dry feeding ap-
peared to be dependent on characteristics of
the cultures. In any event, the differences were
of questionable practical significance.

Stadhouders (32) has noted a stimulatory
effect resulting from the IL.T.S.T. and steam
heating of autumn and winter milk, but con-
sidered that precursors of the stimulatory sub-
stances were not naturally present in milk.
Some inhibitory properties of milk which had
been only H.T.S.T. pasteurized were found to
correlate with seasonal variations of peroxi-
dase concentrations.

Tevilevich (33) reported that strains of S.
lactis often are unable to produce normal fer-
mentation in milk secreted during the spring
season. Strains that were able to grow prop-
erly in such milk, however, were found to re-
quire less riboflavin, but more biotin, were able
to synthesize nicotinic acid, and had greater
proteolytic activity.

The free amino acids present in fresh milk
have been reported by Deutsch and Samuelsson
(9) and by von Hetzel (22); those reported
by Niven (26) to be needed for effective growth
of 8. lactis were found to be present with the
exception of phenylalanine and, possibly, eys-
tine. Glutamine, which is stimulatory, also has
not been observed to be present in milk. Pep-
tides and phosphopeptides were not detected
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in freshly drawn milk that was nearly free from
bacteria (9).

The present status of our knowledge does not
enable us to prediet with accuracy the prefer-
ential qualities of various lots of milk with
respect to their support of starter growth.
However, pooled herd milk that is free from
unnatural inhibitors and products of micro-
biological growth appears to be relatively con-
stant in nutritive qualities for laetic strepto-
cocel. Inherent differences in starter cultures
result in much greater variability of growth
than that caused by different lots of normal
milk.

SUPPLEMENTATION OF MILK WITH
FOR STARTERS

NUTRIENTS

Although free amino acids have been re-
ported to be present in milk, there has been
some question regarding their presence in suffi-
cient quantities for optimum culture growth.
Bradshaw (4) noted that the addition of amino
acids to milk have produced variable results,
certain amino acids heing somewhat beneficial
to some cultures and other amino acids show-
ing marked inhibition. The beneficial results
obtained were of relatively low magnitude and
of insufficient value to justify the cost of adding
the amino acids. Although the inhibitory ac-
tions of various amino acids were quite marked,
their action was overcome by others (i.e., serine
antagonism was overcome by alanine; methio-
nine was overcome by norleucine or threonine).
This probably accounts for the apparent ab-
sence of inhibition by certain amino acids when
milk is supplemented by mixtures of amino
acids present in protein hydrolysates and other
nitrogenous materials,

Improved growth of starter cultures can be
obtained by supplementation of milk with vari-
ous extracts of plant and animal tissues, as
well as with hydrolysates of proteins (1, 12, 18,
24, 31). Cultures vary in their response to
supplementation of milk by such adjuncts, slow
cultures showing a much greater response than
fast ones (1, 12, 31). Actually, the slow cul-
tures grow nearly as well as fast ones when
milk is fortified with such extracts. The at-
tributes of such supplements apparently are
assoeiated with the more readily available forms
of certain nitrogenous compounds. There has
been some evidence that peptides contribute
much of the growth-stimulatory qualities of
certain adjunets (1, 25, 28).

The supplementation of milk with certain
extracts to obtain more active culture growth
can be used to advantage in various ways.
Speck and Ledford (30) have reported that
ripening and cooking times in Cottage cheese
manufacture ean be reduced markedly by ac-
celeration of starter growth through the addi-
tion of pancreas extract to the cheese milk.
Similarly, Cheddar cheese manufacture through
the hooping operation can also be accelerated;
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furthermore, the accelerated eculture activity
usually resulted in greater yields of curd (ap-
proximately 10%).

The reduced rate of growth and aeid produc-
tion by antibiotie-resistant strains of S. lactis
was found by Kennedy (23) to be restored to
a rate comparable to their antibiotie-sensitive
counterparts by addition of 0.59 pancreas ex-
tract to the milk. Antibiotic-resistant cultures
could, therefore, be used for manufacturing
purposes; otherwise, their growth might be too
slow for commercial fermentations.

The activation of lyophilized starter cultures
was observed by Speck and Koburger (29) to
be greatly accelerated by fortification of milk
with 0.29 pancreas extract. Subsequent sub-
cultures in plain milk possessed similar activity,
whether the dry cultures were activated at 32
or 22 C, and whether or not in the presence of
the pancreas extract. In addition to allowing
a reduction in time for preparing active cul-
tures, the fortification of milk was proposed as
a means for preparing bulk starters from a
dry culture within a 24-hr period. Thus, a
dry culture could be grown up in fortified
(0.29, pancreas extract) milk in about 8 hr
at 32 C. Then this culture could be inoculated
into milk for the bulk eculture and incubated
at 22 C for about 16 hr.

Certainly, many useful applieations can be
made of accelerated culture growth, and the
foregoing are cited only as possible examples
of such applications.

PROTEOLYSIS BY STARTERS IN MILK

Proteolytic activities of the lactic streptococei
are subtle and manifestations of their pro-
teolysis are relatively obscure. Consequently,
the importance of these activities is often not
fully appreciated. Presumably, the proteinase
system of these microorganisms is needed for
them to obtain certain nitrogenous constituents
from milk proteins. The ability of lactie strep-
tococei to grow properly in milk may, there-
fore, be directly related to their proteinase ac-
tivity.

Harriman and Hammer (19) reported that
cultures of S. lactis which coagulated milk
rapidly caused a greater concomitant inerease
in soluble nitrogen than did slow-coagulating
cultures. This relationship between rate of
acid production and proteolysis was observed
when cultures were incubated at room tempera-
ture, but not when incubated at 30 or 37 C
(17). Studies by Williamson and Speck (36)
have confirmed that rate of acid production
at 32 C by lactic streptocoeci in milk is not
directly related to the amount of proteolysis
effected. Qualitative differences in proteinase
activity may be related to these observations.

Proteolysis in milk by ecultures of lactie
streptococei is detectable within the first 4 hr
during incubation at 32 C. The properties of
the endocellular proteinase and peptidase sys-
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tems of the lactie streptococei have been exten-
sively studied by Van der Zant and Nelson (34,
35). An extracellular proteinase was isolated
by Williamson et al. (37) from a casein medium
after S. lactis developed through the logarith-
mie phase of growth. The enzyme was inducible
and was at a maximum concentration only
when casein was present in the medium.

Although the relation of proteolysis to nu-
trition of the lactic streptococei is not clear,
there is increasing evidence that proteolysis by
these cultures is very important in the manu-
facture of cultured milk products. Heinemann
(20) found that various starters produced quite
different curd tension by the time the cultures
attained a whey titratable acidity of 0.55%.
He attributed these differences to variations in
proteolytic activity of the various ecultures.
Williamson and Speck (36) studied the curd
tension produeed by cultures in milk without
addition of any extraneous coagulator. They
observed that different cultures varied mark-
edly in the strength of the curd produced, and
that this was not related directly to the pro-
teolytic activity of the cultures. Aectually, there
appeared to be a rennet-like activity exhibited
by the most proteolytic strain. When milk was
supplemented with panereas extract all cultures
showed an increased rate of acid produetion
and sharp reductions in proteolysis, and in
these eultures the eurd temnsion of the coagu-
lated milk was greatly increased. These activ-
ities may be related to the reduced cooking re-
quired and increased yield of Cottage cheese
curd made with accelerated culture growth.
Thus, decreased proteolysis might be expected
to permit more rapid coagulation of the less
altered protein in the acidified milk. Further-
more, the stronger curd shoulld result in in-
creased yield of curd, due to less loss by
shattering.

Differences in proteolytic activities of starters
have also bheen observed to he associated with
certain flavors that develop in Cheddar cheese.
Emmons et al. (10) found that free amino
nitrogen in Cheddar cheese correlated nega-
tively with the degree of bitterness, and was a
characteristic of the culture. They postulated
that bitterness was due to a deficiency of pro-
teolytie enzymes eapable of hydrolyzing bitter
primary breakdown products of the cheese pro-
tein. Czulak and Shimmin (7) confirmed these
observations and also suggested that the bitter
flavor resulted from the formation and aceumu-
lation of ecertain polypeptides.

Obviously, our knowledge of the proteolytic
enzymes of lactie streptococei is very limited.
Much more needs to be learned about this as-
pect of starter cultures hefore they can be used
most judiciously in the manufacture of cultured
produets.

BACTERIAT, INTERACTIONS AND STARTER GROWTH

The growth of lactic streptococei in milk is
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affected by many factors which are not inherent
properties of milk. The effects of various in-
hibitors, such as antibioties resulting from ther-
apeutic treatment of the cow, improper use of
sanitizers, rancidity resulting from milk lipase
action, and products from growth of antag-
onistic bacteria are well known for their dele-
terious effects on culture growth and will not
be discussed here. On the other hand, the bene-
fieial attributes of certain bacteria on the
growth of starters in milk has not heen as well
recognized. Improved activity of starters has
heen reported to result from the growth of
Bacillus subtilis (27), FEscherichia coli (16),
and Pseudomonas fluorescens (6). Since all
of these hacteria are commonly found in raw
milk, their effects on subsequent growth of
lactic starters must be considered when evalu-
ating the nutritional qualities in milk. It also
is possible for streptococci to exert very hene-
ficial effects on one another during growth in
milk, and this is an important reason for the
use of a mixture of strains in the manufacture
of cultured dairy products. There is little basis
on which symbiotic strains can be selected, other
than actual testing of various isolates. Bene-
ficial interactions cannot be predicted solely
on the basis of high acid produetion. Dahiya
and Speck (8) found a low-acid-producing lac-
tie streptococcus to be particularly stimulatory
to a faster-growing one; the faster one was
only slightly beneficial to the slower one. The
hiologically active material was liberated from
the cells during growth, since cell-free medium
from the single strain slow culture promoted
growth equal to that when the cultures grew as
a mixture. More information is needed on the
mechanism of symbiosis between strains of lac-
tie streptococei, and ways in which this type
of interaction can he used to develop hardy cul-
tures that will allow their most advantageous
utilization in commercial fermentations.

The development of cultures of lactie strep-
tocoeci for use in manufacturing cultured milk
products obviously must be dependent on vari-
ous factors. Such cultures must be selected for
their ability to effect certain desirable changes
in milk. Limitations in aecomplishing these
objectives have resulted from our lack of knowl-
edge on certain of the actual changes desired
of the cultures. In addition, the ability of cul-
tures to effect certain changes, particularly in
nitrogenous constituents, has not been fully
understood. There is reason to believe that
progress is being made in seeuring information
that will allow more prudent use of laetie
starters in the manufacture of cultured milk
nroduets,
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V. INDUSTRIAL UTILIZATION OF LACTIC CULTURES

F. J. BaBEL

Dairy Manufacturing Section, Animal Seciences Department

Purdue University, Lafayvette, Indiana

Lactic cultures are employed in the dairy
industry primarily for the manufacture of
cultured buttermilk, cultured sour eream, and
for all types of cheese. An appreciable amount
of eculture is also used in the manufacture of
butter. Starter distillate may he manufactured
by the use of lactic culture, or pure cultures

of various ecitrie acid-fermenting species may
be used. Some margarine manufacturers also

use lactic cultures in their manufacturing pro-
cedure.

