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INSTRUCTIONS TO CONTRIBUTORS 

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

ORGANIZATION OF PAPERS 

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

2. Summary and its preparation. 
a. There are three reasons for  the sum- 

mary: first, convenience to readers; sec- 
ond, reduce costs and expedite work of 
abstracting journals; and third, to dis- 
seminate scientific information. 

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

c. The opening sentence should state the 
research obiectives, but the title should 
not be repeated. ' 

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

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

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

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

4. Experimental procedures. 
5. Results. 
6. Discussion. ( 5  and 6 may be combined.) 
7. Conclusions. 
8. Acknowledgments. 
9. References. All references must have au- 

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

American Institute for Biological Sciences, 
2000 P Street, N. W., Washington, D. C. Price 
$3. 

* J. Dairy Sci., 44 : 1758. 1961. 
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10. Manuscripts must be typed double-spaced' 
on By2- by 11-inch bond paper. Lines on 
each page should be numbered from 1 to 
26 or 28, to make it easier for  the Editorial 
Board to review papers. The side margins 
should be one inch wide. Clipped-to, pasted- 
on, and written insertions are not accept- 
able. Do not staple pages together. 

11. Figures (graphs) should be made with black 
India ink on white drawing paper, tracing 
paperfor  blue linen and the sheets should 
not exceed 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 0, 0, 8,  0, M, 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: 

0 100 200 300 

DAYS OF RIPENING AT 56.1 
FIG. 1. Acetic and butyric acids in raw and pas- 

teurized milk Cheddar cheese during ripening (mil- 
ligrams in distillate obtained from 150 g of cheese 
oil). 

12. Tables should be numbered on the center 
of the page with the title immediately be- 
low, and each table should be typed on a 
separate sheet of 8%- by 11-inch bond 
paper. They should be placed together a t  
the end of the manuscript. 

' Multilithing on bond paper is acceptable. 
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Titles should indicate the content of ta- for botanical, chemical, physical, mathe- 
' 

bles and facilitate comparisons, show rela- matical, and statistical terms should con- 
tionships clearly, be self-explanatory, and form to those in  the Style Manual for Bio- 
save space. Label heading and subheadings logical Journals. 
accurately and concisely with the data cen- 15. Terms such as Cottage cheese, Cheddar 
tered under them. Use correct abbreviated cheese, Limburger cheese, etc., should be 
dimensions. Data should be referred to and capitalized as indicated. Butteroil, skim- 
discussed but not repeated in the text, and milk, buttermilk, etc., should be written as 
they should be presented in only significant one word. Milk fat  has replaced butterfat. 
digits within the accuracy of the methods. 16. Critical reading of papers, before they are 
Use the metric system whenever possible. submitted, by persons other than the au- 
Do not use vertical lines and only a mini- t h o r ( ~ )  will help to clarify statements and 
mum of horizontal ones. eliminate errors. 

Tables are costly. Use graphs whenever 17. All manuscripts should be submitted to the 
possible. Editor-in-Chief in duplicate. 

13. Colored illustrations can be reproduced. 18. Receipt of manuscripts will be acknowl- 
Authors should submit detailed specifics- edged. Authors will be notified within 30 
tions to the editor and costs will be supplied. to 60 days of the action taken by the Edi- 

14. Abbreviations for titles of periodicals and torial Staff.. 

- PEOPLE AND EVENTS 
MEMORIALS 

A1cmori:tl services were held April 23 for Itegan was granted his bachelor's and master's 
W. M. REGAN, 78, emeritus professor of a+- degrees a t  the University of Missouri and did 
lnal husbandry a t  the University of California, his first teaching a t  that institution. After 
1)avis. He died April 14 after an illness of a hrief period as assistant professor a t  Ne- 
several weeks. Services were held also a.t the vada and as professor and head of the Dairy 
Davis Co~n~nunity Church. K. A. RYERSON, Department at  Rutgers University, he came 
dean of the College of Agriculture, emeritus, to the College of Agriculture at  Davis. He 

and long-time colleague retired in 1951. 
and friend of Professor Professor Regan was known throughouJ 
Regan, was the speaker. California for his devoted pron~otion of the 
The family requested work of the Agricultural F:xtension Service. 
that any remembrances He was a member of the scholastic fraternity 
be sent to the Cancer Phi Beta Kappa, the scientific fraternities 
Research Fund, UC Sigma Xi and Gamma Alpha, the agricultural 
3ledical Center in San scholastic fraternity Gamma Sigma Delta, the 
Francisco, care of The social fraternity Phi Delta Theta, the Ameri- 
Regents of the Univer- can Dairy Science Association, the American 
sity of California. Society of Animal Production, the American 

A resident of Davis Genetic Association, and the New York Acad- 
for  40 yr, where he was emy of Sciences, as well as the standing com- 
on the staff of the Uni- mittee for Animal Development in  the Pacific 

W. M. Regan versity, Professor Re- Area, Ninth Pacific Science Congress. He was 
gan was a pioneer in  a classification judge for the American Jersey 

experinlentation with dairy cattle, the initiator Cattle Club. 
of the nation's first large-scale breeding ex- He is survived by his widow, Susan, who is 
periments. Dean of Women at  Davis, and three children, 

Equally important, according to his col- William, Jr., of San Jose, Susan (Mrs. Allan 
leagues in a eulogy delivered at  Dairy Cattle McKillop) of Davis, and Mary, a graduate 
Day, held earlier this year, "Professor Regan student a t  the University of Wisconsin, Madi- 
endeared himself to hundreds of students, who son. 
found in him a sympathetic friend as well as Harry Alexis Harding 
a conlpete~it instructor and who were influ- When DR. H. A. HARDING, 580 Haverhill, 
enced by his character and ideals while they Bloomfield Hills, Michigan, passed away a t  
were taught by his k~lowledge and experi- the Stevens Nursing Home, Royal Oak, No- 
enee . . . A man whose scholarly interests vember 16,1961, after a long illness, the Amer- 
were balanced by his deep feeling for  people ican Dairy Science Association lost one of its 
and their problems. . . ." long-time illustrious members. He lacked 12 

Horn at  Joplin, Missouri, February 18,1884, days of being 90 yr of age. 
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Perhaps through fate Dr. Harding was not 
one of the founders of the American Dairy 
Science Association, in Urbana, July 17, 1906. 
Nevertheless, a t  the time he had already dis- 

tinguished himself as a 
dairy bacteriologist a t  
the New York Agricul- 
tural Experiment St&- 
tion, Geneva. 

Yet, as chairman of 
the committee including 
Rf. R~ORTENSEN, secre- 
tary, and W. A. STOCK- 
ING, president, to study 
the future name of the 
Official Dairy Instruc- 
tors' Association, he an- 
nounced, 1918, "the 

H. A. Harding 'Official  a air^ instruc- 
tors' Association' has 

become the 'American Dairy Science Associa- 
tion."' To his leadership, the society is in- 
debted for the name held in high esteem 
throughout the scientific world. 

Many of the fundamentals of dairy bacte- 
riology taken for granted today were estab- 
lished by Dr. Harding, his associates, and pro- 
fessors such as H. L. RUSSELL, E. G. HASTINGS, 
L. A. ROGERS, W. A. STOCKING, R. S. BREED, 
and BI. J. PRUCHA, to name a few. His coop- 

FLAV-0-LAC FLAKES 
and FLAKES 40 

Now A vaila ble: 
Buttermilk #1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15 
Cheese #1, 2,3,4, 5, 12, 13, 14,15, 16, 17,18, 19 
Butter #1, 2, 3, 4, 5 
Sour Cream #1, 2, 3, 4, 5 
Streptococcus thermophilus 
Streptococcus faecalis (D-K) 
Streptococcus durans (S.D.A.) 
Lactobacillus bulgaricus 
Lactobacillus acidophilus 
Lactobacillus helveticus 
Yoghurt culture (3 strains) 
Propioni bacterium sherrnani 
Standard "Flake" makes 1 quart starter. 
"Flake 40" bottle makes 40 quarts culture. 
"40" is unique in the industry, proved in use 
for 23 years. First propagation produces 40 
quarts culture . . . no additional incubatlon, no 
special treatment involved. 
Also available: * Roquefort and Camembert 

molds, various Leuconostoc 
strains on agar slants. * Whey phage testing 
program. 

THE DAiRY LABORATORIES 
2300 Locust Street 

Philadelphia 3, Pennsylvania 

erative report, What is Meant by Quality in 
Milk, 1918, challenging then, is vital today. 
Bacteria were a near obsession to him; his 
bounteous energy was spent in knowing and 
controlling them in the milk supplies. Few 
scientists a t  annual meetings defended their 
fundamental knowledge of bacteria as did Dr. 
Harding. His prespnce and discussions a t  
scientific meetings was a challenge and inspira- 
tion to young scientists. 

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

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

He studied a t  Massachusetts Institute of 
Technology and took his doctorate at  Cornell. 
He went abroad for a year's study in Western 
Europe and returned to become Commissioner 
of Health, and Bacteriologist for New York 
Experimental Station a t  Geneva. He took up 
the problem of an epidemic in Geneva, traced 
it  to water pollution north of the city, and 
after several years of political opposition 
brought i t  to a close, with well planned edi- 
torial assistancc from the leading newspaper. 

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

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

He was an authority on bacteriology, bac- 
terial plant diseases, causes of cheese ripening, 
soft rot in plants, fixation of nitrogen, and 
city milk supplies. He was a serious student 
of religions and education. His private funds 
were always available to any needy and seri- 
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I t  is Kraft Care that assures users of Kraft dairy product 

ingredients of consistent quality, uniformity, and dependable performance 
-in production and in final product results. Kraft ingredients are selected 

for superior flavor and blending characteristics, and processed 
under rigid testing and quality control standards. Finally, all 

Kraft ingredients must merit the approval of the Kraft Kitchens in taste 
and performance tests. For a sample of these superior dairy 

product ingredients, contact your nearest Kraft division office. 

Krageleen Ice Cream Stabilizer. Specially for- Ice Cream Emulsifier-Stabilizers. Three types 
mulated to add firmness and creamy body, combining advantages of emulsifier and sta- 
maximum keeping qualities, and to inhibit ice bilizer for economy of production and storage. 
crystal formation. 

Sweet-K-Malt. Evaporated malt extract flavor 
Sher-Sta~ Sherbet firm for frozen confections, chocolate syrup, and 
smooth texture, and superior flavor transmis- ice cream. 
sion. Guards against iciness from heat shock. - 
Extends keeping qualities. Stabilized Chocolate-Flavor Powders. Base for 
Krabyn Stabilizer for Frozen Novelties. Now chocolate-flavor drinks or milk. Many types 
in instant form for hot or cold Drocess. Pro- to meet all body and flavor requirements. 

duces smooth texture, inhibits ice crystal 
growth, prevents color, flavor, and sugar Miniature Marshmallows in Bulk. Add taste 

bleeding. appeal and visual appeal to  ice cream and 
sherbet. Also available in colors, and in syrup 

Ice Cream Emulsifier. Concentrated for econ- and whipped form. 
omy. Adds excellent whipability without inter- 
fering with freezing. Makes a dry ice cream Fruit Bases. Orange, and grape. Made from 
with improved texture. real fruit to give drinks fresh, natural flavor. 
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Actual labora 

For Recording pH 

SARGENT pH RECORDING ADAPTER OFFERS 
HIGH SENSITIVITY FLEXIBILITY 
1 millivolt per pH unit Output adjustable to give full scale 

EXCELLENT STABILITY 
recorder deflection for 1 to 14  pH 

Drift less than 0.01 pH/hour LOW COST 

Extreme resistance in electrode or solution is completely compatible with Sargent 
or other high quality potentiometric recorders through this new instrument, 
which transmits potential without distortion but converts impedance to lower 
values. An electrometer circuit-stable, linear and of high resistance-provides 
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ous student. Fly fishing, reading, and bear 
hunting engaged his free moments. 

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

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

G. M. TROUT, Historian 
American Dairy Science Association 

SPECIAL RECOGNITIONS 
Dr. J. L. Strominger Receives Paul-Lewis 

Award 
DR. J. L. STROMINGER of Washington Uni- 

versity, St. Louis, mas the 1962 recipient of 
the Paul-Lewis Award in Enzyme Chemistry. 
The award, consisting of $1,000 and a gold 
medallion, was presented to Dr. Strotninger 
by DR. VINCENT BAVISOTTO of Paul-Lewis 
Laboratories, Inc., a t  the general meeting of 
the American Chemical Society in Washing- 
ton, D. C. 

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

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

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

Dr. Stro~ninger joins the select circle of 16 
enzyme che~nists previously honored with this 
award. Established in 1946 to recognize and 
stirnulate research, the Paul-Lewis award is 
offered annually under the administration of 
the American Chemical Society. 

Labor Secretary Goldberg Presents Milk 
Industry Foundation's Louis Pasteur 

Gold Medal to Ohio Milkman 
D. C. RIGGS, 33, an Ohio milkman, was pre- 

sented the Milk Industry Foundation's 1962 
Gold Medal Pasteur Award for heroism by 
Secretary of Labor Arthur J .  Goldberg on 
June 14. I n  an  impressive ceremony held a t  
the Secretary's Washington office, Riggs was 
honored for the quick thinking and personal 
courage that saved a mother and her two 
children from an attack by her tnentally de- 
ranged husband. 

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

Secretary Goldberg paid tribute to Riggs's 
herois111 in his citation that accompanied the 
presentation of the medal. "Your determined 
action in the face of physical danger, your 
willing acceptance of great personal risk in 
order to avert a potential tragedy, is truly 
service above and hcyond the call of duty. I 
am proud to present to you the Louis Pasteur 
Gold Medal of the Milk Industry Foundation 
in gratitude and in recognition f o r  outstand- 
ing hcroisn~." 

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



STUDENT CHAPTER NEWS 

W. W. SNYDER, Editor 
Secation Devoted to News of Student Members 

Utah State University Dairy Club Sells 168 
Gallons of Ice Cream 

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

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

Ferron Perkes is chairinan of this year's 
Dairy Cattle Judging Contest, sponsored an- 
nually. The brced organizations arc making 
an award to the top judge of each breed, and 
the Dairy Cluh will in:~ke an nlrard to the 
top judge of the contest. 

WORLD'S BEST ICE CREAM 
You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing and 
freezing equipment, the finest packaging-And 
The Finest Stabilizev-KELCO STABILIZER. 

Dariloid XL@ for your white mixes 
Sherbelizep for your chocolate mixes 

Products of KELCO COMPANY 
15 Terminal Ave., Clark, N. J. 
20 N. Wacker Drive. Chicago 6. Ill. 
530 W. Sixth St.. LOB Angeles 14, Calif. 

Cable Address: KELCOALGIN-CLARK, NEW JERSEY 

The election of officers for 1962-63 was held 
at  the last regular meeting, with the follow- 
ing being elected : president, Harry G. Markos; 
vice-president, Leo Isralesen; secretary, Dary- 
ush Valanejad; treasurer, Frank Markos; ad- 
visor, Professor Robert C. Lamb. Retiring 
officers are: president, Clayton S. Huber, vice- 
president, Ronald Boman; secretary, Harry 
G. Markos, treasurer, Lewis Wiser. 

Los Lecheros Dairy Club Holds Fitting and 
Showing Contest 

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

The California Dairy Princess, Marilyn 
Jacobs, was in attendance to present the 
amrds.  Competition was kern for the top 
awards in this year's contest held April 28. 
The four winners were: first, John Winters, 
Wapato, Washington; second, Fred Silva, Los 
I3anos; third, George Nuues, Point Reyes; 
fourth, Richard Cotta, Salinas, California. 

Ohio State University Holds Honors Banquet 
The Ohio State University Student Branch 

of the American Dairy Science Association 
held its annual Honors Banquet April 27, 1962. 
Robert D. Stewart, Secretary of the Ameri- 
can Guernsey Cattle Cluh, was present to 
honor IIownrd J. Zicgler, Clyde, Ohio, an out- 
qtanding Guernsey breeder and director of 
the Bn~cricnn Guernsey Cattle Club. Ziegler's 
portrait is now in the Dairy Science Hall of 
Fame. 

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

The winners of the Student Judging Contest 
mere also recognized. The high individual 
mas Art Smallseed, and Joe 3Iiller received 
the high score for oral reasons. The high indi- 
viduals in each of the breeds mere as follows: 
Jersey, Joe Miller; Ayrshire, Joe Miller; 
Brown Swiss, Joe Niller; Holstein, Bob Bau- 
man; Gurrnsey, Don Isler. 

Dr. TVillia~n Brake1 presented the Salsbury 
Scholarship to Dick Soldner, Virginia Garrett, 
and Bob Bauman. Dr. Fordyce Ely presented 
the Borden Award to Frank Bonie. Joe Miller 
presented a trophy to Jackie JIiller, the 1962 
Dairy Queen. 
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Buckeye Dairy Show 
The Student Branch members sponsored a 

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

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

1962-63 Officers 

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

Kentucky Dairy Science Club Reports 
Activities 

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

Nr. C. 0. Ewing I1 was honored by the 
Dairy Science Club as the outstanding dairy- 
man of the year in  Kentucky. His portrait 
will be hung in the Dairyman's Hall of Fame 
in the Dairy Products Building. Awards were 
also made to students who participated in  the 
Dairy Cattle and the Dairy Products Judging 
Contests. The winner of the Senior Division 
in the Dairy Cattle Judging Contest was Men- 
del Howard, Elkton; top award for  the Junior 
Division was claimed by Neal Owen, Butler; 
and winner of the Dairy Products Judging 
Contest was Carl Johnston, Custer, Kentucky. 

Dairy Club Active in  Tennessee 
The second Tennessee Dairy Service Award 

was made a t  the Annual Dairy Club Banquet, 
April 25, to L. 0. Colebank, official classifier 
for the American Guernsey Cattle Club. Cole- 
bank has been very active in the promotion 
of dairy programs for  young people in dairy 
cattle judging and in dairy extension work. 

The Purina Bowl for  outstanding scholar- 
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ship and leadership during the past year was 
awarded to Steve Cates, a junior majoring in 
dairy production. 

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

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

Washington State Dairy Club Conducts 
Open House 

Nearly all of the Dalry Club ~nembers par- 
ticipated in a very successful open house con- 
ducted by the Washington State University 
Student Chapter on April 28. The open house 
consisted of a tour of the Washington State 
University creamery and a tour of the J .  C. 
Icnott Dairy Center about six 111i1es out of 
Pullman. The tour started at  the creamery 
where the Dairy Manufactur~ng students ex- 
plained the holding tank, pasteurizers, holnog- 
enizer, plate cooler, separator, bottlrr, ice 
cream mix tank, fruit feeder, freezer, cheese 

complete 
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' MARSCHALL DAIRY LABORATORY, Inc. 
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vat, cheese knives, cheese press, can scrubber, 
can washer, bottle washer, and several pieces 
of lahoratory equipment, including the cryo- 
scope, Babcock test bottles, p H  meter, titrat- 
able acidity apparatus, and a laboratory man- 
ual. 

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

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

The tour was successful and the Dairy Club 
will prohably continue to ~nake i t  an annual 
event. 

Babcock Club at Wisconsin Holds Annual 
Banquet and Makes Awards 

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

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

Louisiana State University Awards 
Fellowship 

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

NEWS FROM THE UNIVERSITIES 
Cornell Dairy Industry Conference to be Held 

at Niagara Palls 
The dates of the 1962 Joint Conference of 

the Cornell Dairy Industry Conference and 
the New Yorlr State Association of Milk Sani- 
tarians are Septe~nber 24-26, 1962. The ineet- 
ings will be held in Niagara Falls, New York, 
a t  the Hotel Niagara. 



Think fast! 
Fast De Laval milkiig is healthier, more productive 

Fast milking is healthier because milk is ex- 
tracted from the cow while she's cooperating 
by "letting down" her milk. 

Slow milking machines continue to extract 
milk after the peak let-down period. This 
strains udder muscles, can cause teat irritation. 

Fast milking means more milk. When let- 
down occurs, milk must be taken fast.. . before 
udder muscles tire and stop the flow. Once let- 

milks fast (and gentle, too) - thanks to nar- 
.row-bore liners, absolutely uniform pulsation 
and rapid-recovery vacuum. 

Machines not made to milk fast will never 
milk fast. Pulsator speed-ups won't help. For 
further information, write: The De Laval Sep- 
arator Co., Poughkeepsie, N. Y.; 5724 N. 
Pulaski, Chicago 46, Ill.; 201 E. Millbrae Ave., 
Millbrae, Cal. 

down stops, milk flow stops. The amount of 
milk remaining in the udder is lost forever! 

How fast is fast milking? Cows should milk 
clean in about 5 minutes or less. De Laval 
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The following Cornell University staff mem- 
bers will present papers : R. D. APLIN, Depart- 
ment of Agricultural Economics; B. L. HER- 
RINGTON, Department of Dairy and Food Sci- 
ence; J. K. LOOSLI, Department of Animal 
Husbandry; J. C. WHITE, Department of Dairy 
and Food Science; and P. J. VANDEMARK, De- 
partment of Dairy and Food Science. Also on 
the program will be: ALEC BRADFIELD, De- 
partment of Animal and Dairy Husbandry, 
University of Vermont; L. C. THOMSEN, De- 
partment of Dairy and Food Industries, Uni- 
versity of Wisconsin; F. W. LENGEMANN, 
Atomic Energy Commission, Washington, D.C.; 
H. J. BARNUM, Dairy Products Improvement 
Institute; and DAROLD TAYLOR, U. S. Public 
Health Service, Washington, D.C. 

NORTH CAROLINA 
June Dairy Month Activities in North Carolina 

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

STATE SENATOR RALPH SCOTT, who is also 
president of Melville Dairy Company a t  Bur- 
lington, North Carolina, introduced GOVERNOR 
TERRY SANFORD in his usual incomparable 
fashion. 

Governor Sanford made several significant 
remarks about the new Department of Food 
Science a t  North Carolina State College. He 
told the group that the 1963 ~ e ~ i s l a t u r e  will 
be urged to provide a $2.3 million building for  
the new Food Science Department. The Food 
Science Department of the College deserves 
recognition, Sanford asserted. "It will work 
more effectively in  a building of i t s  own . . . I 
pledge this administration will give this build- 
ing top priority." 

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

LABORATORY SERVICES 
Applied Research and Development, 

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

For price schedule and specific 
work proposals, write 

WISCONSIN ALUMNI RESEARCH 
FOUNDATION 

P. 0. Box 2217, Madison 5, Wisconsin 

fort  being made to iinprove the farm economy 
and the total economy of North Carolina." 

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

A Frozen Food Handlers Conference, spon- 
sored by the Food Science Department, was 
held June 14 a t  the Sir Walter Hotel i n  
Raleigh. A North Carolina-produced food 
luncheon highlighted the meeting. 

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

OHIO 
Adult Education Program Discussed 

A general review of the Adult Education 
Programs in  the Department of Dairy Tech- 
nology, Ohio State University, was conducted 
during June through a series of meetings with 
industry representatives. The Education Com- 
mittee of the Ohio Dairy Products Associa- 
tion, composed of ANTON I~ELLER, Coluinbus, 
Chairman; L. R. STAUBFER, Warren; CARL 
BROU~HTON, Marietta; 0. A. DEAN, Cleve- 
land; J. I. I<LINGENBERG, Athens; RALPH 
PALMER, Columbus; JOHN SPAHN, Steubenville, 
met with staff members to explore the needs 
of industry. A luncheon meeting of presidents 
and vice-presidents of the four Ohio Dairy 
Technology Societies with staff members pro- 
vided an opportunity for  planning the 1962-63 
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programs of the Societies. Representatives of 
the State Departments of Health and Agri- 
culture met with members of the Department 
to plan for the expansion of joint programs 
in public health and sanitation during the 
coming year. Early in the month the govern- 
ing committee of the Ohio Dairy Products 
Fund, composed of FRED MEYER, Cleveland, 
ARTHUR MUSSETT, New Bremen, and WILLIAM 
BICHSEL, New Philadelphia, met a t  the De- 
partment to review research and consider sug- 
gested expenditures from the fund. 

Nikolai King Lectures 
NIKOLAI KING, on leave from his duties as 

Principal Dairy Research Officer, CSIRO, Mel- 
bourne, Australia, and a member of the Dairy 
Technology Staff a t  the University of Illinois, 
discussed the physical chemistry of milk sys- 
tem a t  the Research Seminar sponsored re- 
cently by Ohio State University's Institute of 
Nutrition and Food Technology. 

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

Ice Cream Sanitation Standards Reviewed 
As an outgrowth of a recent conference be- 

tween Ohio State Department of Health offi- 
cials, municipal health authorities, dairy in- 
dustry personnel, and representatives of Ohio 
State University's Department of Dairy Tech- 
nology, a committee has been appointed to 
study the matter of ice cream sanitation stand- 
ards. 

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

Recommendations Made for Manufactured 
Milk 

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

THE SEMEN OF ANIMALS AND 
ARTIFICIAL INSEMINATION 

Edited b y  J. P. Maule 

A completely new a n d  comprehensive review of progress i n  the  artificial in- 
semination of f a r m  livestock, poultry, dogs a n d  laboratory animals. 

E,ach species is dealt with b y  different specialists a n d  there a r e  chapters on  A.I. 
in the  tropics, and on commercial t ransport  of semen. 

Among the  subjects covered a r e  : sire  management; semen collection; assessment 
of semen qual i ty;  semen composition a n d  metabolism; dilution, handling and  
storage of semen; insemination techniques; factors affecting conception rates. 

xx + 420 pp. 33 illustrations Price: 63 or $9.00 

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

Orders may be placed with any major bookseller or sent to 

Commonwealth Agricultural Bureaux 
Central Sales Branch 

F a r n h a m  Royal Bucks. England 
. 
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Future Farmers of America Hold Contest 
Fifty-eight three-man teams competed in 

the Annual F F A  Milk Judging Event, held 
a t  Ohio State's Department of Dairy Tech- 
nology in May. The contest, coordinated by 
DR. T. KRISTOFFERSEN, was won by the team 
from Prospect, coached by J. W. WATKINS. 
Runners-up in the contest were teams from 
Pleasant View and Canal Winchester. 

Prank Wish Passes 
FRANK WISH, former owner, president, and 

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

Dairy Technology Societies 
Central Ohio-The May meeting was high- 

lighted by a talk by R. P. Zelm, in charge of 

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

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

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

Northeastern Ohio-The program for the 
May meeting was designed to acquaint man- 
agement personnel of dairy plants with the 
Society and consisted of a review of the year's 
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4. Conduct research on new ideas suggested 
by you. 

6R.S. CHOCOkATE COD 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. - - ----- - & - -  -- 
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activities and accomplishments by President 
Sibert. Dr. I. A. Gould, Chairman, Depart- 
ment of Dairy Technology, The Ohio State 
University, introduced the winners of the 
Freshman Dairy Technology Scholarships 
made available by the Society, and B. F. 
Forbes was presented with a briefcase in  rec- 
ognition of his outstanding service as chair- 
man of the Society's Education Committee. 
Newly elected officers include : president, 
M. Swinehart, Akron; vice-president, G. John- 
son, Cleveland; secretary, Norman Berg, Orr- 
ville; treasurer, Robert Black, Rlogadore; 
sergeant-at-arms, Abe Sandler, Youngstown. 

WISCONSIN 
Joachim von Elbe Joins Staff a t  University 

JOACHIM VON ELRE, a native of Rostock, 
Germany, currently a graduate student a t  the 
University of Wisconsin, joined the staff of 
the Department of Dairy and Food Industries 
a s  an  instructor on July  1. 

H e  mill work in extension and research in 
food science. A t  the same time he will com- 
plete his thesis for  the Ph.D. His  current re- 
search deals with insecticide residues and 
color stability in canned fruits. H e  will work 
with commercial food processors in Wisconsin 
on processing and quality problems. 

INDUSTRY NEWS 
F a r  Eastern Fa i r  Visitors to  See American 

Style Dairying 
Modern milk production, a s  achieved in the 

United States in 1962, will be viewed by F a r  
Eastern visitors a t  the International Trade 
Fall  opening this fall  a t  Izmir, Turkey. A 
milking panoranla, using Turkish cows, will 
be presented several tiines a day. 

G. D. Regan of the Babson Bros. Co. demon- 
strating a milking machine to an interested child. 

RAMSW + ~~~~e 
S H E R B E T  F L A V O R S  

Ramsey *a Sherbet flavors are exactly what the name implies-FRESH. The  

juices are squeezed and processed from fresh fruit the year around and our unique 

process preserves all of the original flavor of the fresh, ripe fruit. No matter how 

compelling your brand name or how forceful your merchandising, your sherbets must 

be good for continuing consumer acceptance. You will make the very best sherbets 

with Ramsey flavors and formulas especially created for full compliance 

with the new Fecleral Stdnclards. Yo71 can not get a more complete sherbetf irogmmfiom 

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

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

SIX FLAVORS - Orange, WRITE OR CALL TODAY FIVE CARTONS in full color 
Lemon, Lime, Tangerine, RAMSfY lithography. Also plastics. 
Mint Julep, Pineapple. 

LABORATORIES, INC. 
ADVERTISING in full color 

PROVEN. FORMULAS to 2 7 4 2  G r ,  , , r r  L , , r p l nnd  Oh,o 
lithography and three sizes. 

insure you of quality. PHONE S W E E T B R I ~ R  I 1 7 2 7 LABELS for plastic containers. 
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Four cows will be milked a t  a time in indi- 
vidual, elevated stalls by a white-clad attend- 
ant. The milk will be visible as it  is taken by 
transparent breaker cup machines and flows 
through a low milk line, mounted a t  the op- 
erator's knee-level. I t  will then pass into a 
glass receiver in an ultra-modern milkroom. 

There the milk will be cooled in a 250-gal 
Minnesota-made bulk tank, where it will be 
stored until it is processed. An automatic 
washing device will show how the modern 
Anierican dairy farmer's equipment is cleaned 
a t  the push of a button. 

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

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

New Additions to Carnation Research Staff 
Recent additions to the Carnation Company 

Research Staff are DR. P. MELNYCHYN, Uni- 

I 

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

William F. May to Pill Key Post with 
American Can 

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

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

J. M. Jackson Assumes Two Presidential 
Offices 

DR. J. M. JACKSON of American Can Com- 
pany's Research Center in Barrington, Illinois, 
has been elected president of the Research and 

I 

ANIMAL PRODUCTION 
Journal of Tlze Br i t i~h  Society of Animal Prodtution 

Contents of Volume 4, Part 3, October 1962 

ASH, R.. W. Gastro-intestinal re-entrant cannulae for studies of digestion in sheep. 
BARBER, R. S., BRAUDE, R., AND MITCHELL, K. G. Effect of soaking the meal ration of grow- 

ing pigs in water or skim milk. 
BLAXTER, 15. L., AND WILSON, R. S. The voluntary intake of roughages by steers. 
BOWMAN, J. C., AND POWELL, J. C. The effect of different levels of management on the 

assessment of differences between varieties of chickens. 1. Eight-week body weight. 
DONALD, H. P. Effect on production records of sex of lamb, twinning, and dam's age in a 

grassland flock. 
GALUKANDE, E. B., MAHADEVAN, P., AND BLACK, 5. G. Milk production in East African 

Zebu cattle. 
MARADEVAN, P., GALUKANDE, E. B., AND BLACK, J. G. A genetic study of the Sahiwal 

grading-up scheme in Kenya. 
MOMAN, D. E., CLEW, A., BROOKSBANK, N. H., AND MCCREA, C. T. The effect of copper 

glycine injections on the live-weight gains of suckling beef calves. 
MUNRO, J. The use of natural shelter by hill sheep. 
MURDOCH, J. C., AND ROOK, J. A. F. A comparison of hay and silage for milk production. 
OSINSKA, Z. Estimation of protein, chemical fat and energy content in pigs. 
RENDEL, J., BOUW, J., AND SCHMID, D. 0. The frequency of cows served twice which remain 

pregnant to first service: a study of results from parentage tests. 
YOUNG, G. B., AND PURSER, A. F. Breed structure and genetic analysis of Border Leicester 

I slleep. 
ANNUAL. SUBSCRIPTION 45s. (U.S.A. and Canada $7.50) 
SINGLE PART 17s 6d (U.S.A. and Canada $2.75) I 

OLIVER A N D  BOYD LTD. 
Tweeddale Court, 14 High  Street, Edinburgh, 1 I 



18 J O E R N A L  OF D A I R Y  SCIIENCE 

Development Associates, Food and Container 
Institute. The Associates is an industry-sup- 
ported organization which serves as a link 
between the research and developinent activ- 
ities of the food and container industries and 
those of the Armed Forces. 

