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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 periodiecals
may be authorized by the Editor-in-Chief.

To be eligible for publication in the JOURNAL,
the data in papers must not have appeared
previously in any other publication except pro-
ceedings of annual or biennial conferences or
in symposia.

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. The summary aids in the dissemination
of scientific information, reduces the
work and cost of abstracting journals,
and is convenient for readers.

b. The summary must be on the first page,
be brief, specific, and factual. It should
not exceed 200 words.

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

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

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

f. Except in most unusual cases, refer-
ences to earlier work should be omitted.

. Statement of the problem and pertinent
investigations.
. Objectives or reasons for research.
. Experimental procedures.
. Results.
. Discussion. (6 and 7 may be. combined.)
. Conclusions are optional.
. Acknowledgments.
! American Institute for Biological Sciences,
2000 P Street, N. W., Washington, D. C. Price

$3.
2J. Dairy Seci., 44: 1788. 1961.

w
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10. References. The minimum of only perti-
nent references should be used. They must
have title(s), author(s) name(s), name of
periodical, volume, page number, and year
of publication. If a book, publisher’s name
and address must be added.

11. Manuseripts must be typed double-spaced
on 8%- by 11-inch bond paper. Multilith-
ing on bond paper is acceptable. Lines on
each page should be numbered from 1 to
26 or 28, to make it easier for the Editorial
Board to review papers. The side margins
should be one inch wide. Clipped-to, pasted-
on, and written insertions are not accept-
able. Pages should not be stapled together.

12. Figures (graphs) should be made with black
India ink on white drawing paper, tracing
paper, or blue linen and the sheets should
not exceed 8%% by 11 inches. Graph papers
with yellow, green, and red lines should
not be used, because the lines cannot be
filtered out. Curves should be identified
with the symbols O, ©, ®, 1, 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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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 8l%- by 1l-inch bond
paper. They should be placed together at
the end of the manuseript.

Titles should indicate the content of ta-
bles and facilitate comparisons, show rela-
tionships eclearly, 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
disecussed but not repeated in the text, and
they should be presented in only significant
digits within the accuracy of the methods.
Use the metric system whenever possible.
Do not use vertical lines and only a mini-
mum of horizontal ones.

Tables are costly. Use graphs whenever
possible.

Colored illustrations can be reproduced.
Authors should submit detailed specifica-
tions to the Editor and costs will be supplied.
Abbreviations for titles of periodicals and
for- botanical, chemical, physical, mathe-
matical, and statistical terms should con-
form to those in the Style Manual for Bio-
logieal Journals.

Terms such as Cottage cheese, Cheddar
cheese, Limburger cheese, etc., 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. The ribbon
copy, only, of revised manuseripts should
be resubmitted.

Receipts of manusecripts will be acknowl-
edged. Authors will be notified within 30

20.

21.

22.

to 60 days of the action taken by the Edi-
torial Staff.

TECHNICAL NOTES

The technical note section of the JoURNAL
is for the publication of research with nar-
row boundaries, announcement of new find-
ings that may help other scientists, inven-
tion of research and teaching devices,
establishment of priorities, and for useful
information from projects that have been
terminated before completion. This section
is not a repository for inferior research.

If the scope of the technical note permits,
it may be organized the same as a research
paper, except there is no summary at the
beginning and the author(s) name(s) and
affiliation (s) appear at the end. Otherwise
organization is flexible.

Technical notes may or may not be reviewed
by the Editorial Board.

OUR INDUSTRY TODAY

This section of the JourNAL is for papers
of timely industry interest. If the papers
contain applied research, they should be
organized the same as research papers, al-
though a summary at the beginning is not
required. Regardless of the material in
these papers, they should be organized in
logieal topies.

Papers in this section may or may not be
reviewed by the Editorial Board.

PUBLICATION OF EVENTS
Material for the announcement of meetings,
short cources, and other special events of
interest to the Association membership,
must be received by the first day of the
month and at least two full calendar months
before the event is scheduled to take place.
For example, the material for any event
in February must be received by December
1. These statements do not apply to ma-
terial for the Annual Meeting.



PEOPLE AND EVENTS

Robert E. Johnson Honored at Storrs

R. E. JouxsoN of Storrs was called into
the College of Agriculture dean’s office on
November 1 at the University of Connecticut,
where he found four distinguished educators
waiting to greet him. They were Dr. H.
D. BaBBIDGE, JR., the
University President,
A. E. WavteH, Pro-
vost, W. B. Youna, Ag-
riculture Dean, and Dr.
W. A. Cowax, Head of
the Animal Industries
Department. This group
paid tribute to Profes-
sor Johnson for his 40
vears of service
member of the Univer-
sity of Conneecticut
faculty. The honored
educator is Associate
Professor of Dairy
Husbandry. President Babbidge read a letter
written by Gov. John Dempsey, praising Prof.
Johnson for his remarkable record. The letter
stated in part; “During the 44 years, including
your undergraduate days, that you have spent
at Storrs, you have witnessed a remarkable
growth and development in our State Univer-
sity.  You may well take pride in the consid-
erable contribution you have made to that
development. The cattle bred by your Animal
Industries Department and the prizes they have
won add a great deal to the C‘onnecticut agri-
cultural reputation.”

Professor Johnson’s main duties over the
years have been in teaching. He has developed
and taught courses in dairy production—from
fundamentals for undergraduates to advanced
theory for graduate students. He also has
been responsible for the development and man-
agement of the dairy herd, acknowledged as
one of the top college herds in the country.
He is an outstanding cattle judge and a clos
friend and advisor to the owners and managers
of the outstanding dairy herds in the East.

His first love is teaching. He is never sat-
isfied with the student who just learns the
facts—he must be able to relate these facts to
life that exists around him. “Only when the
student is able to do this 1s he learning some-
thing and stimulated to learn more,” Professor
Johnson said on this fortieth anniversary.

Prof. Johnson, a native of Norwich, received
his B.S. degree in dairy husbandry from the
Connecticut Agricultural College (now the U
of C) in 1922 and his M.S. degree from Iows
State College a year later. He is a member
of the American Genetic Association, American
Society of Animal Production, the American

as a

R. E. Johnson

Dairy Science Association, Alpha Gamma Rho,
social fraternity, Gamma Sigma Delta, honor-
ary agricultural society, and Phi Kappa Phi.

G. W. Shadwick Honored

Dr. G. W. Suapwick, director of technical
services for Beatrice Foods Company in Chi-
cago, has won an Indy award, industrial movie
world’s equivalent of the famed Hollywood
Oscar. He produced a film entitled Milkman
to Malaya, judged the best one-man film, and
merited a special eitation. The chemist and
bacteriologist received his special Indy at the
fifth annual industrial film awards dinner in
Boston.

AL
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The film deals with the establishment of a
Beatrice Foods plant in Kuala Lumpur, Ma-
laysia. Dr. Shadwick made 3,000 feet of film,
edited to about 1,500 feet, running for almost
45 minutes.

The production is not the dry, technical
type of film usually associated with training
and company productions. Dr. Shadwick pro-
duced his film as a travelogue type that appeals
to the general public as well as to company
personnel and stockholders.

The filim portrays the first building of an
overseas plant by Beatrice Foods Co. It is
climaxed with the dedication of the plant that
produces a canned, sweetened and condensed
nmilk in a country that has no fresh milk.

The film, in sound and color, also includes
the famed Kilauea Puna volecano eruption in
Hawail and scenes of aboriginal life in native
Malayan villages. “Happiest people 1 ever
saw,” Dr. Shadwick said about the healthy,
industrious aborigines he lived among for a
week.  The film also includes seenes in New
Zealand, where the company buys milk that
is processed into canned, condensed milk in
Malaya.



Why milk processors spell clean

“K'" is the eleventh letter in the alphabet . . . but for modern
cleaning and sanitizing in milk processing plants it tells the
whole story from Ato Z. When you add the “K’’ from Klenzade
you add a new concept in completely controlled sanitation
programs. The Klenzade Complete Plant Quality Program
is safer, simpler and quicker. From Brite-Klenz HC-20 to
Heavy Duty Acid LC-30, you can get all your detergents,
sanitizers and application equipment from one reliable
source. A Klenzade technical representative will be happy
to help you improve your dairy products. Write today. We'll
reply promptly.

with a

For Completeness, Quality, and Cost-Cutting, it's KLENZADE PRODUCTS, Dept. 56, Beloit, Wisconsin.
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14 ways
to make it better
...from Kraft

For Ice Cream

KRAFEN spray-dried sweet
whey guards natural flavor, saves
1¢-2¢ per gallon of mix.
KRAGELEEN stabilizer holds
firm, creamy body; maintains
good keeping quality.

HI-T STABILIZER is an all-
purpose stabilizer for vat, high
temperature and ultra-high tem-
perature short-time systems.
EMULSIFIER—concentrated for
easy handling and economy,
controls dryness and overrun,
maintains smooth texture.

For Sherbet

SHER-STAY stabilizer provides
firmer body, smoother texture,
guards against iciness, lets full
flavor through.

For Frozen Novelties
NEW IMPROVED KRABYN sta-
bilizer promotes optimum size
ice crystals, good body, flavor,
melting characteristics in frozen
novelties.

For Soft Ice Cream
KRAGEL emulsifier-stabilizer,
controls overrun, provides
creamy texture.

For Variety Flavors

MINIATURE MARSHMAL-
LOWS—white and colored.
MARSHMALLOW SYRUP AND
WHIPPED MARSHMALLOW—
suitable for batch or continuous
processes, contain stabilizers.
BRITTLE FLAVORS—made from
Kraft pecan, peanut, ailmond,

almond toffee, coconut brittles.

For Chocolate Drinks
DARI-LICIOUS stabilized choc-
olate flavored powders offer ex-
cellent flavor plus economy.

NEW DARICAL artificially
sweetened chocolate powders
for low calorie drinks.

For Sour Cream Dips
KRAFT DIP FLAVORINGS—
add new variety and selling op-
portunities to sour cream. French
Onion and Spicy Herb flavors.

For Fruit Drinks
KRAFT FRUIT BASE FLAVORS,
orange and grape, provide the
fresh, natural flavor of real fruit.
Kraft Foods Dairy Service Divi-
sion, Chicago, lllinois.

I

Kraft care...the little touch that makes the b_lg_ difference @
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M. M. Badler (left), editor of Industrial Pho-
tography, presenting the Indy award to G. W.
Shadwick, with G. W. Colburn holding the accom-
panying certificate of merit.

One part includes Indian Thaipusum, where
Hindus perform ineredible feats ol penance
like walking on fire and piercing their tongues
with spikes or bodies with spears. The blood-
less religious rites are performed while those
seeking forgiveness are in mental trances.

Dr. Shadwick’s film has been seen by groups
all over the country and is being used by
covernmental agencies like the Department of
Public Health and various agricultural services.
Currently, Universities o Hawaii, Illinois, and
Ohio State have copies of the film.

The film was originally produced, as were
previous  Shadwick  productions,  for annual
stockholders’ meetings.  Thus, a  nationally
known chemist and baeteriologist who took up
photography originally only to augment his
teaching in college has realized the top prize
in the world of industrial photography.

N. L. VanDemark Appointed Head of
Department of Dairy Science at Ohio State

N. L. VanDemark, professor of physiology
in the University of Illinois Department of
Dairy Secience, has been named head of  the
Dairy Science Department at Ohio State Uni-
versity. He will begin his administrative duties
on February 1.

Dr. VanDemark joined the U. of I. dairy
seience staff in 1948 as assistant professor of
dairy cattle physiology. His major responsi-
bilities have been teaching and research in
dairy cattle reproduction.  He has published
more than 100 scientific papers on reproductive
physiology and artifical insemination and is
co-author with G. W. Salishury of the text,
Physiology of Reproduction and Artificial In-
semination of Cattle.

He is one of the more popular instructors
in the U. of 1. College of Agriculture. In 1960,
students  in agriculture voted him  the out-
standing teacher.

DAIRY SCIENCE

-1

Also active within the community, VanDe-
mark is serving on the Champaign, Illinois,
Unit 4 School Board, a position he has held
sinee 1956, He has been chairman of the School

Board’s building committee for seven years.

VanDemark is a past president and program
chairman of the Bondville, Tllinois PTA. He
served five vears as Scout Master for Troop
20 of the Bondville Boy Scouts and is in-
stitutional representative for that troop.

In 1958, he received the $1,000 Borden Award
in Dairy Production for contributions to the
fundamental knowledge of reproduction in cat-
tle. Ile also has been president of the National
Committee  for the Biennial Symposium  on
Animal Reproduction. In 1958, he was invited
by the Austrian government to attend the
Fighth Austrian Symposiun on Animal Repro-
duction. He attended the CIBA Foundation
Syimposiim on Mammalian Germ Cells in Lon-
don in 1952,

VanDemark is a member of the American
Dairy Seience Association and served on that
oreanization’s editoral hoard from 1956 to 1961.
He also is a member of the American Society
of Animal Secience; a Fellow of the American
Association for the Advancement of Science;
a member of the society for the Study of
FFertility; Gamma Sigma Delta, and Sigma Xi.

Before joining the U. of 1. Department of
Dairy Science in 1948, VanDemark was assis-
tant in animal hushbandry at Cornell Univer-
sity. During 1946-47, he served in Austria as
livestocek specialist for the Austrian Livestock
Rehabilitation Program. He received his B.S.
degree from Ohio State University in 1941,
his M.S. degree from Ohio State in 1942, and
his Ph.D. from Cornell University in 1948.

Dr. VanDemark served in World War II.
He was promoted through the ranks from
private to 2nd Lieutenant in the U.S. Infantry
and counterintelligence.
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New Appointments at North Carolina

Dr. J. H. NaIr, a native of Chicago, Illinois,
has recently joined the Department of Food
Science at North Carolina State as visiting
professor. Dr. Nair is a physical chemist and
food technologist widely known in the United
States and abroad. He was educated at Beloit
College and Syracuse University. He has been
visiting lecturer at Columbia University. Aetive
for forty years in nuwmerous scientifie and
technical societies, Dr. Nair has been president
of the Association of Rescarch Directors and
of the American Institute of Chemists. For
many yvears he has been listed in Who's Who
m America and in American Men of Science.
Beloit College in 1958 conuferred on him an
honorary degree of Doctor of Science.

Dr. F. F. Busra, a native of Montgomery,
Minnesota, has recently joined the staff at

N.(". State as Assistant Professor in Food
Science. Dr. Busta received his B.A. and M.S.

degrees from the University of Minnesota and

NEWS

J. H. Nair F. F. Busta

his Ph.D. from the University of Illinois. Dr.
Busta’s area of work will be concerned with
the effect of ultrahigh temperatures on bacter-
ial spores and other phases of ultrahigh-tem-
perature sterilization.

Mr. C. W. Moss, a native of Rural Hall,
North Carolina, is now serving in the capacity
of Research Associate in the Department of
Food Science at N. . State. Mr. Moss re-
ceived his B.S. and M.S. degrees from N. C.

State and worked in the Dairy Division of
N. (. Department of Agriculture for about

three vears. His major area of work is con-
cerned with food mierobiology.

Dr. R. J. Binenawm, a native of Blackfoot,
Idaho, has rvecently joined the staff at N. C.
Stite as Assistant Professor in Food Secience.
Dr. Bingham received his B.S. degree at Utah
State University and his M.S. and Ph.D. degrees
at the University of Wisconsin. Dr. Bingham’s
major area ot work will be in Food Chemistry
concerning flavor research and ultrahigh-tem-
perature processing.

SECTION

W. W. Snvper, Editor

A Seetion Devoted to News of Student Members

C. W. Moss R. J. Bingham
STUDENT
SPOTLIGHT
The Oregon State University Dairy (lub

is featured this month. This far-Western club
celebrated the 40th year since its founding by
sending seven students to the 1963 American
Dairy Science Association meetings at Purdue.

The Oregon State University Dairy Club

I. R. Jones
Professor of Dairy Science

The first student Dairy Club at the then
Oregon Agricultural College was organized in
the school year of 1923-24 with Percy Murray,
presently one of the owners of the Klamath
Falls Creamery, Klamath Falls, Oregon, as its
first president. At that time the late Professor

P. M. Brandt was Head of the Department
of Dairy Husbandry, with R. C. Jones for
many later years extension dairyman of the
USDA, and V. D. Chappel, dairy processing
plant owner, Lodi, California. as other staff

members.  Senior Oregon State faculty mem-
bers actively interested in the Dairy Club

during ensuing vears include 1. R. Jones, 1925
to date; G. H. Wilster, 1929-60: H. P. Ewalt,
1932 to date; ¥. B. Wolberg, 1945 to date;
G. A. Richardson, 1947 to date; J. O. Young,
1950-62; and R. W. Stein, 1952 to date.
The Club has been active continuously since
1923, with the exception of the World War 1T
vears. Many Oregon alumni of the Club have
made and are making outstanding contributions
as dairy farm and industry leaders as well as
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in many related lines of business. Many have
held or hold prominent positions in federal
or state governmental agencies and in educa-
tional institutions.

The Club has been affiliated with the Amer-
ican Dairy Science Association as a student
chapter since the development of this program
by A.D.S.A. The 1963 student affiliate certifi-
cate identifies the chapter as the Oregon State
University Dairy Club.

Current Club membership generally consists
of both dairy and production and dairy proec-
cessing students, although any student enrolled
in general agriculture is eligible to belong. The
membership roll usually consists of about 40
students. One faculty advisor from each of
the two dairy groups is selected to assist the
students in planning their program of activities.
Present advisors are I. R. Jones and M. W.
Montgomery. :

The Club has traditionally been one of the
most active of the nine student clubs in the
School of Agriculture on campus, and cooper-
ates with all-school student activities. The Club
meets twice monthly during the school year.
Talks by industry and educational leaders both
on and off campus are featured at most meet-
ings. .

Club Activities

The Club, since its origin, has engaged in
fund-raising activities, with the proceeds help-
ing finance student field trips, assisting with
expenses of judging teams to the national
contests, to the Pacific International Livestock
Exposition at Portland, and the Grand National
Livestock Exposition at San Franecisco. Due

to the distances involved, it has been possible
for the Club to finance teams to the national
intercollegiate contests only infrequently. Judg-
ing team members not only have given mer-
itorious performances but also have enjoyed
many interesting and lifelong-remembered sc-
quaintanceships and experiences.

Oregon’s 1962 Pacific International dairy cattle
judging team in front of trophy case, Withycombe
Hall. From lert to right: Glen Ufford, Adolfo
Velasco, Sharon Hobson, Marjorie Wheaton, and

Coach Merle Peters.

New, Enlarged, Updated,
Revised 2nd Edition of

MILKING MACHINES
and MASTITIS

295 PAGES —
PAGE SIZE
Gll x 9”

COMPLETE
SATISFACTION
OR MONEY BACK

by DANIEL O. NOORLANDER

The author, a former member of the University
of California Mastitis Research Team, is one of
the nation’s foremost authorities on the mastitis
problem. Noorlander is a widely known lecturer
to dairy groups throughout the nation.

This valuable new book provides dairymen
with up-to-date facts on machine milking.
It shows how faulty equipment damages the
udder — and what can be done to correct the
equipment. It illustrates how malfunctioning
machines actually pump bacteria into the
udder. It compares the various tests for
mastitis; M.Q.T., C.M.T., Whiteside Test,
Catalase Test and others. It covers the sub-
ject of antibiotics and proper treatment. This
book is literally a compilation of the world’s
knowledge of machine milking. Profusely
illustrated throughout. Mail coupon today.

e g

i DAIRY EQUIPMENT CO., Madison 1, Wis. :
: Please Mail............copies of Milking Machines and Mastitis :
§ [0 With plastic-coated paper cover @ $3.00 each, postpaid 1
T [ With DeLuxe cloth-bound hard cover @ $4.00 each, postpaid
3 Enclosed is sum of $.. !
1 1
]

3 NAME H
1 ]
¥ STREET. i
] 1
[ ] ]
1 CITY ZONE........STATE H
L -
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Oregon State Dairy Club members and advisors
at the dairy bar with officers in front, including
Don Claeys, 1963 president, extreme right, and
1962 president, Ed Hemenway, at his left.

The Club stimulates interest among students
in preparing animals for show and arranging
classes for judging by helping to orgamize
the Little Pacific International, a student live-
stock show held on campus during the spring
term each year. The Club provides trophies
for the high contestants in dairy cattle judging
and in fitting and showing. KEach vear the
Club honors its outstanding freshman, senior,
and graduate student members by giving
plaques and cash awards of $25, $25, and $50,
respectively. Club members assist in organizing
Judging classes during the annual Ag Weekend
activities. Also, they act as leaders of groups
during university visitation of prospective in-
coming high school students.

Oregon group experiences one of the unpleasant
aspects of motor travel on its 1962 journey to
the A.D.S.A. meetings.

Dairy students assist in the operation of
the Dairy Bar in Withyeombe Hall—location
of the Department of Animal Science and the
Dairy Processing Laboratory on the campus.
The bar is a center for milk, ice eream, and
other refreshments for students and staff mem-

DAIRY SCIENCE

hers. Profits derived from the sale of certain

food items benetit Club members by helping

to finance field trips and other projects.
Club members make and sell Nutty Buddy

not only

1ce cream  bars at the Dairy DBar

The Oregon State group visit Iowa State cam-
pus. From left to right: Professor Don Ander-
son, Carlos Lobo, Sharon Hobson, Eldon Boge,
Marjorie Wheaton, Glen Ufford, and Stephen
Hobson.

PROVED ON OVER 6400
BULK TANK FARMS...
Johnson & Johnson Milk
Filters Are More Efficient In
Sediment Removal Than
Any Other Brand.

Dairymen who care enough...to
produce clean milk use Johnson
& Johnson Milk Filters, the most
trusted name in filtration. Available
in disks, squares, rolls, tubes and strips.

Filter Products Division

4949 W. 65th St.

Chicago 38, lll.
© 1964, Johnson & Johnson, Chicago, Il
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TO HELP YOU
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BETTER COW MILKING
AND CLEANER MILK...

Here! . .. Now! . .. and available for
your use—a wide variety of booklets,
leaflets, bulletins, construction plans,
motion pictures and sound-slide films
specifically designed and produced to
help Dairymen do their jobs better.

Babson Bros. Co., too, has a stake in the
future of this dairy business. Good cow
milking and increased production of

BABSON BROS. CO.

2843 WEST 19TH STREET
CHICAGO, ILLINOIS 60623

better and better quality milk are sub-
jects we have employed every skill,
technique and medium to promote. This
wealth of information material for ref-
erence, distribution or program use is
available through your local SURGE
DEALER . .. or by writing directly to
our Chicago Office.

SURGE is a Babson Bros. Co. trademark
© Babson Bros. Co., 1964
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can expect
people to buy
your product

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

for ice cream

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

SURE BET and
EXCEL BET:
for sherbets

and ices

2625 W. Cullerton « Chicago 8, Ill. « Phone: (312) Bishop 7-0070
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...once!

but also at student functions on campus. In
other fund-raising projects, Club committees
organize, prepare, and serve light refreshments
or even complete lunch for 50 to 300 people
attending meetings of state-wide organizations
in Withycombe auditorium. Such meetings
give the opportunity of meeting agricultural
and industrial leaders from over the state.

A spring field trip is usually scheduled each
vear. This trip is made by cars or bus during
the week of spring vacation. Generally, field
trips are taken in different directions in sue-
cessive years to allow the same- students to
observe the diversified areas in different sections
of Western United States. Thus, in 1962 a
1,000-mile trip was made northward through the
state of Washington to British Columbia, and
in 1961 more than 2,500 miles southward
through California. In addition to visiting
dairy farms, breeding establishments, milk and
dairy processing plants, the itinerary includes
places of general educational value, historical
interest, and scenic beauty.

The most extensive recent trip by members
of the Club was taken by a delegation of seven
Club members to the 1963 American Dairy
Science meetings at Purdue. The Oregon State
University delegates were accompanied by Ex-
tension Dairyman, D. K. Anderson, during the
17-day, 5,600-mile trip to Indiana. For several
students it was their first trip eastward from
Oregon. Legends on the photos will show a
few of the highlights of the trip, including a
group picture of the student delegates at Pur-
due from universities throughout the United
States. Six of the seven Oregon State students
were present for the picture.

The 1963 A.D.S.A. student Affiliate members
at Purdue, including six of seven Oregon State
students.

In addition to the interesting and educational
meetings at Purdue, highlights of the trip were
visits to university campuses at Utah, Wyoming,
Colorado State, Nebraska, Iowa State, Wiscon-
sin, and Minnesota, and places of interest in
many cities, such as the Climatron in St. Louis
and the Board of Trade in Chicago. Also in-
cluded were visits to experimental farms, pure-
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TEEN-AGE NUTRITION

They’re “starving” themselves!

Nutritionally suboptimal diets among
American teen-agers are usually traceable
to faulty food consumption habits.

Teen-agers are not immune to the im-
mutable law of nutritional supply and tis-
sue demand. They cannot forever escape
the consequences of substandard nutrition
on health, vigor, and performance. Nutri-
tion surveys continue to disclose failures
to meet the recommended dietary allow-
ances of the Food and Nutrition Board,
National Research Council for calcium,
ascorbic acid, riboflavin, vitamin A, and
protein in a disturbing proportion of the
American teen-age population.

Teen-age food consumption patterns are
studded with missed meals, erratic eating
habits, food faddism, fear of fatness, and
culinary conformity to the group. Teen-
age food choices frequently reflect a
misguided independence expressed as a

defiance of good food habits inculcated in
childhood. Teen-age girls in their zest for
stylish slenderness and clear complexions
have the least nutritious diets of any mem-
ber of the family. As prospective mothers
and homemakers they are most in need
of nutritional guidance yet most resistant
to advice and counsel unless properly mo-
tivated. Teen-age boys in their desire for
athletic prowess and muscular magnifi-
cence are more interested in food quantity
than in food quality. Ironically, teen-age
nutritional omissions are rarely the result
of privation. They stem instead from an
ignorance of, or indifference to, the virtues
of good nutrition.

Optimum nutrition in the teen-age period
is best accomplished by eating a well-
balanced diet containing at least a quart of
milk—or its equivalent in other dairy prod-
ucts—with their wealth of calcium, B vita-
mins, and high quality proteins.

13

Since 1915...promoting better health through nutrition research and education

NATIONAL DAIRY COUNCIL

a non-profit organization
111 NORTH CANAL STREET .

CHICAGO, 60606

Reprints of this series on “Teen-Age Nutrition™ available on request.
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bred dairy herds, artifical hreeding associations,
processing plants, and research centers. Places
of seenie beauty seen in the Rocky Mountains
and Midwest included the Badlands of South
Dakota and Yellowstone National Park.

One of the highlights of the activities during

1962-63 Oregon Dairy Princess Adrienne Elli-
son and American Dairy Princess Sandra Tibeau,
both honorary Oregon Dairy Club members, toast
Oregon’s All-American quarterback and Heismann
award winner, Terry Baker, and congratulate him
upon his recognition as the winner of the Na-
tional Youth Fitness Award at the Oregon Dairy
Industries Convention.

YOUR PROFIT-OR-LOSS STATEM|

WRITTE FROM
THIS CHRIR

Accurate profit-control is the job of Mojonnier Milk
Testers for standardizing butterfat and total solids
content. « Mojonnier Testers have been a must for
profitable dairy operation over 45 years. « Fat Deter-
mination accurate to .03 of 1%. Total Solids Tests
accurate to 1/10th of 1%.

Write for full details today

MOJONNIER BROS. CO.
4601 W. OHIO: ST.,.CHIGAGO- 44, .ILLINQIS

y y MILK
*7 quaurv enciwezreo ror econowy. TESTERS
STANDARD THROUGHOUT THE WORLD

the past year was the presentation of honorary
Oregon State Dairy Club membership certifi-
cates to the American Dairy Princess, Sandra
Tibeau, and Oregon Dairy Princess, Adrienne
Ellison, at the ()1('0"011 Dairy Industry Conven-
tion hanquet at the Univer'sity attended by some
300 industry people mainly from Oregon. The
princesses are portrayed in the picture with All-
American quarterback, Terry Baker, of Oregon
State University, winner of the Heismann
Award and numerous other trophies and named
as the outstanding 1962 footbhall player in the
United States.

Sanitarians’ Short Course Held at
North Carolina

Twenty-six North Carolina sanitarians par-
ticipated in the Food Sanitarians’ Short Course
conducted by the Department ot Food Science
November 4 through 26 on the North Carolina

John Andrews, M. E. Gregory, Carson Foard.

The cooperating agencies in
this Short Course were: Food Science Depart-
ment and North Carolina State Board of
Health. Dr. F. B. Tuoyas, Food Science De-
partment, served as chairman of the Short
Course. Dr. M. E. Grecory, Food Science De-
partment, coordinated the dairy phases of the
Short Course.

The Short Course has been revamped from
the old Dairy Sanitarians’ Short Course to
now cover all the major food industries in
North Carolina. Approximately one-half of
the Short Course is related to the dairying
phase and the remainder to poultry proce
g, fruits and vegetable pm((*\\ing, meats
processing, and se: food processing.

State campus.

Fieldmen’s Short Course at North Carolina

Over one hundred industry and regulatory
personnel participated at the annual Dairy
Fieldmen and Sanitarians Conference, Novem-
ber 25 and 26, on the North Carolina State
campus.

G. S. Parsoxs,
Specialist, coordinated the program.

Extension Dairy Hushandry
Some of



THE SCOOP ON
ICE CREAM STABILIZERS
There are many different kinds of
stabilizers that do many different
things. But Kelco Algin stabilizers do
everything the others can, and one spe-
cial thing they can't. Algin alone guarantees
full, natural flavor release, as well as point-
scoring body, smooth texture, natural melt-
down, better heat shock protection. For all this,
and unmatched technical service, write us.

- d
UNLNHBITNA NIUIMINITAT
AIENINBAT MM

75 TERMINAL AVE., CLARK, N.J. » 20 N. WACKER DRIVE, CHICAGO 6, ILL. « 530 W. SIXTH ST., LOS ANGELES 14, CAL. - CABLE ADDRESS: KELCOALGIN CLARKNEWJERSEY
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the others participating on the program in-
clude: Jou~ AnNDrEWS, K. T. CHANLETT, MAX
DEckER, CHARLES DraAPER, W. S. Fixca, M. J.

(L to R), E. T. Chanlett, G. S. Parsons, M. ]J.
Foter.

Forer, R. W. HExnNINGSON, G. W. HAaNsox, Jr.,
R. O. Howarp, T. S. Haccal, Francis PATTER-
soN, Pamera Pringexn, S. C. Ricu, H. R. Ros-
ERTS, G. L. WEIR, J. D. GEORGE, M. K. GREGORY,
GEORGE Hyarr, Jr., FrRED KNoTT, JAMES MID-
pLETON, W. R. MurLey, R. 1). Mocurig, 1. D.
PorTErRFIELD, DoNx Parpugr, W. M. ROBERTS,
R. R. RicH, RAy RircHig, M. E. Sexcer, M. L.
SpECK, FrRANK SARGENT, FRED WARREN.

Dairy Conference at Kentucky

A conference featuring important problems
in the dairy industry and flavor clinies was
sponsored by the University of IKentucky and
the State dairy industry in November.

Proressor L. R. Dowp of the University of
Connecticut emphasized flavor problems in ice
cream  and their thoughtful consideration.
Dr. J. J. Jezeskr of the University of Minne-
sota pointed out the importance of ranecidity
in milk and how it could be avoided. Mgr. N. E.
THIEL of Sealtest Foods spoke about safety
problems and stated that the dairy industry
had one of the poorest safety records of any
industry.

Other speakers were R. D). FiNvLey of the
Pet Milk Company, G. A. Houvrax of the
DeLaval Separator Company, H. E. RANpoLPH
of the University of Kentucky, and R. L.
SMmiTH of Louisville, Kentucky.

Southern Illinois University Sponsors
Dairy Meeting

More than 100 dairymen from southern Illi-
nois attended a meeting at Carbondale which
featured economic, hreeding, feeding, and man-
agerial problems in dairy farming. The speak-
ers were Dr. W. H. ALEXANDER, of Louisiana
State University, Dr. D. A. WIECKERT of the
University of Wisconsin, Dr. H. H. Owsox
and H. S. THUrRMON of Southern Illinois Uni-

versity, and W. A. WEeeks of Rockford, Illi-
nois.

Pet Milk Company Holds Managers’ Meeting

On November 25, 1963, managers in the Pet
Milk Company met at the Beach Club Motel
in Naples, Florida. Awards were made to
managers who had shown the most improve-

B. K. Kemp, Charlotte, N. C., first place in
milk; W. A. Pittman, Greensboro, N. C., third
place in milk; R. B. Redfren, Production Manager;
L. H. Gregory, Charlotte, N. C., first place in
ice cream; and A. D. Redmond, Knoxville, Tenn.,
second place in milk.

ment in reducing costs and improving product
quality. Four awards were given: three in
milk and one in ice cream. These awards will
be made annually, with the winners of the
first awards retaining them if they are won
a second time.

Public Health Training Courses

The Public Health Service, through the Di-
vision of Knvironmental Engineering and Food
Protection, will present the training course,
Methods and Practices for State Milk Labora-
tory Survey Officers, March 9-13, 1964, to be
conducted by the Training Program of the
Robert A. Taft Sanitary Kngineering Center
in Cincinnati, Ohio.

Survey officers responsible for certification
of laboratories examining milk supplies for
interstate shipment are the eligible trainees.
They should, preferably, have completed the
course, Laboratory Examination of Milk or
Mierobiological Examination of Milk and Milk
Produets. Instruction in lectures, discussions,
demonstrations, and laboratory covers the con-
trol methods employed in examining interstate
milk supplies.

Dairy Technology Societies

Kansas—dJanuary 13 mecting featured Pro-
fessor Paul E. Johnson, Dairy Department,
Oklahoma State University, with the topic
Rancidity in Milk.
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WILEY @ BOOKS

DAIRY CATTLE FEEDING AND MANAGEMENT
Fifth Edition

By PAUL M. REAVES, Virginia Polytechnic Institute; and the late
H. O. HENDERSON, formerly of West Virginia University.

The last four editions of this well-known book have been kept within easy
reach by thousands of dairymen, herdsmen, dairy technicians, feed men, dealers
and salesmen. The reason is simple: the book provides detailed coverage of every
aspect of their field. The Fifth Edition has been revised and up-dated to incor-
porate all the latest information on developing, feeding, and managing a profitable
dairy herd. It includes extensive data on both commercial milk production and the
registered dairy cattle business, and shows how recent research findings in dairy
science can be used to achieve greater efficiency and higher profits. As a result,

the book now offers such important new features as:

® A comprehensive section on herd development that highlights new find-
ings on selection, genetics of milk production, artificial breeding, estab-
lishing a herd, dairy cattle health, and production testing.

® A special discussion of the registered dairy cattle business and programs

of the breed registry association.

® A modern look at the uses of artificial insemination and breeding
efficiency.

® Detailed treatment of the latest housing arrangements.

® The newest methods used for the faster growing and earlier breeding

of heifers.
1963 448 pages $9.95

Send for on-approval copies

JOHN WII.EY & SONS, Inc.
605 Third Avenue, New York, N. Y.,. 10016
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Massachusetts—At the October meeting
Professor Alec Bradfield of the University of
Vermont gave an interesting talk and showed
slides of his trip to Europe and visitation
to Dairy Industry plants in England and on
the Continent. Another speaker was Harold
0. Clark, Flavor Specialist of the Vermont
State Department of Agriculture.

At the November meeting Warren Church,
engineer from H. P. Hood & Sons, Boston,
and Chester Cheney of Kliot Creamery Ine.,
Milton, presented a very interesting and in-
structive diseussion on the subject of Water.

Metropolitan—Speaker at the January 14
meeting was Ed Thom, HKditor, Olsen Pub-
lishing Company, Milwaukee, Wisconsin. Olsen
Publishing Company publishes Milk Dealer,
Ice Cream Review, and Manufactured Milk
Products Journal.

Central Michigan—Guest speaker at the
January 15 meeting was Kenneth Van Patten,
Assistant  Chief, Dairy Division, Michigan
Department of Agriceulture. His topic: Up-
dating Information on Michigan and USPHS
Standards for Milk Processing.

Western Michigan—January 20 meeting
featured Dr. Charles Stine of the Food

Science Department, Michigan State University
sity, as speaker. What’s New in Dairy and
Other Food Produet Development was his
topie.

Cklahoma—Dave Hatherley, APV Company,
was speaker at the January 13 meeting, dis-
cussing Ultrahigh-Temperature Pasteurization.

Philadelphia—At the January 9 meeting of
this group, Herbert Saal, Editor, American
Milk Review, spoke on Trends in the Dairy
Industry.

Theses Completed

Master’s Degree:

August E. Branding. Physiological effects
of low levels of fiber in the diet of lactating
cows on a high plane of nutrition. The Penn-
svlvania State University.

Manfred Kroger. Gas chromatographie
analysis as an aid in organoleptic evaluation
of cheese. The Pennsylvania State University.

SUSTAINING MEMBERS ADSA.

American Cyanamid Company
Agricultural Center
Princeton, New Jersey

Babcock Dairy Company
* 945 Berdan Avenue
Toledo 12, Ohio

Biltmore Dairy Farms
Asheville, North Carolina

Carnation Company
5045 Wilshire Blvd.
Los Angeles 36, California

Chore-Boy Manufacturing
Company
P. 0. Box 111
Cambridge City, Indiana

Crowley’s Milk Company, Inc.
145 Conklin Avenue
Binghamton, New York

Crystal Cream & Butter
Company
1013 D Street
Sacramento, California

Dairymen’s League Cooperative
Association
402 Park Street
Syracuse 8, New York

Deltown Foods, Inc.
170 Saw Mill River Road
Yonkers, New York

Food Machinery & Chemical
Corp.
Canning Machinery Div.
San Jose 8, California

Fiske Associates, Inc.
186 Greenwood Avenue
Bethel, Conneecticut

Germantown Manufacturing
5100 Lancaster Avenue
Philadelphia 31, Pennsylvania

Irwin’s Dairy, Inc.

512 South 32nd Street
Camp Hill, Pennsylvania
Knudsen Creamery Company

P.O. Box 2335
Los Angeles 54, California

Laesch Dairy Company
P. O. Box 601
Bloomington, Illinois

Litchfield Creamery Company
120 West St. John Street
Litchfield, Illinois

Moorman Manufacturing
Company
1000 North 30th Street
Quincy, Illinois

National Milk Producers
Federation
30 F Street N. W.
‘Washington 1, D. C.

Oak Farms
P. O. Box 5178
Dallas 22, Texas

Pet Milk Company
1401 Arcade Bldg.
St. Louis 1, Mo.

Sealtest Foods
260 Madison Avenue
New York 16, New York

Twin Pines Farm Dairy, Inc.
8445 Lyndon Street
Detroit 38, Michigan

i
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WHEAT
GERM

18
a Breeding Aid.

In July, 1962, Dr. G. B. Marion, Kansas
State University, published (Journal Dairy
Science, July, 1962, Vol. XLV, No. 7, pp. 904-
906) Rex Wheat Germ Oil improved conception
rate of repeat-breeders — (Plenty of Vitamin E
in diets of controls and experimental groups).

In November, 1963, Dr. W. R. Dukelow,
University of Minnesota, reported at the Animal
Science meeting in Chicago, that Rex Wheat
Germ Oil statistically increased pregnancies
in sheep 14.6%, increasing twinning 14.2%.
(Plenty of vitamin E in diets of controls and
experimental groups).
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COMPARISON OF THE PROTEOLYSIS PRODUCED BY RENNET
EXTRACT AND THE PEPSIN PREPARATION METROCLOT
DURING RIPENING OF CHEDDAR CHEESE!

N. P. MELACHOURIS anp 8. L. TUCKEY
Department of Food Science, University of Illinois, Urbana

SUMMARY

This investigation determined the differences in proteolysis produced by com-
merecial rennet extract and a pepsin preparation during the ripening of Cheddar
cheese. Preliminary experiments with the two enzymatic agents were made in
fresh pasteurized milk. The bacterial factor was eliminated by the addition of
toluene. The general course of protein degradation, as measured by nonprotein
nitrogen production, was found to be higher when rennet extract was used.
When the pH of milk was adjusted to four different levels from pH 6.5 to 5.3,
both rennet extract and pepsin had maximum proteolysis at pH 6.3, with rennet
extract liberating more nonprotein nitrogen than pepsin.

The proteolysis produced by rennet extract in Cheddar cheese during ripen-
ing was higher than that produced by pepsin as measured by the nonprotein
nitrogen. However, there was almost no variation in the amino acid pattern of
Cheddar cheese of the same age, regardless of clotting agent used. The concen-
trations of the amino acids were measurably different, but no qualitative differ-
ences were observed.

Organoleptic evaluation of the cheese revealed that both cheeses were of good
quality. However, the texture and body of the cheese made with pepsin was
slightly curdy for a longer period during ripening. Bitter flavor did not develop
during the ripening period in any lots of cheese.

Pepsin and rennin have many similar proper-
ties. Because of this, pepsin may be used in
the cheese industry to a greater extent in the
future than it has in the past, either singly or
in combination with rennet extract. It would
appear from the decreasing number of dairy
calves that the amount of rennet extract would
tend to deecrease in supply in the future. That
pepsin has not been used to a greater extent
is probably due to: a. The ample supply of
rennet extract at a reasonable cost. b. The
persistence in the minds of cheese-makers that
pepsin produces a bitter flavor in cheese.

Numerous investigations have been made in
which the properties of pepsin and rennet ex-
tract have been compared for making Cheddar
cheese (1, 6, 11, 21). As early as 1903 Van
Slyke et al. (19) compared the proteolysis
produced by commercial pepsin and rennet ex-
tract in raw milk cheese and found they were
comparable. Lucas (8) also found that pepsin
had no undesirable effect on the flavor and body
of the cheese, but the texture was somewhat

Received for publication September 9, 1963.

! The preparation Metroclot will be referred to
as pepsin, although it is known that this material
is a commercial pepsin preparation.

inferior. Sherwood (18) reported that the use
of pepsin resulted in less protein degradation
during ripening, than when rennet was used.
Maragoudakis et al. (10) observed that the
total amount of amino nitrogen was higher
during ripening in the cheese made with rennet
extract than with a pepsin preparation. How-
ever, the work of Vivian (20) contributed to
the idea that pepsin causes the development of
bitter flavor. He noted that a bitter flavor de-
veloped in Cheddar cheese during the early
stages of ripening when it was made with pep-
sin. Furthermore, Davis et al. (5) also reported
that some lots of cheese developed a bitter
flavor when pepsin was used as a coagulating
agent.

Therefore, this investigation was undertaken
for three reasons:

1. To compare the proteolysis produced by
rennet extract and the commercial pepsin
preparation Metroclot on milk protein as
it exists in milk and in Cheddar cheese by
measuring quantities of nonprotein nitrogen
(NPN) liberated.

2. To determine whether pepsin and rennet
extract hydrolyze casein in the same stages
by determining quantity and sequence of
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free amino acids liberated during Cheddar
cheese ripening.

3. To determine if pepsin causes the develop-
ment of bitter flavor in the cheese during
ripening.

EXPERIMENTAL PROCEDURE

Proteolysis in pasteurized milk. Fresh, whole
milk was pasteurized at 62 C for 30 min and,
after cooling, 1,200 ml was added to each of
two, two-liter sterilized flasks and the milk
adjusted to pH 6.3 with sterile lactic acid.
Rennet extract was added to one flask and to
the other pepsin at the rate of 3 oz per 1,000
Ib of milk, and the milk was covered with 30
ml of toluene. The flasks were shaken for 21
to 30 days at 20 C. One-hundred-milliliter sam-
ples of milk were taken from the flasks at inter-
vals for nitrogen analysis and filtered through
No. 42 filter paper. From the filtered milk 10
ml was placed in a 50-ml volumetrie flask and
the protein precipitated by Rowland’s procedure
(16). For the nitrogen determination the
method of Rao and Whitney was used (14).
When the effect of pH on the rate of proteolysis
in pasteurized milk was determined, five 500-ml
flasks were used, and the milk was adjusted to
pH 6.3, 6.0, 5.7, and 5.3 with sterile lactic
acid. The remainder of the treatment and
analysis of the samples were the same as
previously deseribed for milk adjusted to pH
6.3.

Nitrogen distribution in cheese. A slice V5-in.
thick was taken from the longhorn-style cheese,
grated, and mixed thoroughly. The fat from
5 g of ground cheese was extracted in a Soxhlet
apparatus with 150 ml of ethyl ether, and the
defatted sample was transferred to a beaker
and dried, followed by the addition of 150
ml of deionized water. While the sample was
agitated with a magnetic stirrer, 16 ml of 0.1 ~
NaOH was added dropwise. After 3 hr of
stirring the cheese protein had been dispersed,
and the solution was transferred to a 200-ml
volumetrie flask, and made up to volume with
deionized water. Ten milliliters of the solution
was pipetted into a 50-ml volumetric flask, one
drop of 1x HCI added to adjust the pH to
approximately 6.5, and NPN determined by
the same procedure as described for milk.

Determination of free amino acids in cheese.
A 1.5-g sample of the grated cheese was de-
fatted and dried. Twenty milliliters of deion-
ized water was added, the suspension was
heated in a water bath at 40—45 C for 1 hr with
periodic shaking (4), followed by filtration
through No. 42 filter paper into a centrifuge

bottle and addition of 120 ml of 959, ethanol.
After keeping the mixture in the cold for 24 hr,
the sample was centrifuged and filtered. The
filtrate was evaporated to a volume of 10 ml
and made up to 25 ml with 959 ethanol in a
volumetrie flask. The solution was used for
resolution of the free amino acids on one-
dimensional paper chromatograms (46 by 57
em). The chromatographic solvents used were:
1. n-butanol-acetic acid—water (250 :60:250)
(3), for separations of: alanine, arginine,
cystine, lysine, proline, tryptophane, and tyro-
sine. The length of development was 17-20 hr.
2. Phenol-water (4:1) (2), for separation of:
aspartic acid, glutamie acid, glycine, serine,
threonine, and valine. Length of development
17-20 hr. 3. Sec-butanol-3% NHj, (3:1) (15),
for separation of isoleucine and leucine. Time
of development was 33 hr. 4. Sec-butanol-
acetic acid-water (240:30:50) (15), for separa-
tion of histidine and phenylalanine. Time of
development was 28 hr. 5. Benzyl aleohol
saturated with water (7) for methionine. Length
of development 36 hr. After development the
chromatograms were dried at room temperature
for 1 hr and then in an oven at 60 C for 15 min.
Chromatograms developed with phenol were
dried under the hood for 3 hr and in the oven
for 15 min. Traces of the solvent were re-
moved by washing the paper with ethyl ether.
When benzyl aleohol was used as a solvent the
length of drying time was 12 hr under the
hood and 45 min in the oven. The amino acids
were located by dipping the chromatograms in
a 0.29 ninhydrin in acetone solution (15),
dried until the first spots appeared, and the
full color developed by heating in the oven at
60 C for 3 min. Quantitative estimations of
individual amino acids were made by density
measurements, using a Spinco Model R Analy-
trol.