The dairy industry now has at its disposal
more lactic cultures than at any other time in
the history of the industry. As a result, dairy
plants are selecting cultures for specifie pur-
poses. For many years the Cheddar cheese
manufacturers were interested mainly in the
rate of acid production by a lactic culture. To-
day, they are still interested in acid production,
but they also know that some cultures survive
the cooking process better than others, that
some cultures produce acid more rapidly than
others after salting, and that different cultures
produce cheese with different body, texture, and
flavor characteristics. The manufacturers of
Cottage cheese desire a rapid acid-producing
culture, but they also want a culture that does
not cause floating curd. The manufacturers of
cultured skimmilk select a culture on the basis
of biacetyl, volatile acid, and carbon dioxide
production, acid development, and by the body

and texture characteristics of the finished
product.
Propagation of lactic cultures. Facilities.

Considerable progress has been made in the
dairy industry during recent years in provid-
ing facilities that prevent the contamination of
cultures with bacteriophage and foreign micro-
organisms. Isolated rooms for the propagation
of mother cultures and for the preparation of
intermediate and bulk culture have afforded
considerable protection to cultures when they
are constructed properly and precautions are
taken to prevent their contamination.

The location of the eculture area is of pri-
mary importance. Many areas have been con-
structed within the plant, or an addition has
been made to the plant. The area must be con-
structed in such a manner that it will not be-
come contaminated from the manufacturing

portion of the plant. A culture area close to
the manufacturing operation has the advantage
that culture does not need to be transported a
long distance, but it has the disadvantage of
greater susceptibility to contamination. Some
two-story plants having the manufacturing op-
eration on the first floor have found it advan-
tageous to construet a culture area on the sec-
ond floor. A separate ventilating system for
the culture area is an absolute necessity and
the system should have sufficient air intake
from the outside to create a positive pressure
on the area. In the construction of the area and
in the selection of equipment, thought must be
given to the use of materials that can be cleaned
easily and that do not deteriorate when treated
with the common bactericides.

Equipment for preparation of bulk culture,
even though confined to a culture area, should
be selected and operated in such a manner as
to prevent all possible contamination. Culture
vats with ports, rather than hinged covers are
recommended. The air entering the vat after
heating should be considered as a possible source
of contamination and means should be taken
to purify the air by the use of inecinerators,
passing the air through a bactericidal solution,
ete.

The person in charge of the culture area
must take all precaution to prevent contamina-
tion of the area by personnel entering or leav-
ing the area. In most of the culture areas, the
work can be done by one person. Removal of
culture from the area, filling and emptying
vats, ete., can be done with controls outside of
the area.

The detection of culture contamination is
not as simple as it might seem. Usually, we
think of the common culture contaminants as
aerobic spore formers, yeasts, molds, and coli-
form bacteria. Contamination with various
strains of lactic acid—producing streptococei
must also be considered. Many plant personnel
have found that their faecilities for culture
propagation, and their techniques, are inade-
quate for propagating pure cultures of Leuco-
nostoc citrovorum. The common contaminant
encountered is a lactic acid—producing organism.
A good control procedure in the culture lah-
oratory is to determine how long a sample of
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sterile milk can he transferred from one flask
to another without contamination. If it is
difficult for a plant to avoid bacterial contami-
nation, it would be even more difficult to avoid
bacteriophage contamination.

Frequency of propagation. At one time it
was thought that a lactic culture should be
propagated each day, to maintain its aetivity.
Dahlberg and Ferris (6) noted that when lactie
cultures were propagated every day or every
third day, the appearance, flavor, and acid
development were identical. When the cultures
were inoculated into milk and incubated at 86 I,
acid development was rapid and the same for
one-day and three-day-old cultures. In actual
cheese manufacture, a freshly coagulated cul-
ture produced acid more rapidly in the curd
than a three-day-old culture. Cheese manufac-
tured with cultures transferred daily devel-
oped more flavor, were of better quality, and
ripened in less time than that made with cul-
tures transferred every third day. The old
cultures produced cheese with unclean flavors.

Olson et al. (17) state that cultures can be
stored at 40 to 50 F for five days or longer
without decreasing their rates of acid produe-
tion in cheese making. Their data indicated
that this temperature range was more favorable
for storage than lower temperatures such as
32 or 0 to —10F. The addition of a small
amount ot caleium carbonate to the containers
of milk used for culture propagation prolonged
the time that cultures remained active at 40 to
50 ¥. They recommended that cultures should
he propagated at least once after removal from
storage, before being used in cheese manufac-
ture.

A number of commercial plants propagate
mother cultures two or three days per week.
However, these plants generally prepare an
intermediate culture from the mother culture
and the milk used for bulk culture or cultured
buttermilk is inoculated with the intermediate
culture. Fewer transfers of a mother culture
has certain advantages. There is less likeli-
hood of contamination, less mutation among
strains, and a greater time elapse before one
strain becomes dominant in a multiple-strain
culture.

Culture renewal. The frequency of renewal
of cultures in a plant depends upon the ahility
of plant personnel to maintain the cultures in
an uncontaminated condition. It also depends
upon the rate of growth of each strain within
a multiple-strain culture, and upon their rate
of mutation. Some plants having difficulties
with bacteriophage can maintain a satisfactory
culture for only one or two propagations.
Other plants obtain satisfactory results with a
culture for several months or even longer. With
multiple-strain cultures, renewal should be at
least every 2 wk, to prevent strain dominance
within the culture. Frequent renewal of cul-
tures is practiced by dairy plants using a cul-
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ture rotation system. Such plants find that it
is more economical to purchase a new culture
rather than to propagate a culture that will
not be used in the rotation for several days.
The number of plants which use cultures but
which do not propagate mother cultures is
increasing. These plants use a commercial cul-
ture to prepare an intermediate culture, and
the intermediate culture is used to inoculate
the bulk culture.

Control of bacteriophages. Bacteriophages
are a common cause of slow acid development
by lactic cultures. Moseley and Winslow (15)
examined samples of milk, lactic culture, and
whey which were obtained from 91 cheese fac-
tories in 20 states. The samples were obtained
at the time of slow acid development during
cheese manufacture. Their study involved 101
cases of culture failure. They also analyzed
samples taken from 23 vats in 20 cheese fac-
tories that were not experiencing difficulty with
slow acid development. Bacteriophages were
detected in 939 of the samples taken from
plants that had culture failures and in 749,
of the samples taken from plants in which acid
production was normal. This study, as well as
others, have emphasized the importance of bac-
teriophages as contaminants of dairy plants
and their role in slow acid development by
lactic cultures.

Use of special media. A survey of the lit-
crature indicates that a large number of sub-
stances have heen tested for their effect on
various bacteriophages. Many of the substances
tested were added to growth media for the
purpose of finding a compound that would
permit growth of the bacterial culture but not
of the bacteriophage active against it. Al-
though a large number of compounds have been
found to inhibit bacteriophages, the inhibition
is not sufficient to prevent considerable cell
lysis. A compound that might be useful for in-
hibiting bacteriophages during laboratory in-
vestigations might have toxic properties and
its use would not be permitted in foods.

Graham and Nelson (8) examined 110 com-
pounds for their effect on lactic streptococcus
bacteriophage. Many of the substances were
inhibitory to bacteriophage, but most of them
were also toxie to the host organism.

The first step in the development of bacterio-
phage involves the adsorption of the virus par-
ticle to the host cell. Adsorption is generally
thought of as the attachment of the phage
particle to the host cell and the liberation of
phage DNA into the interior of the host cell.
For a certain bacteriophage-host cell combina-
tion, there is an optimum cationic concentration
for maximum adsorption. Many of the baec-
teriophages that have been studied have a
definite requirement for calcium ion and this
is true of the lactic streptococcus bacteriophage.
Cherry and Watson (2) obtained the greatest
adsorption when a medium contained 0.02 ™
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caleium chloride. Collins et al. (3), working
with a chemically defined medium, found that
eight of the ten lactie streptococeus bacterio-
phages studied needed soluble ecalcium salts to
multiply on their host cells.

When it became known that ecalcium ions
played an important role in phage adsorption,
much research was conducted with compounds
which bind caleium ions. In the dairy industry,
milk is an important culture medinm, especially
for lactie cultures. Therefore, it appeared fea-
sible for research workers to study the ability
of various compounds to bind the calcium ions
in milk and to investigate methods for the re-
moval of caleium.

In 1950, Collins et al. (3) suggested that a
medium might be developed for the propaga-
tion of many strains of the lactic group of
streptococei, with lessened danger of bacterio-
phage action, from chemically defined nutrients
containing no calcium, or by using complex nu-
trients low in caleium content and supple-
mented with sufficient phosphate or other cal-
cium-binding ions.

At the Annual Meeting of the Ameriecan
Dairy Science Association in 1959, Hargrove
(9) presented a method for limiting bacterio-
phage development in milk by adding phos-
phates to bind the calcium. 1Ilis studies indi-
cated that bacteriophages active against lactic
streptococei did not develop in skimmilk con-
taining 29 sodium phosphates (a mixture of
three parts Nall.PO,: 1.0 and two parts
Na.lIPO,), whereas the bacterial culture grew
normally. Kadis and Babel (11) noted that
the addition of 29, phosphate decreased the
rate of growth of most of the lactic cultures
studied by them. Also, the added phosphates
failed to prevent the development of bacterio-
phages active against six of the nine cultures
employed in the study.

More recently, Hargrove et al. (10) published
data which showed that the kind and concen-
tration of phosphate, pH, and heat treatment
had a marked effect on phage inhibition and on
the free caleium content of milk. Most of the
phage types tested were suppressed by 29
orthophosphate salt (mixture of 30 ¢ KH.PO,
and 20 g Na,HPO,), but the most resistant
types required 39%. Heating the milk after
adding phosphate was essential to sufficiently
bind most of the free calecium. Usually, the free
calecium content of the treated milk ranged
from 10 to 30 ppm. The best combination for
phage inhibition, minimum precipitation, and
economy was obtained when milk was heated
with 1.79 orthophosphate salt, pH 6.6, fol-
lowed by the addition of 0.39 tetrapotassium
pyrophosphate.

Galesloot (7) conducted studies with oxalate,
orthophosphate, pyrophosphate, and polyphos-
phate as calcium-binding agents for milk. The
use of oxalate gave milk which inhibited bac-
teriophage development to a greater extent than
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when the milk was treated with phosphate.
Olson (16) also noted that milk treated with
0.5% ammonium oxalate could be used sue-
cesstully in propagating bacteriophage-infected
lactic cultures.