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

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

Degrees Awarded - 
M.S. Degree: 

A~OHAMMED ABUL H a s ~ d ~ ~ - R e l a t i v e  merit 
of duck egg-yolk compared to hen egg- 
yolk as a bovine semen extender. A & M 
College of Texas. 

BENEDICTO A. P A R K E R - S O ~ ~ ~ ~  factors affect- 
ing ~ni lk fat  and protein levels in lllilk 
from dairy herds in central Texas. A & M 
College of Texas. 

KENNETH 0. WILSON-De-fatted fish nleal as 
a source of protein in a nlilk replacer for 
dairy calves. A & A I  College of Texas. 

Ph.D. Degree : 
C .  N. GR.\VES-Studies on the metabolism 

of bovine sprrniatozoa. University of Illi- 
nois. 
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FISKE MILK CRYOSCOPE..  . t h e  leader  in t h e  f i e l d  
The problem of added water i n  milk concerns 
you, both from the profit angle and the quality 
control necessary in  maintaining the 
reliability and reputation of your products. 

Fiske MILK CRYOSCOPES determine 
accurate water content i n  milk and other dairy 
products by the freezing point method. I t  
enables you to process small test samples 
rapidly and easily, with a minimum of 
technically trained personnel. 

A decisive factor i n  Fiske leadership in 
precision cryoscopy i s  continuous research and 
development. The Fiske MILK CRYOSCOPE 
i s  the instrument around which the official 
procedures are written, as described i n  latest 
Standard !Methods for the Examination of  
Dairy Products, A.P.H.A., and i n  Laboratory 
fifantial Milk Industry Foundation. The  
Fiske Cryoscope also meets the specifications 
of the A.O.A.C. 

Address any inquiries directly to the plant, or 
through our authorized agents. 

The NEW compact laboratory model 
of the FISKE MILK CRYOSCOPE i s  
economically priced; includes all the 

FISKE ASSOCIATES,INC. 
leadership features of the previous BETHEL, CONNECTICUT 

model and i s  available for Creators 0 1  

immediate delivery. P r e c i s i o n  E l e r t r o n i c  D e v i c e s  



RESEARCH PAPERS 
K-CASEIN-p-LACTOGLOBULIN INTERACTION IN SOLUTION 

WHEN HEATED 

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

SUMMARY 

Heating a mixture (0.5% of each) of j3-lactoglobulin and K-casein a t  p H  7 
a t  90 C 15 min led to interaction between the two proteins. Electrophoresis a t  
p H  2.1 showed that, before heating, the components moved independently; 
whereas, after heating, a single component of intermediate mobility was ob- 
served. Ultracentrifuge examination of the heated mixture showed a new com- 
ponent with an  S, value of 45, three times greater than the SZ0 value of K-casein. 
The ability of the K-casein to stabilize calcium-sensitive casein was considerably 
reduced in  the heated mixture. The clotting time of K-casein by rennin was 
increased by the addition of 8-lactoglobulin and was increased still further 
when the mixture had been heated. The clot formed by the action of rennin 
on the heated mixture contained the 8-lactoglobulin as well as the K-casein. 

Tho effect of heat on solutions of nlixtures of NATERIALS AND METHODS 

8-lactoglobulin and whole casein has been de- Where not described, the lnaterials and 
scribed in an earlier publication (2) .  I n  SYs- methods are the same as in the previous paper 
terns containing calcium chloride in which the (2 ) .  The protein solutions were heated at 90 c 
8-lactoglobulin precipitated, there was no evi- 1 5  lni,l. Thr concelltrations (0.25 to 1.0% 
der~ce for con~plex forlnntion. 111 systems in total) are indicntrd for each experiment. 
which precipitatioll did not occl'rt the use Of sevr>r.al K-cxseiIl preparations were used. All 
cl(lctro~horesis a t  6.5 suggested that corn- gave a symlnctrical peal< in free-flow electro- 
r)l(.x forlnatioll had occurred. The results of phorrsis (see later), Rlld were good stabil- 
clectrophoresiq are equivocal, however, for  dem- izrrs (11) (i.c., 507; stabilization of a,-casein 
onstrat~ng complex forination since, under cer- a t  ~ / a ,  ratio of 0.04 to 0.05). Some were pre- 
tain conditions of heating, the electrophoretic pared by fractionation in urea solution with 
mobility of 8-l:tctoglobulin increases to about trichloroacetic acid (8) .  Others were prepared 
the same value as for a-casein. Thus, it could by fractionation in ethanol (6 ) .  This procedure 
not be decided whether the single peak obtained was simplified by precipitating the calcium-K- 
after heating represented a complex of a-ca- by saturating with sodium chloride in- 
sein-8-lactoglobulin or a mixture of the two stead of using the potassium oxalate-sodium 
proteins, each with about the same sulfate steps. Although seemingly homogeneous 
Electrophoresis in acid solution, which has been in free-flow electrophoresis, the K-casein prep- 

in the of the a-ca- arations contained a small amount of 
sein ConlPlex (7, 12)  has been used in the Pres- that sedimented more rapidly than did the 
eut experiments in the hope that an  unambig- K-casein. This heavy fraction did not stabilize 
uous answer to the question of casein-j3-lacto- 
globulin interaction might be obtained. K-Casein a"casein' The preparation used in the ultra- 

was used in the present experiments. The elec- centrifuge and the ex- 
trophoresis experiments were supplelnented with periments had had this heavy fraction removed. 
ultracentrifuge studies. I n  addition, the of The very sensitive starch gel electrophoresis in 
heating the K-casein-j3-lactoglobulin mixture on 7 M urea (9 )  showed that the K-casein prepara- 
clotting time and precipitation by rennin, and tions were contaminated with small amounts of 
the ability of the K-casein in the mixture to sta- the lambda-casein components. 
bilize the calcium-sensitive ( a s )  casein, were ~ h ,  8-~aetoglobulin (Species A )  was crys- 
explored. tallized frorn the albumin fraction of Species A 

Received for publication March 19, 1962. pooled milk (3)  and recrystallized twice. A 
suspension of the crystals was freeze-dried. 

'Eastern Utilization Research and Development 
Division, Agricultural Researcll Service, U. S. De- So1utions of casein and p-lactoglobulin were 
partment of Agriculture. prepared a t  p H  7.0 by the addition of NaOH. 
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The rennin was a commercial preparation 
rated 1 :30,000. 

1. Electrophoresis. The free-flow Tiselius 
elcctrophoretic technique was used with Perkin- 
Elmer ' equipment, Model 38. All experiments 
were performed in a mixture of 1% formic 
acid and 6% acetic acid at p H  2.1 (ionic 
strength 0.01). The protein solutions (0.6% 
of each) at  p H  7.0 were acidified with HC1 to 
about p H  2 and were then dialyzed for 24 to 
48 hr against the acid mixture. 

2. Ultrace~ztrifugation. The protein solutions 
were centrifuged in a Spinco JIodel E ana- 
lytical ultracentrifuge.= The centrifuge was op- 
erated at 25 C, with a 4-degree sector cell. The 
sedimentation values obtained a t  25 C were re- 
calculated to 20 C (&,). The protein solutions 
were at a total concentration of 1% and ad- 
justed to pH 7.0 with 0.1 N NaOH. These solu- 
tions, heated or not heated, were dialyzed 
against phosphate buffer, p H  7.0 (two one-liter 
portions in a period of 24 hr) until equilibrium 
was attained. The phosphate buffer was that 
described by Wangh and von Hippel ( lo ) ,  but 
the concentrations were one-half as great, i.e., 
the ionic strength was 0.1. 

3. Stabilization test. This test has been de- 
scribed (11). I t  measures the amount of K- 

easein required to maintain am-casein in solution 
with 0.020 M CaCl, a t  p H  6.8. The test was 
applied to heated and unheated mixtures of 
K-casein and 8-lactoglobulin. 

4. Clotting time with rennin. The rennin was 
permitted to act on the K-casein, or the mixture 
with l lac to globulin, a t  pH 6.4 and 30 C in 
the presence of 0.020 M CaCI,. The rennin was 
added to the protein solution in a ratio of 
1:2,000 of casein; 0.1 M CaCl, was added to 
give the designated eoncentration. The clotting 
time was determined by a visual method (1). 
Maintenance of a constant p H  is very impor- 
tant. The solutions were heated a t  pH 7.0; 
after the CaCl, was added, the p H  was ad- 
justed to 6.4 with 0.01 N HC1 or NaOH. 

5. Estimatiolz of amozcnt of proteim clotted 
by reqzniw. I n  these experiments the coneentra- 
tion of K-casein was 1.0%, of P-laetoglobulin, 
0.8%. These solutions, heated and unheated, 
were mixed with water and 0.1 M CaC1,; 5 ml 
protein solution, 3 m1 water, and 2 ml 0.1 M 

CaC1,. The p H  was 6.6. Two milligrams of 
rennin in 0.1 nll of water were added at  30 C. 
The solutions were stirred occasionally to ob- 
serve clot fornlation. After clotting was com- 

' I t  is not implied the USDA recommends the 
above company or its product to the possible ex- 
clusion of others in the same business. 

plete (5 to 10 min), the solutions were centri- 
fuged in 15-ml graduated centrifuge tubes 5 
min. The volume of the sediment was recorded 
and the protein remaining in the supernatant 
solution was determined from the ultraviolet 
absorption a t  a wave length of 280 mp. For  
this purpose, the solutions mere clarified by the 
addition of a drop of 0.5 N NaOH. 

RESULTS 

1. The electrophoretic behavior at  p H  2.1 of 
K-casein and of P-lactoglobulin, and of their 
mixtures, both unheated and heated, is shown 
in Figure 1. The tracings shown were obtained 
after about 35 min electrophoresis a t  130 v and 
4.5 ma (field strength 10.0 v em-'). The de- 
scending boundaries in the cell are illustrated. 
The K-casein gives a sharp peak, with a slight 
suggestion of inhomogeneity on the advancing 
limb of the peak. The n~obility is 7.3 units 
(7.3 x 10-\ma v-l see-'). The mobility is 
positive, i.e., all these proteins are positively 
charged at  p H  2.1. The average mobility of 
the heated K-casein is 8.3. For  fi-lactoglobulin 
the mobility is 15.5, and when heated 13.5. I n  
the unheated mixture the mobilities are 7.3 and 
15.4. When the mixture is heated, the major 
component has a mobility of 10.1. When K- 

casein alone is heated and then mixed with /3- 
lactoglobulin, electrophoresis gives mobilities of 
8.4 (average) and 15.5, values expected for an 

FIG. 1. Electropl~orcsis at pH 2.1 of K-casein 
and of p-lactoglobulin, and of mixtures, unheated 
:111cl heated. 
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INTERACTION OF PROTEINS 

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

2. Sedimentation values of 2.7 and 15.1 
were obtained for /3-lactoglobulin and K-casein, 
respectively. When these proteins were heated 
individually the K-casein contained a fraction 
with an SZ0 of 32, but the bulk of the K-casein 
sedimented with the characteristic value of 15; 
8-lactoglobulin A sedimented with an S, of 5.3. 
I n  the unheated mixture of these two proteins, 
the S, values were 2.7 and 17.4, respectively. 
When the mixtures were heated, however, and 
this was done for K-casein la lac to globulin ratios 
of 1 :2 and 1 :I, ultracentrifugal examination 
showed a rapidly sedimenting component with 
an Sm value of 45. Components with sedimenta- 
tion values corresponding to uncomplexed 8- 
lactoglobulin and K-casein were still present in 
both instances. 

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

4. The influence of ,3-lactoglobulin on the 

0 I I I I I 
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 

,,,lo: K - C A S E l N  
( I s - C A S E I N  

FIG. 2. The stabilization of a,-casein in the 
presence of 0.020 N CaCL by K-casein, and K-casein 
mixed with p-lactoglobulin, both unheated and 
heated (90 C for 15 min). K-Casein (O), K-casein, 
heated (0  ), K-casein plus p-lactoglobulin (A).  
These three are represented by a single curve. 
K-Casein plus p-lactoglobulin, heated (A). 

TABLE 1 

Rennin clotting time of K-casein (K), of K-casein 
with 8-lactoglobulin (p) , unheated and 

heated, pH 6.4; 30 C, with 
0.020 M CaCL 

Treat- Concen- Clotting 
Sample ment tration time 

(%) (set) 
K Unheated 0.25 645 
K Heated 0.25 250 
K + p Unheated 0.25 each 1,040 
K +  p Heated 0.25 each 1,240 

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

5. The precipitation by rennin of various 
combinations of K-casein and  lact to globulin, 
unheated and heated, is given in Table 2. The 

TABLE 2 

Precipitation of K-casein (K), of K-casein with 
p-lactoglobulin (p), unheated and heated, 

by the action of rennin, pH 6.6, 
30 C, measured by UVzw 

absorption 

UVm absorption 
per milliliter 

Vol of 
Sample sediment Original Supernatant 

(mi )  
K, unheated 0.1 5.0 0.25 
p, heated 0 4.35 4.35 
K + p, unheated 0.1 9.35 3.75 
K + p, heated 0.6 9.35 0.35 
K, heated 0.4 5.0 0.35 

light absorbance of K-casein is 1.0 for a concen- 
tration of 1 mg per milliliter; for P-lactoglobu- 
lin, the value is 0.93. The soluble products re- 
sulting from rennin acting on K-casein, how- 
ever, have a negligible ultraviolet absorption. 
Thus, the ultraviolet readings do not assess the 
total soluble proteinaceous material, but they 
do show that the P-lactoglobulin in the heated 
mixture was precipitated by rennin action, to- 
gether with the K-casein. Sorne P-lactoglobulin 
apparently has been coprecipitated in the clot 
from the unheated mixture. The nature of this 
association is not apparent from the present 
experiments. The voluines of the clots were 
lnarliedly larger for the heated solutions than 
for the unheated. This was true even for K- 

casein alone. Thus, heat had altered the K- 

casein, even though with this preparation the 
ability to stabilize as-casein had remained the 
same. 
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DISCUSSION 

Electrophoresis a t  p H  2.1 provides unequivo- 
cal evidence that 8-lactoglobulin and K-casein 
interact when heated together a t  p H  7 a t  90 C 
for  15 min. Electrophoresis shows also that 
heating 8-lactoglobulin before mixing with K- 

casein brings about interaction when subse- 
quently mixed with K-casein a t  20 to 25 C. Long 
(5) also, in his extensive studies of 8-lacto- 
globulin-rc-ca~ein interaction found that heat- 
ing 8-lactoglobulin alone was sufficient for in- 
teraction. Presumably, the plactoglobulin is 
activated by heating, perhaps by the exposure 
of SH groups, so that interaction occurs a t  the 
lower temperature. Ultracentrifuge examina- 
tion of the heated mixtures shows that a new 
component has bren formed which sediments 
rapidly with an S2,, of 45, three times larger 
than the S, value of K-casein, the largest com- 
ponent of the mixture. Long (5) observed a 
coniplex with an S, value of the same magni- 
tude. Heating K-casein alone does not lead to 
interaction when suhsequcntly mixed with 8 -  
lartoglohulin. K-Casein is altered by heating, as 
shown 11p the split in the electrophoretic pattern, 
hp decrease in the clotting time (Table l ) ,  and 
increase in the volume of the clot (Table 2). 
Heated K-rasein solutions, however, frequently 
retain their ahility to stabilize calcium-sensitive 
casein (11). 

It is evident from the results in Figure 2 that 
the ahility of K-casein to stabilize the calcium- 
sensitive casein has been considerably reduced 
by its interaction with 8-lactoglobulin. This 
does not nrceqsarily mean that heating milk 
would lead to a destabilization by such a 
mechanism, for there the K-casein is already 
associated with the calcium-sensitive casein be- 
fore heat is applied. The work of others (4) 
indicates that 8-lactoglobulin does complex with 
the caseins when milk is heated. 

The mere presence of blactoglobulin length- 
ens the clotting time of K-casein by rennin 
(Table 1).  This may be a competitive effect, 
since rennin is a protease and presumably will 
have a tendency to associate with all proteins 
concomitant to peptide bond splitting. Heating 
the 8-lactoglobulin-K-casein mixture brings 
about a still further increase in the clotting 
time, presumably because of the combination 
of the j3-lactoglobulin with the K-casein, with 
perhaps spatial interference. Kannan and Jen- 
ness (4), in their studies on the clotting time 
of the calcium caseinate-calcium phosphate 
complex heated with 8-lactoglobulin, observed 
an increase in the clotting time and considered 

this evidence for interaction between casein and 
&lactoglobulin. The clot obtained by the ac- 
tion of rennin on the heated mixture of K-casein 
and 8-lactoglobulin contains both proteins (Ta- 
ble 2) ,  as would be expected if heat had caused 
K-casein and j3-lactoglobulin to combine. Pre- 
sumably, if conditions are found for satisfac- 
tory clotting of heated milks, the 8-lactoglobu- 
lin, and perhaps other whey proteins also, would 
be found with the casein clot. 
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SUMMARY 

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

Curves of reciprocal polarization vs. T / 7  for  P-lactoglobulin yielded an  aver- 
age slope of 1.02 X 10.' a t  0.02 ionic strength and 0.72 X lo-" a t  0.10 ionic 
strength. The apparent lnolecular volume of a spherical protein molecule, 
having the Yame relaxation time as the slightly elongated P-lactoglobulin mole- 
cule, was 98,310 c1n3 a t  0.10 ionic strength and 64,580 cm3 a t  ionic strength 0.02. 
The lnean harmonic relaxation time for P-lactoglobulin was 6.85 X lo-' see a t  
0.02 ionic strength and 10.91 X lo-' sec a t  0.10 ionic strength. Addition of 
sucrose to prote~rt solutions to increase the viscosity and, thereby, reduce the 
rate of rotatory diffusion of the fluorescent P-lactoglobulin molecule, resulted in 
substantial reduction In the apparent lnolecular volun~e. 

A relativc.ly ncw technique known as polari- EXPERILXENTAL PROCEDURE 

zation of fluorescence has heen employed by The p-lnctoglohulin used (Nutritional Bio- 
several worlcers to study the molecular dimen- che~nical Corpor:~tion) was fou~ ld  to possess 
sions of various proteins from widely different typical electrophoretic and ultracentrifugal 
sources. Proteins included in these studies have properties, 
been bovine serum albumin (4, 10) 1 actin (8) 1 To prepare tile ~-l~lctoglobulill-d3.c 
lysozgrile and egg albumin ( l o ) ,  horse a quantity of the fluorescent dye, 1-dimetllyl- 
albumin (1) and soyhean trypsin inhibitor ( 7 ) .  aminonaphthalene-~-sulfonyl chloride, equiva- 

Weher (9 )  has pioneered the lent to 1-2% of the P-lactoglohulill, was dis- 
of the t l l e o l ~  for  this technique. In practice, solved in acetone, added slowly with stirring to 
a fluorescent dye such as l-dimeth~~laminonaph- the protein solution (0.5 per 100 lnl), and the 
thalene-5-sulfonyl chloride is linked to the pro- stored at 0-5 c for 5-12 hr At 
tein nlolecule by covalent bonding. The partial this point, the ullreacted dye, present in the 
~olar iza t ion of the fluorescent light elnitted by free sulfonyl fonll, was relnoved frO1ll the 
such protein-dye conjugates ill solution is a solution by repeated passing of the solution 
function of the relative size and rotatory diffu- through a D~~~~ 2 ioll-exchallge colulnn as 
sion characteristics of the protein molecule. lncasured by paper c~rolllatograp~ly (11).  The 

This Paper deals x~ i th  the application of the P.lactoglohulin-dye conjugate solution was 
polarization of fluorescellce method to study stored in polyethylene bottles at  about -10 F. 
the effect of altering the ionic strength, protein 
concentration, and sugar concentration upon Reagent-grade chemicals were used. Buffers 

the relaxation time and the apparcnt molecular 
utilized were sodium phosphate ( p H  6.5, ionic 

volunle of p-lactoglobulin. strength 0.02 and 0.10) and potassimn phos- 
phate ( p H  6.5, ionic strength 0.02). Final p H  

Received for publication April 5, 1962. adjustments for these buffers were made a t  
23-25 C. 

'Article 262, Department of Dairy Technology. 
Supported in part by University grants-in-aid and 

Electrophoresis espcrinlents 11-ere cor~ducted 

by a grant from ~ ~ ~ i ~ ~ ~ l  ~ ~ ~ t i t ~ t ~ ~  of ~ - ~ ~ ~ l t h  a t  2 C in a Tiselius-Rlett instrulllent equipped 
(U. S. Public Health Service). with a Longs~vorth schlieren scanning device. 
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Sedimentation determinations were made by 
utilizing a Spinco Model E Analytical Ultra- 
centrifuge, equipped with a rotor designed to 
accommodate a standard and a wedged cell 
simultaneously. All determinations were con- 
ducted at  rotor temperatures regulated between 
20 and 26 C, with a centrifugal force of about 
259,600 X G. Sedimentation constants were 
calculated without correcting for the small 
changes in density of the protein at  these tem- 
peratures. The protein concentration was main- 
tained a t  about 0.5 g per 100 ml, the p H  was 
6.5, and the ionic strength at  either, 0.02 or 
0.10. 

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

tical shutter ( S )  was mounted in front of the 
phototube so that the cell compartment could 
be opened without turning off the voltage to 
the phototube. The current output from the 
phototube was measured on a Rubicon galva- 
nometer whose sensitivity was 6 X amp/ 
mm deflection. Voltage regulators were used to 
maintain a constant voltage in the light and 
phototube circuits. 

I t  was found necessary to correct for the 
generally small amount of scattered, noafluo- 
rescent radiation entering the phototube. Blank 
values were determined for nonconjugated 8- 
lactoglobulin solutions at  each of the tempera- 
tures and protein concentrations that were to 
be used with the conjugated protein solutions. 
These blank values for horizontal and vertical 
intensities were subtracted from the observed 
experimental values before calculation of par- 
tial polarization values. 

RESULTS AND DISCUSSION 

FIG. 1. 
tometer. 

S I  F, S2 

' I '  I I 

Diagram 

-- -554 
w 

of the fluoreseent micropho- 

light source was a G.E. H-100 A4 mercury 
vapor lamp. The quartz lens (L,) produced 
parallel light which passed through two elim- 
inating slits (S1 and S*). The incident filter 
(F,) had a maximum transmittance at  365 mp 
wave length. used for the excitation radiation. " ,  
The unpolarized radiation entered the cell com- 
partment ( C ) ,  which contained the fluorescent 
protein sample supported in a temperature- 
regulated water bath, through a quartz window 
(W,). The fluorescent radiation emitted from 
the excited fluorescent molecules passed through 
the thin glass window (W,) a t  an angle of 
90 degrees from the incident radiation. The 
intensity of the fluorescent radiation was meas- 
ured with a no. 931-h photomultiplier tube 
(P) . The vertical and horizontal components 
of the fluorescent radiation were measured sep- 
arately by rotation of the nicol prism (N) 
through an angle of 90 degrees. Also, an op- 

E f e c t  of flztorescent conjugation reaction 
u p o n  the electrophoretic and sedimentation 
properties of P-lactoglobz~lin. The conjugation 
process whereby one or more fluorescent dye 
molecules were linked with a molecule of 8- 
lactoglobulin by means of a covalent sulfona- 
mide linkage might be expected to alter slightly 
the properties of the protein. Therefore, a 
comparison of electrophoretic and sedimenta- 
tion data was made for nonconjugated and 
conjugated P-lactoglobulin a t  p H  6.5 and ionic 
strength 0.10 (see Table 1 ) .  These results in- 

TABLE 1 
Comparison of electrophoretic mobilities and 
sedimentation constants for nonconjugated 

and conjugated 6-lactoglobulin 

Sedi- 
menta- 

Descend- Ascend- tion 
ingmo- ingmo- con- 

Sample bility ' bility ' stant 

Nonconjugated 
6-lactoglobulin -4.94 -4.94 3.00 

Conjugated 
6-lactoglobulin -4.83 -4.96 3.26 

"Electrophoretic examination at 2 C mobility X 10-5 em' v-l see-'. 
520 X 10''. 

dicate that relativelv minor chances occurred - 
in these quantities as a result of conjugation. 
However, examination of the electrophoretic 
and sedimentation patterns showed that slight 
polydispersity mas produced in the protein by 
the conjugation process, as evidenced by some 
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flattening and broadening of the respective 
peaks. 

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

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

I, - I"  
p=- (1) 

I, + I "  

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

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

where Po is the value for (P)  when T/T = 0, 
a t  which time no depolarization due to molecu- 
lar rotation talres place, (R) is the gas constant 
(8.314 X l o 7  erg molev1 deg-I), (2') is absolute 
temperature of the protein solution during the 
polarization of fluorescence measurements. 
These temperatures ranged from 5 to 35 C for 
all trials, (7) the viscosity of the solvent in 
poises, (7)  the lifetime of the excited state of 
the fluorescent molecule, and ( V )  the molecular 
volu~ue of the molecule in cm8. According to 
this equation, the intercept of the graph of 

[: + +] vs. l'/~ is equal to - + - and [:. : 1 
[Z ;I $ h m  the slope is equal to - + - - 

this it  follo~vs that the volunle of the macro- 
molecule, assunling spherical shape, is obtained 
from the simplified expression 

Intercept 
V = R T  X--- 

Slope 
(3) 

The value for the relaxation time of the 
macromolecule ( p )  can be calculated from the 
following relationship (9) 

To determine the relaxation time for ellip- 
soidal molecules, whose axial ratio is sufficiently 
large, requires the use of a more refined equa- 
tion that takes into consideration the relaxa- 
tion time about each major axis of revolution. 
I n  the present study, a value for the harmonic 
mean of the principal relaxation times (ph) 
was obtained from the equation 

According to Weber (Q),  if a straight l i e  is 

obtained in plotting - + - VS. T/r)t the [: :I 
relaxation time of the rotation is (ph). I n  the 
case where curvature of the graph is experi- 
enced, the value of the initial slope where T/q 
+ 0 is used to calculate (V) and (ph) for the 
ellipsoid. 

The curve for an elongated ellipsoid will ex- 
hibit curvature of the graph only if the axial 
ratio of the protein is six or greater (9). Since 
the reported value for  the axial ratio of /3- 
lactoglobulin is less than six (2, 6), curvature 
of the graph would not be expected. On this 
basis, the value of the mean harmonic relaxa- 
tion time for /?-lactoglobulin was calculated 
from the simplified equation 

3 oV 

Polarizatiolz of fluorescence-/?-lactoglobulin. 
(a) Effect of ionic strength. The partial polari- 
zation of fluorescence mas determined for fluo- 
rescent, conjugated /?-lactoglobulin in phos- 
phate bufer, p H  6.5 and at ionic strength 0.02 
(Figure 2) and 0.10 (Figure 3). Although 
some variation was noted in the intercept values 
among trials a t  each ionic strength, this varia- 
tion is considered to be relatively small and 
probably due to uncertainties in measurement 
of the fluorescent intensities. Average values 
for intercepts for trials a t  0.02 ionic strength 
were 5.66 k 0.77 and the value for 0.10 ionic 
strength was 6.08 t 0.61. The slopes of the 
graphs were significantly greater on the average 
for ionic strength 0.02 (1.02 X 10'') than at  
ionic strength 0.10 (0.72 X 

(b) Effect of protein concentration. To de- 
termine the effect of protein concentration on 
the results obtained by the polarization of 
fluorescence method, determinations were con- 



814 C. V. MORR, Q. VAN WINKLE, AXD I. A. GOULD 

0 0.006 Q fi - l~cloglobulin/100 rnl 
A 006 g P-bdoglobulin/100 ml 

U 0.13 lo 0.34 g P-lacloglobul~n/lCQ ml . 020  g /-lacloglobultn/kX ml 

FIG. 2. The partial polarization of fluoresceuce 
of co~ijugated j3-lactoglobulin in phosphate buffer 
as affected by protcin concentration (pH 6.5, 
ionic strcngth 0.02). 

1 . 10- 

FIG. 3. The partial polarization of fluorescence 
of conjugated p-lactoglobulin in phosphate buffer 
as affcctcd by protcin concentration (pH 6.5, 
ionic strcngth 0.10). 

(I* I )  P 3 

4 

2 

ducted a t  ionic strengths of 0.02 and 0.10 and 
protein concentrations (8-lactoglobulin) rang- 
ing fro111 0.006 to 0.34 g/100 ml. The results 
are presented in Figure 2 (ionic strength 0.02) 
and Figure 3 (ionic strength 0.10). 

In general, the shape and position of the 
curve were not greatly affected by the concen- 
tration of the protein, within each particular 
trial. One exception was noted; two curves 

- 

- 
A 0006 Q P-l~cloplobulin/lOO rnl  

- O a08 g P-lact~lobul~n/~)~ ml 
o 032 g ~-loctoglobul~n/GO ml 

- 0 2 5  g P - loc l~ lobu l1n /100  mI 

were necessitnted to represent the data for  
Trial 2 a t  ionic strength 0.02 (Figure 2) .  No 
particular significance is attached to this ob- 
servation. 

(c) iMolect~lar volzime. The average values 
for  slope and intercept for  curves of trials a t  
ionic strength 0.02 and 0.10 were employed for  
estilnation of the molecular volume ( V )  of a 
sphere whose relaxation time is that of the 
slightly elongated 8-lactoglobulin molecule. 7 

was assumed to be 1.4 x 10.' sec (10). The 
values obtained for (V) were 64,580 cn13 mole-' 
a t  0.02 ionic strength and 98,310 em3 mole-' a t  
0.10 ionic strength. 

To use these data to obtain information con- 
cerning the nature of the rotational behavior of 
8-lactoglobulin molecules, the following assump- 
tions and considerations were made with a 
hypothetical lnolecular niodel possessing the 
known characteristics of 8-lactoglobulin. 

The molecular weight of j3-lactoglobulin has 
been shown to be about 36,000 (3), its apparent 
specific voluliie 0.746 (5),  and its axial ratio 
about 4 (2).  Using this information, the true 
molecular volunic for 8-lactoglobulin was esti- 
mated to be in the order of 26,860 cm3 mole-'. 

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

The larger experimental values for ( V )  in 
the present study than is predicted from these 
calculations is probably due to the random ro- 
tation of the ellipsoidal 8-lactoglobulin mole- 
cule about its two axes. Due to the uncertainty 
of the configuration of 8-lactoglobulin, no at- 
tempt was made to relate the polarization of 
fluorescence data to the true molecular weight 
of the 8-lactoglobulin molecule. 

(d) Meate harmonic relazation times. The 
mean harmonic relaxation time a t  25 C was 
calculated from Equation (4).  The value for  

[ + ] 25' was interpolatcd from the 

curves in Figures 2 and 3 a t  T/rl correspond- 
ing to 25 C. The average intercept value for 

[ +  ] was already availabk from these 

figures and the value for  ( 7 )  was again as- 
sumed to be 1.4 X lo-' see. The average for 
the mean harmonic relaxation time was found 
to be 6.85 x lo-' sec a t  0.02 ionic strength and 
10.91 X lo-' sec a t  0.10 ionic strength. These 
values compare rather closely with those of 
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Oncley ( 6 ) ,  who listed values which averaged 
to about 15.5 x 10.' sec and 5.4 X 10.' sec fo r  
the two principal relaxation times of lacto- 
glohulin as  calculated fo r  each axis of rota- 
tion. Furthermore, the present findings reveal 
a significant difference in the mean harlnonic 
relaxation time ohtained in the two different 
ionic strength buffers, indicating a possible 
change in shape or size of the 8-lactoglol~uli~~ 
molecule. 

( e )  Efec t  of nrlrlifion of sucrose. Sucrose 
was added to 8-lactoglol~ulin solutions, to in- 
crease the viscosity and therel~y furnish points 
on the graph of 1/P vs. T/? i ~ t  lower values 
of T/7l. The conce~~tration of 8-lactoglobulin 
was ~naintained a t  0.25 g/100 1111 in sodiuni 
phosphate buffer a t  1111 6.5 and ionic strength 
0.10. All solutions were adjustc,d to volu~ne 
a t  20 C, ant1 the sncdrosc concentrations varied 
u p  to 40% by wt.iglit. Typiral results reveal 
(Figure 4) that incr(li1si11g sucrose coneentra- 

--- O 5% sucrose - - A 10% lucrore 

-0  20% sucrose 
40% sucrose 

FIG. 4. The partial polarization of fluorescence 
of conjugated p-lactoglob~~lin in phosphate buffer 
as affected by the a~ldition of sucrose (pH 6.5, 
ionic strcngth 0.10, protein concentration 0.25 
g/100 ml). 