Cheese manufacturing procedure. Cheddar
cheese was made in accordance with good com-
mercial practices, and the manufacturing condi-
tions were kept as constant as possible for each
replicate. Mixed milk of the University herd
was used and standardized to 3.7 to 3.99 fat,
and pasteurized at 143 F for 30 min. Ap-
proximately 0.89% mixed lactic starter culture
was added and the milk ripened for 1 hr. How-
ever, the lots in which pepsin was used were
ripened to pH 6.3. Rennet extract and pepsin
were added at the rate of 4 and 3 oz per 1,000
lb milk, respectively. The curd was cooked
at 102 F and milled when the acidity was ap-
proximately 0.519. Amount of salt added was
3 1b per 1,000 1b of milk. All the cheeses were
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ripened at 50=%= 2 F. The finished cheese con- coagulating action of rennin is 5.4. On the
tained approximately 359 fat, 329, moisture, other hand, Berridge et al. (12) compared
and 29 salt (Table 1). rennet extract and pepsin acting in milk at pH

TABLE 1

Cheddar Cheese Manufaeturing Record

Manufacturing steps Rennet 1 Pepsinl  Rennet 2 Pepsin 2 Rennet 3 Pepsin 3
Amount of milk (Ib) 806.5 421.0 819.0 402.0 851.5 418.0
Fat eontent of milk (%) 3.95 3.95 3.85 3.85 3.70 3.70
Acidity of milk (%) 0.19 0.19 0.18 0.18 0.19 0.19
Amount of starter (%) 0.80 0.83 0.97 0.74 0.82 0.89
Acidity of starter (%) 0.85 0.85 0.89 0.89 0.85 0.85
Setting temperature (F) 86 36 86 86 86 86
Marshall rennet test (spaces) 4 2.75 4 2.5 4 1.75
Amount of coagulating agent

(02/1,0001b) 4 3 4 3 4 4
Time in coagulation (min) 7 31 41 32 33 22
Acidity of whey after eutting (%) 0.14 0.14 0.13 0.14 0.12 0.14
Temperature of cooking (F) 102 102 102 102 101 104
Time from addition of coagulating

agent to draining of whey (min) 135 135 141 125 138 113
Acidity of whey at end of

draining (%) 0.17 0.18 0.18 0.19 0.20 0.22
Time from addition of coagulating

agent to milling (min) 258 8237 264 200 263 163
Acidity of whey at milling (%) 0.51 0.50 0.52 0.51 0.52 0.55
pH of whey at milling 5.30 5.30 5.17 5.18 5.15
Fat content of cheese (7)) 35.9 36.2 34.5 35.7 32.7 32.6
Moisture eontent of cheese (%) 32,26 31.58 34.35 32.46 35.01 36.47
Salt content of cheese (%) 2.160 1.956 2.102 2.029 1.721 1.905
pH of cheese after two days 5.22 5.19 5.18 5.21 5.20 5.14

* Numbers 1, 2, and 3 designate the cheese replicates.

RESULTS AND DISCUSSION TABLE 2

Milk. Preliminary determination of proteoly- Proteolysis produced by rennet extraect and pepsin
7 N A ST oo in pasteurized milk adjusted to pH 6.3
sis produced by rennet and pepsin in milk was
done with a series of experiments designed to Nonprotein nitrogen
measure the rate and amount of protein }_1y- Days Rennet Pepsin
drolysis by these enzyme preparations on native
protein in the absence of the stimulating effects ) (mg/ml) )
of acidity or enzymes of bacterial origin. Baec- (1) ggggé ggigi
teria in th(.e.pasteurized milk were controlled 5 0.3614 0.3547
by the addition of toluene. The data (Tables 5 0.4082 0.3750
2 and 2a) show that the proteolysis produced 8 0.4332 0.4243
by rennet extract in pasteurized milk was =k oo feeros
statistically significantly greater than that pro- 14 Lt i
statistically sigr tly grea a pr 19 0.5254 0.5120
duced by pepsin, which is in agreement with 22 0.5651 0.5197
previous findings (18,19). When the NPN 26 0.6218 0.5803

duced b i > S 30 0.7118 0.6491
produced by the action of rennet extract and
pepsin was compared in pasteurized milk ad-
justed to pH 6.3, 6.0, 5.7, and 5.3, both agents TABLE 2a
yielded the highest amount of NPN in milk  Analysis of variance of the proteolysis produced
adjusted to pH 6.3. Lower values were oh- by rennet extract and pepsin in pasteurized
tained at pH 6.0, 6.5, 5.7, and 5.3. In general, milk gdjusted to oH 03
the NPN produced by the action of pepsin was  Sources of variatior df S MS F
lower than that p.rodu(-ed by the a'ction of  motal o1 0.9538
rennet extract (Figure 1). The differences Days 10 0.2486 0.0248 st
were statistically significant at all pH levels Rennet vs. pepsin 1 0.0032 0.0032 s®
except at pH 5.7. Tt has been reported by Error 10 0.0020 0.0002

Lundsteen (9) that the optimum pH for the * Significant at 5% level.
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F1c. 1. Proteolysis produced by rennet extract
and pepsin in pasteurized milk adjusted to four
different pH levels at the end of 21 days at 20 C.

levels between 6.0 and 5.1 for a period of 2 wk,
and found that both enzymes produced maxi-
mum proteolysis at pH 5.4. The data (Figure
1) are in partial agreement with the above
finding, in that each proteolytic agent pro-
duced highest amount of NPN at the same pH
level, but the acidity at which the highest
amount of NPN occurred during this investiga-
tion was at pH 6.3-6.0. No adequate explana-
tion can be advanced to account for the dif-
ferences hetween the results of Berridge et al.
and those obtained in these experiments. How-
ever, there is a limited amount of information
about the effect toluene has on proteolysis
(13, 17). Sherwood (17) reported that toluene,
when used as an antiseptic, reduced total NPN
liberated, but increased slightly a subpeptone
fraction in milk when compared with samples
without the toluene. It is not known whether
toluene had any significant effect on NPN
liberated in the samples of milk in the series
of experiments reported here.

Cheese. By reference to Figure 2 it will be
seen that the extent of protein breakdown oe-
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F1c. 2. Nonprotein nitrogen content of Cheddar
cheese made with rennet extract and pepsin during
ripening.
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curring in the cheese made with rennet extract
was higher than in the cheese made with pepsin
(Replicates 1 + 2). This difference in proteoly-
sis, statistically significant, was due to the effect
of rennet extract, because the only important
variable in the two lots was the coagulating
enzyme preparations. The milk and starter
culture, as well as the acidity at the time of
milling, the pH during ripening, and the salt
content of the two lots were the same. Greater
proteolysis was also produced by rennet extract
in pasteurized milk, as previously mentioned.
Other investigators (6, 18, 19) also found that
rennet extract produced greater proteolysis in
Cheddar cheese than did pepsin.

The amino acid pattern of Cheddar cheese
made with rennet extract is well known. How-
ever, no attempt has been made to study the
amino acids set free in Cheddar cheese made
with pepsin during ripening. It was not known
whether pepsin degraded cheese protein in a
manner different than did rennet extract, or
if the kind and amount of free amino acids
liberated were the same. Free amino acids for
both lots of cheese were determined at different
intervals. A comparison of the data ohtained
at 2, 60, 130, and 235 days, as recorded in Table
3 and Figure 3, shows that there is almost no
variation in the amino acid pattern of Cheddar
cheese of approximately the same age made
with rennet extract and pepsin. The conecentra-
tions of the amino acids were different in the
two lots of cheese, but not any qualitative
differences were observed. Isoleucine, methio-

o]
o

I RENNET EXTRACT

= I:l PEPSIN

AMINO ACID CONTENT (,U.M/G)
n o » o
(] o o o

<

o 2 60 130 235
AGE OF CHEESE (DAYS)
Fi1g. 3. Changes of the concentration of the

amino acids tyrosine (A), methionine (B), valine
(C), glutamie acid (D), and leucine (E) during
the ripening of Cheddar cheese made with ren-
net extract and pepsin.
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TABLE 3

Amino acids liberated in Cheddar cheese during ripening
(Replicate 1)

Treatment
Rennet Pepsin
Age (days) Age (days)
Amino acids 2 60 130 235 2 60 130 235
(uM/g)

Alanine i 2.24 10.77 12.34 — 2.02 8.97 11.56
Arginine 0.28 2.46 3.55 5.79 0.57 1.95 4.87 4.76
Aspartic Acid — 1.42 2.93 4.50 — 1.27 1.65 5.78
Glutamic Acid 1.22 8.84 10.61 28.09 1.70 5.64 11.42 34.76
Glycine — 2.93 5.86 7.86 — 2.00 3.73 4.93
Histidine — 1.28 1.57 4.58 — 1.62 2.00 5.91
Tsoleucine — — 1.52 411 — 0.45 0.99 6.48
Leucine A 4.50 7.85 54.15 2.44 4.57 9.22 40.42
Lysine 0.61 2:12 5.33 8.61 2.87 2.94 6.36 9.57
Methionine — 1.60 3.15 7.03 0.46 1.47 3.15 9.51
Phenylalanine — 1.15 0.72 10.95 — 0.90 0.96 9.44
Serine — 0.57 1.04 2.66 — 0.85 1.71 4.18
Threonine — 2.68 3.86 3.94 — 3.77 3.02 4.61
Tyrosine 0.11 0.88 0.77 1.93 0.33 0.44 0.82 1.71
Valine 1.70 12.72 40.42 0.85 3.41 7.08 33.13

2.22 34.37 72.25  196.96 9.22 33.30 65.95 186.75

~* Absent.
* Present.

nine, and valine appeared later in the cheese
made with rennet extract, but at 130 days the
same amino acids were present in each lot of
cheese. Glutamic acid, leucine, and valine were
always present in the highest concentration for
hoth lots of cheese, whereas tyrosine, aspartie
acid, threonine, glycine, serine, histidine, iso-
leucine, and arginine showed lower concentra-
tions.

The organoleptic evaluation of cheese did
not reveal any marked differences in body,
texture, and flavor between the two lots of
cheese. The results (Table 4) indicate that the
texture and body of the cheeses made with pep-
sin were criticized as curdy. These cheeses re-
mained curdy for a longer time than did the
cheeses made with rennet extract. The flavor of
the cheeses made with pepsin was clean, but
milder as compared to that of the cheeses made
with rennet extract. Bitter flavor did not de-
velop in any lot of cheese, regardless of the
kind of coagulating agent used.

The third lot of cheese differed from the
first two replicates in that the total amount of
NPN produced was greater and the rate of
production faster. Furthermore, the cheese
made with pepsin showed greater proteolysis
than did that made with rennet extraet, as
measured by the NPN production (Figure 2).
Also, data obtained during this investigation

showed that the concentration of free amino
acids was higher in the cheeses of the third lot
than in the first two replicates. Moreover, the
cheese made with pepsin was also higher in
amino acids than that made with rennet extract,
hut no qualitative difference in amino acids was
observed. These apparently contradictory re-
sults to the first two replicates need explanation,
hecause it is considered that manufacturing con-
ditions were the main contributing factors to the
differences. The conditions whiech contributed
to a greater rate of proteolysis were: a) Ini-
tially slow starter, which later became very
active in the milk used for the pepsin lot,
contributed to an extended ripening time (172
min vs. 82 min), which resulted in greater
acidity and bacterial population. This was in
spite of the fact that the milk and the starter
culture were the same for hoth lots of cheese.
b) Increase in the amount of pepsin prepara-
tion used. Four ounces per 1,000 lb instead
of 3 oz per 1,000 Ib of milk were added. ¢) Re-
duction in the amount of salt used, so as to
reduce the time of persistence of curdy hody.
d) Moisture content was approximately 2%
greater in the third lot as compared with the
first two replicates.

All these factors undoubtedly contributed to
the greater proteolysis in the third lot. How-
ever, the quantity of pepsin used was perhaps
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TABLE 4

Organoleptie evaluation of Cheddar cheese during ripening
(Replicates 1+ 2)

Texture-body Flavor
Age (days) Treatment Score Criticism Score Critieism
15 Rennet 29.0 Slightly open, 39.0 Desirable, mild
Slightly corky,
curdy
15 Pepsin 29.0 Slightly open, 39.0 Desirable, mild
Slightly corky,
curdy
30 Rennet 29.0 Slightly open, 39.5 Clean, mild
curdy
30 Pepsin 29.0 Slightly open, 39.0 Clean, mild
curdy
90 Rennet 29.5 Good 39.5 Typieal
90 Pepsin 29.0 Slightly ecurdy 39.0 AMild, clean
130 Rennet 29.5 Good 39.5 Typical
130 Pepsin 29.0 Slightly curdy 39.0 Mild, elean
235 Rennet 29.5 Good 40.0 Excellent
235 Pepsin 29.0 Slightly eurdy 39.0 Mild, elean

not as important as the other factors listed,
because pepsin produced less proteolysis than
rennet extract in milk samples, regardless of
pH, when the two preparations were used in
equal concentrations (Table 2).

The organoleptic evaluation data (Table 5)
indicate that the texture and body of the cheeses
made with pepsin preparation was slightly
crumbly, whereas that of the rennet extract lot
was slightly open. The erumbly defect is con-
sidered to be due to the short matting time
(50 min) and not to any specific properties of
the enzyme itself. The flavor was excellent and

slightly acidy in the cheeses made with rennet
extract and pepsin, respectively. In spite of
the greater amount of pepsin used, and the
higher acid content, no bitterness developed in
the cheese made with pepsin. It would, there-
fore, appear that the pepsin preparation could
satisfactorily be used as a coagulating agent
for Cheddar cheese, recognizing that the rate
of ripening or hody breakdown would tend to
he slower than when rennet extract was used, if
all other manufacturing conditions were com-
parable.

TABLE 5
Organoleptie evaluation of Cheddar cheese during ripening
(Lot 3)

Texture-body

Flavor

Age (days) Treatment Score Criticism Score Criticism
15 Rennet 28.5 Slightly open, 39.0 Desirable
curdy
15 Pepsin 27.5 Weak 38.0 Acidy
30 Rennet 28.5 Slightly open, 39.0 Clean, mild
curdy
30 Pepsin 27.5 Slightly open 38.5 Acidy, not bitter
60 Rennet 29.0 Slightly open, 39.0 Clean
curdy
60 Pepsin 28.0 Slightly open 38.5 Slightly acidy,
not bitter
90 Rennet 29.0 Slightly open 40.0 Execellent
90 Pepsin 28.0 Crumbly, open 39.0 Slightly acidy,
not bitter
130 Rennet 29.0 Slightly open 40.0 Excellent
130 Pepsin 28.0 Crumbly, open 39.0 Slightly acidy,

not bitter
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USE OF NISIN IN PREPARING BEVERAGE-QUALITY STERILE
CHOCOLATE-FLAVORED MILK

B. HEINEMANN, C. R. STUMBO,' axp A. SCURLOCK

Producers Creamery Company, Springfield, Missouri

SUMMARY

Nisin was used to aid heat sterilization of chocolate-flavored milk at levels
ranging from 0 to 800 Reading Units per ml. Heat treatments given the choco-
late-flavored milk ranged from an F value of 0.2 to 9.0. The relationship be-
tween the per cent thermophilic spoilage during incubation at 131 F for 3 wk
and the level of nisin added before heat treatment of F = 3.0 was shown to
exist. An F value required to prevent thermophilie spoilage for several eoncen-
trations of nisin was also demonstrated. Use of an F value of 3 and the addition
of 80 Reading Units of nisin per ml as a heat sterilization aid resulted in a
beverage-quality, commercially sterile echocolate-flavored milk.

Nisin is a polypeptide, produced by some
strains of Streptococcus lactis, which has the
unique property of inhibiting outgrowth from
heat-damaged spores (2). In addition, nisin
is readily inactivated by trypsin (5) and eon-
sequently cannot influence the intestinal flora.
Thorough studies by Frazer et al. (3) and
Hara et al. (5) showed nisin to be a safe sub-
stance for use in foods at the levels of treat-
ment proposed. It occurs naturally in many
dairy produets (1). The activity of nisin is
measured in Reading Units, and one Reading
Unit is defined as that amount of nisin which
will delay the growth of Streptococcus agalac-
tiae in 1 ml of broth for about 16 hr. (Forty
Reading Units are approximately equivalent
to 1 ppm of nisin.)

Because of its safety and its unique prop-
erty of inhibiting outgrowth from heat-damaged
spores, nisin has been studied as an aid to the
heat sterilization of canned foods. Gillespy
(4), using a process of 80 min at 240 F, found
that all control cans of beans in tomato sauce
spoiled after 14 days at 130 F'; whereas, none
of the cans containing about 100 Reading Units
of nisin per gram of can contents, and given
the same heat treatment, spoiled. He also re-
ported that 229, of control cans of peas,
receiving a process of 25 min at 240 F (F =
3.0), spoiled; whereas, none of the cans con-
taining 100 Reading Units of nisin per gram
spoiled. (The F value referred to here is the
equivalent of heat at the can center in terms
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of minutes at 250 F, assuming instantaneous
heating and cooling.)

Campbell, Sniff, and O’Brien (2), using to-
mato juice packed in thermsl death time eans,
found that spoilage could be prevented with
nisin at a level of 14 parts per million (560
Reading Units per gram) and a process of only
6 min at 206 F. Seventy-seven per cent of the
control cans without nisin spoiled in one month
at room temperature; none of the cans con-
taining nisin spoiled during 18 months.

Wheaton (8) inoculated eream-style corn and
chow mein with spores of thermophilie flat-sour
organisms (about 2,700 per gram) and spores
of PA3679 (abhout 40,000 per gram) and proc-
essed them in thermal death time cans at F =
4 and F = 3, respectively. All cans containing
no nisin and inoculated with the thermophilie
flat-sour organism spoiled when held 60 days
at 131 F. No spoilage occurred in the produects
containing 1 ppm of nisin. Cans inoculated
with PA 3679 were held one year at 98 F,
during which all eans without nisin spoiled,
whereas only 6 to 99 of those containing 2.5
ppm of nisin spoiled.

In view of the limited amount of work on
the use of nisin as a heat processing aid, and
because of its unique properties, it appeared
desirable to study one product over a range of
heat treatments and a range of levels of nisin.
Chocolate milk was chosen, since it has a pH
of about 6.6 and a high carbohydrate level;
and, sinece cocoa generally contains relatively
high numbers of thermophilic spore-forming
organisms. In addition, the effect of heat treat-
ment on flavor could be judged better than
might be the case with some other foods.
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EXPERIMENTAL PROCEDURE

Chocolate-flavored milk was prepared con-
taining 3.59, fat, 7.59 solids-not-fat, 7.3%
suerose, 1.29 cocoa, and 0.19 stabilizers. The
dry ingredients were mixed in skimmilk, the
necessary amount of cream added, and the
product heated to 145 F. It was then homog-
enized at 2,500 lb/in.*; and cooled to 60 F or
colder if held more than 2 hr before filling.
TImmediately before processing, various por-
tions were removed and nisin added, as
Nisaplin.® The various lots of product were
then filled into 300 X 402 cans (13 fluid ounces
each), sealed, and processed to the desired F
values in a continuous Food Machinery Corpo-
ration cooker. After processing, some ecans
from each lot were incubated at 131 F' for 3 wk,
some at 110 for 3 wk, and some at 85 for six
months. Spoilage was evidenced by a drop in
pH, by a change in appearance of the produet,
or by swelling of the cans.

Spore counts were made on the unprocessed
chocolate-flavored milk according to the method
described in the Laboratory Manual for the
Canning Industry (6) for thermophilic flat-
sour organisms. Since the same lot of cocoa

? Supplied as megaunit Nisaplin by Aplin and
Barrett, Ltd., Yeovil, Somerset, England.

was used for all experiments, only a few counts
were made. These averaged 1.4 flat-sour spores
per ml.

RESULTS

Data presented in Table 1 show that without
nisin spoilage occurred at F values below 9.0.
When F values as low as 0.2 were used, thermo-
philie spoilage did not occur when 400 Reading
Units of nisin were added per ml before proc-
essing. At an F value of 3.0, all of the cans
without nisin exhibit thermophilic spoilage
after 3 wk of incubation at 131 F. However,
when 80 Reading Units of nisin are added per
ml prior to a heat treatment of F = 3.0, none
of the eans spoil during 3 wk of storage at
131 F. This difference is illustrated in Figure 4.
The cans on the left containing no nisin are
curdled and some discolored; those on the right,
with 80 Reading Units of nisin per ml, are
normal.

The fiducial limits of the observed per cent
spoilage, calculated by the method of Spiegel
(7), are given in the last column of Table 1.
It will be noted that sample sizes of 200 eans
or more are reliable at the 959 levels of prob-
ability to less than 29, thermophilic spoilage.
A Gram stain was made of each of the spoiled
cans having a pH lower than normal. Micro-

TABLE 1
Effect of nisin on thermophilic spoilage of chocolate-flavored milk given various heat treatments
R. U. of No. of No. of Per cent
CCF’7 value nisin * cans cans thermophilie
used added tested spoiled spoilage Range ®
0.2 0 10 10 100.0 39.1-100.0
40 24 24 100.0 58.0-100.0
400 28 0 0.0 0.0- 11.2
800 28 0 0.0 0.0- 11.2
1,200 28 0 0.0 0.0- 11.2
0.5 40 24 24 100.0 58.0-100.0
1.0 0 13 13 100.0 44.0-100.0
40 155 6 3.9 1.8—- 8.2
80 24 1 4.2 0.2—- 15.7
120 24 1 4.2 0.2- 15.7
200 24 0 0.0 0.0- 13.8
3.0 0 57 57 100.0 72.3-100.0
10 24 7 29.1 14.9- 49.2
20 24 2 8.3 2.2- 25.9
40 172 1 0.6 0.1- 3.2
80 200 0 0.0 0.0- 1.9
5.0 0 156 4 2.6 1.1- 6.4
5 100 0 0.0 0.0—- 3.7
20 100 0 0.0 0.0— 3.7
40 233 0 0.0 0.0- 1.6
9.0 0 48 0 0.0 0.0- 6.8

® Forty Reading Units are equivalent to 1 ppm nisin.
® Calculated for 959% level fidueial probability from observed spoilage.
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scopie observations of such slides showed gram-
variable and gram-negative rods and spores
typical of the flat-sour type of spoilage, with
one exception. This can was examined, found
to he defective, and was excluded from the data.
The flora of the can contents was mixed, indi-
cating post-sterilization contamination (which
is not controlled by nisin). Samples processed
at F = 0.2 containing 400 Reading - Units per
ml were also examined microscopically after
ineubation for 3 wk at 131 F, even though flavor
and appearance were satisfactory and no or-
ganisms were observed.

These data are presented graphieally in Fig-
ure 1, which illustrates the relationship between
the heat treatment and the level of nisin re-
quired to prevent thermophilic spoilage in choe-
olate-flavored milk processed in 300 X 402 cans.
Figure 1 indieates that the logarithm of the
Reading Units of nisin added is inversely pro-
portional to the ¥ value required to prevent
thermophilie spoilage in the range studied for
chocolate-flavored milk.

There is, however, a level of heat treatinent
heyond which nisin is ineffective. Samples of
chocolate-flavored milk were prepared contain-
ing 800 R. U. of nisin per ml. After sealing,
the cans were processed in boiling water at
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209 F for 30 min. None of the eans containing

nisin spoiled during storage at 131 ¥ for 3 wk;
however, 449, spoiled during storage at 98 F
for this same period of time. All of the control
cans without nisin spoiled at both storage tem-
peratures. The nisin thus controlled thermo-
philie spoilage under these conditions, but did
not control mesophilie spoilage.

When the level of nisin was held constant at
40 R. U. per ml and the F value varied, it was
observed that the logarithm of the per cent
spoilage appeared to he inversely related to
the logarithm of the ¥ value hetween 0.5 and
5.0, as shown in Figure 2.

Figure 3 shows the relation between the per
cent thermophilie spoilage and the level of nisin
required to prevent spoilage with a constant
heat treatment of ¥ = 3.0. The logarithm of
the per cent spoilage appears to be inversely
related to the units of nisin added in the range
of 0 to 80 R. U. per ml.

To determine the effect of spore concentra-
tion on the efficacy of nisin, spores of B. stearo-
thermophilus were added to chocolate-flavored
milk at levels of 840, 8,400, 84,000, and 840,000
spores per can. No spoilage occurred in the
26 cans at the lowest level of inoeulation or in

F1G. 4. Chocolate-flavored milk after storage at 131 ' for 3
Cans at left contained no nisin; cans at right contained 80 R. U. per ml.
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wk. Both lots were processed at

the 25 cans containing 8,400 added spores per
can. However, three spoiled out of 26 at the
84,000 level and two spoiled out of 25 at the
480,000 level. Since the untreated product con-
tained 530 spores per can, it appears that spore
concentration must be increased by hetween
10- and 100-fold before spoilage results are
influenced.

A flavor comparison was made between the
chocolate-flavored milk processed to F = 9.0
and that processed to F' = 3.0. Of the 12 panel
members, ten chose the product given the lower
process. Another panel was then conducted to
compare unprocessed chocolate-flavored milk
with that processed to F' = 3.0 and containing
80 R. U. of added nisin. In this case, the
panel was evenly divided, six preferring the
unprocessed product and six the processed
product. Using freshly processed product, this
panel was repeated on three separate occasions
with identical results. From a flavor stand-
point, therefore, it would appear that a choco-
late-flavored milk of beverage quality may be
produced by using nisin as an aid to heat proe-
essing at F = 3.0.

When samples containing 80 R. U. of nisin
were stored at 110 F for 3 wk, there was no
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spoilage, whereas those without nisin spoiled
during this period. No spoilage was observed
after six months of storage at 85 F in samples
containing 80 R. U. of nisin processed at F =
3.0, whereas 109 of the cans without nisin
spoiled during this storage period. The flavor
of the nisin-containing produet was quite ae-
ceptable after this storage period.

While it was shown that nisin at high levels
prevented thermophilic spoilage at F values
below 2.5, such processes are not to he recom-
mended, since these are below the generally
accepted botulinum cook for low-acid foods.
It should also be pointed out that nisin has not
vet heen approved as a heat-sterilization aid
by the U.S. FDA.

REFERENCES

(1) BErrIDGE, N. J. The Antibiotic Nisin and
Its Use in the Making and Processing of
Cheese. Chemistry & Industry, pp. 1158-
1161. 1953.

(2) CampBELL, L. L., SNiFF, ESTHER E., AND
O’BRIEN, R. T. Subtilin and Nisin as Addi-
tives that Lower the Heat-Process Require-
ments of Cannced Foods. Food Technol.,
13: 462. 1959.

(3) Frazer, A. C.; SHARROTT, M., AND HICKMAN,
J. R. The Biological Effeets of Food Addi-
tives. I—Nisin. J. Seci. Food Agr., 13: 32.
1962.

(4) GiLrLEsPy, T. G. Nisin Trials. Research Leaf-
let No. 3. The Fruit and Vegetable Can-
ning and Quick Freezing Research Associa-
tion. Chipping Campden, Gloucestershire,
England. 1957.

(5) Hara, 8., Yakazu, K., Nakarkawasi, K.,
TakeucH1, T., KoBavasuHI, T., SATA, M.,
Imal, Z., AND SHiBUYA, T. An Investiga-
tion of Toxicity of Nisin with a Particular
Reference to Experimental Studies of Its
Oral Administration and Influences on Di-
gestive Enzymes. Dept. Pharmacology,
Tokyo Medical College. 1962.

(6) NATIONAL CANNERS ASSOCIATION. Laboratory
Manual for the Canning Industry. Wash-
ington, D. C. 1956.

(7) SPIEGEL, M. R. Theory and Problems of Sta-
tisties. Schaum Publ. Co., New York. p. 162.
1961.

(8) WuEeaTOoN, E., AND Havs, G. L.
and the Control of Spoilage in

Antibioties
Canned

Foods. Paper presented Institute Food
Technologists, Detroit, Michigan. May,
1963.



COMPOSITION OF THE CASEINS OF BUFFALO AND COW MILK

N. C. GANGULI, R. J. V. PRABHAKARAN, anp K. K. IYA
National Dairy Research Institute, Karnal, Punjab, India

SUMMARY
The composition of buffalo milk casein and cow milk casein was almost
identical in the numbers and in quantities of amino acids as estimated by paper

chromatography.

Pepsin hydrolysis was slower for buffalo milk casein than it was for eow
milk casein, regardless of period of incubation, substrate concentration, and
enzyme concentration. This was also true for trypsin, papain, and pancreatic

digestion of the two types of caseins.

A peptide isolated from peptic digestion of hoth ecaseins eontained aspartie
acid, glutamic acid, lysine, serine, glycine, arginine, threonine, tyrosine, valine,

leucines, and phenylalanine.

The chemical and biochemical nature of ca-
sein has attracted much attention. The compre-
hensive review of Pyne (24) indicates that most
of these studies were confined to casein from
cow milk.

Substantial literature has also accumulated
on the nature of action of proteolytic enzymes
on casein. Mellander (21) observed a differ-
ence in the peptic digestion behavior hetween
caseins from human and cow milk. The pattern
of proteolysis resulting from different enzymes
on casein was also discussed by Christensen
(8). Bahadur and his coworkers (3, 4), in a
series of reports, demonstrated the effect of pH,
temperature, buffer, etc., on the action of papain
on casein. Enzymatic hydrolysis of easein iso-
lated from the milk of different species of ani-
mals was reported by Bennich, Johansson, and
Mellander (7). Digestion experiments on milk
proteins by proteolytic enzymes were also de-
seribed by Kinoshita (18). Recently, Graae
and Rasmussen (15) have provided further in-
formation on the action of trypsin on casein.
These studies were all with cow milk casein.

Buffalo milk is an important source of milk
proteins in India, Egypt, and other countries.
This has resulted in initiating research on
the chemical and nutritional differences which
may exist between buffalo milk and cow
milk. Despite this, not much information is
available (9) and this field remains available
for critical studies.

To study the nutritional properties of casein
of buffalo milk, a comparative study on buffalo
milk and cow milk caseins was undertaken.
The purpose of this investigation was twofold:
First, to examine the amino acid make-up, and
secondly, to study the hydrolytic pattern of the
caseins with different enzymes.

Received for publication February 2, 1963.
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MATERIALS AND METHODS
Preparation of casein. Casein was prepared
from skimmilk (cow or buffalo) after diluting
with equal volume of water by the isoelectric
precipitation at pH 4.5, using 109, HCIL. The
precipitate was allowed to settle and the super-
natant fluid decanted off. Sufficient 959, ethanol
(approximately twice the volume of casein)
was then added to it and after mixing thor-
oughly in a Waring Blendor, the suspension
was allowed to stand for 2 hr; the supernatant
was then decanted. The casein was washed
thrice more with alechol and finally washed on
a Biichner funnel with petroleum ether (40-
60°) and air-dried by spreading over a filter
paper. The dried casein was powdered and
then defatted by Soxhlet extraction with pe-
troleum ether for a period of 8 hr. The defatted
casein was allowed to dry again, after which
the final particles were sieved through a 100-
mesh sieve to get a uniform casein sample. Sam-
ples prepared in this way were found to keep
well for several months at room temperature.
Other chemicals. All amino acids used as
standard and ninhydrin for identification and
quantitative evaluation of casein amino acids
were purchased from the British Drug House,
England. Pepsin and papain were products
from Constantino & Company, Italy. Tryp-
sin used was supplied by E. Merck, Germany.
All other reagents used were obtained from the
commercial sources and were of analytical grade.
Acid hydrolysis of caseins. Hydrolysis of
casein was done by refluxing 200 mg of casein
with 20 ml of 6 N HCI for a period of 24 hr
(12). After hydrolysis, the casein hydrolysate
was made free of excess of HCl by repeated
evaporation of the hydrolysate under vacuum
over NaOH pellets. Finally, the acid-free dried
material was dissolved in 5 ml of 109 iso-
propyl aleohol, adding a few drops of toluene
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in each tube to prevent bacterial contamination.
These hydrolysates were then used for analyzing
the respective amino acids (except trypto-
phan). Completion of the hydrolysis of sam-
ples was ascertained by occasionally estimating
the amino nitrogen by the Van Slyke method
(17). The hydrolysates were kept in a refrig-
erator at 4° when not in use.

Quantitative estimation of amino acids by
paper chromatography. Separation and identi-
fication of individual amino acids in casein hy-
drolysate were carried out by two-dimensional
paper chromatography, using phenol-water and
n-butanol :acetie acid :water (4:1:1) as solvents
(12). Quantitative determinations of individual
amino acids from the two-dimensional paper
chromatogram were made by the method de-
seribed by Giri, Radhakrishnan, and Baidy-
nathan (13) and by Bagechi, Ganguli, and Roy
(2). The cireular paper chromatographiec tech-
nique of Ganguli (11) was found most suitable
for comparative study between individual
amino acids present in the hydrolysates of the
two types of caseins studied. For this, hy-
drolysate of each of the caseins was spotted
on the two halves of the circumference of a
circle drawn at the center of the circular filter
paper. Tryptophan, which gets destroyed by
acid hydrolysis, was estimated from separate
samples of casein and caleulated from the ul-
traviolet absorption speetra readings (5).

Preparation of casein solution for enzymatic
studies. The substrate solution for the action
of different proteolytic enzymes was prepared
by dissolving casein in the respective buffers
used for the individual enzymes, by heating it
on a boiling water bath for 2 min with occa-
sional shaking and finally making up the con-
centration of casein to 29, with the buffer.
Usually, casein dissolved in about 2 min of
heating. No significant change in the pH of
the casein solution was observed after dissolv-
ing the casein in the buffer. Cow milk casein
(CMC) was found to be dissolved somewhat
faster than buffalo milk casein (BMC). Pro-
longed heating for dissolving the caseins in
buffers was always minimized to prevent de-
phosphorylation due to heat (6). This was
checked by estimating the inorganie phosphorus
liberated during the preparation of the casein
solutions.

Enzymatic hydrolysis of casein. The rate of
proteolysis of caseins with pepsin, trypsin, and
papain was determined by the method of Kunitz
(19). Both spectrophotometric assay by read-
ing the optical density at 280 mpu (20) and
colorimetrically at 660 mp (16), using Folin’s
phenol reagent (10), were used for the meas-

urement of the activity of pepsin; whereas, in
other enzymes, a Beckman spectrophotometer,
Model DU, and cell having 1l-em light path,
was used for the speetrophotometric method.
The following assay systems were used :

(a) Assay system for peptic digestion. The
procedure followed for peptic hydrolysis of
casein was according to Anson (1), as described
by Herriot (16). The complete system con-
tained 5 ml of a 29, solution of ecasein in 0.06
~ HCI and 1 ml of pepsin containing 2.93 mg.
The mixture was incubated at 25° for a definite
period, after which the reaction was stopped
by adding 10 ml of 59 trichloroacetic acid,
and the precipitated protein removed by filtra-
tion. A blank was run by stopping a similar
mixture at zero-minute period. Readings were
corrected for such blank values.

(b) Assay system for trypsin digestion. An
almost similar procedure was adopted in which
the reaction mixture contained casein (29%)
dissolved in phosphate buffer adjusted to pH
7.3 and trypsin (2.93 mg). Incubation tem-
perature was between 39-40°, after which reac-
tion was terminated as in (a) above. All values
were corrected for blank.

(e¢) Assay system for papain digestion. The
incubation mixture contained 5 ml of casein
(2%) in phosphate buffer, pH 7.4, and papain
(2.93 mg). Incubation was done at 25°. The
rest of the procedure was as in (a) above.

(d) Pancreatic digestion of casein. Rat pan-
creas was used as the source of proteolytic en-
zymes, to study the rate of casein hydrolysis.
The animal was killed by a blow on the head
and the pancreas immediately removed in a
beaker dipped in ice. A homogenate of the
tissue (1 g) was then prepared in 12 ml of
phosphate buffer at pH 7.6, using an ice-cold
Potter-Elvehjem all-glass homogenizer. The
homogenate preparation was always made fresh
for each set of experiments. The assay system
consisted of 2.0 ml of casein (29 in phosphate
buffer, pH 7.6), buffer, 50 pmoles; pancreatic
homogenate, 1 ml; incubation at room tempera-
ture (35°) for definite periods. Reaction was
terminated at regular intervals by adding 10
ml of 59, trichloroacetic acid to the incubation
mixture; 0.5 ml of filtrate was then diluted to
3 ml and the optical density of this diluted
solution was read at 280 mp for determining
the rate of proteolysis (19).

Isolation and characterization of peptide
from peptic digestion of casein. For the isola-
tion of the peptide which appears during the
action of pepsin on casein, incubation was
carried out as in (a) above and reaction al-
lowed to continue for 9 hr at 25°, after which
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the undigested protein was precipitated with
10 ml of 95% ethanol and the supernatant
dried in a vacuum desiccator over H,SO,. The
dried material was dissolved in a definite vol-
ume of water and then subjected to unidimen-
sional paper chromatographic analysis, using
phenol-water as solvent. A guide strip was cut
out and sprayed with ninhydrin solution, to
detect the peptide. For analyzing the peptide
for its amino acid composition, the peptide
area was eluted with water from the corre-
sponding unsprayed position having a similar
R; value on the paper chromatogram. The
eluted solution was hydrolyzed by a micro tech-
nique (23) in a sealed tube with 6 ¥ HCI in an
oven at 100° overnight. The hydrolysate was
evaporated and subjected to two-dimensional
paper chromatography in a way similar to that
deseribed for casein hydrolysate, for the identi-
fication of the amino acids in the peptide. A
control experiment was also run with the en-
zyme alone.

RESULTS AND DISCUSSION

Results of the experiments on (a) evaluation
of amino acid make-up of casein after acid
hydrolysis and (b) enzymatic hydrolytic pat-
tern of casein are presented below:

(a) Actd hydrolysis of cow milk casein and
buffalo milk casein. Results of the quantitative
determination of amino acids in BMC and
CMC, using the method of Ghosh Majumder,
Dutta, and Ganguli (12), are shown in Table 1.
It may be seen from the table that the number
of amino acids present in BMC is almost
identical to that of CMC. Even quantitatively,
the percentage proportion of individual amino
acids is very close to each other, with the ex-
ception of arginine. Available data on eom-
position of amino acids of CMC (14) indicate
they are comparable with those of ours and,
therefore, on this basis it may be concluded
that both types of caseins do not differ much
in their amino acid composition, either quali-
tatively or quantitatively. However, a lower
value of arginine in BMC was observed com-
pared to that of CMC.

(b) Enzymatic hydrolysis of caseins. As pep-
sin is the enzyme responsible for digestion in
the stomach, it was thought of interest to carry
out some kinetic studies on this enzyme reac-
tion.

(1) Effect of period of incubation. The first
study made was on the rate of hydrolysis of
casein samples with a similar concentration of
pepsin for different periods. Reactions were
stopped at desired intervals and results of such
study were expressed either as increase in op-

TABLE 1

Amino acid composition of buffalo and ecow milk
caseins as determined by paper chromatography

Casein source

Cow
milk
Amino Buffalo
aeid milk (a) (b)
(9/100 g)

Aspartic acid { 7.1
Glutamic acid 7.28 1 2863 { 22.4
Alanine 2.37 2.98 3.0
Arginine 2.78 4.71 4.1
Cysteine ... (o 0.3
Glyecine 2.7
Serine 8.85 1 8.90 { 6.3
Histidine 1.62 1.38 3.1
Lysine 7.56 8.47 8.2
Methionine 2.01 2.48 2.8
Proline * +++ & 5 i 11.3
Threonine 3.74 4.31 4.9
Tyrosine 4.21 4.80 6.3
Leucines 13.26 13.55 15.3
Phenylalanine 4.46 4.99 5.0
Tryptophan ® 1.45 1.30 1.7
Valine 5.58 6.58 7.2

2 Compared visually; ® Estimated by ultraviolet
spectrosecopy (5); (a) authors’ values, (b) re-
ported values (14).

tical density at 280 mp or colorimetrically at
660 mu, as indicated above. Table 2 represents
values for such experiments, with samples incu-
bated for a period of 30 min, whereas Figure 1
shows the rates of hydrolysis with increase in
period of incubation with the two types of
casein samples. Results in the table indicate
that at a period of 30 min of incubation with
pepsin, BMC is not hydrolyzed to the same
extent as that of CMC. This lower value for
BMC was consistently observed in all trials,
whether the rate was measured spectrophoto-
metrically or colorimetrically. Referring to
Figure 1, it may be observed that the difference
in rates become more prominent at the later
stage of incubation period than at the initial
stage of the reaction.

(2) Effect of substrate concentration. Rates
of hydrolysis of caseins were next studied with
inereasing concentrations of substrate, keeping
incubation period to 30 min and with the same
enzyme concentration in every incubation mix-
ture. Figure 2 shows that at higher substrate
concentrations (20 mg and upwards) pepsin
acts on CMC at a faster rate compared to
BMC, whereas at lower concentration (10 mg)
the rates in the two cases are almost similar.

(3) Emnzyme concentration. Typical rate
curves presented in Figure 3 show that with
any of the enzyme concentrations used, the



16 N. C. GANGULI, R. J. V. PRABHAKARAN, AND K. K. IYA

TABLE 2
Rates of hydrolysis of buffalo and cow milk caseins by pepsin

Optical density at 280 mu

Tyrosine formed (mg)

Nature of
casein 0 min 30 min Difference 0 min 30 min Difference
Buffalo 0.14 0.63 0.49 0.160 0.576 0.416
Cow 0.16 0.75 0.59 0.080 0.656 0.576
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Fig. 3. Effect of pepsin coneentration on the
rates of hydrolysis of ecaseins from buffalo and
cow milks. Separate blanks were used for different
enzyme concentrations.

BMC was always hydrolyzed at a slower rate
than CMC.

All of the casein samples were found to give
always some reading originally present in the
solution when read at 280 mu and this was also
observed by other workers (8) and which again
was found to be higher in the case of BMC
than CMC. An explanation suggested by Chris-
tensen (8) was that some protease, apparently
being associated with casein, starts acting on it
as soon as casein is in solution. Our results,
which corroborate this observation, indicates
that possibly a similar situation is responsible
for such initial contribution of optical density
at 280 mpu.

(4) Nature of peptide appearance during
pepsin action on casein. With the above results
at hand, it was thought reasonable to investi-
gate the nature of the peptides being released
during the action of pepsin on the two caseins.
After a period of 9 hr of action of pepsin, a
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peptide was isolated from the incubation mix-
ture by the paper chromatographic technique.
This peptide had an R, value of 0.85 in phenol-
water and appeared in both BMC and CMC.
There was no peptide detected in control ex-
periments with the casein or enzyme alone,
indicating it was formed only by the action of
pepsin on caseins. Acid hydrolysis of the pep-
tide revealed that it consisted of 12 amino acids
and again this was identical with both types of
caseins. The following are the amino acids
present in the peptide: aspartic acid, glutamie
acid, lysine, serine, glycine, tyrosine, arginine,
alanine, threonine, valine, leucines, and phenyl-
alanine. It shows, therefore, that although
there is an apparent difference in rates of hy-
drolysis by pepsin, the release of peptide dur-
ing the action of this enzyme is, however,
identical.

The amino acid composition of the peptide
isolated from peptie digest of casein is found
to have a similar composition to that of a phos-
phopeptide isolated by controlled HCI hydroly-
sis on rabbit milk casein, reported by Sun-
dararajan, Sampath Kumar, and Sarma (25),
and also to a phosphopeptone obtained by en-
zymatic degradation of casein by Mellander
and De Verdier (22). As these peptides have
similarity in their amino acid make-up, the pep-
tide reported here looks to be, therefore, a
phosphopeptide. Based on this analogy and
the results, it is tempting to infer that the re-
lease of phosphopeptide by pepsin on BMC
and CMC are also identical. However, this
point needs further confirmation by determina-
tion of phosphorus content of the peptide in
addition to amino acids of the peptide.

(e) Trypsin and papain hydrolysis of caseins.
Rates of proteolysis of the two types of caseins
with trypsin are shown in Table 3. Results
show that trypsin also behaved similarly to the
reaction with pepsin.

The action of papain as shown in Table 4
also indicates an identical lower value for BMC
proteolysis. Jt seems, therefore, from the re-
sults with all three proteolytic enzymes studied
that they affect a slower rate of hydrolysis with
BMC as compared to CMC, under the experi-
mental conditions described.

TABLE 3
Rates of hydrolysis of buffalo and cow milk caseins

by trypsin

Optical density at 280 m
Nature of L ¥ o
casein 0 min 30 min Difference

Buffalo 0.025 0.130 0.105
Cow 0.005 0.153 0.148

TABLE 4
Hydrolysis of buffalo and eow milk caseins
by papain
Optical it;
Nature of ptical density at 280 mgu
casein 0 min 30 min Difference
Buffalo 0.073 0.278 0.205
Cow 0.100 0.350 0.250

(d) Pancreatic digestion of caseins. To assess
the fate of these caseins under the multiple
action of different proteolytic enzymes simul-
taneously, experiments were designed to carry
out the casein digestion with pancreatic ho-
mogenate, which is supposed to have a combi-
nation of proteolytic enzymes and was con-
sidered to stimulate the physiological environ-
ment. Figure 4, showing these results, indicates
that rat pancreatic homogenate hydrolyzed
BMC at a slower rate than CMC. These results
lead to the general indication that the proteo-
lytic enzymes either individually or in combi-
nation show distinetly different behavior
towards these two types of caseins.

The probable superiority of CMC over BMC
seems, therefore, to exist in the rate of its
enzymatic digestion. It may be pointed out
that a similar observation as to human milk
casein in relation to pepsin or gastric juice
action was pointed out by Mellander (21). In
that study, the author attributed the less com-
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Fig. 4. Rates of hydrolysis of caseins by pan-
creatic homogenate.
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plete peptic and tryptie digestion of human
milk casein to the generation of enzyme-re-
sistant phosphorylated peptides. In another
study, Bennich et al. (7) have shown that the
rates of enzymatic hydrolysis of easeins from
different species do differ. Human milk casein
proved to be more resistant to in vitro diges-
tion with bovine trypsin or chymotrypsin or
human pancreatic juice than caseins from the
milks of cow, sheep, mare, reindeer, or whale,
indicating that caseins differ in their hydrolysis
by the proteolytic enzymes. Our results with
individual enzymes and with pancreatic homog-
enate indicate clearly that BMC is yet another
example which is not hydrolyzed just similarly
to CMC.
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CALCEIN AS AN INDICATOR FOR THE DETERMINATION OF TOTAL

CALCIUM AND MAGNESIUM AND CALCIUM
ALONE IN THE SAME ALIQUOT OF MILK

H. A. NTAILIANAS axp R. McL. WHITNEY
Department of Food Secience, University of Illinois, Urbana

SUMMARY

A method has been developed for calcium and magnesium determination in
milk on the basis of the different behavior of these two cations towards the
indicator caleein. The determination of both cations ean be performed by back
titration with caleium chloride solution in the same aliquot of a diluted milk
containing an excess of Ethylenediamine tetraacetate (EDTA). Total caleium
and magnesium can be obtained in milk at pH range 12.0 to 12.5, whereas cal-
cium alone can be obtained from pH 13.0 to 13.5. Comparison of the values
obtained for total calecium and magnesium by the calcein method with those
obtained by the Eriochromeblack T method indicates no significant difference.
The recoveries of caleium added to milk are complete. Concentrations of phos-
phates and proteins four times those present in the average milk and of heavy
metals as present in average milk do not influence the results. Variations in the
added amount of indicator between 0.05 and 0.15 ml and in the dilution of the
sample with water in the ratio from 1:10 to 1:30 do not influence significantly
the results. The method is rapid and reproducible, with a standard deviation
of =0.14 meq/liter of milk for total caleium and magnesium, or *0.199% of
the measured value, and ==0.12 meq/liter of milk for calcium alone, or +0.18%

of the calcium content.

Since the complete and effective study of the
complex phenomena which occur in milk, espe-
cially under the variety of the conditions dur-
ing processing, presupposes the knowledge of
the amount of each of the divalent cations, and
in some cases even the form in which they
exist at a given moment, an analytical proce-
dure that is rapid and accurate is needed. On
the other hand, in many research problems the
available material for study is very small, and
one ecannot afford to waste an appreciable
amount for the separate analysis of both eal-
cium and magnesium.

While flame photometry has been employed
for some time for calcium determination in
milk (9, 12), complexometric procedures based
on Schwarzenbach and coworkers’ method (18)
have been developed, after the removal of the
interfering materials, for the separate deter-
mination of both caleium and magnesium in
milk (1, 4, 7) or of caleium only (13). A
combination of flame photometry and com-
plexometry for rapid determination of caleium
and magnesium has been developed by Murthy
and Whitney (14) and Have and Mulder (5).

The discovery of new, more specific indi-
cators, especially caleein (3, 10), stimulated
new procedures for caleium and magnesium
determination in biological systems. The prob-
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lems of the interfering constituents, especially
the phosphates and the proteins, received more
attention. No interference of phosphates or
proteins was observed during the determina-
tion of caleium and magnesium in blood plasma
or milk (8) or in the determination of calecium
alone in casein solution (16). In previous
work (15) it has been shown that the presence
of phosphates and proteins does not interfere
during the direet titration of the total calcium
and magnesium with disodium dihydrogen
ethylenediamine tetraacetate (EDTA) solution
with Eriochromeblack T as indicator.

The interference of trace heavy metal ions
has been eliminated by the addition of cyanide
or triethanolamine (3, 10) or by using a tech-
nique developed for the removal of them (2).

This paper deseribes a method, hased upon
the difference in the complexing behavior of
the calcium and magnesium, for the separate
determination of the ions in the same aliquot
of a diluted milk sample by the back titration
of excess EDTA with standard CaCl. solution
at two different pH values, pH 12.0 and 13.0,
with calcein as indicator.