The effectiveness of ammonium oxalate, salts
of ethylenediamine tetraacetic acid, and sodium
tripolyphosphate in limiting bacteriophage de-
velopment i milk was studied by Kadis and
Babel (12). Of these compounds, ammonium
oxalate was the most suitable. Five of the six
test cultures used grew well in milk treated with
0.5% oxalate and bacteriophage development
did not occur.

Milk, from which the caleium was removed,
was suggested for use in propagating lactice
cultures by Reiter (18). The product was dried
and called PRM (phage-vesistant medium).
PRM did not permit phage development and
lactic cultures were said to grow well in the
reconstituted medium. Czulak and Koegh (5)
checked the performance of PRM under prac-
tical conditions in two Australian factories.
A number of single-strain cultures showed re-
duced acid development in PRM, but the me-
dinm was very effective in preventing bacterio-
phage development. Babel (1) reported that
bacteriophages were unable to multiply or cause
cellular lysis in PRM when reconstituted with
distilled water. Lactic cultures varied in their
ability to grow in PRM and growth was not as
abundant as in regular skimmilk. Crawford
et al. (4) reported that they propagated a
single-strain culture successfully in PRM and
used the culture for 25 days in a creamery
without rotation. The c¢reamery had a heavy
infection of bacteriophage.

All of the methods which have been suggested
for preventing bacteriophage development in
milk have certain limitations. Certain host-
virus combinations evidently require only traces
of caleium for phage adsorption. There is also
some possibility that other cations can replace
caleium in permitting adsorption. Further re-
search on the most promising of the calcium-
binding agents would be of value to the dairy
industry. Also, further improvement in the
nutritive properties of a dried calcium-free
milk might result in a very useful product.

Culture rotation. Whitehead and Hunter
(19) suggested a culture rotation system for
controlling bhacteriophage in cheese plants. Un-
related strains of lactiec streptococei were sug-
gested for use in such a system and each culture
in the rotation would be used every four days.
Such a procedure would permit considerable
dilution of a phage type within the plant be-
cause of several clean-ups and applications of
bactericide before the culture was used again.

Several dairy plants in the United States
follow a culture rotation system. The success
of such a system depends upon the accuracy
of phage typing the strains used in the rota-
tion. Onece a rotation is established, it eannot
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be neglected. The development of new phage
types within a plant may necessitate a change
in the rotation plan and the addition and with-
drawal of cultures from the rotation. At the
present time, many of the bacteriophages en-
countered have a rather wide range of host
specificity.

Plant sanitation. In any culture control pro-
gram, sanitation plays a vital role. Many of
the culture failures in plants occur at the time
of maximum production. During this period
sufficient time may mnot be permitted for a
thorough clean-up and effective bactericidal
treatment of equipment. The failure of man-
agement to provide the necessary time and per-
sonnel to maintain proper sanitation procedures
is a serious mistake. The concentration of bac-
teriophage in a plant increases as the duration
of production is increased and an expanded
sanitation program should coincide with an
expanded production schedule.

Standardization of flavor in cultured butter-
milk, cultured sour cream, and creamed Cottage
cheese. The standardization of flavor in cul-
tured buttermilk and cultured sour cream is
not diffieult. With these products there is no
partition of flavor compounds as there is be-
tween the curd and whey in Cottage cheese
manufacture. The selection of a suitable cul-
ture, one having the ability to ferment citrie
acid to flavor compounds, is of utmost impor-
tance. If the basic principles of culture growth
and citrie acid fermentation are known by the
person responsible for the production of cul-
tured buttermilk and cultured sour cream, little
difficulty should be experienced in producing
products with adequate flavor from batch to
bateh.

The amount of biacetyl, volatile acids, and
carbon dioxide desired in cultured products
varies from one area to another. Frequently,
only the selection of a suitable culture is nec-
essary to obtain the desired flavor. It has been
definitely established that by increasing the
citrie acid content of milk or eream more of the
flavor compounds can be developed. Standard-
ization of the citric acid eontent, therefore, plus
a controlled culture program can be used to
standardize the flavor.

During recent years, pure cultures of Leuco-
nostoc citrovorum have been available to the
dairy industry. In plants where a general pur-
pose culture is used for cheese manufacture
and for cultured products, sometimes the eul-
ture is fortified with a pure culture of L. citro-
vorum to increase the amount of flavor com-
pounds in cultured buttermilk and cultured
sour cream.

The newly proposed standards for creamed
Cottage cheese permit the addition of lactic
culture or skimmilk which has been fermented
by a culture of L. citrovorum or other similar
organism. The addition of lactic culture to a
Cottage cheese dressing lowers the pH and
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prevents or delays the growth of a number of
psvehrophiles. If ereamed Cottage cheese con-
taining viable lactic culture organisms is not
maintained at low temperatures, a sour product
results (13). A method has been published on
the standardization of flavor in creamed Cottage
cheese by the addition of skimmilk, fermented
with L. citrovorum, to the ereaming mixture
(14). A more recent procedure for enhancing
the flavor of creamed Cottage cheese makes use
of Streptococcus diacetilactis. The organism is
grown in citrated whey and the fermented whey
is added to the creaming mixture.
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VI. CULTURE PRESERVATION

. M. Foster
Department of Bactm‘iol(my, University of Wisconsin, Madison

Interest in the preservation of starter cul-
tures seemingly has intensified during the past
decade. We need not speculate on the reasons
for this increased interest, but there can be no
doubt about the timeliness of this topie.

The ideal preservative method would allow
us to take the organisms at the peak of their
metabolic activity, to hold them for days or
even months in a state of arrested development,
and to have them resume their work imme-
diately on restoration to a favorable environ-
ment. Unfortunately, this ideal has never been
realized, because it is virtually impossible to
keep a living organism in a completely in-
active state.

Methods of preserving cultures are hased on
one of two principles: (1) reducing the me-
tabolic rate of the organisms, or (2) separating
the cells from their waste products. Bacterial
metabolism can be inhibited by reducing the
temperature or by removing the available
water. Preservation by these methods often
can be improved by the addition of glycerol,
lactose, milk solids, or other protective mate-
rials. The toxicity of acidic waste products
can be reduced by adding a buffer, such as
caleium carbonate. Alternatively, and prefer-
ably, the organisms can be separated from the
culture fluid by centrifugation and resuspended
in a more favorable medium.

In practice, preservation usually is accom-
plished by employing a combination of methods.
For example, cultures to be lyophilized may
first be neutralized to reduce the acidity, then
frozen, dried by sublimation, and finally stored
at a low temperature.

The choice of preservative method depends
in large measure on the purpose for which the
culture is to be used. In the dairy plant, it is
common practice to refrigerate liquid cultures
between transfers. Freezing is useful for ex-
tended storage, although shipment of frozen
cultures is troublesome. Freeze drying, or lyo-
philization, has become a common method of

preserving individual seed cultures for ship-
ment.

Ultimately, of course, we are interested in
whether a culture can be used successfully to
make a particular product. However, for evalu-
ating preservative methods it is eommon prac-
tice to apply some kind of aectivity test, which
involves measuring the rate of acid production
by the culture under a set of arbitrarily chosen
conditions. Unfortunately, it is usually im-
possible to compare the results of different
workers because the methods of testing vary
so widely.

Liquid cultures. Most of us will agree with
the statement of Hammer and Babel (5), that
a normally ripened culture usually can be held
at 4 to 8 C for several days without serious
change in its activity. At higher temperatures
lactic cultures soon lose the (ﬂ)l]ltv to produce
acid rapidly on transfer (5). Repeated over-
ripening of cultures before refrigerated storage
also tends to reduce their activity. For eYample,
Swartling and Lindgren ("1) observed that
fully r1p0nod ou]tures often were inactive on
subculture after only four days of storage at
5 C, whereas cultures that were incubated barelv
to curdling before refrigeration were fully ac-
tive for at least eight days

For prolonged storage of starter cultures
many workers have observed the beneficial effeet
of adding CaCO, to the medium. Olson (14)
added various insoluble buffers to starter cul-
tures and found that CaCO, gave the best re-
sults. After storage for eight months in the
refrigerator two of his cultures had lost ac-
tivity, one had gained, and two were unchanged.
Llndglon and Swartling (9), however, cau-
tioned that holding starter cultures in chalk
milk at 3 to 5C was not a reliable method of
preservation for as long as five months.

Heinemann (6) was one of the first to show
that glycerol may have a protective effect on
starter bacteria. Butter and cheese starters
stored at 2 C with 10 or 209, glycerol remained
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active up to two months, whereas similar cul-
tures without glycerol lost appreciable activity
in this period of time. Olson (14) stated that
his cultures maintained fairly satisfactory ac-
tivity levels for eight months at 7.5 to 10 C
when they contained 209, glycerol, 3% salt,
and 309 sucrose.

Starter organisms can be preserved in liquid
form for several weeks if they are removed
from the growth medium and resuspended in a
favorable environment. This process naturally
is not applicable to cultures growing in milk
because the cells can not be separated from
the curd. In our laboratory Lamprech (8) has
grown S. lactis and a Leuconostoc culture in
broth, harvested the cells by ecentrifugation,
and resuspended them in skimmilk. Samples
adjusted to pH 5.0, 6.0, and 7.0, with and
without 209, glycerol, were stored at 4 C and
tested periodically for viable count and activity.

Both organisms survived better at pH 6.0
or 7.0 than at pH 5.0. Glycerol gave no ap-
parent protection to S. lactis, although it was
beneficial to the Leuconostoc organism. Under
the best conditions tried the S. lactis suspen-
sions retained about one-half of their original
count and over 909, of their original activity
for at least 4 wk. After 8 wk the number of
viable organisms dropped sharply (Table 1).

TABLE 1

Viability and activity of Streptococcus lactis cells
stored at 4 C with and without glycerol *

Plate count per Per cent of

milliliter initial
(billions) activity
With- With
‘With out With out
Weeks glye- glye- glye- glye-
storage erol erol crol erol
Tnitial 2 30
1 21 31 97 111
2 46 26 94 103
3 14 48 94 100
4 13 17 91 95
5 10 13 86 86
8 10 5 83 78
12 2 1
21 <1 <1

* 8. lactis C-2 was grown in broth. The cells
were recovered by centrifugation and resuspended
in skimmilk at pH 7.0.

Frozen cultures. Freezing can be used to
preserve many types of mieroorganisms (3).
Although the freezing process kills part of
the cells, it is not unusual to recover at least
75 to 909% of the viable bacteria in a lactic
culture after freezing and thawing (7, 12).
There is, of course, a gradual diminution in
numbers during storage in the frozen state.