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

The values fo r  the intercepts and slopes of 
the curves and the calculated molecular vol- 
ume (V) and mean harmonic relaxation time 
( p , )  fo r  8-lactoglobulin, in each sucrose solu- 
tion, were determined (Table 2).  

The molecular volumes of 8-lactoglobulin in 
sucrose solution show a pronounced and steady 
reduction as the sucrose concentration was in- 

TABLE 2 

Intercepts m ~ d  slopes of the curves of 

vs. T / s ,  molecular volume and relaxation 
time for p-lactoglobulin in sucrose 

solutions " 

su -  
cl'osc 

conern- Inter- Slope V X (PI,. 25") 
tration cept X 10' X 10" 

" pH 6.5, sodium pliospllatc l~rtffer, ionic strcngth 
0.10. 

creased. This was likely duc to a reduction in 
the hydration o f  tlie protein ~nolecule, caused 
by the affinity of sncrosc for the free water of 
solution. Additioual cnlrnlntions rrvealed that 
nearly all of the water of hydration was re- 
moved from /3-lnctoglohulin in 40% sucrose 
solutions. 

1)ue to the large relative increase in viscosity 
fro111 0.9 to 5.2 cp, upon raising the sucrose 
eoncaentration to 40% in the above solutions, 
tlie nlcwu har~nonic relaxation times increased 
by about 300%. This increase in relaxation 
tiinc x~ould no doubt have been larger except 
for  the previously noted reduction in lnolecular 
volume a t  the high sucrose concentrations. 

Appreciation is expressed to D. 0. Westcrberg, 
Department of Chemistry, for making the fluo- 
rescence microphotometer instrument available. 
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SUMMARY 

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

The properties of constant-pH K-casein as determined by the polarization of 
fluorescence method were altered slightly by addition of sucrose, disodium 
EDTA, calcium, and phosphate, but treatment with a cation exchange resin a t  
p H  6.5 and 11.0 was essentially without effect. The polarization of fluorescence 
properties of this protein were shown to be dependent upon temperature and 
pH, yielding positive slopes for reciprocal polarization vs. temperature/vis- 
cosity curves at  p H  10.9 and above. 

The monomer-polymer interaction for K-casein was investigated and values 
for the mole fraction of each, as a function of p H  and temperature, were 
approximated. 

The polarization of fluorescence method for min a t  10,000 X G in a Lourdes Model LR 
studying the rotatoiy properties of fluoreseent Centrifuge (VRA rotor). 
j3-lactoglobulin was described in the previous Urea K-casein was prepared by the method 
paper (4). The present study deals with the of Fox ( I ) ,  with several modifications. as-Ca- 
application of this procedure to K-casein pre- sein and p-casein were removed from the 0.2 M 

pared by urea fractionation (1)  or by a con- calcium chloride solution by centrifuging at  
stant-pH method (3)  for the purpose of in- about 2,500 rpm in an International Centri- 
vestigating the characteristics of this protein fuge for 10-15 min. The supernatant was then 
in respect to molecular sue and micelle forma- adjusted to p H  4.7 at  0 C and dialyzed for 
tion, sensitivity to selected additives, pH, and 24 hr against a large excess of distilled water 
response to cation exchange resin treatment. to precipitate the crude K-casein. Further puri- 

fication steps were conducted exactly as out- 
EXPERIXENTAL PROCEDURE lined (1). 

Protein preparations were obtained from a The protein solutions were stored in poly- 
commercial source of fresh, unheated skimmilk. ethylene bottles a t  -20 C at  p H  6.5-7.0. 

Constant-pH K-casein ( p H  6.5-7.0) was pre- Fluorescent-dye conjugates were prepared 
pared essentially as described by Long et al. using the dye 1-diamino-naphthalene-5-sulfonyl 
(3) ,  with only one modification. The finely chloride. The preparation and handling of the 
suspended as-casein was removed by warming conjugates was identical to that for P-lacto- 
the solution to 35 C and centrifuging for 60 globulin (4). 

In  addition to the buffers previously de- 
scribed (4 ) ,  a sodium phosphate buffer (pH 

Received for publication April 5, 1962. 6.98, ionic strength 0.10) was prepared accord- 

'Article 362, Department of Dairy Technolom. k g  to the directions of Waugh and von Hippel 
Supported in part by University grants-in-aid (5). 
and by a grant from the National Institutes of The methods for electrophoretic examination 
Health (U. S. Public Health Service). and ultracentrifugal analysis and polarization 
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TABLE 1 

Electrophoretic mobilities and sedimentation constants for K-casein " 

Mobility 

K-Casein preparation No. detns. Desc. Asc. No. detns. S?. X 1013 

Urea fractionated 6 
Urea fractionated-dye conjugate 4 
Constant pH 3 
Constant pI-I-dye conjugate 2 

pH 6.98, ionic strength 0.10 sodium pl~o 
Mobility X 10-Qn1' v-' see-' at  2 C. 

of fluorescence have been previously described 
(4) .  

RESULTS A N D  DISCUSSION 

Efect of pztorescent dye colzj~rgation zipon 
K-caseilz. The electrophoretie mobilities of urea- 
fractionated and constant-pH K-casein were ob- 
tained for  the original and dye-conjugated 
preparations (Table 1 ) .  Relativelp Ininor 
changes in the ascending and descending elee- 
trophoretic mobilities were produced by the 
conjugation process; however, i t  m:~y be seen 
that the ~nohilities for the con,jugatcd prepara- 
tions were slightly larger than for the non- 
conjugated preparations. 

Con~parison of the values for seditnentation 
constants of the nonconjugatcd solutions re- 
veals little difference between urea. and constant 
p I I  K-casein (Table 1 ) .  Furthern~ore, conju- 
gation of the urea K-casein caused no appre- 
eial)le alteration in its sedimentation constant; 
however, on the basis of one trial, the conju- 
gation reaction caused a significant increase in 
sedimentation constant with constant-pH K- 

casein. 
The sedimentation patterns revealed that urea 

K-casein was a much more holnogeneous prep- 
aration than constant-pH K-casein. The conju- 
gation process caused a slight broadening of 
the sedin~enting peaks, which indicates that 
this treatment introduced some additional poly- 
dispersity to both urea and constant-pH K- 

casein. 
Polarization sttidies with urea-fractionated 

K-casein. Urea-fractionated K-casein solutions 
were exanlined by the polarization of fluores- 
cence n~ethod a t  four different temperatures, 
in a nlanner identical to that described fo r  P- 
lactoglobulin (4) .  Three trials were conducted; 
each trial included four different protein con- 
centrations ranging from 0.005 to 0.50 g per 
100 1111 in phosphate buffer a t  0.02 and 0.10 
ionic strength :tt te~nperatures ranging from 
5 to 35 C. Curves representing the averages for  
two trials a t  0.10 ionic strength are presented 
in Figure 1, mhere reciprocal polarization is 

-7.48 -8.07 7 13.69 
-7.90 -8.30 1 13.46 
-7.45 -7.87 4 13.10 
" ') - 1 . 3 ~  -8.06 1 15.36 

sphate buffer. 

plotted against the ratio of temperature to 
viscosity. Considerable variation mas exhibited 
in the values for  the intercept ( t 1 . 3 7 )  and 
slope ( t0 .172)  for  these two trials. 

Co?zeentratio?z efect. Intercept values for  
the curves for different K-casein concelltrations 
varied appreciablp. Theoretically, the inter- 
cept value should be dependent only upon the 
wave length of the exciting radiation and inde- 
pendent of the protein concentration ( 6 ) .  It 
was noted that the Inore concentrated solutions 
of urea K-casein possessed considerable tur- 
hiditg, which nlay have altered the wave length 
of exciting and/or fluorescent radiation by dif- 
ferential scaatteriag of the various wave lengths. 
Also, the t.ffcct of dilution nii~y have caused 
sorrie t1issoci:ttion of the K-c;tscin polymers into 
snia.llcr protein particle sizes, thereby altering 
the i1111ount of such turhidity effects. 

Terr,perut~tre effect. Segative slopes were ob- 
tained for  urea K-casein for the curves obtained 
by plotting rcciprocal polarization vs. T/q. 
Theoretical considerations indicate that the lilac- 

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

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

Polarization studies with constant-pH K-ca- 
sein. Seven polarization of fluoreseence trials 
were conducted for constant p H  K-casein, each 
with a t  least four different protein eoneentra- 
tions in 0.02 and 0.10 ionic strength phosphate 
buffer. Since no significant differences were 
observed for  the results with the two ionic 
strengths, the results were averaged for each 
protein eoncentration and plotted in Figure 2. 
For  all trials rather close agreement for inter- 
cept and slope values, within each protein con- 
eentration, was noted. For example, the seven 
samples containing 0.05 g K-casein per 100 ml 
solution exhibited an average of 6.33 k 0.11 
for the intercept and -0.133 +- 0.0267 for  the 
slope. This variation was considerably less than 
was obtained for  urea-fractionated K-rasein 
trials. 

Co12centmtioa e fcc t .  The figure shows that 
the concentration of constant p H  K-casein had 
a definite effect upon the intercept of the re- 
spective curves, although this effect is less pro- 
nounced than was observed with urea-fraetion- 
ated K-casein. Increasing the concentration of 
K-casein from 0.005 to 0.25 g per 100 1111 caused 
a progressive increase in the average intercept 

value; however, upon further increasing the 
protein eoncentrntion (to 0.50 g per 100 ml), 
a reduction was effected in the intercept value 
to a point below all the others. This latter 
alteration, i.e., reducing the intercept value by 
raising the protein concentration, is consistent 
with the eoncentration effects as previously 
noted a t  all concentrations of urea-fraction- 
ated K-casein. 

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

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

Sucrose was added to constant-pH K-casein 
in p H  6.5 sodium phosphate buffer a t  0.10 ionic 
strength to a final sucrose concentration u p  to 
60%. The partial polarization was measured 
a t  three or four different temperatures for  each 
sucrose concentration. Solutions with higher 
viscosities (lower l /q) should cause the K-casein 

Fro. 2. The partial polarization of fluorescence 
of conjugated constant-pH K-casein in phosphate 
buffer (pH 6.5, ionic strength 0.10). 
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4 x 1 0 - I  

FIG. 3. Effect of temperature and sucrose eon- 
ce~itration upon the partial polarization of fluo- 
rescence of constant-pH K-easein in phosphate 
buffer (pH 6.5, ionic strength 0.10, caseill con- 
centration 0.05 g/100 ml). 

molecule to rotate at  a slower rate and thereby 
produce a larger value for partial polarization 
(P). The resulting curve for reciprocal polari- 
zation vs. l / r l  would, therefore, be expected to 
yield a straight line with a positive slope. The 
results for deternliiiations at  three tempera- 
tures for K-casein solutions containing 0, 20, 
40, and 60% sucrose concentrations are shown 
in Figure 3. The three curves in Figure 3 are 
all convex toward the lj7) axis, reflecting a 
nonlinear relationship between viscosity and 
reciprocal polarization in the presence of such 
high sucrose concentrations. These curves tend 
to substantiate the previous findings that the 
K-casein nlicelle is larger at  higher temperatures 
and reveal an inverse relationship between 
temperature and reciprocal polarization values. 

When the conventional plotting of reciprocal 
polarization against T/rl is made (Figure 4), 
the results indicate that sucrose alters the prop- 
erties of the protein in the same manner as 
that reported for P-lactoglobulin (4).  In  tile 
present study, the addition of sucrose accentu- 
ates the temperature-induced casein monomer- 
polymer interaction, causing steeper curves of 
reciprocal polarization vs. T/r) at higher su- 
crose concentrations. 

The above results seem to justify the con- 
clusion that sucrose addition does not permit 
satisfactory determination of the K-casein mi- 
celle size by the polarization of fluorescence 
method. 
Calcium effects. Since calcium had been used 

in the preparation of K-casein, it was consid- 

ered possible that incomplete removal of trace 
amounts of calcium might be responsible for 
the unusual temperature alteration of K-casein, 
i.e., the increase in micelle size upon warming 
to 35 C. 

To investigate this possibility, K-casein solu- 
tions (0.50 g per 100 ml) were subjected to 
the following treatments prior to polarization 
of fluorescence determinations : (a) suspended 
in sodium phosphate buffer, pH 6.5, ionic 
strength 0.10 (ionic strength adjusted from 
0.02 to 0.10 with and without NaCI) ; (b) sus- 
pended in sodium cacodylate buffer, p H  6.5, 
ionic strength 0.10 (ionic strength adjusted 
from 0.02 to 0.10 with NaC1) ; ( e )  suspended 
in each of the above buffers containing 0.05 or 
0.50% disodium ethylenediaminetetraacetate 
(EDTA) ; (d) treatment of the K-casein-water 
solution with Dowex-50 cation exchange column 
(sodium cycle a t  p H  6.5 and 11.0) prior to 
suspending in sodiuin phosphate buffer; and 
(e) addition of CaCI, (up to 0.1 M )  to K-casein 
solutions in cacodylate buffer, p H  6.5, and 0.10 
ionic strength. 

Only minor differences were produced by 
these treatments; no significant difference was 
obtained between the results with sodium phos- 
phate and sodium cacodylate buffers. However, 
the addition of 0.50% disodium EDTA to this 
protein caused a slight reduction from the 
nornial curves in slope and intercept of the 
curve of reciprocal polarization vs. Tjr). The 
phosphate buffer (0.10 ionic strength-no NaCl) 
resulted in a slight reduction from the normal 

o 0% sucrose 

O 10% sucrose 

20% rucrcre 

1 lo-" 

FIG. 4. Effect of temperature and sucrose con- 
centration upon the partial polarization of fluo- 
rescence of constant-pH K-casein in phosphate 
buffer (pH 6.5, ionic strength 0.10, casein con- 
centration 0.05 g/100 ml). 
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curves in both the slope and intercept of the 
curve and the addition of disodium EDTA to 
this buffer solution. of K-casein caused an 
greater 'eduction of the slope of the curve. 
The ion-exchange treatinent had no significant 
effect upon the properties of the solution a\ 
~ncvisured by polarization of fluorescence. Ad- 
dition of calciurn (0.001 to 0.05 M )  to ~-casc.ln 
iolntions in sodium phosphate and soiliu~n 
c.;~c~odvlt~tc buffers resulted in steeper curve? 
tliitn i ~ t  0.1 M ('ttlciunl, indicatilig the possibility 
that :I cc~rtail~ riuiec of calcium coiicentrations 
I I I : I ~  ei~use ~ I I R S ~ ~ I I U ~ I I  aggregation of K-casein 
I I I O I ~ ~ I I I ( ~ ~ S  upon \vtlrn~illg the protein systeni to 
35 C (sc~e Ti~hle 2 ) .  

Effvrt of :111dc(l cnlcilln~ r l~ lo~~ide  upon the 
pol:criz:~tio~~ of H U O ~ ~ S ( ~ ( ~ I I C O  j)rol)rrti~s 

of ~ -e :~h r i l~  sol~ltions a 

Calril~ln 
ellloride 

n fldeil I ~~tcxrccq)t - Slope 
(Molar) value X 10' 

0 6.42 0.1!10 
0.001 6.68 0.:340 
n.01 (i.51, o.:34o 
0.05 6.63 0.308 
0.10 6.41, 0.280 

" Concentr:~tion of const:ult-pII ~ - e n s c i ~ ~  0.05 
g/100 1111 in sodiu~n cacodylate Fuffrr, p1-I 6.5, 
iol~ic strongtl~ 0.10 (ionic strength 0.02 in 1.c.spcct 
to sodillm caeot1yl:~te :~nd 0.08 in rcspe~t to SO- 

11i11ni clilo~~ide). 

pTT ejJects.  casein solutions (0.05 g 1wr 
100 1111) were i r~i~de u p  ill sodiuiii phosphate 
huffcr, ionic strength 0.10 (0.02 ionic strength 
r o ~ ~ t ~ ~ i h u t c ~ i l  by 1)hosphate and 0.08 by NaCI), 
a t  various pH v:~lnc.s 11et\veen p H  3.2 and 11.3 
hy titr:ltioll of tlirir p H  6.5 solutions with 
eithtxr 0.10 N 11C11 or KiiOH. The straight line 
curves for  triitls a t  p H  3.2, 5.2, 6.5, and 8.4 
(Figure 5 )  arc all similar to those previously 
ohtailled a t  p H  6.5. This figure reveals that 
each of these curves exhibits progressively 
l:~rger values fo r  its intercepts with increasing 
pH froin 3.2 to 8.4. However, the rrsults for  
p H  10.9 and 11.3 differ fro111 other pH results 
in txvo major aspects: their intercepts vi~luc~s 
itre larger but, tilore significantly, both high 
p H  trials exhibit curves with positive slopes. 

The observation that the high pII (pII 11.3) 
i ~ ~ s u l t s  in a steeper positive slope th i~n  wll(~i1 
thr p H  is 10.9 and lower is explained by tho 
increased resistance against the teniperaturcs- 
i~iducc~d zggregation reaction of the ~-casc~in  
ilronol1lers produced by the greater dissoc~iatioii 
force a t  tho higher 1)H. 

The apparent lnolecular volun~e of the K-ca- 
sc~in micelle was calculated fo r  the p H  solu- 
tions exhibiting positive slopes ( p H  10.9 anil 
11.3), using the method previously described 
(4) .  The ii~olecular volumes were estimated a t  
611,900 cln3 and 104,400 cms inole-' a t  p H  10.9 
and p H  11.3, respectively. 

illolc frcictiolz of K-casein monomer. pH effect. 
Based upon equations by Weber (6 )  and calcu- 
lations of Wrsterberg ( 7 ) ,  an expression was 
dcrivcd to e s t i l ~ ~ ~ l t e  the n1ole fraction of fluo- 
rescent K-casein in the inonolner (free) and 
~l~ice l le  (colnplcx) species. The expression was : 

where ( Y )  is the rcrip~,ocal o f  1)ilrtiill 1)oIari- 
zation fo r  the solution of ~-cascai~~ rontniiiing 
110th monomer :tnd co~l~plcx  sl)eeics, (X,) thct 
111o1e fraction of K-casrin moiiolner, ( Y , )  the 
value for  reciproctll partial polarization fo r  
the fluorescent inonolner species, (X,) the ~nole  
fritction of K-cizsein co~nplrx spec it.^, :~nd (Y,.) 
the value for  reciprocal partial politrizi~tiol~ 
for the fluorescent con~plex K-casein species. 

The ahove expression was used to cnlculi~tc 
the mole f~ac t ion  of conjugated K-casein in the 
Inononier form fo r  solutions a t  various pI-I 
levels froin ahout 4.5 to 11.3, assulning tho 
totill intensity of fluorescelice was contributed 
11y only two n~oleculitr species: iilononler and 
c o ~ ~ ~ l ~ l c x  (n~icellar) . For  thcse calculations, 
the vi~lues for  ( Y ) ,  for  rach p H  e~nployed, 
\\.(,re obtait~eci hy i~~tcbrl)olation f r o ~ n  each re- 

Fir,. 5 .  Rceiproc~il 1)olxrizntion of constai~t-pII 
'-(.;IS('~II i l l  S ~ I ~ ~ I I I I I  1111osp11atc? bufTrrs at  several 
1)FI Invc~ls ( i o ~ ~ i c  e t rc~~gt , l~  0.10, ~-cnscill eollecll- 
t1.atio11 0.05 g/lOO ~n l ) .  
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spective curve in Figure 5 a t  the value of T/? 
of' 4.00 X l o4  (33 C) .  A value of 10.85 was 
nsrd fo r  (Y,), the experimentally obtained 
value fo r  ( Y )  in  the p H  11.3 determination, 
where i t  was assumed that  all K-casein was i a  
the lnoilonier species (X, = 1.0). ( Y o )  was 
taken to be 5.00, since in all preceding experi- 
ments this appeared to be the limiting mini- 
lnmn value for  tlie reciprocal of partial polari- 
zation fo r  constant-pH K-casein; the value that  
would be expected when all of the K-c:isein is  
in the colnplex species form. 

P H 

PIG. 6. Relatio~~ship between the n~olc frartiou 
of K-casein ~llo~ioniers and pII of the R O ~ ~ I I I ~  I)~IOS- 

])hate buffer (ionic strength 0.10, ~ - r a s c i ~ ~  con- 
centration 0.05 g/100 ml). 

Tlie values citlculated I'or (X,,) were graphed 
vs. p H  (Figure B ) ,  fro111 which i t  is seen that 
K-casein ~nolio~~~er-poly111rr interactions are  most 
sensitive to p H  rhangrs a t  each end of the 
caurve, i.e., hetwern pll 4.4 and 5.0 and again 
bctween p1-I 8.5 ant1 11.0. Thus, based upon 
these assu~nptions and calculatior~s, tlie range 
of p H  from :thout 5.0 to 8.5 is the region of 
tile pH s r i~ l r  a t  which K-casein monomer-poly- 
1nc.r intcrac.tions are  relatively insensitive to 
pH changes. 

T r r n ~ ~ e r n t ~ r r r  r / l cc / .  Since it was shown that 
\\,arming K-casein solutions fro111 5 to 35 (: 
c.:~used a gradual increase in molecular weight 
for  the polymer form, it was desired to ealeu- 
late the mole fraction of K-easein InonolnrJ1. 
(S.,) as a function of teniperature. The values 
w e d  for  (Y)  in these ealculation~ wero inter- 
polated from the p I I  6.5 curve (Figure 5 )  a t  
values of T/? equivalent to each respective 
temperature in tlie range of 5 to 35 C. (Y,,) 

TABLE 3 
(::I lc~~l:~tcvl ~nolc: fr:l.ct,ious of mononlers for 

K-(.:ISV~II s0111tion~ at  several selected 

-- ~ 

temperatures " 

a Co~~centration of ~-casein (constant pH) 0.05 
g per 100 ml, ionic strcngtll 0.10. 

values were obtained in the same manner fro111 
the pI5 11.3 curve in Figure 5 a t  each of the 
above points. The values for  (X,,,) were calcu- 
lated and arc  listed in Table 3. The values 
shown fo r  (X,,) reveal a rapid decrease froni 
0 to 5 C and, thereafter, a steady but slolv de- 
crease u p  to temperatures of 35 C. This reduc- 
tion in (X,,,) further substantiates the observa- 
tions made previously, that warming causes a 
gradual increase in nlolecular weight of K-ca- 
sein and that i t  does so by association of mono- 
mer f o r n ~ s  to polynlers with corresponding 
slower relaxatioii times. 
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SUMMARY 

The interaction between K-casein and 8-lactoglobulin in phosphate buffer 
whrn held a t  25 or 65 C fo r  1 hr was demonstrated by the polarization of 
fluorescence technique. The average apparent molrcular volunrr of fluorescent 
8-lactoglobulin in a mixture with nonfluorescent ~-=ein  underwent approxi- 
mately a 42.5% and a 96% increase as a result of holding them in phosphate 
buffer for  1 hr  a t  25 and 65 C, respectively. 

The mole fraction of fluorescent 8-lactoglobulin in the complex form (X,) 
was most highly dependent upon the ratio ( r )  of the weight of 8-lactoglobulin 
to K-casein (B/K) in the region where ( r )  is 1.0 or less. 

Evidence was presented indicating that the interaction of 8-lactoglobulin 
and K-casein probably occurs in a manner that allows the 8-lactoglobulin mole- 
cules to  attach themselves a t  the ~ - a s e i n  rnicelle-water interface to produce a 
complex whose properties are less temperature-dependent than those of pure 
K-casein. 

The preceding papers have dealt with the through a covalent sulfonarnide linkage), as  
application of the ~olarization of fluorescence well as  the preparation of the p H  6.5, 0.02 
technique to fluorescent-dye conjugated K-casein ionic strength sodiutn phosphate buffer have 
and 8-lactoglobulin (3, 4). This paper will been described previously (3, 4) .  
deal with the use of this procedure in deter- Fo r  the protein interaction mixtures, pure 
mining the responses of fluorescent and non- solutions of conjugated 8-lactoglobulin and non- 
fluoresrcnt K-casein and 8-la~toglobulin when conjugated K-casein were mixed in varying 
they are both present in a system subjected to weight ratios ( r  = B/K) from zero to infinity 
different tetnperature treattuents. in duplirate 25-m1 volumetric flasks. All ]nix- 

Considerahle evidence has been presented tures were prepared to contain 0.50 g total 
dealing with the heat-induced interaction of protein a t  a fitla1 volurne of 10.0 mi in sodium 
K-casein with 8-lactoglobulin in milk (1, 5-71 phosphate buffer ( p H  6.5, ionic strength 0.02). 
as  well as in purified, synthetic protein sYs- E'or each mixture, on(, duplicate was held in 
terns (2) .  The polarizatioll of fluorescence a water bath zit 25 C for  1 hr and another was 
method appears to offer another useful tool maintained a t  65 C for 1 hr. Each ~nixture was 
for studying this interaction, since i t  enables agitatrd gently a t  regular intervals throughout 
the detennin:~tion, independently, of the rota- the heating period. l l f t t r  heating, each salllple 
tory of each protein in the mixture. was cooled rapidly, adjusted to 20 C, and made 

to volume with the sodium phosphate buffer. 
EXPERIJl EBTAL PROCEDURE The final protein concentration was 0.20 g per 

The prrparation and treatment of 8-lacto- 100 ml (in all samples). These samples were 
globulin and constant-pH ~-c:lsein and their then subjected to the polarization of fluores- 
fluorc~seent dyc conjugates (the fluorescent 1- cence measurements a t  several temperatures be- 
diat~1ino-naphthale11~~5-sulfonyl chloride has t.rvrc~ti 0 and 35 C as described earlier (3) .  
been chemically boncled to the protein lnolecule Three mising ratios ( r  = p/K) of pure solu- 

tions of ronjug:~tc.d K-casein and nonconjugated 
l?ecrived for publication April 5, 1962. 8-lactoglobnlin were also prepared; r = 1.0, 
, 41i2, Depnrtmrllt of Dairy Tcchl,ology. 2.0, 4.0. These were treated exactly as  the 

Supported part by University and mixtures of conjugate(l8-lactoglobulin and non- 
b~ :I grant from the National Institutes of Health ~ o ~ i u g a t ( ' d  K-casein, except that only a 65 C 
(U. S. Public Health Service). trial was eonduetcd. 
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RESULTS AND DISCUSSION 

Conjugated 8-lactoglobulin amd ~zoncolzju- 
gated K-casein. The partial polarization of 
fluorescence was determined fo r  reaction mix- 
tures containing conjugated /iLlactoglobulin and 
nonconjugated K-casein in which the ratio ( r  = 
weight ratio of e lac to globulin/^-casein) ranged 
from 0.111 to infinity. Results for  reciprocal 
polarization ( 1 / P )  vs. the temperature/vis- 
cosity ratio ( T / v )  are presented (Figures 1 
and 2).  

4 0 7 ;  1000 

0 7  = 5000 . 7 = 10250 
A 7 = ,nf#ncty 

lo-. 
FIG. 1. Polarization of fluorescence of mixtures 

of fluorescent-dye conjugated P-lactoglobulin and 
noneonjugated K-casein hcld a t  25 C 1 hr in sodium 
phosphate buffer (pH 6.5, ionic strength 0.02, 
total protein concer~tration 0.20 g/100 ml). 

I n  Figure 1 (25 C trial) all six curves ex- 
hibit a similar intercept value of 5.2 to 5.5; 
however, a direct relationship between ( r )  and 
the magnitude of the slope for  all curves was 
observed. The slope increased progressively in 
magnitude from 0.638 x lo-' ( r  = 0.111) to 
0.900 X 10.' ( r  = infinity). 

Figure 2 (65 C trial) shows similar rcw,~lts; 
the degree of dependence of the slope of the 
curves to ( r )  was Inore pronounced. Tho slope 
increased progressively f r o n ~  0.465 X 10.' ( r  = 
0.111) to 0.957 X lo-' ( r  = infinity). 

Apparelat rnolect~lar volume. The increase in 
slope of the curves for  the san~ples containing 
progressively larger proportions of conjugated 
P-lactoglobulin ( r  = 0.111 to infinity) were 
interpreted in terms of changes in molecular 
volumes and relaxation times for  the heat-in- 
duced complex species (Table 1 ) .  The average 
apparent ~nolrcular volume fo r  the fluorescent 
P-lntrtoglobulin dye conjugate decreased from 
98.03 x lo3  to 68.79 X 10" cm5 mole-' as the 
mixing ratio (r) was increased from 0.111 to 
infinity in the trial a t  25 C. Fo r  65 C, the 
corresponding decrease in apparent rnolecular 
volunie was f r o ~ n  125.6 X 10:' to 63.48 X 10" 
em" mole-'. The 1-eduction of the average ap- 
parent molrcular volulne for both free and com- 
plexed conjugated b-lactoglobulin in those mix- 
tures (2ont:iining progressively larger mixing 
ratios ( r )  was interpreted as evidence of an  
interaction between the two proteins present. 

TABLE 1 
V;~lues for the slope, n~olecular voluu~e, aud 

relaxatiou time of fluorescent-dye conjugated 
P-loetoglobuli~~ aud ~~onconjugatecl ea casein 

mixtures " 

Meall 
Apparent ~.cxlaxa- 
molecular tion 

r Slope volume tima 
(P/K) (S x l o 4 )  (v x (P), x lo8) 

25 C 
0.111 0.638 97.03 10.55 
0.500 0.668 94.99 10.27 

5.000 0.838 78.89 7.95 
10.250 0.865 71.61 7.76 
Infinity 0.900 68.79 7.45 

9 5.000 0.688 86.97 9.47 
FIG. 2. Polarization of  fluorescence of n~ixtures 10.250 0.710 82.74 8.98 

of fluorescent-dye conjugated P-lnctoglobulin and ~ ~ ~ f i ~ ~ i t ~  0.957 63.48 6.89 
nonconiue:~ted K-casein hcld at  65 C 1 h r  in sodium 
phosphite buffer (pH G.5, ionic strength 0.02, " p H  6.5 sodiun~ phospl~ate buffer, 0.02 ionic 
total protrin concamtrat~on 0.20 g/lOO ml). strcngttr. 
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This effect could be caused by two possible 
mechanisms: ( a )  a higher ratio of (P/K) may 
cause formation of smaller average complex 
sizes betwren /3-lactoglo11ulin and K-casein by 
a stoichiometric relationship, or (b)  higher 
ratios of (P/K) nlay result in proportionately 
more free P-lactoglobulin (not complesed with 
K-easein). 

The morr pronounced effect of mising ratio 
( r )  upon the apparent molecular volume in 
the 65 C trial indicates that more interaction 
was cauqed a t  this higher ten~prratnre than a t  
25 C. 

Bleats 7~nrinoizic rela.ratioia times. Trends in 
the relaxation times (Table 1 )  correspond to 
the changes in average apparent n~olecular vol- 
umes of the fluorescent j3-lactoglobulin mole- 
cules, since larger tnolecular volunles produce 
corrc-.;pondingly larger relaxation times. For  
esan~ple, the mean relaxation time of the fluo- 
rescent protein sprcies (j3-lactoglobulin in the 
free and complesed form) increased from 7.45 
X 10." to 10.55 X lo-' sec for  the 25 C trial 
and from 6.89 X 10.' to 13.60 X 10 ' sec for 
the 6.5 C trial, with the reduction of the mixing 
ratio from infinity to 0.111. 

Blolr frnctiou of free nnd complexerl p-lacto- 
globitlila. A relationship suitable for estimating 
the approsimate proportion of dye-conjugated 
j3-lactoglohnlin in the free (X,) and ro~nplesed 
for111 (So) ha5 heen described earlier (4 ) .  