METHOD
Reagents
Standard EDTA solution. Dissolve 10 g of
disodium dihydrogen ethylenediamine tetra-
acetate dihydrate (TitraVer, Hach Chem-
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ical Company, Ames, Iowa) and 2 g of
sodium hydroxide pellets in water, and
dilute to one liter with water. This solu-
tion has a titer of approximately 0.05
meq/ml and is standardized against the
standard caleium solution.

Standard calcium chloride solution. Dry
CaCO, at 100 C to constant weight and
dissolve ahout 2.5 g (exactly weighed) in
a minimum of hydrochloric acid. Transfer
to a liter volumetric flask and dilute to
volume with water. This solution contains
approximately 0.05 meq Ca/ml.

g CaCO, _
(7100.09 X 2 = meq Ca/ml)

Potassium hydroxide 8 .

Calecein indicator solution. Dissolve 0.2 g of
bis-N,N-di(carboxymethyl) amino methyl-
fluorescein (G. Frederick Smith Chem-
ical Company, No. 222) in 25 ml of 0.1 N
sodium hydroxide and dilute to 100 ml
with water. The solution should be stored
in the dark (2).

Deionized water was used in the prepara-
tion of all reagents and throughout the
study.

Procedure

Transfer 25 ml of milk into a 500-ml volu-
metric flask and dilute to volume with water.
Add 5 ml EDTA to 50-ml aliquots of the di-
luted milk in 125-ml Erlenmeyer flasks.

Calecium and magnesium: Add 8 N potassium
hydroxide to increase the pH to 12 (0.15 ml
8 n KOH is usually sufficient), and three drops
of indicator. The color of the sample hecomes
pink. Back titrate with standard caleium chlo-
ride solution (from a microburet, 5-ml capacity,
calibrated in 0.01 divisions) to a definite and
permanent green color (first end point).

Caleium: To the same aliquot add an addi-
tional amount of 8 N potassium hydroxide to
increase the pH to 13 (1.5 ml is usually suffi-
cient). The color of the sample changes again
to pink. Continue the back titration with cal-
cium chloride solution until the color again
becomes a definite and permanent green (sec-
ond end point).

To determine the end point accurately the
Erlenmeyer flask containing the sample should
always rest on a black background. The titra-
tion is continued until, with further addition
of calcium solution, no change in color takes
place. During the titration for calcium only,
the green color appears momentarily and fades
again. It is helpful to develop completely the
color of the end point in one of the aliquots
by over-titration. Then, with this color as a

guide, the titration of the other aliquots is
continued until the colors match.

Calculations :
ml EDTA sol. em-
ployed * (first end
point) X normality
of EDTA sol. X 1,000
ml of milk in the sam-
ple titrated

meq (Ca + Mg) /liter =

ml EDTA sol. employed * (sec-
ond end point) X normality of
EDTA sol. X 1,000

Ca/liter = = :
meq LAY = 1T of milk in the sample titrated

meq Mg/liter = meq (Ca + Mg)/liter — meq
Ca/liter

RESULTS

Baclk titration of the calctum and magnesium
at pH 12 and 13. During the course of estab-
lishing the influence of the pH on the use of
the calcein in the determination of the caleium
in milk, two distinet titration values were ob-
tained. Consideration of these values suggested
that the one obtained at the pH 12.5 and below
represented both calcium and magnesium and
the other obtained at pH 13.0 and above rep-
resented only calcium. This observation, along
with the observation of Korbl and Vydra (10)
that at alkali concentrations below 0.1 M the
presence of magnesium caused the fluorescence
of the indicator to reappear, suggested the
possibility of quantitative determination of
both total ealeium and magnesium and caleium
alone in a single aliquot by employing differ-
ent pH values.

To test this possibility, a ecalecium -chloride
solution (0.0518 meq/ml) and a magnesium
chloride solution (0.03991 meq/ml) were pre-
pared, and equal volumes of these two solu-
tions were mixed to yield a solution containing
both cations. Aliquots of 3 ml of each of the
three solutions were transferred to 125-ml
Erlenmeyer flasks, 5 ml EDTA solution (1 mid
==1.041 ml calcium solution) was added to
each, and the mixtures were diluted to 50 ml
with water. The contents of half of the flasks
were adjusted with KOH to pH 12 and of the
other half to pH 13. Three drops of calcein
indicator were added to each and the mixtures
were back-titrated with calcium chloride solu-
tion. The results (Table 1) indicate that at
pH 12 both calcium and magnesium are meas-
ured completely, whereas at pH 13 only cal-
cium is determined.

*ml EDTA sol. employed = ml EDTA sol.
added — ml Ca sol. employed

ml Ca sol. == 1 ml EDTA sol.
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TABLE 1

Back-titration of ealeium and magnesium solutions at pH 12 and 13 with calcein as indicator
(0.2698 meq EDTA added to each)

Solutions " Ca re-
quired
Ca Mg for back Ca or Mg
pH content content titration * observed
(meq) (%)
0.1555 0.0000 0.1142 0.1556 100.07
12 0.0000 0.1197 0.1504 0.1194 99.72
0.0778 0.0599 0.1325 0.1374 99.82
0.1555 0.0000 0.1144 0.1554 99.93
13 0.0000 0.1197 0.2698 0.0000 0.00
0.0778 0.0599 0.1917 0.0781 56.74
Analysis of variance of Ca or Mg observed (%)
Degrees
of Mean Signifi-
Source of variance freedom square cance ®
Solutions © (5) 6,742.913 V.S.
Caiz vs. Cais 1 0.036 N.S.
(Caie, Cass, and Mgie) vs. (Ca+ Mg)n 1 0.215 N.S
Mg vs. (Ca+ Mg) i * 1 0.016 N.S
Mg vs. (Ca+ Mg)us 1 6,439.479 V.8
[Cais, Caws, Mgy, and (Ca + Mg)iz] vs. [Mgi and (Ca + Mg)is] 1 27,274.820 V.S
Error 18 0.092

* Average of four replicates.

P V.8. =very signifieant; N.S.=not significant.
¢ Subseripts in the comparisons refer to pH.

Comparison between the Calcein and the
Eriochromeblack T methods. Since the direct
complexometric determination of the total cal-
eium and magnesium in milk (Eriochromeblack
T method) has been proved to be satisfactory
(15), a eomparison of the values obtained by
this method with those of the calecein method
should establish whether the proposed method
measures all the caleium and the magnesium

in milk. Therefore, several samples of milk
were analyzed by both procedures. The results
(Table 2) indicate no significant difference
between the two methods.

Recovery of added calcium in milk. The re-
covery of known amounts of calecium added to
milk is an additional way of testing whether
the proposed method measures all of the exist-
ing ealeium in milk. Therefore, varying amounts

TABLE 2

Comparison of the Calcein method with the Eriochromeblack T method for the determination
of total caleium and magnesium in milk

Calcium and magnesium content

(average of 4 replicates)

Milk sample no. 1 2 3 4
(meq/liter)

Calcein method - 75.61 75.05 75.40 72.97

Eriochromeblack T method 75.64 75.11 75.37 73.12

Analysis of variance

Source of Degrees of Mean

variance freedom square Significance *
Method (M) 1 0.025 N.S.
Milk (m) 3 11.106 V.S.
M X m 3 0.010 N.S.
Error . 24 0.031

* N.S. = not significant; V.S.= very significant.
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of calcium were added to aliquots of diluted
milk. Titration at pH 13 according to the pro-
posed procedure (Table 3) yielded recoveries
of the added calcium from 99.42 to 100.679%.
Application of the Chi-test yielded a value of
2.002 for x? and therefore, these values do not
differ significantly from 1009, indicating com-
plete recovery.

Comparison between direct and back titra-
tion. While back titration provides satisfactory
results, this procedure is not as simple nor as
potentially accurate as the direct one. There-
fore, the two procedures were compared in the
milk at three different pH values, 12, 13, and
13.5. The back titration was performed as de-
seribed above; whereas, in the direet titration,
8 ~ KOH was added to 50-ml aliquots of the
diluted milk to obtain the proper pH followed

TABLE 3

Recovery of added calcium in milk by the
caleein method

(Calcium content of milk sample 0.1541 meq )

by three drops of calecein indicator, and the
sample was titrated with EDTA solution to the
disappearance of the green color. While by
the back-titration procedure, a satisfactory end
point was obtained for all pH values employed,
an acceptable although somewhat uncertain end
point was obtained only at pH 13.0 by the
direct titration. Results (Table 4) indicate sig-
nificant difference between the two procedures,
with the direct titration yielding much higher
values from the back titration. At pH 12 the
end point is indistinet, whereas at pH 13.5 the
end point is very uncertain.

To help explain the behavior of these titra-
tions in the milk, pure solutions containing
known amounts of ealeium and magnesium
were analyzed by direct and back titration at
the same pH values. Results (Table 5) indi-
cate that calecium alone can be determined in
either of the two ways at all pH values em-
ployed. When magnesium is present, however,
only the back titration and the direct titration
at pH 13.5 provide the correct values. There-
fore, the back titration was employed through-

5,25113::1 out this work.
(average Effect of variables. Since variations in the
of 2 pH, the concentration of the indicator, and the
Calcium repli- . dilution of the sample may affect the determi-
added ] e nation of caleium and magnesium with the new
(meq) (%) method, it is important to know the extent and
0.0500 0.2039 0.0497 99.42 the range of their effects. Therefore, the in-
8%?8} 838;3 8}282 igggg fluences of these variables were investigated
0.2001 0.3556 0.2015 10067  independently.
0.2502 0.4045 0.2504 100.09 1. To establish the effect of the pH on the
* Average of four replicates. caleium and caleium plus magnesium de-
TABLE 4

Comparison of the direet and back-titration method for determination of calcium and
magnesium in milk with calcein as indieator

Caleium and
magnesium

content * Caleium content *
pH 12 pH 13 pH 13.5
Milk sample no. 1 2 3 4 5 6 1 2
(meq/liter)
Direct titration Indistinet end point 68.74 66.23 66.78 64.49 Uncertain end point

Back-titration 66.02 66.15

66.47 63.86 64.74 62.62

56.62 56.56

Analysis of variance (pH 13)

Source of Degrees of Mean

variance freedom square Significance ®
Method (M) 1 36.607 V.S.
Milk (m) 3 22.648 V.8.
M X m 3 0.103 N.S.
Error 24 0.050

* Average of four replicates.

®V.S. = very significant; N.S.=not significant.
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TABLE 5
Comparison of the direet and back-titration method for the determination of caleium and
magnesium in pure solutions with Caleein as indicator
Solutions pH 12 pH 13 pH 13.5
Ca- Mg- Ca and Sig- Sig- Sig-
con- con- Mg ob- nifi-  Ca ob- nifi- Ca ob- nifi-
Method tent tent served® x? cance® served® x® cance® served® x® cance”
(meq) (meq) (meq) (meq) (meq)
Direct titration 0.1497 0.0000 0.1499 4.20 N.S. 0.1501 5.04 N.S. 0.1500 5.85 N.S.
0.0000 0.0293 Indistinet end point 0.0017- 92.33 V.S. 0.0000 ... ...
0.1497 0.0293 Indistinet end point 0.1518 26.03 V.S. 0.1498 4.20 N.S
Back-titration 0.1497 0.0000 0.1498 3.40 N.S. 0.1498 3.11 N.S. 0.1499 3.78 N.S
0.0000 0.0293 0.0292 3.25 N.S. 0.00001 3.03 N.S. —0.00005 3.46 N.S
0.1497 0.0293 0.1787 6.41 N.S. 0.1498 3.07 N.S. 0.1499 3.55 N.S
* Average of four replicates.
® N.S. =not significant; V.S. = very significant.
terminations, aliquots of a diluted milk Na.HPO, (0.950 g P/liter) as indicated in

were adjusted by a pH meter to pH 12.0,
12.5, 13.0, and 13.5 with KOH and back-
titrated with ecalecium chloride solution.
In addition, a series of aliquots was ad-
justed to pH 12.5, back-titrated with cal-
cium solution, and after the appearance
of the green color, the pH increased to 13.
Then the titration was continued to the
final end point to determine if the values
for calcium are the same when the titra-
tion has been performed on a separate
aliquot or on the one used for calcium
and magnesium determination.

2. The influence of the concentration of the
indicator was investigated by the addition
of three different amounts of indicator
solution: 0.05 ml, 0.10 ml (which repre-
sents about three drops), and 0.15 ml.

3. The influence of the dilution of the milk
sample with water was investigated at
three levels: 1:10, 1:20, and 1:30. The
amounts of indicator and the pH were
adjusted accordingly.

Results (Table 6) indicate that there is mo
significant variation in the caleium and magne-
sium determination between pH 12.0 and 12.5
nor in the caleium determination between pH
13.0 to 13.5. The values for calcium are the
same whether the titration has been performed
on the same aliquot used for calcium and mag-
nesium or on a separate aliquot. The concen-
tration of indicator and dilution of the sample
do not significantly affect the titration through-
out the ranges investigated.

Influence of phosphates, proteins, and trace
heavy metals. The effect of phosphate concen-
tration upon the test was established by de-
termining the total calcium and magnesium and
the calecium content of the diluted milk con-
taining varying amounts of a solution of

Table 7. The analysis of variance of these
results indicates that concentrations of phos-
phate four times the total phosphates present
in the average milk do not have any significant
effect upon the results.

To investigate the influence of the concen-
tration of the protein, caleium- and magne-
sium-free skimmilk was prepared by shaking
200 ml of skimmilk for 1 hr with 250 g cation
exchange resin (Amberlite JRC-50 equilibrated
with sodium malate buffer T/2 = 0.14, pH 6.7).
Varying amounts of this milk were added to
the diluted milk sample as indicated in Table 7,
and the pH adjusted accordingly. The analysis
of variance of the results obtained indicate that
a fourfold increase in the protein content
of the sample did not significantly affect the
titration, although the performance of the test
is easier at lower concentrations of proteins.

The amount of the trace heavy metals in the
milk normally is not enough to cause any diffi-
culty in the test. The agreement of the values
obtained by the proposed method with the val-
ues obtained by the Eriochromeblack T method,
where the addition of the sodium sulfide pre-
vents the interference of these metals, suggests
that they do not significantly interfere with
the test. Nevertheless, a direct comparison with
the present method between aliquots contain-
ing a screening agent and those without is
necessary. Therefore, to half of a series of
aliquots of diluted milk an excess of potassium
cyanide was added (10 ml of 1 m KCN per
aliquot), and all the aliquots were titrated ac-
cording to the new procedure. The results
(Table 7) indicate no significant difference be-
tween the aliquots with and without sereening
agent.

Reproducibility. To determine the reproduci-
bility of the proposed method, 14 different milk
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TABLE 6

Effect of variables on the calcium and caleium plus magnesium determination in milk

Cone. of indicator

pH Volume Dilution of sample
of in-
Ca and dicator  Ca and Ratio Ca and
Mg con- Ca, solu- Mg con- Ca milk to Mg con- Ca
pH tent * content * tion tent * content * water tent * content *
——(meq/liter)— (ml) ——(meq/liter) ——(meq/liter)
12.0 75.61 0.05 75.75 67.57 1:10 75.70 67.65
12.5 75.56 0.10 75.69 6771 1:20 75.68 67.71
13.0 64.55 0.15 75.75 67.74 1:30 75.65 67.53
13.5 64.46
12.5° 75.59
13.0* 64.58
Analysis of variance
Source of Degrees of Mean
variance freedom square Significance ©
1. Caleium plus magnesium
pH 2 0.002 N.8
Error 9 0.034
Indicator 2 0.005 N.8.
Error 9 0.020
Dilution 2 0.002 N.S.
Error 9 0.021
2. Caleium
pH 2 0.016 N.S.
Error 9 0.009
Indicator 2 0.036 N.S.
Error 9 0.026
Dilution 2 0.035 N.S.
Error 9 0.021

* Average of four replicates.

® Both Ca and Ca+ Mg were determined in the same aliquot.

¢ N.S. = not significant.

samples were analyzed in quadruplicate for
calcium and seven for calcium and magnesium.
The standard deviation of a single determina-
tion from its mean was observed to be =0.14
meq/liter of milk for calecium and magnesium,
or #=0.199, of the measured value, and ==0.12
meq/liter of milk for caleium alone, or #=0.189%
of the calcium content.

DISCUSSION AND CONCLUSIONS

Dilute solutions of calcein are known to
fluoresce to yield a yellowish-green color (3).
This fluorescence fades with increasing alka-
linity and disappears above pH 12.0 (3, 10).
However, even above pH 12.0, the calcein com-
plexes of the alkaline earth metals possess a
strong fluorescence. It has been noted by Korbl,
Vydra, and Pribil (11) that even the alkali
metals cause a weak fluorescence with caleein,
with potassium being the least effective. There-
fore, to keep the end point as distinet as pos-
sible, KOH was -employed in this test for the
adjustment of the pH. While Diehl and Elling-
boe (3) considered that magnesium did not

form a complex with the indicator, Korbl and
Vydra (10) observed that it also causes caleein
to fluoresce at alkali concentrations below 0.1 ir.

When pure solutions containing ecalcium,
magnesium, and the mixture of the two were
analyzed in this study (Tables 1 and 5) at
pH 12, calcium was easily titrated and com-
pletely recovered with both back and direct
titrations. When magnesium is present, even
though it would be in soluble form at pH 12.0,
complete recovery of both caleium and magne-
sium was obtained only by the back titration.
With the direct titration the end point was not
distinet, since green coloration remained at
the end of the titration. This is probably due
to the relative magnitudes of the formation
constants of MgEDTA and MgCalecein com-
plex, since that of MgEDTA is lower than that
of the CaEDTA (IOg KMg-EDTA = 869, log
Kcaepra = 10.70) (18), whereas that of the
MgCalcein eomplex is probably higher than the
corresponding caleium complex. For the com-
plexes of caleon, which are structurally similar
to calcein, the formation constant of the Mg-
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Influence of phosphates, proteins, and trace heavy metals on the calcium and total caleium

TABLE 7

and magnesium in milk

CALCIUM AND MAGNESIUM

Phosphates Proteins Trace elements
Added Added
phos- cation Added
phate  ('a and ex- Ca and KCN (C'a and
solu-  Mgeon-  Cacon- changed Mgecon-  Cacon- solu-  Mgeon-  (Cacon-
tion * tent " tent ® milk ™ ¢ tent” tent tion ® tent * tent ®
(ml) ——(meq/liter)— (ml)y ——(meq/liter)— (ml) ——(meq/liter )——
0.0 75.68 66.89 0.0 75.68 66.89 0.0 75.33 64.47
2.5 75.74 66.86 2.5 75.72 66.88 10.0 75.29 64.44
5.0 75.66 66.87 5.0 75.73 66.87
7.5 75.58 66.76 7.5 75.81 67.06

Analysis of variance

25

Source of * Degrees of Mean
variance freedom square Significance ¢
1. Caleium plus magnesium
Cone. of phosphates 3 0.012 N.S.
Error 12 0.018
Cone. of proteins 3 0.013 N.S.
Error 12 0.024
Trace heavy metals 1 0.005 N.S.
Error 6 0.008
2. Caleium
Cone. of phosphates 3 0.013 N.S.
Error 12 0.009
Cone. of proteins 3 0.033 N.S.
Error 2 0.010
Trace heavy metals 1 0.002 N.S.
Error 6 0.009

*Vol added to diluted milk sample containing 2.5 ml of the original milk.

® Average of four replicates.

“Ca and Mg content of the cation-exchanged milk is zero.

4 N.S. = not significant.

complex is higher than that of caleium (log
Kyg = 7.64, log Kca = 5.58) (6). Therefore,
enough free magnesium probably exists in equi-
librium with the MgEDTA complex at this pH
during the direct titration to interact with cal-
cein and to confuse the end point. At pH 13,
when calcium alone was present, it was com-
pletely recovered with both back and direct
titrations. However, when calcium was ti-
trated in the presence of magnesium, the cal-
cium was completely recovered only by the
back titration; whereas, with the direct titra-
tion the values observed were hetween those for
caletum alone and for total caleium and mag-
nesium. The recovery of the magnesium from
the pure magnesium solutions was zero with
the back titration, but some small amounts
were ohserved with the direet titration. Al-
though magnesium is precipitated as Mg(OH).
above pH 12.5 (6), nevertheless, even at pH 13
the concentration of the hydroxyl ions is not
sufficiently  high to reduce the concentration
of magnesium ions helow the traces necessary

to interact with calcein. The green coloration
observed, which cannot be due to the fluores-
cence of the indicator, since caleein is brown
above pH 12 (3), requires some excess of
EDTA to be completely depressed. Thus, the
direct procedure yields erroneously high values
for calcium when magnesium is present. At
pH 13.5 the concentration of the hydroxyl ions
is enough to cause complete precipitation of
magnesium and the values obtained for caleium,
when it is titrated alone or in the presence of
magnesium, by both direct and back procedures
are correct.

When milk is employed instead of pure solu-
tions, at pH 12, the bhack titration (Table 2)
provides values for total caleium and magne-
sium not significantly different from those oh-
tained by the Kriochromeblack T method (15).
The presence of the proteins and phosphates
does not intertere with the determination, even
when their concentration is four times the
normal concentration in milk (Table 7). The
end point by the direct titration (Table 4) is
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not distinct, as could be predicted from the
results with the pure solutions, due to the be-
havior of the magnesium present. At pH 13
the back titration provides an accurate meas-
urement of ealeium content of the milk. Addi-
tion of various amounts of caleium to the milk
were completely recovered (Table 3), and the
presence of the phosphates and proteins had no
influence on the determination (Table 7). In
the direet titration of the milk, the presence of
the magnesium results in high values for cal-
cium, as in pure solutions. At pH 13.5, con-
trary to the behavior of the pure solutions, the
end point is uncertain in the direet titration of
the milk sample. The pink color appears very
early and fades again upon standing. The
establishment of the permanent pink color re-
quires successive additions of EDTA and about
20 to 30 min of time. The reproducibility is
poor. This behavior appears to he due to the
formation of some floccules, which may contain
some calcium complexed with the phosphates
or the proteins. As a result, titration with
EDTA causes an early end point. Upon stand-
ing, the calcium gradually is released and ti-
trated with EDTA. On the contrary, back-titra-
tion provides the correct values for calcium
at this pH.

The back-titration in all eases, in pure solu-
tions and in milk, provides the correet values,
because an excess of EDTA is present in the
sample before the addition of the alkali. The
EDTA binds all of the calcium and magne-
sium, ineluding that bound to proteins and
phosphates. Then, when all of the free EDTA
has been titrated by the calcium solution at
pH 12, the first trace of magnesium displaced
from the MgEDTA complex by the added cal-
cium produces a green color with the calcein;
thus, this titration measures the total calcium
and magnesium. If the titration is performed
at pH 13 to 13.5, the added calecium complexes
first the free EDTA. Further addition of cal-
cium displaces the -magnesium from the
MgEDTA complex, and the green color appears
momentarily and fades again. This is because
the freed magnesium reacts with the calcein,
but because the pH is very high it is preeipi-
tated as Mg(OH).. As soon as the magnesium
is eompletely replaced, then the first traces of
the caleium yield a definite and permanent green
color and this end point measures the caleiumn
content only.

The test can be performed over a broad range
of dilution of the sample and concentration of
indicator, as is indicated in Table 6. The cal-
cein is superior to murexide in this respect,
sinece Schouwenburg (17) indicates that the

amount of the murexide has some influence on
the ecalcium determination. The pH control
necessary for the test is not too exacting, since
accurate values for total caleium and magne-
sium can be obtained throughout the pH range
of 12.0-12.5, whereas calcium alone can be
determined accurately from pH 13.0 to 13.5
(Table 6). The presence of the heavy metals,
at least in the concentration of the average
milk, has no influence on the test (Table 7).
The method is very reproducible, the standard
deviation being =0.14 meq/liter of milk for
total caleium and magnesium, or *+0.199 of
the measured value, and =0.12 meq/liter of
milk for caleium alone, or =*=0.189, of the
caleium content.

Since the titration for bhoth cations is per-
formed in the same aliquot of the sample, the
method provides a fast, easy, and accurate
measurement of hoth cations.
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SOME IMMUNOLOGICAL RELATIONSHIPS OF «-LACTALBUMIN AND

B-LACTOGLOBULIN IN MILKS OF VARIOUS SPECIES!
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SUMMARY

Separate rabbit antisera prepared against cow a-lactalbumin and B-lacto-
globulin were found in Oudin diffusion tests and on Ouchterlony plates to reaet
with the milk of some, but not all, of a variety of species. A high degree of
cross reaction was found with the milks of other ruminants (goat, sheep, and
water buffalo), but not with the milks of the nonruminants tested (camel,
horse, rat, mouse, guinea pig, pig, dog, and rabbit). The antiserum to cow
B-lactoglobulin reacted with sheep milk about three times as strongly as with
cow, goat, and buffalo milk, and the antiserum to cow ea-lactalbumin reacted
about twice as strongly with the goat and buffalo milk as with cow or sheep milk.
Comparative analyses using erystalline B-lactoglobulins isolated from cow.
sheep, and goat milks indicated that the antiserum to cow B-lactoglobulin reacted
more strongly with sheep and goat 8-lactoglobulin than with cow B-lactoglobulin
itself. When the analyses are corrected on this basis, it is possible to analyze
sheep and goat (and probably buffalo) milk for their B-lactoglobulin contents
by using the antiserum to cow B-lactoglobulin. These results appear to agree
with the contents of B-lactoglobulin indicated in these milks by other procedures.

Immunological methods bhased on the Oudin
diffusion procedure have been used in this
laboratory for the quantitative evaluation of
the proteins B-lactoglobulin and a-lactalbumin
in cow milk and other complex systems con-
taining these milk proteins (6, 7). In the
course of wusing these methods in investiga-
tions on the synthesis of protein in the mam-
mary secretory cell of the cow, it was noticed
that bhoth of the rabbit antisera to these two
proteins reacted with the milk of some other
but not all species tested. As a result, a more
thorough investigation was undertaken for in-
formation on the immunological relationship
of a- lactalbumin and B-lactoglobulin in the
milk of these various species.

MATERIALS AND METHODS

The preparation of separate rabbit antisera
to cow a-lactalbumin and B-lactoglobulin iso-
lated from mixed herd milk, and their use in
conducting the quantitative Oudin diffusion
tests in capillary tubes, have been discussed
previously (6, 7). Milk samples collected from
the various species were diluted 1:20 and 1:100
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with 0.15 »a NaCl for use in the Oudin tests
and duplicate samples at each dilution plated
over the agar layer containing the specific anti-
sera in the ecapillary tubes. The tubes were
sealed, placed at 37 C, the diffusion zone meas-
ured at 24-hr intervals for 72 hr, and the re-
sults averaged.

Ouchterlony tests utilizing agar plates (2%
Difeo Bacto agar in 0.15 m NaCl plus 0.05%
phenol) were conducted by cutting holes in
the agar, placing the antiserum in the center
well, and placing various dilutions of the milk
of the different species in the equidistant-placed
wells surrounding the center well.  Control
plates were set up also, using the antiserum in
the center well with 0.159 (in 0.159 a NaCl)
solutions of a-lactalbumin and B-lactoglobulin
in the side wells. The rabbit antisera to e-lac-
talbumin and B-lactoglobulin used in the Ouch-
terlony tests were ten times more potent than
the level used in the Qudin tests (6, 7).

RESULTS

Data shown in Table 1 indicate the response
of the antisera to cow a-lactalbumin and B-lae-
toglohulin to the milks from the various species.
These may be conveniently divided into two
main groups, ruminants and nonruminants. All
the ruminant milk samples tested reacted in the
Oudin and Ouchterlony tests with the two anti-
sera as strongly or more strongly than did the
cow milk itself. Slight possible reactions were
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TABLE 1
Immunologieal reaction of the milk of various
species with antisera to cow a-lactalbumin and
B-lactoglohulin

Anti- Anti-
No. serum serum
samples to cow to cow
ana- a-lactal-  B-lacto-
Species milk lyzed " bumin globulin
Ruminants:
Cow >20 A +
Sheep 4 =+ =
Goat 4 e =
Water buffalo 1 ++ +
Nonruminants:
Camel 1 o° (g
Horse 2 o" 0ov
Rat 2 0 0
Mouse & 0 0
Guinea pig 1 £ 0
Pig 2! 0 0
Dog 2 0 0
Rabbit 2 0 0

2 Each sample from an individual animal was
run at least in duplicate in both the Oudin and
the Ouchterlony procedures.

" A slight possible reaction (appearing quite
nonspecific) was noted with camel and to a lesser
degree with horse milk in the Oudin procedure
(see text).

¢ Analysis not run.

found in the Oudin tests for both of the anti-
sera with horse and camel milk. These reac-
tions were quite unlike those found with the
milk of the ruminants, in that elearly defined
diffusion zones on the Oudin tubes were not
present. Instead, a small amount of smeary-
looking precipitate formed along one side of
the tube for a short distance into the agar
layer containing the antiserum. No reactions
were found between the two antisera and either
horse or camel milk in the Ouchterlony tests,
as was also true for all of the other milks from
the nonruminants in either test.

These results prompted a closer look at the
extent of the reaction shown by milks of the
other ruminants. Oudin tests were conducted
with these milks against the two antisera, the
diffusion distance noted for given lengths of
time, and an apparent a-lactalbumin and B-lae-
toglobulin content ecaleulated, hased on the
standard curves for the reaction between cow
a-lactalbumin and B-lactoglobulin and their
respective antiserum. Results shown in Table 2
indicate that the antiserum to cow B-lactoglobu-
lin reacted similarly with goat and buffalo milk,
but three times as strongly with the sheep milk
as compared to the cow milk. The antiserum to
cow a-lactalbumin reacted about the same with
sheep milk as with the cow milk, but reacted
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TABLE 2

Quantitative eross reaction in the Oudin diffusion
procedure of the milk of several species with

antisera to cow a-lactalbumin and
B-lactoglobulin
Appar-
Appar- ent B-lac-
Num- ent a-lac- toglobu-
ber talbumin lin con-
Ruminant sam- content tent in
species ples®  inmilk milk ®
(mg/ 100 ml)
Cow >20 120 300 (300)
Sheep 2 147 930 (610)
Goat 2 223 300 (240)
‘Water buffalo 1 265 327

* Kach sample run at least in duplicate analyses.

® Note later (Table 3) that erystalline sheep
and goat B-lactoglobulin react quantitatively with
the antiserum to cow S-lactoglobulin more strongly
than does cow p-lactoglobulin. The values in
parentheses represent the actual content of B-lac-
toglobulin in cow, sheep, and goat milk corrected
to the actual quantitative relationship between it
and the antiserum to the cow B-lactoglobulin.

about twice as strongly as this with the goat
and water buffalo milk.

The availability of crystalline B-lactoglobu-
lin from goat and sheep milk® then made it
possible to examine more closely the quanti-
tative aspeets of the antiserum to cow B-lacto-
globulin with the sheep and goat B-lactoglobu-
lin samples. These results, shown in Table 3,
indicate that in a given time at the same con-

*See Acknowledgments.
TABLE 3
Comparative quantitative reaction of antiserum

to cow PB-lactoglobulin with erystalline cow,
sheep, and goat B-lactoglobulin

Apparent

B-lacto-

Species globulin

B-lacto- by analy-
Species globulin * sis®

(rng/ml)

Cow 20.0 20.0
35.0 35.0
50.0 50.0
Sheep 20.0 25.5
35.0 49.0
50.0 76.0
Goat 20.0 26.5
35.0 47.0
50.0 68.5

* These represent single B-lactoglobulin samples
analyzed in duplicate. The 20 ug/ml level was
analyzed on two other occasions with similar
results.

" Values shown for the sheep and goat B-lacto-
globulin samples were calculated from the stand-
ard curve for the cow p-lactoglobulin.
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centration level the samples of goat and sheep
B-lactoglobulin showed somewhat greater diffu-
sion zones than did the sample of cow B-lacto-
globulin. Thus, these samples of goat and sheep
B-lactoglobulin apparently express a slightly
stronger immunological relationship to the anti-
serum to cow pQ-lactoglobulin than does cow
B-lactoglobulin itself. For both the sheep and
the goat B-lactoglobulin samples, plots of the
diffusion distance divided by the square root
of time versus the B-lactoglobulin concentra-
tion on a logarithmic seale (see 6, 7) resulted
in a straight-line relationship. It is apparent
from this quantitative relationship that with
different standard curves the antiserum to cow
B-lactoglobulin may be used equally well to
determine the B-lactoglobulin content of sheep
and goat milk. One other difference was also
noted, in that with time (i.e., after 48 or 72
hr) the clarity of the diffusion zone boundary
became less marked in the tubes containing the
sheep and goat B-lactoglobulin samples than in
the bovine. This was not enough to obscure the
analysis; however, it does point up a difference
from cow B-lactoglobulin.

DISCUSSION

Tit is readily apparent that the immunolog-
iecal similarity of a-lactalbumin and gB-lacto-
globulin in the milks of these species follows
closely their zoological relationship. All of
the milks from the ruminants tested showed
an extremely close relationship, the milks of
the two species close to the ruminants (camel
and horse) showed a slight reaction, and the
other tested species showed no reaction.

Unfortunately, the unavailability of B-lacto-
globulin isolated from water buffalo milk and
a-lactalbumin isolated from sheep, goat, and
water buffalo milk makes it impossible, at pres-
ent, to evaluate the quantitative relationship
between them and the antisera to these two
cow proteins. Since the water buffalo is also
a species of bovine (subfamily Bovinae) more
closely related to the cow than the sheep or
goat (subfamily Caprinae), it is probable that
a close quantitative relationship exists between
water buffalo B-lactoglobulin and the antiserum
to the cow B-lactoglobulin. The same close re-
lationships may also be speculated to hold for
a-lactalbumin in these species.

Results shown in Tables 2 and 3 indicate that
sheep milk contains about two times as much
B-lactoglobulin and goat milk about the same
amount as cow milk. This conclusion, in gen-
eral, agrees with results that would he pre-
dicted from electrophoretic studies run on the
whey proteins in these milks (2).

It is well known that cow, goat, sheep, and
water huffalo milk contain many common anti-
gens (3, 8, 10). These ruminants are used ex-
tensively in various parts of the world for milk
production. In some of these areas, problems
exist of adulteration of the milk of one species
or family with that of another (3, 8, 10). Re-
sults of the present investigation indicate that
it would not be possible to use the antiserum to
cow pB-lactoglobulin or e-lactalbumin to dis-
tinguish between these milks.

It should not be overlooked, however, that it
would he possible to determine the presence
of one of these ruminant milks mixed with the
milk of one of the species that does not react
to the antiserum to cow B-lactoglobulin or
a-lactalbumin. Thus, for example, the adultera-
tion of eamel, horse, pig, or some of the other
species milk with goat, buffalo, sheep, or cow
milk could be readily detected.

Tt is of interest to speculate on the possible
structure of a-lactalbumin and B-lactoglobulin
in sheep, goat, and buffalo milk as compared
to cow milk., Tt is now known that cow B-lac-
toglobulin exists in at least two forms, A and
B, which differ in composition by a few amino
acid residues (1, 4, 9). It has been shown that
immunologically these two forms are indistin-
guishable, in that antiserum to mixed cow B-
lactoglobulin A and B reacts equally well with
either the A or B forms (7), and specific anti-
serum to either A or B reacts with the other
form equally as well (5). Thus, even though
the B-lactoglobulin in sheep and goat milk
reacts strongly with the antiserum to this cow
protein, it does not preclude, and is probable
that these proteins have, some differences in
amino acid composition.
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DIFFERENTIAL THERMAL ANALYSIS OF TIE

MELTING AND
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SUMMARY

Differential thermal analysis

(DTA)

heating curves were recorded for

milk fat cooled slowly, rapidly, and tempered; for the same fat from which 7%
of HMG fraction was removed, and the same fat after randomization of the
fatty acids on the glycerides. Thermal treatments led to differences in DTA
curves that could be explained by the formation of mixed ecrystals of different
glyceride groups. DTA cooling curves of milk fat, milk fat from which 7% of
HMG was removed, and randomized milk fat are presented. DTA curves of
conventionally churned and continuously made butters indicate that the latter
type contains more mixed crystals, which may be an explanation for its different
physical properties. Tributyrin was tfound to he a more satisfactory reference
compound for DTA than was dioctylphthalate.

The melting and solidification of milk fat
are of importance in a number of processes
and it is well known that the consistency of
butter can be influenced by temperature treat-
ments of the eream or of the finished butter,
or both (6, 7). Various investigators have
ascribed the resulting consistency changes to
either polymorphism or mixed erystal forma-
tion. As was pointed out in a recent review
(4), there is no experimental evidence of any
kind to relate such consistency changes to
polymorphism. A considerable body of evi-
dence now available indicates that the phenome-
non of mixed erystal formation is the probable
cause of the consistency differences in milk
fats which have received different thermal treat-
ments (3, 5, 7, 11). The present report deals
with the application of differential thermal
analysis (DTA) to the study of melting and
solidification of milk fat. The technique of
DTA has been applied to fats by Haighton and
Hannewijk (8), Kaufmann and Schnurbusch
(10)  Jacobson et al. (9), and Perron et al.
(13). It has been applied to the study of milk
fat by a number of Soviet workers and their
results have been reviewed (4).

EXPERIMENTAL PROCEDURE

In DTA, a sample of fat contained in a tube
is placed in a well of a brass block and another
tube is filled with a reference ecompound which
does not melt or erystallize over the temperature
range used. When the block is heated and the
fat sample melts, a negative (endothermic) heat
offect occurs and the sample temperature falls
helow the temperature of the reference com-
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pound. This temperature differential is meas-
ured with two thermocouples arranged to make
possible direct recording of AT as a funetion
of the actual temperature during heating or
cooling (12). TIf the copper block has provi-
sion for heating, differential thermal heating
curves can be recorded. In this work two
blocks were used, one contained a centrally lo-
cated 200-w heating element, the other a cen-
tral cooling well through which cold methanol
from a Townson and Mercer minus 70 bath
could be circulated. Heating rate regulation
was obtained with a rheostat; cooling rate regu-
lation, by adjustment of the methanol flow.
DTA heating curves were recorded with a heat-
ing rate of 2.5 C/min and DTA cooling curves
with a cooling rate of 4 C/min. The dimen-
sions of the blocks used were: diameter 55 mm,
height 60 mm, and of the sample tubes: in-
side diameter 10 mm, height 55 mm. The tubes
were filled with 3.5 ml of sample or reference
compound. AT with this experimental setup
was of such a magnitude that the DTA curves
could be recorded directly with a Sargent 1 mv
recorder.

The milk fats were obtained from butter by
melting, washing with water to remove nonlipid
material, drying under vacuum, and filtration.
Interesterification was earried out with sodium
methoxide catalyst, as deseribed earlier (1).

RESULTS AND DISCUSSION

In the work published to date on the DTN\
of fats, the reference compound used has been
dioctylphthalate (DOP) or a closely related
compound. It is claimed that this compound
does not solidify at a temperature of —70 C
(8). In our experience DOP shows crystalli-
zation between —20 and —70 C' and, there-
fore, is not a satisfactory reference compound.
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Fic. 1. DTA heating curve of dioetylphthalate, reference compound tributyrin.

Very few materials satisfy the conditions re-
quired of a reference for DTA, but it was
found that tributyrin (TB) does not crystal-
lize at —70 C or above. When one of the wells
of the block was filled with DOP and the other
with TB, a DTA curve was obtained which is
shown in Figure 1. This curve indicates that
DOP shows an endothermic heat effect as a
result of melting between —40 and —10 C.
TB is now used as a DTA reference compound
in this laboratory.

DTA heating curves of the same milk fat
with different temperature histories are pre-
sented in Figure 2. The fat represented by
Curve A was cooled rapidly by immersion of
the block containing the liquid fat sample into
a methanol bath at —20 C. The curve indicates
one main melting area with a peak at about
20 C and a shoulder of a high melting fraetion
at about 35 C. The melting point of the fat
as indicated by this curve is ahout 37 C, corre-
sponding well with the figure obtained with
conventional melting point methods. When this
fat was slowly cooled by keeping the block with
the liquid fat sample in a Dewar flask in the
refrigerator for 4 hr and subsequently in the
sharp freezer for 12 hr, Curve B of Figure 2
was obtained. The curve shows three distinet
melting areas, one bhetween 5 and 10 C, one be-
tween 20 and 25 C, and an area for the high-
melting glyceride fraction. This last part of
the curve is displaced toward higher tempera-
tures as compared to the corresponding area
in curve A, Figure 1. When this fat was cooled
rapidly and subsequently tempered by immer-
sion of the block in a water bath at 25 C for

1 hr with subsequent cooling to —20 C, Curve
C of Figure 1 was obtained. The tempering
treatment has resulted in a separation of the
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Fie. 2. DTA heating curves of milk fat with
different temperature histories.
A—rapidly cooled
B—slowly cooled
(C—tempered for 1 hr at 25 C
(For details of treatments, see text)
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high-melting fraction and the main-melting
fraction when compared with Curve A of Fig-
ure 2. The main-melting peak in Curve C is
displaced towards lower temperatures as com-
pared with Curve A. The three curves of Figure
2 indicate that it is possible to separate the
lower and higher melting fractions of milk fat
by appropriate thermal treatment. Dilatometrie
studies (5) have provided strong evidence for
mixed erystal formation in rapidly cooled milk
fat. The evidence obtained by DTA in this
study presents further support for the theory
of mixed ecrystal formation as the cause of
differences in properties of rapidly and slowly
cooled milk fat.

It has been shown (2) that the higher-melting
glyceride fraction (HMG) of milk fat greatly
influences the ecrystallization behavior of the
fat. About 7% of the HMG was removed from
the milk fat used for the aforementioned ex-
periments by solvent crystallization from ace-
tone, as described previously (1). DTA heat-
ing curves of this modified fat were run after
both rapid and slow cooling, and the curves
obtained are presented in Figure 3. The main
difference between Curve A of Figure 3 and
Curve A of Figure 2 is that the removal of
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F16. 3. DTA heating curves of milk fat from
which about 7% HMG was removed by solvent
crystallization.

A—rapidly cooled
B—slowly cooled

HMG has resulted in the disappearance of most
of the area between 30 and 40 C. This again
is confirmation of melting points determined
by conventional methods (1). Slow cooling of
the modified fat resulted in a DTA heating
curve (Figure 3B) with two well-separated
peaks, the first one at lower temperature, the
second one at slightly higher temperature than
the corresponding areas of the curve represent-
ing the unmodified fat (Curve B, Figure 2).

Further indication of the effect of glyceride
composition on the melting behavior of the fat
was obtained by randomization of the fat.
Interesterification with sodium methoxide leads
to a random rearrangement of fatty acids be-
tween glycerides. The rearranged milk fat was
rapidly cooled and the DTA curve obtained is
presented in Figure 4. This curve is strikingly
different from the one obtained with the un-
modified milk fat (Curve A, Figure 2). The
rearranged fat seems to consist of a lower-
melting fraction with a peak at about 10 C
and a higher-melting fraction with a peak at
37-40 C. The melting point of the rearranged
fat was increased to about 45 C. Slow cooling
of the rearranged milk fat led to a separation
of the first peak into two, with maxima be-
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F16. 4. DTA heating curves of randomized milk
fat.
A—rapidly cooled
B—slowly cooled
C—tempered for 1 hr at 25 C
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tween 0 and 5C and between 15 and 20 C
(Curve B, Figure 4). Tempering of this fat
for 1 hr at 25 C resulted in Curve C, Figure 4,
which is very similar to Curve B. All curves
of Figure 4 show similar patterns for the HMG
fraction. In the rearranged milk fat this HMG
fraction seems to be a well-defined glyceride
group separated by its melting point from the
other glyceride groups; thus, different thermal
treatments do not affect the melting properties
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Fi1e. 5. DTA cooling curves.
A—milk fat

B—milk fat from which about 7% HMG
was removed by solvent ecrystallization

(—randomized milk fat

of the HMG fraction, contrary to the pattern
of the unmodified fat.

DTA cooling curves were recorded with milk
fat, the same fat from which about 7% of the
HMG was removed, and rearranged milk fat
(Curves A, B, and C, Figure 5). The unmodi-
fied fat shows three ranges of erystallization;
the major erystallization occurred when the
temperature reached 5-0 C. Removal of the
HMG fraction led to a decrease in starting
temperature of crystallization and a flattening
off of the second erystallization area. Re-
arrangement of the fat resulted in a distinet
increase in the area of the curve, indicating a
greater amount of solid fat, which is in accord
with the dilatometric results of solid fat meas-
urements (5). The relationship of the area
under these DTA peaks to the amounts of melt-
ing or solidifying fat has not been established
as yet, and further work on this aspect of DTA
is in progress.

In commercial butter-making, conditions of
relatively slow and rapid cooling of the fat are
encountered in the econventional churning proc-
ess and the continuous butter-making method
(6). DTA curves of samples of churned and
continuously made butter are presented in Fig-
ure 6. As could be expected, the churned butter
curve consists of two peaks, whereas the curve
of the continuously made butter has only one
broad peak. This is further evidence for the
theory of mixed crystal formation explaining
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F1c. 6. DTA heating curves of butter.

A—conventional churned butter
B—continuously made butter
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differences in physical properties of these types
of butter, obtained on the butter itself rather
than on fat obtained from it.

(1)

(2)

(3)

(4
(5)

(6)

REFERENCES
DEMAN, J. M. Physical Properties of Milk
Fat. I. Influence of Chemical Modification.
J. Dairy Research, 28: 81. 1961.
DEMAN, J. M. Physical Properties of Milk

Fat. 1I. Some Factors Influencing Crys-
tallization. J. Dairy Research, 28:117.
1961.

DEMAN, J. M. The Rheological Behaviour of
Butter. Proe. XVIth Intern. Dairy Congr.,
Copenhagen, B:17. 1962.

DEMAN, J. M. Polymorphism in Milk Fat.
Dairy Seci. Abstr.,, 25: 219. 1963.

DEMAN, J. M. The Effect of Temperature
Treatment on Consistency and Crystal
Structure of Milk Fat. Proe. 1st Intern.
Congr. Food Sei. Technol., London, 1. 1963.
DEMAN, J. M., AxND Woop, F. W. Hardness
of Butter. I. Influence of Season and
Manufacturing Method. J. Dairy Sei., 41:
360. 1958.

(8)

(€)]

(10)

(11)

(12)

(13)

M. DEMAN

Hardness
of Setting.

DEMAN, J. M., AND Woop, F. W,
of Butter. II. Influence
J. Dairy Seci., 42:56. 1959.
HAIGHTON, A. J., AND HANNEWLIK, J. Dif-
ferential Thermal Analysis of Fats. I.
Principle, Apparatus, and Procedure. J. Am.
0Oil Chemists’ Soe., 35: 344. 1958.
JacoBsoN, G. A., TIEMSTRA, P. J., AND
PourE, W. D. The Differential Cooling
Curve. A Technique for Measuring Certain
Fat Characteristics. J. Am. Oil Chem. Soe.,
38:399. 1961.

Kauvrmanyx, H. P., AND SCHNURBUsCH, H.
Umesteringen auf dem Fettgebeit. IL. Die
Kalorimetrische-Thermo-Analyse. Fette u.
Seifen, 61: 177. 1959.

MuLper, H. Melting and Solidification of
Milk Fat. Netherlands Milk Dairy J., 7:
149. 1953.

Murrny, C. B. Differential Thermal Analy-
sis. Anal. Chem., 30: 867. 1958.

PEeRrRON, R., PETIT, J.,, AND PaQUOT, C. Ap-
plications de 1’Analyse Thermique Differen-
tielle a 1’Etude des Corps Gras. Rev. franc.
Corps Gras, 8: 559. 1961.



EFFECT OF FEEDING SAFFLOWER OIL ON THE FATTY ACID
COMPOSITION OF MILK 1 2
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Department of Animal Industries, University of Connecticut, Storrs

SUMMARY

Eight Guernsey and Jersey cows received, according to a three-period
switchback design: one of two rations, 159 added safflower oil or a con-
trol diet, with both rations equalized for energy and protein content. Yield
of milk, milk fat, and 4% FCM, as well as fat per cent, were all significantly
depressed (P < 0.01) by the oil. Similarly, decreases were noted in all satu-
rated fatty acids determined in the milk fat. In contrast, the content of
unsaturated fatty acids was approximately doubled, with oleie acid contributing
the major increase (19.29). The palmitoleic acid concentration in the milk fat
increased significantly, although this acid was absent in the safflower oil.
Linoleie acid, which contributed 819 of the fatty acids in the oil fed to the
cows, gave less increase. While the linolenic acid content was also elevated,

this was not statistically significant.