Frozen milk cultures of lactic acid bacteria
have been held for months and used to propa-
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gate new starters. Lindgren and Swartling (9),
for example, reported that cultures exhibited
essentially all of their initial activity when
they were transferred after storage in the
freezer for 1 yr. Johns (7) observed a steady
decline in the number of viable cells in a frozen
culture, but he said that his preparations still
were satisfactory for the inoculation of bulk
starter as long as the count remained above
500,000 per milliliter, or about three to four
months.

Frozen cultures also have been used direetly
as starter for fermented dairy products (2, 16,
19). Simmons and Graham (19) regularly
made good buttermilk and Cottage cheese with
frozen culture up to three months old. Aectivity
of the culture compared favorably with that
of fresh starters transferred daily. Similarly,
Rudnik and Glen (16) used frozen culture up
to five months old to inoculate milk directly for
Cottage cheese. A total of 39 lots of cheese
were made and all were salable. However, the
authors did observe that the culture tended to
become less active with age.

Freezing does nothing to improve a poor
culture. Furthermore, several workers have
indicated that the acidity and the age of a cul-
ture influence its ability to survive freezing.
Johns (7) found it beneficial to neutralize his
cultures before freezing. Swartling and Lind-
gren (21) recorded better performance when
cultures were frozen without incubation, or if
they were incubated merely to curdling, than
when they were fully ripened before freezing.

In our laboratory, also, we have noticed the
importance of acidity and physiological age
on the activity of frozen cultures. Concentrated
suspension of S. lactis cells from cultures 15
to 18 hr of age were more active than were
cells from older cultures. The rate of freezing
and thawing had no effect on survival. How-
ever, the organisms survived much better when
they were frozen in skimmilk rather than in
0.19% peptone or in distilled water.

Both Heinemann (6) and Richardson (15)
have observed a protective effect of glycerol in
frozen milk cultures. In our experience glye-
erol was clearly protective with suspensions of
S. lactis at pIl 5.0, but not at pH 7.0.

At —20 C and pH 7.0 we have held milk
suspensions of S. lactis and Leuconostoc sp.
for eight to 12 months without significant loss
of viable organisms or acid-producing ability.
The suspensions have been used to prepare
cultured buttermilk by inoculating pasteurized
milk with 20 to 25 million organisms per milli-
liter in a ratio of 859 S. lactis to 159 Leuco-
nostoc sp. Acid production was normal even
for cells that had been frozen for nine months
(Table 2).

Our work with frozen cultures is highly en-
couraging to one who wishes to preserve the
organisms for several months. For maximum
activity, cultures in the late logarithmic phase



TABLE 2

Acidity of buttermilk inoculated with frozen
starter organisms *

Titratable
acidity
after 17 hr
incubation
at 21 C

(%)
0.88
0.91
0.83
0.90
0.89

Weeks storage
at —20 ¢

(S RS

-

1
41

1

* Streptococeus lactis (-2 and Leuconostoc sp.
were grown in broth. The cells were recovered by
centrifugation, mixed in a ratio of 85% 8. lactis
to 15% Lecuconostoe sp., resuspended in skimmilk
at pH 7.0, and stored at —20 C. After thawing,
suspensions were diluted to provide inoculum ap-
proximately equal to that of 1% milk culture.

or early maximum stationary phase of growth
should be suspended in a favorable medium,
such as milk at pH 7.0, before freezing.

Dried cultures. Lactic cultures can be dried
successfully either by lyophilization or by spray
drying. Freeze drying apparently is the less
destructive of the two processes and is readily
adapted to the preservation of small amounts
of culture.

Freeze drying. This process is widely applied
in the preservation of stock cultures (2), and
it has been employed for years in the dis-
tribution of dairy organisms. Freeze dried cul-
tures can be used for months or years as the
seed material for vigorous, active starters (4,
1LY

Until recently, little attention was paid to
the number of organisms that survived the dry-
ing process, most investigators being satisfied
it there were enough survivors to initiate growth
readily on subculture. In 1959, however, Schu-
bert (18) published figures showing that 17 to
759 of the cells of several lactic streptococel
remained alive after lyophilization. McAnelly
(12) in our laboratory observed marked differ-
ences in the ability of several strains of S. lactis
and S. cremoris to endure the drying process.
He obtained average survival values of 42 to
809, although individual results ranged from
10 to 909%. Yano et al. (23) reported survival
values of 60 and 409, respectively, for S. lactis
H-61 and L. bulgaricus B-1.

Several factors, including age of culture and
the nature of the suspending medium, influence
the ability of lactic organisms to survive freeze
drying (12, 22). Watts (22), for example,
lyophilized a milk culture at various stages in
the growth eyele up to 19 hr. Samples dried
at 9 and 12 hr, which represented the late log-
arithmic and early maximum stationary phases
of growth, respectively, showed the highest sur-
vival values—76 and 849%. On rehydration
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their acid-producing ability approached that
of the undried culture. Neutralizing the culture
hefore drying was not beneficial.

Once they are dried, lactic organisms must
be protected from moisture and kept at a low
temperature if they are to remain alive and
active. According to Yano et al. (23), death
during storage is logarithmic. In the range of
10 to 37 C they obtained Q. values of 2.2 to
3.5 for the death rates of several lactic organ-
isms. Cells stored at 0 C for eight to 15 months
showed a gradual increase in the lag phase fol-
lowing rehydration, but acid development re-
turned to normal on subculturing (13).

Watts (22) observed highly significant de-
creases in activity of a lyophilized -culture
within 2 wk at 25 C and within 4 wk at 5 C.
Cultures stored at —28 C showed no significant
change in activity within 12 wk. Buttermilk
and Cottage cheese prepared by direet inocula-
tion of the milk with Watts’ Iyophilized culture
that had been stored for 22 wk at —28 C was
equal in quality to similar produets made with
a fresh, active culture.

Spray drying. Several investigators have
considered the possibility of drying large quan-
tities of culture, with the idea of using it to
replace the usual liquid bulk starter in the
production of fermented dairy produects. For
this purpose spray drying would be preferable
to freeze drying because of the lower cost.

Prior to 1955, Mamaeva (10) spray-dried a
mixture of lactobacilli and yeasts that was used
for the manufacture of koumiss, but recovered
only a fraction of 19 of the cells in a viable
condition. Nevertheless, on rehydration the or-
canisms grew rapidly and showed acceptable
rates of gas and acid production. Under the
hest storage conditions tried, the dried culture
was said to be sufficiently active for use up to
about six months. Tablets prepared from spray-
dried culture are said to he available in Russia
for the preparation of yogurt in the home (1).

Attempts to spray-dry ordinary milk cultures
of lactic acid bacteria have not heen very en-
couraging. After two trials, Richardson (15)
abandoned the process because the product was
difficult to rehydrate and it was less active than
lyophilized culture. In a more extensive study,
Sapp and Hedrick (17) spray-dried a large
number of cultures at 16 hr of age, when the
acidities were 0.80 to 0.859%. To measure the
effect of experimental variables the authors ran
an activity test, which involved inoculating
1 g of the dry culture into 99 ml of pasteurized
skimmilk and titrating the acidity after 16 hr
at 72 F.

To obtain cultures with sufficient activity,
it was necessary to operate the dryer at an
outlet air temperature of 135 to 165 F. Neu-
tralization of the cultures before drying re-
duced rather than increased the activity of the
dry product. Cultures dried at 12, 16, and 24
hr of age showed practically the same activity,
but cultures dried at 8 hr were less active.
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In our laboratory we have spray-dried sev-
eral strains of lactic streptococci with fair sue-
cess. S. lactis C-10, the culture used for most
experiments, consistently gave survival values
of 53 to 639%. For these trials we grew the
organism in a broth medium, recovered the cells
by centrifugation, and resuspended them in
5% mnonfat dry milk adjusted to pH 7.0. Re-
hydration of the dry culture was not difficult.

Under our conditions of drying we have
found consistent differences between the sur-
vival values of S. lactis and S. cremoris. As
Table 3 shows, S. lactis cultures were more re-

TABLE 3

Survival of Streplococcus lactis and Streptococcus
cremoris during spray drying and storage *

Per cent survival ®

After

After 14 days

Organism drying storage
N, lacetis C-10 53 49
S.lactis 16 48 49
S.eremoris 1 18 10
S, eremoris HP 9 2

*The cultures were grown in broth. The cells
were recovered by centrifugation and resuspended
in 5% nonfat dry milk at pH 7.0. The inlet air
temperature of the dryer was 78 to 79 C. The dry
cultures were stored under nitrogen at —18 C.

" Per cent of viable cells in the original sus-
pension.

sistant both to spray drying and to storage in
the dry state.

Spray-dried cultures die rapidly at tempera-
tures above freezing. Within 1 wk at 72 F or
above, the activity of samples prepared by
Sapp and IHedrick (17) dropped below 0.70,
which was considered the minimum satisfactory
value. Most of their preparations still were
active after 1 wk at 40 I, but none was satis-

tactory after 3 wk. Dry cultures stored at
—15F retained their initial activity much
longer.

Our results with S. lactis C-10 confirm, in
prineiple, those of Sapp and Hedrick. Under
our conditions this organism better survived
hoth spray drying and storage if it were dried
n 5% nonfat dry milk than if it were dried in
the dextrin—ascorbic acid—thiourea diluent de-
seribed by Splittstoesser and Foster (20). Ad-
dition of phosphate to the milk suspension was
harmful to the organisms. Packaging under
nitrogen allowed slightly better survival than
packaging in air. Within the range 2.4 to
+.49% the moisture content of the product had
no effect on survival during storage for four
months. Table 4 shows typiecal results for S.
lactis C-10. Under the hest conditions we have
been able to store the dry culture for at least
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TABLE 4

Effect of storage conditions on survival of
spray-dried Streptococcus lactis *

Per cent survival ®

After

Storage conditions

Atmos-

Tempera- After
ture phere drying 60 days
4C Nitrogen 53 37
40 Air 53 23
—18 C Nitrogen 53 48
—18C

Air 53 38

* Organisms were dried as described in Table 3.
"Per eent of viable cells in the original sus-
pension.

four months without losing more than 159 of
the original viable count.

Like others, we have been interested in the
performance of our cultures after rehydration.
To measure activity we have inoculated milk
with a known number of viable dry cells and
followed their development by both plate counts
and acid titrations. Plotting the resulting values
provides curves that can he compared with
similar ones obtained with a fresh, active cul-
ture.

In our experience the shapes of the curves
prepared for the dried cultures are practically
identical to those for fresh cultures once growth
begins. The only appreciable difference is in
the length of the lag phase. The difference in
activity between dried cells and fresh cells
seems to be an inherent characteristic of the
particular dried culture. For example, with
one lot of powder the lag of the dry culture
was 5 hr longer than that of the fresh culture.
Once growth began, however, both produced
acid at essentially the same rate and to the
same extent. With two other lots of powder
the lag periods of the dry cultures were only
one-half to one hour longer than those of the

fresh cultures. These differences, apparent
immediately after drying, seem to persist

throughout storage.