Por  the present :~pplication of this espression, 
the value of reciproc:tl po1ariz:ltion (Y)  was 
determined for  each tnisture by interpolntion 
of the respective curves in Figures 1 and 2 
from the value of T/? = 4.0 X lo', which cor- 
responds roughly to 30-32 C. A value of 6.88 
was ohtainrtl for (Y,) 11g interpolation from 
the c-urve for ( r  = 0.111) in the 6.5 C trial, 
as these esperirnental conditions resulted in 
the Iargc~st average ~nolecular volulne of the 
fluorrscent species (T:~ble 1 ) .  The value of 
(Y,) was tillten to he 9.04, since it corresponds 
to the value reild froin tho curve for the mix- 
ture containing the smallest average ~nolecular 
species for  all of thesc. n~istnres (r = infinity 
for  the 65 C tri:il). Rc.sults for these calcula- 
tions are listed in Table 2. 

When (X,) is plotted against ( r ) ,  the differ- 
ence l)etwce~~ the, two tenlperature trials be- 
comes more (lefinitt! (src Figure 3 ) .  Although 
the sh:~pe of both rurvc2s is quite similar, the 
65 (' rurvcb is positionetl ahovo the 25 C curve 
a t  all values of (1.). Thrse curvrs indicate that 

TABLE 2 

Mole fraction of frec ( X I )  and complcxed ( X , )  
P-lactoglobulin in heater1 mixtures of fluores- 

cent-dye conjugated P-lartoglohulin and 
nonconiugated K-casein " 

Mixing 
ratio 

( T  = P/K) 

0.111 
0.500 
1.000 
5.000 

10.250 
Infinity 

Mole 
Mole f l.:ir- 
f rac- tion 

Ynt  tion com- 
T / q  = free plcx 
4 x  104 ( x , )  ( x , )  

25 C 
7.86 0.522 0.478 
8.12 0.639 0.361 
8.24 0.690 0.310 
8.67 0.866 0.134 
8.78 0.908 0.092 
8.92 0.!)60 0.040 

05 C 
0.111 6.88 0.000 1.000 
0.5011 7.12 0.144 0.856 
1.000 7.36 0.273 0.727 
5.000 7.80 0.495 0.505 

10.250 8.12 0.676 0.324 
Infinity 9.04 1.000 0.000 

" p1-I 6.5, ionic strcngth 0.02, total protein con- 
rcwtration 0.20 g per 100 ml. 

" Kcight ratio, g P-lactoglob~ilin/g K-casein. 

the mole fraction of conjugated j3-lactoglobulin 
in the eo~nplexed form (X,) increases a t  the 
grc.iitest rate when ( r )  is in the order of 1.0 
nr less. Increasing the amount of noneonju- 
gated K-casein in the solution to furnish lower 
values of ( r )  causes the greatest increases in 
(1-, ) valnrs. 

25' C TRIAL 

0.1 - 
0 

r 

FIG. 3. Effect of mixing ratio upon the mole 
fraction of fluorescent-(lye conjugated P-lacto- 
globulin in the complexed form (pH 6.5, ionic 
strength 0.02, total protein concentration 0.20 
g/100 1111). 
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Conjugated K-casein and ~zonconjugated P- 
lactoglobnlin. Studies wore also conducted us- 
ing fluorescent, dye-conjugated K-casein and  
nonconjugated 8-lactoglobulin and  three mix- 
ing ratios ( r  = 1.0, 2.0, and 4.0) of p-lacto- 
glohulin/~-casein were employed. The solutions 
of the two proteins were held ; ~ t  65 C for  1 hr, 
to induce interaction. 

The values ohtained f o r  the slope i ~ n d  intcr- 
cept of each of these mixtures a re  listed in 
Table 3. Lower intercept values resulted fro111 
increases in the ratios of 8-lactoglohulin/~-ca- 
sein. Straight-line curves with negative slopes 
were obtained which exhibited a trend toward 
smaller values for  their slopes by increasing 
( r )  from 1.0 to 4.0. This is interpreted a s  
indicating a greater a ~ n o u n t  of interaction of 
the two proteins a t  the highrr valurs of ( r )  ; 
the resulting protein co~npl rx  possesses less 
ability to :~ssociate into largclr mieello sizcs 
upon warn~ing  to 35 C (during ~ncasur t~n~ent  of 
polarization of fluorescene values at  thc.se t r n -  
peratures) than does eonjug:~tc.tl K-cast~in. I n  
this respect, the protein ro~nplc~x ;Lpl,csal.s to 
possess more of the propctrties of 8-laotoglobu- 
lin and less of the proprrties ol: K-easc~in. 

I t  is  assumed that  the interaction of K-C:ISC~II 
rnonolncrs and polgnlers is rcsponsihle for  caaus- 
ing negative slopcas for the c*m.vtbs of rc~ciproc~;.l 
polilrization vs. 9'/~ in thwe interaction ~ n i s -  

111tcrccyt : III(~ slopc of ~.c~cil)roe:~l polnris:~tion rs. 
T / v  for intc.raetio~~ misturcs of f l ~ ~ o r c ~ h ~ ' r ~ ~ t - ~ l y v  

conjugated K-casein and nonco~~jug:ited 
p-lartoglol)l~lin " 
- - 

Mixing 
ratio Slope 
(P/K) Interc*el)t (-9 x 10') 

" Conccntrntio~~ of totnl protrin 0.20 g per 100 
ml, sodium pl~osphntr buffer 1311 (5.3, iouie strengtl~ 
0.02. 

tures, a s  was the case f o r  pure  K-casein solu- 
tions (4) .  Since higher values f o r  (r)  in the 
present study resulted in  curves whose slopes 
exhibited smaller negative values, the role of 
nonconjugated p-lactoglobulin in these mixtures 
is thought to be one of eolnpeting with the 
fluorescent K-casein monomers f o r  interaction 
sites on the K-c:isein p o l ~ ~ n e r .  Tht. larger rela- 
tive nutnher of nonconjug:~ted 8-lactoglobulin 
n~olecules reacting with the K-eastin polyn~ers, 
in the case of the. 11igl1c.r valucs of ( r ) ,  appears 
to cause a reduc.tion in the nutnber of available 
sites for  intt~raction 11etwec.n polymer and mono- 
I1tc.r f o r n ~ s  of K-e:tsein. The reduction in the 
~ ~ m n b e r  of thrsc. inter;rction sites mas reflected 
by the slnaller r:llnc>s for  the negative slopes of' 
the gr:rphs of reciprical poli~riziltion vs. T/? 
in tl~oscl s:~lnpl(bs wit11 higher values of ( r )  . 
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P1l.D. tllrsis, Ol~io Stntc University. 1956. 
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INHTRITORY EFFECT OF NISIN UPON VARIOUS ORGANISMS ' 
K. M. SHAHANI 

Depnrtn~cnt of Dairy Hl~sl)andry, TYniversity of Nebraska, Lincoln 

Two nisin-producing strains of Streptococclrs lrrctis were found to vary in 
their ability to produce the antibiotic. In the ~nilk ~nediu~n containing 5% of 
nisin-broth, cell n~ultiplication and acid production of two strains of Strepto- 
coccus thernrophiltts mere delayed, but upon furthrr inrubation their total cell 
count and arid production wore not affected :~pprreiahly. Sisin-broth did not 
inhibit three strains of S. Enclis, two strains of 7,czctol~acillzis bl~lgnricus, two 
strains of S .  tkrrino),hiltra, a mixed lactic rulturcl, and one strain each of 
BaciIltts sltbtilis and Bacill?is rcrrlrs. Nisin was not quite as inhihitory as several 
other antibiotics against the dairy cultures tested. Of 11 strains of Staph?ylococ- 
pus a1rrrlt.s used, the antihiotic sermed to he active only against the coagulase- 
negative and weak coagulase-producing organisms. 

The data presented in this paper indirate that the antihiotic may hc con- 
sidered for use to inhibit certain staphylococci or lactic organisms. Additional 
work should he conducted to determine the applications of nisin and nisin-pro- 
tlucing organisms in the dairy industry. 

Nisin, an antibiotic, is a nor~nal nletabolite 
of certain strains of a coln~nonly used chceqe 
starter, Streptocorezts lactis. The antibiotic is 
a large polypeptide with the molecular weight 
of ahout 10,000, and i t  consists of five polypep- 
tide cotnponents which vary slightly in their 
chemical, physical, and l)iologic;~l propc.rties 
(3, 4) .  Hawley (9) has reported that nisin i, 
inhibitory against several streptococci, lilcto- 
bacilli, clostridia, staphylococci, and h:irill~; ant1 
3latticl; and Hirsch ( 11) ohscrved that the :Inti- 
biotic has no activity against gra~n-negative 
org:~nisn~s. Sevcral toxicity studies (1, fi, S) 
have sho~vn that ~vhrn  thc crysti~llinr nisin or 
~nill< soured with nisin-producing S. ltrctis mas 
fed to anin~:~ls, it produced no toxic effects. 
O'Brien ct al. (13) have reportcd that nisi11 
lowers the tl~ernl:tl rc~sistnnee of food spoilage 
organisn~s and suggested t11:tt consideration 
could he givcw to using nisi11 for foot1 prcser- 

111 the d a i ~  industry, consitl(~ra11le quantities 
of processed cheese and several other sweet or 
lo\\--:wid chet~ses, for es:~n~ple, Swiss, Gouda, 
b;daln, ant1 P:irn~rsan, are spoiled (luring stor- 

Hcc-vivc~l for ]~ul~lirntion 12cbr11nry 3, l!l(iO. 

' Sr~l)l)ortctl Iry n g r n ~ ~ t  from the II:ltcl~ Funtl, 
Project %!I, l)r]):~rtlnct~t of Dairy IIusl~nn(lry, 
University of Srl)raskn, Li~~coln. 
' Pr~blisllcvl \\,it11 the approval of tllr Director 

as palwr I I ~ .  1004, .Tol~rnal Series, Se11r;tska .%pi- 
cultural Esl)criment Station, Lin(.ol~~. 

age dnc to gas-holcs or inflation cn.usec1 by 
growth of Clostridia or hntyric acid fc~rn~cnta- 
tion. 3I(.Cli11torlc et a1. ( 1 3 )  ohscrved that thr 
incorl~)r:~tion of sn~ i~ l l  quantities of nisin in 
prorc~ssrd GruyPro cl~clese was found to rrtard 
or inhihit such undesirable fern~entation. Haw- 
1177 ( 9 ) .  in his rc.view nrticle, reports that the 
c.l~ecscbs in ~vhich the antibiotic is produced 
n:~t:~rally I~avcb hern fo~und to he quite resistant 
to c+c,rtain h:lctt.rial spoilage defects. Also, 
solncs \vork h i~s  htv.11 (lone relative to thr us(, of 
~~isil~-l)rotlucing streptococri, singly or in com- 
hination wit11 other c.l~c,esc. cultures, to prevent 
the slloil: gc of cherse (14).  As far  :IS is kno\vn, 
c.on~l)ilratively little thought h:~s b r m  given to 
thc tl(.ter~~~ination of the rffects of nisi11 upon 
t l ~ r  co~nnlonly usrtl d:iiry cultures. This ~vorlc 
was i~~iti;itrtl, tllerc+'orc,, to investigates t h ~  effcacts 
of' nisi11 t~nd I I ~ S ~ I I - ~ ) ~ O ~ I I C ~ ~ I ~  streptococci upon 
thc~ ol.g;lnis~ns genrrally fount1 or usrrl in dairy 
products. 

EXI'R;RI?XR>':NTAL I'ROCEIIL'RE 

Srvcbral ~ ~ i s i ~ ~ - p r o t l u c i ~ ~ g  strains of S. lactis, 
ohtainrtl f ron~  France, Alustria, nnil Englantl, 
\vhc,rc I I I U ~ ~ I  of the ~~revious  work on nisi11 has 
hern done, \verc used in this \vork. Prelin~inary 
trit~ls rc~ve:tlrd th:,t t\\,o strains n~nltiplied a t  a 
f'astrr ~ , i ~ t e  than thc. others, and wcrc! choscn 
for further studic,s. The initial phase of this 
study \\.its concc~~~nr~l  with the c~o~np:~rison of 
nisin pro(lutation of thr two cultures. The n~ethod 
of ('IIcv:L~~cI., F t ~ ~ r n i t ~ ~ d ,  i~nd  JIoe(luot ( 5 ) ,  with 
~ninor i~ltel.iltions. \v\.i~s used to tieterlnine the 



antibiotic production of the cultures. The 
 neth hod involves plr~ting suitable d i l u t i o ~ ~ s  of a 
n i s i ~ ~ - ~ > r o d ~ ~ i g  culture and of a nisin-sc~nsitive 
culture in the sallie plate, whic.11 is then incu- 
hatcad. I t  is in~perat ive thtit the op t im~un t e ~ n -  
peratore for  gro\vth of the sensitive organis~ns 
he consider:ihly differrnt fro111 that of the tiisin- 
protlucilig organisins. I n  this case, the plate 
thus prcaparcbd is incubated nt 22 C, o r  a t  the 
o p t i ~ n u n ~  te~~~per; i tm.c of the ~ ~ i s i ~ ~ - p r o ~ l u e i ~ g  S. 
lnctis, in ortlthr for  thr  st]-rptococcns to grow and 
produccb nisin. ~ \ t  this tenrl)rratare, I,. 1ncti.q 
\vit,l~ all opti111u111 tcb~~~pcb~.;~t~~rcb of 32-35 C call- 
not ~uultiply. After  the pl:~tr is incuhatc~l a t  
22 (: for  24 hr, it  is transferrcbd to an inrnhator 
a t  32 (' for  48 h r  to pcwnit I,. ltrctis to grow. 
Daring the second itrcuh;~tiotr, the test o r g a ~ ~ i s r ~ ~  
grows ~ ~ o r ~ ~ ~ : i l l y .  esc-c~pt iirou~id the c.olonies of 
thc, nisin-producing o r g : ~ ~ ~ i s ~ n s ,  : ~ n d  clear zo~ic's 
of inh ih i t io~~ arch oht:iinetl. as  is sl1o~v11 in Figurr  
1. 

7'11;. 1. .I ])I;itt> <I~o~vi t~g  tlie i r ~ l ~ i l ~ i t i o ~ ~  of 1,ttcto- 
11a.villrrs lrrctis I J ~  I I ~ S ~ I I  p r o ~ l u c ~ , ~ l  I!?. Strrl~tococcfrs 
lnctis. 

1:sing this tt~cli~nic~ue, it was ohsc.11-ecl that  
\ v h t ~  si~uilar  dilntitr~rs were used for  the two 
tiisill-producing org:tnis)~~s i111d for  the test 
org: inis~~~s,  the two II~S~II-l)roducing enlturc~s 
produccvl 11c~:lrly th r  salllcb 111u11hc.r of zones or  
colot~irs. Ilo~vc~vcr, one culture (8. lnctis F) 
protlucrd bigger. znllcBs of i~ihihition ilround the 
colonies thiui ditl the* othvr culturcb (S. 1ncti.q T ) .  
This \\>IS fcalt tt) he clue to the. larger : ~ m o ~ ~ n t  of 
nisin produc.ed hy El thau by T. To investigate 
this furthvr, nisin-hrotl~?; \vcire 1,l.epared froni 
14- to IF-hr oltl to~l~ i l to  juiccl broth snspc~nsio~is 
of cultures F ant1 't'. Cells w c ~  retnovc.d by 
e c ~ ~ l t l . i f ' ~ g : ~ t i o ~ ~ .  i ~ n d  the clear broth wns heatc~d 
irt 80-90 (' for  2 to 3 I I I ~ I ~  t,n kill the relirai~litlg 

live organisms. This heat treatment was toll- 

sidered to have had no effect on the nisin con- 
tent of the broth, since i t  has been sho\v\.n that  
nisin is highly heat-resistaat ( 7 ) .  P:nying eon- 
cmtrations of F and T nisin-broths ~vere  intro- 
duced in separi~te hroth tuhes and were inocn- 
laird with 1% broth suspension of T,. lacti.?. 
Turbidity determinations were made after  1 4  
to 1 6  h r  of ineuhation a t  32 C. I t  was oh- 
served that  broth of both the nisin cultures in- 
hibited the growth of I,. Inctis, hut nearly twice 
:is much broth of T culture \\,as requirccl a s  F 
for the s:une amount of inhibition. 

Efcct of ~ziniil-11roth 2117012 I ~ O T ~ O I I S  lnrtic ~711- 
trrrc~. Studirs \\-ere conducted to determine the 
rffrct of nisi~i-hroth upon the acid production 
of threc strains of S. loctis, two strains of T,. 
1111lqnricrra. four strains of S. tke~1~1o)~71i11tr, 
: ~ n d  a 111isrt1 Inc.tie rnltnrr. Using the same 
tecl111iquc1 :IS ahore, nisin-broth of the nisin- 
producing rnlturc' F ~ v a s  prcal>arrd and :~dded - .  

a t  the rate of 1- to 18-1111 aliqnots of sterile 
~ililk in test tuhcbs. The tubes were then i ~ ~ o r u -  
latrtl ~ v i t l ~  1 ~ n l  of a 12- to 14-hr-old lactic cul- 
~ I I I , I ~  1~('1>ar<~(l ill inilk. Thus, the tuhes con- 
tai11c.d 5% hy vo1~111e of the nisin-hrotl~ and 
55; hy volun~e of inocalnm from a rulturc. of 
t h ~  test-oly:rnis~n. The rontrnts of the tu l~cs  
\vtbtsc. ~ i ~ i s c t l  thoronghly and incnhatcd :it the 
o l > t i n ~ u ~ ~ i  tc.~nperatnres of the test orga~~isins.  
;\t  periodic. intr~.v;ils of 6, 16, and 24 Ilr of 
i~icnhetion, tubes were t;~lien out  and titr:rtahle 
acitiity was drtrrn~ined.  Four to s i s  trials were 
condnctrd with each culture, and average re- 
sults iirc. prcwnted it1 Tahle 1. J t  \\*:IS ohsrrvrd 
that c.xc.el)t for  two str:iins of S. thcr~no~~hilrcn. 
( '~ t l t a r r s  8 and 9, the al11011nt of nisin in 1 1n1 
of nisin-1)1.otl1 hnd no  appreri:~hle inhihitory 
c~ffeet npml the three strains of S. lnctis, the 
two strains of I,. hrtlgnrierrs, the two strains of 
S. tbcrnro~~hilitn, and the mixed ralture. The 
:~ntil)iotic. inhihitcltl slightly the. acid production 
of two strains of S. tlr~rrno~~kilrcz (no. 8 and 9) 
tluril~g- the first 6 h r  of incuh:~tion. ITowever, 
upon longer inenhation, the iumounts of acid 
~)rodnred by the cultures in the presrnce and 
in thr  ahsencr of the antibiotic ~ ~ c r c  a ln~os t  the 
s:unlch. The fact that 11isi11-broth showed some 
inhihitory effect upon the ac:id prodnction of 
S. / h r ~ r r ~ ~ p h i l ? ( s  T illid Z (luring the initial 
stagcis of i~~c.ul)irtion and shou~ed no  adverse 
off(>ct upon r s t e ~ ~ d e d  incubation (24 hr )  may 
he espl:~ined 1)y $1 prolongation of the lag phase 
of the ,C. thrr~no))hilrrs cnlturcs. This prolonga- 
tion in the lag phase. may be due either to the 
i n l i i h i t o ~ ~  effect of the antibiotic upon the 
young iind/or sc~~~s i t ive  hactvria or  to the timc 
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TABLE 1 

Effect of nisin upon the rate of acid production I)? rvarious lactic cultures 

Culture 0 hr 

1. Str. lactzs UN 
Str. lactis UN + nisin 

2. Str. lactis C 
Str. lactis C f nisi11 

3. Str. lactis FI 
Str. lactis f 4- nisi11 

4. L. bulgaric~ts Cl 
L. bulgartcits (3 + nisin 

5. L. bulgarictfs b 
L. bttlgariclts b + nisin 

6. Str. thermophilus U 
Str. the~mophilus U + nisin 

7. Str. thermophsl~rs X 
Str. thermophzlus X + nisin 

8. Str. thermophil~~s Y 
Str. thwmophzltts Y + nisin 

9. Str. thcrmopkilus Z 
Str. thermophilus Z + nisin 

10. Mixed culture F 
Mixed culture F + nisin 

'% Titratablr 
0.50 
0.48 
0.48 
0.49 

actdity) 
0.70 0.81 
0.66 0.80 
0.73 0.84 
0.71 0.85 

0.67 0.79 
0.68 0.77 
1.42 1.88 
1.45 1.95 
1.68 1.91 
1.60 1.89 

0.79 0.92 
0.78 0.94 
0.69 0.87 
0.70 0.86 
0.72 0.91 
0.69 0.90 

required fo r  the culture to get nccustonred to 
the new mediu~n. Also, there exists a possibility 
that the antibiotic may have lost its activity 
upon prolonged incubation in the presence of 
~ r ~ i l k  solids and of the lactic culture, as found 
true in terramgcin (15). 

Effect of wi.sil~ upom ce l l - 7n~~ l t i~1 l i cu t i o r~ .  
Hirsch (10) has indicated that  iiisin is bale- 
tericidal rather than bacteriostatic and that it 
achieves a rapid killing of sensitive bacteria. 
.\lso, he suggests that nisin often forins an  
irreversible complex with the protein nloieties 
of the organisms. Trials were made to detc,r- 
111inc2 the effect of nisin upon cell nlultiplication 
of the uisin-sensitive L. lactis and S. tbcr~noph- 
iItts when grown in sterile milk. I n  this 
work, the technique csed fo r  determining thv 
effect of nisin upon eel1 nlultiplication was es- 
sentially the salne as  used in the preceding 
phitse, except that pure nisin3 was used in- 
stead of nisin-broth. Appropriate quantities 
of aqueous solutions of nisi11 were added to 
yield concentrations of 0.5, 1.0, 5.0, and 10.0 
units per milliliter. Pure  nisin is believed to 
contain 40 to 50 111i1lion Reading units p r r  granl 
(2, 9 ) .  A Reading unit has brrn described a s  
the a~nount  that  will nonrlally just inhihit the 
growth of the test organisn~, Strcl~torocctrs 
ugaluctitro, in 1 1111 of broth. Using the standard 

"C~yst;~llinc nisi11 was sr11)l)liecl 1)y 4lpi11 and 
Rarret I,t11. Co., England. 

plate count ~nethod involving duplicate or trip- 
licate plates fo r  each dilution, viahle cell counts 
were determined i~nmediately after adding the 
antibiotic ;illd thrn a t  the end of 6, 12, 18, 24, 
and 36 hr of incubation. I n  Figure 2 are pre- 
sented data representing the average results 
of five to eight tri:~ls conducted with each or- 
g:ttiisin and each concentration level of the 
iintibiotic. Curves I are thc. control curves, o r  
r~p resen t  the cell nunlbers producc!d by the 
organisills in the absence of the antibiotic, and 
Curves 11, 111, IP, and V represent the cell 
nu~nhers produced hy the organisnis in the pres- 
encc, of 0.5, 1.0, 5.0, and 10.0 units of nisin per 
~nilliliter, rrspcctively. I n  thc absence of the 
antibiotic, the organis~ns grew norn~ally, reaeh- 
ing the i n a s i ~ ~ ~ u i i ~  counts in 18 to 24 h r  and 
declining thereafter. 111 the presence of the 
antibiotic, the viable rounts of both the organ- 
isins decreased rapidly for a while. There was 
n direct hut iniproportional relationship between 
the antibiotic concentration and the reduction 
in the counts, f o l l o ~ ~ i n g  which the cultures mul- 
tiplied nortiially and paralleled the growth 
c3urves of the controls. 11s little as  0.5 or 1.0 
unit of nisi11 per ~nilliliter effected an  immediate 
slight tlt~c.l.ease in the counts, after  which the 
cultures sc~c~nied to grow normally. The higher 
concentrt~tions of nisin (5.0 and 10.0 units/nil) 
drc.rer.sed rapiclly the cell counts of the organ- 
isnls during the first few n~inutes and continurd 
to do so fo r  the first 6 hr of incnhation, but 



thereaftvr the surviving organism niultiplied 
normally and prosimated the counts of the con- 
trol san~ples a t  the end of 24 to 36 hr. At  the 
c>nd of 36 hr, the total counts of the cultures 
in the prc1sence of the antibiotic mere either just 
about the same or slightly higher than the con- 
trol counts. This could be expected, since the 
culturc~s in the absence of nisin reachrd the 
stationary o r  declining phase e:lrlier than the 
cultures in the presence of the nntibiotic. 

Compnri.so~i of t l r ~  i~ahibitory r.fect of nis i~i ,  
~c,ith othw c~,lttibiotics. Trials were tnade to 
con~pare nisi11 with other ar~tihiotics with re- 
specst to their inhihito~y efftbct upon various 
lactic culturcbs. Individual test tubes containing 
19 rnl of sterile millc were inorulnted with 1 ml 
of freshly prepared 12- to 16-hr-old lactic 
cultures. i\ppropriilte amounts of penicillin. 
strclptomycin, aureomycin, or erythromycin were 
added to obtain concentrations varying between 
0.06 and 50.0 ppm of the antibiotics. I n  nisin. 
the eonrc.ntrations varied between 0.5 to 150.0 
units pcSr tnilliliter. The tuhes were then incu- 
hated for 14 to 16 h r  a t  the respective optirnum 
ternperatures of the cultures unilrr study. At  

L. loctis 

thc~ c~nd of the incubation period the eoagu1:l- 
tion of the rnillr was taken as  the criterion of 
the growth of the eultures. The sa~nples coagu- 
I:,tc.tl were assu~ned to be uninhibited and the 
san~ples which showed only partial o r  no coagu- 
lation were considered to be inhibited. Average 
rc~sults of four to six trials with each antibiotic 
and ( ~ : ~ v l i  culturc. are presented in Table 2. The 
t:ible shows the t r~ in in~u~n  levels of various anti- 
hiotirs rerluirrd for  inhibiting the organisms. 
I t  rnay be observed thnt in general the organ- 
isms \\-ere nlorc. sensitive. to penicillin, aureo- 
111ycin. strepton~ycin, or el-ythro~nyein than to 
nisin. Also, there were observed wide varia- 
tions in the sensitivities of these organisms to 
penicillin, anrc,omycin, streptomycin, clrythro- 
mycin, o r  nisin. The concentrations of the anti- 
biotics required for  the inhibition of the cul- 
tures mere 0.05 to 0.3 unit of penittillin per 
~nilliliter, 0.05 to 0.75 pg of aureon~ycin per 
n~illiliter, 0.2 to 1.5 pg of streptotnyein per 
n~illiliter, o r  0.2 to 5.0 pg of erythrotnycin per 
milliliter. I n  the case of nisin tnnch higher 
concentrations of the antibiotic (2.0 to 150 

S. thermophilus 

INCUBATION TIME (HOURS) 

FIG. 2. Effect of nisin upon the cell-multiplication of Lactobacillas Iactis mlil Str~plocorcrrs 
lnctis. 



ISHIBITORY EFFECTS OF NISIN 831 

TABLE 2 
Minimum levels of penicillin, aureomycin, streptomycin, erythromycin, and nisin fo r  

inhibiting milk coagulation by various lactic cultures ' 

Culture 

1. 19. lactis U N  
2. S. 1aetz.s C 
3. S. lactis F1 
4. S.  thernlophilzcs U 
5 .  S .  f h e r ~ ~ ~ o j ~ l t ~ l t r s  X 
6. S. tl~ermo])71ilz~s Y 
7 .  S. thernaopl~~ltts % 
8 .  S. c~en?orrs 
9. L. bzilgaricus CI 

10. L. bulgaricus b 
11. L. lactis 
12. Mixed culture 

Aureo- 
mycil~ 

(as/mU 
0.50 
0.50 
0.75 
0.10 
0.05 
0.05 
0.25 
0.50 
0.25 
0.10 
0.25 
0.30 

Strepto- 
mycin 

Erytlyo- 
mycin 

( r s / m l )  
0.6 
0.2 
0.5 
2.0 
5.0 
0.8 
0.5 
0.75 
1.0 
1.0 
1.0 
1.25 

Nisin 

" Noncoagulation of the milk a t  end of 16-hr incubation period was taken as the criterion 
of the inhibition of the cultures by the antibiotics. 

TABLE 3 
Effect of nisin.broth upon the growth of Bacillus subtilis a11d Bacillus eerew 

Culture 0 hr 6 hr 16 h r  24 h r  

-- (Log of bacterial count) 
I. Bacillus subtilis ATCC 6633 5.954 7.708 8.827 8.638 

Bacillus subtilis + nisin 5.929 7.740 8.786 8.601 
2. Bacillus cereus 6.121 8.179 8.997 8.838 

Bacillus cereus 4- nisin 6.127 8.121 9.041 8.860 

TABLE 4 
Effect of nisin upon the growth of different strains of Stapli?~lococcus atireus 

Coagulase tcst Transmissiolt OJo 
With 

No. Culture Nature Tinte Control nisht 

196 Positive 
UN Posit,ive 
209 Positive 

Rotlt Positive 
Red Positive 
13'3 Posit,ire 
174 Positive 
125 Wcak 

26 Weak 
3 Weak 

2 1 Negative or 
very weak 
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units/n~l)  had to he present in the n~rdiurrl to 
inhibit the organis~ns. 

Ef7rc.t of i~isiqz ~tpoiz B.  s1tbtili.s nncl B.  cpreus. 
Another phase of the s t l ~ d y  was to deter~nine 
the effect of nisi11 upon B. si~btilis ATCC 6633 
and B. C P ~ P I I S .  Vi~ly ing  quanti t i t .~ of nisin- 
hroth, ranging hc~tween 1 and 5% v/v, were 
added to whey broth tubes inoculatecl with 
R. eltbtilin o r  B. PCTC,I!P. The tubes were incu- 
bated, and a t  periodic intervals the total counts 
of bacilli were determined using whey agar  a s  
the plating medium. The :Iverage results of 
four  to five trials ~ v i t h  each orgmlism are  pre- 
sented in Tahle 3. It was observed that  both 
the organisms had little o r  no  sensitivity towards 
the antihiotic. 

Ef7rc.t of nisi11 111)oit St(lj)7t. nlo.rtes. Gowans 
et. a1. ( 8 )  have reported that  sonle strains of 
Staph. cr~tref~s were very sensitive to  nisin, 
whereas some other strains were relatively in- 
sensitive. The virulence of food-poisoning 
staphylococci has htsen rc,ported to bt. directly 
related to their coagulase activity. h study 
was contlucted, therefore, to  investigate the 
effect of nisin upon several strains of Stccj~h. 
u~erettr varying in their coagulase production. 
The antihiotic sensitivity of the cultures was 
detern~ined by growing the cultures in whey 
1)roth .5 units of nisi11 per  ~nilliliter, 
a.nd thr  turhidity deve1opnlc.nt was iueasured 
and  taken a s  a n  index of thcbir growth. Their 
coagulase activity was cleterrnined hy  the stand- 
a r d  plasnia. coagnlase test. Eleven s t r t~ ins  of 
Staph. ctrtrrtc~ were graded according to the 
rapidity with which they produced the enzyme 
coagulase, and a r e  1istc.d in Table 4. Culture 
No. 1 was the   no st active roagulilse producer 
and  coagulated plasma in 25 to 80 nlin, and the 
last culture ~ v a s  allnost negative, i n  that  i t  
took nlorcA than 24 hr, o r  in so~nc. trials i t  did 
not  coagulate the plasma. When tested f o r  
their sensitivity to nisin, i t  was observed that. 
ou t  of the. 11 cu1turc.s only two cultures, no. 9 
and  11, were sensitive to the antihiotic. Both 
of these sensitive cultures were found to be 
either wcaak o r  negative coagulilse producers. 
The results indicate. that  nisi11 might he active 
against only the coagulase-negative o r  weak 
coagu1:isc.-producing strains of Stccp71. cr1trc.11~. 
Howevc.r, further  study is required to  arrive a t  
any  definite conclusions. 

Gratrftrl ;~ck~~owletlgment is m:~tle to Drs. 11. B. 
Hawley (England), I<. Clrevalirr (France), and 

S. Windler (Austria) for providing samples of 
pnre nisin w ~ d  cultures used in this study. 
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A large number of samples of 23 varieties of cht>rse and eight varieties of 
processed cheese or cheese foods and spreads were assayed for  several B vita- 
mins. The cheeses contained on an average 277 pg of niacin, 94 pg of vitatnin 
B,, 691 pg of pantothenic acid, 1.79 pg of biotin, and 22.3 pg of folic acid per 
100 g. There were wide variations in vitaniin content aniong individual samples 
of the same variety, as well as among the different varieties. The protrolytic 
type cheeses, Blue, Camembert, etc., had the most niacin, vitamin R,,, panto- 
thenic acid, biotin, and folic acid. The hard varieties, except for biotin and 
folic acid, were next, followed hy semihard or  soft-unripened types. The pro- 
teolytic varieties were high in vitamin content, possibly because microorganism 
varieties synthesize vitamins during curing. I n  general, any cheese variety high 
in one B-vlta~nin was high in niost of the other B-vitamins studied. The cheese 
contained 9 to 55% of the vitatnin content of milk and, nutritionally, cheese 
may be considered a fairly good source of B vitamins. 