Dietary triglycerides are known to undergo
a number of changes in the rumen of cows.
Among these is the hydrogenation of unsatu-
rated fatty acids accompanied by the produc-
tion of geometric (trans) and positional isomers
(4, 9, 11, 13, 14). These alterations account
for the many 18 carbon unsaturated fatty acids
in ruminant milk fat and also partially explain
why the milk fat of ruminants may not re-
semble dietary fat. Hydrogenation is accom-
plished by the rumen microflora, particularly
the protozoa (5). Brown et al. (2) noted an
increase in the 18-earbon monoenoic (18:1)
and dienoic (18:2) content of milk fat when
cottonseed oil was fed at the rate of 69 of the
grain intake. A deerease in milk production
was also observed. Tove and Mochrie (15) ob-
served that, when ground soybeans were fed as
part of the concentrate ration, the content of
18:1 and 18:2 in the milk fat increased. How-
ever, the increase of 18:2 was slight. When
the rumen was by-passed by infusing a cotton-
seed oil emulsion into the jugular vein of cows,

Received for publication October 4, 1963.

1 Qeientifie contribution No. 52, Agricultural Ex-
periment Station, University of Connecticut, Storrs.
Supported in part by a Public Health Service Re-
search grant H-4914 from the National Heart
Institute.

2 Data taken from a thesis presented by R. M.
Parry, Jr. in partial fulfillment of the reqquire-
ments for the Master of Scienee degree, Univer-
sity of Connceticut, 1963.

3 Present address: Department of Dairy Secience,
University of Nebraska, Lincoln.

37

it was possible to increase enormously the 18:2
content of milk fat. The small increase in 18:0
content of milk fat, when soybean oil was fed,
was attributed to hydrogenation of unsaturated
fatty acids in the rumen.

The current interest in unsaturated dietary
fats for human consumption led us to attempt
to increase the 18:2 content of milk fat by
feeding relatively large quantities of linoleie
2eid in the form of safflower oil. The resulting
milk fat was analyzed by gas-liquid chromatog-
raphy (GLC) and the results are reported
herein.

EXPERIMENTAL PROCEDURE

Kight Guernsey and Jersey cows from the
University of Connecticut herd were divided
into two equal groups with respect to breed and,
insofar as possible, production level, but not
with respect to stage of lactation or age. The
cows were fed a basal ration consisting of 2 lb
of medium-quality chopped alfalfa-timothy hay
per 100 Ib of body weight and 1 1b of a com-
mercial grain mixture per 2 1b of 49, FCM.
The hay allowance was held constant, whereas
the grain allowance was based on the previous
seven-day 49 FCM yield. After 3 wk, safflower
oil* replaced 15% of the grain allowance in
one group of cows, with the amount of grain
decreased to a level providing the same energy
intake as hefore, and sovbean oil meal was
added in amounts sufficient to provide the same
protein content as before. After 5 wk, the ra-

* Prepressed Safflower Oil, Pacific Vegetable Oil
Corp., Richmond, California.
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tion for each group was reversed, and this was
repeated again in another 5 wk, thus complet-
ing a three-period switch-back design (1). The
first week of each period was allowed for ad-
justment of the cows to their respective ration,
and these data were not utilized. The fatty
acid composition of the safflower oil, determined
as deseribed below, was (wt 9% as methyl
ester): 16:0, 7.9; 18:0, 1.3; 18:1, 8.8; 18:2,
81.0; 18:3, 1.0.

Aliquots from pooled morning and evening
milkings from each cow were obtained every
seventh day. The fat content was determined
by the Babcock procedure. The remaining por-
tion of the sample was frozen and held at
—20 C. Fatty acid analysis was subsequently
accomplished by extraction of 25 ml of the
sample by the silica-gel procedure (6), con-
version of the fat to methyl and butyl esters
by acid-catalyzed transesterification, and the
component acids determined by GLC of the
esters (3).

RESULTS

The distributions of 13 of the fatty acids
present in the milk fat are presented in Table 1.
These figures represent the weight per cent of
the methyl esters according to dietary treat-
ment. The fatty acids referred to in Table 1
collectively as 15’s include three acids: myris-
toleic (14:1), pentadecanoic (15:0), and a
branched fifteen carbon acid (15:br) (3, 8),
which have similar retention times and eould
not be separated by the technique used. Penta-
decanoic acid and 15:br comprise the major
portion of this peak (8). The feeding of
safflower oil caused a highly significant (P <

R. M. PARRY, JR, J. SAMPUGNA, AND R. G. JENSEN

0.01) depression in the levels of all the satu-
rated fatty acid concentrations, except for 16:0,
which was significant only at P < 0.05. All of
the monounsaturated acids were consistently
increased (P < 0.01). The dienoic acid 18:2,
which comprised 81.09 of the fatty acids in
the safflower as fed to the cows, was inereased
relatively less than in the monoenoics. While
the change in the trienoic 18:3 was relatively
larger than for the dienoics, the response among
cows was less consistent, resulting in a nonsig-
nificant effect.

The changes that occurred with time in the
combined unsaturated fatty acids in the milk
throughout the feeding trial are depicted in
Figure 1. The effect of the oil ration upon the
milk fat was evident soon after safflower oil
was included in the diet.

The milk and fat produection statisties are
reported in Table 2. Feeding oil resulted in
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F1c. 1. Changes in total unsaturated fatty acid
content brought about by switch-back feeding
safflower oil to two groups of four cows.

Group x:—control-oil-econtrol

Group o:—oil-control-oil

TABLE 1

Treatment means

Confidence limits of
the difference

Treatment
difference

(oil-control)*

Acid Control 0Oil 95% 99
(wt Ye as methyl esters)

4:0 4.107 1.713 —2.394 *0.695 +1.053
6:0 2.506 0.844 —1.662 *0.213 *0.322
8:0 1.546 0.446 —1.100 +0.416 *0.630
10:0 2.935 0.991 —1.944 *0.448 *0.678
12:0 3.151 1.357 —1.795 +0.504 *0.764
14:0 10.801 5.757 —5.044 =0.025 =+0.038
157s 2.735 1.741 —0.994 *0.455 *0.689
16:0 25.989 20.327 —5.662" *0.514 +7.780
16:1 1.662 2.830 +1.168 *0.651 +0.986
18:0 13.661 11.805 —1.856 +1.179 *1.787
18:1 27.440 46.640 +19.200 £3.230 +4.890
18:2 1.942 2.867 +0.925" =*0.719 +1.090
18:3 1.126 2.858 +1.732°¢ £2.692 +4.078

» Significant at P < 0.05 level.
¢ Not significant.

" All differences, except where indicated, are significant at the P < 0.01 level.
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TABLE 2
Effect of safflower oil on milk and fat production

Treatment Confidence limits
Treatment means * difference of difference
Control 0il (oil-control) 95% 99%
Milk (1b per day) 20.081 17.169 —2.912 *+1.517 +2.300
Fat (%) 5.241 3.559 —1.682 +0.900 +1.364
Fat (1b per day) 0.970 0.508 —0.462 =+0.128 +0.193
4% FCM (1Ib per day) 23.28 15.50 —7.78 +2.090 +3.16

* All values are significant at the P < 0.01 level.

highly significant (P < 0.01) depression in
daily yield of both milk and fat.

DISCUSSION

Addition of 159, safflower oil to the ration
of a cow produced significant qualitative and
quantitative alterations of the milk fat. The
199% inerease in 18:1 concentration of the milk
fat can be attributed to the partial hydrogena-
tion of 18:2 in the rumen. No evidence of com-
plete hydrogenation was found in the present
experiment, in contrast to the findings of Tove
and Mochrie (15), who noted a large increase
in 18:0 when soybean oil was fed. This prob-
ably reflects differences in the quantities of fat
fed, since considerably more fat was fed in
the present study than in the investigation of
Tove and Moehrie. Thus, in the present ex-
periment the concentration of unsaturated oil
in the diet probably exceeded the reducing po-
tential of the rumen mieroflora (5). Whether
the rumen flora would eventually become
adapted to this change in environment is not
known.

The amounts of 16:0 and 18:0 were sig-
nificantly depressed during the 5-wk feeding
period. If complete saturation of 18:2 had
occurred, an increase in the amount of 18:0
would have probably been noted. Although
16:0 was significantly decreased, the presence
of approximately 8% of this acid in the oil
fed to the cows may have been responsible for
this smaller change which oceurred in the milk
fat.

The significant increase of the 16:1 concen-
tration (P < 0.01) as a result of the oil feed-
ing may be attributed to the partial hydroge-
nation and partial oxidation of the dietary 18:2.
There was apparently no 16:1 present in the
safflower oil. Evidence of the oxidation of 18
carbon acids to palmitic acid has been demon-
strated previously (7, 17); however, increases
of palmitoleic acid have not been reported.
Tove and Mochrie (15) noted little change in
the level of 16:1.

Maynard et al. (10) found a rapid rise in
unsaturated fatty acids of milk fat (as meas-

ured by iodine number) within 24 hr after
feeding a highly unsaturated oil to cows. Simi-
lar findings were apparent in the present ex-
periment. However, after the initial rise in
unsaturation, a gradual inerease in 18:1, with
a concomitant decrease in 18:2, occurred
throughout the 5-wk oil feeding period. Hil-
ditech (7) has stated that once the maximum
effects on the milk fat of feeding a given oil
have been reached, this level will be maintained.
Since this was based on determination of iodine
numbers alone, variations occurring among the
unsaturates were not determined. Brown et al.
(2) have reported significant increases in the
18:3 content of milk fat when 59 cottonseed
oil was fed to cows, although this acid was not
present in the cottonseed oil. A similar but not
statistically significant effect was noted in the
present experiment.

Cod liver oil has also been observed to de-
crease the fat content of milk (12). The de-
crease has been attributed to the degree of un-
saturation of the oil (mostly unsaturated C.,
and C.. fatty acids), since the fat-depressant
effect can bhe destroyed by hydrogenation of
the oil prior to feeding (4). Moore et al. (12)
did not observe a decrease in the fat content of
milk when cod liver oil was administered per
os in small amounts at frequent intervals.
Evidently, the concentration of the unsaturated
fatty acids in the rumen at any one time was
insufficient to produce the necessary changes
in rumen metabolism.

Since feeding 159, safflower oil caused such
large decreases in all production figures (Table
2), it does not appear likely that such a regimen
would be practical, despite any beneficial modi-
fication of the milk fat which might occur.
Nevertheless, it is possible to change milk fat
from a largely saturated to a largely unsatu-
rated fat, as was evident in Figure 1.
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EFFECT OF SOURCE OF NUTRIENTS AND NUTRITIONAL LEVEL OF
THE COW ON DEVELOPMENT OF HYDROLYTIC RANCIDITY
IN THE MILK?

R. Y. CANNON anp G. H. ROLLINS

Department of Dairy Science, Auburn University, Auburn, Alabama

SUMMARY

Long-term continuous and short-term change-over feeding trials were used
to determine the effects of the nutritional level of the cow and the inclusion of
green feed in the ration on the susceptibility of the milk to spontaneous and
agitation-induced lipolysis. In all trials, no effect of green feed or of nutri-
tional level was found. Rather, the susceptibility of the milk to both types of
lipolysis was a characteristic of the individual cow.

Cold milk, when aged, will show varying
degrees of milk fat hydrolysis. This has been
designated as spontaneous hydrolytic rancidity
(11). Lipolytic activity in milk ean be increased
by altering the substrate through such means
as shaking, agitation by air, temperature treat-
ment, and homogenization. Lipolysis resulting
from alteration of the substrate in milk has
been designated as induced lipolysis (10).

Several investigations have been made of the
effect of ration on the susceptibility of milk to
spontaneous and induced hydrolytic rancidity.
A decrease in the incidence of spontaneous
rancidity has been attributed to the inclusion
of green forage in the ration by some authors
(1, 5, 10). Speer et al. (9), however, could
not attribute any benefit to the inclusion of
pasture. Gilmore et al. (2) report that varia-
tions in the susceptibility of milk to indueed
rancidity are closely related to the type of
ration heing fed, although no other details are
given. On the other hand, no difference in the
development of induced rancidity in the milk
from cows on two different dry feeds (5), or
from cows on dry feed and pasture (5, 9) was
found.

In the studies ecited, cows were fed normal
herd rations that were probably nutritionally
adequate. No information was found concern-
ing the effect of feeding low-energy rations to
the cow on the development of spontaneous
and induced lipolysis in the milk.

The studies reported herein were designed
to evaluate the effects of nutritional level and
the inclusion of green feed in the ration on the

Received for publication October 16, 1963.
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development of spontaneous and agitation-in-
duced hydrolytic rancidity in the milk fat.

EXPERIMENTAL PROCEDURE

Three feeding trials were carried out during
the course of the study. Trials 1 and 2, of 7
and 9 wk duration, respectively, were designed
to determine long-time effects of the various
rations. In these trials, nine cows, balanced
as to stage of lactation, were randomly assigned
to three ration groups. The rations fed during
Trials 1 and 2 are given in Table 1. Hay and
silage ingredients were fed ad lib. No proxi-
mate analyses were made of these rations.
However, Rations 1 and 2 are representative
of rations ecommonly used in Alabama. Work
at this Station (4) has shown Coastal Bermuda-
grass hay to be of low nutritive quality. This,
with a low concentrate intake, would make Ra-
tion 3 a nutritionally inadequate one for lactat-
ing cows.

The short-time effects of nutritional level
and of green feed on spontaneous and agitation-
induced lipolysis of milk were studied in Trial
3. Six cows were assigned randomly to six
rations according to a 6 X 6 Latin-square de-
sign. Rations were calculated using Morrison’s
standards (7) to supply 80, 100, and 1209 of
the recommended allowance of nutrients of each
cow, based on body weight and milk production
at the beginning of the experiment. The ra-
tions consisted of a grain concentrate, alfalfa
hay, and corn silage, with and without green
chopped alfalfa at each nutritional level. The
cows were multiparous grade Holsteins, were
30 to 60 days post-partum, and were producing
50 to 60 1b of milk daily at the start of the
experiment. Kach cow was fed a different ra-
tion during each of the six ten-day periods
(six days standardization and four days test).
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TABLE 1
Ration ingredients used in feeding Trials 1 and 2
Concentrate
Ration Trial Pasture Hay Silage  (16% protein)
1 1 2 hr/day on rye, wheat or fescue Alfalfa Millet 11b/3 1b milk
2 Cont. on CBG," fescue, and millet 11b/3 1b milk
1 Alfalfa Millet 11b/3 1b milk
2 2 Alfalfa Alfalfa 11b/3 1b milk
or
CBG*
3 1 CBG* 11b/day
2 CBG* 11b/day

* Coastal Bermudagrass.

Intake of each ration component was measured
and proximate analyses were done on a com-
posite sample for each period. Because of
variability in consumption and change in milk
production of the cows, the TDN intake of
the animals varied from the original caleculated
value. The extent of variation is given in
Table 2.

Milk samples were taken from well-mixed
milk in the weigh pail at the time of milking.
One aliquot in a 50-ml screw cap tube was
cooled immediately to 4 C in ice water and
incubated for determination of spontaneous
lipolysis. A second aliquot was agitated in a
Waring Blendor under standard conditions,
then transferred to a secrew-cap tube, cooled to
4 C, and held for 24 hr for determination of
agitation-induced lipolysis. At the end of the
incubation period, all samples were heated in
a water bath to 63 C for 15 min to stop further
lipolytic activity. A third aliquot of each sam-
ple was analyzed for milk fat by the Babcock
test and the specific gravity was determined
using a Westphal balance. These values were
used in calculation of acid degree values
(ADV) 2

Conditions of agitation and incubation for
the various trials are shown in Table 3. Be-

2 Acid degree value equals ml of 1 N KOH re-
quired to neutralize the free fatty acids in 100 g
of fat.

cause of the variable conditions used, absolute
values from the different trials are not com-
parable.

ADV'’s were determined on each sample, using
the silica gel method of Harper et al. (3).

Samples were taken weekly at a pyM milking
during Trials 1 and 2. During Trial 3, samples
were taken on alternate days from the am and
pM milking.

RESULTS AND DISCUSSION
The average ADV’s of milk from individual
cows by ration during the preliminary period
of Trials 1 and 2 are presented in Table 4.

TABLE 3
Agitation and incubation conditions in the
determination of spontaneous and
agitation-induced lipolysis

Spon-
taneous Induced
Incu- Incu-
bation Agita- bation
Trial at4C tion * at4C
(hr) (sec) (hr)
1 24 10 24
2 48 2 24
3 72 30° 24
2150 ml of sample agitated in a Waring Blendor
jar.

® Speed of the Blendor was reduced by using a
setting of 35 on a Powerstat type 116 variable
transformer.

TABLE 2

Actual total digestible nutrient intake of cows on various rations as compared to calculated
estimates (Trial 3)

‘Without green
chopped alfalfa

With green
chopped alfalfa

Calculated
TDN * Avg Range Avg Range
(%)
80 81.5 74.5— 88.0 85.3 75.0— 94.0
100 105.5 87.0-119.0 103.4 90.5-129.0
120 116.1 103.5-133.0 127.4 102.5-165.0

8 TDN intake expressed as per cent of recommended allowance based on body weight

and milk production.
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TABLE 4
Average acid degree values of fat from milk of individual cows during preliminary periods
of Trials 1 and 2
Trial 1 Trial 2
Ration Cow Spontaneous Induced Spontaneous Induced
) 1 0.914 9.979 0.233 7.774
1 2 0.905 12.876 0.043 3.406
3 0.000 7.319 0.083 1.593
Mean 0.606 10.058 0.120 4.258
1 0.555 6.383 0.000 3.355
2 2 0.076 9.424 0.000 3.164
3 0.540 10.984 0.057 8.714
Mean 0.390 8.930 0.019 5.078
1 1.453 12.659 0.100 3.664
3 2 0.757 11.731 0.281 4.709
3 0.610 10.435 0.045 5.094
Mean 0.940 11.607 0.142 4.489
Because of the large variation in ADV’s among ozl T ]
the individual cows, ADV’s during the experi- S -
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F16. 2. Acid degree values (adjusted by covari-
ance) of fat from milk of cows fed various rations
resulting from spontaneous and agitation-induced
lipolysis (Trial 2). (LSD, P =0.05; spontaneous—
0.687; agitation-induced—1.704).

period (8). Adjusted ADV’s resulting from
spontaneous lipolysis and agitation-induced
lipolysis are shown in Figures 1 and 2. Differ-
ences in ADV’s resulting from the various ra-
tions were not significant (P > 0.05) for either
spontaneous or agitation-induced lipolysis. The
ADV’s resulting from spontaneous lipolysis of
the milk fat from cows fed low nutritive ration
(Ration 3) were higher (P = 0.076) than the
others in Trial 1, but in Trial 2 there was no
difference (P > 0.25).

For Trial 3, the average ADV’s of the milk
fat resulting from spontaneous and agitation
induced-lipolysis are given in Table 5. The
differences in ADV resulting from wvariation
in TDXN intake level and from feeding of green-
chopped alfalfa are not significant (P > 0.05).

Several investigators (1, 5, 10) have reported
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TABLE 5

Acid degree values of fat from milk of individual cows resulting from spontancous and
agitation-induced lipolysis as affected by total digestible nutrient level * and green feed

Acid degree values ”

Agitation-induced

Spontaneous
Calceulated TDN levels Caleulated TDN levels

Cow For- - (ow — = = Cow
no. age © 80% 1009%  120%  mean 80% 1009 120% nean

1 1 0.30 0.56 0.62 . 10.42 11.11 9.20
P 0.65 047 076 P8 J950 1150 1004 1041
2 1 0.35 0.28 0.81 0.99 8.85 8.50 9.91 ——
2 0.29 0.18 0.41 8.09 6.44 1.80 By

3 1 0.59 0.21 0.47 : 9.33 12.15 8.74
2 058 045 029 039 8.60 7.36 8.65 9.14
4 1 0.64 0.84 0.39 B 9.24 6.62 7.49 5
2 0.69 0.11 0.26 = 8.84 8.12 6.60 €208
5 1 0.23 0.53 0.19 G50 7.56 8.92 5.01 3,55

2 0.16 0.26 0.29 = 10.98 9.95 9.15 =9

6 1 0.76 0.43 0.39 12.47 12.63 11.96
2 015 089 o064 O 8.97 670 1330 1102
Mean 1 0.45 0.47 0.48 0.47 9.64 9.99 8.72 9.45
2 0.42 0.33 0.46 0.40 9.28 8.36 8.75 8.80

TDN Mean 0.44 0.40 0.47 9.46 9.18 8.74

*TDN level expressed as per cent of recommended allowance based on body weight and

milk production.
*QX:
¢ Forage 1

a decrease in the incidence of spontaneous
lipolysis resulting from the inclusion of green
forage in the ration. In the trials reported
here, all of the animals used showed a low rate
of spontaneous lipolysis. These results indicate
that the omission of green feed from the ration
does not result in an increased incidence of
spontaneous lipolysis. At the same time, they
do not disprove the hypothesis that green for-
age may he heneficial in reducing high levels of
spontaneous lipolysis. The lack of effect of
green forage in the ration on the level of in-
duced lipolysis in the milk fat is in agreement
with the findings of others (5, 9).

Results of these trials indicate that there is
no relationship between nutritive level of the
cow and suseceptibility of the milk to spon-
taneous or agitation-induced lipolysis.

As has been reported (1, 5, 6, 12), the milk
from individual cows varied considerably in
susceptibility to both spontaneous and agita-
tion-induced lipolysis. The ADV’s for indi-
vidual cows on the various rations in Trial 3
are shown in Table 5. As can be seen from
these data, the rations had less effect on the
extent of lipolysis than did the individuality
of the cow. Variations among the individuals
within groups were greater than the variations
among groups at different feeding levels.

Results of these trials show that under the
feeding regimes studied neither the inclusion
of green feed nor the nutritional level at which

Spontancous = 0.148; agitation-induced = 1.387.
without green chopped alfalfa. Forage 2—with green chopped alfalfa.

the cow is fed affects the susceptibility of the
milk to spontaneous or agitation-induced lipoly-
sis. Rather, the susceptibility of the milk to
both types of lipolysis was a characteristic of
the individual cow.
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COMPARISON OF FATTY ACIDS FROM LIPID CLASSES OF SERUM

LIPOPROTEINS AND OTHER LIPIDS IN THE BISON * 2

LAURA EVANS
Department of Dairy Husbandry, University of Minnesota, St. Paul

SUMMARY

High- (D > 1.063) and low-density (D < 1.063) lipoproteins, comprised
64 and 369, respectively, of bison serum total lipids. Protein-hound non-
esterified fatty acids accounted for less than 19. High-density lipoproteins
(HDL) contained comparatively greater concentrations of sterol esters, non-
esterified fatty acids, and phospholipids. Liver lipids showed 539, triglycerides
and 379 phospholipids. Rumen content lipids contained 4, 16, 17, 22, and
33%, respectively, of monoglycerides, triglycerides, sterols, phospholipids, and
nonesterified fatty acids. Lipids in abomasal fluid showed 29, monoglycerides,
509 phospholipids, and 129, nonesterified fatty acids. HDL lipid classes re-
sembled those of the low-density lipoproteins (LDL) in fatty acid composition,
but triglycerides were more saturated and sterol esters more unsaturated in the
latter. Oleate was the predominant unsaturated fatty acid in most of the lipid
classes. Glycerides of whole serum and HDL; nonesterified fatty acids of whole
serum, HDL, and LDL; and diglycerides of liver tissue were similar in fatty
acid composition to the long-chain fatty acids of bison milk fat. Similarity to
other ruminant species was noted in the fatty acid composition of rumen content
total lipids, liver tissue lipid classes, and milk fat. However, fatty acid pat-

terning of HDL and LDL lipid classes was species-specific.

Arterio-venous differences (25), transfer
quotients (24), and absorption results during
udder perfusion (11) have called attention to
the utilization of blood lipids in ruminant milk
fat synthesis. Triglycerides, phospholipids,
cholesterol esters, and protein-bound nonesteri-
fied fatty acids have at one time or another
been implicated as the major blood source of
milk fatty acids (24). Separability of bovine
serum lipids into two distinet lipoprotein groups
suggested another frame of reference from
which to interpret lipid utilization by the mam-
mary gland (1, 3). In vitro lipid incorporation
and exchange dynamies of the high-density
lipoproteins (HDL) were suggestive of an
endogenous transport function (1). This idea
was reinforced by isotopie transfer from tri-
palmitin-1-C**-labeled serum low-density lipo-
proteins (LDL) to the HDL during a 2-hr goat
liver perfusion (4). Isotopic transfer from a
tritiated triglyceride in the rumen to milk fat
within 4 hr led to further speculation of a
labile lipoprotein carrier of uncertain compo-
sition (7).
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The extramammary source(s) of milk long-
chain fatty acids is still an uncertainty. Inde-
pendent analyses of serum lipoproteins and
other body lipids in various ruminants have not
yet been correlated with mammary funetion in
the same species to yield an integrative and
meaningful whole. This paper attempts to
emphasize such integration by analyzing simi-
lar products of intermediary metaholism in
blood, body, and milk of the hison, and corre-
lating intra- and inter-species similarities and
differences. Lipids of whole serum, HDL, LDL,
protein-bound nonesterified fatty acids, blood
cells, liver tissue, rumen contents, abomasal
fluid, and milk have been analyzed with regard
to lipid class weights, distribution, and fatty
acid composition. It is hoped that, by track-
ing down such variables, a more comprehensive
estimation of milk fat precursors may be en-
abled within a context of ruminant lipid me-
tabolism.

METHODS

Blood was ohtained by jugular venipuncture
from two unanesthetized healthy bison heifers
(Bison bison). They were on a diet of timothy
hay ad lib., supplemented at 6 pm daily with
approximately 1 1b of oats and a vitamin mix-
ture. The hlood was allowed to clot for 30 min
at 10 C, then serum and blood cells were sepa-
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rated by centrifugation at 550 X ¢ for 30 min.
Serum lipoprotein fractions of high- (D >
1.063) and low-density (D < 1.063) were iso-
lated by differential ultracentrifugation in a
40.3 rotor, according to techniques deseribed
earlier (1). The serum was adjusted to a sol-
vent density of 1.063 g/ml and spun at 105,000
X g for 16 hr. This allowed the low-density
lipoproteins (LDL) to rise to the top of the
ultracentrifuge tubes and be removed with a
syringe and 20-gauge needle. The infranate
was then changed to a solvent density of 1.21
g/ml and ultracentrifuged once again under
the initial conditions. Lipoproteins of high-
density (HDL) were subsequently recovered
from the top of the tubes and the serum protein
residue was obtained as a pellet at the bottom.
Effectiveness of separation hetween the two
major lipoprotein fractions was checked by
horizontal paper electrophoresis (1).

Total lipids were extracted from whole se-
rum, HDL, LDL, and lysed, homogenized blood
cells (erythrocytic and leucocytic components)
trom both of the bison. Total lipids were also
extracted from 200 g of combined aliquots of
wet liver tissue, 350 ml of rumen contents, and
100 ml of abomasal fluid, all of which were oh-
tained from the second test animal in the morn-
ing within 10 min following a lethal dose of
sodium pentobarbital. All extractions were
carried out at room temperature in a Waring
Blendor at medium speed. (The blendor was
washed thoroughly between samples.) Kthanol,
ethyl ether, and petroleum ether (1:5:5 by
volume) were added consecutively, spinning
between additions for 30 sec. The cumulative
H.O-ethanolic-ethereal extract was decanted
and filtered. Extraction procedures were re-
peated three times, combining the final ex-
tracts and adding excess anhydrous sodium
sulfate and sodium chloride. Following over-
night refrigeration at 10 C, the dehydrated ex-
tracts were filtered and evaporated to just dry-
ness on a steam bath under O.P. nitrogen. If
water or other impurities persisted, the ex-
tracts were washed with 0.59% saline, then re-
extracted with ethyl and petroleum ether (1:5),
refrigerated overnight with excess anhydrous
sodium sulfate, filtered, and evaporated. This
process seldom had to be repeated a third time.

Heat and acidification were avoided during
the extraction processes, in an effort to mini-
mize possible hydrolysis, trans-esterification, or
oxidation of the lipids. Following solvent re-
moval, total lipids were weighed and subjected
to silicie acid column chromatography to isolate
the major lipid classes (9, 17). Hydrocarbons,
sterol esters, triglycerides, and mnonesterified
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fatty acids, sterols, diglycerides, monoglycer-
ides, and phospholipids were eluted, respee-
tively, with petroleum ether 1009 ; ethyl ether
in petroleum ether 1, 4, and 8, 15, 30%; ethyl
ether, 1009%; and methanol, 1009. Elution
patterns were carefully followed, evaporating
each 50-ml eluate immediately on a steam bath
under O.P. nitrogen. Each lipid class was al-
lowed to elute beyond the emergence of its
unsaturated components before increasing the
polarity of the eluant, with the exception of
the triglycerides. To save time, and avoid the
use of considerable quantities of 49, ethyl ether
in petrolemm ether, the saturated nonesterified
fatty acids were allowed to elute with the un-
saturated triglycerides. Later, both classes were
completely combined, then completely separated
on MeCarthy and Duthie columns (17). Infra-
red spectra of all lipid classes were used to
confirm the identifications made on the basis
of chromatographie elution patterns.

Following gravimetric analysis, lipid classes,
other than hydrocarbons and sterols, were trans-
methylated to convert their constituent fatty
acids to methyl esters. This was accomplished
by gently refluxing the lipids with 19, H.SO,
in methanol for 2 hr on a steam bath. To
accommodate small sample size, the process was
carried out in a 15- by 150-mm test tube with
an inserted 40- by 80-mm glass funnel, con-
taining a marble, acting as condenser for vola-
tiles.

Methyl esters were identified by gas chro-
matography, using a Beckman GC-2A instru-
ment. The coiled aluminum chromatography
column was 10 ft long, with 14-in. diameter,
and contained 179 ethylene glycol succinate
polyester coated on Gas-Chrom P, 80-100 mesh.
The column temperature was 190 C, carrier gas
was helium at an inlet pressure of 30 psi, and
the detector cell current was 250 ma. Instru-
ment standardizations were run with National
Institutes of Health reference methyl ester
mixtures of ecaprylate through stearate and
palmitoleate through linolenate. Peak area per-
centages, calculated by triangulation, coinecided
with weight composition percentages within
19%. Duplicate runs showed a measurement
error within 19. However, reference esters
butyrate and caproate, when included with the
longer-chain methyl ester standards, required
correction factors.

To facilitate certain inter-species lipid com-
parisons, two corollary studies were run. One
examined the fatty acid composition of milk
fat from an American bison and an Indian
water buffalo. The bison milk fat, extracted
(chloroform :methanol, 1:1) from ecream fol-
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lowing oxytocin administration, had heen imme-
diately sealed in a glass ampule. The water
buffalo sample consisted of lyophilized whole
milk. Both samples had been maintained in a
deep freeze at —17 C sinee March, 1960, but
showed no visual or olfactory evidence of oxi-
dation. Total lipids were extracted from the
water buffalo milk according to the technique
described above. Infrared analysis of the two
fat samples revealed triglyceride speetra with
slight transisomerization. Conversion of con-
stituent fatty acids to methyl esters and their
identification by gas chromatography were car-
ried out as described ahove.

The second corollary study determined the
fatty acid composition of total lipids in rumen
contents from a lactating goat, Jersey female
yearling, and a Holstein steer yearling. The
animals had heen fed hay ad lib. and a concen-
trate mixture at 7 Am and 4 pm daily. Rumen
content aliquots were removed through a fistula
at 5-hr intervals from 8 Am to 12 MIDNIGHT.
Infrared analysis of the fat, extracted as de-
seribed above, indicated mixed lipids and non-
esterified fatty acids, with some hydroxyl band-
ing in each case.

LAURA EVANS

RESULTS

Lipid elass representation in whole serum
and blood cells was similar to that observed in
cow, goat, and human blood (3, 4, 19) (Table
1). HDIL contained 649, of the serum total
lipids, as contrasted with 94 and 519, respee-
tively, in the cow and goat (3, 4). Weights of
total lipids and lipid classes of the various
blood components were very similar to those
reported in the goat (4), with the one excep-
tion that bison HDL carry a greater absolute
amount of phospholipid and, consequently, a
heavier total lipid load. Protein-bound non-
esterified fatty acids were present in trace
amounts of less than 1¢.

Liver tissue lipids were predominantly tri-
glyceride and phospholipid. Goat and mouse
studies have shown a similar distribution (4,
18).

Rumen contents and abomasal fluid, extracted
immediately after collection, showed a small
but significant proportion of monoglycerides.
The absence of monoglycerides reported in
sheep rumen contents (6), as well as the higher
perecentage (509) of nonesterified fatty acids
recovered (5), may he due to differences in

TABLE 1

Gravimetrie analysis® of the lipid elasses® from serum lipoproteins

and other lipids in the bison

Ru-
Ser : soteiiis men  Abo-
Lipid Whole BEADIT O EOUE = Liver con- masal
class serum D> 1.063 D < 1.063  Blood cells tissue ¢ tents °fluid ©
(wt) () (wt) (%) (wt) (%) (wt) (%) (wt) (e) (%) (%)
Bison 1
HC 5.0 3 3.2 3 3.3 5 8.4 3
SE 68 45 47 48 25 40 12 5
TG 27 18 13 13 13 21 10 4
NEFA 3.6 2 3.1 3 0.1 0.2 2.4 1
S 12 8 7.8 8 81 13 77 31
DG 2.3 2 1.8 2 1.1 2 6.9 3
MG 2.4 2 1.6 1 1.8 3 4.0 2
PL 30 20 21 22 10 16 127 51
Total 150 99 62 248
Bison 2
HC 2.6 2 3.8 4 1 2 3.2 1 13 0.3 2 3
SE 62 50 59 57 19 38 6.3 3 85 2 6 4
TG 21 17 11 11 15 29 6.0 3 2,726 53 16 16
NEFA 3.7 3 2.7 3 0.6 1 . . 109 2 33 12
S 9.3 8 8.4 8 3.3 T 69 30 202 4 17 13
DG 3.0 2 2.2 2 1.2 2 0.6 0.3 62 1 s s
MG 2.9 2 1.8 2 17 3 1.9 0.8 41 0.8 4 2
PL 20 16 14 14 8.9 18 142 62 1,909 37 22 50
Total 125 103 51 22 5,147

® Expressed as milligrams per 100 ml of serum or packed blood cells, milligrams per 100 g
wet liver tissue, and per cent of rumen and abomasal lipids (391 and 327 mg/100 ml,

l'espehc.tively) .

HC = hydrocarbon, SE = sterol ester, TG = triglyceride, NEFA = nonesterified fatty aeid,
S = sterol, DG = diglyceride, MG = monoglyceride, PL = phospholipid.
¢ Samples of liver, rumen contents, and abomasal fluid were obtained only from the seeond

test animal.
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species, time interval between sample collection
and extraction, extraction procedures, or han-
dling of Hirsch and Ahrens columns.

Although well-represented in rumen content
lipids, phospholipids were especially prominent
in abomasal fluid. On the other hand, total
lipids and nonesterified fatty acids showed abo-
masal decreases. Absorption of tripalmitin and
palmitic acid by the isolated goat rumen has
bheen reported by McCarthy (16).

To expedite intra- and inter-species compari-
sons, the fatty acid composition of total lipids
from various parts of the bison is presented
in Table 2. Similarities in fatty acid pattern-
ing were seen hetween whole serum and liver
tissue, and between HDL and serum protein.
The latter pair was the least saturated. Oleate
was the predominant unsaturated fatty acid
throughout the total lipids. Similar oleate
prominence has heen observed in the goat (4).
In the cow, however, linoleate has been reported
to be the major blood unsaturate. The fatty
acid composition of total lipids from bovine
lipoproteins, serum, and blood cells differed
considerably from that of the bison (3).
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The preponderance of stearate present in
rumen content total lipids was not manifested
in blood components or liver tissue. Its pres-
ence in the rumen, however, appears to be inde-
pendent of time after eating and of ruminant
species (Table 3). Intramucosal resynthesis
of lipids has been demonstrated along the ali-
mentary tract of the rat (12). Dehydrogena-
tion, especially to the extent of one double
bond, has been demonstrated in human liver
(23).

Abomasal fluid showed a comparative de-
crease in stearate and a proportional increase
in palmitate (Table 2). The possibility of
palmitic acid formation from stearie acid has
been suggested by Garton et al. on the basis
of in vitro incubations of sheep rumen contents
with various triglycerides (6).

Whole serum, HDL, LDL, and blood cells
were grossly similar with regard to the fatty
acid composition of the lipid classes (Table 4).
However, differences could be distinguished he-
tween whole serum and HDL, on the one hand,
and LDL and blood cells on the other. In whole
serum and HDL, the sterol esters were com-

TABLE 2
Fatty acid composition * of total lipids from various sources in the bison
Serum

lipoproteins . Abo-
Fatty Whole ————— — — Blood Serum ” Liver Rumen masal
acid serum D > 1.063 D < 1.063 cells protein tissue contents fluid
14:0 2 3 3 3 3 2 2
16:0 37 35 46 35 31 22 38
160 1 2 2 " 2 s 5
18:0 24 15 27 39 11 23 68 48
18:1 22 24 18 40 23 32 6 10
18:2 9 13 3 2 18 7 3 2
18:3 5 9 3 10 4 o

* Expressed as weight per cent of the total major fatty acids.
concentration less than 1% have been omitted.

except in the case of liver, rumen contents,
from the second bison.

Fatty acids present in
Values represent the mean of two test animals
and abomasal fluid. These were obtained only

® Ultracentrifugal protein residue is associated with a small amount of nonesterified fatty

acid.
TABLE 3
Fatty acid composition * of total lipids from rumen fluid sampled over time
Fatty Lactating Jersey female Holstein steer
acid goat vearling yearling
8 1 6 12 8 1 6 12 8 1 6 12
AM PM PM MID- AM PM PM MID- AM PM PM MID-
NIGHT NIGHT NIGHT
14:0 6 7 6 2 9 : 2 4 3 -+ 3 1
16:0 26 26 a7 26 25 24 24 23 26 26 23 26
18:0 51 54 42 58 55 66 55 62 67 61 60 63
18:1 8 10 16 11 6 4 10 9 4 9 12 8
18:2 9 3 9 3 5 3 9 2 = 5 2 2

® Expressed as weight per cent of the total long-chain

fatty acids. Fatty acids present in

concentration less than 19 have been omitted.
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TABLE 4

1

Fatty acid composition *

of the lipid c¢lasses ” from whole serum, serum lipoproteins, and blood

cells in the bison

Bison 1 Bison 2
Fatty
acid SE TG NEFA DG MG PL SE TG NEFA DG MG PL
Whole serum
14:0 1 2 1 3 3 1 5 4 2 3
16:0 17 49 39 44 31 23 16 44 40 38 39 21
16:1 6 4 . 5 23 ; 6 . 4 5 2
18:0 21 11 13 17 18 40 19 10 11 19 21 39
18:1 20 28 39 25 20 25 23 29 36 29 27 27
18:2 25 5 7 5 4 9 28 10 8 8 5 9
18:3 10 1 1 1 1 3 7 2 1 2
High-density lipoproteins (D > 1.063)
14:0 1 4 g 2 ; 3 % 1 6 2 3 3 1
16:0 18 48 33 42 39 23 17 48 30 47 49 28
16:1 5 2 3 s ; : .
18:0 4] 5 16 17 19 47 24 3 19 15 19 53
18:1 23 32 38 30 30 21 24 29 37 29 24 16
18:2 19 9 8 7 12 7 25 11 10 6 5 2
18:3 7 2 3 o 2 6 3 2
Low-density lipoproteins (D < 1.063)
14:0 2 5] 3 2 3 2 1 7 8 4 3
16:0 18 43 39 41 33 24 16 9 42 34 30 16
16:1 8 4 1 21 1 7 2 s 4 6 2
18:0 12 25 14 36 24 38 19 26 11 36 39 34
18:1 19 19 36 13 15 24 20 20 32 20 23 28
18:2 30 4 8 7 4 9 28 6 7 2 16
18:3 11 . 2 9 4
Blood cells

14:0 4 6 5 6 7 . 2 3 6 5 4
16:0 19 44 30 42 46 8 14 43 25 38 39 9
16:1 10 6 3 2 7 1 2 1 3 1
18:0 3 21 24 23 32 29 21 24 32 27 28 28
18:1 18 25 33 20 15 46 30 27 26 26 26 47
18:2 34 4 2 6 12 16 2 9 3 12

3 12 3 10 3

18:

" Expressed as weight per cent of the total major fatty acids.

concentration less than 19 have been omitted.

"SE =
MG = monoglyceride, PL = phospholipid.

paratively more saturated, containing greater
proportions of stearate and less linoleate. Glye-
erides were much less saturated, due primarily
to lower stearate levels.

LDL monoglycerides contained an unusually
large proportion of palmitoleate. Monoglycer-
ides and phospholipids of the blood cells dif-
fered markedly from those of the other blood
components in degree of saturation.

In the cow, HDL were exceedingly unsatu-
rated due to the predominance of linoleate in
the sterol esters (3). Phospholipid fatty acid
distribution was similar to that of the bison,
except that linoleate rather than oleate was the
major unsaturate. The LDL lipid classes, ex-
cept phospholipids, showed a great degree of
saturation. Although triglycerides in both lipo-
protein groups were essentially identical in

Fatty acids present in

sterol ester, TG = triglyceride, NEFA = nonesterified fatty acid, DG = diglyceride,

fatty acid composition, the LDL triglycerides
tended to be more saturated.

Lipid classes between HDL and LDL in the
goat showed much similarity in fatty acid
composition (4). Triglycerides, however, were
considerably more saturated in the LDL. Oleate
was the major unsaturated fatty acid. In the
bison, cow, and goat, triglycerides of the LDL
tended to be more saturated and contained more
stearate than those of the HDL (3, 4).

In liver tissue and abomasal fluid, sterol
esters were similar in fatty acid composition
(Table 5). They showed a much greater degree
of saturation than the sterol esters of the blood
components, but were less saturated than those
of rumen contents. Liver tissue glycerides re-
sembled those of the HDL; phospholipid fatty
acids were similar to those of whole serum,
HDL, and LDL. Fatty acid patterning in all



TABLE 5

Fatty acid composition * of the lipid classes® from liver tissue, rumen contents, and abomasal fluid in the bison
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Fatty acids present in concentration less than 19, have been ommitted.

® HC = hydroearbon, SE =sterol ester, TG = triglyceride, NEFA = nonesterified fatty acid, S =sterol, DG

phospholipid. Diglycerides were not observed in rumen contents or abomasal fluid.

" Expressed as weight per cent of the total major fatty acids.

diglyceride, MG = monoglyceride, PL

of the liver lipid classes was consonant with
that seen in the goat (4).

Sterol esters and nonesterified fatty acids of
rumen contents showed the palmitate-stearate,
high-saturation doublet demonstrated routinely
in rumen content total lipids (Tables 3 and 5).
Triglycerides, monoglycerides, and phospho-
lipids, however, were comparatively unsaturated.

In abomasal fluid, a saturation shift evinced
increased proportions of oleate and linoleate in
sterol esters and nonesterified fatty acids, de-
creased linoleate in the other lipid -classes.
Fatty acid patterning of the phospholipids
was similar to that of the LDL triglycerides.
An alimentary source of bovine LDL has been
suggested (1).

The milk fat from bison and Indian water
buffalo was very similar in fatty acid compo-
sition (Table 6). Very little linoleate or lino-
lenate, short-chain fatty acids, and the charac-
teristic stearate:oleate ratio were in evidence.
The low butyrate value in bison milk fat was
thought due to loss during a lengthy storage
period undergone by the original sample main-
tained in fat form. Aside from this butyrate
value, the general fatty acid composition of
both bison and water buffalo milk fat was very
similar to that reported by other investigators
for the cow, goat, sheep, and water buffalo (10,
22).

DISCUSSION

Various rationales may be used in account-
ing for the inter-species similarity in ruminant
milk fatty acid composition. As in most bio-
logical systems, the final explanation will prob-
ably be multidimensional. However, at present
it may be fruitful to interpret lipid utilization
in the mammary gland from two points of view.

One view sees the mammary gland as a fune-
tionally autonomous fat-synthesizing system.
In it a genetically selective absorption combines
with in situ alteration to determine (within
wide limits) the composition of milk fat. This
view has been recently emphasized by intra-
cisternal infusion studies of the mammary
gland. These showed in situ glycerol synthesis
(14) and fatty acid esterification into milk
lipid classes (13, 15, 20, 21). Two enzyme
systems, one synthesizing long- and short-chain
fatty acids, and the other long-chain fatty acids,
have further been described in microsomal and
supernatant mammary cell fractions (8). Such
systems may explain the seeming diserepancy
between infusion esterification and the natu-
rally occurring lack of esterification of the
short-chain fatty acids into milk cholesterol
esters and phospholipids.

A second point of view emphasizes mammary
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TABLE 6

Fatty acid composition * of milk fat from the
bison and Indian water buffalo

Fatty Bison Bubalus
acid bison bubalus
4:0 0.6° 2.1
6:0 1.6 3.0
8:0 1.6 1.3
10:0 3.6 2.3
12:0 3.9 3.3
14:0 10.5 13.2
16:0 35.0 36.7
16:1 1.1 0.9
18:0 13.6 13.2
18:1 26.6 21.9
18:2 1.1 1.0
18:3 0.8 1.1

* Expressed as weight per cent of the major
fatty acids. Fatty acids present in concentrations
of less than 0.59% have been omitted.

® Deep-freeze storage of the bison milk fat since
1960 may account for the low butyric acid value.

utilization of preformed milk fat preeursors
from the blood (11, 24, 25). It equates the
long-chain fatty acid composition of ruminant
milk fat with that of an extramammary lipid
of low concentration, complex association, and
rapid turnover. The present paper has at-
tempted to empirically characterize such a
hypothetical construet on the basis of intra-
and inter-species lipid comparisons. Although
no lipid component can be ruled out as a pos-
sible contributor to milk fat, certain ones in
the bison showed a palmitate:oleate:stearate
ratio closely resembling that of milk fat. These
included the glycerides from whole serum and
HDL; nonesterified fatty acids from whole
serum, HDL, and LDL; and the diglycerides
from liver tissue. However, fatty acid com-
parisons of lipids from the bison, Indian water
buffalo, goat, and cow revealed inter-species
similarities only in rumen content total lipids,
liver tissue lipid classes, and milk fat. The
major serum lipoproteins of the bison, cow, and
goat appeared to be species-specific.

To account, then, for the similarity seen in
ruminant milk fat composition, one may be led
to a further delineation of the original bi-
furcated hypothesis. There may exist: 1) a
preformed milk fat precursor in blood even
smaller than that carried by the HDL, LDL,
blood cells, and protein or 2) a dynamie lipid
conversion capability In  mammary tissue.

Because correlative studies can point out con-
tent similarities but only guess at process rela-
tionships, a more definitive evaluation of lipo-
protein triglycerides and nonesterified fatty
acids, as milk fat precursors, is at present
heing carried out via organ perfusion techniques.
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REGULATION OF FEED INTAKE IN DAIRY COWS.

IMPORTANCE OF PHYSICAL AND PHYSIOLOGICAL FACTORS
WITH INCREASING DIGESTIBILITY !

H. R. CONRAD, A. D. PRATT, anp J. W. HIBBS
Department of Dairy Science, Ohio Agricultural Experiment Station, Wooster

SUMMARY

Voluntary dry feed intake and dry matter digestibility were determined in
114 trials with lactating dairy cows. The rations ranged between 52 and 809
in digestibility and cow weights ranged between 625 and 1,457 1b. In a multiple
regression analysis digestibility (D), fecal dry matter per 1,000 1b body weight
per day (F) and body weight (W) accounted for the variation in feed intake
between 52 and 669 digestibility, provided the rations were mostly roughage.
R =0.997 (P < 0.01). The terms: W*”, D"* and F"" expressing these rela-
tionships were essentially those predicted empirically if eapacity limited feed
intake. With high-roughage rations hetween 67 and 809 dry matter digesti-
bility, intake decreased with increasing digestibility after adjusting for body
weight and productive energy. In this region, intake was directly related to
the 0.73 power of the body weight at peak lactation.