Though our work is not extensive, we are
encouraged to believe that it is possible to spray
dry lactie organisms without seriously impair-
ing their ability to grow and produce acid
rapidly on rehydration. Furthermore, the dry
cultures can be stored under nitrogen in the
freezer for at least several weeks without sig-
nificant loss of viability or aeid-producing ca-
pacity.

SUMMARY

Small amounts of culture can be preserved
for short periods simply by refrigeration, or
for longer periods by freezing or lyophilization.
Best results are obtained if the cultures are
voung and vigorous when they are frozen or
dried.

Large quantities of culture can be frozen sue-
cessfully and held for several months without
undue loss of activity. Attempts to spray-dry
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milk eultures for direct use as the inoculum in
making fermented products have not been en-
couraging. Starter cultures can, however, be
grown in broth, the cells can be recovered by
centrifugation, and resuspended in skimmilk
at pH 7.0. The resulting suspension can be
frozen or spray-dried without excessive loss of
viable organisms. According to present knowl-
edge, dry cultures must be stored at freezing
temperatures to prevent excessive loss of ac-
tivity. This requirement reduces any advantage
that drying might have over freezing when
applied to highly concentrated cell suspensions.

Additional work is needed on the effect of
glycerol and of neutralizing the acidity of cul-
tures before freezing or drying. Reports in
the literature give conflicting indications.
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ASSOCIATION AFFAIRS

RESEARCH AND EDUCATION IN A FREE SOCIETY !

Byrox T. SHaw

Agricultural Research Serviee, U.

I am privileged to join with you in commem-
orating the centennial of our Nation’s Land-
Grant College system and the Department of
Agriculture.

It is doubtful if any of the founding fathers
could have foreseen the tremendous impact of
their action a hundred years ago in setting up
these institutions. The expectations of 1862
have been realized beyond the most extravagant
dreams of those who created them.

We know, of course, that these institutions
have given us the means to expand agricultural
knowledge and to apply it for the welfare of
mankind. But they have also altered the strue-
ture of our national economy and shown to
the world what research and education can
accomplish in a free society.

I should like to look briefly into the origins
of these two institutions that have so greatly
affected our nation and much of the world.
Then, I should like to point to some of the
achievements in research and education over
the years . . . and some of the problems we are
trying to solve in these two areas.

The 17th and 18th Centuries in our country
reflected a growing consciousness of the need
for experimentation in farming. Enterprising
farmers were using seeds and plants from other
countries to grow better crops and a greater
variety. Agrieultural societies sprang up to
disseminate general seientific information and
to encourage experimentation. Agricultural
journals began to be published. And by 1813,
several states appropriated funds for agricul-
tural experiments.

This growing need to experiment—combined
with a favorable political, cultural, and social
climate—produced a remarkable concept of re-
search and education. This concept found ex-
pression in the establishment of the institutions
we are honoring today.

Education—according to this unique idea
that gained support through the years—should
be made available to all, not merely the elite.
Science rather than tradition should be the
basis for farming operation. Research and
education—so went the thought—are too deeply
interwoven to go their separate ways and must,
therefore, function closely together.

These were striking new thoughts—radical
departures from accepted ideals of education
and farming.

! Presented at the 57th Annual Meeting of the
American Dairy Science Association, University
of Maryland, College Park, June, 1962.

S. Department of Agriculture, Washington, D. C.

The concept grew and took firm roots in a
free and inventive society. At the same time,
agriculture was hecoming commereialized. Food
processing advanced, transportation improved,
and farmers’ problems beeame more eomplex.
Aid to agricultural education and a Federal
agency to serve farmers were sought eagerly
on all sides.

The proposals gained support. And, in 1862,
both were realized in the establishment of the
land-grant colleges and the Department of
Agriculture.

Although the scope of the law setting up
the Department was broad, the organizational
structure and activities evolved gradually dur-
ing the course of a century. Research and edu-
cation continued as major concerns through the
vears. But the Department was given new re-
sponsibilities from time to time in response to
changing needs and demands of the people.

Meanwhile, growth of the land-grant colleges
proceeded rapidly, in the face of many difficul-
ties. Perhaps the most important was the lack
of exact knowledge in agricultural subjects.
To meet this need, the Hatech Act—passed in
1887—made Federal funds available to the
states to operate an agricultural experiment
station as part of each land-grant institution.
Thus, the groundwork was laid for state and
federal cooperation in agricultural research.

After the Hatch Aect came other federal pro-
visions to supplement state appropriations and
to extend and strengthen agricultural research.

The Adams Act of 1906 provided for original
research and experiments . . . the Purnell Act
of 1925 strengthened economic and social re-
search . . . the Bankhead-Jones Act of 1935
provided additional financial support to the
state experiment stations and made available
special funds for basic research conducted
largely at nine regional laboratories throughout
the country . . . and the Research and Market-
ing Act of 1946 further strengthened research
on production and utilization of farm products
and expanded research and services relating to
marketing and distribution.

These laws provided the framework within
which the Department and the land-grant col-
leges grew and expanded through the years.
These schools continually modified and ad-
justed their programs to fit man’s ever-chang-
ing environment. In doing so, they made major
contributions to our national welfare.

The land-grant system had much to do with
our rapid advance in scientific research and
development, with our great material progress,
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and with making our agriculture the most pro-
ductive in the world. In faet, probably no
single institution in the country has contributed
more richly or permanently to the development
of our resources and to the enlightenment of
our people generally. For example, the land-
erant schools envoll more than 209, of the
nation’s eollege students and grant 409 of
the doctoral degrees.

Another factor added to our rapid advances
in research and our material progr And
that was the cooperative extension work, which
brought research results to the people on the
farms and put new ideas and techniques to
practical use.

In addition, the cooperative relationships
that we have maintained through the years with
the state experiment stations have been a
strong factor in achieving our research success.
These close working relationships are of the
greatest importance. They provide a basis for
effective research on a local, regional, and na-
tionwide basis.

The Department and the states have definite
responsibilities in regard to vesearch. The states
are free to investigate any problem of interest
to the people of their states. The Department
of Agriculture dirveets most of its efforts toward
problems of regional or national significance,
generally in cooperation with one or more
states.

Occasionally, however, some work can best
he done at one location where expensive equip-
ment and other facilities are available, even
though the problem involves many other areas.
Research is likely to involve principles that
are the same in Maine as they are in California.

Furthermore, as agriculture grows more com-
plex, problems become more complex and re-
quire greater expenditures of money and man-
power. Some states would find it difficult or
impossible to assume the heavy financial burdens
of solving costly agricultural problems.

Thus, an inereasing amount of the research
in agriculture is heing carried out cooper-
atively—by the states, by a growing segment
of industry and private organizations, and hy
the federal government.

A classie example of such cooperation in re-
search is the story of hybrid corn. The first
work on hybrid corn in this country was done
in the state agricultural experiment stations.
The real potential ot hybrid vigor was opened
up at the Connecticut station. Work here
resulted in the double crosses—the basis for all
corn hybrids.

Within a few years, corn breeders in 12
states, in industry, and in the Department de-
cided to combine their efforts. This cooperation
made possible the fullest possible use of all
available information on breeding hybrid corn—
and has been largely responsible for its phe-
nomenal spread throughout the country.

This is one example of hundreds of similar
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cooperative projects under way throughout the
country in state, federal, and industrial labova-
tories. Regardless of where the research is
done or who does it—I helieve it is increasingly
important to recognize that our individual
efforts are part of a much larger effort in the
service of agriculture. Our impact as a team
working together can be much greater than the
sum of our individual efforts.

If we think along these lines, T believe we
will tend to think less in terms of whether a
@iven function is a state or federal activity
and think more in terms of pooling our re-
sources and talents in a common effort toward
the goal of human advancement.

Now, let us see what this state-federal part-
nership has meant in terms of greater farming
efficiency.

When the land-grant colleges and the De-
partment of Agriculture were founded in 1862,
one farm worker supplied enough to support
five people. Today, a farm worker supplies
enough for 27 people. Compare this with the
four or five that one Russian farmer can feed.

Jecause onr agriculture is efficient, Ameri-
‘ans spend only one-fitth their take-home pay
for food. Again, compare this with the morve
than 509 that the Russians spend for food—
and tood that is not as nutritious and well-
halanced as ours. Only recently, in fact, drastic
increases in the price of butter and meat were
announced in Russia—an admission that these
two products are in short supply.

Now, let us look at what the state-federal
research partnership has meant in terms of
total progress. We'll start first with the dairy
idustry.

We have fewer but larger dairy herds . . .
fewer hut more productive cows . . . more spe-
cialized and more efficient units. Research has
helped at every step of the way to bring ahout
these developments. .

For example, studies on artificial breeding
have been a strong factor in improving our
dairy herds. About 35% of our 25 million cows
are artificially bred and the figure grows yearly.
As artificial breeding has grown, research has
been intensified to improve the quality of bulls—
and to develop better techniques to evaluate
them.

Research has  developed improved feeding
methods and high-energy rations that enable
us to feed cattle better than ever hefore.

Advances have come through a combination
of many other things as well—record-keeping,
programs to control disease, more -effective
marketing methods, and better chemieals, medi-
cines, and equipment.

One of our major concerns now is to increase
the efficiency of dairy operations. A great deal
of effort is heing made to inerease mechaniza-
tion, streamline farm and chore operations,
and reduce the hard work and hours of labor
needed for dairying.
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In other areas of livestock research, we have
developed meat-type hogs and small family-
size turkeys. These are what consumers want—
and we can look for much more tailoring of
livestoek in the future to meet specifie consumer
demands. Methods of performance testing of
heef cattle are making important contributions
to increased efficiency of production. We have
learned more about animal diseases and para-
sites and have successfully kept some of the
most serious ones out of the country through
our combined research and regulatory activities.

In crops research, scientists have changed
the plants that farmers grow iy their fields.

They have supplied new germ plasm and
adapted foreign crops to our climate and

methods of farming. They have bred crops for
resistance to various diseases and insect pests
and tailored many crops for mechanized opera-
tions on the farm.

Our soil and water studies have helped us to
slow down soil deterioration and shown us ways
we can use water more efficiently.

In entomology research, we have developed
chemieals for almost every major agricultural
pest we have. At the same time, we are also
mvestigating nonchemical means of control to
overcome growing insect resistance to chemicals
and to eliminate the problem of residues.

State-tederal research has given us new tech-
niques of mechanization . . . added to knowledge
of human nutrition and consumer use of farm

products . . . helped to proteet our forest re-
soureces found wider markets for farm
produets and improved methods of han-

dling and marketing then.