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

Cheese oceupiei an  important place in the 
Anlcrican diet. The per capita yearly con- 
sumption of ripened and unripened cheeses has 
risen to more than 14  Ib. The literature con- 
tains relatively limited information on the vita- 
min content of cheese. Many of these studies 
were concerned with the vitan~ins A, I), ascorbic 
acid, thiamine, and riboflavin content of cheese 
(5, 7, 8, 10, 12)  and little attrntion has been 
given to the other vita~riins of the B group (15, 
19, 20).  

tiykroyd and Roscoe (2)  were perhaps the 
first to assay cheese for  vitamin B, content. 
111 1936, Day and Darby (6) reported that 
.\inerican cheese contained 80 pg of riboflavin 
pc'r 100 g, Swiss cheese 60 pg, and cream cheese 
14  pg. ilflost of the work on cheese was done 
during the 1940's (5, 7, 8, 14, 20), hecause of 
the tnt.at shortage a t  that time and the greater 
iniportanre of ehrese from a nutritional point 
of view. Several of these studies, however, were 
made on only a few samples and their results 
differ widrly, possibly hecause of the different 
assay methods e~nployrd. The present study 
was conducted, therefore, because of the lack 
of information concerning the content of some 
of the newer B vitamins in several varieties of 
cheese commonly used in this country. A re- 
port on the riboflavin content of cheese has been 
published by Hathaway and Davis (14), and 
in this paper are presented results of assays 
of several cheese varieties for  other B-complex 
vitamins. 

EXPERIMENTAL PROCEDURE 

Market samples of various cheeses were ob- 
tained from the Cniversity of Nebraska dairy 
and local food stores, and frorn Omaha and 

Received for publication January 2, 1062. Milwaukee. The vitamin content was deter- 
tliined itnnlediately, or  the samples were held 

' s u ~ ~ o r t e t l  a grant from the Anlcriem' froisell until the assay could be made. The 
Dairy Association. 

vPuhlis,led the of the Director cheeses wrre classed as follows: Soft-unripened 
as  paper no. 1155, ~~~~~l series, r \ ~ ~ b ~ ~ ~ k ~  ~ ~ , . i .  varirtir\, likr Cottage and cream cheese; semi- 
cnltnr:ll Exncriment Station. Lincoln. hard varieties, like brick and Muenster; hard 
' Dcccased. varieties, like Suliss or  Cheddar cheese; very 
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hard varieties, like Parmesan and Romano; 
high proteolytic varieties, like Blue; and un- 
classified varieties. The B vitamins determined 
were : niacin, pantothenic acid, pyridoxine, hio- 
tin, and folic acid. I n  the initial stages of the 
study, the microbiological methods as described 
by the Association of Vitamin Chemists (1) 
and Chapman et  al. (4) were tried. However, 
because of the differences in the pH,  and in 
the solids and protein contents of different 
cheese varieties, a vitamin assay method for  any 
vitamin could not he applied in exactly the 
same way to all the different varieties of cheese. 
Lawrence et al. (18) also observed that an  assay 
method for  a vitamin in milk may not be ap- 
plicable to other products. Therefore, the micro- 
biological assay technique for each vitamin was 

~nodified slightly for  application to different 
cherse varicties. The methods in brief are de- 
scribed hclow. 

Niacin. A weighed sarnple of cheese, ranging 
between 1.0 to 10.0 g, depending upon the kind 
of cheese, was blended with approximately 20 
titlies its volume with 1.0 N sulfuric acid. The 
hlentl \rat: autoelaved a t  15 psi for  30 min, 
coolc~d, brought to p H  6.8 with 20% sodiu~n 
hydroxide, and filtered. The niacin content of 
the filtrate was determined microbiologically, 
using Lactobacillzts arabinosas ATCC 8014 as 
the assay organism. 

P,yridoxilze. A weighed sample of cheese, 0.3 
to 0.4 g, was mixed thoroughly with 0.005 N 

hydrochloric acid and i~utoclavcd a t  15 psi for  
4 hr. The san~ple was cooled, adjusted to p H  

TABLE 1 

Niacin eoutent of a variety of cl~oeses 

Niaciu aontel~t 

Cheese 
variety 

No. of Average 
samples solids Range Mean " 

Highly proteolytic 
Blue 
Roquefort 
Camembert 
Liederkranz 
Limburger 
Beer Eaese 
Port Salut 

Very hard 
Parmesan 
Romano 
Edam 

Hard 
Provolone 
Swiss 
Gruyere 
Gouda 
Cheddar 

Semihard 
Husker 
Brick 
Muenster 
Mozzarella 

Soft 
Cottage-creamed 
Cottage-plain ' 
Neuf chatel 
Cream 

-- 

Std." 
dev. 

(%) ( P ~ / I O O  (l) (pg/lOO g) 
33 61 68-2,346 1,247 

8 63 84-1,044 629 
10 51 46-1,124 586 

8 36 G O -  767 42 8 
10 50 35- 390 158 
10 65 34- 213 85 
9 52 30- 120 59 

Total 278 Grand nrg 277 

" On wet or fresh weight basis. 
Standard deviation. 

'Commercially known as dry Cottage clieese. 
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TABLE 2 

Vitamin Be content of a variety of cheeses 

Vitamin BO content 

Std.b 
Ranae Mean " dev. 

Cheese 
variety 

Average 
solids 

Highly proteolytic 
Camembert 
Blue 
Liederkranz 
Roqnef ort 
Limburger 
Beer Kaese 
Port Salut 

Very hard 
Parmesan 
Edam 

Hard 
Swiss 
Cheddar 
Provolone 
Gruyhre 
Gouda 

Semihard 
Husker 
Muenster 
Brick 
Mozzarella 

Soft 
Cottage-plain ' 
Cottage-creamed 
Cream 

Grand avg 94 Total 

" On wet or fresh weight basis. 
Standard deviation. 

'Commercially known as dry Cottage cheese. 

4.5 with sodium hydroxide, and filtered. The 
filtrate was subjected to the vitamin assay, using 
Sacrharom?lces car7sbergelzsis ATCC 9080 as 
the test organism. 

Pantothrnic  acid. A weighed sample of cheese 
(0.5 to 1.0 g )  was mixed with 50 in1 of water, 
adjusted to p I I  6.8-7.0, and autoclaved a t  1 5  
psi for 15 min. After cooling, the bound vita- 
min in the sample was released by incubating 
it 24 h r  either with mglase P or  the double en- 
zyme system (alkaline phosphatase and pigeon 
liver extract). After incubation, the mixture 
was filtercd ilnd made to volume, and panto- 
thenie acid was determined, using L. plalztarum 
(formerly 1,. arabiltos?is 17-5) as the assay 
organism. 

Biotil?. A 20- to 30-g sample of cheese was 
blended with 60 ml of distilled water, and 10 
n11 of the blend \\?as mixed with 25 ml of 2.0 N 

sulfuric acid and autoclaved 1 h r  a t  1 5  psi. 
The autorlaved sample was diluted to 100 ml 
and extracted twice with ethyl ether. Follow- 
ing the extraction, a. 10-ml aliquot of the sample 
was diluted to about 80 ml with distilled water 
in a 100-ml volumetric flask, its pH adjusted 
to 6.8, made u p  to volume with water, and used 
fo r  the vitamin assay. The assay organism 
used was L. nmbiwosus ATCC 8014. 

Folic acid. One-half gram of the cheese 
sa~nple  was mixed with 5.0 ml of 0.2 M phos- 
phate buffer, p H  7.0, and heated 5 min a t  
100 C. The sample was cooled, mixed with 
20 mg acetone-extracted chicken pancreas, and 
incubated a t  37 C 24 hr. Following the incu- 
bation, the sample was placed in a boiling 
water-bath for  5 min, cooled, extracted with 
ethyl ether, and filtered. The vitamin content 
was determined in the filtrate, using Strep to-  



836 K. 31. SAAHAYT, I. L. HATHAWAY. A S D  P. L. KELLY 

rorrrcs ftr~cctlis LiTCC 8043 as the assay organ- 
i s t ~ ~ .  

RESULTS 

Niaci11 c o ) ~ t ~ t ~ t  of several Z ' I I P ~ C ~ ~ P P  of C ~ F P ~ P .  

A total of 378 satnples of 23 ch(.ese varieties 
were assayed fo r  niacin, and thc results are 
presented (Table 1). The :lveragc2 niacin eon- 
tent for  :ill the chre5e samples was 277 pg p r r  
100 g. There were wide variations in the vita- 
111111 contrnt of different san~ples of cheese of 
the same variety, as well as  of different vari- 
eties and groups. The protcbolytic rheeses ro~ l -  
tained thc. highest concentration, with very hard, 
soft-unripened, hard, and sc~tni11:lrd being n r s t  
in decreasing order. Thca standard deviations 
of the vit:itnin content of the differcwt vericbties 
of chrese varied widely, ranging 1'1.om 13 for  
Ehlatn to 577 for Blue rheest.. 

When the data were rc.calculatcbd on the d ty  
o r  ~noisture-free solids basis, rsscntially the 
sanle relationship was ohserved hctwec.n the 
niac.in content and types of chc.c.st,. 

I'!lrirlo.ri+w (R,;)  co,rtr~lt of (slb~~.v~,. total 

of 478 santples of 21 varieties of c4leese were 
aswyed for  B,,, and the results art1 presented 
(Table 2 ) .  The grand average of the vitan~in 
B,, content of all the cheeses assayed was 94 
pg per 100 g. I n  getteral, the vitanlin concen- 
tration was of a decreasing ordrr in the pro- 
tcolytic, vc1ry hard, hard, setnihard, and soft- 
unripened groups. . - 

i\s o1)selvc~d for  niacin, there were wide varia- 
tions in tltc. vitatnin R, content of different 
s:~t~ll)les of the sarne varitsty of cheese. How- 
cSvrr, the differrnrc.~ in the B, contettt of sev- 
c.t,al groups of ch(.c.se wen! not as  wide as  in 
ttiac+in. Thr st:tntl:~rd drviations of all the 
varieties ranged hrtwecti 11 and 190. 

When tht. data were. c2;tlculated on a dry  
solids b:~sis, it bec.an~e ?vident, however, that 
the soft-unripenrd group was the highest in 
thr c~onct~titration of B,,, with the proteolytic 
group bring very c~losr to it. The hard, semi- 
I1:1rd, ant1 rcyv Ilard wrrv the next, it1 decreas- 
ing order. 

P(c~~toikr~r i r  trcitl cao91tc,trt of (~IIPI,.SC. i\s ~ P C -  

TABLE 3 
Ps~t to the~~ic  acid content of :I variety of clrc.esrh 

-- 

Pnntot l~r~~ie  aciil rotrtent 

Higlrly protcolytic 
Blue 
Liedcrkmnz 
Roquefort 
Camelnbcrt 
Lim1)nrger 
Beer Kaese 

Very Ilard 
Edam 
Hart1 
Gruyilre 
Provolone 
Swiss 
Gouda 
Clred(l:tr 

Somihard 
Brick 
Husker 

xo. of  
s:~nil)lcs 

Soft 
Crcam 33 52 !I.?- 645 
Cottage-creamcd 22 25 7!)- 416 
Cottage-plain ' X 2 ti 21- Y i 3  

-\\-g 

Total 244 G r:11111 :I vg 
- -  - - - - 

" On ~vc t  or fresh wrigl~t 1)asis. 
"Standard deviation. 
' Comn~ercially kno1~11 as dry Cottage cl~tlesr. 
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TABLE 4 

Bioti~l coiltent of a variety of cheeses 

Biotin coutent 

Chcese 
variety 

3'0. of Average Std." 
samples solids Range Mra n " (lev. 

Highly proteolytic 
Camembert 
Limburger 
Beer Kaesc 
Liederkranz 
Blue 
Roquefort 
Port Salut 

Very hard 
Parmesan 
Edam 
Romano 

Hard 
Provolone 
Cheddar 
Gouda 
Swiss 
Gruyere 

Sctnihard 
Mozzarella 
Brick 
Moenster 
Husker 

Soft 
Cott,age-plain " 
Cottage-creamed 
Neufchatcl 
Crea~n 

Avg 

Avg 1.50 

Total 406 Grand :~vg  1.7:) 

" On 1v1.t or fresh ~rcight 1)asis. 
Standard deviation. 

'Commereially knolvn as (lry Cottage cheese. 

sc~nted in Table 3, the pantothenic* acid content 
in 244 sa~ l~p le s  of 17 varietirs ranged brtween 
144 and 2,046 pg per 100 g for plain Cottage 
and Blnch c.heesc>, respectively. Thr grand aver- 
age of all the sit~nples was 691 pg of panto- 
tlienic t~cid per 100 g of cltc.ese. Here again, 
there werr wide variations in the pantothenin 
acid c.ontrnt of individual satnples of the same 
variety, as  \re11 as ill different varieties of 
cl~eesc.. The v i t a t~~ in  eontent was highest in 
t l ~ c  proteolytic group and the lo\\.est ill the 
soft group. Howevcr, on the dry solids basis, 
the vitamin content of the soft-unripc,t~ed group 
of chc.cssr was higher than thiit of the hard 
groups. 

Biotitt eoitt~itt of d i f e r ~ t ~ t  C~PPS('S. As pre- 
sented (Tablt! 4) ,  the biotin contrnt of 406 

sa l~~p le s  of 23 varic.ties of checsta r a ~ ~ g r d  fro111 
0.84 pg per 100 g for  Gruyi.rc? to 5.70 for 
C a n ~ e ~ l ~ h r r t  rhrese. The grand average biotin 
eontent of all the saniplrs was 1.79 pg per 100 
g of chec.se. The proteolytic ehrc.ses as a group 
werr the I~ighrst in I~iotin contrnt, and soft, 
very hard, se~nihard, and hard were next, in 
that ordc~r. However, ~vheti tlic' r i t a ~ ~ ~ i n  con- 
tent \\-as c~i~lcul;ited on a dry solids hasis, the 
soft-u11ripc.nc.d group was found to he the high- 
est, with the proteolytic group being next to it. 
The seniih;~rd, Ilard, and very hard were tht. 
next, in d(.rreasing order. 

Folic nrirl coittr~lt of CI~PCSP. il total of 716 
san~plrs  of 23 viwieties of eheese were :issayed 
and the da t ;~  are presented (Tal~le 5).  The folic 
acid c.ontet~t ranged between 6.4 aud 130.6 pg 
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per 100 g for  S~r i s s  and Liederkranz, respec- 
tively, :~ud  the grand average for all cheeses 
was 22.3 pg per 100 g. The proteolytic group 
as a whole was the nlost potent source of the 
vitamin, and the hard cheese group was the 
lowest. Essentially the same relationship was 
observed when the vitamin content was ealcu- 
lated on a moisture-free basis. 

Vitnni in  content of pvocrssed cheese, sprrctn'n, 
and sl>ecin7 r71eesr.q. Recently, new varieties of 
processed cheese, cheese spreads, and special 
cheeses havr appeared on the market, and in- 
formation concerning the vitarnin content of 
such cheese varieties is not available. Therefore, 
several processed checses and cheese spreads 
were assaged for the various B vitamins, and 
the results nre tabulated (Table 6).  Also, al- 

though not presented in the tahle, ten sample1 
of Velveeta and 31 samples of Kaulrauna Klul 
were assayed for pantothenic acid, and the3 
contt~ined 786 and 985 pg of pantothenic acic 
per 100 g, respectively. In  gener:~l, the water 
\oluhle vitamins content in these types of proc 
rssed cheese and spreads was cornparable t c  
that observed in natural hard cheeses. Thir 
may be hecausc mostly natural cheeses are usec 
in the n~nnufacture of processed cheese and 
since most of these vitamins are heat stable 
no great loss occurs during processing. Also 
while there were some variations in the indi 
vidual vitamin contents of different types oi 
cheese, there was little variation between dif 
frrent sa~nplec of the sanic type of cheese. Thir 
\hould he expected, since the methods for thc 

TABLE 5 

Folie acid content of a raricty of cheeses 

Folie acid conte~lt 

Cheese 
variety 

So. of Arerage Stcl? 
samples solicls Range Mean " dev. 

Highly proteolytie !%) 0 0  ) (ag/100 g )  (P ( / )  

Liederkranz 21 36 i5-948 120.6 49.5 
Camembert 
Limburger 
Roquefort 
Blue 
Beer Kaese 
Port Salut 

Very hard 
Edam 
Parmesan 
Romano 

Hard 
Gouda 
Gruyere 
Provolone 
Cheddar 
swiss 

Semihard 
Brick 
Muenster 
Husker 
Mozzarella 

Soft 
Cottage-plain 
Cottage-creamed 
Cream 
Neufehatel 

Total Grand arg 

" On wet or fresh weight basis. 
Standard deviation. 
Commereinlly known as dry Cottage cheese. 
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m o d l + m  t - m  
H r l d r l H  m r l  

~nanufacturc of these types of cheese are highly I standardized. 
I n  gmer:il, the hot processed cheese varieties 

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

DISCUSSION 

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

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

The proteolytic types contained the highest 
concentrations of the vitamins. Perhaps the 
microorganisms present in these types synthe- 
size vitamins during curing, as was observed 
by others (3, 19, 20). Pilot studies were carried 
out in this laboratory to determine the rate of 
synthesis of vitamin Be during the curing of 
certain types of cheese. Using the same lot of 
~nilk, Coulommier, Romadur, and Camembert 
cheeses were made and cured at  55 to 60 F. At 
the end of 5 days' curing period, Coulommier, 
Rornadur, and Camembert contained 57.2, 55.0, 
and 65.7 pg of B, per 100 g of cheese, respec- 
tively. At the end of 64 days' curing, the vita- 
rnin content of cheeses increased to 131.6, 123.0, 
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a n d  215.0 p g  per  100 g, respectively, indicating 
tha t  during curing the  organisnrs synthesize 
vitalnin B,. The organisnis in  Cariie~nbert cheese 
were able to  synthesize the vi tan~it i  IIIOP(~ ra1)- 
idly than the organisms of the two other 
varieties. 

E s e e p t  for  the biotin and  folic acid contet~t ,  
the, very hard  o r  hard  varieties of cheese were 
the next highest in  v i t a n ~ i n  content, followed 
by t h r  sernihard o r  soft-unripened types. The 
low folic acid rontent of the hard cheeses nliglit 
rtwult fro111 the high processing temperature 
uhrd in thcir  manufarture,  since folic acid is 
rllorcb hc.at-l:~hilc~ than B v i tan~ins  i n  general 
( I ) ,  part irularly in a n  arid 111ediu111. 

S k i  Queen rheest. variety was very high in  
niacin, hiotin, i l t~d folir arid. I t  is  made f r o ~ n  
cow's o r  goat's niill; whc>y and  rontaius more 
than 87% solids. >\lso, Velveeta rherse, in  the 
nlanufacture of whirl1 whry solids a re  included, 
was relatively high in the R vitan~ins.  The high 
concentration of the v i t a ~ i ~ i n s  prt.sent in  these 
cheeses inight be because the whey solids con- 
tain a iliajor p a r t  of the water-soluhlc. vitil~nitls 
present in  the  original ~nillc. These ohsc~rvations 
a r e  in hai-niony with the results of Sullivan 
e t  al. (20) .  

Since niost of the cheese sitn1ple5 as\ayc~d 
were purchased froni  the ~ n a r k e t ,  no in for~na-  
tion was available regarding the vitainin con- 
tchnt of the milk used i n  their  ~nanufacture.  
Therefore, the values f o r  the R vita~ii ins eon- 
t t ~ t  of 111ilk a s  reported in the literature were 
ta.1ic.n to calculate theoretically the retention of 
the. v i t i ~ ~ n i n s  in rheese f rom tiiilk. The litera- 
turch rc>c.ords average values for  the niacin, B,;, 
p:intothcmia acid, biotin, a n d  folic acid content 
of ]rrill< as 910, 700, 3,100, 4.7, and  60 p g  per  
100 g, r(~sp<v~tivc.ly (1, 9, 11, 13, 17, 1 8 ) .  On 
the hasis of the' avrragtx values f o r  these vita- 
n ~ i n s  found in tli(. c*llc~c~se samples, i t  was ob- 
served that  the. chc,esrs contained 9 to 55% of 
the vittlinin c o ~ ~ t c ~ ~ t  of 11iilli. 

The significance of 13 vitaniins ill nutrition 
is well established. Whilr  t h ~ y  lii~vc hen1 showu 
to  be essential in the ~ n t ~ t a b o l i s n ~  of cinbohy- 
drates, proteins, and  f a t s  in the. ~ U I I ~ ~ L I I  diet, 
the daily requiren~ents f o r  an adult  have bt.rn 
established f o r  only a few of thcl B vitan~ins.  
n a y  and  Darby  ( 6 )  have reported that  a 4-02 
portion of An~er ican  cheese woulti provide ag-  
pros i~na te ly  one-third of the daily require~nent  
of riboflavin. The present da ta  reveal tha t  
clic.(~se is fair ly rich in tilost of the R vitamins. 

'I'l~cs :~uthors tlia~tk Mivs C1:n.a Zoz for teclt~lieal 

assistiu~ce, :lnd Dr. Mogens Plum for Iielp with 
the statistical analysis of the data. 
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ABSESCE OF FATTY ACID SPECIFICITY DURING LIPOLYSIS OF 
SOME SYNTHETIC TRIGLYCERIDES BY R-ESTERASE 

PREPARATIONS FROM ~ ~ I I J K  

R. G. JESSER', J .  SAMPUGKA, AND R. M. PARRY, JR. 
Depnrtmc~nt of Anin1:il J~~(lustries, Unirc~rsitr of Co~n~ecticut, Storrs 

AND 

T. L. FORSTER 
Departnirnt of D n i r ~  Seic,nee, \Vasl~ington State University, Pullman 

The specifici@ of B-estc,rase preparations from bovine milk for short-chain 
fatty acids was studied by using as  substrates glyceryl 1-oleate 2,3-dicaproate 
(OCC) and glyceryl I-palmitate 2,3-dibntyratr (PBB).  These triglycerides 
were emulsific~d into sliirnmilk, inrubated with the B-esterasr preparations for  
varying lengths of time a t  38 C, and the products of lipolysi.; isolated by 
rolumn and thin-layer chromatography. The fatty acid compositions of the 
isolated free fatty acids and mono- and diglycerides were determined by gas- 
liquid chromatography. Absence of specificity for  short-chain acids was indi- 
cated by the release of equimolar quantities of caproate and oleate or butyrate 
and palrnitate during lipolysis periods of u p  to 1 hr. When PBB was incubated 
a t  4 C for  24 hr, there was apparent specificity for  butyrate which was probably 
caused by the comparatively rapid lipolysis of dibutyrin in contrast to glyceryl 
1-palmitate 2-butyrate a t  the diglyrrridc stage. 

One of the vrxing prohlerns faced by investi- 
gators studying lipases has been the apparent 
specificity for  short-chain acids shown by some 
of these enzynles (19). Fo r  exalnple, when 
trihutyrin was compared to tripallnitin and 
to milk f a t  as substrates, the relatively rapid 
rates of hydrolysis ohtainrd with tributyrin 
lrnt superficial support to the helief that milk 
and other lipases showed specificity for  short- 
chain acids (7, 19).  Because of the extreme 
difficulty in preparation of comparable emul- 
sions with two triglycerides differing widely 
in molecular weight, melting point, and solu- 
hility, thc validity of these comparisons may 
be questionahle. There have been very few 
reports describing the use of known triglyc- 
rrides with long- and short-chain acids on the 
s:lme molecule as  su1)strates for  lipases. En- 
tressangles et  al. (8) found that purified pan- 
creatic lipase preferentially released 4:O from 
the diglgceride, glyceryl 1-palmitate-3-bubrate. 
Similar investigations of mill; lipase have not 
hec~n rrported. Harper (12) analyzed the 

Rrceivc~d for p~~blication Mag 5, 1962. 
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short-chain acids lihrrated from milk f a t  by 
milk and other lipases and found that sub- 
\tantial a~nounts of 4:O were released. How- 
civrr. recent studies employing pancreatic li- 
past, (20) and milk lipase (16) have suggested 
that most of the 4:O in milk f a t  is esterified 
a t  the primary ester positions of the triglycer- 
ides. Both pancreatic and milk lipases are 
known to preferentially hydrolyze the primary 
ester linkages of triglycerides (8, 10, 16, 17, 
23). Does this positional specificity extend to 
mixed triglycerides containing short-chain 
acids? I f  it does, then the apparent specificity 
of milk lipase for  4:O and other short-chain 
acids may he explained by positional specificity. 
I f  not, then short-chain fatty acid specificity 
nlay exist. 

The difficulties involving determinations of 
fatty acid specifications mentioned above can 
hr eliminated if both fatty acids are esterified 
a t  the prinlary positions of the same triglyc- 
(bride as in glyceryl 1-palmitate 2,3-dibutyrate. 
ltTe have prepared two mixed triglycerides and 
lipolyzed the111 with B-esterase preparations 
from milk. B-esterase preparations have many 
similarities to milk lipases (17). The employ- 
ment of B-esterase preparations in lipolysis 
\tudic,s aids reproducibility and permits attain- 
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lnent of short reaction times. This paper de- 
scribes the results obtained from lipolyses of 
synthetic mixed triglycerides with milk B-ester- 
ase preparations in a study of fatty acid spe- 
cificities. 

EXPERI>fENTAL PROCEDURES 

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

Synthetic trigl?jcericles. ( a )  The monoglycer- 
ides were made from isopropylidene glycerola 
(distilled through a 28 plate spinning band 
column) and palmitoyl (Matheson, Coleman, 
and Bell) (2)  o r  oleoyl chloride (6).  Oleic 
acid was halogenated with oxalyl chloride to 
provide oleoyl chloride (3). Some of the mono- 
glycerides were obtained by washing and re- 
crystallizing commercial 1-monopalmitin and 
1-monoolein' of high purity. The l-mono- 
palmitin was clystallized from petroleum ether 
(30-60 C) a t  room ten~peraturc and l-mono- 
olein from nlixtures of petroleum ether (30- 
60 C)  and ethyl ether a t  -20 C. These materials 
and the synthetic   no no glycerides contained a t  
least 98% 1-monoglyceride when tested by 
periodate oxidation (15) and were free from 
di- and triglycerides when checked with thin- 
layer rhronlatography (TLC) (18, 25). The 
purified 1-monopalmitin contained in excess 
of 97% 16:0, whereas the 1-monoolein eon- 
tained a t  least 92% 18:l .  

( b )  Glyceryl-1-palmitate-2,3-dibutyrate (PBB) 
and glyceryl-1-oleate-2,3-dicaproate (OCC) 
were prepared hy direct acylation with butyryl 
or caproyl rhloride of the appropriate 1-mono- 
glyeeridc (36). The triglycerides were purified 
by passage through neutral alumina (activity 
gl-atle 1) in petroleum ether (30-60 C)  (21) 
and crystallization from acetone a t  -40 C for  
PBB, and -96 C for OCC. These purificn- 
tions were repeated until the triglycerides were 
free from mono- and diglycerides when ex- 
aluined 11y TLC. Gas-liquid chromatography 
(11) and, in the case of PBB, column chroma- 
tography (1)  were used to determine the fatty 

' Aldrieh Chemical Co., 2369 N. 29th Street, 
31il1~raukce 10, Wisconsin. 

Distillation Products Industries, Rochester, 
New Pork. 

acid compositions of the triglycerides. OCC 
and PRB contained the appropriate fatty acids 
in the correct quantities when analyzed. 

Lipolyses. The substrates were emulsified 
into pasteurized sltimmilk with a Waring 
Blendor in the amount of 200 mg per 10 ml. 
Sixty nlilligriln~s of B-esterase preparation was 
added for  each 10 ml of skimmillr and mixed 
in, also with a Waring Blendor. The enzyme 
in the control was inactivated by boiling. The 
lnixtures for each trial, consisting of 1.5, 30-, 
and 60-rnin periods of lipolysis and a control, 
were prepared in one batch. The mixtures were 
distributed in the amount of 10 ml each into 
digestion flasks and incubated with shaking in a 
38 C water bath for  the specified times, except 
for a 24-hr sample (with PBB) which was 
placed in a refrigerator a t  4 C for  24 hr. Tim- 
ing started when the B-esterase preparations 
were added to the emulsions. All three batches 
of B-esterase were used with OCC and Prepara- 
tions 1 and 2 with PBB. The controls were de- 
void of FFA,  MG, and DG. 

Recovery and analysis of the products of 
1ipolysi.s. -Lt the termination of the lipolysis 
periods, the samples were acidified and ex- 
tracted by the silica-gel method with 200 ml 
ethyl ether (13). Prelimiua~y trials comparing 
ethyl ether and ethyl ether: ethyl alcohol 
(90 :10) as extractants indicated that ethyl 
ether satisfactorily extracted all of the prod- 
ucts of lipolysis. The ~naterial extracted in 
the ethrr was then separated into neutral lipids 
and free fatty acids ( F F A ) ,  ac: described by 
McCarthy and Duthie (22),  by passing the 
ether from the silica-gel extractions directly 
through an allialine silicie acid column. The 
neutral lipids were separated into mono- ( J I G ) ,  
di- (DG), and triglycerides (TG) by TLC 
(18, 25). The neutral lipids were dissolved in a 
minimal amount of ether and applied in a con- 
tinuous band to the base of one or more thin- 
layer plates. The plates were developed with sol- 
vent sgstelns of ethyl ether: petroleum ether 
(30-60 C)  (1 :I) .  The separated glycerides were 
made visible with a brom thymol blue spray 
(14), scraped off, and extracted with ethyl 
ether. A photograph of a developed and 
sprayed plate is shown in Figure 1. Prelim- 
inary identifications were obtained by eompari- 
sons of known conlpounds with unknowns on 
thin-layer plates, infrared spectrophotomet~y, 
and periodate oxidation for the monoglyceride 
(15, 18).  After preliminary identifications 
were rstahlished by these methods, further 
identifications were made by position on the 
tllill-layer plattls. 



FIG, I .  ' l ' l ~ i ~ ~ - l : ~ > ( ~ r  p1:ite iIl~istr:iti~~g a?j>:iratioli 
of I I I ~ I I O -  (11ottu111 II:III(~), cli- ( l n i ~ l ~ l l ~ ~  I I ~ I I ~ ) ,  :lnd 
triglgcaeritles (top 1)a11d). Plate develol)e(l with 
ethyl ether-petroleun~ ether (30-(iOC) (1 : 1) and 
sprayed wit11 ;lqueorls I)rom tl~ytnol blue. 

Thr F F A  werch e1utc.d fro111 the separation 
colunln tnto an c.vaporation flask containing 
"2 1111 of the isopropanol-KOH ( I )  and a Inag- 
netic sptttner, which provided thorough nlixi~ig 
for c*onvrrsion of tht. F F A  to K salts. The 
solvrnts wert2 re~l~oved ~ I I  a flash evaporator 
and the I< salts transfenc~d to a 100-1111 pear- 
shaped flask with methanol. The ~l~etllanol was 
ren~oved hg cvaporatioti and the K salts of 
the FF.\'s were acidificld, converted to hutyl 
c.stt.rs, t~nd  itientified by GLC e l ~ ~ p l o y ~ n g  tern- 
peri~turcs progra~ning (11). UThen the intact, 
purr triglycrrides \vercB converted to hutyl 
estrrs, the correction f:lctor\ allomi~ig for  in- 
ro~~~p l r t c .  recovery of 4:0 ant1 6:0 dev(~lopc.d 111 

our earlier study on nlilk fatty acids (11) were 
found to he xpplicahle. 

HESPLTS AND DISCT'SSION 

.\I1 of the fractions obtained fronl lipolysis 
of OCC contained fatty acids in ahout the 
proportions predicted by positional specificity 
for the pr in~ary  ester positions and lack of 
fatty acid specificity (Table 1 ) .  These rela- 
tionships are sho~rri in the equation below, in 
which the fatty acid colr~positions are, as n rg ,  : 
FFi \ ,  (i:O - .5O, 18 : l  - 50; DG, 6:O - 75, 
1X:l - 25; and NIG, 6:O - 100; 18 : l  - 0. 