It was concluded that physical and physiological factors regulating feed
intake change in importance with increasing digestibility. At low digestibility
they were: Body weight (reflecting roughage capacity), undigested residue
per unit body weight per day (reflecting rate of passage), and dry matter
digestibility. At higher digestibilities intake appeared to be dependent on meta-

I. CHANGE IN

bolic size, production, and digestihility.

Restrictions on feed intake, whether they
arise inherently from chemical and physical
characteristics of the feed or the anatomy and
physiology of the cow, represent the most ob-
vious practical limitations on milk production.
MecCullough (20) and Huffman (14) have dis-
cussed the usually high correlation of milk
production and nutrient intake in dairy cows.

A large body of data bearing on the factors
leading to satiety in dairy cows has been re-
viewed by Fissmer (11). He concluded that no
satisfactory measure for predicting feed intake
had been developed. More recently, Blaxter
(3) generalized that the amount of feed con-
sumed, measured in terms of dry matter, in-
creases with increasing concentration of net
energy in the ration. He also concluded that
criteria were not available which explained in
practice the differences in voluntary feed intake
of cows. Kriieger and Schulze (18) have de-
veloped a method for calculating the satiety
units of feeding stuffs. Recent concepts of the
regulation of voluntary feed intake in rumi-
nants were reviewed and ably discussed by
Balch and Campling (2).

Received for publication January 1, 1963.

* Journal article No. 101-62, The Ohio Agricul-
tural Experiment Station, Wooster.

54

Adolph (1) stated that food intake is one
of' the best regulated animal functions. Four-
teen different variables which affect the balance
of energy utilization are listed by Kleiber (17).
Mather (22) has noted seven other factors that
affect the total roughage intake in dairy cattle.
Recently, Dowden and Jacobson (10) have
shown that injections of acetate and propionate
drastically reduced feed intake. This number
of variables obviously precludes precise meas-
urement of each factor as it affects the regula-
tion of feed intake in practice. However, the
problems may bhe greatly lessened in the case
of ruminants under many conditions. Cramp-
ton (9) showed the relationship bhetween volun-
tary intake and digestible nutrient content. In
a careful study of the regulation of feed intake
in sheep, Blaxter et al. (4) found that, within
the limits of the quality of forage used, the
amount of feed taken in by sheep is deter-
mined by the capacity of their digestive tract,
and physical factors; that is, digestibility of
feed and rate of passage through the digestive
tract, rather than physiological factors, regu-
late appetite. The digestibility of their forages
ranged between 44.7 and 74.29, of the dry
matter consumed. BEarlier, Lehmann (19) had
observed in Germany that feed intake was such
that the amount of undigested organie matter
was the same for all feeds used. Recently,
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MecCullough (21) has reported that dry matter
digestibility was a highly significant factor in-
fluencing dry matter intake of direct-cut silage
in dairy cows. Reid (29) has thoroughly re-
viewed the relationships among forage quality,
digestible nutrients, and milk production.

As noted hy Blaxter et al. (4), the positive
relationship between feed intake and digesti-
bility found in sheep and cattle, and the nega-
tive influence of undigested residue on eating
capacity, are contrary to the situation found
in several nonruminant species. In the non-
ruminant, physiological faetors including rising
heat load, relief of hypoglyeemia, and tissue de-
hydration appear to effect satiety (5). Dilution
of the diet with indigestible materials is of less
importance (1, 13, 25). For example, Adolph
(1) diluted the diets of rats with kaolin, indi-
gestible cellulose, or water and observed that
rats on diluted diets increased their total food
intake to the point where the digestible nutrient
intake remained constant for all groups.

It should not be assumed that the results of
Blaxter et al. (4) apply to ruminants under all
environmental conditions. Greenhalgh and Run-
cie (12) found no ecausative relationship be-
tween feed intake and digestibility. In addition,
Kleiber (17) has used the data of Ittner et al.
(15) obtained in the Central Valley of Cali-
fornia to illustrate how the rising heat load
that resulted from an increased calorigenic
effect attributed to hay was closely related to
a diminished digestible nutrient intake of steers.

In this study, a series of multiple regression
analyses of digestibility data was used to quan-
tify eertain physical and physiological factors
considered to determine directly or indirectly
the voluntary feed intake of milking cows. In
this way an effort was made to answer the
question, Do the data embody the principle that
appetite in the 114 milking-cow trials was pri-
marily regulated by physieal factors, or, it hoth
physical and physiological factors regulated ap-
petite then at what level of digestibility does the
change from omne to the other ocecur? It was
postulated that if capacity were limiting feed
intake, dry matter intake would be proportional
to the body weight or, if physiological occur-
rences were limiting feed intake, dry matter in-
take would he proportional to the metaholic
size in accordince with Kleiber's law (17).

EXPERIMENTAL PROCEDURES
Apparent dry matter digestibility and nitro-
gen halances were determined in cows on vari-
ous experimental regimes for collection periods
of five or seven days. A minimum preliminary
period of 14 days on the ration to be studied

IN COWS. L 55

was allowed. However, in many cases the pre-
liminary period was as long as 8 wk, since the
digestion trials were done in conjunction with
feeding trials.

Dry matter was determined by oven drying
overnight at 100 C, except that of silage, deter-
mined by toluene distillation. The nitrogen con-
tent of the feed, feces, urine, and milk was de-
termined, using the Kjeldahl procedure. In all
cases fresh or refrigerated samples were used.
Urine samples were preserved with hydro-
chloric acid or thymol. Milk fat was determined
on one-day composite milk samples.

Feed was sampled for analysis daily when
weighed into the feed mangers of individual
cows. Refused feed was weighed daily and com-
posited for sampling. The cows were weighed
previous to the digestion trials.

Details of the methods used for collecting
feces and urine, milking, and feeding in the
stalls usually occupied by the cows in the milk-
ing barn have been published previously (7).

In the calculation of estimated productive
energy from the chemical data and milk pro-
duced, gain or loss in body fat was disregarded
for the five- or seven-day trial, since carbon
balances were not available. The formulas of
Overman and Gaines (24) were used to esti-
mate the chemical energy content of milk in
kilocalories. Productive energy of retained pro-
tein was estimated as grams of nitrogen re-
tained X 6.25 X 5.65 kilocalories.

High-roughage rations. Results from several
combined feeding and digestion trials carried
out during the period 1956 through 1961 (6-8,
26, 27) were compiled and analyzed statistically.
All rations containing mostly forage, or others
in which the combined content of cellulose and
hemicellulose exceeded 509% of the organic mat-
ter, were classified as high-roughage rations.
Types of forages used were: Freshly chopped
and ensiled legume grass, alfalfa hay, and al-
falfa-timothy hay. The stage of forage ma-
turity varied widely among the experiments,
resulting in a wide range of digestion coeffi-
cients. Flaked soybean hulls were used with
hay in one experiment and were considered
roughage because of their high fiber content
(6, 28). The level of grain concentrate fed
ranged between (0 and 469 of the dry weight of
the total ration and was composed of ground
shelled corn, ground whole oats, or soybean oil
meal, singly or in combination. The rations are
listed in Table 1 along with summaries of the
mean and ranges for dry matter digestibility,
body weight, 49, FCM, nitrogen retained, per
cent roughage in the ration, and daily feed
intake.
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TABLE 1

Means and ranges are shown of dry matter digestibility, body weight, production, nitrogen
retention, and feed intake of dairy cows fed various rations

Rough-
Dry age in
No. of matter Body 4% Nitrogen ra- Feed
Type of ration trials digested weight FCM retained tion * intake
Chopped legume- (%) (lb) (1b/day) (g/day) () (lb/day)
grass forage 68 859 38 48 27
1. With grain 34 (59,76)" (659,1,105) (29,55) (—25, 97) 77 (23, 34)
62 842 29 25 22
2. Without grain 14 (55,69) (702, 930) (19,38) (—20, 68) 100 (18, 25)
Ensiled legume-
grass forage 62 898 29 3 23
1. With grain 36 (52,72) (698,1,272) (15,55) (—25. 90) 75 (16, 34)
55 732 23 =2 17
. Without grain 6 (53,58) (661, 808) (16,31) (=31, 27) 100 (15, 21)
Timothy hay and 67 926 32 i 28
grain 12 (62,73) (748,1,451) (20,49) (—49, 46) 70 (23, 42)
Flaked soybean hulls 76 1,147 42 64 33
with limited hay 12 (73,80) (982,1,457) (18,64) ( 3,128) 81 27, 41)
Alfalfa hay and 69 957 47 31 29
corn silage 20 (65,72) (625,1,354) (30,71) (—30, 67) ¢ (19, 43)

2 The per cent of total ration dry matter furnished as roughage; the remainder was
p 3

grain-concentrate.
» Range shown in parentheses.

¢ Not ealculated beeause the corn silage contained an undetermined amount of grain.

The daily ration was provided in two feed-
ings of equal size. Maximum voluntary intake
was further encouraged by feeding 5 to 15%
more than the daily measured roughage intake.

Conditions established for including data in
this analysis were: (a) That dry matter coeffi-
cients of digestibility should range between 50
and 80; (b) that hoth Holstein and Jersey cows
would be included to provide a wide range in
body weight; (e) that the cows were allowed to
eat freely to satisfy their appetites at all times
during the digestion trials and, (d) that two
consecutive trials on the same type of ration
were available. If more than two consecutive
digestion and feed intake trials had been com-
pleted on the same ration, the pair of trials
selected was chosen by employing Snedecor’s
(30) table of random numbers.

A series of coefficients of correlation and
multiple ‘correlation was caleculated for the
measured predicting variables, for subsequent
usage as a measure of the closeness of fit of
the various regression planes. All possible com-
binations of the predicting variables were in-
serted stepwise in the multiple linear regression
analysis. From this, the proportion of total
variation in dry matter intake attributable to
regression was calculated as R* to obtain the
most meaningful combinations. Measured vari-
ables used were: Per cent dry matter digested
(D), body weight (W), the sum of estimated
chemical energy in milk and retained protein
(Ew.,), per cent roughage hy weight in the

ration (R), and the order of trials within ani-
mal pairs (T). Daily dry matter intake (I)
vas considered subsequent to these variables
and, therefore, dependent upon them. The indi-
vidual cow data were treated statistically as a
population without regard to original experi-
mental groupings. Common logarithms of all
values were employed to obtain linear fune-
tions between dry matter digestibility or body
weight and dry matter intake.

The variables for which the best fit of the
regression was obtained were entered in a least-
square multiple regression analysis to obtain
prediction equations and partial regression co-
efficients. The model used was that desecribed
for fixed variables in a multivariate population
(30). The model for fixed variables was con-
sidered realistic here. While there is some ran-
domness in the variables, the cows were chosen
to provide a particular range in lactation (one
to six months) and body weight, and the ra-
tions used were selected for differences in di-
gestibility.

The relationship between digested dry matter
intake (DI) and body weight was examined
separately at peak lactation and for all stages
of lactation for cows eating rations above 679,
in dry matter digestibility. As part of this
analysis, data from single trials of all cows, 24
in number, in the second and third month of
lactation were used for regressing log DI on
log W.
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Further studies at peak lactation. The ration
used in this experiment consisted of: Alfalfa
hay ad libitum, 16 to 30 lb of corn silage, and
from 10 to 16 1b of grain concentrate contain-
ing 169, protein. Twenty cows were started on
this ration three days after calving. Seven-day
digestion trials were carried out during the
period between the 30th and 60th days of their
lactation. The relationships between dry matter
intake and body weight, productive energy and
digestibility were examined by carrying out a
multiple regression of log dry matter intake (I)
on log W, log K. ., and log D. Finally, the
relationship between digested dry matter intake
and body weight was obtained in a separate
regression analysis of log DI on log W.

RESULTS AND DISCUSSION

The results relating dry matter digestibility
to feed intake disregarding other variables are
shown in the scattergram, Figure 1. Generally
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F1c. 1. Showing variations observed in dry
matter intake of cows fed rations varying in di-
gestibility from 52 to 80%. Linear regression
ecquation was: Y =0.67 X —17; the standard de-
viation equals = 5.8 1b where X =per cent dry
matter digested and Y = dry matter intake in
pounds.

speaking, there was an increase in dry matter
intake with inereasing percentage of dry matter
digested. Although the linear regression was
found to be statistically significant, the results,
as shown in Figure 1, provide no new physiolog-
ical information. They confirm previous obser-
vations that dry matter intake increases with
increasing concentration of digestible nutrients
in the feed of ruminants (3, 4).

Multiple regression analysis of results with
high-roughage rations. Factors included as pre-
dicting variables were order of trials within
pairs, per cent of dry matter digested, bhody
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weight, per cent roughage in the ration, and the
productive energy in milk and retained protein.
A part of the list of variables correlated singly
and in all possible combinations with feed in-
take is shown in Table 2, opposite the percent-

TABLE 2
Fractions of total variation in dry matter intake
attributable to regression when prodicting
variables were entered stepwise in a
multiple linecear regression
(11 of 127 possible combinations)

Variation
attributable
Variables entered to regression
(%)
Order of trials (T) 0.14
Per cent roughage in ration (E) 11.1
Per cent dry matter digested (D) 44.3
Body weight (W) 31.8
Productive energy (Em 4+ p) 57.5
D+ R 48.1
D+W 58.0
D+ Emq+p 62.8
D+W+R 58.0
D+W+Em+» 69.7
D+W+En.p+R 69.7

age of total variation in feed intake attributable
to regression. The correlation coefficient for
the variable, order of trials within pairs, was
numerically trivial and statistically insignificant.

Although log feed intake regressed on log per
cent roughage in the ration resulted in a sig-
nificant correlation coefficient, per cent roughage
hecame obscured as a meaningful predicting
variable when other variables, dry matter di-
gested in particular, were entered stepwise in
the multiple linear regression, Table 2. A corol-
lary to this is that within the limits of these
results (0 to 469% grain in the ration), most of
the effects of changes in the proportion of
grain-concentrate in the ration on feed intake
of dairy ecows was elicited through a change in
dry matter digestibility. This is not to say that
the proportion of grain-concentrate failed to
affect the efficiency of animal energy utilization.

The best fit of the regression was ohtained
when the predicting variables W, E,, ,,, and D
were used as measured by a significant increase
in the variation attributable to regression over
that when any two of these variables are en-
tered, Table 2. Highly significant partial re-
gression coefficients were observed for log feed
intake regressed on log body weight, log K. .,
and log dry matter digestibility, Table 3. The
exponential expression for the multiple linear
regression equation was I = 0.046 W™ D™
0%, .. The exponent, 0.37, relating body

weight to dry matter intake, was significantly
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TABLE 3

Values of partial regression coefficients for log dry
matter intake regressed on log of dry matter
digested, body weight, per cent roughage
in ration, and estimated productive

energy, Em .y

Signifi-

Partial cance of

regression linear

coeffi- regres-

Variable cients sion
Per cent dry matter digested 0.751 P < 0.01
Body weight 0.369 P < 0.01
Per cent roughage —0.011 N.S.

Em.» 0.316 P < 0.01

different from the generally accepted exponent
0.73 (4, 17), or 1.00 if it were a function of
capacity of the digestive tract. This suggests
the failure of the variables to predict clear-cut
relationships of physiological occurrences, even
though statistically significant values were ob-
tained, and the need for more critical mathe-
matical evaluation. In particular, highly sig-
nificant correlations between some predicting
variables limited the value of the model used.
For example, the following correlation coeffi-
cients were obtained for: D X K,., r =
0345; D X W, r = 0.042; and W X E..,,
r = 0.422.

The unsuitability of treating the total group
of data as a single sample of linear partial re-
gressions was further demonstrated by graph-
ing the three-dimensional projection of dry mat-
ter intake versus per cent digestibility and E.,. , ,
while holding body weight constant at 1,400 1h.
The projection is shown from the maximum
view in Figure 2 and covers only that area
bounded by the limits of the data. The strong
correlation between K, ,, and I may bhe ob-
served by comparing the surface of the projec-

PRODUCTIVE ENERGY, MEGACALORIES

DRY MATIER DIGESTED, %

Fig. 2. Three dimensional projection relating
per cent dry matter digested, dry matter intake,
and estimated energy in milk and retained protein
of dairy cows. The drawing shows only the maxi-
mal view for a constant body weight of 1,400 1b.

tion with the side view. Digestible dry matter
intake tended to level out with inereasing di-
gestibility, with a point of inflection at about
669% dry matter digested.

Digestible dry matter intake adjusted for dif-
ferences in metabolic size and productive en-
ergy. The tendency for per cent dry matter
digested to decrease in importance as a variable
limiting dry matter intake at the higher per-
centages suggested that the quantity of digested
dry matter intake was limited by physiological
conditions other than the amount of fill in the
digestive tract. Kleiber (17) had concluded
that digestible energy intake was proportional
to metabolic size in cows of similar genetic ca-
pacity to produce milk. In a second multiple
regression analysis, therefore, per cent dry mat-
ter digested, metabolic size, and E,, , , were used
as predicting variables. The graph of the di-
gestible dry matter intake versus per cent
digestibility after adjusting the cow means for
differences in metabolic size and productive en-
ergy indicated that the average adjusted di-
gestible dry matter intake leveled out and ap-
proached a straight line between 66 and 809
digestibility, Figure 3. Also, the adjusted mean
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F1e. 3. Showing difffferences in daily digestible

dry matter intake of cows fed rations ranging in
digestibility from 52 to 80¢, after adjusting by
analysis of covariance for variations in metabolic¢
size (W*™) and the estimated cnergy content of
milk produced plus retained protein.

dry matter intakes for coefficients of digesti-
bility above 66 were significantly different from
those helow 66.

It was tentatively postulated that, up to ap-
proximately 669 dry matter digested, the rate
of passage from and the amount of undigested
materials in the digestive tract determined feed
intake as Blaxter et al. (4) showed. Above
669%, the results coincided with observations
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m:de on nonruminant species (1). This was
considered justification for arbitrarily regroup-
ing the data into a low-digestibility group with
a range in digestion coefficients from 52.1 to
66.7 and a high-digestibility group with coeffi-
cients bhetween 66.7 and 80.

Factors determining voluntary dry matter
intake of milking cows fed rations between 52.1
and 066.7% dry matter digestibility. The wide
variations remaining in digestible dry matter
intake may be seen in Figure 3. Blaxter et al.
(4) found that the feed intake of sheep was
regulated hy the rate of passage of indigestible
residue through digestive tracts of limited ca-
pacity. The best measure of the rate of passage
of undigested residue made in this experiment
was the 24-hr fecal dry matter excretions. To
equate for differences in hody size, daily fecal
dry matter output must he related to some
funection of hody weight. In this case, division
hy body weight itself seemed appropriate, since
it was assumed that the digestive tract filled to
maximum volume represented a constant pro-
portion of each cow’s weight, and volume and
weight are related by the proportionality con-
stant, one. Thus, in cases where digestive ca-
pi city is limiting and per cent dry matter di-
gested is a measured predicting variable, the
remaining restrictions on feed intake were pos-
tulated to be undigested residue per unit hody
weight per day and bhody size itself. The undi-
gested residue in this case is analogous to
Lehmann’s (19) ballast. Deviations in this vari-
able should occur when, for any reason, the rate
of passage increases or decreases or variations
in anatomical structure cause the capacity for
undigested residue to be larger or smaller than
predicted by a simple volume-weight relation-
ship. In our sample of 66 cow-digestion trials
these were expected to oceur at random.

The regression coefficients resulting from re-
gressing log of dry matter intakes on log per
cent digestibility, body weight, and feeal dry
matter per 1,000 lb are shown in Table 4, along
with the logarithmic equations and multiple
correlation coefficients. These three variables
accounted for essentially all of the variation in
dry matter intake. This finding strongly sup-
ports the contention that within this range of
digestibility and types of rations fed, physical
factors determined appetite.

The average daily production of fecal dry
matter was 10.7 1h. After subtracting fecal ash,
undigested organic matter was 9.4 1b/1,000 1b
of body weight, which compares favorably to
9.5 1b calculated from the data of Lehmann (19)
for cattle. Moreover, the exponents relating
body weight and undigested residue to feed in-
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TABLE 4

Multiple regression analysis showed that three
predicting variables covered most of the
variation in feed intake among dairy
cows digesting 52 to 66% of their
dry matter intake

Stand-
ard par-
Partial tial re-
regression gression
coeffi- coeffi-
Variable cient cient
Digestibility (D) 1.53 4.41
Fecal dry matter/1,0001b (F) 1.01 7.10
Body weight (W) 0.99 5.57

Multiple correlation coefficient, R =0.997; R*=
0.995

Regression equation: Log I=1.53 log D+ 1.01
log F + 0.99 log W — 5.296

take were 0.99 for body weight and 1.01 for
fecal dry matter, Table 4. Neither of these is
significantly different from one.

The logarithmic curve resulting from plotting
total dry matter intake versus per cent digesti-
hility, while holding body weight and undigested
residue constant at 1,000 and 10.7 lb, respec-
tively, is shown in Figure 4. The extension
(broken-line) of this curve represents mathe-
matical extrapolation to 809, dry matter di-
cested. The adjusted data fall essentially on
the empirical curve obtained from solving the
undigested dry matter Thus,
per cent undigested
if dry matter digestibility and live weight are

formula, Intake =

ADJUSTED DRY MATTER INTAKE, LB./D.

ADJUSTED FOR
1 WEIGHT (EXPONENT)
2 PRODUCTIVE ENERGY

ADJUSTED FOR
1 WEIGHT (DIRECTLY)
2 FECAL DM 100018

DRY MATTER DIGESTED, %

I'16. 4. Showing the relationship of dry matter
digestibility to adjusted feed intake at two levels
of milk production. Adjustments were propor-
tional to weight below 66.7% dry matter digested
and weight raised to the 0.51 power above 66.7%
digested.
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known [or, in the case of the former, if it can
be estimated by in vitro digestion procedures
(16)], the average feed intake for a herd of
milking cows may he predicted with consider-
able precision in the low range of digestibility.
The equation is I = W AT where I is the
1,000 F

intake in pounds per day, W equals body
weight, and F equals per cent undigested. The
regression equation has less physiological mean-
ing. The exponential form was I = 0.54WD**
X 107° where I = digestible dry matter intake
in lb/day, W = weight in pounds, and D is
the dry matter digestion coefficient. Finally,
the remainder of the variation among individ-
uals affecting feed intake may be differences in
rate of passage of undigested residue. Com-
parisons of the standard partial regression co-
efficients showed this variable to he greatest in
importance. Its contribution approximates 429,
of the total variation. This is commensurate
with results of Moore and Winter (23), show-
ing wide variations among individuals with re-
spect to rate of passage of undigested residue
and Stone et al. (31), who found that differ-
ences among individuals contributed slightly
more than half of the variation in roughage
capacity of dairy cows.

The arbitrarily selected digestion coefficient,
66.7, should not be construed as a fixed maxi-
mum point where physical factors cease to
limit feed intake. As discussed in the following
section, this is a variable point with respect to
per cent digestibility influenced by the metabolie
size and level of milk produection.

Factors related to the voluntary dry matter
intake of milking cows fed rations between 66.7
and 80% digestibility. Results in this range of
digestibility were obtained with cows fed rations
high in flaked soybean hull content or early-cut
green-chopped or ensiled forage. Counting the
flaked soybean hulls as a roughage on the as-
sumption that they require ruminal digestion to
be converted to metaholically usetul compounds,
the per cent grain-concentrate in these rations
rangea from 0 to 429. The highest digestion
coefficients were obtained when cows were fed
soybran flakes, Table 1.

In contrast to the highly significant regres-
sion of feed intake on rate of passage of fecal
dry matter/1,000 b of hody weight/24 hr, that
was found with values from cows with digestion
coefficients below 66.79%, with higher digesti-
bilities the regression coefficient was negative
and statistically insignificant. It was previously
noted that the average digestible dry matter
intake remained constant and was presumably

independent of per cent dry matter digested
when the coefficient exceeded 669%. It was,
therefore, concluded that within the limits of
the data from the high digestibility group of
cows, volume of their digestive tract was not
restricting the quantity of feed eaten. An al-
ternative postulate was that animal energy uti-
lization (for production and maintenance) en-
compassed most of the variables determining
appetite. Also, at the higher digestibilities, di-
gestible nutrient intake followed a pattern pre-
dictable from Kleiber’s (17) law with respect
to metabolic size and productive energy.

The relationship between dry matter intake
and body weight was determined by carrying
out separate regression analysis of log I on
log W, first for cows at all stages of lactation
and then for cows only in the second and third
month of lactation. The exponents relating feed
intake to body weight for cows in peak lacta-
tion were the same as the generally accepted
value of 0.73. The data for all stages of lacta-
tion yielded a lower value, 0.593, which was
expected, Table 5.

Because a much greater part of the total vari-
ation in feed intake could be accounted for, a
multiple regression was calculated for log dry
matter intake on log dry matter digestibility,
productive energy, and body weight to obtain
prediction equations, Table 5. The exponential
form of the equation for the cows on the high-
roughage rations was I = 3.4 W** E**,
D' and for the cows on corn silage and hay
at peak lactation, I = 30 W** E"¥,_, D"
After adjusting for productive energy and body
size by covariance, the relationship of total dry
matter intake to digestibility is shown in the
right side of Figure 4 for cows on the high-
roughage rations adjusted to two levels of milk
production. The mean adjusted dry matter in-
take declined more sharply in the cows fed the
higher grain ration; that is, corn silage with
hay as indicated by a larger negative ex-
ponent for D, —1.19 compared to —0.46, in the
regression equation, Table 5. Because digesti-
bility is inversely proportional to total dry mat-
ter intake, the value obtained from empirieal
calculations, that 1is, digestibility raised to
—1.00 power, is intermediate hetween the re-
sults ohserved for the high-roughage and the
higher grain ration. The empirical ealculation
assumes a constant level of digestible nutrient
intake.

Using the 114 digestion trials of the cows
eating high-roughage rations, a highly sig-
nificant correlation coefficient, r = 0.811, was
obtained between digestible dry matter intake
and 49 FCM. This corroborates the findings
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TABLE 5

Relationship between digested dry matter intake
and body weight in separate regression analyses
and between total dry matter intake and per
cent dry matter digested, body weight, and
productive energy in multiple regression
analyses of observations from cows
digesting 67 to 809% of their dry

matter
Fit of
regres-
Variables in Regression sion,
regression coefficient R®
[. Log digested d.m. on log weight
a. High roughage-—
peak lactation
(24)* 0.735 = 0.144  0.060
b. High grain—
peak lactation
(20) 0.733 = 0.109  0.074
¢. High rough-
age—through-
out lactation
(42) 0.593 == 0.071  0.063
II. Multiple regression analysis
with high-roughage rations (42)
a. Log dry matter
intake on: 0.833

1. Per cent d.m.

digested —0.461"
2. Body weight 0.513°®
3. Productive energy,

Em+p 0.251°"

Regression equation: Log I=0.5536 — 0.461
log D + 0.513 log W + 0.251 log Em+»p

Multiple regression analysis with
corn silage and high grain (20)
a. Log dry matter

intake on:

1. Per cent d.m.

IT1.

0.809

digested —1.194°
2. Body weight 0.620
3. Productive energy,

Emsp 0.268 "

Regression equation: Log I =1.484—1.194
log D + 0.620 log W + 0.268 log Em.»

* Number in parentheses indicates numbers of
COWS.
* Partial regression coefficients.

of previous investigators (20). However, the
preceding analyses evinced that at low digesti-
bilities variations in milk yield arose from
variations in feed intake. At high levels of
digestibility the reverse condition was true;
that is, milk production was a determinant of
feed intake. The point at which this change in
level of feed intake occurred for two levels of
milk produection is shown in Figure 4 as the
intercept of two logarithmic curves in the high
digestibility range with the result from the
low-digestibility group. Thus, the point among
this series of increasing digestion ecoefficients
at which physical limitations on eating ca-

IN COWS. 1. 61

pacity vanished and the influence of production
became dominant varied with body size and
production.
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EFFECT OF SUPPLEMENTAL FEEDING OF COWS ON PASTURE ON

MILK COMPOSITION AND YIELD

J. T. HUBER, G. C. GRAF, aAnp R. W. ENGEL
Departments of Dairy Seience and Biochemistry and Nutrition
Virginia Agricultural Experiment Station, Blacksburg

SUMMARY

Thirty-five cows were used to study the effects on milk composition and pro-
duction of supplementing medium-quality pasture with ground-shelled corn or
corn silage. Rations were: 1) Corn; 2) corn plus silage; 3) corn (1 1b/6 1b
milk) plus silage; and 4) silage. Except for corn in Ration 3, feeds were fed
ad libitum for 3 hr twice daily. Trial A compared Rations 1 and 4 and employed
a reversal design with 40-day treatments. Trial B was a continuous study with
12-wk treatments.

In Trial A, significant ration effects were noted for SNF, protein and fat
in milk, and milk yields. Values for cows on corn and silage, respectively,
were: 8.65, 3.22, 3.05%, and 39.9 lb; 8.44, 3.11, 3.65%, and 35.8 lh.

In Trial B, persistency of production was over 809 for all groups. Cows
on grain and silage had highest milk yields. SNF decreased as level of corn
decreased (9.16, 8.92, 8.66, and 8.429% for consecutive groups). Milk protein
accounted for most of the change in SNF. Fat in milk was lower on high-corn
rations (2.53, 3.23, 3.50, and 3.59% for consecutive groups). Corn silage
alleviated milk fat depression noted on high-corn rations. Treatment effects on
milk composition were not complete until the 6th to 8th wk of treatment.

Feeding high levels of energy to dairy cows
has generally resulted in an inecrease in SNF
in milk (principally the protein fraction) when
compared with rations of normal or subnormal
energy content (3, 6, 7, 10, 11, 14, 16). How-
ever, some studies have reported no difference
in SNF and protein in milk from rations which
varied widely in energy (2, 4). Concurrent
with the inerease in milk protein, there has
often been noted a decrease in the fat content
of the milk (3, 16). Several investigations have
shown an increase in protein from feeding high
levels of energy, but no change in fat (6, 11,
14). These changes in milk eomposition (in-
creased protein and decreased fat) have usu-
ally been more pronounced when {orage intake
was very low (3, 9, 11).

In many areas, pastures supply a large por-
tion of the forage dairy cows consume. How-
ever, very little is known on the effect of
energy supplementation to cows on pasture on
the major constituents of milk. Such knowledge
would seem important, particularly because of
the problem of low-fat milk frequently re-
ported during the grazing season.

The purpose of this study was to investigate
the effect upon milk composition and yields of
varying the level and source of energy in the
ration of lactating dairy cows grazing medium-
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quality bluegrass pasture. Of further interest
was the time required for the changes in milk
composition induced by ration to occur.

EXPERIMENTAL PROCEDURE

The study was divided into two trials. In
Trial A (summer, 1961), 11 lactating Hol-
stein cows in their fifth month of lactation were
allotted to two groups (five and six per group).
A simple reversal-type of design was used with
two 40-day treatment periods. During the first
period (6/22 through 7/31), one group of
cows received all of the ground-shelled corn
they would eat for 3 hr twice daily (2 hr prior
to, and 1 hr during each milking), whereas the
other group was allowed high-quality corn
silage (31.19% dry matter with a grain content
of about 509;) on the same basis. Treatments
were switched during the second period (8/1
through 9/9). Cows were weighed for three
consecutive days just prior to and at the end
of treatment periods. At 12-day intervals, a
daily composite of milk was sampled for com-
position analyses. Fat was determined by the
Babeock method. A modified AOAC method
(1) as adapted by Stone et al. (18) was used
for determination of total solids, and total pro-
tein was analyzed according to the Kofranyi
Direct Steam Distillation Method (12), as modi-
fied by Stone et al. (18). Per cent solids-not-
fat and lactose-mineral were determined by
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difference. Milk produetion and composition
data are presented for the last 30 days of each
treatment period (allowing ten days adjust-
ment).

In Trial B (summer, 1962) 24 lactating Hol-
stein cows in their third to fifth month of lac-
tation were used. Cows were allotted to six
outcome groups (four per group) on the basis
of age, stage of lactation, and production dur-
ing a 2l-day standardization period. During
standardization all cows were on pasture and
received a daily allowance of 40 Ib of corn
silage. Additionally, a commercial concentrate
(16% C.P.) was fed at the rate of 1 lb per
3.5 1b of milk produced. :

One cow from each outcome group was then
assigned at random to one of the following
treatment groups: 1) Ground-shelled corn;
2) ground-shelled corn plus corn silage; 3)
ground-shelled corn (1 lb per 6 lb milk pro-
duced during standardization) and corn silage;
and 4) corn silage. All feeds were fed ad
libitum for 3 hr twice daily (2 hr prior to,
and 1 hr during milking) except for the grain
in Group 3. Additionally, all cows were fed
2 1b soybean meal (449 crude protein) per day.

Pasture quality and grazing schedules were
similar to Trial A. Treatment period was for
86 days (6/7 through 8/31) which included
15 days of adjustment to rations. Cows were
weighed for three econsecutive days at the
beginning and end of treatment and at bhi-
weekly intervals during the trial. Daily com-
posite milk samples were taken twice during
the preliminary period and at ten-day inter-
vals thereafter. Composition analyses of milk
were similar to Trial A.

On the last day of treatment, a sample of
the rumen contents from three cows in each of
Groups 1 and 4 and from three additional cows
consuming a normal ration of hay (ad libitum)
and commercial concentrate (1 1b per 3.5 1b
milk produced) was taken by stomach pump
approximately 5 hr after the morning feeding.
A 10-ml aliquot of the sample was immediately
mixed with a 29 solution of H.SO,. Rumen
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samples were stored at 40 F' until analyzed for
relative proportions of volatile fatty acids, ac-
cording to the method deseribed by Bruno and
Moore (5).

The method of Snedecor (17) was used for
statistical analyses of data and significance of
difference between treatment means was tested
according to Duncan (8).

RESULTS AND DISCUSSION

Pastures during both trials were of medium
quality. Continuous grazing was employed and
sufficient land was available to insure a liberal
supply of forage during all experimental pe-
riods.

In Trial A, milk yields, SNF and its compo-
nents (protein and lactose-mineral) were sig-
nificantly higher for the ground corn ration
(Table 1). Similar effects on milk composition
have bheen noted in other studies where high
levels of energy were fed (10, 11, 16). Con-
current with the increase in SNF, there was
noted a significant decrease in fat content of
milk. Milk fat depression has also been reported
previously, particularly in rations containing
large amounts of grain and very little forage
(3, 9). No difference was noted in production
of FCM or weight change of animals, despite
the large differences in energy intake between
the two rations. Because changes in milk com-
position among cows consuming high levels of
grain were not complete after 40 days on
treatment, a continuous-type study with a 12-
wk treatment period was planned for the fol-
lowing year.

Supplemental TDN per pound of FCM, esti-
mated according to Morrison (13), amounted
to 0.60 and 0.30 1b for the grain and silage
treatments, respectively. It is postulated that
much of this difference was due to a lower
intake of pasture by cows on high grain.

In Trial B, a normal decline in production
was noted among all groups. Cows receiving
both silage and grain maintained the highest
milk yields (Table 2). The most efficient pro-
duction, from a standpoint of supplemental

TABLE 1

Intake, milk production, weight gains, and milk composition of grazing cows fed supplemental
corn or corn silage (Trial A)

Suppl.
feed Intake Milk FCM ADG Fat Prot. L-M SNF TS
— (lb/day) (lb) (%)
Ground eorn 25.6 39.9*%* 342 0 3.05 3.29% 5.46* 8.68** 11.73
Corn silage * 46.4 35.8 33.7 0.2 3.65%* 3.11 5.34 8.45 12.07*

*31.1% dry matter.
* Significantly higher (P < .05).
** Signifieantly higher (P <.01).
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TABLE 2

Effeet of various supplemental feeding systems on intake, production, and body weight
(Trial B)*

Group
1 2 3 4

Intake (lb/day)

Ground corn 24.0 22.8 6.9 ;

Corn silage ® o 24.1 46.1 54.1

Soybean meal 2.0 2.0 2.0 2.0
Milk yields (1b/day)

Standardization 44.5 43.7 43.9 43.7

Treatment 36.6 39.5 38.0 35.0

% of Standardization © 80.4ab 90.4a 86.6ab 80.1b
Avg daily gain (1b) 1.64a 1.43a 0.58b 0.64b

" Avg for 71-day period.
©29.9¢, dry matter.

® Groups not sharing a common letter are significantly

TDN, was again obtained from cows fed only
corn silage. Supplemental TDN per pound of
FCM for Groups 1 through 4, respectively, was
0.73, 0.70, 0.46, and 0.37 lb. Substantial in-
creases in body weight were noted for all
groups; however, animals on the high-grain
rations gained at a much faster rate than those
in groups where grain was either limited or
excluded. The greater gains accounted for
some of the additional energy consumed by
these groups. It is again postulated that intake
of pasture was lower for cows consuming lib-
eral quantities of grain.

The effects of ration on milk composition in
Trial B were similar, but of greater magnitude
than those noted in Trial A (Table 3). Maxi-
mum depression of fat content of milk among
cows receiving high levels of grain was shown
only after 6 wk on treatment, and greatest dif-
ferences in milk protein (between Groups 1 and
4) were shown after about 7 to 8 wk on treat-
ment (Figure 1).

As has been noted previously (3), the sensi-
tivity for dectecting small differences in milk
production and composition was greater in the
reversal-type study; however, the relatively
long period of time required for the maximum
change in milk composition to oceur would
seem to make a continuous-type trial more
useful in studies where the effect of ration on
milk constituents is of prime interest.

Cows in Group 2, which received both ground
corn and corn silage ad libitumn, consumed only
slightly less eorn than cows on corn alone (22.8
vs. 24.0 1b per day). The small amount of
silage in this ration (24.1 lb) seemed to pre-
vent partially the depression in the fat content
of milk, as was noted among cows in Group 1.

Analyses for volatile fatty acids in rumen

different (P < .05).

contents of cows in Group 1 revealed a much
lower proportion of acetate and higher pro-
portion of propionate than was shown for cows
receiving only silage or a normal hay-grain
ration (Table 4). Similar effects, but of lesser
magnitude, were reported previously for lae-
tating cows on high-concentrate, low-forage
rations (3, 9). These data also tend to support
those of English workers (15), in which it was
shown that intraruminal infusion of propionie
acid resulted in an increase in the per cent of

o o
o ®

o
P

CHANGE IN MILK PROTEIN (%)
o
n

(=]

o
o

04

o
o b

CHANGE IN IMILK FAT (%)
o
PY

Lo

1 1 1 L
4 23 a4 64 83
DAYS ON TREATMENT

Fie. 1. Average change from standardization
in milk protein and fat of cows on different sys-
tems of pasture supplementation (Trial B).
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TABLE 3
Effect of various supplemental feeding systems on milk composition (Trial B)*
Group ®
1 2 3 4

Fat 2.53(—.82%a 3.23(—.35)ab 3.50(+.08)be 3.59(+.28)c
Protein 3.45(+.57)a 3.31(+.41)ab 3.19(+.33)be 2.97(+.22)¢
Lactose-mineral 5.71(—.06)a 5.61(—.09)a 5.47(—.11)a 5.45(—.27)a
SNF 9.16(+.55)a 8.92(+.35)ab 8.66 (+.22) be 8.42(0.0)c

Total solids 11.69(—.29)a

12.15(—.03)ab

12.16(+.32)b 12.01(+.23)b

* Avg for 71-day period.

¢ Groups not sharing a common letter are significantly different (P <.05).
¢ Avg change from standardization period. Statistical treatment of all composition data

is based on these values.

TABLE 4
Mean molar percentages of rumen volatile fatty acids (Trial B)
Group * Cs Cs Cy Cs C.:Cs
(% of total)
1 52.8a 33.1a 9.3a 3.9a 1.60a
4 64.1b 18.7b 13.2a 4.0a 3.43b
Hay-grain 65.5b 20.4b 10.4a 3.7a 3.21b

2 Groups not sharing a common letter are significantly different (P < 0.1).

protein and SNF in milk and a decrease in milk
fat.

Further studies are needed to define more
clearly the effects of various factors such as
conecentrate-to-forage ratios, sources of concen-
trates and forages, and energy levels, on the
major milk constituents. The physiological
mechanisms involved in such changes should
also be further investigated.
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INFLUENCE OF AGE OF RADIOACTIVE FALLOUT MATERIAL UPON

ITS DEPOSITION IN MILK AND VERTICAL DISTRIBUTION IN SOIL
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AND
D. R. ARNOTT
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SUMMARY

The delay period between the liberation of radiostrontium and its appearance
in milk, soil, and grass was studied. Milk samples showed consistently higher
S.U.” and Strontium™ values in October than in August, 1961, and the presence
of Strontium™ was evidence of fresh fallout, proving that the delay period was
less than two months. The soil samples taken from the site where the cows
grazed showed no increase of Strontium® and no evidence of Strontium™.
In grass, however, there was a sharp increase of both isotopes from Septem-
ber to November, 1961, the simultaneous rise suggesting recent pollution.
The effective delay period, therefore, for fallout to be incorporated into grass
was less than two months. That there was no increase in either isotopes in the
soil suggests that Strontium®™ and Strontium®™ entered the vegetation by direct

routes.

There are numerous factors which may ac-
celerate or slow down the entry of radioactive
isotopes into the human organism. Knowledge
of air currents, rainfall, seasonal effects, soil
composition, folial uptake, and the rate of verti-
cal movement within the soil are but a few of
the factors necessary if we are to predict the
future levels of fission produets in plants, ani-
mals, and man.

In a previous report (8), milk samples from
Jersey and Holstein cows were analyzed for
Strontium® and caleium and strontium unit val-
ues calculated during the spring and summer of
1961. Results showed that the S.U. values (upe
Strontium” per gram of caleium) were sig-
nificantly higher in the spring (April-May,
1961) than in the samples (July-August, 1961).
This difference may have been due to a higher
caleium intake during pasture feeding in the
summer (9) or because during the spring
months the cows were fed silage and hay grown
in the summer of 1960, when the Strontium®
fallout in Ontario was relatively higher than in
1961. The difference in the fallout rate between
the spring and summer periods probably ex-
plained the higher levels of Strontium®™ in the
spring milk samples. It was also shown that
the S.U. values were somewhat higher in Hol-
stein than in Jersey milk samples during both
spring and summer seasons.
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This paper deseribes a further investigation
using the same cows, fed and pastured under
the same conditions. Milk samples were ob-
tained 6 wk after the first announced resump-
tion of an atmospheric nuclear detonation in
October, 1961, approximately two months after
the collection of summer samples from July
17 to August 18. The data obtained have been
examined to seek evidence whether Strontium®™,
Strontium®, and S.U.* values of milk increased
from the summer to the fall sampling periods,
and whether an increase in the amount of at-
mospheric Strontium® and Strontium®™ was
similarly reflected in the isotope content of the
milk sample of the two breeds of cows.

The present investigation is also concerned
with the Strontium™, Strontium®™, and caleium
levels of the grass of the pasture land where
the experimental animals grazed, and the ver-
tical distribution of these alkali-earth metals in
soil, 4 and 12 wk after resumption of nuclear
tests.

MATERIALS AND METHODS

Milk. Four Jersey and four Holstein cows
were selected for this study. The same cows
were used in a previous investigation (8). No
efforts were made to select the cows at random;
hence, all statements in this paper should be
interpreted with reference to the eight particu-
lar cows in this study. The Jersey cows ranged
in production from approximately 8,000 to
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11,000 1b of milk per lactation and the Hol-
steins ranged from 10,000 to 18,000 lb of milk
per lactation. Milk was again collected in Oe-
tober, 1961, 6 wk after the resumption of
nuclear testing, while the cows were still on
the same pasture as in our previous study (8).
All cows were more than two months past their
freshening date at the time of the April collee-
tion and still in full production in October.
This was important, because calcium and phos-
phate values of milk fall during the first 5 wk
and rise again in the last 15 wk of lactation
(9). The milk samples collected represented 35
milkings. Saturday and Sunday milkings were
not sampled, due to scheduling problems at the
barn. A composite sample of each cow’s milk
was prepared by accumulating 19 of each of
her milkings throughout the sampling period.
Two liters of milk were necessary for each
analysis. Duplicate analyses were performed
for each cow in the summer, but only for Hol-
steins in October because the 19 of the milk
vield of the Jersey cows was insufficient for
two samples during the period available.

The Strontium® content of the milk samples
was determined by the method of Grummitt (7)
and Brown et al. (5). Two methods were used
to ecaleulate the Strontium® activities. In the
first method, the separated strontium was
counted after a storage period of 17 days, to
allow for the development of an equilibrium
condition with the Yttrium® daughter product.
Following this, Yttrium™ was separated by the
method of Grummitt et al. (7), and the Stron-
tium® content was calculated from the Yttrium"
count. The count due to Strontium™ was calcu-
lated by subtracting Strontium™ and Yttrium"™
activities from the equilibrium count. The sec-
ond method depended on measuring the decay
rate of the equilibrated strontium sourece three
to four times at intervals of 6-8 wk. In both
instances corrections were made to obtain the
Strontium™ activities at the time of collection.
Caleium was analyzed using a Unicam SP-900
flame spectrophotometer.

Grass and soil. Strontium™ and Strontium™
determinations in soil and grass are lengthy
and time-consuming procedures. For this rea-
son, the number of sampling sites necessary
was determined and the samples were pooled,
as described below. All samples were obtained
on September 15, 1961 (after the resumption
of atmospheric testing) and again on Novem-
ber 26, 1961 (approximately 12 wk after the
recommencement of atmospheric nuclear test-
ing).

The pasture site was an area of level land,
533 yards in length and 525 yards in width.

The pasture was ploughed and sown with a
grass-clover-alfalfa mixture in 1960. The pas-
ture soil was Guelph Loam, a well-drained soil
derived from loam-textured till. This type of
soil has good depth, is relatively stone-free,
and is neutral in reaction. A random sample of
12 plots was selected ; each of the sample plots
measured one square yard and was selected in
this way: The whole pasture site was first
divided into 533 bands of one yard width and
a random sample of four of these bands taken.
Next, this same plot was divided into 525 bands
of one yard width at right angles to the previous
strip and three of these bands selected at ran-
dom. The two sets of bands were overlapping
in 12 plots of each of one yard square. The
grass from each of these 12 plots was cut with
a mower ahout 1 in. from the ground, to obtain
the vegetation on which a cow would normally
graze. A 6-in.-deep core of soil with a diam-
eter of 2.5 in. was taken at random within each
one-square-yard area, where the grass had been
removed. The surface soil—the top 2 in. con-
taining the roots of the vegetation—was removed
and kept separately, and the remaining 4-in.
core was also retained (subsurface soil). To
reduce the number of determinations necessary,
it was decided to pool some of the samples.
Twelve sample units were paired at random to
obtain six subsamples each of grass, surface-
soil, and subsurface-soil samples (2-6 in.).
Thus, there were six determinations made for
each of the herbage, surface-soil, and subsur-
face-soil samples. The six results can, therefore,
be considered as six independent unbiased esti-
mates of the radioactive contamination of the
samples.

Strontium® in soil was determined by fusing
100-g samples with sodium hydroxide and so-
dium carbonate (11). Corrections were made
for decay, counter efficiency, and background
counts. The lower limit of detection with the
Philips beta counter was 4 puc. The determina-
tion of Strontium™ in soil is beset with ana-
Iytical difficulties, because of the relatively low
Strontium™ levels, and the presence of activi-
ties other than strontium in the samples. For
this reason, the strontium carbonate samples
were repeatedly counted at suitable intervals
and the Strontium™ decay curve -carefully
followed.

Grass samples obtained from a square yard
of area were ashed in the presence of added
strontium carrier and the ash was refluxed with
6 N hydrochlorie acid for 2 hr. The leachate
was filtered and diluted to 1 N hydrochloric acid.
This was passed through a Dowex 50 ion ex-
change column and strontium was recovered,
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using the method of Grummitt (7). The Stron-
tium® and Strontium® content was calculated
as described above for milk. Caleium was de-
termined with a Unicam SP-900 flame spectro-
photometer.

RESULTS

Estimates of Strontium® and Strontium® for
surface soil (2 in. deep) and subsurface soil
taken of 2-6-in. depth, on September 15 and
November 26, respectively, are given in Table 1.