These accomplishments are a small fraction
of the many produced during the past 100
vears. Increases in all areas of agriculture have
been dramatic indeed. But the job is by no
means done,

Our gains simply mean that we have to work
harder to hold on to what we have already won.
We will need an inereasing amount of research
to keep up with the ever-present and ever-
changing diseases, insccts, parasites, and count-
less hazards that drag down efficiency and cut
into the incomes of farmers.

But beyond this, we must look ahead and
determine how agriculture is to supply future
needs for food and fiber. The possibilities for
doing so through continuing research are
enough to excite the imagination.

In the field of dairy research, much remains
to be done. We need to take full advantage of
dairy cattle as meat producers. When you con-
sider that 509 of the dairy calves horn are
bull calves and only a small number are re-
tained for hreeding purposes, you can realize
the potential for inereasing our meat supply
by utilizing the rest of the animals. They can
be made to produce careasses of acceptable
market quality.

We will - also need to place more research
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emphasis on breeding dairy cattle to produce
milk of high protein content.

And, finally, we need to know more clearly
how changes in the production of plants used
for feed affect the characteristics of the milk
produced. There is some evidence that inereased
fertilization of these plants may affect the
vitamin A requirements of cattle. We will
have to take another look at vitamin A needs
of dairy cattle, and look into the possibility
of supplementing their feed.

We have not capitalized fully on the genetie
-apabilities inherent in the crops that we grow.

We have a long way to go to reach full
mechanization and top efficiency in nearly
every phase of agricultural operation.

We have not solved the many problems of
processing, marketing, and utilization that deny
us the maximum benefits from agrieultural pro-
duction. Nor have we found out how to harness
the tull produetive capacity of our agriculture
to the changing demands of our market.

We need to know exactly how insects develop
resistance to insecticides and how, in faet, in-
secticides actually kill inseets. We must know
how viruses reproduce in plants and animals.
We need to take full advantage of the oppor-
tunities offered in animal genetics to alter live-
stock for desirable traits.

We have to marshal all our research resources
to conserve and maintain the quality of our
water supplies. Agriculture is the nation’s
number-one user of water—and uses it ineffi-
ciently. This cannot go on indefinitely.

These are some of the things that we will be
working toward in the years ahead. Whether
we succeed in our efforts will be determined in
large part by the kind of people developed
by the land-grant colleges for our activities.

The land-grant schools in the past have bheen
extraordinarily successful in producing tech-
nical leadership for agriculture as well as for
other fields. But there is today a growing and
urgent need for more and hetter trained sei-
entists. And they are inereasingly difficult to
come by i agriculture for many reasons.

For one thing, enrollment of agricultural
students is dropping off steadily.

Another difficulty is that the various space
programs offer tremendous competition for
sonme of our best young minds.

Moreover, there is a common misconception
in the public mind that agriculture is not im-
portant these days—or, at any rate, less so
than it was at one time. It is true that fewer
people than ever before work on farms today
to produce our abundance. But this does not
mean that agriculture is less important—only
that it is more efficient. If our food supply
were to be curtailed only moderately, agricul-
ture would rapidly assume eritical importance
in the eyves of every American. Cur economy
ix built upon the productivity of our agriculture
and the assurance of continued produetivity.
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So both of us—state and federal agencies—
must exert all our efforts to attract the bright
young minds that we will need to fulfill our
mutual responsibilities in agriculture.

The pressures bearing down on state and
federal agencies to fulfill these responsibilities
will demand the best that is in us. We must
be inereasingly flexible and imaginative in our
planning—and take into consideration interna-
tional as well as national aspirations and prob-
lems.

We will, in fact, have to project ourselves
more deeply into the world picture. We will
have to learn how we can be most helpful in
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establishing the broad foundations for a pro-
ductive agriculture in underdeveloped areas of
the world.

But—above all—there must be a continuation
of the remarkable cooperation that has served
us so well in the past. The strength that lies in
free men working together in a concerted effort
is incredible.

Science and education—operating in a free
society and through the land-grant schools and
the Department of Agriculture—have removed
from us the heaviest burdens of the past. It is
surely our obligation to use science and educa-
tion to help all mankind achieve a better life.

THE LAND-GRANT SYSTEM AND THE AMERICAN SOCIETY !

Russern I. Tuackrey, Executive Secretary
Association of State Universities and Land-Grant Colleges, Washington, D. C.

resistible urge to luxuriate in nostalgia and
self-congratulations. Yet all of you, from your
experiences with your research, know the tre-
mendous value of periodically standing back
from your work to take a new look at it from
the prospective of first principles. In our day-
to-day operations, we tend to confuse the ends

with the means, to substitute expediency for
principle, to eare for the urgent at the expense
of the important. Leadership degenerates into

R. 1. Thackrey

My job this morning, as I understand it, is
to discuss with you the contributions of the
Land-Grant system to the American society.
This is, of course, a highly appropriate topie
for us to concern ourselves with at this time.
As you know, Abraham Lincoln signed the
Morrill Land-Grant Aect into law just 100 years
ago this next month. If silver and golden anni-
versaries have special significance, centennials
surely provide an even greater temptation for
stock-taking, review, reassessment, and the like.

Such occasions carry with them an almost ir-

! Presented at the 57th Annual Meeting of the
American Dairy Seience Association, University
of Maryland, College Park, June, 1962.

management, and we find ourselves, if we are
not careful, ministering to a corpus from which
the spirit has departed.

What are these first prineiples for the Land-
Grant system? To determine this—and to es-
tablish the prospective for our review—we have
to look at least briefly at conditions as they
existed in America during the first half of the
Nineteenth Century.

America at that time was a land of almost
boundless enthusiasm. It was a muscular, broad-
shouldered young democracy—ecrude perhaps,
but powerful, idealistie, yet restless to get on
with the work that needed to be done. And
there was work to be done—lots of it. There
were millions of acres of fertile land to be
tilled, mines to be opened, cities to be built,
railroads to be laid. There was, in fact, a
continent to be conquered and, perhaps even
more important, a demoeracy to be maintained
and extended.

At the same time, however, colleges and uni-
versities willing and able to provide educa-
tional programs fitted to work that needed to
be done were sadly lacking. The importance
of this deficiency eannot be overestimated.

Five years before the Land-Grant Act was
signed, the distinguished British statesman and
historian, Thomas Babington Macaulay, flatly
predicted the collapse of the United States in
the Twentieth Century. “Either some Caesar
or Napoleon will seize the reins of government
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with a strong hand or your republiec will . . . be
laid waste by barbarians,” he wrote. This
eventuality was inevitable, he thought, because
we had entrusted the “supreme authority in
the state . . . to the majority of the citizens told
by the head; in other words, to the poorest and
most ignorant part of society.”” By way of
contrast, he wrote, in England the “supreme
authority is in the hands of a class, numerous
indeed, but select; of an educated class which
is, and knows itself to be, deeply interested in
the security of property and the maintenance
of order.”

This was not an irresponsible statement by
an ill-informed partisan. All history, all ex-
perience seemed to prove Lord Macaulay’s pre-
diction sound. And, as a matter of faect, it
looked somewhat as though many people in
America believed as Macaulay did. The exist-
ing colleges in America at that time were pat-
terned largely after the centuries-old British
institutions and took, as their function, the
same objective the British institutions served:
the training of an educated elite for civie and
social leadership. Well over half the program
at these institutions was given over to the his-
tory, poetry, and philosophy of Rome and
Greece; and academic preparation was limited
to the four traditional learned professions:
law, medicine, the ministry, and teaching. In-
struetion was carried out by recitation and rote
memory, all students studied exactly the same
subjects, and almost no emphasis was given to
the discovery of new knowledge. Collegiate
opportunity was shrinking in proportion to
the population, and effective governmental con-
trol was held largely by the graduates of these
institutions.

A few far-sighted men felt there was another
solution to the problem that Macaulay had out-
lined—a solution that did not involve the grad-
ual imitation of Britain’s aristocratic class sys-
tem. These men could see no reason why higher
education could not serve the purposes of de-
mocracy just as well as the purposes of aristoe-
racy. Couldn’t the “majority of the citizens
told by the head” itself become an “educated
class?” In fact, couldn’t higher education, made
available to all willing and able to bhenefit from
it, eliminate the concept of “class” and guaran-
tee free mobility within the American society?
Did higher education have to be limited to the
existing learned professions? Couldn’t there
also be designed an education for doing—for
carrying out the work that needed to be done
to convert the wilderness into a nation of free
and prosperous men? Did Americans have to
remain poor and ignorant?

John Adams seemed to forecast something of
this when he wrote, in 1780, that “the science
of government is my duty to study, more than
all other sciences . . . I must study polities and
war that my sons have liberty to study mathe-
maties and philosophy, geography, natural his-
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tory and naval architecture, navigation, com-
merce, and agriculture, in order to give their
children the right to study painting, poetry,
musie, architecture. . . .”

By the middle of the Nineteenth Century,
America was ready for the second of these three
stages. A new education for a new society was
needed—an education for doing as well as for
heing—an education for the sons of the farmers,
the mechanies, the merchants, and all the other
leaders of this new world in which they would
not have to abandon their fathers’ voecations
but would find these vocations lifted to profes-
sional dignity. Higher education needed to be
brought into harmony with the realities, the
objectives, and the ambitions of a new society.

Among the people who saw this need and
worked to do something about satisfying it,
two names stand out—Jonathan Baldwin Turner
of Illinois and Justin Smith Morrill of Ver-
mont. Working separately, insofar as we know,
each of them formulated a plan to use the vast
nationally owned public lands and the prestige
of the Federal government to bring about an
educational revolution—a revolution that was
to do for education what Jacksonian egalitarian-
ism had done in law and polities.

The result of their efforts, and of the efforts
of those who worked along with them, was the
Land-Grant Act. This Aect offered each state
30,000 acres of land (or its equivalent in serip
for those states in which no public lands were
available) for each member of Congress. This
land was to be sold, and the proceeds were to
be used as a permanent endowment to pay pro-
fessors’ salaries in at least one college in every
state accepting the conditions of the Act. The
fact that those conditions specified that “agri-
culture and the mechanic arts,” along with “mili-
tary tactics,” were to be emphasized has been
widely misinterpreted. One hundred years ago,
most of the people in our country—something
like three-fourths of them— were farmers, and
the greatest unfilled professional need was for
engineers. These were also precisely the aca-
demic areas the existing colleges and univer-
sities were most reluctant to add to their pro-
grams. To make certain that they were not
neglected, Justin Morrill wrote them into his
act. But the charter of the Land-Grant insti-
tution was as broad as the needs of America.
The Act stated, in fact, that “other scientifie and
classical studies were not to be excluded,” which
meant, Justin Morrill said, that they were to
be included.