1 X  :l 
R-estrrase 

0 : 0 +  
HOH 

6:O 
OC(: + 

1H:l 
CC 

6 : O  6 : O  
HOH 1 O H  0 1 1  

If  specificity for 6:O existed, then there 
would he Inore 6:O than 18: l  in the FFA,  the 
6:O content of the I)G would decreasr, and the 
co~~lposition of the MG would re~nain largely 
6 :0. Since the results in Table 1 were in close 
agreen~cant with the theoretical fatty acid corrl- 
positiot~s, H-esterase preparations did not rc- 
lease 6:O Itlore rapidly than 18:1, when both 
ntbre cksterified a t  the prinlayi positions of 
triglycac,rides. 

When PBB was lipolyzed with B-csterase 
prt.parations for periods of up to 60 min, the 
rt.sults indicated that 4:0 was not favored 
over 10:O (Table 2).  The theoretical rc4ation- 
ships for prin~ary-position specificity and lack 
of fatty-acid specificity are the sallle for PRB 
as for OCC', and are illustrated ahove. I n  ad- 
dition, with PRR ran a 24-hr lipolysis a t  
4 C to show ho\v the results fro111 long periods 
of incubation can he nlisintrrpreted as indi- 
cating specificity for 4:O. Tvh(hn these samples 
\vrre analyzed thrre was nlorr 4:0 ( M % )  than 
16 :0 in the FFA,  supc.rficially indicating speci- 
ticitg for 4:O. IT(* wished to dc~tern~ine whether 
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reaction constants K, or  K, (below) were equal 
o r  different. 

____) 1- 4:0 H O H  1- 4 :0 

- 4:O B-esterase 
____) 

4:O H O H  

However, a s  the diglycerides appear,  reac- 
tions (holow) represt~nted by rcaction (*onstants 
K, and K, b(~cotnc3 possible. 

- 4 :0 H O H  

O H  H O H  

Bec.ause of the differenct.~ in moleculwr size and 
solubility hetween these diglycerides K, would 
be expected to be greater than K,. That is to 
say, the dihutyrin would he expected to be 
lipolyzt~d more rapidly. The data will he biased 
if this occurs. Reactions repmsenttbd hy K ,  
and K, must br  kept a t  a n ~ i n i n ~ u m .  This can 
he done experitnentally only under those con- 
ditions where the original triglycaeridc concen- 
tration is large in proportion to the concentra- 
tions of the two diglycerides fortned. Such is  
the rase during short incubation periods. That  

such conditions (.an occur during long periods 
of incubation is borne out by the data in Table 
2, where.   no st of the diglyceride in  the 24-hr 
sample was accounted for  a s  glyceryl l-palmi- 
tate 2- (or  3 )  butyrate ( P B ) .  The dibutyrin 
was, therefore, lipolyzed more rapiclly than 
the P B  and the results were biased toward 
:~pp:~ren t  specificity for  4:O. Short  periods 
of incubation a r e  gc.nerally recotnmended for  
studies of specificity and fat ty acid distribution 
in triglyrerides, ht.cause lipoly5is of the di- and 
 non no glycerides leads to faulty interpretation 
of the results (4) .  The discussion above also 
illustrates the value of detertnining the c o w  
position of the partial glycerides in studies of 
fat ty acid spvcificity. The 24-hr results cannot 
h~ explained by randon1 lipolysis, because all 
of tho fractions would contain a s  M % :  4:0, 
67 and 1 6  :0, 33. Nor can they be explained by 
the effects of tetnperature on the substrate, 
since P B B  was liquid a t  4 C. 

With both OCC and PBB,  the nionoglycerides 
forn~ed  were largely ~nonoraproin and nlono- 
butyrin (Tables 1 and 2 ) .  Therefore, B-ester- 
ase preferentially attacked primary ester link- 
ages of triglycerides with short-chain acids on 
the 2-positions. The presence of the small 
quantities of ~nonopal~nit in and ~nonooleili in 
the  non no glycerides tnay possibly be explained 
hy isonrt.rization of 6 :O and 4:O to the l-posi- 
tion during the diglyceride stage and the re- 
lease of these acids, leaving 1-monoolein and 
1-monopalmitin. 

W e  were not overly concerned about losses 
of 4:O and 6:O during our inanipulations, be- 
cause the procedures used quantitatively re- 
cover these acids (13, 22) and the fa t ty  acid 
compositions of the mono- and diglycerides 
agreed closely with the theoretical values. 
Therefore, lack of recognition of short-chain 
specificity could not have heen due to losses of 

TABLE 1 

F a t t j  arid eon~position of the FFA anil mono- atld diglycerides formed during the lipolysis 
of glyceryl 1-oleate 2,3-dieaproate b j  milk B-csterase concc~ltrates" 

FFA Diglycerides lfonoglycerides 
Incubation 

time 6:0 18:1 6:O 18:l  6:0 18:1 

, ..- ,~, 
15 min 53.6" 47.4 78.3 21.7 97.9 2.1 
30 min 46.9 53.1 74.2 25.8 '13.5 6.5 
60 min 58.3' 41.8 71.3 28.7 Ni.5 3.5. 
Tlieoreticalc 50.0 50.0 75.0 25.0 100 .. . 

'Lipolysis conditions: 200 mg substrate, 60 mg B-esterase concentrate, and 10 ml of 
pasteurized skinimilk incubnted with shaking a t  38 C. 

'Averages of trials wit11 two different hatc.lies of B-ester:~se concentrate. The 30-mill 
figures are averages of trials wit11 three different 1~:ctches. 

'Assuming specificity for the primary ester lil~kagm, but not fatty acid specificity. 
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TABLE 2 

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

F F A  Diglycerides Monoglycerides 
Incubation 

time 4:O 16:O 4:O 16:O ' 4:O l6:O 

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

'Lipolysis conditions: 200 mg substrate, 60 mg B-esterase concentrate, and 10 ml 
skimmilk incubated with shaking a t  38 C except for 24-hr sample, which was stored a t  4 C. 

bAverages of trials with two different batches of B-esterase concentrate. 
'Assuming specificity for the primary ester linkages, but not fatty acid speeificity. 

4:O and 6:O o r  the compositions of the mono- 
and diglycerides would have differed fro111 the 
actual values. 

The conditions einployed in  our studies differ 
soinemhat from the conditions in  natural  milk. 
Our  ('millr" contained niore enzyme(s) and  less 
substrate than normally present in  milk. The 
slrirnmilk uscd a s  a dispersion ~nediutii fo r  thc 
substratr n7as pasteurized. It is not known if 
triglycerides of the type entployed :~bove a re  
present in the natural millr fat. The B-esterase 
prvparation used, while possessing many of the 
attributrs of milk lipases (18),  may not ac- 
tually be niilk lipase and nlay contain several 
linases. Nevertheless. we believe that fa t tv  acid 
sprciticity of lipases is best studied with rela- 
tively simple systems, and substrates of known 
structure. Although i t  is possihle to prepare 
even simpler systems by using buffers and  
soine suspending agent such a s  gun1 arabic, we 
preferred to use a system sotnewhat more si~ni-  
lar  to milk. I f  the fa t ty  acids being coinpared 
a re  placed on the 1 and 3 positions of the tri- 
glyceride moleculr, rate studies can be niade 
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EFFECT O F  ANTIOXIDANTS ON THE FLAVOR OF 
COLD STORAGE BUTTER 

A. M. EL-NEGOUMY AND E. G. HAMMOSD 
Department of Dairy and Food Industry 

Iowa State University of Science and Technology, Ames 

SUMMARY 

Fresh salted sweet cream butter containing 0.01% by weight of nordihy- 
droguaiaretic acid (NDGA), butylated hydroxytol~iene ( B H T ) ,  and B H T  + 
iso-propylcitrate ( IPC) ,  respectively, was stored a t  -18 and 38F .  The 
autoxidation of the butter was followed organoleptically and by the thiobar- 
biturie acid (TBA) test and peroxide value. Konc of the antioxidants retarded 
the development of oxidized flavors in butter kept a t  -18 and 38 F. BHT + 
I P C  acted a s  a pro-oxidant in butter kept a t  38 F. Oxidized flavor developn~ent 
was retarded by NDGA in butter stored fo r  several lnonths a t  -18 F and then 
transferred to 38 F, but the NDGA gave an  objectionable bitter flavor to the 
butter during storage. The TBA test and peroxide value were found to have 
little value for  predicting the flavor score under these storage conditions. 

Antioxidants are widely used in many foods a t  161 F for  30 nrin. One lot of butter eon- 
to prevent the autoxidation of fats, but their tained no additives and served as a control. 
mlue  in butter is uncertain. Some investi- Thr other tl1rc.e lots contained 0.01$; by weight 
gators report that antioxidants will retard the of butylatcd hydroxytoluene ( B H T ) ,  0.01% 
onset of autoxidative deterioration, whereas nordihydroguaiaretic acid (NDGA), and 0.01% 
othcars find them of little value and report that BrIT + 0.015; iiso-propylcitratcx ( IPC) .  re- 
tho antioxidants tnay eontrihutc~ new nndesir- spectively. The antioxidants were dissolved 
able flavors to butter (2, 5, 6, 9, 11-17). There or suspenclc.tl in the butter color and added 
has been some discussion recently of the de- aftcbr chn1.1iing with the salt. Uniforn~ disper- 
sirability of changing the st~andards of iden- sion of the butter color during worliing indi- 
tit.y of butter to pern~i t  the inclusion of anti- cated unifolnl dispersion of the antioxidant. 
oxidants and other additives (1 ) .  I n  other The butter was stored in It! boxes of 5 Ib 
firts the particular :~ntiosidant and its l c ~ e l  each. Sin(' of the boxes were stored a t  -1s F 
are quite important in deterl~~ining the opti- and the remainder a t  34 F. Every two months 
~ n u m  storage life under :L partieulilr set of one of the boxes ~ v a s  transferred from -1s F 
conditions (10).  The present. esperitnents were storage to 3S F storage. The butter w:ls judged 
designed to test a few antiosiclnnts under butter for  flavor every month by a panel of experi- 
storage conditions typical in the United States. enced judges :lnd xvas graded on a scale of 0 

to 10, as shown in Table 1. The butter was 
JIBTERIAIS A S D  JIETHODS also tested binionthly for  autosidation by the 

Four  lots of butter lyith 2.5% salt were thiobarbituric acid (TBA) test and peroxide 
p r e ~ c r e d  from one lot of fresh sweet cream value. 
ohtallled in &larch. The ereilni TV:IS pasteurized The TBA test, based on the lnethod of Dunk- 

ley and Jennings ( 3 ) ,  xvas conducted a s  fol- 
lo\vs: A 10.00-g sanlple of butter was weighed 

Received for pul~lication Deeenlber 1, I9G1. 

'Journal Paper KO. J-4,209 of  the Iowa Agri- TABLE 1 
colt.ural and Honli. Econolnics Experiment Sta- Definition of the flavor score tion, Ames, Iowa. Project 1128. A report of - - 
work done under contract wit11 the V. S. Depart- 0-KO oxidation G-Slightly nletallic 
nlellt of Agriculture and aut11orizc.d by the Re- 1-Flat 7-Metallic 
se:rrch and Marketing Art of l!~.$(i. T ] ~ ~  contract 2-Sliglltly oxidized 8 S t r o n g l y  metallic 
is being supervised by the Eastern TJtilization 3-0xidizcd 9-Oily 
Research and Development Division of the Ag- 4-Str011g1y oxidized 10-FislLy 
ricultur:rl Resenrcl~ Service. 5-Tallowy 
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in a glass-stoppered 15-1111 centrifuge tuhe. 
The tuhe was immersed in boiling water fo r  
1 min to melt the hutter and 1 rnl of 1 N HC1 
was added. The tuhe was shaken vigorously 
and centrifuged for  5 win. The f a t  layer was 
removed with a medicine dropper and discarded. 
Tests showed that no Inore of the materid 
which reacts with TRA could he extracted from 
the fat. The aqueous layer was washed with 
5 ml of petroleunl ether and centrifuged for  
5 min. The petroleum ether layer was drawn 
off with a medicine dropper and discarded. 
Next, 1.5 in1 of TBA reagent (0.025 M thio- 
harhituric acid in 1 M phosphoric acid) was 
mixed with the aqueous layer, three drops of 
11-hexyl alcohol were added as a foam depres- 
sant, and the tuhes were heated in a hoiling 
water bath for  1 5  min. The red color which 
developed was extracted with 4 1111 of a mixture 
of iso-amyl alcoho1:pyridine (2  :1, v:v). The 
tuhes were centrifuged for  5 ~ n i n  and the ah- 
sorbancy of the upper layer was determined 
a t  490, 535, and 580 mp with a Becklnan DU 
spectrophotometer. The absorbancg a t  535 
~ninus  the mean of the readings a t  490 and 
580 inp a-as taken a s  a nieasure of autoxida- 
tion. The determinations were done in dupli- 
cate and the absorbancies were usually found 
to agree within 0.01. 

The peroxide number was deterlnined accord- 
ing to Hills and Thiel (8) .  

RESULTS 

Figure 1 presents the average flavor scores 
for  butter stored a t  3 8 F .  The flavor scores 

of the sanlples with antioxidants are not much 
different from the control. The lot of hutter 
containing NDGA developed an  ohjectionahle 
bitter taste after a few months' storage. One 
of the judges could not detect the hitter taste. 
The flavor scores of the individual judges were 
analyzed statistirally hy Friedman's test (4) ,  
and the score5 for  the four lots of butter were 
inho~nogeneous a t  the 0.01 significance level. 
Whcn the scores for  the butter with RHT + 
I P C  were deleted, the scores for  the other lots 
of hutter were inhomogeneous only a t  the 0.1 
significance level. Thus, the hutter with BHT 
+ I P C  differed fro111 the other three lots con- 
siderably inore than they differed from each 
other. IIowever, the hutter with B H T  + I P C  
was in a more advanced stage of autoxidative 
deterioration than the other lots, and the B H T  
+ I P C  is evidently a pro-oxidant. 

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

CONTROL - 
N D G A  
B H T - 

I I I L 
5 10 I5 2 0  

MONTHS 
FIG. 1. Average flaror scores of butter storcll a t  3S F. 



CONTROL - 
N 0 I3 A 
B H T  
B H  T t I P C - - - - -  

0 5 10 I5 

MONTHS 

FIG. 2. -4~ersge  flavor scores of bntter stored a t  -18 1". 

CONTROL - 
N D G A  - . .- 
B H T  -.-.- 
B H T +  I P C ----- 

0 I 2 3 
MONTHS AT 38F 

FIG. 3. Average flavor scores of butter stored 
two months at -18 F, then trnnsferred to 38 F 
storage. 
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san~ples werr consitlrrnhly niorc objec:tionahlc 
than others. 

Figures 3 and 4 show the fl;~vor scores of 
butter stored fo r  t\vo and four nionths a t  
-IS I" and thc.11 transferred to  38 F fo r  three 
~nonths. The flavor score of these samples 
continnc~tl to  incrmse a t  about the sanlc rate 
$13 thosc~ kept a t  -18 F. As noted ahovc., this 
is son~ch\vl~at fastrr  than those stored a t  35 F. 
Sn.mp1t.s stored longer tlian four n ~ o n t l ~ s  at  
-18 F were generally judged tallowy ancl the 
score (lid not inc*rcbase during thrcae ~ n o n t l ~ s  of 
storage :rt 38 F. A statistical analysis of the 
hutter stored a t  -18 F fo r  various periods 
:ind then transferred to 38 F showc~l the scores 
\rcbre inhon~ogeneous a t  brtter than the 0.005 
signifirilnc~e level. TVhen t.11~ srorrs fo r  the 
1,nttt.r containing S D G A  were deleted, the 
sc.orcls fo r  t,he three other lots were still in- 
hontogeneons a t  t h r  0.025 significanr,~ 1evc.l. 
TYhcan the scores for  the butters ~\,ith KDGA 
and RHT + IPC urcre deleted, the scores for  
the control and B R T  butter were ho~nogeneous. 
I n  the tmnsferred hutter hot11 S D G A  and 
B H T  + IPC acted as antioxidants and im- 
proved the oxida.tivc stability significantly, but 
t,he effect of the NDGA was by f a r  the larger. 

Sotr~e TBA analyses of the butter stored a t  
-18 and 38 F are  shown in Figures 5 and 6, 
respectively. I n  both cases, the presrnce of 
NDGA gave a considerably lo\ver TBA ah- 
sorbancy. The butter containing B I l T  gave 
lower Tl%A tests a t  38 F. There was consider- 
able variation in the TBA f r o n ~  month to 
~nonth.  These large differences in TBA results 
s t m ~ d  in rontr:~st to the small differences in 

CONTROL 
N D G A  

6 B H T  't 

0- 0 I 2 3 

MONTHS AT 38 F 
FIG. 4. Average flavor score of butter stored 

four r n o ~ ~ t l ~ s  a t  -18 F, then transferred to 38 F 
storage. 

O'OOOb 2 4 6 8 10 12 14 I6 
MONTHS 

FIG. 5. TBA wines of butter stored at -18 F. 

I I I I I I 
1 2 3 4 5 6  

MONTHS 

FIG. 6. TBA values of butter stored at 38 F. 



852 A. M. EL.NEGOUMY A S D  E. G .  HAJIYOXD 

0 (10- ~ H T R O L  - 
N O G P .  --  
B ~ T  - - -  
B H T + I P C ------ 

0.H)- 

,Dolo- . 

, , ___--- 
" 0  ; ; A A I0 1; 1; Ib 

MONTHS 

FIG. 7. Peroxide values of butter stored a t  
-18 F. 

flavor scores fo r  the satlie hutter. Obviously, 
the TBA test is not a reliahle index of the 
organoleptic score under these conditions. 

Figures 7 and 8 show some peroxide values 
fo r  butter stored a t  -18 and 3 8 F ,  respec- 
tively. The peroxide values a t  38 F agree with 
the TBA results in showing less osidation for  
the lots of butter containing NDGA and BHT. 
But there are large variations in the peroxide 
values which do not correspond to sitnilar 
variations in TBA test. Like the TBA values, 
peroxide values do not reliably predict the 
organoleptic score. 

DISCUSSION 

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

I n  general, the results demonstrate no Ilene- 
fits from the use of antioxidants. Although 

SDGA gave a better flavor score in the sam- 
ples transferred fro111 -18 to 3 8 F ,  i t  also 
iiiiparted an objectionable bitter flavor to the 
butter. We  have not been able to rationalize 
the results obtained completely with any of the 
theories of the behavior of antioxidants. I t  i s  
hard to explain why NDGA was significantly 
effective in butter transferred from -18 to 
38 F, when i t  is not effective with butter kept 
a t  either temperature. 

The greater rate of osidation of butter a t  
-18 F than a t  38 F during the first six months 
of storage may be related to the pro-oxidant 
effect of the natural and added antioxidants 
as expounded by Heitnann and von Pezold ( 7 ) .  
They found that antioxidants might accelerate 
or retard autosidation, depending on the tem- 
perature and concentration. Lowering the tem- 
perature n7m found to increase pro-oxidant 
illore than antiosidant action. If  this were so, 
one would expect the butter with added anti- 
oxidants to I)c worse than the controls a t  -18 
F, which was not the case. Also, the butter 
transferred from -18 to 38 F continued to 
osidize more rapidly than that kept a t  38 F. 
I t  is also difficult to explain on the basis of 
this theory why B H T  + I P C  had a pro-oxi- 
dant effect a t  38 F hut not a t  -18 F. A more 
estensive knowledge of the cotnpounds respon- 
sible for  the organoleptic sensations and of 
the ~nechanisnl of their production will prob- 
ably be required to explain these results. 

' ' i t ; ; ; ; :  
MONTH8 

FIG. 5. Peroxide rnlr~es of butter stored a t  38 F. 
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RETIATIVE MILT< I 'RODUCTION V A L U E  O F  B A R L E Y ,  D R I E D  B E E T  

I'TTLP. M O L A S S E S  D R I E D  I < E E T  P U L P ,  A N D  C O N C E N T R A T E D  

S T E F F E K  1II"LTRATE D R I E D  BEET l'TTT,P 

MAGNAR RONNIXG .\m D. 1,. HATH 
Departnlrnt of Allinla1 Husbandry, University of C:llifornio, Davis 

SUMMARY 

Conrentrattd Strffrn filtrate ( C S F )  is a by-product of heet sugar n~anufac- 
ture which may be added to heet pulp. .\ study was conducted to c.omp;lre the 
feeding value of CSF drird beet pulp with plain and  nol lasses dried 11rc.t pulp. 
Each of the three ty1)t.s of hret pulp w:~s fully ('qua1 to barley in the replace- 
~ n m t  of approximately 357" of the energy of :I hasal r:ltion ronsi\ting of 70% 
alfalfa hay and 30% bar1t.y. 

Concentl-;~ted Strl'frn filtnlte (CSF) '  is a 
by-prodnet of the Stc~ffen process for  the dr-  
sugarizat,ion of beet ~ ~ ~ o l a s s t ~ s .  I t  is n conrc.11- 
tr :~trd solution rrm:~ining :~l'tcbr t11c rc~n~oval of 
suerose, and contains all of' the ot11c.r estr:lc.t- 
ahlo solitls of t l ~ r  sng:Ir I)cvt. 

This 111;1teria1 h ;~s  hem nsod for solnr t i~ne  
in a nlotlilled f'o1.111 ( C O I I ~ ( . I I S C ~  l)tvbt so111I)les 
p r d u c t )  as :I 1irrstoc.k ft.crl. \Vas l~ i~~g ton  
workers (1 )  S O I I I I ~  h t ~ t  pulp t*ontaini~lg :I 
con~hin:~tion of ('SF :~ntl I I I O ~ ~ I S ~ ( ~ S  to he tv~ual 
to convc~ntional ~nolasscs 1)ret pnlp :IS a. 1):11't of 
the cor~c,c~r~tratc. 111is for tnilliing c.o\vs. 

Sinct. c.onsiclt~r:~hle (:SF is protlnred in beet 
growing :Ireas, there ul:ls intthrrst in studying 
fur thc .~  its ~~u t~ . i t i on :~ l  ~ a l u r  for t11~ fc.rding 
of dairy cattlt!. Of p:~rticnlnr intrrrst W:IS the 
value of dricbd fleet 1)ulp w11ic.h contnir~c,d ap- 
prosi~nately 28% CSI" solitls. 111 ntl(lition, i t  
was desired to compar(. this ~n:~teri:ll wit11 plain 
and n~olassrs dried 1)rc.t pulp, and to rvalnate 
all thrre hrct pulp ~)rc.pal.:~tions with refer- 
ence to harley. 

The study was made in t\\.o feecling trials, 
each with eight first-lactation, gmdc I-Iolstein 
cows allottetl to four trcatn~c>nts :~rcording to 
the extra-pc>riod, Latin-square, ch:lnge-over de- 
sign proposed hy 1,ucas (8) .  The aninmls had 

Rceeiv(v1 for pi~blicatio~~ April 9, 1962. 

' Supportr,d ill part by Amalgamated Sugar 
Company, 0gdc11, Utah; IIolly Sugar Corporation, 
Colora(lo Springs, Coloraclo ; Spreekels Sugar Com- 
pany, Snn Fmnc~iseo, California; 1Jtal1-Ida110 Su- 
gar Conlpany, S:llt Lakc City, Utah. 

a I~~for~nat io l i  on CSF fllrnished by S. L. Stovall, 
Sprcckcls Sugnr Cornpa~ly. 

all ~.:~l\ . t~d within a pvriotl of 2.5 (lays :1nd \\*err 
startrtl on tri:~l a t  : I I ~  arertlgr of 62 days post- 
e:llring. TIII. trials \ V ( ~ I ~ ( .  of' 17.i tl:~ys' tluration 
with five 2X-tl:ly pc~riods. r;1(.11 1)l.rc~ctltvl by :I 

1)c~riotl of schrcbn (1:lys to allon. ~.o\\-s tn :~tl.just to 
~ . I I : I I I ~ ~ S  in I'c~t~rling r ( ~ g i n ~ ( ~ s .  

I'rior to t l ~ e  tri:~ls tht. vows rnt.rta all I1:111tlI(~tl 
:~lil;r ant1 I'c~tl ul l':11 l'n 11:1y f rc~r-t+l~oiet~, wit11 :L 

high levrl of g r o ~ ~ n t l  11~1.1t.y. A r:ltiolling 1)1:111 
\\.:IS est:~l)lisl~cd 1'01. each t8o\v 1'01% the rntirc! 
trial on thc, I~asis 01' nlill~ 1)rodut~tio11 preiiirted 
f'roni a, tcw-day indexing 1)eriotl i n ~ ~ ~ ~ c d i : ~ t t ~ l y  
~)rrreding the initi;~tion of' tlie tri:~ls. 

A l):~s:~l ration c.onsisting of 70% alfalf:~ h:ly 
i ~ n d  30% harlchy was f(8tl ; ~ t  1'1111 nnil : ~ t  re- 
strictod Ierc~ls of intali(,, \vliicli nrcountt~d fo r  
' I ' r en t~~~ru t s  1 and 2 in r;1e11 of the freding trials. 
'I'he f'1111-fetl I);Is:I~ r:~tion \\.:IS esti~nated to n~cet  
the ~~~ :~ in t rn :~ l~c . c>  :~nd l)rod11~tion reqnit~(~~nents 
of the cows :it~tl tht. rcast~.ic.tctl I):~s:ll wis  fed to 
furnish '75C': of thc. c.sti~~lated net entbrgy re- 
cluirc~~nrnts. \\-it11 this ])roportion of :~lfalfn 
hay in the r:~tion, 1)1,otc.i11 intnk(. was :~tlt,cluate, 
ercn a t  the rc.strictt.tl Icbvel of intake. 

Thc. four test ftht.tls \vrrc> ;rtl(lc~d ill tura to 
t11r rtistrirtrd basal ration in ail~ounts estimated 
to support It.vels of' produc.tior~ romp:~rahle to 
that on the full-frtl hasal ration. 111 Trial 11. 
1):lrlry and tlried hcct pulp ( R P )  ~ c . 1 . t ~  :~dded to 
tht. rc-strirtc.tl has:~l in ' I '~~c~:~tn~ents :1 and 1. 
~.c.sl)eetivcly; and in Trial R,  nol lasses drirtl 
1)ot.t pulp ( J IRP)  : ~ n d  c.oncentl.:~trd Steffr~l 
liltrate h c ~ t  pulp ( CSFI31') \\-ere invol~-ed. 

The :~tl(lit,ion of' the test Ewds to the restrictt.d 
I):~sal 1.c~snltcht1 in r:~tions which contained ap- 
1)1~oxi111:itc~ly 4.57; (.one~nt~.ates. 111 tnrli, the 
invre~nt,nts of tcbst feetls :~c~ountc~t l  for :~hont 
4.5% of the c.onec~ntratc> portion and ;thont 
20% I)y weight. of the tot:~l r a t i o ~ ~ s .  
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TABLE I 

Compositioli of dry matter of feeds 
- -. - 

Feed C.P. E.E. C,.F. NFE Ash 
- - 

(%) 
Alfalfa ha y 19.9 1.8 27.6 41.9 8.8 
Barley 11.2 1.7 6.1 77.8 3.2 
D.B.P. 7.9 0.4 22.9 65.2 3.6 
M.B.P. 10.3 0.2 17.4 66.1 6.0 
C.S.F.B.P. 14.7 0.4 17.7 54.4 12.8 
- -. - - 

Thc alfalfa hay wa5 a11 froin a singlr lot of 
one cutting from one field. The barley was all 
fro111 one large procurement and averaged 47 
Ih per buihel, but varied from 40.7 to 50.1 Ih 
among weights obtained a t  various times during 
the trial\. The dried beet pulp preparations 
werr all lrlnde from a single hate11 of wet pulp. 

TVeighed amounts of hny were hand-fed 
twicae daily after ~mlking In individual stan- 
chions, with 2 h r  bring allowed fo r  eating a t  
eac.11 time. The barley and the beet pulps were 
fed twicr daily in the milking ])am. A repre- 
irntatire sa~nple  of each feed was obtained at 
rnch frrding and colnposited f o r  ncekly dry  
~ n a t t e r  determinations and fo r  proximate analy- 
S ~ S  f o r  each perlod. The prosirnate analyses 
of thr  feedstuffs are listed in  Table 1. 

The nlilk produced was weighrd a t  each milk- 
ing and a representative s an~p lc  withdrawn and 
ro~nposlted for  weekly determination of milk 
f a t  hy the T3:1bcock procedure and of solids- 
not-fat by  thr  Golding head method. 

A 51nglr sn~npl(a was oh ta~nrd  a t  random frorn 
one day's production of each cow during each 
peno(1 for  t lotern~inat~on of heat of cornbustion 
of thr  nlilk solids. From these data the r r -  
gre\sion of energy value of milk solids on milk 
f a t  content was deternlined for  use in oalcu- 
Iatlng the rnrrgy production of the rows on 

thc basis of the werkl\- Illilk analyses. Results 
of this procedure wrre virtually identical with 
those ohtailled using the following prediction 
equation devised by Lofgreen and Otagaki 
(7 )  : Y = 4.516 + 0.321X, Y being the com- 
hustion value of milk solids expressed as kcal 
p r r  gram and X heing thr  milk f a t  per cent. 

The cows were weighed irnmedia.tely after 
nlilking, before being fed hay or allowed water, 
three days in succession each week during the 
rntire trial. The average daily liveweight change 
of each cow was calculated f o r  each period 
from the rrgression of weight on time. 

RESIJLTS AX11 DISCUSSION 

The pertinent data regarding feed intake, 
nlilk production, and livewelght changes in  
Trial., A and B are  summarized in Tables 2 
and 3, reipectivc,ly. 

The resl)onse to trc2:ltments in the two trials 
were crmrparahlc. I n  each rase daily milk pro- 
duct1011 ~ v a s  reduced by 5.0 lb when the basd  
r a t ~ o n  was restricted, but there were no sig- 
n~ficant dlffert~nces :Inlong the full-fed rat~ons.  
The per cent 1111lk f a t  was not affected, while 
solicls-not-fat were decreased significantly on 
tllr restrlcated basal rations, a s  would be ex- 
pcicted with the restricted energy intake. 

The loss of weight on restricted basal was 

TABLE 2 

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

Hestricte(1 Rest~ietecl 
Restricted Full I>;tsal + basal 

- - 
basal basal barley 4 E.P. ST 

---- 

Feed intake, dry matter (po?tnds/da?/) 
Alfalfa hay 15.8 20.6 15.8 15.8 
Barley 6.8 9.1 12.6 6.8 
Beet pulp 5.8 
'I'otal 22.6 29.7 98.4 28.4 
Increment 

Milk pro(1nction (poic~lrls/dn?i) 32.0" 
Butterfat (avg $1 3.50" 
Solids-not-fat (avq  %) 8.42 
Milk energy (nzcal/da?l) 9.8 
Liveweigl~t change (po~ inds /dny )  -0.34 

- - -  - -  

" " Vallles ~ i t ] ~  diffcrent slipcrseripts arc 
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TABLE 3 

Feed intakcs, amount and conlposition of milk produced and liveweight changes in Trinl B 

Restricted Restricted 
Restricted Full basal + basal + 

basal basal M.B.P. CSFBP sy 
Feed intake, dry matter (potrnds/day) 

Alfalfa hay 15.0 19.8 15.0 15.0 ........ 
Barley 6.5 8.6 6.5 6.5 . . . . . .  
Molasses beet pulp . . . .  ..... 5.3 ...... ........ 
C.S.F. beet pulp ..... ..... 5.3 ........ 
Total 21.5 28.4 2'6:s 26.8 ........ 
Increment ...... 6.9 5.3 5.3 ....... 

Milk production (pozinds/da!/) 29.9 " 34.9" 34.1" 33.7" 0.519 
Butterfat (avg 70) 3.42" 3.38" 3.29" 3.3gn 0.046 
Solids-not-fat (avg %) 8.47" 8.71' 8.62 ", I' 8.71 ' 0.069 
Milk energy (mcal /day)  9.1 10.7 10.3 10.4 
Liveweight change (povnds/day)  -0.78" -0.02" 0.49 " 0.30" oh38  

bValues with different supcrseripts are significantly different. 

con~parable in both trial$. Liveweight gains 
on the full-fed rations, although rather vari- 
able, were not significantly different from one 
another within trials, and averaged 0.28 and 
0.26 Ib per day in T r ids  A and R, respectively. 