TABLE 1

Sr® uue/100 g sample in surface soil and
subsurface soil

September, 1961

November, 1961

Sub- Sub-

Sample Surface surface Surface surface
no. soil s0il soil s0il
I 8.6 8.0 9.0 6.5
1T 11.2 3.6 11.7 6.1
111 11,8 4.9 4.9
v 9.8 6.8 7.6 4.6
v 11.6 4.7 9.2 7.4
VI 4.0 6.4 6.3
Mean 9.4 5.6 8.8 6.0

The mean values give the best estimates of the
contamination. A similar average estimate could
have been obtained by pooling the 12 samples
and making just one determination for each
type of sample. The advantage of the present
method is that it makes it possible to determine
whether November averages differed signifi-
cantly from those of September. The values
of Strontium®™ are expressed in wue/100 g dry
soil. The specific activity of Strontium® with
respect to caleium (S.U.) is not considered to
be a meaningful unit, because it does not take
into consideration the nonuniform nature of
Strontium® distribution and the sharp varia-
tions which occur with depth in soils (4). A
“t” test of the means (Strontium®™ upe/100 g
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soil) showed no significant difference from Sep-
tember to November in soil samples. In both
periods, however, there was a significant differ-
ence between the subsurface-soil (2-6 in.) and
surface-soil samples, the latter containing al-
most twice the activity per unit weight. In
none of the soil samples was Strontium™ de-
tected.

The levels of Strontium®, Strontium®, and
caleium in grass are summarized in Table 2.
S.U. values have been calculated for both stron-
tium isotopes. Strontium®™ values increased
from an average of 2.4 uue/g ash in September
to 4.0 uuc/g ash in November. S.U.” levels rose
from 35 to 70. During hoth periods there was
Strontium® present, in the September samples
an average of 33 upc/g ash and in November
293 up/g ash. S.U.” values increased from 467
to 5,142 during this period. The “t” test was
applied to test the differences between the Sep-
tember and November samples. The difference
was not significant for caleium, but it was sig-
nificant for Strontium®, 8.U.%, Strontium®, and
S.U.*, indicating that Strontium™ and Stron-
tium ® levels, as well as their ratio to caleium,
increased at the sampling site between Sep-
tember and November.

The levels for Strontium®, Strontium®, and
caleium in the milk of individual Jersey and
Holstein cows are summarized in Tables 3 and
4, respectively. An analysis of variance was
performed for Strontium®, S.U.*, and caleium
levels (Table 5). It appears that S.U.* levels
and absolute Strontium® activities are con-
sistently and significantly higher in October
than in the July-August period (over-all time-
effect significant). Within each breed not every
cow was affected to the same extent (time-by-
cow within breed effect significant). As in our
previous report (8) S.U.” levels were signifi-
cantly higher in Holstein than in Jersey milk.
This difference was primarily due to higher
caleium concentration in Jersey milk.

TABLE 2
Levels of Strontium®, Strontium®, Caleium, S.U.*, and S.U.” in grass samples
September, 1961 November, 1961
Cag/ Sr* upuc/ Sr* uue/ Cag/ Sr* uue/ S wue/

gash gash STU» gash SU” g ash g ash S.U® gash SUX
I 0.116 51 438 2.7 23 0.073 277 3,801 3.4 46
1L 0.051 25 484 2.1 40 0.043 375 8,709 5.4 125
111 0.075 34 450 2.5 33 0.050 142 2,841 4.7 93
v 0.061 28 462 2.8 45 0.063 333 5,278 4.4 70
v 0.067 36 540 1.6 24 0.072 311 4,322 4.8 67
VI 0.061 26 428 2.7 44 0.054 319 5,901 1.1 21
Mean 0.072 33 467 2.4 35 0.059 293 5,142 4.0 70
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TABLE 3
Caleium, Strontium®, Strontium®, S.U.”, and S.U.* levels in Holstein milk
July-August, 1961 October, 1961
Cag/ Sr* pue/ Cag/ Sr* upe/ Sr* puc/
Sample no. liter liter 8.U.* liter liter S.U.» liter S.U.”»
3 A 1.35 2.15 1.60 1.21 2.20 1.82 39.47 32.62
B L 1.14 2.28 2.00 33.32 29.23
Avg 1.35 2.15 1.60 1.175 2.240 1.910 36.395 30.925
5 A 1.25 4.40 3.52 1.23 3.23 2.62 69.41 56.43
B 1.28 4.10 3.20 1.22 3.27 2.68 62.24 51.02
Avg 1.265 4.250 3.360 1.225 3.250 2.650 65.825 53.725
19 A 1.25 1.63 1.31 1.22 3.10 2.54 32.15 26.35
B 1.30 2.38 L | T R —
Avg 1.275 2.005 1.570 1.22 3.10 2.54 32.15 26.35
29 A 1.19 1.41 1.18 0.94 2.51 2.68 39.60 42.13
B 1.19 1.78 1.49 1.02 2.02 1.98 39.36 38.59
Avg 1.190 1.595 1.335 0.980 2.265 2.330 39.480 40.360
Mean 1.270 2.500 1.966 1.150 2.714 2.358 43.463 37.840
TABLE 4
Caleium, Strontium®, Strontium®, S.U.*, and S.U.* levels in Jersey milk
July-August, 1961 October, 1961
Cag/ Sr* uue/ Cag/ Sr” upe/ Sr* pue/
Sample no. liter liter S.U.® liter liter S.U.® liter S.U0.”
61 A 1.35 2.37 1.75 1.37 2.64 1.93 46.2 38.7
B 1.48 3.10 2.09 || .
Avg 1.415 2.735 1.92 1.37 2.64 1.93 46.2 33.7
68 A 1.51 1.83 1.21 1.33 2.44 1.83 67.5 50.6
B 1.48 2.72 184 (| s wmm 0 mesy mmes &
Avg 1.495 2.275 1.525 1.33 2.44 1.83 67.5 50.6
71 A 1.44 2.32 1.61 1.41 3.19 2.26 66.8 47.4
B 1.48 1.87 | e M e
Avg 1.460 2.095 1.435 1.41 3.19 2.26 66.8 47.4
77 A 1.42 2.49 1.75 1.41 2.72 1.93 63.3 44.9
B 1.38 2.18 1.8 || .
Avg 1.400 2.335 1.665 1.41 2.72 1.93 63.3 44.9
Mecan 1.442 2.360 1.636 1.380 2.747 1.987 60.95 44.15
DISCUSSION Results for grass are expressed per gram ash

Grass and soil. In the migration of con-
taminants along the ecological chain, soil plays
an important role, serving both as a site of
concentration and a place where the contam-
inant may be fixed in a way rendering it inac-
cessible to vegetation. For this reason, the
levels of Strontium™ and Strontium® in soil
are of great importance.

In our studies, Strontium® activities in soil
did not inerease from September to November,
1961. Both surface and subsurface soil samples
(2-6 in.) stayed essentially unchanged in this
period. This suggests that the period between
the liberation of fission products into the strat-
osphere and their appearance in soil in meas-
urable quantities was in excess of two months.

weight. The time required for the entry of
strontium isotopes into grass was less than two
months. This is shown by the significant rise of
Strontium™ in November grass samples as com-
pared with those obtained in September. That
this increase was, in fact, due to fresh fallout
is supported by the simultaneous increase of
Strontium®™ in the November grass samples, a
sign of recent pollution. It is of interest to
note that there was no appreciable difference
in the distribution of rainfall in the months
prior to the two sampling periods. During the
periods when sampling took place the amount
of precipitation was also similar (2.2 in.) in
September as well as in November.
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TABLE 5

Analysis of variance for Jersey and Holstein milk

Degrees of Mean
Effect freedom squares F Significanee
Ca g/l
Interbreed difference 1 0.330 183.39 :
Over-all time-cffect 1 0.065 36.00 A
Intrabreed difference 6 0.014 7.78 e
Time by breed effect 1 0.004 222
Time by cow within breed effect 6 0.007 3.61 =
Error o 0.002
Total 25
S uue/1
Interbreed difference 1 0.03 0.19
Over-all time-effect 1 0.72 5.23 *
Intrabreed difference 6 1.34 9.75 o
Time by breed effeet 1 0.06 0.41
Time by cow within breed effect 6 0.54 3.93 *
Iorror 10 0.14
Total 25
S 6 XCU—— T - T T T - B T T
Interbreed difference 1 0.98 11.82 ud
Over-all time-cice.t 1 1.10 13.30 *
Intrabreed difference 6 0.69 8.27 *
Time by breed effect 1 0 0.04
Time by cow within breed effect 6 0.38 4.56 #
Error 10 0.08
Total 25

* Indicates significance at the 5% level.

** Indicates significance at the 19 level.
Note:

It was suggested (12) that fallout may be
incorporated into the vegetation by several
routes; such as by ahsorption through the roots
from soil, by which previously deposited cumu-
lative fallout enters the plants, and by direct
contamination of plants. This may oceur hy
at least three different mechanisms: a) foliar
absorption, which refers to the direet absorp-
tion of isotopes through plant stem and leaf
surfaces; b) floral absorption, which deseribes
the incorporation of material through develop-
ing of influorescences of plants; c¢) plant-base
ahsorption—absorption of material which has
heen previously carried down to the basal parts
of plants, enrolled leaves, and shallow roots.

The simultaneous inerease in Strontium® and
Strontium™ levels of grass in November as
compared with September, and the lack of con-
current increase in the soil samples, suggest
that the strontium isotopes entered the vegeta-
tion primarily by direet routes.

Although the soil was ploughed as recently
as 1960, the top 2 in. contained more Stron-
tium® in all samples than the succeeding 4 in.
This is in agreement with other published re-
sults (1, 2, 6), and with the results of Kulp
(10), who found that Strontium™ econcentra-

Entries in this table have been ealeulated from the original unrounded measurements.

tion decreases exponentially with depth in all
types of soils.

Milk. An analysis of variance was per-
formed for Strontium™ S.U.* levels and cal-
cium. For this purpose the missing observa-
tions in Tables 3 and 4 were filled in by dupli-
cating the .\ measurements of the same cell
and, following this, the total variance was par-
titioned according to three main effects and
their interactions. The first effect is the over-all
time-effect, due to the difference hetween con-
tamination conditions in the July-August pe-
riod, and in October, 1961—6 wk after the re-
sumption of atmospheric nuclear testing. The
second effect is the inter-breed difference, which
shows whether there is a consistent difference
in S.U." and Strontium™ activities hetween the
Jersey and Holstein milk tested. The third
main effect is the intrabreed difference, which
measures the difference between the milk of
individual cows of the same breed. The other
effects are interactions of the three above-
mentioned effects; these are the time by bhreed
effect and the time by cow within breed effect.

A. Interbreed and intrabreed difference. In
a previous report (8), we found that the aver-
age S.U.™ values were higher in the Holstein
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milk than in milk obtained from the Jersey
cows tested. Our present analyses show that
in the October samples there was a similar
difference hetween milk of the two breeds, as

represented by the eight selected cows. The
mean S.U." values were 2.353 for Holstein

milk as compared with 1.987 for Jersey samples.
This significant difference bhetween the milk
samples of the two breeds of cows was most
likely due to the consistently higher levels of
caleium in Jersey milk in October, 1961 (1.380
g/liter for Jersey, and 1.150 g/liter for Hol-
stein milk). The intrabreed differences con-
tinued to he significant for hoth Strontium™
and S.U." levels, indicating that the four cows
within each of the bhreeds differ greatly. It is
difficult to explain why there is no interbreed
difference in Strontium™ levels, although it is
possible that the error of the determinations was
too great for small differences to show up.

B. Effect of renewed testing. The compari-
son of milk analyses in August and October,
1961, shows that Strontium® levels increased
significantly from August to October and that
the S.U." values were also significantly higher
in the samples taken after nuclear testing was
resumed (over-all time-effect significant). There
was no significant difference in Strontium® lev-
els and S.U." values between the two breeds
tested (time by bhreed effect not significant).
The levels of caleium, however, were lower in
the October samples; thus, the rise in S.U.”
levels was also due to a fall in caleium concen-
tration.

The increase in Strontium™ in the October
milk samples was simultaneous with the appear-
ance of Strontium™—proving that the rise was
due to fresh fallout. Thus, the delay period
between the injection of nuclear debris into the
stratosphere and its appearance in milk was
not more than 6 wk.

Anderson et al. (3) studied the effect of
fallout rate and accumulated fallout on Stron-
tium™ activities in milk. They found that there
was a high correlation bhetween the activity
levels of milk and the amounts of monthly
deposition. In their studies, milk activities
were most affected by the deposition in the
month preceding milk production and also
were affected, but to a lesser degree, by the
amount deposited in the current month. They
developed a formula (relevant for the Felinfach
area) relating Strontium® activities in milk to
fallout rates and to accumulated fallout. This
empirical formula was very successful in pre-
dicting Strontium®™ levels.

Our milk samples, obtained approximately
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6 wk after the resumption of atmospheric nu-
clear testing, show a considerable rise in Stron-
tium™ and Strontium™ activities in both breeds
tested. This increase could not have heen due
to an increase in ecumulative soil levels, hecause
there was no detectable rise in the Strontium™
concentration of soil. Thus, it was probably
the increased deposition rate of the preceding
6 wk which affected the significant rise in the
activity levels of the milk of bhoth breeds of
COWS.

ACKNOWLEDGMENT

This work has been done with the aid of a
Canadian National Health and Welfare grant no.
605-7-135.

REFERENCES

(1) AGRICULTURAL RESEARCH COUNCIL RADIOBIO-
LOGICAL LABORATORY, ARCRL Rept. 1.
Strontium®™ in Human Diet in the United
Kingdom. 1958.

(2) AGRICULTURAL RESEARCH COUNCIL RADIOBIO-
LOGICAL LABORATORY, ARCRL Rept. 2.
Strontium® in Milk and Agricultural Mate-
rials in the United Kingdom. 1958-1959.

(3) AnDERsoN, W., BurToN, L. K., AND CROOK-
ALL, J. O. Analysis of the Relationship
Between Deposition of Long-Lived Fission
Products and Level of Activity in Milk.
Nature, 192: 1109. 1961.

(4) Aromic ENERGY RESEARCH ESTABLISIIMENT,
AERE HP/R 2353. 1958.

(5) Browx, J. R., JArvis, A. A., AND TIEFEN-
BACH, B. Elimination of Ashing in the De-
termination of Strontium and Caleium in
Liquid Milk. Can. J. Physiol. Biochem.,
39:1309. 1961.

(6) Cox, G. W., AND MORGAN, A. Strontium™
from Fallout in the Diet and Milk of a
Dairy Herd. J. Dairy Research, 27:47.
1960.

(7) GrrMmMITT, W. E., AND MILTON, GWEN M.
Radiochemical Procedures for Strontium
and Yttrium. Atomie¢ Energy of Canada
Ltd., CRC-688. 1957.

(8) Jarvis, A. A., Browx, J. R.,, AND ARNOTT,
D. R. Seasonal Variations of Strontium®
and Caleium Levels in Jersey and Holstein
Milk. J. Dairy Sei., 45: 522. 1962.

(9) JexNEss, R., AND ParroN, S. Principles of

Dairy Chemistry. John Wiley and Sous,

New York. 1959.

Kurp, J. L., AND ScHULERT, A. R. Stron-
tium"™ in Man and His Environment. Colum-

bia University, Vol. III: 248. 1961.

UNITED STATES AToMIC ENERGY CoMMIS-
sION. Chemical Methods for Routine Bio-

assay. AECU 4024. November, 1958.

(12) UNITED STATES ATOMIC ENERGY COMMISSION.
Soil and Plant Relationships of Fission
Products. TID 5558. 1959.



MAMMARY GLAND GROWTH AND THE INITIATION OF
LACTATION IN DAIRY GOATS!

G. H. SCHMIDT, R. T. CHATTERTON, Jr.5, axp WILLIAM HANSEL
Department of Animal Husbandry, Cornell University, Ithaca, New York

SUMMARY

The efficacy of estradiol, oxytocin, and bovine somatotrophin to initiate
lactation in goats with artificially induced mammary gland growth was tested.
In a second experiment, the amount of mammary gland growth resulting from
the oral administration of diethylstilbestrol (DES) and 6-methyl-17 aceto-
progesterone (MAP) was determined.

In the first experiment, the milk production of goats previously treated
for 120 days with estradiol and progesterone was not increased hy the injec-
tions of either estradiol, oxytocin, or bovine somatotrophin. In the second
experiment, no marked milk secretion occurred in goats fed DES or MAP for
150 days until a dose of 1.0 mg estradiol had been injected daily for a 7-day
period.

The oral administration of DES or MAP alone, or a combination of the two,
resulted in some mammary gland growth and milk production, but the produc-
tion was much lower than that resulting from pregnaney. The combination of
both compounds was no more effective than either one alone. The feeding of
MAP to goats for the last 60 days of pregnancy resulted in higher levels of milk
production for the first 4 wk of lactation, but the difference was not statistically
significant (P > 0.10). Thereafter, the milk production was approximately
equal in the treated and the normal pregnant groups. The correlation hetween

previous milk production and total alveolar surface area was 0.935.

Meites and Turner have theorized that estro-
gen is the primary stimulator of prolactin
secretion [see review by Meites (8)] and conse-
quently have used large doses of estrogen to
initiate lactation in goats and cattle previously
treated with estrogen and progesterone. Ben-
son et al. (1) found that triggering doses of
estrogen failed to have a significant lactogenic
effect on milk yield after goats had received
estrogen and progesterone injections for 150
days. Meites (8) considered the dose of estro-
gen employed by Benson et al. (1) for mam-
mary gland growth sufficiently high in relation
to progesterone to initiate lactation without use
of additional estrogen.

Most of the work on the artificial develop-
ment of mammary gland growth has been done
with injected hormones. If the artificial de-

Received for publication October 22, 1963.

* Supported in part by funds provided by the
regional project NE-41, Endocrine Factors Af-
fecting Reproduction and Lactation in Dairy Cat-
tle, a cooperative study by agricultural experi-
ment stations in the Northeastern Region and the
Dairy Husbandry Research Branch, ARS, USDA.

? Present address: Endocrinology Research Lab-
oratory, Harvard School of Dental Medicine, Bos-
ton, Massachusetts.
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velopment of the mammary gland and the
initiation of milk secretion is to be employed
under practical conditions, it would seem that
oral compounds should prove useful and several
oral progestational compounds have recently
become available.

The present paper reports the results of two
experiments. The first was designed to de-
termine the effect of various hormones on the
initiation of milk secretion of goats primed
with estrogen and progesterone. The second
experiment was designed to determine the ex-
tent of mammary gland growth and milk pro-
duction after oral administration of DES and
MAP.

EXPERIMENTAL PROCEDURE

Experiment 1. Twenty-seven mature dairy
goats having had one or two previous lactations
were injected with estradiol and progesterone at
the rate of 3.5 mg estradiol and 490 mg prog-
esterone weekly. This was injected subecu-
taneously three times a week for 120 days.
Thirteen of the goats had heen ovariectomized
previously. At the end of the 120-day injec-
tion period, the goats were assigned to four
groups. Approximately equal numbers of ovari-
ectomized and intact goats were assigned to
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each group. One group received no additional
hormone, the goats in the second group re-
ceived 0.5 mg estradiol daily, the goats in the
third group were injected with 50 USP oxy-
tocin 3 daily after the morning milking, and
goats in the fourth group received 5 mg bovine
somatotrophin * daily. The injections were
continued for ten days. Twice-daily milking
was begun at the end of the 120-day injection
period. Daily milk weights were obtained for
8 wk.

E.rperiment 2. Forty goats were divided into
five groups of eight each. Groups I and II
each contained four intact goats used in Ex-
periment I and four intact yearling does;
Groups ITT, IV, and V each contained four
ovariectomized does, one intact doe used in Ex-
periment I, and three intact yearling does.

Goats in Groups I and II were bhred and
Group T served as a control group. The goats
in Group IT received 18 mg MAP 5 daily, start-
ing on the 91st day of pregnancy and continu-
ing to the day of kidding. The goats in Group
TIT received 2 mg diethylstilbestrol (DES)
daily for 105 days and 3 mg daily for an addi-
tional 45 days. Goats in Group IV received 18
mg MAP daily. The goats in Group V received
a combination of DES and MAP at the same
dose levels as those in Groups IIT and IV. The
DES and MAP were mixed with soybean oil
meal and this was fed over the grain mix once
a day. No difficulty was encountered with palat-
ability after the first three or four days.

At the end of the 150-day feeding period,
twice-daily milking of the goats in Groups III,
IV, and V was started. The milk yield of the

* Armour’s P.O.P.

* Calbiochem, Grade B.

® 6-Methyl-17 acetoprogesterone, kindly supplied
by R. E. Zimbelman, The Upjohn Company, Kala-
mazoo, Michigan.
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goats during the first week was very low in
comparison to those in Experiment 1; there-
fore, 1.0 mg estradiol was injected daily for
seven days, starting on the eighth day of milk-
ing. Milking was continued for 56 days. At
that time the goats were sacrificed and one-half
of each udder was fixed for measuring the total
alveolar surface area, as outlined previously
(11). During the last four milkings the yield of
each half was recorded separately to determine
the per cent of the milk produced by each half.

RESULTS

Experiment 1. Weekly milk production of
the goats treated with estrogen and progester-
one and given supplementary doses of hormones
is given in Table 1. An analysis of variance
indicated that differences in milk produection
due to treatments were not significant (P >
0.05). The analysis also showed that there was
no difference in response of the ovariectomized
and the intact goats. It will be noted that the
average weekly milk production for the soma-
totrophin-treated goats was somewhat lower
than that of the three other groups. One goat
in this group failed to respond to the treat-
ment; milking was continued for 2 wk with no
response in milk production. The milk pro-
duction for the three other groups was rather
close for the first 3 wk, but thereafter the
estradiol and oxytocin-treated groups main-
tained or increased their production, whereas
that of the control group decreased.

Exzperiment 2. Weekly milk production of
the goats in Experiment 2 is given in Table 2.
Data for the ovariectomized and intact goats
are given separately. Only the data on the
goats completing the experiment are given in
Table 2. Three goats assigned to Group II
were not pregnant; one goat each in Groups
IIT and V did not respond to treatment after

TABLE 1

Weekly milk production (Ib) of goats primed with estradiol and progesterone
and given supplementary doses of hormones for ten days

Weeks

Supplementary No.

dose goats 1 2 3 4 5 6 7 8 Total
None 7 2.7 2.6 3.1 24 21 2.2 2.1 1.9 19.1
Estradiol 8 3.1 3.2 3.8 4.6 4.8 4.3 4.1 3.9 31.8
(0.5 mg/day)

Oxytoein 7 3.4 3.4 4.1 4.3 4.2 4.1 4.2 3.9 31.6
(50 TU/day)

Somatotrophin 5 1.5 1.8 1.0 1.0 1.1 0.9 0.8 0.6 8.7

(5 mg/day)
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TABLE 2
Weekly milk production (Ib) of goats in Experiment 2
. Weeks
Ovarectomized or  No.
Group intaet * goats 1 2 3 4 5 6 7 8 Total
I Pregnant Intact 8 24.1 26.7 25.9 25.6 26.2 25.8 23.8 22.8 200.9
ITI Pregnant + MAP Intact 5 28.1 29.5 32.0 30.6 27.0 25.3 23.6 23.1 219.2
IITI DES Ovaree- 4 0 0.4 2.7 35 46 53 55 4.6 26.6
tomized
Intact 2 0 03 1.1 16 19 21 31 25 12.6
Average 0 03 22 29 37 42 47 39 219
IV MAP Ovaree- 3 0 01 09 21 25 3.8 8.5 3.7 16.6
tomized
Intact + 0.2 1.7 35 57 61 6.3 61 6.3 35.9
Average 0.1 1.0 24 41 45 5.0 5.0 5.2 27.3
V DES + MAP Ovarec- 4 0.1 07 24 38 38 3.7 4.7 4.2 23.4
tomized
Intact 2 01 15 27 43 45 57 43 5.1 o O
Average 01 1.0 25 4.0 40 44 49 4.5 24.4

periment.

3 wk of milking; one goat in Group III was
pregnant; and one goat in Groups IV and V
died during the experiment.

In Table 2, it can be seen that the animals
receiving MAP during the last 60 days of
pregnancy had higher weekly milk production
during the first 4 wk than the control group.
This difference, however, was not statistically
significant (P > 0.10). At the fifth week, they
were nearly the same and remained about the
same thereafter.

No significant differences occurred in milk
production between the groups of animals with
artificially induced mammary glands. In all
cases, milk production during the first week was
very close to zero and did not increase greatly
until the supplementary dose of estradiol was
used. This is in contrast to the milk production
of goats in Group I, where the milk production

* Indicates whether the goats were ovariectomized or had intact ovaries at the start of the ex-

of all groups was quite high the first week, even
without the use of a supplementary dose of
estradiol.

The histological observations on the goat ud-
ders removed at 8 wk of milking are given in
Table 3. Analysis of variance indicated that
there were no significant differences in any of
the measurements between the ovariectomized
and the intact goats; therefore, these measure-
ments were combined for Groups III, IV, and
V. In Table 3, it will be noted that the pre-
vious milk yield and the total alveolar surface
area of the pregnant groups were significantly

higher (P < 0.01) than those of the other
groups. The increase in alveolar surface area

was due to the significant increases in the
weight of the removed mammary gland and the
number of alveoli per area of tissue, as shown
by the porosity index. No significant differences

TABLE 3
Histological observations of mammary glands of goats in Experiment 2
Milk Wt of Alveolar
No. from excised excised Porosity surface Asymmetry

Treatment goats half—28 days half index area index

() (9) (m*)
Pregnant 8 50.0* 424° 208¢ 8.8* 54
Pregnant + MAP 5 50.6* 467°¢ 229° 10.7* 53
DES 6. 9.4° 117¢ 160 2:5° 57
MAP 7 10.1° 1877 1524 3.0° 65
DES +MAP 6 8.5" 1374 148¢ 1.7% 52

2>  P<0.01; ©>9% P<0.05; within each measurcment.

Observations within each

measurement having the same superseript are not statistically different, P > 0.05.
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occurred in the asymmetry index; however, the
asymmetry was somewhat higher in goats reeeiv-
ing the individual compounds in comparison to
a combination of the two or pregnancy. One
goat in the DES group showed abnormal fold-
ing of the alveoli as reported by Cowie et al.
(3); however, no other histological abnormali-
ties were observed in any of the other goats.

The correlation coefficient between previous
milk production and the total alveolar surface
was 0.935, in close agreement to that found in
two previous studies (10, 11).

DISCUSSION

Levels of estrogen and progesterone used
in Experiment 1 are the same as those used by
Benson et al. (2) when they tested the effect
of triggering doses of estrogen on the initiation
of milk seeretion. In the work by Benson
et al. (2) hexoestrol was used, and the goats
were injected for 150 days, whereas in the
present study estradiol was used and the in-
jeetion period was only 120 days. Results of
Experiment 1 are in agreement with those of
Benson et al. (2), whereas in Experiment 2
it appears that the estradiol was involved in
the initiation of milk secretion. Positive proof
of this is not available because of the lack of
control animals not given the supplementary
doses. This lends support to the belief of
Meites (8), that the dose of estrogen in rela-
tion to progesterone used by Benson (2) and
reported in Experiment 1 was sufficiently large
to initiate lactation without additional estrogen.
The amount of estrogenic activity entering the
blood stream from DES feeding is probably
much less than that entering from the sub-
cutaneous injection of 0.5 mg estradiol. Mix-
ner et al. (9) found that DES andministered
orally was about 1% as effective in inhibiting
lactation in goats compared to its effect when
administered subcutaneously. Lewis and Turner
(7) found that the dose of DES needed to
produce mammary development in male mice
was six times higher when administered orally
when compared to subcutaneous injections. Fol-
ley and Malpress (5) report that less than 109
of orally administered estrogens are utilized by
the hody. The amount of MAP used was cal-
culated at a level of 0.2 mg per lb of hody
weight daily. An average weight of 90 lb was
estimated. Average weight of the goats in
Groups IIT, IV, and V was 77 lb; thus, the
average daily MAP intake was 0.23 mg per
pound of body weight. This level is slightly be-
low the level per pound of body weight re-
quired to inhibit ovulation and estrus in the

bovine [reviewed by Hansel (6)]. Inspection
of the data indicated that there was no associa-
tion between the weight of the goat and the
amount of milk produced or the amount of
alveolar surface area in Groups III, IV, and V.

In the previous study (11), it had been found
that goats injected with bovine somatotrophin
along with estradiol and progesterone to induce
mammary gland growth started their milk pro-
duction at a higher level than the other treat-
ment groups. Bovine somatotrophin had no
beneficial effect in this trial.

From results in Tables 2 and 3, it can be
seen that the production of the goats with
artificially induced mammary gland growth was
considerably lower than that of the pregnancy
groups. Produection for the groups was also
somewhat lower than that reported earlier (11)
for goats injected with estrogen and progester-
one for 150 days, but was comparable to that
produced by the estradiol- and oxytocin-treated
groups in Experiment 1. If the induction of
mammary grand growth and the initiation of
lactation is to become practicable for sterile
and virgin animals, considerably more work
must be done to determine the optimum level
of feeding of both compounds.

It is interesting to note that three of the
goats produced considerable mammary gland
growth on MAP alone without a major source
of estrogen. This is in agreement with the
reports indicating that suitable doses of prog-
esterone given alone to ovariectomized guinea
pigs (2), rats, mice, and monkeys [reviewed by
Folley (4)] will produce some mammary gland
arowth.
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EFFECTS OF OXYTOCIN UPON THE REPRODUCTIVE TRACT OF
THE LACTATING BOVINE!

N. W. CAMEROXN a~xp O. T. FOSGATE
Dairy Department, University of Georgia, Athens

SUMMARY

Twenty-four lactating, multiparous Holstein and Jersey cows were used in
the study. Twelve cows were injected with 200 and 150 USP units, respectively,
of oxytocin (P.O.P.) for 42 days; the other 12 cows received nothing and served
as controls. Average intervals from parturition to uterine involution were 41.0
and 42.7 days; to ovulation, 27.5 and 24.7 days; to first estrus, 41.3 and 40.9
days, for the treated and untreated groups, respectively. Daily injections of
400 USP units of P.O.P. from Day 0-4, inclusive, of the estrous cyele had no
effect upon the langth of diestrus in 13 multiparous, lactating Holstein cows.
C'onception rates were not affected by treatments.

Most studies on the control of reproductive
eveles in farm animals have centered around
the use of gonadal hormones or their deriva-
tives. However, studies by Hays and VanDe-
mark (5) and Marion et al. (6) have suggested
an association hetween the release of oxytocin
and gonadotrophic secretion. Armstrong and
Hansel (1) and Hansel et al. (3, 4) have re-
ported that injections of oxytocin were effec-
tive in shortening diestrus in dairy heifers.
Clapp (2) and Wilthank and Cook (7) have
reported that the noncyeling post-partum in-
terval was longer for nursed cows than for
cows milked twice daily.

This study is an attempt to evaluate the
effeet of oxvtocin on interval variation from
parturition to uterine involution, first ovula-
tion, and first estrus, as well as the conception
rates for oxytocin-treated cows.

MATERIALS AND METHODS
During the 1961-62 fall and winter calving
season, 24 multiparous Holstein and Jersey
cows which had calved normally were alter-
nately assigned to treated or untreated status.
The eight treated Iolsteins received 200 USP
units of oxytocin (P.O.P.), and the four

treated Jersevs each received 150 USP units

P.O.P. daily for 42 days following parturition.
The daily doses” were divided into two equal
subeutancous injections at approximately 12-hr
intervals following the am and pm milkings.

Received for publication October 10, 1963.
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Weekly rectal palpations of the cervix,
uterus, and ovaries were started 10 to 16 days
post-partum and continued until uterine invo-
lution was judged to be complete, ovulation
had occurred as evidenced by a new corpus
luteum, and estrus was observed. Uterine in-
volution was judged to be complete when the
uterine horns had returned to or near the pelvie
region and had returned to normal tone and
consistency.

In 1962-63, 13 Holstein cows, 42 to 73 days
post-partum, were injected subcutaneously with
400 USP units of P.O.P. daily for five days,
starting with the day of estrus, and then bred
at the first estrus subsequent to treatment.
Cows were examined for pregnancy at 28 to
35 days post-breeding.

RESULTS AND DISCUSSION

Averages and mean squares for intervals
from parturition to uterine involution, ovula-
tion, and estrus are given in Table 1. Treat-
ment with oxytocin did not significantly hasten
involution. It might be theorized that contrac-
tions of smooth musecle fibers in the myo-
metrium as a result of the aetion of oxytocin

would shorten the interval to involution. How-
ever, the vresults indicate that the effect of

oxytocin on the uterus during the post-partum
interval to uterine involution is negligible.
The interval from parturition to ovulation
was not significantly altered due to treatment.
But, the interval variation among treated Hol-
steins was significantly greater than for the
untreated group (P < .05). The range for
the treated group was 13.5-58.5 days; for the
untreated, 10.5-29.5 days. The ovulations in-



80 N. W. CAMERON AND O. T. FOSGATE

TABLE 1

Intervals from parturition to uterine involution, ovulation, and estrus in oxytocin-treated and
untreated dairy cows

Treated ® Untreated

Interval from No. No.

parturition cows Avg M.S. cows Avg M.S
Both breeds combined Uterine involution 12 41.0 322 12 42.7 211
Holsteins Uterine involution 8 41.6 357 8 42.3 158
Jerseys Uterine involution 4 39.8 122 4 43.5 151
Both breeds combined Ovulation 12 27.5 213 12 24.7 174
Holsteins Ovulation 8 27.5 199* 8 19.5 31
Jerseys Ovulation 4 27.5 317 4 86.0 353
Both breeds combined Estrus 12 41.3 722 12 40.9 611
Holsteins Estrus 8 49.5 889 8 45.4 753
Jerseys Estrus 4 25.0 38 4 32.0 325

* Holsteins received 200 USP units daily; Jerseys 150 USP units of oxytocin.
* Significantly (P < .05) different from untreated.

cluded a high incidence of silent heats; the
average intervals to ovulation were 27.5 and
24.7 days for the treated and untreated groups,
respectively. Average intervals to first estrus
were 41.3 and 40.9 days, respectively.

Oxytocin per se seems to have no significant
effect upon the interval from parturition to
estrus. That estrus is delayed in nursed cows
has bheen reported by Clapp (2) and Wiltbank
and Cook (7). Nursing apparently stimulates
the hypothalamus to secrete and release oxy-
tocin. At the same time, gonadotrophins are
released as an indirect response to the nurs-
ing stimulus. Pituitary gonadotrophins, alone
or in combination with oxytocin, may be the
hormones responsible for delaying estrus in
nursed cows, rather than oxytocin itself. In
this study three of the treated Holsteins and
all four treated Jerseys exhibited estrus during
the 42-day treatment period. Coneception rates
based upon pregnancy diagnosis were 84.6
and 88.89% for the treated and untreated groups,
respectively.

Table 2 shows the effect of injecting lactat-
ing cows with oxytoein on Days 0-4 inclusive,
where Day 0 was the day of estrus. Three of
the cows apparently skipped one estrual pe-
riod as they came back into estrus in 42, 44,
and 47 days, respectively. The other ten cows
had estrous cycles of 19-23 days. The concep-
tion rate for the 13 cows was 86.69%. Rectal
palpation on the day of estrus and again five
days later confirmed that all cows ovulated and
that a corpus luteum formed at the ovulation
site. Some of the corpora lutea were small,
which is in agreement with reports from other
studies (1, 4). Hansel and Wagner (4) were
successful in shortening diestrus in eight out
of 12 cows, using injections of 200 USP units
of oxytocin twice daily on Days 1-6 inclusive.

In this study, using the same dosage levels,
twice-daily injections were started 24 hr earlier
and continued for five days. We noticed the
same reduction in daily milk yield and observed
milk dripping from the ends of the teats be-
tween milkings, as previously reported by Han-
sel and Wagner (4). Milk yields returned to
pretreatment levels following end of treatment.
But, in contrast to their work, no cows re-
turned to estrus in less than 19 days. However,
this does parallel their findings with Holstein
heifers, as they reported that injections of 100
USP units of oxytocin on Days 0-2 and 0-4
were ineffective in shortening the estrous cycle.
If precocious estrus is dependent upon the de-
gree to which luteal inhibition is accomplished,

TABLE 2

Cows treated with 400 USP units of oxytocin for
five days starting on the day of estrus

Days
Days from
from hegin-
calving ning of

to start treat- Services

of treat- ment to per con-

Cow no. ment estrus ception
185 63 19 1
131 67 a0 1
160 73 21 1
193 71 47 )
130 56 20 1
186 66 20 1
21 42 42 1
151 60 19 2
rird 55 21 1
91 69 23 1
112 57 23 1
179 73 44 1
217 69 22 1

Mean 63.2 26.2 1.15%

* Coneeption rate = 86.6%,.



OXYTOCIN TREATMENT OF THE BOVINE 81

then it would appear that injections of oxytocin
started after ovulation are more effective in
inhibiting the formation of normal corpora
lutea. Oxytocin does not directly affect lengths
of diestrus. Apparently, it exerts its influence
through inhibiting gonadotrophic secretions
from the pituitary complex, either directly or
indirectly through an associated neurohumoral
substance.
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PROGESTOGEN TREATMENT IN RELATION TO TIME OF
INSEMINATION AND ITS EFFECT ON THE BREEDING
EFFICIENCY OF DAIRY COWS1?

N. H. SLACK, K. O. PFAU, J. P. MIXNER, axp A. C. MENGE
New Jersey Agricultural Fxperiment Station, New Brunswick
V. HURST
South Carolina Agricultural Experiment Station, Clemson
AND
A. D. RANKIN
The Squibb Institute for Medical Research, New Brunswick, New Jersey

SUMMARY

The effect of routine therapy with 500 mg of progesterone caproate (PC)
alone or in combination with 0.5 mg of estradiol valerate (PC + EV) on
breeding efficiency was determined with 594 Holstein and 282 Guernsey female
reproductive cycles. In three controlled trials the drug was injected intra-
muscularly at 0, 2, 10, or 14 days after artificial insemination on the first and
(if necessary) the second insemination during a reproductive cyecle.

In the first trial, when PC was administered at zero day, breeding efficiency
values were 20.79 lower for Holsteins and 13.59% lower for Guernseys than for
the controls. When PC was administered two days after insemination, the breed-
ing efficiency of the Holsteins was almost equal (3.19 lower) to that of the
controls, though it was markedly lower (15%) for the Guernseys. Such early
treatments showed a detrimental effect on breeding efficiency.

When PC was administered alone or in combination with KV at ten days
in Trial IT to hoth breeds and at 14 days in Trial IIT to Holsteins, breeding
efficiency values were only slightly helow those of the control group, except for
the PC + EV group in Trial 11, in which the Holsteins averaged 17.79 helow
their controls. No beneficial effects were seen in any of the treatment groups.

Other comparative analyses of the data yielded no conclusive evidence that
the treatments were causing prolonged injurious effects on the reproduective

system.

Infertility in bovine females may have many
causes, though embryo mortality may be asso-
ciated most frequently with this deficiency.
With repeat-breeder cows embryo mortality
was found to be accountable for up to 659 of
all fertilizations (10, 15); with efficient cows
it may be as low as 109 (2), whereas in a
random population it has been estimated to
account for about 159% (10) of the insemina-
tion failures. These estimates would rank em-
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bryonie mortality as the predominant factor of
low eonception.

Embryo mortality has often been aseribed to
an inadequate intrauterine environment, pos-
sibly resulting from a deficiency or imbalance
of ovarian hormones. Progesterone alone or in
combination with estrogen has been used sue-
cessfully in maintaining pregnancy in ovariec-
tomized cattle (3, 4, 7, 9, 11, 14). On the other
hand, treatment of intact females with these
hormones has produced varying results in rela-
tion to fetal mortality. Several workers (1, 5,
16) reported increased conception rates with
progesterone in repeat-breeder cows; others
(6, 8) reported improved breeding efficiencies
in normal cows, which usually conceived on the
first or second service; still others (13) re-
ported detrimental results. Trials with hor-
mones such as chorioniec gonadotropins (17)
and estradiol (12) did not improve the con-
ception rates.

The present study was initiated to determine
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whether routine treatments with a long-acting
progestogen alone or in combination with es-
trogen given at different time intervals after
the day of insemination would improve the
coneeption rate of dairy cows.

METHODS AND MATERIALS

Three trials were conducted from October,
1958, to November, 1962, each utilizing Hol-
stein and Guernsey females of breeding age in
the New Jersey Agricultural Experiment Sta-
tion’s herd located at Sussex. In addition,
Holstein and Guernsey females of breeding age
in the South Carolina Agricultural Experiment
Station’s herd located at Clemson were used
in Trial IT and part of the Clemson Holstein
herd was used in Trial IIT. A total of 876 Hol-
stein and Guernsey first-service cycles was uti-
lized: 142 in Trial I, 459 in Trial II, and 275
in Trial IIT.

Treatment consisted of 500 mg of progester-
one caproate® (PC) alone or in combination
with 0.5 mg of estradiol valerate (PC + EV),
administered intramusecularly at 0, 2, 10, or 14
days after artificial insemination on the first
and (if necessary) the second service. In all
trials the animals were randomized in trios:

(Dela-
of Olin

217-a-hydroxyprogesterone-17-n-caproate
lutin, E. R. Squibb & Sons, Division
Mathieson Chemieal Corp.).
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Trial I, control, PC at 0 day, and PC at 2 days;
Trial II, control, PC at 10 days, and PC + EV
at 10 days; Trial I1I, control, PC at 14 days,
and PC + EV at 14 days.

Animals not returning to heat were checked
for pregnancy by rectal palpation about 70
days from the last service. Conception rates
were ecalculated for first and second services;
breeding efficiency for the two services combined
was calculated by dividing total conceptions
by total services. Since conception rates were
generally consistent with breeding efficiency
values, only the latter are presented. Treat-
ment effects were evaluated by Chi-square analy-
sis of breeding-efficiency values. In an attempt
to determine whether there occurred any lasting
effect of the treatments on the reproductive
system, analyses were made in regard to the
intervals from first insemination to conception
and to the percentages of animals disposed from
the herd for infertility reasons.

RESULTS AND DISCUSSION
Since breeding efficiency values of the Hol-
stein and Guernsey control groups differed by
10 to 159%, results were analyzed within breeds.
The hreeding efficiency values in Trial I
(Table 1) for the PC group treated on zero
day were considerably lower than the values
for the control groups for bhoth Holsteins
(20.7% lower) and Guernseys (13.59% lower).

TABLE 1
Effect of hormonal treatments on the breeding efficiency of Holstein and Guernsey females
in terms of combined first- and second-service conception rates

Treatment Holsteins Guernseys
Inter-
val
from Breed- Breed-
insemi- Serv- ing effi- Chi- Serv- ingeffi-  Chi-
Group PC EV nation ices ciency square ices ciency square
(mg) (mg) (days) (mo.) (%) (no.) (%)
Trial 1
1 Control 48 52.1 2.56" (1 vs. 2) 26 38.5 <1.0
2 PC* 500 0 51 314  1.94" (2vs. 3) 24 9250 <10
3 PC 500 2 49  49.0 0.05 (1vs.3) 34 235 <1.0
Trial IT
4 Control 105 59.0 1.08 (4vs.5) 144 39.6 <1.0
5 PC 500 10 107 48.6 0.67 (5vs.6) 93 38.7 <1.0
6 PC+EV® 500 0.5 10 121 413 356" (4vs.6) 132 40.9  <1.0
Trial ITI
7 Control 140 47.8 <1.0
8 PC 500 14 145 46.9 <1.0
9 PC+EV 500 0.5 14 137 46.0 <1.0
2P 010,
" P < 0.20.

¢ Progesterone caproate (17-a-hydroxyprogesterone-17-n-caproate).
4 Progesterone caproate + estradiol valerate.
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The difference by Chi-square for the Holsteins
was reliable at the 209, probability level, which
for breeding data may well indicate a real dif-
ference. With the limited numbers involved,
the difference for the Guernseys was not great
enough to give a high Chi-square value. It was
apparent that this treatment was far from bene-
ficial and warranted an early termination in
hoth breeds. The PC treatment administered
at two days gave very different results in the
two breeds, the Holsteins being only 3.1%
lower than the respective control groups,
whereas the Guernseys were 15.0% lower.

When PC administration was delayed to the
tenth day in Trial IT (Table 1) the breeding
efficiency values for both hreeds were only
slightly helow the control values. It was thought
that the addition of estrogen to the progestogen
at 1:1,000 (PC 4+ EV) might increase the
effectiveness of the progestogen; however, as
can be seen in Table 1, the result was the op-
posite for the Holsteins, with -a marked redue-
tion in the hreeding efficiency of 17.7% (P <
0.10) below the control group. Breeding effi-
ciency for the Guernseys with PC + EV treat-
ment was essentially the same as that of the
control group. The execeptionally high breed-
ing efficiency of the Holstein control group
accentuated somewhat the comparisons for hoth
treatments in Trial II.

The further delay of treatment administra-
tion to the 14th day in Trial III resulted in
breeding-efficiency values very similar to the
control value. The PC 4+ EV treatment did
not appear to he detrimental in this trial when
compared among herds (Table 1); when com-
pared within herds, however, there was an in-
explicable inconsistency with the treatment
group, inferior to the control group in the
New Jersey herd and superior to the control
group in the South Carolina herd. All other
within-herd comparisons were consistent with
each other.

It was quite apparent for hoth hreeds that
PC treatment on the day of insemination was
detrimental to conception, possibly due to an
upset of the ovarian hormone balance by the
added progestogen at a time when the animal
was still in the estrous phase of the cycle.
Stott and Williams (13) reported similar re-
sults when progesterone was given 12 hr after
insemination. Delay of the PC treatment until
two days after insemination continued to inter-
fere with conception among the Guernsey breed,
whereas the Holsteins were unaffected. These
findings do not agree with those of Johnson
(6), and Johnson et al. (8), who have reported
marked improvement in breeding efficiency fol-

lowing progestogen treatment of normal cows
on the second day after insemination.

When PC treatment was further delayed to
10 and 14 days after insemination there was
no effect, heneficial or detrimental, on concep-
tion. Addition of estrogen to the progesterone
had no effect on the Guernseys and a detri-
mental effect on the Holsteins when adminis-
tered on the tenth day, and no effect on Hol-
steins when administered on the fourteenth day.
Recent work by Hawk (3), who attempted to
maintain pregnaney in hoth first-service and
repeat-breeder ovariectomized cattle with prog-
esterone alone or in combination with estrogen,
indicated that an ovarian hormone imbalance
or deficiency was not solely responsible for
emhryo fatality in repeat-breeder cattle. The
problem might possibly involve some metaholic
failure in connection with hormone utilization
by the uterus.

Analysis of the intervals from first service
to conception (Table 2) revealed a highly sig-
nificantly greater (P < 0.01) mean interval
length for the treatment groups in Trial T than
for the control group.

In Trials IT and IIT no significant differ-
ences in conception intervals could bhe found
bhetween treatment groups. The ahsence of such
differences might he attributed to an inecrease
in the interval length of the control groups
rather than to a decrease in the treatment
groups. With the random selection of animals
for treatments, it is possible, though doubtful,
that this could indicate a carryover of treat-
ment effects to the next reproductive cycle.