In this way, these institutions were to pro-
vide for the “liberal and practical education of
the industrial classes in the several pursuits
and professions of life.” In 1859, Abraham
Lincoln said, “Let us hope . . . that by the best
cultivation of the physical world beneath and
around us, and the best intellectual and moral
world within us, we shall secure an individual,
social, and political prosperity and happiness,
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whose course shall be onward and upward, and
which, while the earth endures, shall not pass
away.” One hundred years ago, the land-grant
colleges became Ameriea’s best means of realiz-
ing this hope.

The most important idea, then, behind the
establishment of the land-grant colleges—the
principle out of which they were bhorn and
which gave them form and shape—was that of
demoeracy : demoeracy not just in terms of the
students admitted but also in terms of the in-
structional programs offered. These were to
he institutions at which any young person would
have a free opportunity to receive as complete
an education as his abilities and his desires
perniitted. Further, he was to have the priv-
tlege of studying for almost any major pro-
fession of interest or value to man.

However, the pattern was not yet complete.
Those who came to teach in these new *‘people’s
colleges” soon ran out of things to teach in the
new fields. Since, for the most part, colleges
had refused to consider these new fields as
proper subjects for collegiate concern up to
this time, no body of organized, definitive knowl-
edge existed in them. And so, in 1887, a second
federal act was passed, this one providing fed-
eral funds to start research in agriculture in
cach of the land-grant institutions. The agri-
cultural experiment stations founded as a result
of this act, historian Allan Nevins tells us, *‘be-
came . . . the most effective agencies ot inquiry
on the globe.” This act is eredited by many
with being the major stimulus for making re-
search an accepted function of higher education,
not simply at the land-grant institutions but
also at the older colleges and universities as
well.

Along with the advance of research came the
necessity for disseminating the results in order
that it might be put directly to use in the lives
of the people. This activity was carried out in
many ways by many agencies. Finally, in 1914,
Congress passed a third act, this one to provide
for federal-state cooperation in extension work,
arried out through the land-grant colleges.
This resulted in the world’s largest and most
effective adult education program. Agricultural
research and extension earried out in the land-
erant institutions, in fact, have been so effec-
tive that they are sometimes criticized for hav-
ing created our embarrassing farm-surplus
problem. There is, however, another way of
putting this matter: if the 180 million people
in Ameried have plenty to cat, and if they spend
far less to get it in terms of hours worked than
they ever have, that, too, is the responsibility
of the land-grant institutions and.'the U. S.
Department of Agriculture, whose centennial
we also celebrate this year. This is a problem
that almost every other country in the world,
including Russia, would bhe glad to share with
us. I must say that '] like having enough to
eat, and I like to’know that we are able to help
the hungry people of the world.
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These, then, arve the first principles on which
the land-grant institutions were established.
For more than a quarter of a century, they had
to endure pititully inadequate finances, the
apathy of students and their parents, the in-
difference and even contempt of their more tra-
ditional—and hence wmore respectable—sister
institutions, and uncertain leadership and in-
struction. But they survived and grew robust
as they demonstrated that Abraham Lincoln's
act of faith in people, taken during some of
the worst days of the Civil War, was not mis-
placed.

Today there ave 68 land-grant institutions,
with one in Puerto Rico and at least one in
each of the 50 states. Together, they account
for about 3,9 of all American institutions
of higher education, but they enroll almost a
fitth of all the students in the country. They
award two-fifths of all the doctoral degrees
eranted, including practically all those awarded
m agriculture and over halt of those granted
in the biological sciences, health professions,
engineering, and home economies. Three-fifths
of all the lhving U. S.—educated Nobel Prize
winners have earned degrees from these insti-
tutions, and the research contributions include
a vast array of discoveries—the Babeock test
for measuring the fat content of milk, strepto-
myein, the ion mieroscope that permits man to
photograph atoms, and hundreds of others.

The record is clear. As one historian has
said, together with the separate state univer-
sities, the land-grant institutions now “consti-
tute the wmost fmpressive set of agencies for
higher education i the world.” But probably
even more impressive than their individual
achievements has been the revolution that,
through their example and leadership, they
have brought abhout in American higher educa-
tion generally. Look at the changes they have
made—changes such as— .

The establishment of research as a bhasic fune-
tion of higher education.

The elevation of the useful arts, sciences,
and professions to academice respectability and
dignity and the introduction of the concept of
education for doing as well as for being.

The development of the concept of adult
continuing education, of sharing knowledge with
those who can make use of it regardless of age,
formal enrollment, or any other restriction ex-
cept that of need and desive to know.

The construction of a successtully working
model for federal-state cooperation in instrue-
tion, research, and extension that secures all
the advantages of such cooperation without in-
curring any of the dangers that many seem to
fear.

The establishment of the principle of serv-
ice, taken in the hest possible sense—the prin-
ciple that an institution of higher education
should serve as a useful academic and scientific
complement to the society in which it exists.

Most important of all, the development of
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the concept that higher education should be
made freely available to all capable of hene-
fiting and willing to benefit from it—that edu-
cational opportunity should he kept open to
all who have talent.

Now, what about the future? What prob-
lems do the land-grant institutions face, and
what connection is there between these problems
and the first principles that I have tried to
outline?

There remains, of course, the central prob-
lem of any institution that attempts to serve
a society responsible. The university’s funetion
is to give society not what it wants, but what
it needs, and the two do not always coincide.
Disinterested thought and scientific research
challenge vested interests and traditional ideas
and tend, therefore, to alienate the support the
universities need to carry out their work. Yet
it is essential that the universities maintain
their eritical function, even if they must threaten
the stability of society as it exists at any given
time.

Much the same sort of thing is true of the
balance between education for living and edu-
cation for making a living. One of the per-
sistent charges hurled at the land-grant institu-
tions is that they are vocational. Of course,
almost all higher education has historically been
voeational, if vocational is taken to mean train-
ing for a specific profession or calling. The
distinetion here seems to be, actually, the voca-
tion one is talking about. Traditionally, some
voeations or professions are more equal than
others. As I have said, part of the land-grant
mandate was to change this by dignifying all
useful major vocations by providing university-
level preparation for them. In this way, the
land-grant system has been responsible for the
expansion of professional preparation that has
contributed so importantly to the development
of the American economy and culture. If the
universities repudiate professional education,
they will cease to survive, simply because they
will lose contact with reality and will lose the
confidence of the society that supports them.
If, on the other hand, they repudiate the cultiva-
tion of nonpractical values, they will cease to
merit the title of university. They must some-
how continue to provide education for heing
and for doing. As knowledge is advanced and
specialization deepens, the job becomes in-
creasingly difficult.

There are other questions. But the central
question remains the same as it was 100 years
ago: How can the land-grant institutions con-
tinue to contribute to the maintenance of an
open and mobile society by providing equal
opportunity for all with the talent and the will
to develop 1t?

There are those, and they have powerful
voices, who would undo most of what has been
accomplished in an attempt to avoid, rather
than to solve, this problem. Some would re-
striet the numbers going to the university by
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examinations given at the equivalent of about
the sixth-grade age in our own schools. Every
country that has this system is trying to get
away from it because it does not work. Aec-
tually, the fact is now being rediscovered that
testing is far from infallible, that it might
casily diseriminate for the good memorizer and
against the truly ereative boy or girl, and that
it 1s a poor indicator in comparison with test
by performance. Instead of inereasing oppor-
tunity, it restricts it. Today, college admissions
officers are apt to say that all who qualify are
admitted. But qualification is determined in
too many instances by the college hoard cut-off
score used, and this, in turn is determined by
the ratio between the number of applicants for
admission and the number of students that the
institution can accept. In this way, the poten-
tial student who was qualified five vears ago
might easily not be qualified this next fall, even
though the program might be essentially un-
changed. Qualification is determined, there-
fore, by arbitrary resource limitations, and not
by student ability. This is like the old story
of the Procrustean bed, in which the man was
cut to fit the bed, instead of the bed fitted to
the man.

Others say that aceess to higher education
is just fine, but that since university graduates
earn more than nongraduates, each student
should pay the full cost of his own education.
Those whose parents are wealthy presumably
have no problem, whereas others—so the theory
runs—should buy their education on the charge-
account system. KEducation would be open to
all, but some would start out life with a heavy
burden of debt and others would not. Such a
system would make it important that young
men without money would marry girls with
money, and vice versa. Perhaps in time this
would lead to a change in the marriage vow to
read, “With all my college debts I thee endow.”

To be fair about it, many who advocate mak-
ing the student pay the full cost of his educa-
tion say that those who can’t atford it should
be given scholarships. Make those who ecan
pay, do so, and give scholarships to the rest,
runs the argument. Consider the effects of
such a poliey. It would in time result in one of
two things: either hundreds of thousands of
students would be denied access to higher educa-
tion, or we would have to have hundreds of
thousands of scholarships, each paying many
times the average amount of the scholarships
available today. There are no two ways about it.

The hest scholarship system ever devised for
keeping opportunity open is the public univer-
sity, open to all and supported by all. Cer-
tainly, scholarships are needed, because living
costs alone are heyond the reach of many able
students. Certainly, the beneficiaries of educa-
tion should pay for it, but the heneficiaries
include all of us—all of us who appreciate the
privilege of enjoving human dignity and the
freedom of democracy, all of us who share in
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the American standard of living, all of us who
benefit in any way by living in a modern in-
dustrial economy. But they should pay for it
when they are most able to do so, through taxa-
tion and voluntary gifts; and not at the time
they are least able to do so, as students and
during the early (and difficult) post-college
years. And we should never permit a condition
to exist in which America’s supply of educated
people will depend on how much money the
student is likely to make in the years after his
graduation. That is the one way to make certain
that we will not have enough scientists, enough
teachers, enough qualified ecivil servants, to
name just a few examples. An individual might
find higher education desirable; a society finds
it necessary.

All the suggested solutions to this problem
are based on the implied assumption that
America somehow cannot afford to continue to
provide free and open access to higher educa-
tion to all the young people who have the will
and the ability to profit from it. This, of course,
is nonsense. We can afford it if we want to
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afford it. Many people have noticed that a
society can almost always achieve that which
it wants to achieve—and it very often deserves
what it gets. Education is, actually, not an
expenditure but an investment. This is true
even in the grossest material terms. Increased
expenditures do not follow an increase in the
level of an economy; the level of the economy
follows increased investment in education.

The central issue, then, is how adequately do
the American people want to invest in democ-
racy? In the potential of the American people
for intellectual and moral growth? In the de-
velopment of more effective human beings?
The land-grant institutions—and others which
share their ideals—stand now as they stood 100
years ago—as America’s best hope of achieving
and maintaining an open and mobile society.
How well they accomplish their task will de-
pend, to a eritical extent, on how highly the
American people value the maintenance of such
a society. Macaulay’s prediction cannot be com-
pletely discounted until the year 2001. History
may still prove him to be right.