I t  is quite clear fro111 these data that the 
barley and each of the three type? of beet pulp, 
when added to the restricted 1)asal ratton, were 
equally efficient in restoring nrilk production 
and livewcight gains. While incre~nents of 5.8 
and 5.3 Ib of dry matter, respectively, in Trials 
A and B rrstored 5.0 Ib of ~nilli, the energy 
content of the milk in Trial B was slightly 
lower. I n  Trial A the average differcnre in 
daily rnilk energy between the restricted basal 
and full-fed rations was 1.5 mcal, which is  
equivalent to 259 kcal per pound of barley 
and beet pulp increment. I n  Trial B the aver- 
age difference betwccn the restricted and full- 
fed rations was 1.4 mcal, o r  264 kcal per pound 
of MBP and C S F B P  increment, which is  
essentially of the same ~nilgnitude as that  ob- 
served in the first trial. 

These observations are i n  agreement with 
other work, both with lactating cows and fatten- 
ing  neat animals. Billings (2)  demonstrated 
that plain and  nol lasses beet pulps were of 
equal value in n~ i lk  production rations. Other 
worltcrs (3,  5) have shown that both types of 
beet pulp havc been comparable t o  grains i n  
Inilk production value when fed u p  to  60% 
of the concentrate nlixture. 

Holden (4) and Maynard and co-workers 
(9)  found no effect upon the perfornlance of 
fattening lambs when one-half of the corn was 
replaced with either plain or molasses dried 
beet pulp. Singleton et  d. (10) found molasses 
beet pulp to  be worth 97 to ll15Z0 of barley 

when fed a t  vilrious level> up to 30% of fatten- 
in:: rations fo r  cattle. 

Recently, Lofgrecn et  al. ( 6 )  reported that 
fo r  stccrs C S F  beet pulp had a lower net 
energy value than ~nolasscs beet pulp but, in 
this case, palatability problems were encoun- 
tered. I n  the present study with lactating cows 
and lower levels of feeding C S F  dried beet 
pulp, there mere no problems with palatability. 
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DIGESTI~JTTJITY O F  ALFATJE'A HAY ASI) REED CANARY OI2ASS HAY 
MEASTTRED BY TWO I'ROCEDTJRES ' 

J. C.  ARCHIBALD,' 1%. D. BA4RSES, 11. FESNER, A N D  B. GERSTEN 
Department of Animal and Dairy Scie~~ce 

Massnchllsetts Agricultural Experimnlt Station, An~hcrst 

SUMMARY 

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

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

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

There was no significant differences between individual cows in their ability 
to digest tho two hays. The only significant difference hetween breeds was in the 
digestion of fiber; average for  the ilyrshire co~vs was 'i6.0%, for  the T-Tolsteins 
70.2% (P < .05). 

Considerably greatcr digestihility of crude protein, S-free estr;irt, tbther cx- 
tract, energy, and lignin, and a lesser digestihility of crude fihrr with the dacron 
bag technique, led to the tentative conclusion that the conventional procedure 
of a total collection digestion trial is the more reliable method fo r  determining 
the digestibility of foragc.~. A significant inverse relationship between lignin 
content of hay and its digestihility, and a possible direct relationship between 
pentosan content and digestihility, suggcxst that more rapid evaluation of for- 
ages may possibly be achieved through research to simplify and shorten present 
methods for  detertniriation of these two constituents. 

A sc.c>ond study has heen completed 0x1 the 
evaluation of hays by two procedures described 
in detail in a recent publication (1). The oh- 
ject of the study has hern to investigate some 
of the differences In cfiornposition and digwti- 
bility hetween alfalfa and certain grasses when 
fed as hays to dairy cows. The previous study 
ronccrned alfalfa and tlnrothy hay. This year 
the comparison has been between alfalfa hay 
and reed canary grass hay (Phalaris nrundi- 
nacea) . 

EXPERIMENTAL PROCEDURE 

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

nltalfa and r (~ .d  ( ' R I I I L ~ ~  grass hays by a re- 
prt~ted i~vitrhl~aclc system for  four 5-wlc periods 
heginning Octohrr 16  and ending March 10. 
The last threr xveeks of each 5-wk period con- 
stituted the c1:ita collection period. The alfalfa 
hay was prcdonunantly third-cutting and was 
grown on the University farm, and the reed 
canary hay was mostly second-cutting, raised 
on heavily fertilized river bottom land on a 
farm 111 a neighhoring township on plots estab- 
h5l1c.d :inti supervised by the Agronomy De- 
pa r t inn~ t  of the experiment station. Hay  fed 
a t  t~ daily rate of 2% of the animal's body 
wright and a salt-dicalciu~n phosphate mixture 
cwnititutc~d the sole ration. 

('onvcntional digestion trials involving total 
it.c(+ collection were conducted during the last 

Received for publication May 19, 1962. 
'Grateful acknowletlgment is made of the ooop- 

Contribution No. 1325 of the Massachusetts rration of Professor M. L. Blaisdell, Farm Super- 
Agricultural Experiment Station. i~~tendent B. 1,. Hilton, Professor R. A. Southwick, 

2Retirrd, June 30, 1961; p rcse~~ t  address: West and Dr. W. G. Coll~y, who furnished the forage 
Chestcrficl(1, New Hampshisc. for these trials. 
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TABLE 1 
Avnagc. ro l~~posi t io~~ of 11:iys f ( ~ l  

- 

Crude S-Prr' Ether 
Kind of Dry pro- Clvtle cs- ex- ('c.1111- 1,ig- l'cnto- Gross 

hay matter tein fiber tr:tc.t tract As11 Sugar lost, I I ~ I I  sans energy 

( t l r c r l ~ r . ~  
(% ) [Jf'Y 

l / i ,  l b )  
Alfalfa 89.6 19.0 2 7  ! I 7  2.1 I .  1 .2 1 . 2  9.5 15.3 109.2 
Reed ennary 

grass 8!).2 21.3 .!>.I 37.2 2 10.1 1 .0  20.3 5.6 19.0 1!)X.7 

The differc~lcc ill lig11i11 c o ~ ~ t c ~ ~ t  is vvry I~igl~ly s i g ~ ~ i f i c a ~ ~ t :  P < .OIll. 
The differcl~ec in p r l ~ t o s : ~ ~ ~  co~rtcs~~t in sigl~ifiral~t a t  the 570 levcl. 

ten days of (tach 5-wk period. Inflntitble rubher 
catheters wcrc usc!il to separate urine and feces. 
Procedurc.~ ancl :u~alytic:~l ~nc~tl~ocls were iden- 
tical wit11 tl~osc. clc,sc.ril)ed :xnd listed in a n  
earlier r tyor t  (1 ) .  

During the first ten days of each collection 
pc3riocl i'our tl:rcro~i 1);lgs each containing 30 g 
of the. 11ay being f ~ t l  to each e o x ~  a t  the time 
were pl:tc~(.cI ill encfill cow's rmmen and re~noved 
after 4X hr. This procedure was de.;eril~ed 
~)rcvionsly (I ) . 

RESULTS .\ND DISCL-SSIOX 

A\vrr:~gr composition of the hays is given in 
T:~ble 1. The only significant differences were 
in the content of ligrlin and pentosans. TTrortlly 
of ~nentioli is the very high protein contc.nt of 
the canary grass, due presumably to liberal ap- 
plication of nitrogen fertilizer. The true pro- 
tein was deterniincd and found to be 15.8%, 
or '74.1% of the total. 

Values for  digestil~ility of nine different en- 
tities in the hays by both procc.tlures are  sum- 
nlarized in Table 2. 13y the conventional pro- 
cedure, the c.an;iq- gr;15\ hity w ;~s  inore di- 

gc~stihle than the ~ l f a l f ; ~  hity in iill entities 
except protein, nitrogen-free extmct, a.nd lig- 
nin (the lignin viilues arc, highly questionable). 
Results f r o ~ r ~  the runlen technique (dacron 
hags) show the sanre gencr;~l trend. The whole 
picture is vcry siniilar to thc results previously 
oht:tinrd with :~lI'alfi~ and tinlothy hays. There 
is tl~ch stume striking difference in digestibility 
of 1il)c.r ;~ntl  c.c.llnlose in f'i~vor of the grass hay, 
ncc~~np ;~n ied  1)y son~ewhat s~naller 1)ut still very 
signitic.;int c1ifTc~rc~nct~s in digc,stibility of energy 
ancl 1)c~ntos:111s. 

St:itistic.:~l ;tn;~lysis of the results shon,s that 
tl~cv-c. was no significant difference between 
hrc,c.ds for  :illy of the entities determined by 
tlrc, I . I I I I I ~ I I  digestion (daeron bag) techniquc~, 
:~nd  only one instance of significance in the 
rc.sults fro111 the conventional procedure. This 
was for fiber in canary grass, of which the Ayr- 
shire cows digested on the average 76.0%>, 
whereas the Holsteins digested 70.2%, a dif- 
ference significant a t  the 5% level. Since only 
two animals of each breed have hoe11 used, 
this statement is not qualiticd. 

Mention was 111ade in an cwrlier ~.c.l>ort (1) 

TABLE 2 

D~gc~stit)ility of :~lf;~lfa ant1 Hced canary grass hay by total collrc.t~o~~ a11c1 11:1vro11 bag tc'l1111q11e 
- . -  -- 

'rota1 fcecs collection proeeaure I ) : I ~ . I ~ I I  IJ:I)S t(v1111iq11e 

Canary ('n II:I V J  

Entity Alfalfa grass I l~fferc~~cc Alfalf:~ ~ I : I S S  Diflc.rc11ce 
-- - 

Dry matter 67.5 & I .  68.3 f 2.0 + 0.8 73.0 f 0.5 76.7 f 0.3 + 3.7*"* 
Crude protein i 7 . 7  e O.!) 9 f 1.2  - O.K !lO.R t 0.3 8!).5 f 0.7 - 1.1 
Crudc fiber 55.4 f 2.1 3 .  ? 1 .  - l 8 . l X * *  41.!1 t 1.8 6 7 . 6 f  1.2 +22.7*** 
N-free clxtract 74.9 & 1.5  64.7 f 2.S - 1 0 . 2  7 .  1 .  72.9 t 0.9 - 6.8*** 
Etllercxtraet 38.9 C 3.1 39.8 C l.X + 0.') 77.9 -C 3.8 81.9 f 3.0 + 4.0  
Ellcrgy 4 .  1 64.8 f 2 .  - 0.4 7 -C I .  75.3 f 1.0 + 4.5**" 
Cellulose 57.4 t 2.7 7 4 . 1 1 .  -1(i.ix** 51.4 & 1.1 67 .6  f 0.9 +16.2**' 

12.2 f 3.(i 6.3 2 4.1 - Lig11i11 I 30.5 f 3.4 33.5 2 5.1  - 3.0 
Pe~~tosans 4 . 5  f 2.1 71.0 f 1 - Ii..SX 61.6 t 1.3 66.7 f 1.0 + 5.1'** 

- - . . - - - 

* Significant-P < .05. 
" Highly sig~~ifica~~t-I' < .01. 
*** Very I~igl~ly sig~~ific:i~~t-P < ,1105 n11c1 ill some cases < .001 



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

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

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

There is a suggestion from some of our 
recent work (1959-1961) that pentosan content 
of hay may be related to dry matter digesti- 
bility. The correlation coefficient for  the 1959- 
1960 lots of hay was r = 0.86, (df 7, P < .01). 
Fo r  the two seasons combined (1959-1961) it 
was only r = 0.34, (df 15, P < .05). Research 
to simplify and shorten present methods for  
determination of lignin and pentosans should 
prove fruitful. 
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E F F E C T S  OF LEVEL O F  HERD ENVIROXMENT. I .  
RELATIONSHIP BETWEEN YIELD ,\h'D AGE ' 

C. G. HICKMAN 
Cann(la Departn~ent of Agriculture, Ott:tr\~:i, Ontario 

SUMMARY 

JIill; records in herds producing a t  high, nlediunt, and low levels were 
an:tlyzt~d for  biases in adjustments for  age a t  freshening. A highly significant 
relationship between age of cow and yield remained in the age-corrected records 
a t  all levels of environment. The bias appeared to he less niarlted in the high- 
~nvironlnent herds for milk production hut not for  f a t  production. However. 
this apparent change in the yield-age relationship with increasing herd environ- 
lnent was not statistically significant. A method for  predicting first-lactation 
from herd yield a t  older ages to minimize this bias and, a t  the same tinte, to 
proride a rnore efficient use of first-lactation records for  sire evaluation ill 
st11:111 herds is described. 

The usefulness of records fro111 all cows for 
sire evaluation depends in large par t  on the 
possihilitp of +enloving the intmherd effects of 
(1)  age and (2 )  selection on levcl of produc- 
tion. Many studies have been reported on 
age-cwrrection procedures (3, 6, 5-9, 12, 14),  
hut prohabl- the most important is that of 
Lush and Shrodc (8), which indicates that 
undw practical conditions, the relationship 
between yield and age c:tnnot he estimated 
without bias. Culling removes the lower pro- 
ducers a t  young ages, and production figures 
available for  estimating age effects are higher 
than they should be for  the older ani~nals. I f  
only repeated records are  used, the production 
a t  young ages is higher than i t  should be in 
relation to suhsequent production. Hickrnan 
and Hendckrson (6 )  found a negative correla- 
tion betw\.trcw the levcl of first-lactation produc- 
tion and increase fro111 first to second lactation, 
using rec.ortls adjusted for  age 1)y tlie maturc- 
equivalent rnethod. Srarle (13) ,  using actual 
records, l'onnd a positive corrc~lation fo r  the 
same v:lriahlcs. This reversal of results can be 
explainecl by the hiilses introdnccd with the 
proecBss of al~plying age-correction, because rcx- 
ords in high-proclueing herds arc: over-corrclcted 
arid those in low-producing herds are under- 
corrc.cted. This produces a rc4:itionship hetwcm 
yic.ltl and age for  correctc.tI records which is 
revc.rsc3 in sign to that for  uncorrected records. 
Th(sse relationships are indications of an  inter- 
action between level of h ~ r d  production and 
rel;~tionship hetween yield and agc. 
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Thc, dirision of data hy 1c.vc.l~ of herd pro- 
duc.tion introduec.~ statistie:~l proble~lls, if the 
data to he analyzed are used for  the establish- 
nlent of lcvcls. The objeetivc should he to sort 
the 11c.rds on sotne criterion referring to Inan- 
txgelnc~nt or feeding levels. Various such fac- 
tors mere studied l ~ y  Bayley and Heizclr (1, 2) .  
Of the 20 n~anilgenlent influences they studied, 
12 had no 1)rcdiction value for  1evc.l of herd 
production. Levt.1 of feeding was significantly 
correlated with herd yield, but the correlations 
were slnall for a11 influences co~~sidered. I t  is 
1;nown that the avc,rage genetic differences 
tltnong herds is stnall (11).  Apparently, tlie 
cause of difference in herd production is not 
easily identified and )nay he esplained largely 
hy herdtn:lnship 1vhic.h cannot 11r ~neasured 
objectively. 

Dit.isiot~ of JII,).CIS I B Z ' P I  of C I E I ~ ~ ~ O I ~ I ~ I I ~ I ~ ~ .  

Canatli:n~ Record of Perforlnance (R.O.P.) 
first-li~ctation agtk-corrected milk rrcords startc.d 
during 1958 lverca usc,tl to calculate averages of 
production fo r  all herds. Thc,sc. \\-ere ~nulti- 
plied by the invchrsc of the intriiherd v:lri;tnc.e, 
to stal)ilize the variance for diffc~rences in h c ~ d  
size. The adjustc,d herd avcXrages were ranlied 
in o ~ d e r  of ~nilgnitude and the rank order was 
recortled or1 tho herd sunltnary cards. These 
cards mere thew merged hy herd numher with 
all rcbcords rrportchd in the previous year (1955), 
and the rank order was transposed to these 
rcxcords, n~aliing possible division into equally 
sized groups of high, mcdiutn, and low c.nviron- 
nlental levels. Thus, the first-lactation records 
used to cst:~hlisli herd level were by cows that 
could not appear in the data to be analyzed 
and, therefore, the two sets of records are indcl- 
pendent, except for  whatever is conllnon in the 



TABLE 1 

Performance in three lcvels of environment 

High Medium Low Over-all 

Age-corrected milk production (B.C.A.) 104.0 100.0 96.0 101.2 
Age-corrected f a t  production (B.C.A.) 105.0 100.0 96.0 101.8 
Average age a t  freshening (10 days) 168.0 168.0 170.0 168.8 
Variance of milk production 409.5 392.5 404.6 414.6 
Variance of f a t  production 468.6 453.9 463.6 462.3 
Variance of age (100 days) 6,724.5 6,290.5 6,388.3 6,513.9 
Nnmber of rerords 9,195 6,300 4,572 20,063 

two periods of time that contributes to differ- 
ence in herd level of production. 

Bvc~ragc2s and variances of the data studied 
in ter111.c of age-corrected Breecl Class Average, 
1ndext.s (10) fo r  111i1k and Eat 1,roduction in 
the thr r r  rnvironnlrl~ts are  givt.11 in Tablt! I .  
This agr-correction procedurr c2spresses (*or- 
rerted rvcords as a, coefficient which ideally 
avexages 100. Thest. coc4icients a r r  o b t a i ~ ~ e d  
by dividing actual yic.lds by production s ta l~d-  
ards est:thlisl~cil nationally fo r  all i~gc~s  a t  calv- 
ing. I t  is ohvious fro111 Table 1 that the method 
applied \\-:IS successful ill bringing ahout three 
different protluction lcvc~ls, although the records 
analyzed wc2rc, not used to establish the. differ- 
enc.cbs. The lcvels of agca-corrected production 
in the directly sorted first-lactation milk records 

102.3, 95.6, and 90.9, o r  a ralige of 11.4 
units, in contrt~st  to a rangtx of 8.0 units i11 

the previous year's production in the same 
!It,!.(!. . 

T11c.1.c. is a. rt.grc.ssion towintls the population 
mean in herd level a t  1 yr, with s o r t i ~ ~ g  on 
herd level in a n  adjacent gear. As mould he 
expected, the differences among the levels in 
the data studied are not a s  large a s  was :lccotll- 
plished by directly sorting production from 

th t~  seune herds in the sucreeding yr:~r into 
groups of high, medium, and low level. They 
are considered to be a s  large as might occur 
a ~ i ~ o n g  progeny of hulls used ovchr several herds 
in artificial insc~nination ill~d, therefore, fo r  
practical purposes would relate to extreme 
hiasrs it1 bull tests. The varianees in Tablc 2 
sho~v :I, slightly smaller variability of produc- 
tion and :Igc for  thc: ~nediurn rnvironment than 
for thr  high and low groups. This may he ex- 
pclcted l)cbc.;~use, in dividing a nonnally dis- 
tributed v:triahle iuto rqual-nun~bc~red, high- 
~nediunt, and low groups, the medium group 
has thc s~~la l les t  rang(: of variation. However, 
overlappir~g orcurred anlong the high, n~edium, 
i ~ n d  low gro11l)s studied because they were not 
tli~.t.catlq sorted hut were, instead, grouped by 
1.;1111.;ing of pcarformance in a succeeding year of 
~wrfornlancc! in the same hcrds. Therefore, the 
tliffcxrences anlong the varia~ices would be less 
without such overlapping and the v:~riances 
arc. Inore realistic than whet1 no overlapping 
cbsists, as  in the case with the direct-sort method. 
The prrsent ~rlc,thod does riot completely solve 
thc l)rohlen~ of the method of sorting affecting 
the rc,sults, hut it is probably the most snitable 
mc~tl~otl available fo r  using herd data to char- 

TABLE 2 

Tests of significance for heterogeneity of individual regressions of nge-corrected milk and 
f a t  yield on age nt freshening for three levels of environment 

Source of 
variance 

squares 
Degree of 
freedom Fat  Milk 

F 
- -. . - -- 

Fnt Milk 

1 Total 20,062 477 415 
2 Reduction from estimating three 

regressions 6 3,454 6,675 
3 Residual or error variance 20,056 476 412 
4 Redurtion from estilr~ating one 

regression 2 I ,  18,717 20.88** 45.43** 
5 Residi1:11 (1-4)  20,060 476 413 
ci Differcl~cr between the individual 

ancl ~ ingle  regressions 
-- 

4 
- . -- 

219 633 0.4fi 
- -  

1.58 
-- - 

** Highly significant mean square. 
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actc.rize hc.rds by lvvel of ~nanagrn~rn t  and nu- 
trition. 

Rrgresxion, of g i ~ l r l  on age. Since all rccords 
available h:id alrc:l.dy been adjusted fo r  age, 
these age-corrected records, rather than the 
actual records, werr analyzed. This made pos- 
sihle c.xamining biases in the present ace-correc- 
tion ~ ~ ~ e t h o d ,  ;IS well as  studying the level of 
enviromnent tf€eets. The age-correction rnethod 
used is outlincd by the Canada Departinent of 
Agriculture (10) and, of course, was applied 
in a si~nilar nlaiiner regardless of level of pro- 
tluction. 

11 polynoininal equation T Y H ~  fitted separately 
to data of the three levels of cnvironrnent and 
the hetc.rogenrity of the equations tested by 
analysis of variance. The regression equation 
W:IS ot  thc~ following forin 

\vl~csre I-, is an  age-corrt?eted rc.caord produced 
a t  age a,; p is  common to  all records and 
s i~nply  positions the equation in the normal 
range of production; b, is  the linear component 
of the relationship betwecn yield and age, and 
h, is the cuwilinc.ar coinponent. Thesc. were 
estinlated by least-squarcts analysis and the 
resulting three curvcls fo r  ~n i lk  yield and nlillr 
f a t  yield in the tlifferent enviromnents are 
show11 in Figures 1 and 3, respc.atively. The 
pool(bd within-level variailcrs and covariances 
for yicld ant1 age were used to establish a 
fourth regression for  the whole population. 

A t  fitce value, it appears that for  inillr yield 
the differences betwc.c,n age-correctctl produc- 
tlon a t  young and old ages is sir~allcr in the 
lngh c'nviron~ncnt than in both the lnediun~ and 
low eenv~romnents, hut fo r  f a t  yield the three 
cl~rvt+ :ire ren~:rrkably parallcnl. The lack of 

,he - M I L K  PRODUCTION ........... 
.............. MED.HEROI 

LOW HERDS --- 
ALL HERDS - ......... ...... ....... 

-.-. _. -. -.-.-.-.-.-. 

-- ---_ --______--- 

12 112 152 192 132 272 312 362 
ACE AT CALVING (uNlrs OF 10 DAYS FROM BIRTH) 

FIG. I. Rcl:rtionsl~i~) between age-corrected milk 
yieltl :111d agc at  frcbliening in three levels of 
en~ i ro~~men t .  

BUTTERFAT PRODUCTION ............. HIGH HERDS 
*ED. HERDS 
LOWHERDS ---- 
A,LHE?,S - ...... ........ ...... .............................................................. 

" I02 

-.-___ -.-. -__._._._.-.-.-'-~- 

' ' ' l ' ' ' l l t l l ~ l l l l l l l l ~ L 1 l l ' l b l  
71 i l i  I 5 1  192 232 271 311 361 

AGE AT CALVING IUNJTS OF 10 DAYS FROLl BIRTH1 

FIG. 2. Relstio~lship between age-corrected milk 
f a t  yield m1i1 age at  frcsl~elling in  three levels of 
environment. 

panrllelis~n for milk yield confor~ns with evi- 
dence by Hiclmian and Henderson (6) ,  that 
the tliffererlec. between age-corrected first- and 
second-lactation production decreases with in- 
creasing 1rvc.l of production. The i~nportance 
of tho interi~cation is difficult to assess in prac- 
tical tc.ru~s, hut an  analysis of variance was 
contiacted to deternline if the differences in 
the shapes of the curves should be regarded as  
real o r  due to sanlpling error. Table 2 shows 
a S ~ I I I I I I : ~ ~ ~  of the eovarianec analysis and an  
insignilicvint. heterogeneity of individual re- 
gressions for  hoth milk and f a t  yield. The F 
values of 1.58 fo r  millc and 0.46 f o r  milk f a t  
:Ire drcitletlly insigaifici~nt. This particular test 
1112ty not he the I I I O S ~  suitable fo r  detecting the 
only del)arturt~ of pawllelisln which occurs 
under 4 y r  of agc.. *'or the whole range of 
ages, tht. error lnean sciu:tre for  milk yield of 
413 is rc.duced to 412 by using a single regres- 
sion vs. an  individual rrgression for  each en- 
viron~nent. Fo r  f a t  yield the error illcan square 
of 47G is the salllc after correction fo r  either 
thr single 01. triplt. regression. Thrrefore, there 
shonltl he no gait1 in statistical efficiencay ex- 
1wctc.d fro111 applying separate regressions for  
environiuents differing hy the nlagnitude indi- 
cated in T:thle 1. 

It is obvious fro111 the significant single re- 
grt~ssion that the over-all bias duc! to differ- 
nlcrs in zgr a t  freshening in these age-corrected 
recortis is f a r  nlorc ilnportant than the hetero- 
geneity of yield-age rc.lationsliips in the present 
tlifferc.nces of environ~nent. The highly sig- 
~~ifictint  reduetion in sums of squares, due to 
fitting the average within regression, may be 
vonsidcred of iiiuior practic:~l importance; it 
indicatchs clearly that age-correction procedures 
11st.d (.annot he cspected to eliminate completely 
the effect of age. 



DISCUSSION 

The general bias of the age-correction pro- 
cedure used on  these da ta  ovt~restimates the 
production of very young a n d  very old ani111;ils 
o r  progeny groups  of l ~ ~ l o w  o r  ahove average 
age. Since the proportion of old atiitnals is 
very small, i t  is bias a t  the  young ages wl~ich  
is  most inlportant. Statistical adjustment of 
yield da ta  f o r  differences i n  age rcquires the 
application of factors  which ci~ttnot be un- 
biased over extended periods of titile o r  in  
every feeding a n d  nlanagetnetit c.ircun~stanc~es. 
As  a n  alternative to using age-correction pro- 
cedures, there is  a teniptation t o  use only first- 
lactiltion record f o r  estimating brreding value 
of bulls and  f o r  studies on  breeding records. 
The tilain danger here lies in the s n ~ a l l  number 
of first-lactation animals per  herd. The herd 
size of only first-lactation arti~llals would he 
seriously low f o r  sire evaluation i f?  before 
eliminating al l  but  first-lactation records, th r  
herd size is in  the neighborhood of 20. Despite. 
using only first-lactation records, i t  is cvidt.nt 
f'rorn Figures 1 and 2 tha t  if irge still vtwics 
fro111 2 to 3 y r  anlong the first-lactation at i i~nals  
a general advantage ~vould  r e ~ n a i n  f o r  agcb- 
corrected records f rom the young first-laeta- 
tion anitnals. This would be partic:ularly so 
f o r  tlie young anitnals in  mediuln and low IVI-  

virontnents, if the interaction indicated in this 
a n d  a previous study using New York State 
da ta  is  actually real. First-lactation da ta   re 
now being analyzed to  determine whether selec- 
tion differentials calculated in  one environnletit 
a r e  the same in  other enviro~nneiits. 

Probably the  most advanced attenlpts a t  age- 
correction a r e  those routinely applied in  S e w  
Zealand (3 )  and  in  Sweden (4) .  Becaube of 
the indication of bias in  age-corrected records, 
these methods of calculating expectancy of pro- 
duction f o r  each herd gain importance. Such 
a n  expect:lncy could be calculated f rom a re- 
gression of first-lactation production on  tlie 
herd average of al l  but  first-lactiltion produe- 
tion. A prediction of this sort  would be re- 
lated to  herd production and, therefore, would 
give a n  expected first-lactation level according 
to the yield-age relationship appropriate f o r  
tlifferent herd levels. I n  addition, the predic- 
tion incthod provides a cotnparison where al l  
first-lactation animals in  a herd have the same 
sire; whereas, the present contc~npor i~ry  cow- 
parison procedure applied regularly to these 

da ta  uses only first-lactation records and  is  
unable to iiiake use of these single-sire, first- 
lactation herd records. 
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SYNTHESIS O F  OPTIMUM FORAGE HANDLING SYSTEMS 
FOR A ONE-MAN DAIRY FARM I 

D. L. ARMSTRONG: E. T. SEIAUDYS, AND J. H. SITTERLY 
Department of Agricultural Ecouomics and Rural Sociology 

Ohio Agricultural Experiment Station, Wooster 

SUMMARY 

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

F e w  dairymen know which of the available 
forage-handling systems and practices should 
be used to build the most efficient farm organi- 
zation fo r  a particular situation. Until re- 
cently, only a few alternatives needed consid- 
eration in making a sound selection. Today, a 
far111 operator is confronted with many al- 
ternative forage handling techniques such as :  
hay conditioning, mow drying, baling, chopping, 
pelleting, green-chop pasture, rotational graz- 
ing, etc. Less waste, greater ease of operation, 
lower cost, and higher feeding values have been 
claimed as  advantages fo r  each new practice 
and technique. 

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

Received for publication September 18, 1961. 

storage, and feeding methods are a very impor- 
tant segment of the total dairy f ann  operation. 
New technologies are being developed each year. 
The adoption of some of these new technologies 
requires major revisions in the building, equip- 
ment, and labor needs. Often changes in  pro- 
duction methods call for  major capital invest- 
ments that can be recovered only gradually, 
over a period of years. Mistakes are costly 
and may tie u p  capital in unprofitable facilities 
and equipment that may be rendered obsolete 
by more advanced technology. Both the farm 
operator and the research worker find it diffi- 
cult to develop and maintain the optimum 
farm organization when forage-handling sys- 
tems and practices are constantly changing. 
To maximize income, a dairy farm operator 
needs to know what his optimum farm organi- 
zation is and to keep his farm developing in a 
desirable manner toward that o ~ t i l n u m  orrani- - 
zation. This requires that forage-handling sys- 

lPublis11cd with the approval of the Director 
of tho OElio Agricultural Experiment Statioll as terns and practices that will best meet the needs 

Journal Article Number 89-61. of his farm be identified and that his farm or- 
'Present address: Department of Agricultural ganization be modified, from time to time, to 

Economics, University of California, Davis, Cali- benefit fro111 these new technologies as the re- 
fornia. turns from using them exceed the costs. 
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This study is p r i ~ n ; ~ r i l y  coucc.rned with thct 
i1lc~ot11c~-l)1.0(111(~i1lg ahility 01'  the tot:ll far111 or- 
gauizatiol~ ;:s affrcted I)? sc,lrctc.d forage-halt- 
dlitig s y s t c ~ l ~ ~ s  a n d  feetlit~g pn)gr ; i~~ls .  It is not  
the intc.nt of this study to dwell on the proh- 
1e111s of the hay-conccntmtc rntios o r  on  the 
r o ~ l ~ p a r r ~ t i v e  :~dv;intage of one Sornge over an- 
othrr. 1)c~sl)itcs tl~cb estcnsirc, rcbsc.;~rcl~ involvi~lg 
forage-eol~c~c.~~tri~tc~ c o ~ ~ ~ h i n a t i o n s  (6, 9, 15), the 
c,r;~lnatic)~~s ol' ti)~ngtls and fol.;lgc. ~)roduction 
(2,  7, S) ,  nutl the. ec.o~~omirs of 1r;tst-cost ra- 
t i o ~ ~ ~  ( 5 ) ,  little ;~ t t rn t ioa  has h r c ~ l ~  giv('11 to 
11o1v thrst. 1~c~l;itiot1sl1i1)s fit into a total far111 
ol.g;inizatio~~. 

l l r a d y  e t  al. (3) nntl IT-esteott (14), in stnrly- 
iug o l ) t i~nul l~  fal.l~r o ~ . g : ~ ~ ~ i z a t i o n s  and the ad- 
j11st111r11ts dut. to ~)riccfi c.l~a~rge and tllr ;~doptiou 
of :~ltrl.~lntive prac+icc,s, (lid ohserve c11n11pc.s it1 
tl1c1 c1.01) rotation, f'ccbtlil~g l)rograms, ;tnd 11c.rtl 
sizc,. 11-vstrott foutld t l ~ ; ~ t  huyi t~g  hay  ;mtl 1x1s- 
t n r i ~ l g  ~ ~ ~ c ~ & t l o \ v s  was 111or(' profitable thi111 rtb- 
s t~. ic . t i~~g the size of tllt. ( l i~iry herd to the, 1'01.- 
;~gc.-l)t.o(l~~cil~:. rap:~city of the farlrl. 