Chi-square analyses of disposal percentages
(Table 2) revealed that in Trial I the number
of treated Holsteins removed for infertility
were not significantly different from the one in
the control group. However, significantly more
animals (P < 0.05) were removed from the
group treated with PC on Day Zero than from
the group treated with PC on Day Two, indi-
cating a possible harmful effect on the cow’s
reproductive system when treatments were
given during estrum. Another indication of a
possible harmful effect could be found among
Guernseys in Trial II, where significantly more
PC-treated animals (P < 0.05) were removed
for infertility than control animals. In addi-
tion, only a slightly harmful effect was indi-
cated among the Guernseys in Trial II and
among the Holsteins in Trial IIT when treated
with PC 4+ EV. Since these results were of
inconsistent mature and based on relatively
small numbers, it left considerable doubt as to
whether the differences proved real and repeat-
able.
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TABLE 2
Analyses of intervals from date of first insemination to conception, and of disposals for
infertility
Treatment Conception rate Infertility disposals
Intell'» Animals in
va. Analysis of trial Analysi
from Total Mean f,lag:,lme ! s i
Breed insemi- eoneep- inter- Dis- Chi- Compari-
group nation tions val F Comparison  Total posed square son
(days) (no.) (days) (no.) (%)
Trial I
Holstein
1 Control - 25 9.48 4.92** (Among 1,2,+3) 27 7.41 1.73 (1vs.2)
2 PC* 0 22  36.18 7.97** (1vs.2+3) 29  20.69 4.09* (2vs.3)
3 PC 2 31 24.97 1.87 (2vs.3) 32 312 054 (1vs.3)
Guernsey
1 Control 12 2450 40.84** (Among1,2,+3) 15 13.33 0.21 (1vs.2)
2 PC 0 11 3991 65.64** (1vs.2+3) 13 7.69  0.40 (2vs.3)
3 PC 2 15 52.73  16.04** (2vs. 3) 19 15.79  0.03 (1vs.3)
Trial IT
Holstein
4 Control 37 38.68 1.32 (Among 4,5,+6) 39 2.56  1.08 (4vs.5)
5 PC 10 40  24.52 42 0.00 3.23* (5vs.6)
6 PC+EV® 10 34 37.79 39 7.69  1.00 (4vs.6)
Guernsey
4 Control 50  39.36 0.18 52 1.92  4.25% (4vs.5)
5 PC 10 24  44.96 29 13.79 065 (5vs.6)
6 PC+EV 10 45  44.29 51 7.84 1.86° (4vs.6)
Trial ITI
Holstein
7 Control 64 30.12 1.15 (Among?7,8,+9) 66 3.03  0.00 (7vs.8)
8 PC 14 64  34.78 66 3.03  2.12° (8vs.9)
9 PC+EV 14 58  42.48 64 9.38 2.12® (7vs.9)
* P < 0.05.
** P < 0.01.
*P < 0.10.
*P < 0.20.
¢ Progesterone caproate (17-a-hydroxyprogesterone-17-n-caproate).
4 Progesterone caproate + estradiol valerate.
CONCLUSIONS REFERENCES

The hormone treatments as outlined were
detrimental to breeding efficiency when admin-
istered near the time of insemination. The de-
lay of treatment administration to 10 or 14
days from insemination, while not markedly
detrimental, was not beneficial and of no value
in improving breeding efficiency under the con-
ditions of this study.

There was slight, inconsistent evidence that
some of the treatments could have caused pro-
longed injury to the reproductive system of
some COWS.
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BOVINE SEMEN METABOLISM. VI. COMPARATIVE EFFECTS OF

INITIAL FRUCTOSE LEVEL AND INCUBATION TEMPERATURE
ON FRUCTOLYSIS AND SPERM MOTILITY *

N. NASHED,* J. P. MIXNER, anp R. E. MATHER
Department of Animal Sciences, New Jersey Agricultural Experiment Station, Sussex

SUMMARY

Forty-four semen ejaculates from 12 bulls were used in a 3 X 3 factorial
experiment to study the effects of three initial fructose levels (1.25, 1.96, and
4.81 mg/ml) and three incubation temperatures (27, 37, and 47 C) over a
3-hr incubation period on fructolysis and motility.

Increases in initial fructose levels and in the incubation temperatures caused
inereases in fructolysis in all instances with the exception of the highest initial
fructose level at the highest incubation temperature. Motility responses were
similar, except that they were depressed markedly at the high initial fructose
level with all incubation temperatures. Thus, depression of motility anticipated
and preceded the depression in fructolysis. Hyperstimulation of the sperm may
have interfered with the recyeling of ATP-ase. It is also possible that structural
changes in the sperm proteins (denaturation?) may have led to paralysis of the
contractile mechanism hefore actual cell death.

Spermatozoa motility and metabolic activity
are markedly affected in vitro by changes in
their environment. Recent reports (3, 4) have
indicated that increases in the initial fructose
concentration resulted in increased fructose uti-
lization during 20, 60, and 120 min of incuba-
tion at 37 C. An inerease in rate of fructolysis
also occurred when the temperature of incuba-
tion was inereased from 27 to 37 to 47 C (5).
A decline in the rate of fruetolysis was noted
during the third hour of a 3-hr incubation pe-
riod at 47 C. This decline was postulated to be
due to the exhaustion of fructose in the sub-
strate.

This study was designed to further examine
the interaction of incubation temperature and
fructose substrate concentration upon frue-
tolysis and motility of bull spermatozoa.

MATERIALS AND METHODS

Forty-four semen samples were collected by
use of an artificial vagina from 12 Holstein and
Guernsey bulls located at the Dairy Research
Center of the New Jersey Agricultural Experi-

Received for publication July 15, 1963.

! Paper of the Journal Series, New Jersey Agri-
cultural Experiment Station, Rutgers—The State
University, New Brunswick. This work was sup-
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tional Association of Artificial Breeders.
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Univ. Klinik, Hugstetterstrasse 55, Freiburg 1
Br.,, Germany.
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ment Station. Immediately after collection the
spermatozoa concentration of each sample was
determined turbidimetrically with a Klett-Sum-
merson photometer and the motile spermatozoa
estimated to the closest 5%.

A 3 X 3 factorial experiment was arranged
with three initial fructose levels and three in-
cubation temperatures. The initial fructose
concentrations were adjusted approximately to
1, 2, or 4 mg/ml after the addition of 0.5 ml
of semen to 2.0 ml of 2.99 solution of sodium
citrate dihydrate. Subsamples from each frue-
tose level were incubated in water baths at 27,
37, and 47 C. Initially and after 1, 2, and 3 hr
of incubation, the per cent of motile sperma-
tozoa was estimated and a 0.5-ml sample of
diluted semen was deproteinized with 3.5 ml
of 109 trichloroacetic acid and prepared for
fructose assay.

Fructose determinations were according to
the method of Roe (7), as modified by Erb (1,
2). Fructose utilization was expressed as milli-
grams of fructose utilized by 10° spermatozoa
in a given period of time. Analysis of variance
was calculated according to the procedures of
Snedecor (8).

RESULTS AND DISCUSSION
The mean spermatozoa concentration of the
semen samples was 1194 X 10° per ml, with
a mean initial motility of 74.89% and a mean
initial fructose concentration of 6.25 mg/ml.
Treatment means for fruectolysis and motility
are presented in Tables 1 and 2, respectively.
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TABLE 1

Effect of initial fructose level and incubation temperature on the mean fructose utilization

Fructose utilization per 10" sperm in minutes

Fructose level TIneubation

in incubating fluid  temperature 0-60 60-120 120-180 0-180
(mg/ml) (c) —(mg)
A. All treatments
1.29 27 0.69 0.28 0.25 1.23
1.26 97 0.77 0.50 0.39 1.66
1.21 47 1.78 0.73 0.50 3.00
2.00 27 1.50 1.20 0.48 3.18
1.97 37 1.62 1.21 0.86 3.69
1.92 47 2.02 1.50 1.23 4.75
4.86 27 2.26 1.26 0.54 4.06
4.86 37 272 1.60 1.01 5.32
4.72 47 2.32 1.30 0.67 4.30
B. Across temperatures
1.25 Combined 1.08 .50 .38 1.96
1.96 Combined 1.71 1.30 .86 3.87
4.81 Combined 2.43 1.39 74 4.56
C. Across fructose levels
2479 27 1.48 91 42 2.82
2.70 37 1.70 1.10 .75 3.55
2.62 47 2.04 1.18 .80 4.02
D. Over-all means 1.74 1.06 .66 3.46
TABLE 2
Effect of fructose level and inecubation temperature on the mean percentage motility
Motility
Fruectose level in Incubation After After After
ineubation fluid temperature Initially 1hr 2 hr 3 hr
(mg/ml) (c) (%)
A. All treatments
1.29 27 74.8 35.6 31.8 26.3
1.26 37 74.8 39.3 35.2 30.7
1.21 47 74.8 41.6 38.5 33.1
2.00 27 74.8 44.0 41.1 32.3
1.97 g7 74.8 48.1 46.5 37
1.91 47 74.8 49.3 47.6 40.7
4.86 27 74.8 20.0 5.3 0.5
4.85 37 74.8 23.6 9.1 1.1
4.71 47 74.8 18.5 7.6 1.3
B. Across temperatures
1.25 Combined 74.8 38.8 35.2 30.0
1.96 Combined 74.8 47.1 45.1 36.9
4.81 Combined 74.8 20.7 7.3 1.0
C. Across fructose levels
2.72 o7 74.8 33.2 26.1 19.7
2.70 37 74.8 37.0 30.3 23.2
2.62 47 74.8 36.5 36.8 25.0

An examination of Table 1 and the statistical
analysis indicated that there were significant
differences in fructose utilization, due to initial
fructose levels and incubation temperature, in-
creases in both instances being generally stimu-
latory. The exception to this trend was at the
highest fructose level (4.72 mg/ml) and at the
highest incubation temperature (47 C). Here,
at all incubation times, fructolysis was de-
pressed below that of the corresponding 37 C
temperature; and at the 2- and 3-hr incubation

periods, below that of the medium fructose
level (1.92 mg/ml) and the 47 C temperature.
This was the cause of significant interactions
between fructose substrate levels and incuba-
tion temperatures. These results confirm and
extend the results of Freund et al. (3-5).
Motility of spermatozoa was only moderately
affected by temperature changes (Table 2),
higher temperatures resulting in higher motility
estimates. The middle level of fructose concen-
tration (1.96 mg/ml) stimulated motility at all
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temperatures over the corresponding low level
of fruectose (1.25 mg/ml). The high level of
fructose (4.81 mg/ml) markedly depressed mo-
tility below that of either of the other two
fructose levels. Thus, the high level of frue-
tose and the higher incubation temperature de-
pressed the motility of spermatozoa sooner and
more severely than it did the fructolysis. An
analysis of variance of the motility data showed
highly significant effects of initial fructose
levels, temperature of incubation, time of incu-
bation, and the interactions of fructose level
with both the time and temperature of incu-
bation.

The depression in fruetolysis and motility
at the higher fructose and higher temperatures
was not due to substrate exhaustion. The effeet
of the high fructose level when combined with
a high temperature could be a hyperstimu-
latory action. This possibly caused enough
interference with the reeycling of ATP-ase,
resulting in a reduction in hoth fruetolysis and
motility (6). Also these effects conceivably
could cause structural changes in the sperm
proteins (denaturation?) leading to paralysis
of the contractile mechanism hefore actual cell
death.
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TECHNICAL NOTES

EFFECTS ON PRODUCT QUALITY OF CROSS-CIRCULATION
AIR DRYING OF WHOLE MILK FOAM

Cross-circulation drying of whole milk foam
was studied at the Engineering and Develop-
ment Laboratory of the Eastern Utilization Re-
search and Development Division, Agricultural
Research Service, United States Department of
Agriculture, as part of a broad program
directed toward the development of a com-
mereially feasible process for preparing
heverage-quality dry whole milk of rapid dis-
persibility and adequate shelf life. A heverage
quality product is one possessing flavor similar
to flash-pasteurized fluid milk and is free of
the characteristic cooked flavor of present dry
milks. Techniques for drying whole milk foam
under vacuum and some properties of this
product have been reported (1, 4, 5, 9). The
spray drying of whole milk foam is also under
study in this program (6). In addition, cross-
cireulation drying of whole milk foam was
begun at the Eastern Division in 1959 after
Morgan et al. (8) of the Western Division had
devised a new method which they called foam-
mat drying. In the course of their work with
a wide variety of foodstuffs, they prepared dry
whole milk of good dispersibility. Their method
involved addition of a stabilizing agent to milk
concentrates, preparation of a foam by in-
corporating air or an inert gas, application of
this foam to a tray or a moving belt and ex-
posing it to a hot air stream until dry. Since
good dispersibility was one of the important
goals of our work, a special dryer was built at
the Eastern Division and a econtinuous unit
was set up to study the mechanism of drying
and to provide information needed to adapt
drying conditions and techniques to obtain the
best produet quality. The purpose of this
paper is to report the effects of drying condi-
tions on the quality of the resulting product.

EXPERIMENTAL PROCEDURES

Figure 1 is a flow sheet of the pilot plant
used in these studies. Concentrate of 40 to 469,
solids made from whole milk flash-pasteurized
at 162 F for 161 seec was chilled to below
50 F. Nitrogen was then dispersed in the
concentrate by means of a gas-liquid mixer
to yield a foam of 0.4 g/ce density. It was
found that a stabilizer was not required for the
preparation of suitable foams. The foam was
applied in the form of ropes to the belt of
a continuous, eross-circulation air dryer. Rope
diameters ranged from 0.05- to 0.10-in. Air
conditions studied were: velocity from 240 to
710 ft/min, dry-bulb temperature from 112 to
232 F, and relative humidity from 1 to 249.

Product quality was measured by the Solu-
bility Index Test of the American Dry Milk
Institute (3), and by an organoleptic scoring
test similar to the one adopted by the Ameri-
can Dairy Science Association (2). The taste

9v

panel consisted of 8 to 11 trained judges.
The final flavor score reported for each sample
was the panel’s arithmetic average score for
that sample.

RESULTS

Drying. A comprehensive report on the
engineering aspects of the drying study may
be found -elsewhere, along with supporting
experimental evidence (7). Findings pertinent
to this report are: (a) Drying time between
two given moisture contents varied as the square
of the rope diameter. (b) Foam temperature
during drying was an important variable af-
feeting drying rate. (c¢) Relative humidity
had no effect on drying rate, but only on the
final moisture content that could be attained.
(d) Air velocity had a slight effect on drying
rate which could be explained on the basis
of its effect on foam temperature.

Flavor. Products prepared using a wide
range of drying temperatures and drying times
were presented to a trained taste panel for
flavor evaluation. In all cases these products
were found to he unsatisfactory, due to the
development of an oxidized off-flavor (Table 1),
although results indicate some improvement in
flavor with decrease in drying time.

TABLE 1

Flavor evaluations

Avg
score
of
Dry- fresh Avg Most
Total bulh whole score objec-
drying air milk of tionable
time temp  standard  sample flavor
(min) (F)
6.0 143 38.8 Oxidized
5.1 121 39.5 Oxidized
4.6 174 39.5 Oxidized
3.4 174 39.5 Oxidized
3.2 209 39.5 Oxidized
1.8 209 39.3 Oxidized
1.3 209 39.3 Oxidized
1.1 209 39.3 Oxidized
1.0 232 39.0 Oxidized
0.92 232 39.0

Oxidized

Heat damage. The ADMI Solubility Index
Test was used as a measure of the heat damage
to the product. Experiments were made to de-
termine the effect of dry-bulb temperature and
drying time on the solubility index. Results
are given in Table 2. They show that the
dry-bulb temperature must be restricted to
meet the standards of solubility index, that
this temperature limit is about 232 F with
ropes of 0.05-in. diameter, and that it is
lower with thicker ropes.
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TABLE 2
Heat damage due to drying

Dry-

bulb Solubil-
air Rope Drying ity
temp  diameter time  Moisture index
(F) (in.) (min) (%) (ml)
174 0.05 2.1 3.47 Trace
174 0.075 3.0 3.53 Trace
174 0.10 6.3 2.82 Trace
209 0.048 1.8 3.13 0.1
209 0.048 1.3 3.36 Trace
209 0.05 2.8 2.47 0.3
209 0.075 3.2 3.52 0.6
209 0.10 5.47 3.73 0.4
209 0.10 3.3 4.55 1.0
232 0.048 1.0 3.05 0.4
232 0.048 0.92 3.57 0.5
CONCFNTRATE

WACKETED FEED TANK

~ COOLING JACKETS >

METERING
PUMP

MIXER

ROTATING
FEEDER, |

CROSS-CIRCULATION DRYER

PRODUCT
RECEIVER
Fic. 1. Flow shecet of the pilot plant used to

study the ecross-circulation air drying of whole
milk foams.

DISCUSSION

The main limitation in applying this process
to whole milk is the development of an oxidized
off-flavor. Results of this work show that
less oxidized off-flavor is developed as drying
time is decreased by employing higher dry-bulb
temperatures. However, dry-bulb temperature
has an upper limit because of heat damage,
as evidenced by solubility index. Even when
drying at the upper limit, sufficient oxidative
defect is developed to render the product
unsatisfactory when dried in air.

It is common practice when drying food
products to lower the dry-bulb temperature
as drying proceeds to reduce heat-induced
deteriorative reactions. In this case, the chief
problem was the development of an oxidized
off-flavor shown to increase as the dry-bulb
temperature was lowered (drying time in-
creased). Thus, temperature lowering as dry-
ing proceeds did not offer a solution to the
oxidation problem.

There are other means that may bhe con-
sidered for overcoming oxidative deterioration

during processing of milk. Heat-treating the
fluid milk prior to spray drying is commonly
employed to inhibit fat oxidation. However,
this treatment imparts a decided eooked flavor
to the produect, inconsistent with the objectives
of this work. Moreover, other work (5) has
shown that heat treatment impairs dispersibil-
ity of the dry milk on storage. Drying in an
inert gas atmosphere would inhibit oxidative
deterioration, but would add substantially to
the cost and complexity of the operation.

Although drying time can be decreased by
the use of rope diameters smaller than the
0.05-in. used in this work, it would be difficult
to approach the short time of exposure to
oxidation possible in spray drying. Spray dry-
ing is cheap and, with the recent development
of spray drying of foamed concentrates (6),
improved dispersibilities can be had. Moreover,
dry whole milk of excellent initial flavor and
dispersibility can be made by the continuous
vacuum drying of foamed concentrates (1).
Through pilot-plant research the cost of the
vacuum process is now approximating prof-
itability. Work on cross-circulation drying has
heen discontinued, as it offers little prospect
of yielding a product of the desired proper-
ties at a reasonable cost.
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A SIMPLE METHOD FOR ESTIMATING CURD
FINES IN COTTAGE CHEESE WHEY '

During the manufacture of Cottage cheese,
shattering of the curd detracts from the appear-
ance of the product marketed. Unless curd fines
are recovered from the whey and wash water,
loss in yield may be substantial.

Several reports (1-4, 6, 7) have shown that
some of the most important factors which affect
the amount of shattering during the cooking
and washing of Cottage cheese curd are: 1.
Quality and solids content of skimmilk used;
2. type and activity of culture used; 3. firmness
of coagulum and acidity at cutting; 4. method
of cutting and cooking the curd; 5. type and
rate of agitation used.

Kosikowski (5) reported a method of measur-
ing curd uniformity for Creamed Cottage
cheese. Using a series of sieves, he separated
the eurd into several size ranges. By compar-
ing weights of fine curd to uniform desired
curd, degree of curd breakage was established.

For research on the ecooking of Cottage
cheese curd, a simple and rapid semiquantitative
method to determine curd fines in the Cottage
cheese whey was needed. A procedure using
calibrated centrifuge tubes for measuring the
quantity of curd fines was developed. With the
exception of calibrated centrifuge tubes, all of
the equipment required for the method reported
in this paper is normally available in the dairy
plant laboratory.

EXPERIMENTAL PROCEDURE

When Cottage cheese was cooked to the de-
sired firmness, the agitator was stopped and the
strainer inserted in the outlet of the cheese vat.
Sufficient whey was permitted to drain to re-
move the curd trapped in the valve outlet hy
the strainer. Following this, a pint sample of
whey was eollected. The whey mixed well and
30 ml was tranferred to each of two 30-ml
conical-bottom graduated centrifuge tubes. The
tubes containing the whey were centrifuged 5
min. at 870 rpm in a Babcock centrifuge. The
centrifuge cups were lined with cloth or paper

TThis paper has been accepted as Journal
Paper mno. 2260 of the Purdue Agricultural Ex-
periment Station. Work supported in part by a
grant from the American Dairy Association. Pre-
sented as part of Paper M50 at the 58th Annual
A.D.S.A. Meeting, June 16—19, 1963, Lafayette,
Indiana.

to accommodate the special centrifuge tubes.
The volume of curd fines, to the mearest 0.1
ml, was read from the graduated centrifuge
tube.

The dry weight of curd fines from duplicate
30-ml samples of several lots of whey was
determined by pouring off the whey and trans-
ferring the curd fines to weighed Mojonnier
solids dishes. Two ml of distilled water were
added to transfer curd fines to the solids dish
and to help spread the curd fines in an even
layer in the dish. After this, the water was
evaporated on a Mojonnier solids plate, the
sample in the dish placed in the Mojonnier
vacuum oven for 10 min, tempered for 10 min
to room temperature in a desiccator, and
weighed.

RESULTS AND DECISION

Figure 1 1s a photograph of three completed
tests illustrating the appearance of the test
and the type of centrifuge tube used. Sample
1 (0.5 ml), Sample 2 (0.8 ml), and Sample 3
(2.7 ml) are Cottage cheese whey from com-
mercial dairy plants and represent losses of
74, 11.9, and 40.1 1b of curd per 100 gal of
whey. These figures were calculated using the
weights of dried curd fines in 30 ml of whey.
These weights were converted to the weights of
curd fines with 809 moisture that would be con-
tained in 100 gal of the whey sample. The

I'1g. 1. Photograph of completed test for curd
fines on three different samples of Cottage cheese
whey.



TECHNICAL NOTES 93

same procedure was used in determining the

points plotted in Figure 2. The above samples

were taken from vats of Cottage cheese when
curd break:ge was a problem. Results of deter-
mining the amounts of curd fines on whey from

over 30 vats of Cottage cheese indicate that 0.4

ml or less of curd fines per 30 ml sample of

whey is desirable.

Figure 2 relates the volume of curd fines in
30 ml of whey to the pounds of curd fines per
100 gal of whey. The pounds of curd lost per
100 gal of whey can be read directly from the
graph when test results are available.

In Table 1, results are presented for quad-
ruplicate determinations on seven lots of whey
rounded to the nearest 0.1 ml of curd fines.
Variations between duplicate tests were 0.1 ml
or less in all ecases. Also included in Table 1
are the average dry weights of curd fines for
the four determinations on each lot of whey.
A direct relationship exists between volume of
curd and weight of dry curd fines obtained.
This information was used to prepare the graph
shown in Figure 2.

Other than the centrifuge tubes, the equip-
ment needed is available in most dairy plant
laboratories. The test is a useful research tech-
nique to demonstrate loss of curd in Cottage
cheese whey due to eurd breakage. It also
serves as a simple procedure for daily checks on
curd breakage in commercial Cottage cheese
operations.
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TABLE 1

Volume and dry weight of eurd fines in different
lots of cottage cheese whey *

Lot Volume of
no. curd fines

Dry weight of
curd fines

(9)
0364
0644
.0705
L0884
.1785
.2185
.2449
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* Average of four determinations on each lot
of whey.
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Fi1e. 2. Comparison of ml of curd fines in 30-ml
aliquots of whey to lb of curd fines lost in 100
gal of whey.
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ELIMINATION OF 2-METHYL-4-CHLOROPHENOXYACETIC ACID AND
4-(2-METHYL-4-CHLOROPHENOXYBUTYRIC) ACID IN
THE URINE FROM COWS

The herbicides 2-methyl-4-chlorophenoxyacetic
acid (MCP) and 4-(2-methyl-4-chlorophenoxy-
butyric) acid (MCPB) are used for broadleaf
weed control in forage and other crops. It is,
therefore, essential to know the mode of metah-
olism of these compounds when ingested by
cows as herbicide residues on forage.

Using electron affinity gas chromatography,
the herbicide 2,4-dichlorophenoxyacetic acid
(2,4-D) was found in the urine of Holstein
steers fed either 2,4-D or 4-(2,4-dichlorophe-
noxybutyrie) acid [4-(2,4-DB)] (3). In the
work reported, MCP was found in the urine
of animais fed MCP or MCPB.
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EXPERIMENTAL PROCEDURE

Two Holstein cows were catheterized and fed
2.5 and 5 ppm (based on a 50-1b daily ration)
of MCPB on November 1, 1963. The pure
herbicide in absolute ethyl alcohol was mixed
with the grain. A Holstein steer was fed 5
ppm (based on a daily ration of 50 1b) of MCP
on October 8, 1963. The pure herbicide in
ahsolute ethyl aleohol was similarly mixed with
the grain. The total urine samples from all of
the animals were weighed and collected the day
before feeding (control sample) and daily for
six days after feeding the herbicides.

Method of analysis consisted of blending 25
g of the well-mixed, daily total urine sample
with 70 ml of distilled acetone and 1 ml of 859
phosphorie acid for 2 min. The mixture was
filtered and the filtrate made to a total volume
of 100 ml with acetone. A 4-ml portion of the
filtrate was transferred to a 100-ml beaker and
the acetone evaporated with air. The remainder
of the procedure involving extraction of inter-
ferences into diethyl ether at pH 7.7, nitration
and methylation of the herbiecides, and electron
affinity gas chromatography of the nitrated
ester derivatives is identical to the procedure
described previously (1). Nitration produced
the sensitive electron capturing five and six
nitro derivatives of MCP and MCPB methyl
esters. The un-nitrated esters would not have
had the requisite sensitivity for this study.

RESULTS AND DISCUSSION

Figure 1 shows chromatograms of (A) urine
from the MCP-fed steer three days after feed-
ing and (B) the prefeeding control urine
sample. The peak appearing after approxi-
mately 11 min represented one of the nitrated
MCP methyl ester derivatives. The peak for
the other nitrated derivative appeared after 8
min, but was obscured by other early-appearing
interferences. It was necessary to manually zero
the recorder pen just before the appearance of
the 11-min peak, to allow it to he observed.
The height of either peak (appearing when
nitrated and methylated MCP standard was in-
jected) was linear with MCP econcentration.
The recoveries of 0.4 ppm of MCP added to
urine were 106, 75, 93, and 1199,. The method
was sensitive to about 0.1 ppm of MCP.

Table 1 lists the daily concentrations and the
total quantities of MCP excreted in the urine
(probably as the sodium salt) and the total
daily urine production. No MCP was detectable
in the urine of either of the MCPB-fed animals
after the first day. The MCP-fed steer showed
MCP in its urine up to four days following
feeding. The lower urine production of this
animal probably accounts for this difference.

The total amount of MCP fed to the steer
was 113.5 mg. The total amount found in the
urine was 140.8 mg. Considering experimental
error, this may well indicate complete elimina-
tion of MCP in the urine of the animal.
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F1c. 1. Chromatograms of (A) urine from the
MCP-fed steer three days after feeding and (B)
prefeeding control urine.

The total amounts of MCPB fed to the 2.5
and 5 ppm fed cows were 56.75 and 113.5 mg,
respectively. The total amounts of MCP
eliminated represent 525 and 9.64 mg of
MCPB equivalent, respectively. These values
represent, respectively, 9.2 and 7.29, conver-
sion of MCPB to MCP. In the study reported
earlier (3), 7.3% of the 4-(2,4-DB) was con-
verted to 2,4-D in a steer. MCPB was also
found to convert to MCP on bhean leaves, pre-
sumably by beta oxidation (2).

The MCPB-fed cows -consistently showed
(based on repeated analyses) the characteristic
nitrated MCPB methyl ester peaks appearing
after 16 and 48 min (1) in their first day’s
urine. Based on the height of the 16-min peak,
the 2.5 and 5 ppm level animals showed re-
spective MCPB concentrations of 0.35 ppm
(4.56 mg total) and 0.55 ppm (8.37 mg total).
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TABLE 1
MCP found in the urine and daily urine production

Cow fed 2.5 ppm MCPB

First
Day
Urine (kg) 13.05
MCP (ppm) 0.35
Total MCP (mg) 4.56
Cow fed 5.0 ppm MCPB
First
Day
Urine (kg) 15.22
MCP (ppm) 0.55
Total MCP (mg) 8.37

Steer fed 5.0 ppm MCP
First Second Third Fourth

day day day day
Urine (kg) 4.38 4.95 4.86 6.33
MCP (ppm) 1.90 3.60 22.40 0.95
Total MCP (mg) 8.30 17.80 108.80 5.90

However, recovery of MCPB added to urine
was not satisfactory, and these results are,
therefore, not listed in Table 1.

Retention times for the observed MCP (and
MCPB) peaks were identical with the pure
standards. In several cases, addition of the

OAT PASTURE FOR LACTA

Several reports (1, 2, 4, 7, 13) have indi-
cated that green oat forage stimulates milk
production. Copeland (1) found that cows
produced 4 to 5.5 lb more milk daily when
grazing oats compared to periods when oats
were not grazed. MeClymont (8) reported a
drop in milk fat test from 4.3 to 2.69 within
a week following the start of grazing oat pas-
ture. The animals were changed to another
type of roughage and the milk fat test rapidly
returned to normal. Several workers (2, 3, 8,
10) have studied the effects of various supple-
ments on the composition of milk produced by
cows grazing oat pasture. Generally, little or
no benefit was realized from supplementing
the rations of cows grazing oats with high-fiber
or bulky ingredients (2, 3, 10, 13).

On the dry matter basis immature oat forage
was reported to contain 12 to 33% crude pro-
tein (2, 7, 9, 10), 20 to 33% crude fiber, and
32 to 409% nitrogen-free extract (3, 9, 10).
Hawkins and Autrey (4) determined the di-
gestibility of the dry matter of harvested im-
mature oat forage to be 79.4%.

The apparent high quality of oat pasture
appeared to warrant additional study, espe-
cially relative to its value as the complete ra-

! Published with the approval of the Director of
the Arkansas Agricultural F‘(peumeut Station,
Fayetteville.

herbicides to the urine sample simply increased
the height of the respectively observed peaks,
thereby indicating further that the compounds
were identical.
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TING COWS!?

tion for lactating cows. This experiment was
conducted to evaluate oat pasture in terms of
its composition, palatability, digestibility, and
its effect on the lactation curve and milk com-
position. A secondary ohjective was to com-
pare methods of estimating pasture intake and
digestibility.

EXPERIMENTAL PROCEDURE

Five Holstein cows were pastured continu-
ously, except for about 2 hr twice daily when
removed for milking. Four of the cows had
been lactating four or five months when placed
on experiment. The other cow had been lactat-
ing eight months and was used only in the
digestion-intake phase of the study.

Cows grazed fall-seeded oats, starting March
27, for a 1-wk transition period followed by
six weekly experimental periods. Execept for
mineral supplements available on pasture, no
additional feeds were allowed.

At the start of the grazing season there was
a good stand of oats about 6 to 12 in. high,
with relatively few weeds. The available forage
was regulated by using put-and-take cows at
intervals to keep the growth to an average of
about ten in. tall. Grazing tended to keep the
plants vegetative; however, some heading was
observed during the last 2 wk of the experi-
ment.
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Digestibility was estimated by three methods:
the chromogen formula of Reid et al. (11);
from the intake formula of Lancaster (6),
based on fecal nitrogen plus fecal dry matter
output data; and the chromogen ratio (feces:
forage) method (12). Chromogens were deter-
mined by the method of Reid et al. (12). Fecal
dry matter output was determined, using chro-
mic oxide as an indicator (16). Chromic
oxide was analyzed by the method of Schiirch
et al. (15). Intake of forage was estimated
from the digestibility and intake data (16).
The first fecal collection period was preceded
by a 1-wk preliminary grazing period. During
this period cows received 8 g of chromie ox-
ide daily in gelatin capsules. Grab samples of
feces were taken at 6 aAM and 4 pM and were
composited for each weekly period.

Forage samples were taken daily by hand-
plucking to simulate grazing. Proximate analy-
ses of forage and feces were made by conven-
tional methods.

Milk yields were recorded at each milking
and milk fat and total solids analyses were
made weekly on a one-day (AM and PM) com-
posite sample. Body weights were taken weekly
on two successive days.

RESULTS AND DISCUSSION
Pasture evaluation. The composition of the
hand-plucked samples from the oat pasture
during the various grazing periods is presented
in Table 1. The dry matter and ether extract
declined gradually from the second through
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the sixth week of grazing then increased slightly
the last week. The other constituents varied
slightly, but inconsistently, during the advanc-
ing season. The average values obtained cor-
responded well with those previously sum-
marized (9).

Forage intake and digestibility data, as
measured by three methods, are presented in
Table 2. Dry matter digestibility averaged
77.59% and daily intake 32 lb for the chromogen
and nitrogen formula methods. Hawkins and
Autrey (4) reported a dry matter digestibility
of 79.49% for harvested, immature (6-12 in.)
oat forage; however, no previous reports on
the digestibility or intake of pastured oats have
been found.

Although small weekly fluctuation occurred
in both intake and digestibility, there was no
apparent quality deterioration during the suec-
cessive weeks of this trial. Intake of forage
dry matter averaged 3 lb/cwt. The mean con-
sumption of green forage, based on the aver-
age of 17.89, dry matter, was 180 lb/cow
daily.

The chromogen and nitrogen formulas used
in evaluating digestibility and intake agreed
closely; however, estimates obtained by the
chromogen ratio method were about five per-
centage units lower. These results suggest that
forage of higher chromogen content was ob-
tained in manual sampling than was actually
grazed by the animals. Therefore, it appears
that the ratio method is not as satistactory as
the other two generally more acceptable meth-

TABLE 1

Composition of oat pasture

Week of Dry Crude Ether Crude N-free
grazing matter protein extract fiber extracet Ash
(Y% of dry matter)
2 20.7 2 4.3 18.4 44.6 8.9
3 18.6 2 3.2 17.7 48.9 10.1
4 17.9 2 2.6 21.8 45.7 9.7
5 16.7 2¢ 1.9 21.4 44.0 9.8
6 15.6 2 1.5 21.1 42.0 10.2
7 17.6 2 1.8 19.0 44.9 9.8
Avg 17.8 28 2.6 19.9 45.0 9.8
TABLE 2
Consumption rate and digestibility of oat pasture by dairy cattle
Dry matter digestibility Dry matter consumption
Week of Chromogen Nitrogen Chromogen Chromogen Nitrogen Chromogen
grazing formula formula ratio formula formula ratio
(%) (lb/day)
2 80.9 76.2 70.9 34.9 27.6 22.7
3 78.9 77.2 69.1 32.2 29.8 22.0
4 73.6 76.8 76.1 25.7 29.2 28.5
5 79.6 79.6 74.3 36.8 36.8 29.1
6 75.6 78.9 73.7 27.6 31.6 25.6
7 77.0 75.9 73.1 36.4 34.6 31.0
Avg 77.6 77.4 72.9 32.3 31.6 26.5
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ods. Others (5, 14, 17) have also reported
close agreement bhetween the chromogen and
nitrogen methods for evaluating forages of
quality apparently similar to that used in this
study.

An approximation of the TDN value of oat
pasture was made, using digestibility values
computed from Reid’s formula and composition
of the forage samples. Estimates of mean ap-
parent digestibility were: ecrude protein, 77.9%:;
ether extract, 4.6%; erude fiber, 83.29% ; NFE,
88.8%; and ash, 35.09%. The resulting TDN
was 74.59%, on the dry matter basis. It is rec-
ognized that these values are biased to the
extent that the forage sampled might have dif-
fered in composition from that consumed by
the animals. Since the digestibilities of the
major constituents did not greatly differ, it
seems unlikely that the TDN value is seriously
biased.

Cow performance. The lactation curve for
cows in this study is shown in Figure 1. The
significance of milk yields in this study is
limited by the small numbers of cows and their
low produection levels. The two cows most ad-
vanced in lactation (seven months) dropped
sharply during the last 2 wk on the experiment.

Figure 1 also shows the total milk solids and
milk fat percentage curves. Although there
was a slight increase in milk fat per cent dur-
ing the first week of grazing, the values sub-
sequent to the preliminary week averaged 3.3%
and were nearly constant. In contrast, MeCly-
mont (8) reported a severe drop in milk fat
test when cows grazed oat pasture; whereas,
others (2, 3, 7, 10) observed no appreciable fat
depression. Total milk solids averaged 11.9%
and did not appear to vary appreciably during
the course of the experiment.

Mean body weight of cows just prior to
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pasturing was 1,078 lb. During the first week
of grazing, weight loss averaged 37 lb per cow.
About one-half of this weight loss was regained
during the following week and by the end of
the experiment the average cow had gained
41 1lb, compared to her hody weight before
pasturing.

F. G. Owex*®

Department of Animal Industry and

Veterinary Science
University of Arkansas, Fayetteville
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COLLECTION OF BLOOD FROM THE CAVERNOUS
SINUS IN THE COW

Fluhman (7) first demonstrated pituitary
gonadotropins in human blood when he injected
3.0-5.0 ml serum from ovariectomized women
into infantile mice producing follicles and
corpora lutea. Several authors (1, 3) have
described methods of fractionation of plasma
proteins with the isolation and detection of the
gonadotropic fraction. Apostolakis (2) has
described a method of concentration of plasma
rendering it less toxic to bioassay animals. The
method involved precipitation with acetone and
dialyzing against normal saline.

Ganong and Hume (8), using a surgical ap-
proach, collected cavernous sinus blood in the
dog and demonstrated the presence of ACTH.
MecFarland, Clegg, and Ganong (10) and EI-
lington, Contopoulos, and Clegg (6) were able
to detect corticotropic, gonadotropie, and
growth hormone activities in cavernous sinus
plasma collected from gonadectomized, un-
anesthetized sheep. The blood was collected by
passing a needle through the foramen ovale.

In sheep, Daniel and Prichard (5) have
shown that much of the pituitary venous drain-
age is into the cavernous sinus, and a similar
situation has been observed in the cow [Cum-
mings (4)]. These circumstances led to the
development of a technique in the cow to obtain
cavernous sinus plasma by passing a needle
through the foramen ovale.

MATERIALS AND METHODS

A number of skulls were examined to locate
and prove a passage through the foramen ovale
into the eavernous sinus.

The cows were restrained in an operating
stall with their heads tied to the side. The area
below the ear was eclipped, sterilized, and an-
esthetized with 39, procaine. A 12- or 14-gauge
6- or 9-in. needle was used. The starting point
was half-way between the angle of the mandible
and the zygomatic arch at the level of the caudal
border of the mandible. The needle was directed
at right angles to the mid-saggital plane,
toward a point on the opposite side of the skull
located by one of two different methods. In one
method, the point was located 14 to 1 in. above
the supraorbital foramen, which ean be palpated
in most cows. In the second method, the point

aimed for was two-thirds the distance from
the orbital rim of the frontal bone to the base
of the horn, and one-third to one-half the dis-
tance from the lateral border of the frontal
crest [Crista frontalis ext., Nickel, Schummer,
and Seiferle (11)] and the midline (Surtura
frontalis).

The foramen is 3.5-5 in. along the path of
the needle in 600-800 1b heifers, and the fora-
mina examined were about 1 em in diameter.
In some animals there was barely space for the
entrance of the needle, because of the angle at
which the needle approached the foramen. The
direction of the foramen is dorso-ventral; the
needle approaches from a postero-lateral direc-
tion.

Besides the mandibular nerve the foramen
also contains a small inconsistent artery, a
branch of the internal maxillary, called the
proximal branch of the rete (proximaler Re-
teast) by Nickel and Schwarz (12).

The penetration of the foramen is character-
ized by increased resistance, followed by release
of pressure on the needle, after which a free
flow of blood occurs. As the needle penetrates
the foramen there is a characteristic general
reaction from the animal. Care must be taken
not to penetrate the diaphragma sellae and not
to pass into the brain.

A ventral approach from the intermandibular
space is prevented by the stylohyoid bone.
Some variation in the point of aim oceurs,
mainly as a result of variation in the point of
entry. Therefore, the muscular process of the
temporal bone, the temporal condyle, the ar-
ticular process of the mandible, the bulla tym-
panica are useful landmarks which ean some-
times be recognized with the needle (Figure 1).

The blood may be drawn with a syringe, by
a partially evacuated flask, or by a plastic
cannula left in the sinus for periodiec sampling.

RESULTS AND DISCUSSION

Up to one liter of blood has heen collected
from each of the 40 heifers and calves. Twice,
in early attempts, collection was unsucecessful
and in another cow there was no passage
through the foramen ovale. Oceasionally, when
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Fi6. 1. The path of the ncedle is shown passing
over the concave posterior border of the mandible,
and through the foramen ovale on the skull of a
Holstein heifer. 1. Bulla tympanica. 2. Muscular
proeess of the temporal bone. 3. Zygomatie arch.
4. Angle of mandible. 5. Condyle of mandible.

the restraint has allowed head movement, the
brain has been penetrated.

Blood plasma collected in this way from
normal eows is being assayed for gonadotropins,
TSH, and growth hormone.

Besides providing better access to pituitary
venous drainage the approach offers the pos-
sibility of producing brain lesions in the hypo-
thalamie area. The needle did not usually enter
the pituitary but passed near its posterior dorsal
horder, and the possibility of introducing
necrotizing substances to destroy pituitary tis-
sue ean be considered.

Care must he taken not to remain in the
foramen ovale and draw blood from the proxi-
mal branch of the rete. This can happen when
the angle of the needle is such that it will only

pass into but not through the foramen. The
nature of the blood collected could not be

proved. It appeared predominantly venous,
though on certain occasions some brightening
of the color of the blood occurred, or a small
pulse was evident. This blood was probably
from the rete mirabile and the pulse could be
stopped by slight repositioning of the needle.

Johnston and Callow (9) deseribed a surgical
approach for brain inoculation and biopsy
which could well be done by passing the needle
through the foramen ovale and into the brain.

L. E. DoxanLpsoN
AND
WiLniam HAaNSEL
Cornell University, ITthaca, New York

REFERENCES

(1) Axrioxianes, H. N, PeNxeLnL, R. B,
M’ARrTHUR, J. W., INGERsoLL, F. M., UL-
FELDER, II., AND ONCLEY, J. L.. Preparation
and Concentration of the Pituitary Gonad-
otropins from Human Plasma. J. Biol.
Chem., 228:863. 1957.

(2) Aposmorakis, M. Detection and Estimation
of Pituitary Gonadotropins in Human
Plasma. J. Endocrinol., 19:377. 1960.

(3) Comn, E. J., STRONG, L. E., Hreus, W. L.,
Jr., Murrorp, D. J., AsuworrH, J. N,
MEeLIN, M., axp TavLor, H. L. Prepara-
tion and Properties of Serum and Plasma
Proteins, I1IV. A System for the Separa-
tion into Fractions of the Protein and
Lipoprotein  Components of Biologieal
Tissues and Fluids. J. Am. Chem. Soec.,
68:459. 1946.

(4) Cuaarings, J. The Blood Supply of the
Bovine Hypophysis. Thesis, Cornell Uni-
versity, Ithaca, New York. 1963.

(5) Dawien, P. M., axp Pricuarp, M. M. L.
The Vascular Arrangements of the Pitui-
tary Gland of the Sheep. Quart. J. Exptl.
Physiol., 42:237. 1957.

(6) Erringron, E. F., ConTorouLos, A. N., AND
CLEGG, M. T. Pituitary Gomnadotropiec and
Growth Hormone Levels in Sheep Plasma.
Proc. Soe. Exptl. Biol. Med., 110:704.
1962.

(7) Fruvnman, C. F. Anterior Pituitary Hor-
mone in the Blood of Women with Ovarian
Deficiency. J. Am. Med. Assoc., 93: 672,
1929.

(8) Ganoxg, W. F., aNpD HUuME, D. M. Concentra-
tion of ACTH in Cavernous Sinus and
Peripheral Arterial Blood in the Dog. Proec.
Soe. Exptl. Biol. Med., 92:621. 1956.

(9) JomxsroN, I. A. Y. a~xp CavrLow, L. L.

Intracercbral Inoculation and Brain Bi-
opsy in Cattle. Australian Vet. J., 39:22.
1963.

(10) McFaruaNp, L. Z, CrLeEeG, M. T. AXND
Gaxoxg, W, F. Coneentration of ACTH in
Cavernous Sinus and Peripheral Blood Col-
lected from Unanesthetized Sheep. Proec.
Exptl. Biol. Med., 103: 538. 1960.

(11) NICKEL, R., SCHUMMER, A., AND SEIFERLE, E.
Lehrbuch der Anatomie der Haustiere,
Band 1, Bewegungsapparat, 1. Paul Parey,
Berlin, 1954.

) NiIckEL, R., AND ScuwaRz, R. Vergleichende
Betrachtung der Kopaarterien der Hans-
saugetiere (Katze, Hund, Schwein, Rind,
Schaf, Ziege, Pferd). Zentralblatt Veter-
inarmedizen Reihe A, Band 10:89. 1963.

189

1
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UTILIZATION OF CENTRIFUGAL FORCE FOR REMOVAL OF
MICROORGANISMS FROM MILK*

G. A. Hourax
The De Laval Separator Company, Poughkeepsie, New York

The process for removing bacteria from a
liquid, e.g., milk, by means of centrifugal force
has been termed commercially as bactofuga-
tion. It is similar to the force of that in a milk
clarifier. This type of centrifuge is named
bactofuge. The actual separation of bacteria
occurs in the gravity field of the machine.

BACTOFUGE DEVELOPMENT

About 10 yr ago, Professor Simonart at the
University of Louvain, Belgium, believed that
bacteria could be separated from milk by cen-
trifugal force. He carried out the first experi-
ments with a small Alfa-
Laval clarifier. He soon
found that this machine
was able to remove bac-
teria. However, the effi-
ciency of the removal
lasted for only a few
minutes. When the bowl
of the eclarifier was
clean, efficiency was
high. After about one-
half hour the efficiency
had dropped to zero, be-
cause the sediment space
of the bowl was filled
with bacteria and sedi-
ment. An equilibrium had then been reached,
and the same amount of bacteria was reinfect-
ing the milk. It appeared that Professor Si-
monart’s progress would end, due to this equi-
librium.

Professor Simonart found success with the
bactofuge proeess by chance. During one of
his test runs the rubber gasket of the clarifier
bowl was damaged, resulting in a bowl leak.
The analysis of the samples taken from this
test showed that the efficiency of bacteria re-
moval was maintained at a high level through-
out the running period. Systematical work
with the leaking bowl confirmed that continuous
bacteria removal was important. A new centri-
fuge was built which had a small hole drilled
through the vertical wall of the howl.

Successful work with this machine led to
the design of new machines with capacities up
to 13,000 1b per hour. Professor Simonart
discovered that optimum conditions were ob-

G A. our

! Presented in the Dairy Manufacturing Exten-
sion Subsection, 58th Annual Meeting of the
Ameriean Dairy Science Association, June, 1963,
Purdue University, Lafayette, Indiana.

tained at temperatures hetween 149 and 167 F,
with a centrifugal force of 9,000 to 10,000 g.

PRINCIPLE OF OPERATION

The bactofuge utilizes the difference in spe-
cifiec gravity between bacteria and the other
constituents of milk. The specific gravity of
bacteria varies between 1.07 and 1.13. Varia-
tion in their size is between 0.5 and 8 p. The
specifie gravity of skimmilk is about 1.035, with
casein playing an important role. Specific
gravity of the casein particles is 1.066 and
their size varies between 500-800 uu.

The difference between the smallest bacteria
and casein particles makes possible separation
of bacteria from milk. However, for practical
reasons the separation cannot be total. Diffi-
culty in obtaining an ideal flow through the
bowl of the centrifuge causes a decrease in
separating effect. Present machines operate at
an efficiency of about 909, of the bacteria re-
moved from the milk.

The bactofuge is similar to a clarifier with
the milk flowing through a hollow spindle into
the bowl. The milk passes the distributor and
flows into the dise stack through the holes in
the dises. The bactofugated milk passes into
the center of the bowl and is discharged on top.
Sediment and bacteria-concentrated milk are
thrown against the vertical wall of the bowl
and evacuated through two 0.3-mum holes.

The bacterial coneentrate, which amounts to
1.59% of treated milk, is gathered in the bhowl
casing. This is equipped with a special sludge
groove for removal of the eoncentrate and cool-
ing air. Air and bacterial concentrate are sep-
arated from each other in a cyclone located
close to the bactofuge.

The frame hood and the bowl are double-
jacketed. Cooling water is cireulated in the
jackets while the bactofuge is running. Cool-
ing prevents the bacteria-concentrated milk
from baking on to the inner surfaces of the
hood and bowl casing.

NEED FOR HEAT TREATMENT

The partial elimination of bacteria with the
bactofuge makes it necessary to combine bacto-
fugation with heat treatment. Heat is also
essential to inactivate enzymes. It must be
strongly emphasized that bactofugation cannot
replace pasteurization, but will serve as an
aid in attaining low total bacteria counts in
processed milk.
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RESULTS IN BELGIUM

The first bactofuge was installed in Belgium
by Cie Lacsoons of Rotselaar, in 1962. The
plant is designed for two operating conditions.
The bactofuges can be used either in connee-
tion with normal pasteurization or with steri-
lization by steam injection.

Milk enters the balance tank and is pumped
to the plate heat exchanger, where it is pre-
heated by regeneration and then heated to the
pasteurizing temperature of 162 F with vac-
uum steam. Then the milk flows to the first-
stage bactofuge and then to the second stage.
After the bactofuge, the milk returns to the
plate heat exchanger for regenerative cooling
to the homogenizing temperature. More regen-
erative cooling follows and finally the milk is
cooled with water and brine. Homogenization
takes place after pasteurization, to reduce fat
losses.