CALL FOR PAPERS FOR THE 1963 ANNUAL MEETING OF THE
AMERICAN DAIRY SCIENCE ASSOCIATION

S. D. MusGravE, Chairman, Program Committee, A.D.S.A.
Department of Dairying, Oklahoma State University, Stillwater

The 58th Annual Meeting of this Associa-
tion will be held June 16-19, 1963, in the
Memorial Center of Purdue University, Lafay-
ette, Indiana.

All members of the Association, including
graduate student affiliates, are entitled and
encouraged to submit papers for consideration
for presentation. Participation by members
of industry and by senior members of the
Association is especially encouraged. The Pro-
gram Committee favors the general policy that
an individual present only one paper and that
his name should appear as author on no more
than two. This committee, with the Associa-
tion officers and membership, wishes to stimu-
late excellence in research and in presentation
and realizes that these restrictions may penal-
ize certain members engaged in full-time re-
search. Therefore, a member may exceed these
limits if he or his department ranks the af-
fected abstracts in order of preference for
oral presentation.

Papers submitted for the Annual Meeting
must be confined to research that has not been
reported elsewhere. Abstracts of papers ac-
cepted for publication by a seientific journal
before the annual meeting are not acceptable
for presentation at this meeting. If the total
number of acceptable papers submitted by the
membership for presentation in a section pro-

gram is too great to include in the program,
the committee will assign some papers to be
read by title. In this event, consideration will
be given to evident quality of research to be
reported and number of abstracts per author
and per department. Abstracts arriving late
may be read by title or rejected.

Attention is called to the Dairy Manufac-
turing Extension Section program, and inter-
ested members are urged to participate. This
is a subsection of the Manufacturing Section.

Mimeographed copies of pertinent details
and data are desirable for distribution at the
time of presentation. At least 300 copies
should be made available. They should be num-
bered with the assigned program number in
the upper right corner of the first page. This
can be supplemented with slides for projec-
tion, provided the author can adhere to the
assigned time of 12 to 14 min for presentation
of each paper. For papers presented in joint
sessions or in a symposium, it is suggested
that 500 copies of the mimeographed material
be made available.

ABSTRACT PREPARATION

The Program Committee continues to en-
courage improvement in quality of material
to be presented and in the method of presenta-
tion. Good experimental design and interpre-
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tation are essential. Kxact compliance with
these instructions for preparation of abstracts
will simplify the task of the Program Com-
mittee, improve the program, and ease your
own work load. Careful editing of abstracts
before submission is essential! Each year a
number of abstracts must be returned for
correction or clarification.

1. Submitted titles and abstracts must be in
the hands of appropriate section officers
by March 1. This deadline must be met
to permit publication of titles with the
complete program in the April JOURNAL
and abstracts in the May or June issue.

. Four copies of each abstract must be
typed double-spaced on 8V- by 1l-inch
paper. The original (on bond paper) and
the first carbon should be mailed to the
chairman, the second carbon to the vice-
chairman, and the third earbon to the
secretary of the Section where the paper
is to be presented. The original copy will
be used for publication in the JOURNAL.
Student affiliates entering the Graduate Stu-

dent Presentation Contest should check below

for additional instructions on submitting ab-
stracts.

0o

3. Abstracts must not exceed 200 words by
actual count. Those exceeding 200 words
must be returned to the author for re-
vision.

4, The style and abbreviations of the Jour-
NAL OF DAIRY ScCIENCE must be used.
Please refer to abstracts in the May, 1962
JourNaL for guidance.

5. Only initials of authors should be used,
except in unusual cases, where it may be
necessary to use the complete name.

6. When more than one author is listed,
indicate who will present the paper by an
asterisk after his name.

7. The title should indicate clearly the na-
ture of the research. It should not be
repeated in the text. The abstract should
indicate, insofar as possible, the design
and major results of the investigation.
Only completed research should be re-
ported. Brief, essential statistics will
mnke the abstract more meaningful.

8. The following form with no caps for the
title is correct: Utilization of carbohy-
drates posterior to the rumen-reticulum
of the bovine. J. T. Huber and N. L.
Jacobson, lowa State University.

9. If the author lists an address for an ex-
periment station other than the univer-
sity, such as a USDA research branch or
a commercial company, the complete ad-
dress should be provided, as in the fol-
lowing example: A study of dye reduc-
tion methods as platform tests for the
detection of antibiotics. Burdet Heine-
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mann, Producers Creamery Co., Spring-
field, Missouri.

10. All symposium papers should be typed
double-spaced and organized according to
the acceptable style of the JoURNAL oF
Dairy Sciexce. The author should send
the first copy directly to the JourNaL
editor, K. O. Herreid, before the annual
meeting.

GRADUATE STUDENT PRESENTATION CONTEST

This contest will be conducted in both the
Production and Manufacturing Sections. A
cash award will be given to the winner in each
section. Each institution is entitled to enter
one participant in each contest. Participants
must be student affiliate members. Complete
rules for the contest will be sent to department
heads. Those wishing to enter the contest must
submit copies of their abstracts to the section
officers as outlined above. In addition they
must include a letter indicating their desire
to enter the eontest. This letter must be signed
by the major professor and the department
head. A carbon copy of this letter and four
additional copies of the abstract should be
mailed to the contest representative so as to
be received by March 1.

For Production Section Graduate Student
Competition: Dr. J. L. Albright, Department
of Dairy Science, University of Illinois, Ur-
bana.

For Manufacturing Section Graduate Stu-
dent Competition: Dr. A. V. Moore, Depart-
ment of Dairy Science, The Agricultural and
Mechanieal College of Texas, College Station.

Names and addresses of officers of sections
to whom titles and abstracts should be sent
are:

EXTENSION SECTION

Chairman: C. D. MeGrew, Department of
Dairy Science, Ohio State University, Colum-
bus 10.

Viece-Chairman: D. E. Voelker, Department
of Animal Husbandry, Iowa State Univer-
sity, Ames.

Secretary : C. H. Parsons, Department of Dairy
and Animal Science, University of Massa-
chusetts, Amherst.

PRODUCTION SECTION

Chairman: L. H. Schultz, Department of
Dairy Husbandry, University of Wisconsin,
Madison.

Viee-Chairman: V. R. Smith, Department of
Dairy Science, University of Arizona, Tueson.

Secretary: P. M. Reaves, Department of Dairy
Science, Virginia Polytechnic Institute,
Blacksburg.

MANUFACTURING SECTION

Chairman: D. M. Graham, Pet Milk Co., Re-
search and Development Center, Greenville,
Illinois.
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Vice-Chairman: E. L. Thomas, Department of
Dairy Industries, University of Minnesota,
St. Paul.

Secretary: M. E. Ellertson, Carnation Re-
search TLaboratory, 8015 Van Nuys Boule-
vard, Van Nuys, California.

(The Dairy Manufacturing Extension Section
is a subsection of the Manufacturing Section.
A. L. Rippen, Department of Food Science,
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Michigan State University, East Lansing, is
chairman, and J. C. White, Professor of Dairy
and Food Science, Cornell University, Ithaca,
New York, is secretary of this subsection. All
abstracts for papers in this subsection should
he submitted through the regular channels of
the Manufacturing Section, and should be
identified for presentation at the Manufac-
turing Extension Section meeting and a cour-
tesy copy sent to A. L. Rippen, Chairman.)

INVITATION FOR NOMINATIONS FOR OFFICERS OF THE
AMERICAN DAIRY SCIENCE ASSOCIATION

R. E. IIopasoN
Animal Husbandry Rescarch Branch, USDA, Beltsville, Marvland

It is the duty and responsibility of every member of A.D.S.\. to participate
in the selection of officers and directors for 1963-64.

This vear we must elect:

(1) A Vice-President from the field of Dairy Produetion and who will
automatically become President in 1964-65.

(2) One director from the field of Dairy Production to serve for three years.

(3) One director from the field of Dairy Manufacturing to serve for three
years.

As a member of A.D.S.A. you are specifically requested NOW to submit your
nominations for each of these three very important offices. Suggest nominations
of persons who have demonstrated their interest in ASSOCTATION AFFAIRS
by having served as sectional officers or having worked on important committees.
Our Association budget is now close to %100,000, annually. Thercfore, it is
important that the nominees for Vice-President be familiar with the business
affairs of the ASSOCIATION.

On January 1, 1963, Chairman Hodgson will assemble the nominations and
request. from the nominators a biographical sketeh of each nominee for the
consideration of the committec.

Two candidates will be selected for each of the three offices and after receiv-
ing their acceptances the list of six candidates will be published in the April
Journal for 1963. Ballots will be sent to the membership by Secretary Judkins.

Members of the Nominating Committee are:

E. L. Jack, University of California, Davis

D. M. (Graham, Pet Milk Co., Greenville, Tllinois

1.. H. Schultz, University of Wisconsin, Madison

C. D. McGrew, Ohio State University, Columbus

R. E. Hodgson, Chairman, Animal Husbandry Rescarch Branch, USDA,

Beltsville, Maryland
MEMBERS, this is an urgent request for your help and cooperation. Please

send your nominations to Chairman R. E. Hodgson by December 31, 1962, OR

IF MORE CONVENIENT SEND THEM TO ANY MEMBER OF THE
COMMITTEE.
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Media for

MYCOLOGY

DIAGNOSTIC

.« . for the isolation, identification and cultivation of pathogenic
fungi. These media are also widely used in phytopathological studies.
Several are neutral in reaction, giving optimum conditions for growth
of a variety of fungi. The following may be prepared as selective media
by the adjustment of reaction, addition of antibiotics or other agents:

Bacto-Brain Heart Infusion Agar
Bacto-Sabouraud Dextrose Agar
Bacto-Sabouraud Maltose Agar
Bacto-Littman Oxgall Agar
Bacto-Mycological Agar
Bacto-Mycological Broth

Bacto-Corn Meal Agar
Bacto-Corn Meal Agar
with Dextrose
Bacto-Bean Pod Agar
Bacto-Prune Agar
Bacto-Lima Bean Agar

CONTROL

. . . for sanitary and sterility procedures as well as for general use in
mycological procedures:
Bacto-Sabouraud Maltose Broth
Bacto-Sabouraud Liquid Medium
Bacto-Malt Extract
Bacto-Malt Agar

Bacto-Neurospora Culture Agar
Bacto-Potato Dextrose Agar
Bacto-Mildew Test Medium
Bacto-W.L. Nutrient Medium
Bacto-W.L. Differential Medium

CLASSIFICATION

. . . and nutritional studies of fungi:

Bacto-Czapek Dox Broth
Bacto-Czapek Solution Agar
Bacto-Vitamin Free Yeast Base

Bacto-Yeast Morphology Agar
Bacto-Yeast Carbon Base
Bacto-Yeast Nitrogen Base

THE DIFCO MANUAL, NINTH EDITION,
including descriptions of these media and their use,
is available on request.

DIFCO LABORATORIES

DETROIT 1, MICHIGAN
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