The bacterial concentrate from each bactofuge
amounts to about 1.59% of the treated quantity.
The concentrate leaving the first bactotuge has
a very high bacterial count, but that collected
from the second bactofuge has less than 109
of the bacteria found in the first-stage concen-
trate. To lessen losses from the double-stage
process the concentrate from the second bacto-
fuge is returned to the intake and recirculated.
In this way, the total losses amount to only
1.5 instead of 3.09%.

In addition to significant reductions of bac-
teria, the keeping quality of the treated milk
was tested at 59 and 65 F. The average keep-
ing quality for 40 samples was 11 days at 59 F
and seven days at 65 F.

101

OTHER APPLICATIONS

Future prospects for application of the bac-
tofuge are heing studied. One application which
has been discussed is in cheese-making. Trouble
caused by spore-forming bacteria ean he seri-
ous. If spore-formers are eliminated from the
milk, better-quality cheese can be expected.
Tests show that more than 99.09% of the spores
are removed from milk with single-stage cen-
trifugal treatment. Systematic investigations
are planned in cooperation with the Dairy
Research Station at Alnarp in Sweden for
further studies on spore removal.

Spore-forming bacteria also cause trouble in
the production of sterilized milk. If it is pos-
sible to lessen the heat treatment in sterilizers,
an improvement in the quality of sterilized
milk should result. Evaporated milk made from
bactofugated raw milk has demonstrated the
need for less heat treatment in sterilization. The
quality of this evaporated milk was correspond-
ingly better.

The bactofuge may also be useful in reduc-
ing the ultimate bacterial count in dry milk,
which will improve quality.

SUMMARY

Removing bacteria from milk centrifugally
has passed the experimental stage and is ready
for a wider application. A plant in Belgium
has produced milk of better quality than eom-
mon pasteurized milk. Through the removal of
cells, bactofugated milk has better hygienie and
commerecial qualities.

Since the bactofuge is not a complicated
machine, ineluding it in various types of heat
treatment systems is possible.

CENTRAL LABORATORIES FOR DETERMINING THE HYGIENIC
QUALITY OF MILK FOR MANUFACTURING!?

J. C. PaumEr, O. R. IRVINE, AND A. . LEGGATT
Dairy Branch, Toronto, Ontario
Kemptville Agricultural Schools, Kemptville, Ontario
Department of Dairy Science, Federated Colleges, Guelph, Ontario

In several large areas in the province of
Ontario most producers sell their milk exclu-
sively for manufacturing purposes. The price
is considerably lower than that paid for milk
for fluid consumption. As a result, the hy-
gienic quality is sometimes poor. Comparatively
few Ontario manufacturing milk shippers have
bulk tanks. This has also delayed improvement
of the manufacturing milk supply.

Since 1954 provincial regulations have re-
quired manufacturing plants purchasing milk

1 Presented in the Dairy Manufacturing Exten-
sion Subsection, Ameriecan Dairy Science Associa-
tion Annual Meeting, June 18, 1963, Purdue Uni-
versity, Lafayette, Indiana.

to grade it on flavor,
sediment, and bacterial
activity.  Competition
among plants for in-
creased patronage, how-
ever, has frequently re-
sulted in grade stand-
ards being poorly en-
forced. The general
level of milk quality
suffered severely.

Milk destined for
fluid consumption is ex-
amined by laboratories
maintained by dairies
and also by 18 regional

0. R. Irvine
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laboratories of the provincial Department of
Health or by municipal authorities. In 1961
the Department of Health expanded this serv-
ice and began testing milk for manufacturing.
Marked improvement in quality has resulted.

The main test used by these laboratories on
manufacturing milk is the 3-hr Resazurin Test.
But the direct Microscopic Count or the Danish
Mastitis Test is also used. The Danish Mastitis
Test is essentially the same as the California
Mastitis Test and henceforth will be referred
to as the Gel Test.

In two large milk-producing districts not
served by the Department of Health, the On-
tario Department of Agriculture agreed to
establish two laboratories. One ot these was set

up at the Department of Dairy Science, Fed-
erated Colleges, Guelph, and the second at the

2-0z bottles as

Fiec. 1. TUnloading a case of
received from field staff.

Dairy Division, Kemptville Agricultural School,
Kemptville. The two laboratories are now op-
erating smoothly, the former testing approxi-
mately 2,600-3,000 samples monthly, while the
latter handles 3,600-4,000. Individual reports
are mailed to the producer, plant, and fieldmen
concerned.
METHODS EMPLOYED

Each laboratory requires the full-time serv-
ices of two women—a technician who performs
the tests and a typist who prepares the reports.
Two part-time junior fieldmen take many of
the samples and transport them to the lahora-
tories. Maintaining accurate mailing lists is
important, particularly when producers switeh
from one market to another.

Except for bulk tank milk, sampling is done
at the weigh tank either by one of the junior
fieldmen ot the Department of Agrieulture or
an employee of the plant. Approximately 1.5
fluid ounces of milk is collected into a square,
serew-cap 2-oz hottle. The samples are placed
in an ice bath immediately and later assembled
in styrofoam-insulated cases which are kept
cold with slugs. With reasonable care it has
been possible to have samples reach the lahora-
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Fie. 2.

A resazurin test is ehecked against eolor
standard under uniform conditions of illumination.

tory no higher than 45 F, even in July. The
temperature of each case is checked on arrival
at the laboratory.

Approximately one-half of the samples reach
the laboratory early enough in the day for im-
mediate resazurin testing. The remainder are
tested the following morning. Small variations
in methods are permitted hetween lahoratories,
but generally the 3-hr test as deseribed in the
AP.ILA. Standard Methods is followed (1).
Particular attention is given to proper illumi-
nation when reading results, and all horderline
color change cases are compared to the 5P 7/4
color standard. Grades are recorded as No. 1,
2, 3, or 4. Samples which reduce in less than
30 min are specially marked.

Over the past few years the Department of
Health Laboratories have gained considerable
experience in applying the Gel Test to samples
of herd milk. While the results of this test
are undoubtedly of much more significance
when applied to udder-quarter samples, good
correlation has bheen found between Gel Test
results and leucocyte counts on herd samples
(2, 3).

The test is performed by pipetting 3 ml of
milk into a flat-bottomed, white plastic dish,
adding an equal quantity of test reagent and
swirling the cup ten times in a period of 7 sec.
Absence of any thickening indicates that the
milk is Nonreactive (NR). On the other hand,
a trace of coagulation or definite gelling is
classified as Weakly Reactive (WR) or Reac-
tive (R), respectively. If a sample shows a
definite reaction it is a eclear indication that
mastitis exists in the herd. A weakly reactive
test must be interpreted with considerable cau-
tion, bhecause cows in early and especially in
late stages of lactation often produce milk
showing a slight reaction with this test.

The Gel Test is useful in several ways. The
producer can be alerted of trouble in his herd.
Cheese-factory operators are aided if they know
when abnormal milk is received. Results of
the test are sometimes helpful in explaining :
Grade of No. 2 or 3 from the resazurin test.
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F16. 3. Gel Test reagent is added to a series of
five samples.

Excessive leucocytes or other reducing agents
may be present to such an extent that produe-
tion of No. 1 milk is difficult.

In addition to the junior fieldmen who obtain
the samples, other government-employed field-
men work closely with the laboratories. Per-
haps the major advantage of initiating this
program was in allowing these men to spend
more time calling on farms. They are furnished
with complete information on test results and
must make a personal visit to a farm before
shipments can be stopped. The latter action is
taken if three tests in succession are Grade 4.
To be reinstated, a producer must produce milk
of Grade 2 or higher. Since the government
undertook this program, dairy plant labora-
tories concentrate on follow-up work. This has
also been of real help in improving quality.

Another advantage of the system is in pro-
viding a large number of samples for research
programs. Protein determinations by the Amido
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Black method are being made on approximately
100 samples per month. A program of testing
for antibiotics and freezing point twice each
vear is also under way.

The cost of operating this service has not
been estimated too precisely, but is undoubtedly
high if calculated on a per-sample basis. In
general, however, its reception has been very
favorable. Both producers’ and processors’ or-
ganizations have gone on record as being will-
ing to share the cost of the central laboratories.

SUMMARY

Some of the main features of two govern-
ment-sponsored milk-testing laboratories have
heen described. Samples of raw milk sold for
manufacturing purposes are collected and ex-
amined monthly. The Resazurin and Gel Test
are being used to determine quality. The pro-
egram has been found to have a number of ad-
vantages and has had a marked effect on quality
improvement. Milk producers have confidence
in test results and fieldmen have more time
available for farm visits. Having a large num-
ber of samples available in the laboratory is
also advantageous for research purposes.
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ASSOCIATION AFFAIRS
MEMORIALS

D. V. KOPLAND

The Dairy Industry lost one of its most
devoted servants in the death of D. V. KorLaxND
on September 12, 1963, in Logan, Utah. He
was born on January 26, 1899, in Wellington,
Kansas, son of John K. and Daisy Irene Pickell
Kopland. He was reared and schooled in South
Dakota, graduating from South Dakota State
College in 1921.

After managing the
South  Dakota State
herds, Professor Kop-
land was employed by
the USDA at Ardmore,
South Dakota, and was
later assigned to the
ITuntley, Montana,
Field Station, where he
was in charge of dairy
research for about 32
years. In May, 1961,
the USDA moved the
Dairy Research Center
to Utah State Univer-
sity, Logan, Utah, and Dave Kopland moved
with his cows which had hecome so much a
part of his life.

Contributions to the Dairy Industry were
many through the years. He helped pioneer
the proved sire program for which the USDA
has been so well known. Ilis pasture research
helped dairymen recognize the economic po-
tential of this use of land. Amounts and
types of grain to feed were studied and the
rates of milk flow among many different cows
were evaluated.

Dairymen relied on Dave’s understanding
of dairy cows and asked his advice personally,
as well as listened when he spoke. Many of
them attributed their success to the use of
his methods and programs. Montana dairymen
elected him as their delegate to the Ilolstein-
Friesian Assoeiation of America several times,
including the year he moved to Utah. Ie has
been a long-time member of the American
Dairy Secience Association.

His passing was unexpected, following a
briet illness and surgery. Friends and pro-
fessional colleagues will miss him, as he was
a most charitable, kind gentleman at all times.

D. V. Kopland

He was a baptized member of the Methodist
Church and a member and leader in the Masonie
Lodge. e routinely contributed to charities
and to the Billy Graham crusades.

Surviving are his widow, Janet Buyers Kop-
land of Smithfield, Utah, whom he married
December 10, 1962, and a sister, Mrs. Lucille
Vagner of Rawlins, Wyoming.

HENRY SOBORG

His many friends were saddened to learn of
the death of HENRY SoBorG, Manager of the
New England Selective Breeding Association,
Woodbridge, Connect-
icut. Mr. Soborg had
heen with NESBA since
November, 1960.

Mr. Soborg came to
the United States in
1948 as a member of the
staff ot the Cooperative
Artificial Breeding As-
sociation No. 1 of Clin-
ton, New Jersey. He
was named manager of
that Association in 1950
and served in that ca-
pacity until he joined
the Southern Illinois
Breeding Assoeciation as Sire Analyst in 1953.
He served as Manager of SIBA from July,
1959, until going to NESBA.

A graduate of the Royal Veterinary and
Agrieultural College of Copenhagen, Denmark,
Soborg was farm manager of large dairy
farms in Germany and Denmark, and for 14
vears owned and operated a large dairy farm
with over 300 head of dairy cattle. During
this period, Soborg served as director of various
cooperatives and noncooperative enterprises.

During the German occupation of Denmark,
he served under Major General V. Bennike as
a member of the Danish Resistance Movement.
He also was an active member of the Jutland
Staff, a sabotage group under the leadership
of Captain Brandenburg of the United States
Army.

He leaves a widow, Ingar, and two sons,
Chris and Jack, aged 13 and 10. They will
reside in Norway.

{

Henry Soborg
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THE UNIVERSITY OF ARIZONA

TUCSON

OFFICE OF THE PRESIDENT

To the Members of the American
Dairy Science Association:

The University of Arizona extends a cordial invitation to the American
Dairy Science Association to hold its fifty-ninth annual meeting on the
University campus in Tucson June 22-24, 1964,

You will receive a hearty welcome from the University's faculty and
staff and from the Tucson Chamber of Commerce and Sunshine Climate
Club, on behalf of all Tucson citizens., We will do all we can to
make your visit an enjoyable and profitable one.

The facilities and personnel of the University of Arizona will be de-
voted to the success of your meeting. Comfortable and spacious rooms
in several modern, air-conditioned buildings will be available for
general and special meetings and committee sessions. The University
of Arizona has experienced remarkable growth in the past decade and
numerous new buildings have been constructed on our 136-acre campus.
They provide a wide range of facilities admirably suited to the re-
quirements of the American Dairy Science Association in planning its
meeting.

Housing in air-conditioned residence halls will be available for about

300 men who wish to room on campus while attending the meeting. For

others, Tucson has a wide range of hotels and motels in which accommodations
are available and which will be especially suitable for those accompanied
by their wives or families.

The resort facilities of the Tucson area are among the finest in the
country and attract year-round visitors. Recreational opportunities
include outdoor swimming pools, golf, tennis, horseback riding and
excursions to old Mexico or the pine forests of adjacent mountains.
Special programs being planned for the wives of members include sight-
seeing trips to major points of interest.

Assuring you of friendly Arizona hospitality and with best wishes for
a successful meeting.

Sincerely,

(R brr el

Richard A, Harvill
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Significance of California Mastitis Test
trace and one reactions in quarter milk (I)
yield of milk. T. L. Forster,* U. 8. AsH-
woRTH, AND L. O. LuepEckg, Washington State
University, Pullman.

One hundred and fifteen cows in University
and privately owned herds were quarter-milked
once, the CMT performed on the mixed-quar-
ter milk, and the milk from each quarter
weighed and sampled. Using opposite quar-
ters of the same udders as controls, 47 nega-
tive-trace, 18 negative-one, and 40 trace-one
comparisons were obtained. Average decreases
in yield of milk per milking, attributable to
the higher CMT reaction, for each of the com-
parisons mentioned above were 0.35, 0.92, and
0.84 1bh, respectively. These differences were
significant at values of P less than 0.05.

Significance of California Mastitis Test
trace and one reactions in quarter milk (II)
leucocyte count. L. O. Luenrcke,* T. L. Fors-
TER, AND U. S. AsEworrH, Washington State
University, Pullman.

Leucoeyte counts were made on quarter
nmilk samples showing negative, trace, and one
CMT reactions. Comparisons of leucocyte
counts were made from opposite quarters show-

* Author who presented paper.

ing negative-trace, trace-one, and negative-
one reactions; 47, 38, and 18 comparisons were
made, respectively. Statistical analysis showed
that in each of the three comparisons the
leucocyte count of the samples with the lower
CMT reading was significantly lower (99%
level) than the leucocyte count of the samples
with the higher CMT reading. Similar re-
sults were obhtained when the results of the
catalase test were compared using the samples
and comparisons mentioned above.

Significance of California Mastitis Test trace
and one reactions in quarter milk (III) com-
position. U. S. AsuworrH,” T. L. FORSTER,
AND L. O. Luepeckg, Washington State Uni-
versity, Pullman.

Small hut significant differences in composi-
tion of 40 samples of milk produced from op-
posite quarters were found when comparing
trace with one reactions of the CMT test.
Solids-not-fat dropped on the average 0.08%,
which proved to be significant at a P value
of 0.01. Likewise, lactose showed an average
drop of 0.109% hetween trace and one reac-
tions, significant at P = .01.

The average increase in pH found for these
same samples was .038 unit, measured on an
expanded scale pH meter. This small differ-
ence had the same level of significance, P =



110

.01. It is concluded that subclinical mastitis
does affect the composition of milk.

Cost of upgrading dairy farms for Grade A
milk-powder production. R. V. WiTnERS, Idaho
State University, Moscow.

In 1960, a study was begun attempting to
determine the effect of upgrading the produe-
tion of milk for milk powder. A 29% random
sample of farmers selling to milk powder
plants was drawn in the Boise Valley and
Twin Falls areas of Idaho. Each farm was
visited and the dairy facilities inspected. Part
of the farmers cooperated by keeping rather
complete records of time spent and receipts
and disbursements.

Cost of upgrading the dairy facilities, and
alternatives to dairy produection, including
costs of converting existing buildings to other
enterprises, were studied.

Acid degree value and flavor of raw milk
as influenced by certain selected factors. R. C.
HuxTeEr AxD D. D. Deaxg,* University of
Wyoming, Laramie.

Milk samples were ecollected semimonthly
for one year from 22 purebred Holstein cows.
The cows were fed alfalfa hay, small grain
silage, and concentrate, with no access to
pasture until their dry period.

The ADV, determined by titrating an ether
extract of the raw milk, varied considerably
during the lactation of individual cows. The
average ADV of fresh milk increased from
1.08 the first month of lactation to 1.38 the
fourth and fifth months; then varied some-
what during the remainder of the lactation
period, with a maximum ADV of 1.40 the
tenth month.

The lowest ADV (0.96) was found in Feh-
ruary, with an increase to 1.58, 1.44, and 1.49,
respectively, in April, May, and June, fol-
lowed by a drop to 1.10 in September and a
second high of 1.38 in December. A ranecid
flavor was detected in fresh raw milk of only
one cow, in December. Storing 48 hr at 35 =
2 F slightly increased the ADV and occur-
rence of a raneid flavor. Agitation of raw
milk in a Waring Blendor for 40 seec at 6,000
rpm, before cooling, caused a marked increase
in ADV and definitely increased the ocecur-
rence and intensity of ranecid flavor.

Factors influencing methyl ketone formation
in milk fat. J. E. Laveuer axp E. A. Day,*
Department of Food Science and Technology,
Oregon State University, Corvallis.

The ketone-producing ability of milk fat
was studied quantitatively under various con-
ditions. The charaecteristic series of odd-num-
bered methyl ketones (C; to C,;) were identi-
fied. Fat samples were heat-treated at tem-
peratures ranging from 40 to 200 C for 30
min. Samples heat-treated in which the fat
was sealed under vacuum to eliminate the
presence of oxygen approached a plateau in
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ketone production near 140 . Total ketones
produced are dependent on the conditions of
the treatment. Maximum amount of ketones
formed in wet fat heated under vacuum was
1.364 mmoles per kilogram of fat and in an-
hydrous fat was 1.145 mmoles per kg. Addi-
tion of water to fat samples enhanced total
ketone production. Ketone composition was
nearly constant for all samples. Acetone was
249 of the total, 2-heptanone 229, and 2-
pentadecanone 189,. The other ketones were
present in amounts less than 159, of the total.
‘When fat was heated in air, 2-pentadecanone
represented 219, of the total. The analytical
procedures used were quantitatively evaluated.
The hydrolytie ability of water as related to
ketone formation from the fat will be dis-
cussed.

Influence of milk citrate concentration on
associative growth of lactic streptococci. E. R.
VepamuraU,* W, K. Saxpixg, axp P. R. ErL-
LIKER, Oregon Agricultural Kxperiment Sta-
tion, Corvallis.

In a study of the growth relationships in
mixed cultures of lactic streptococel, separate
mixtures of Streptococcus diacetilactis 8a with
Streptococcus cremoris KH and Streptococcus
lactis 8h were grown for 20 hr at 22 C in 109
nonfat milk fortified with different levels of
citrate and plated on agar medium. Colonies
were picked at random and identified as to
species. The ratio of S. cremoris to S. diaceti-
lactis was 1:3 in milk containing no added
citrate and 1:99 in milk fortified with 0.2 to
1.09, citrate. In milk containing no added
citrate, the ratio of S. lactis to S. diacetilactis
was 3:2; this ratio changed to 1:1, 1:3, and
1:2.3 as the added citrate was 0.2, 0.6, and
1.09%, respectively. It was felt that the ability
of S. diacetilactis to rapidly ferment citrate
accounted for this strain dominance. Consider-
ing the wide seasonal fluetuations in milk ei-
trate, this phenomenon may he another reason
for starter culture variation.

Factors affecting isolation and survival of
bacteriophages for lactic streptococci. D. R.
HeENNING,* Dona Kiexrg, W. K. SANDINE, AND
P. R. EuLuikEer, Oregon Agricultural Experi-
ment Station, Corvallis.

Survival of bhacteriophages for Streptococcus
cremoris 8, Streptococcus lactis C2, and Strep-
tococcus diacetilactis 18-16 was studied to eval-
uate isolation procedures. Neutralization of
phage-containing whey reduced survival for
the S. cremoris phage; 849, survived storage
for 1 wk in whey (pH 4.7) at 2 C, whereas
529, survived at pll 7.0. Storage at 2 C for
1 wk did not provide survival advantage over
storage at 25 C for the S. lactis and S. cremoris
phages; 509 of the S. diacetilactis phages
were inactivated under these conditions. Only
48 to 679 viruses could be recovered from
acid-coagulated milk. A tenfold increase in
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phage titer was accomplished by concentrat-
ing whey preparations in dialysis tubing by
packing them in polyethylene glycol. Re-
peated freezing and thawing (4 X) of phages
suspended in milk did not reduce the titer more
than one log cyecle. Glycerol afforded slight
protection for phages stored up to 34 days
at —20 C. Only 2 to 249% of phages could be
recovered following Seitz filtration, whereas
92 to 999% were recovered following steriliza-
tion by membrane filtration.

Enumeration of thermoduric bacteria in
milk. W. R. Twaomas,* University of Wyo-
ming; G. W. RemnsoLp, Towa State Univer-
sity, Ames; axDp F. E. NeLsox, University of
Arizona, Tuecson.

Effect of the plate incubation temperature,
incubation period, pH of the plating medium,
and type of bacteriological peptone included
in the plating medium upon the enumeration
of pasteurization-resistant bacteria in milk
was studied. Effect of the various plating pro-
cedures upon the recovery of pure cultures of
some thermoduries before and after labora-
tory pasteurization was examined.

Of the plate incubation temperatures, 35,
32, 28, and 21 C, incubation at 28 C for four
days was found, on the average, to be optimum
for determining the maximum bacterial popu-
lation of laboratory-pasteurized milk. The
type of bacteriological peptone employed in
the plating medium influenced the thermo-
durie colony count, particularly with milk
containing appreciable numbers of thermo-
durice streptococei. Of the pH levels, 6.5, 7.0,
7.5, 8.6, and 9.1, the maximum mean thermo-
durie colony count was obtained with Plate
Count Agar adjusted to pH 7.5.

Thermoduric cultures of Arthrobacter sp.,
Micrococcus sp., and Streptococcus sp. grew
over a much wider temperature and pH range
prior to than after being subjected to labora-
tory pasteurization. No appreciable differ-
ences in colony counts were observed when
the unheated cultures were plated with media
prepared with various peptones but, after
laboratory pasteurization, colony counts dif-
fered substantially.

Intracellular proteinases of some bacteria
commonly associated with dairy products.
D. V. Vaperra axp J. C. Boyp,* Montana
State College, Bozeman.

Seven organisms (Streptococcus lactis, Leuco-
nostoc dextranicum, Lactobacillus caseti, Proteus
vulgaris, Bacillus subtilis, Pseudomonas fluo-
rescens, and Staphylococcus aureus) were se-
lected and grown on liquid media. From these
organisms the intracellular enzymes were sep-
arated and studied for their proteolytic activ-
ity on casein and whey protein substrates.
The proteolysis was followed by the Folin-
Ciocalteu method, with results being expressed
in pg of tyrosine and tryptophane.
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Optimum pH for the various enzymes was
found to be within the range of 6.0 to 7.0, al-
though S. lactis showed a second peak at pH
5.5

The age of the cells was found to be a
factor and proteinases production increased
as the age of the cell inereased up to 96 hr.
Cells 144 hr old showed a decrease in pro-
teinase produection.

The addition of gelatin and ecasein to the
medium used to grow the organisms inereased
the proteolytic activity of the intracellular
enzyme system, whereas addition of Casitone
(Difco) had no effect. The absence of carbo-
hydrates from the growth medium also in-
creased the proteolytic activity of these en-
zZymes.

Observations on the volatile flavor fraction
of blue-vein cheese. D. F. ANDERSON* AND
E. A. Day, Department of Food Science and
Technology, Oregon State University, Cor-
vallis.

Fat was obtained from blue-vein cheese by
centrifugation at 30,000 X ¢ for 20 min. Vola-
tiles were removed from the fat by passing
it through a Roto-film molecular still operating
at 40 C and 4 u pressure. The fat was redis-
tilled a second time at 100 C.

The volatiles were trapped in a glass bead
trap immersed in liquid nitrogen. Portions
of the volatiles from the 40 C distillation were
gas-chromatographed on polar and nonpolar
columns at 70 and 100 C. The distillate from
the 100 C distillation was taken up in ethyl
ether, the ether removed by a stripping col-
umn, and the residue gas-chromatographed at
160 C on a phosphoric acid-treated polar
column.

Analysis of the chromatographie data indi-
cated there were at least 24 volatile compo-
nents isolated from the cheese fat. Compari-
sons of relative retention times of authentic
compounds and the unknowns were used for
tentative identification of the chromatographic
peaks. Members of the classes of compounds
identified, which included aldehydes, ketones,
fatty acids, and alcohols, will be discussed.

Relationship between arylesterase of milk
and mastitis. R. R. MarQuarpT AxD T. L.
ForsTER,* Washington State University, Pull-
man.

Comparison of chloride (n = 120), catalase
(n = 530), California Mastitis Test CMT (n =
530), and leucocytes (n = 382) with those of
arylesterase (phenylacetate hydrolyzing en-
zyme present in high levels in mammalian
blood and not inhibited by organophosphorus
compounds such as parathion) for foremilk
samples drawn from individual quarters, in-
dicated that the level of arylesterase (A-ester-
ase) activity is associated with severity of
mastitis. A-esterase values were also com-
pared with catalase, CMT, and leucocyte values
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on the mixed milk obtained from individual
quarters by complete quarter milking. The
coefficients of correlation (P < 0.01) between
the 425 milk samples were: A-esterase X
catalase, 0.59; A-esterase X CMT, 0.53; and
A-esterase X leucocytes, 0.66.

Another phase of this study involved a
comparison of the per cent of herd quarters
which had a CMT rating of three, with the
A-esterase, catalase, and leucocyte values for
milk taken from the bulk tank. The correla-
tions between the per cent of herd quarters
with a CMT rating of three and hulk tank
A-esterase, catalase, and leucocyte values were
0.76 (n =43), 0.79 (n =43), and 0.74 (n =
32), respectively. These correlations were all
significant at the 19 level of probability.

Current research on aryl-esterase in bovine
blood. S. S. Cumor axp T. L. ForsTer,* Wash-
ington State University, Pullman.

Partial purification of the arylesterase of
bovine blood plasm was accomplished by a
combination of (NH,).SO, fractionation, fol-
lowed by column chromatography on DEAE
cellulose. Methods used were as follows:
Blood plasma was made 50-559, saturated with
(NH,).SO, and the filtrate dialyzed against a
0.005 M Tris-HCl buffer (pH 7.8) containing
a 0.1 m NaCl and 0.004 m CaCl,. Twenty milli-
liters of dialyzed filtrate were placed on a
DEAE cellulose column 36 by 2.2 em and
eluted with the ahove-deseribed buffer. The
NaCl content of the eluting buffer was then
increased stepwise. Three major protein peaks,
designated I, II, and III, were observed. Peak
I, the breakthrough peak, was obtained at 0.1
M NaCl concentration, and Peaks II and III
at 0.2 a and 0.3 M NaCl, respectively. The
highest specific activity was obtained at Peak
III and purification was 12.1-fold. Peak III
enzyme showed characteristics similar to the
pre-albumin esterase which other workers oh-
tained by electrophoresis. This enzyme was
labile and EDTA-sensitive and appeared to he
the principal phenyl acetate hydrolyzing aryl-
esterase of bovine plasma.

Fatty acid synthesis during fasting and bo-
vine ketosis. J. R. Luick® anp L. M. SmirH,
Departments of Animal Husbandry and Food
Science and Technology, University of Cali-
fornia, Davis.

It appears that one of the most character-
istic biochemical aberrations attending fast-
ing and bovine ketosis is the marked fall in
the low molecular fatty acids. This fall
amounts to 36 mol per cent for ketotic cows
and 64.mol per cent for cows fasted five days.
Further study reveals that the individual
fatty acids are not uniformly depressed. On
the contrary, the loss of each acid appears to
be approximately proportional to its concen-
tration in normal milk fat. This suggests that
the short-chain fatty acids of milk fat are
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synthesized by more than one metaholic path-
way. This, in turn, implies that the dimin-
ished lipogenesis from acetate noted during
ketosis is probably not due to a simple en-
zymatic defect.

Variations between breeds and among indi-
vidual cows in levels of Cesium'* secreted in
milk. GeraLp M. Warp,* J. E: JOHNSON, AND
H. F. Stewarr, Colorado State University,
IFort Collins.

While studying the metaholism of the fission
product Cs'™ and potassium, the major ele-
ment which most elosely resembles cesium
biochemically, it hecame of interest to in-
vestigate variations in the level of these two
elements in milk which might be ascribed to
breed or individual effects.

Determinations of hoth Cs'™ and K" were
made with a 4- by 8-in. Nal (Ti) erystal and
400-channel pulse height analyzer.

Levels of Cs"™ and potassium in the milk of
individual Holstein cows were found to be sig-
nificantly different when a large volume of
milk (5.4 liters) and a counting of 120 min
were used. Statistically significant differences
were also found between composite samples
obtained from groups of cows containing
either mixed Holsteins and Brown Swiss or
Guernsey or Jersey cows.

To date, it has not heen possible to estah-
lish clear-cut relationships between either
nuclide and the level of milk production, the
chemical composition of milk, or the stage of
lactation.

Effect of quality of hay and level of concen-
trate fed in conjunction with high-moisture
grass silage on milk production and composi-
tion. F. R. Murpock® axp A. S. Hobasox,
Western  Washington Experiment Station,
Puyallup.

Two qualities of hay, a high-quality alfalfa
and a poor-quality grass, were fed on a lim-
ited basis (% 1b/100 1b hody weight) to milk-
ing Holstein cows in conjunction with grass
silage ad lib. Also, two levels of concentrate
were superimposed on each of the hay quality
treatments in an extra-period Latin-square
design.

Although cows produced slightly more milk
on the high-quality alfalfa hay ration, the
differences between qualities of hay were not

significant (P = > 0.05). FCM production
was significantly higher (P = < 0.01) for

cows fed the higher level of concentrates.
There was no significant interaction hetween
qualities of hay and levels of concentrate.

Neither the percentages of fat, protein, nor
SNF of the milk produced were significantly
altered (P = > 0.05) by the ration treat-
ments.

Results of this experiment suggest that the
quality of hay is not of great importance when
dairy cows are fed a ration of limited hay
and good grass silage ad lih.
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Utilization of volatile fatty acids by goat
liver. R. M. Cook* axp R. H. Ross, Univer-
sity of Idaho, Moscow.

Rumen vein, portal, carotid, and hepatic
vein blood was sampled in anesthetized goats
3 hr after feeding. The molar per cent of
acetate, propionate, and butyrate in rumen
fluid of goats fed hay was 67, 25, and 8, re-
spectively.

Concentrations (umole per cent) in blood of
propionate, acetate, formate, and B-OH-bu-
tyrate, respectively, were: arterial, 5, 116,
86, 28; rumen vein, 162, 592, 56, 47. The con-
centrations in portal and hepatic vein blood
were the same and were 34, 160, 90, and 32.
Butyrate was not detected in any of these
blood samples. The molar per cent of acetate
propionate and butyrate in rumen fluid of
goats fed grain was 57, 25, and 18, respec-
tively. Concentrations in blood of butyrate,
propionate, acetate, formate, and B-OH-bu-
tvrate were: arterial, 0, 12,116, 78, 30; rumen
vein, 14, 125, 394, 30, 55; portal, 64, 302, 722,
34, 104; hepatie vein, 2, 13, 187, 38, 47.

For hay diets the data indicate little vola-
tile acid absorption from the intestine. When
the diet was grain, considerable quantities of
volatile acids were ahsorbed from the intestine,
sinece their concentrations were much higher
in portal than in rumen vein blood. The liver
removed considerable amounts of butyrate,
propionate, acetate, and B-OH-butyrate.

Effect of feeding different roughage levels
and sodium acetate in high grain rations on
milk production, milk constituents, and rumen
volatile fatty acids. R. W. StanLey, K. Mo-
RITA, AND E. Urkvama, University of Hawaii,
Honolulu.

Two trials, ten animals in Trial 1 and 12
in Trial 2, were conducted to study the effect
of feeding program on dairy cattle perform-
ance. Treatments in Trial 1 were: (1) 10 1b
of pineapple bran plus concentrate, (2) Treat-
ment 1 with 2.919 sodium acetate in concen-
trate, (3) 12 1b of pineapple bran, 50 1b of
chopped Napier grass and concentrate. Treat-
ments in Trial 2 were: (1) 10 1b of pineapple
bran plus concentrate, (2) Treatment 1 with
2.839% sodium acetate in concentrate, (3) Treat-
ment 1 with 5.669% sodium acetate in concen-
trate. Data from cows in Trial 1 on Treatments
1, 2, and 3, respectively, were: 49, FCM 35.35°,
37.13%, and 38.74* 1b; milk fat 2.79%, 2.94%, and
3.79°9%,; total solids 11.05", 11.10%, and 12.44"%;
SNF 8.22%, 8.16% and 8.45°%. In Trial 2, the
values for Treatments 1, 2, and 3 were: 4%
FCM 30.30°, 32.85", and 34.17° lb; milk fat
3.42", 3.96°, and 4.18°%; total solids 11.94°,
12.49°, and 12.63"9,; SNF 8.50", 8.50", and
8.43%. Values in the same category with dif-
ferent superseripts are significantly different
by Dunecan’s multiple range test. Rumen fluid
from cows on Treatment 3 in Trial 1 con-
tained significantly more acetic and less pro-
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pionic and valeric and longer-chain acids than
from cows on Treatment 1.

Comparative losses of caroteme in alfalfa
hay stored in the bale, or as wafers or pellets.
I. R. Jones,* L. A. Hogaxn, axp P. H. WEswig,
Oregon State University, Corvallis.

Three lots of second-cutting irrigated al-
falfa hay grown on three different Eastern
Oregon farms in 1958, 1959, and 1960 were
obtained in baled, wafered, and pelleted form,
stored in the University dairy barn loft, and
sampled at intervals for carotene determina-
tions. The carotene values expressed as mg-
per 1b of the 1958 baled alfalfa at 10, 24, 34,
and 48 months were 40, 19, 15, and 9, respec-
tively. At the same sampling periods, the
wafered alfalfa had values of 23, 9, 7, and 6
and the pelleted alfalfa 19, 3, 2, and 1.

The 1959 baled, wafered, and pelleted alfalfa
decreased from original carotene values of
40, 26, 18, respectively, to 27, 15, 10 at one
vear, to 10, 4, 3 at two years, and 7, 3, 2 at
three years.

The carotene values for the 1960 baled,
wafered, and pelleted alfalfa were 33, 31, 27
at two months, 27, 25, 25 at seven months,
19, 13, 12 at twelve months, and 14, 12, 11 at
twenty-two months.

Results show the marked loss of carotene
in hay processed into wafers and pellets and
in baled and processed hay during storage.

Relationships of various digestibility meas-
urements and stage of maturity of orchard-
grass and a timothy-Ladino clover mixture.
F. R. Murpoock,* A. S. Hopason, G. D.
Ramaran, W. W. Heinemaxx, axp T. H.
Brosser, Washington State University, Pull-
man.

Digestible dry matter (DDM) and digestible
energy (DE) were determined on first-cutting
orchardgrass (S-143) and a mixture of Cli-
max timothy and Ladino clover at varying
stages of maturity with yearling dairy heifers.
The forages were cut daily and hand-fed.
Samples of forage were dried, ground, and
analyzed chemically. Portions of these dried
samples were subjected to in vitro digestion
as well as in vivo digestion by the nylon bag
technique.

Highly significant correlations were obtained
between DDM and DE as determined by di-
gestion trials and percentages of lignin, crude
fiber, crude protein, and cellulose in the for-
ages.

In the in vitro studies the amount of cellu-
lose in the residue was the independent vari-
able most highly correlated with DDM and
DE as determined in digestion trials. Of the
variables studied by nylon bag digestion, di-
gestible dry matter was the one most highly
correlated with DDM and DE.

Effects of feeding high molybdenum alfalfa
hay to dairy cattle. WavLter B. DYE, JosEpH
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F. Sterx, LEGrAND WALKER, Max C. Fleisch-
mann College of Agriculture, University of
Nevada, Reno, ANpD MarY RurH SwoPE, East-
ern Illinois University, Charleston.

Under the conditions of this preliminary
reversal experiment with two lactating Hol-
stein cows, it was found:

Blood. There was a direct correlation be-
tween the molybdenum content of the forage
ingested (alfalfa hay) and molybdenum con-
centration of the blood serum; conversely,
there was little if any correlation between
molybhdenum content of the forage and copper
concentration in the serum; erythrocytes, he-
moglobin, and hematocrit values were not
influenced by the molybdenum content of in-
gested forage.

Milk. Xanthine oxidase concentrations in
the milk were not correlated directly with the
concentrations of molybdenum in the diet;
xanthine oxidase increase in the milk did not
follow or parallel the observed increase of
molybdenum in the blood serum or milk;
organoleptic results: 1. When Cow A was on
low Mo hay there was no detectable oxidized
flavor in the milk; with Cow B on the same
hay, only a slightly oxidized flavor was de-
tected. 2. When Cow A was on high Mo hay
a mildly oxidized flavor was detected in 409
of the milk samples; with Cow B on the same
hay, all three judges rated the samples as
having a strongly oxidized flavor. Natural
high Mo in hay appears to enhance oxidized
flavor in milk.

Dental changes as related to fluorine con-
tent of teeth and bones of cattle. F. N.
MorTENSON,* L. G. TrRaANsTRUM, W. P. PETER-
soN, axpD W. S. WinTERrS, Agricultural De-
partment, Columbia-Geneva Division, United
States Steel Corporation, Provo, Utah.

Incisor teeth, mandibles, and metacarpals
of cattle from herds in fluorosis and nonfluo-
rosis areas were studied. The teeth were
classified into six degrees of severity, 0 through
5, for fluorine effects. Bones and teeth were
analyzed for fluorine and amount of enamel
in the teeth determined.

A close relationship was found between
incisor score, fluorine content, and amount
of enamel. As incisor scores increased in
severity, fluorine levels increased, and the
percentage of enamel decreased. Average fluo-
rine content of enamel was less than one-half
that contained in the dentin. These and other
data obtained from unerupted teeth indicate
that enamel is formed and acquires its fluorine
before the incisors erupt from the gums.

Mandibles were found to contain the highest
levels of fluorine, with metacarpals and whole
ineisors containing 96 and 849, respectively.
Some incisors were rated in Class 5 severity,
even though fluorine content of hones and
teeth from the same animal was decidedly
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below reported tolerable limits, further indi-
cating that the appearance of severely af-
fected teeth should not be used as the sole
criterion upon which to make a diagnosis of
definite fluorine toxicosis.

Measuring the performance of 12,184 proved
sire daughters in 75 large dairy herds in
California. HarraN R. Koce* AND RoBerT E.
WaLToN, American Breeders’ Service, Palo
Alto, California.

All available records started since 1951
were collected from 75 unselected Holstein
herds and standardized to a 2 X, 305-day, ME
basis. A total of 12,184 daughters with 29,317
records average 14,803 1b milk, 543 1b milk fat
at 3.69% test.

Records for the dams of 10,183 daughters
were available for comparison: 10,183 dams
(46,202 records)-—13,417 m.—3.639,—487 f.
10,183 daughters (24,272 records)—14,827
m.—3.669%—543 f. Difference: <+ 1,410 m.;
+ .03%; + 56 f.

ABS daughter-herd-mate and ABS daugh-
ter-Non-ABS daughter contemporary compari-
sons were made. First- and second-generation
contemporary daughters were also compared
to show the effect of one generation of the

" bulls’ inheritance.

The resulting 1,155 effective comparisons
show a difference of 4231 lb milk and +10
1b milk fat. Therefore, a genetic gain of 4231
milk and 410 milk fat resulted in a daughter-
dam difference of +1,410 lb milk and 456 1b
milk fat in the herds studied.

Detection and intensity of estrus in dairy
cattle. K. R. Jouxsoxn,* University of Idaho,
Moscow.

Difficulty in detecting certain animals in
estrus is one of the more common causes of
delayed breeding or prolonged calving inter-
vals in cattle. All females were observed for
signs of estrus five times daily at 4-hr inter-
vals. Kstrus expectancy lists were used and
animals were examined, per rectum, on day
due in estrus or beginning 30 days post-
partum, to aid in estrus detection. A scoring
system of 1 to 4 was used. A score of 1 was
given when no external signs of estrus were
visible, hut estrus was determined by rectal
palpation; a score of 4 was given to animals
that stood to be mounted. In 1961, of 215
estrous periods scored, 269, were given scores
of 3 or less. The percentage dropped to 13%
in 1962 and 9% in 1963. This would indicate
that proper training and more careful ob-
servation will enable the detection of most
animals in standing estrus sometime during
the estrous period. It also indicates that the
period of standing estrus is very short for
some dairy cows and easily missed. The fer-
tility of cows with lowered estrous intensities
was not impaired.
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Corticosteroids in bovine jugular vein blood.

V. L. EsTErRGREEX,* Washington State Uni-’

versity, Pullman.

Approximately one-liter samples of jugular
vein blood plasma from three mature, non-
pregnant cows were extracted with organic
solvents to determine the free and conjugated
corticosteroids present. Cortisol was isolated
and identified by chromatography of the free
and acetylated compounds in three paper chro-
matography systems each .and by its ultraviolet
absorption spectrum . in methanol. Levels of
5.45, 6.40, and 6.73 pg/100 ml plasma and 1.84
and 2.04 pg/ml packed cells were found by an
isotope dilution technique using cortisol -4-C™.
A substance was isolated which absorbed ultra-
violet light and chromatographed in two paper
and two silica gel systems like corticosterone.
However, the substance had ap atypical ultra-
violet absorption spectrum and did not form
a chromogen typical of corticosterone. Two
substances more polar than cortisol, one of
which could be acetylated, were separated on
paper chromatograms. Neither of these sub-
stances possessed ultraviolet absorbance typ-
ical of a A', 3-ketone. No progesterone or
conjugated 17-ketosteroids could be isolated
from the blood samples.

Biochemistry of fractionated ejaculates in
the bovine. L. FAULKNER,* J. F. MASKEN,
AND M. L. Hopwoop, Colorado State Univer-
sity, Fort Collins.

Lutwak-Mann and Rowson (J. Agr. Sei., 43:
131. 1953) used electric stimulation to obtain
split ejaculates from the bovine. The sperm-
rich fraction contained high levels of frue-
tose, citrie acid, and 5-nucleotidase. The pre-
sperm fraction, said to be of urethral origin,
was clear, slightly viscous, and had no frue-
tose or citric acid and little protein.

With relative ease we have been able to
obtain both of these fractions using the arti-
ficial vagina. An additional post-sperm frac-
tion has been obtained with greater difficulty.
This fraction was essentially sperm-free and
was intermediate between the presperm and
sperm fractions with respect to nitrogen and
fruectose content.

Fractions collected with the artificial vagina
were compared to similar fractions obtained
by electric stimulation. By electroejaculation
the presperm fraction was lowest in fructose
and sperm concentrations, but was not com-
pletely free of the components. The post-
ejaculate fluid was of variable nature, having
from 0 to 843 mg fructose per 100 ml and be-
tween 10,000 and 89,000 sperm per mm?®

Freezability of spermatozoa obtained with
the elertro-ejaculator and with the artificial
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vagina. C. W. CorLLeary axp M. H. EHLERS,*
Department of Dairy Science, Washington
State University, Pullman.

Experience in this laboratory has indicated
that semen collected by the electro-ejaculator
might have satisfactory initial spermatozoa
motility, and yet not undergo successful freez-
ing. These observations were based on bulls
collected by electro-ejaculation because of
failure to respond to the artificial vagina.

An experiment (I) was designed to compare
freezability of electro-ejaculator and artificial
vagina ejaculates collected on the same day
from each of four Angus bulls. Collection
procedures worked satisfactorily on a given
week, near the beginning of the experiment,
when the artificial vagina was used first and
electro-ejaculator second. However, an in-
creasing reluctance to serve the artificial va-
gina was noted. This experiment was aban-
doned after 8 wk because of an excessive
number of failures.

A further experiment (II) was designed to
collect two ejaculates, by the use of the arti-
ficial vagina, from each of two hulls and two
ejaculates from each of two bulls with the
electro-ejaculator. On the following week the
collection method was alternated between the
two pairs of bulls. Occasionally during the
8 wk of the experiment failure to secure two
satisfactory ejaculates from a given bull was
encountered.

Freezability comparisons indicated little dif-
ference hetween semen collected by the two
methods, particularly for samples having simi-
lar original quality.

Seminal fructose levels following induced
hyperglycemia in bulls. S. Harowick,* J. F.
MaskeN, M. L. Hopwoop, AND L. FAULKNER,
Colorado State University, Fort Collins.

Alloxanized rabbits had elevated levels of
seminal fructose diminished by administration
of insulin (Mann and Parsons, Biochem. J.,
46:440. 1950). In the present study, the re-
lationship between blood glucose and seminal
fructose levels was examined. A Holstein
bull was injected intravenously with 250 g
of p-glucose. Blood and semen samples were
obtained at intervals of 3 min to 24 hr follow-
ing infusion and analyzed for glucose and
fructose. Blood levels peaked at 6339 above
preinfusion levels in 5 min. Seminal fructose
levels were maximal at 52 to 539% above pre-
infusion levels at 20 to 40 min after glucose
administration. At 24 hr after injection the
blood glucose was still 439 ahove the pre-
infusion level, whereas seminal fructose at
this time was only elevated by 59%. XNo glu-
cose was found in semen despite its elevated
concentration in blood.



BOOK REVIEW

THIN LAYER CHROMATOGRAPHY (TLC). J. M.
Bobbitt. Reinhold Book Division, 430 Park
Avenue, New York, New York. 208 pp. $8.50.
1963.

Dr. Bobbitt of the University of Connecticut
has ecompiled a most useful book on the funda-
mental and applied aspects of TLC. This book
will serve the beginner as well as the more
mature researcher. It provides theory and
working applications of experimental proce-
dures in considerable detail, including reagents,
binders, layer preparation, glass plates, sep-
aration equipment, development of chromato-

grams, and interpretations of Rf values.
Analytical procedures include organie, inor-
ganie, biochemical, and physical applications.
The historical aspects and personalities in-

volved in the development of TLC are given
concise, but adequate, treatment. This book -
will serve as a basiec guide to the selection of
techniques to solve specific problems. - It sets
forth clearly the applications and limitations
of TLC.

E. O. HErrEID

University of Illinois

Urbana
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preferred media

Jor isolation and differentiation
of |
ENTERIC PATHOGENS

SALMONELLA—SHIGELLA

Isolation
Bacto-S S Agar Bacto-Brilliant Green Agar
Bacto-MacConkey Agar Bacto-Selenite Broth
Bacto-Bismuth Sulfite Agar Bacto-Tetrathionate Broth Base
Differentiation
Bacto-Triple Sugar lron Agar Bacto-Purple Agar Base
Bacto-S | M Medium Bacto-Urea Broth
Bacto-Purple Broth Base Bacto-Urea Agar Base
ENTEROCOCCI
Bacto-Azide Dextrose Broth Bacto-Phenylethanol Agar
Bacto-Azide Blood Agar Base Bacto-Enterococci Presumptive Broth
Bacto-S F Medium Bacto-Enterococci Confirmatory Broth

Bacto-Enterococci Confirmatory Agar

ENDAMOEBA HISTOLYTICA

Bacto-Endamoeba Medium
with Bacto-Horse Serum and Bacto-Rice Powder

THE DIFCO MANUAL, NINTH EDITION,
including descriptions of these media and their use,
is available on request.

Specify DIFCO—the trade name of the pioneers in the research
and development of Bacto-Peptone and Dehydrated Culture Media

DIFCO LABORATORIES

DETROIT 1, MICHIGAN
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