'rho c4'f(~ct of the f'orag(~/gr:~iti suhstitutiol~ 
r;ltc. 011 ~llill; l)roductiou is a luatter of ~011- 
sirI(~l.;~l)l(~ controversy. Sevc*t,al of the studirs 
n ~ e ~ ~ t i o ~ l ( . ( I  s110\v the effrrts of v ;~~, ious  forage,' 
graitl ratios on  milk prodllction ;ind the profit- 
ability of' high cotlcentr;~tc. r;ltios ~ r l ~ e n  fed to 
l ~ i g l ~ - p r o t l ~ ~ c : i ~ ~ g  cows. PU~II;I.III i ~ n d  Loosli ( 9 )  
reportcvl lintlillg 110 sig~lifi(';~nt ( l i f f ~ ~ . ( ~ l ~ c e  it1 ~liill< 

~)rot luct iol~ \V~I( . I I  .;c.lectrd foragc/graill ratios 
were fed. Aivailablc da ta  fro111 studicls report- 
ill:: differences ill 111il1< p r o d u c t i o ~ ~  for  vilrinhle 
t'olngc, praiu ratios were not adequate for  use 
in this study. 

L(.vc4 of luilk p r o d ~ ~ c t i o ~ l  p e r   PO\\^, sin, of 
f;ir111 operiition, la11(1 IIW (~:~paI)ility, l a l ~ o r  ;lv;iiI- 
;~I)lr, c.;~pitiiI availal)l(., autl Ill;uny other factors 
i~R(hct the desirability of :uny given production 
s y s t c ~ ~ ~  o r  practice. TII tllc, past, numerous 1)c.o- 
1)le h;~vc loolied 011 the d ; ~ i r y  herd primarily :IS 

:I I~e;lv>- (.onsulller of' fo r ;~ge  c.rops. However, 
ill ~ O I I I O  ; I ~ O ; I S  Inany (.h;111g(,s ;rye taking place. 
111 Ohio. I'or r s a ~ ~ ~ p l e ,  tllr cl:li~y enterprise is 
1wo111i11c~nt in the eorrl h ~ l t  sc>c.tion of the state. 
L-llder corn 1)elt conditiol~s the. ulost desirable 
dairy ~ ' ; I ~ I I I  orgt~t~izatiorl a l ~ d  the production of 
feed ~ ~ l ~ t r i c . u t s  I I I ; I ~  he qnitc tliffcrcl~t f rom that  
ill ot11c.r :~r(ws. The goal of this study was to 
develop the. t1ail.y f a n n  orgal~ixatiou, with e u -  
phasis on fi)r;~ge-handling s y s t c ~ l ~ s  and  prac- 
tires thnt \vonltl 111:isimize 11c.t il~c~olne. 

EXI'ERI3IENTIL PROCEDURE 

Productio~i  c.oc.ffic.ic.~~ts mere o l ) t ;~ i~~et l  fro111 
stadics of es i s t i t~g  fa rm operatious, u s ~ n g  a 
v;~riety of f 'or ;~gc,- l~;~~~tl l i t~g practiec,s ( s c ~  Tahle 
1 ) . ;L synthesizc.d S;~rm organization w;is de- 
vc*loped usiug thcase coefficients f o r  the purpose 
of ~l lrnsuring thcr c+'f(:ats of selected forage- 
l~i i~~dli l~: .  a.stellls i i ~ ~ d  1)r;lc'tiees. This appro;lcll 

TAGLE 1 

P r o ~ l u c t i o ~ ~  rocffiricilts alld crop cost data used ill t l ~ c  li~le:~r prograul 111:1trix, \Yesterll Ollie, 
(1:riry farm operation, 1960 

AIIIIII :I~ 
costs 1)c.r Mail 1io1il.s 

Crop 
- -  

I7ilit Tieltl " IJri(*e " arr(. ' prr acre 

Corn I311 80 $ 1.10 $55.00 7.0 
It-heat I3u 30 1.73 3!1.79 15.1 
Oats n II ti0 .(i5 43.18 (5.4 
IIay, 1 cutting " To11 0.0 00.00 18.65 4.2 
IIny, 2 cutting " To11 3.0 2ll.00 27.05 (5.7 
I h y ,  3 cllttillg " 'I'OII 3.8 21l.00 34.58 8.9 
Gr:lss silage (1st cut only) To11 (5.0 . . 27.25 7.9 
Cori~ silage To11 1 1; . .  . .. 84.13 10.0 
Past~tre (Conv.) I Ilii  . . . . 7.09 1.6 
Pasture (Rotation-g~.:~z(.rl) .4I7(;ll *' 2118 . .. .. 10.88 8.2 
Pasture (Green-chopl?ccl) 

- - -  

L\r(;I)'' 2:u 
~ 

. . 21..52 4 . i  - - .. . - - - 
" Crop yields Itrere 30'7% ahore eou~lty nvcr:lge. 
" Selling price: buyit~g price was 15yh l~ ig l~cr  tllall sellii~g prim'. 
' Alnlual costs ns prc?sc?~~tr~l (10 not inclt~de land or labor costs. 
" Al~l~nal  costs for Ilnrvcstilig hay with :I fie111 chopper. The cost per toil of I ~ ; ~ r v c s t i ~ ~ g  

liny \vitl~ a baler was $l.(i!) I~ighcr, a field conditioner $1.08 higller, : I I I ( ~  :1 IIIOW dry(!r $202 
Iligl~rr tll:ln for l~ar res t i i~g  II:IY with a fiel(l cl~ol~per. A ton of ficltl-co~~clitioned 11ny \\.;IS 
equivnlei~t to 1.1 T an(1 :I  to11 of coiiditionerl-n~ow (Irye~l hay mas cqnis:rlc~~t to 1.3 T of firlql- 
curci1 11:1y. 

' Aniii~nl illlit grazing day. 
Sourc-c: Rloss'r (1)  allrl stli(1ics related to the Ohio Agrieulttual Exl)criment Statioil 

Stud?, AII ;\11:rl?-sis mld Coli~parison of the E e o i ~ o ~ ~ ~ i c s  of Foragc > [ : I I I : I ~ ( ~ I I I ~ . I I ~  Systp111~. 



c111ahled the researcher to eliiniiiate the effect 
of such factors as variation in the aniount of 
capital avitilahlr, existing buildings, facilities 
and institutions (habit or  precedent), diversi- 
firstion, and varied levels of production effi- 
ciency. The elimination of these lcinds of 
variations and restrictions permitted an  opti- 
mum far111 organization to he considcrcd and 
one tl~itt would he inost desir:~hle froin its abil- 
ity to 1)roducc f'itrnily incon~e. This ir~ethod 
p e r n ~ ~ t t c ~ l  a far111 to be organized by starting 
with haw land i111d adding the inost efficient 
imprnvc~~nents and facilities presently available. 

Land use capability, crop yields, and land 
valurs ustd in this study were hased on those 
fouild in c!ight west-central Ohio corn hclt 
counties." I n  this area dairying ixccounted for 
21% of cash farin receipts in 1961 and was 
one of t l ~ c  Illore important livestoolt enterprises. 

Opti~num far111 organizations wrre developed 
for selcctctl production possibilitic,s and re- 
sources av:~il;thle hy the use of linear pro- 
gran~ing. The optimum organization was de- 
lined as the one yielding the rnaxin~u~n farni 
t ' i~~ l~ i ly  in con^(!. More than 80 different possible 
farni produetion activities :tnd price relation- 
ships were considered, using the IBhI 704 com- 
puter. 

1,incvir l)rogr;~lning is basically a systeni of 
(101111)aring. n~aiiy repetitive hudgets. I t  em- 
hotlies solving :t series of si~uultaneous equa- 
tions to allocate lin~ited resources among given 
activities or uses. The most profitable activities 
are used to the n~aximum rxtclnt pern~itted by 
the n~ost  lirniting factor needed fo r  production. 
*Ifter the lirniting factors arc fully consu~ned, 
suhst i tu t io~~ of other available inputs will he 
inade until the   no st profitable resource allo- 
cation is :tchieved. The allocation of each unit 
of a resource used is made by drtc.rniining the. 
production activity that yields the highest pos- 
sihle net rrturn. 

Forage-handling systems wcrc developed 
with a given availability of lahor :tiid capital. 
Starting with land (without buildings or  fence 
in~prove~ i~en t )  the entire farm organization 
was developed until the li~iiiting factors of 
lahor and capital were exhausted. Each pro- 
duction activity included tlie resources required, 
such as lahor, capital, buildings, fence, and 
c~cluip111r11t for  the opcr;ttion of the far111. 

.\ltliougli p r in~a ry  enlphasis was 011 the for- 
age l)rograin, other phases of the far111 organi- 
z a t i o ~ ~ s  wrre considered in developing a work- 

'The counties wcre: Auglnize, Champaign, 
Clark. Darke, Logan, Mercer, Miami, and Shclhy. 

ahle 
tions 

( a )  

far111 operation. The following assurnp- 
aiid rcbstrictions were imposed: 

The f a r ~ n  operator was assumed willing 
to use the forage spstenl that would yield 
I I I ~ ~ ~ I I I ~ I I I  family income. 
The ahility of the operator wns reflected 
in the production coefficients used. The 
coefficients mere typical for  the upper 
one-sixth of the western Ohio (corn belt) 
ditiry1nc.n. 
Productive family and operator lahor 
available wi~s  limited to 3,600 man-hours 
e;~ch year (2,600 operzttor, 600 family, 
100 hired). Hired lahor was available 
only from .June 1 to September 1. 
Idand was valued a t  $180 per acre for  
co1111nercia1 far111 land without buildings 
or fence in~l)rovements. Improvements 
.\vonld add $125-$175 per acre. Build- 
ings aiid i~nprovements were excluded 
to eliminate the prejudice existing fa- 
cilities mould have on the optilnun~ or- 
ganization. 
Sevcwty-seven per cent of the land area 
was cropped a.nd 10% was in permanent 
pasture. The re~naining 13% was used 
for  farmstead, roads, lanes, and woods. 
Rotationnl limits were established based 
on agronomic rccomrnendations which 
set thc lower liniit for meadow a t  20% 
(C-C-C-SG-M) and an upper liltlit of 
60 % ( C-SG-31-11-31), 
The purchase of top-quality hay (equiva- 
lent to conditioned-mow dried hay) was 
li~nited to 20 T per  year. Undouhtedly, 
more hay cwuld he purchased, but it was 
c*onsidered unrealistic to assumc that 
more than 20 T of the quality of hay 
needed for  high-producing cows would 
he available. 
Onc ton of conditioned hay was eon- 
sidered equivalent to 1.1 T of field-cured 
hay, and conditioned-mow dried hay was 
considered equivalent to 1.3 T of field- 
curcd hay (11, 13) .  
At I c w t  75 T of silage had to be pro- 
duc~?cl hcfore i t  was economically feasible 
to provide silage storage facilities. 
Whcant was planted to the extent of the 
allotrr~ent and sold as a cash crop. Oats 
were planted to con~plete the small grain 
in tlie rotation. 
Dairying was the only livestoelc enter- 
prise considered. Grain and h i ~ y  could 
be purchased or  sold. 
Each daily unit consisted of one cow, 
producing 12,500 lh of 3.5% milk plus 
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replacements. A cow would re~naiii in 
the ~nilliing herd 4 yr. A parlor-pen 
system, bulk-handling, Grade A fluid 
milk was assumed. The blend price, 
minus handling, fo r  milk sold in the 
Dayton-Springfield market was used. 

(111) Daily feed intillre was assumed to be 
26.8 Ib of total digestible nutrients per 
cow and replacement. (This is 115% 
of Morrison's feeding standards.) The 
ration was determined within the fol- 
lowing limits : a )  nutritive requirement, 
b)  stomach capacity (25 lb hay, 75 lb 
silage, 30 lb grain, o r  250 lb green chop 
per  day), c )  a minimum of 6-8 11) of 
concentrates per  cow per  day, d )  inaxi- 
~nulil grain ration is 102 bu of corn, 
minimum grain ration is 65 bu of corn; 
within these limits grain could substi- 
tute a t  a constant rate (based on TDP;) 
for  forage (9 )  ; e) 400 lb protein sup- 
plement per  cow annually; and f )  a 
minimum of 6-8 lb of dry matter fro111 
roughage per cow per  day. 

RESULTS AND DISCUSSION 
Three levels of available capital were con- 

sidered : $120,000, $95,000, and $85,000 (See 
Table 2 ) .  Capital included money needed to 
acquire and operate the entire farm business 
f o r  1 y r  (see appendix). 
$220,000 of capital. Available labor was 

found to be the only limiting factor a t  the 

$120,000 level. As long as the return to cap- 
ital exceeded the interest rate (6%) ,  addi- 
tional capital was employed until all of the 
available labor (3,600 h r )  was used. The re- 
sulting farm organization included 204 acres 
of land and 35 cows in milk. A considerable 
amount of grain was produced and sold on 
this farm. The grain sold included all of the 
wheat that could be produced under the allot- 
ment, 4,938 bu of corn and 294 bu of oats. 
Family income received was $7,527 annually. 
The optimum ration a t  this level of available 
capital included 82 bu of corn per  cow and 
replacement annually. H a y  was fed as the only 
harvested forage and conventional grazing 
of pasture was selected. 
$95,000 of capital. At  the $95,000 level, cap- 

ital was the limiting factor. The farm size was 
reduced to 133 acres and 37 cows in milk were 
ltept. Fanlily income earned was $5,977, or  
$1,550 less than a t  the $120,000 capital level 
and 3,384 h r  of labor were productively em- 
ployed. Three bushels less corn but inore forage 
in the forni of hay and silage were fed per  cow 
and cropland pasture was rotationally grazed. 
$55,000 of capital. When available capital 

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

TABLE 2 
Optimum forage system and herd size for a one-man family dairy operation for selected levels 

of capital available, Western Ohio, 1960 

Capital a 

Item Unit $120,000 $95,000 $85,000 

Cows in milk Cow 35 3 7 3 3 
Size of farm Acre 204 133 104 
Rasic crop rotation . . . . . . . . C-C-C-SG-M C-C!-SG-M-M C-SG-M-M-M 
Corn per ;ow Bu 82 70 65 
Hay per cow Ton 3.2 2.7 2.0 
Pasture day per cow ' AUGD 142 160 180 
Corn silage per cow " 
Supplemc~~t per cow 
Stram hounht 

Ton . . . . 2.1 3.8 
Pounds 400 400 400 
Ton 14 28 25 - 

Corn solil Bu 4,938 
Oats sold Bu 294 192 170 
Labor nscd Hour 3,600e 3,384 3,018 
Family lnbor and managenlent 

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

a Total capital outlay needrtl to implemmt system at new prices. 
Conditioneil and mow-dried. 

"Pasture conventionally grazed with $120,000 of capital and rotationally grazed a t  other 
levels of capital available. 

" Stored in bunker silos. 
" Total hours of labor amilnble. 
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and pasture were fed. The pasture was rota- 
tion-grazed. 

The number of cows kept in the herd was 
affected both by the aluount of labor and by 
capital available. Generally, i t  was most profit- 
able to maintain as  many cows as could be 
finauced and cared for  during periods of erit- 
ieal lahor demand. At  both the $85,000 and 
$95,000 levels, ciipittll availability rather thau 
labor, determined cow numbers. More labor 
was available than could be used pro- 
ductively and was not the most limiting factor 
a t  these levels of availahle capital. Cow num- 
bers were increased fro111 33 head a t  the $85,000 
capital levcl to 37 head a t  the $95,000 level. 
A t  the $95,000 level 216 hours of available 
labor still remained unemployed on the far111 
and could have been used to increase family 
income if more capital had been available. 

Cows kept for  milk were reduced to 35 head 
a t  the $120,000 level of available capital. All 
of the available lal~or (3,600 11r) was employed 
a t  this level, but cow nu~llbers were reduced 
by two head and a cash grain enterprise was 
added to the f a r n ~  organization. More cows 
could have been financed. However, this would 
have utilized all of the itvailable labor with 
sotl~ething less than $120,000 of capital aud 
would have yielded less fanlily incotne. When 
labor rather than capital became the limiting 
resource, capital was combined with labor as  
long as  the earnings on the added capital used 
exceeded its market cost of 6%. 

The maximum fa~nily income wits earned a t  
the $120,000 level of e;lpital availability when 
a cash grain enterprise was cotnbu~ed with the 
dairy uuder corn belt conditions. 

IIigh-producing cows were indeed a worthy 
competitor for  the cash grain enterprise. This 
was deluonstrated by the slight reduction in 
row numbers that took place as  the available 
capital decreased. I f  additional labor could 
have been obtained during the periods of crit- 
ical labor denland, i t  would have been eco- 
nomically desirable to have illcreased cow num- 
hers. Although a production activity can be 
handled easily throughout the entire year ex- 
cept for one period i t  is, in fact, this critical 
period that governs the total a l u o u ~ ~ t  of pro- 
duction that can be carried on. 

Farm acreage was pri~narily a fuuction of 
available capital. The rotation and, conse- 
quently, the dairy ration became a function of 
the relative availability of labor and capital. 
A rotation of C-C-C-SG-JI was used a t  the 
$120,000 capital levcl attd n, rotation of C-SG- 
M-31-31 a t  the $85,000 capital level. More nu- 

trients could be produced in the form of grain 
than in the form of forage with the relatively 
limited labor available on the large well-financed 
farm. A small farm operator had more lahor 
available relative to capital and land, so more 
of the availahle labor was used for  forage 
production ( a  heavy 1:tbor consu~ning enter- 
prise) than for grain on a limited acreage. A 
heavy grain rotation would have employed 
fewer hours of labor on the small farm than 
the heaw forage rotation. Conversely, the 
arailahle labor on a large fi1r111 could not have 
handled the work load of a heavy forage rota- 
tion. 

C o m ~ ~ n ~ i s o ~ t  of forage s y s t e ~ t ~ s .  Six alterna- 
tive forage systenls were compared a t  the 
$93,000 capital level, to deter~nine the effect that 
various forage systems would have on herd 
size, far111 size, and fanlily income. Far111 size, 
nu~nl)er of cows in the herd, itnd fanlily income 
mere siu~ilar for  all six system,. 

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

The improved quality of hay from the use 
of the hay conditioner and I I I O ~  dryer more 
th:in offset the added costs. Incon~e was in- 
creased by the addition of these practices. An- 
other very real advantage of this equipment 
is that risk of weather damage is reduced. 

Llddi t io~~al  hay was purchased in three of 
the forage systems considered (see Table 3 ) .  
I t  was assumed that hay of comparable quality 
to that made on the farm could be purchased. 
Hay prices were varied with method of har- 
vesting as  follo~vs: field-cured, $23 per toll; 
conditioned hay, $25.50; and conditioned and 
dried hay, $30. Hay would not be profitable 
to purchase a t  a cost ahove $25.50 per ton. 

Except when the far111 size was reduced to 
110 acres, and the possibility of field grazing 
was mithdramn, rotational grazing of pasture 
was selected by the computer for  each of these 
six forage systems. 

The improved quality of hay obtained 1)y 
using a hay conditiouer and mow dryer more 
than offset the added cost. I t  was found that a 
higher farm income could be obtained when 
high-quality hay was produced than when silage 
\\,as produced and fed. Based on these find- 
ings, it would be difficult to recommend build- 
ing a silo on a one-man farm. When a silo 
was assumrtl to be on the farm, corn and not 
grass legume silage was selected. Corn silage 



TABLE 3 

Optimun~ orga~~ization of a olle-rn:ln dairy olrcr:~tio~~ I I I I I ~ ~ ~  sel~cted foragt, a y s t e ~ ~ ~ s .  
Western Ohic~, 1!lF0 

(1Vitl1 $95,000 of eapit:rl av:~ilal)lc) 
-- - 

( 'o~~di -  
t io~lc~l ,  

i l l  i m o \ ~ -  Sil:lgc Sil:lgc 
clirc~l, tic~l~etl r i ,  mltl ; I I I ~  

1tnI121I 11:lled 11nlr1l I)alril ehopl>e~l J)ry lot 
Itel11 1-11it 11:1y I I : I ~  11:1y 11ny" 11ny I, systcm" 

-- 

Co~vs in milk Yo\\' 3; :i H :i H R!l :'3 7 :'3 $I 
8iztb of ~ : I ~ I I I  Acre 135 1:il 1:itl 1311 1:33 l l f l "  
Corn: Bu 90 91  89 74 80 93 
Hay Ton 2.4 2.4 2.4 1.9 2,.2 2.5 
P:~sturo " ' I 160 157 163 157 152 148 

... ... C O ~ I I  sil:~gc* ' 'roll .... 3.7 2.1 

.... ... .... Hay pureli:cse~l To11 3 1  1 (i 20 
S t ~ w  purel~asc~l To11 28 29 2 $1 30 28 34 

. . .  Cor11 i>urrl~:rsc~l RII  . . .  .. 1,295 
ci11.11 80111 
Onts sold 
Lnl~or nsr~l  

" Hay not eonditione~l or ~ ~ ~ o \ ~ - t l r i t ~ ~ l .  
" H:ly IT~:IS c.o~lditio~ic~l :111(1 1110\\.-(1ri(*d. 
'111el11(1(-11 gree~~-r l~opp(-~ l  ) I : I S ~ I I ~ ( I ,  c o ~ ~ ~ l i t i u ~ ~ ~ ~ ~ l - c l ~ o ~ ) ~ ) ~ ~ ~ l ,  : I I I ( ~  I I I ~ I I \ , - I ~ ~ ~ ( , I ~  11:1y (1111 fi(~l11 

grazing). 
" Li111ite11 to 110 acres. 
' Fell per rev a11t1 rcpl:~cenlcwt : I I I I I I I ~ ~ ~ ) .  

' Pasturc rotntiot~ally gr:lzcil. 
Sot(,: 'Sllc, 1)asic crop rot:~tioll w:~s C-('-St;-;\I-hl, MIIl 111 of S I I ~ ~ I C I I I ~ ~ I I ~  \ver(. fo11 I.O\V 

; I I I ~  r cp l :~e( l~~~c~i t  al11111al1g 1111ilrr :)I1 foragr 1)rogr:llns. 

was srl(fictec1 over grass prilnarily hecause of 
tllcb rcklative :~vi~ilal)ility of' labor in Septc~nher 
co~~~~):wnvl to 1:lhor avnil:~.hle and ~ ~ e e d r d  for  
critical protli~ctioii in du~icb. .\lthongh the rost 
of' p r o d ~ ~ r i n g ,  harvc~sting, storing, a ~ i d  f'reding 
nnt r i r t~ t s  in the I'or111 of silagr was higher 
~ I I : I I I  for  hay, the 1)rodaction of silage ~ v a s  Inorc 
prolital)l(. t11a11 p ~ ~ r c l ~ a s i ~ ~ g  f'ccds. I n  a hricf' 
i ~ ~ r c s t i g t ~ t i o n  of' t w o - ~ n a ~ ~  filrl~is i t  mas found 
to h r  n ~ o r e  profitable to lowtar 11:1y I'rrding ant1 
inc.rc,:~sc. tht. f'c'rdil~g of silsgr. This \\-:IS due 
t,o thr  g ~ ' r : ~ t e ~ .  :~v;iiIahility of' lt~hor. 

1)iffrrt.ncc.s in f i~ i~ l i ly  ~ I I C ~ I I I C  for  the six €01.- 
agcB h : ~ ~ ~ d l i ~ ~ g  systt2111s selcvted ~ v r r r  S I ~ R I I .  This 
intlie:,tc~s t l ~ : ~ t  thtb other org:~nixi~tional fartors  
hat1 I I I O I . ~  t.ff(~*t ~ I I  ~ I I C ~ I I I ~ S  thi~il the rl~oicc. of 
f o ~ : ~ g c ~ - l ~ a ~ ~ t l l i ~ ~ g  ~)lnlls. I':asia ol' 11:111cIling ant1 
ot11c.r c o ~ ~ s i d c ~ ~ ~ : ~ t i o ~ ~ s  essi~c.i:~trd ~vi th  R systeil~ 
111:ly I)(, 1tlorch i i l ~ l ) o ~ t : ~ n t  to :L f:iri~~cbr th:111 tht! 
s111:ill c l i f fc~r r~~c*~ ill I':~n~ily i ~ i e o ~ n r .  

Thr  results do offer solllc8 pnidcs and l(b:id to 
soiile c o n c l u s i ~ ~ ~ ~ s  \\.it11 rc.sl)c.c-t to thc~ effrct :~vail- 
rihility o f  c:ll)it:il, size of f'ii1.111, typv of' crop 
prodac.tio~~, I ' o ~ - a g r - l i : ~ ~ ~ t l l i ~ ~ p  ~ ~ ~ t ~ t l ~ o t l s ,  a~ i t l  the 
sul)ply of: lalwr :~vail:~hle 11:1ve on inconle. Parlns 
with l i i ~ ~ i t r d  1:nnl :Ii,ras :i11(1 cilpitill i ~ ~ a x i ~ i ~ i z r d  
i~lconlc hy ~narlteting nlost ol' thc.ir av:lilahlt. 

f':li~rily lilhor hy protlucing a i ~ d  frediilg :I liravy 
forage 111od~rat(2 grilin ration. l f T h e ~ ~  inore rap- 
ital \\-:IS av:~il:~l~lc i t  niis f o n ~ ~ d  profitahlr to 
protlncc. a1111 f c ~ d  111orc~ 01' thc, nt8edc.d nntr irnts  
:IS grain a ~ ~ d  I ~ s s  :IS for:~ge than on corn belt 
t ' a r ~ i ~ s  with limited capital. d 1:1rgc, \rc.ll-financed 
far111 col~ld n~:~xi~nizc  incolnr by 1n:lintaining :I 

fair-sixcat1 tlairy 11t.rtl ( 3 5  cows) wit11 a rash 
grain ( ~ n t ( ~ r ~ > r i s r .  

Son~cb foragcb-ha~~dling practices were found 
to I)e l1lorcx ])rofit:~hl(! tl1a11 others. Supported 
hy t,l~is, : n ~ d  h:tsed 011 othrr  studic.~, rr tnrns fro111 
pasture. i i r~proven~ent  and use of controlled gwz-  
iiig vrrc, c~rono~nicnlly drsir:~hlr. Tho nest  most 
rlt~sirahlr fori~ge-hantlling practices were found 
in the I~ :~y-h :~rvc~s t i~~g operation. Either a hay 
co~itlitioiic-r 01. I I I O W  (lryrr was profitahle. 11n- 
11rov~1 11:1y cllxdiity resnltillg from the use of 
a h:~y  (~o~i ( l i t io~~t l r  IV:IS eo~~si(leriihlp grrater  than 
i ts  :~iltlrtl cost. ~>art icnlarly f o r  the first rutting 
of 'nay. Thtb usr of' a Inow tlrgrr was foluid 
~x'otit:ihl(. hut offrrcstl a s111:11ler admntagr  than 
the. use of :I h:iy eo~lditioner. 

Silagr \\-as o t ~ r  0 1 '  the last :lltc.r~~:ltivc.s con- 
sitIrr(v1 1111(1chr corn hrlt conditio~ls and IV~IS se- 
lc~.tchtl on si~l :~l l  farills only a f te r  the o t l ~ r r  for- 
age-handling practices 11:ltl I,c.e~l inc.orl)oi.:lted 
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iuto the f a r m  ol.ganixation. 011 a large, well- 
financcd farin a silo could no t  bc reeoni~ncnded 
a s  the needed nutrients could he produced at 
a lower cost i n  other nayb.  When a silo was 
alrcttdy oli the far111, it was u s ~ d  and  \\.as filled 
with co1.11 silage. 

APPENDIX 

TYPIC OF CIIPITAL NEEDED AT THE $95,000 LEVEL 

The total capital  requircd was  divided into 
$45,000 f o r  land and  huildings, $CL2,000 f o r  
tnachineq  and  equipnient (new prices), $18,000 
for  dairy anilnals, atid $10,000 operat ing cap- 
ital. ;\ss~unirig t h a t  30-35% eyuitg is  needed 
in laud and  huildings a n d  60% f o r  chattels, 
$43,000 to $50,000 could be borrowed. 

K i t h  n d a i q  operation, receipts a r e  stahlc 
atid fur t~ is l l  a constaiit flow of income. Thus, 
only about  one-fourth, o r  $2,500 of the total  
$10.000 operat ing a:tpital iiccded annually, 
~voultl I)(. required a t  a n y  one tiuie during the  
year. 

This Illealis tha t  a rniliil~iulu of $40,000 of 
equity capital would be needed to establish a n d  
oper:\tc this fa r l r~ .  

Equity in  litnd a n d  buildings . . $13,500 
Hcluity i n  111achinerg . . . . . 13,000 
Equity in l ives tock  . . . . . 11,000 
Opcr:~ting capital  . . . . . . 10,000 , 

Total equity . . . . . . $47,500 
Borrowed capital . . . . $47,500 

Total capital needcd, 
plus living expcnsc . . . . $95,000 

(3)  HEADY, EARL O., BAUfifANN, ROSS V., AND 

ORAZEM, FRANK. Adjustments to Meet 
Changes in Prices and to Improve Incomes 
on D a ~ r y  Farms in  Northeastern Iowa. 
Research Bull. 480. Iowa State University. 
June, 1960. 

(4) HEADY, EARL O., AND CHANDLER, WIL-. 
Linear Programming Methods. Iowa State 
College Press. 1958. 

(5) HEADY, EARL O., SCHNITTKER, JOHN A,, 
J-~CORSON,  N. I,., AND B w o ~ r ,  SOLOMON. 
Milk Production Functions, IIay/Grain Sub- 
stitution Rates nnd Economic Optima in 
Dairy Cow Rations. Research Bull. 444. 
Iowa State College. October, 1956. 

(6) HOGI.T:ND, C. It., AND WRIGIIT, K. T. Re- 
(luting Dairy Costs on Michigan Farms. 
Mirhigan Agr. Expt. Stn., Special Bull. 
376. hfiehigan State College, East  Lansing. 
May, 1952. 

(7) RUFFTICAN, C. F. Summer Freding of Dairy 
Cnttle. ( A  Rcvicw). J. Dairy Sri., 42: 
1495. 19S9. 

(8)  K E N K ~ Y ,  JV. K., REID, J. T., AND A N I Y ~ -  
SON, M. J. Evaluation of Animal Prociuc- 
tion Undcr Different Systems of Grazing. 
J. Dairy Sci., 42: 679. 1959. 

(9)  P U ~ A J I ,  P. A., AXD LOOSLI, J .  K. Effect 
of Fectling Different Ratios of Roughages 
to Concentrate upon Milk Protluction and 
Digest~bility of the Itation. J. Dairy Sci., 
42 : 1070. 1959. 

' i n )  S ~ . t u n r s ,  E. T., SITTERLEY, J. )I., AND 

EVANS, R. P.  Lal~or,  Equipmrnt and Costs 
of IJsing Rotational Grazing and Green 
Chop Pasture Systems in  Ohio. Research 
Bull. 878. Ohio Agr. Expt. Sta., Wooster, 
Ohio. March, 1961. 

If used o r  part ial ly depreciated ~nachinery  
were i ~ ~ c l n t l c d  o r  custoni operators  were cm- 
ploped, ~n:tchitlery iiivcsttl~ent might 11e reduced 
c t ) ~ i s i d ( ~ ~ ~ ~ ~ l ) l y .  

T l ~ c  autl~ors express their appreciation to R. I-I. 
Baker, J. R. Tompkin of the Department of Agri- 
cultuial Economics and Rural Sociology, and to 
membrrs of the Department of Dairy Science and 
Agrononiy of the Ohio State U~~ivcrs i ty  for tech- 
nical assistance and llelpfnl snggestions through- 
out t l ~ c  project. 
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INFLUX O F  SODIUM THIOCYANATE INTO CEREBROSPINAL FLUID 
I N  NOR.MAL AND VITAMIN A DEFICIENT CALVES 

J. BITMAS, H. C. CECIL, M. R. COSSOLLP, R.. W. MILLER, M. OKAMOTO, 
J. W. THOMAS: AND T. R. WRENN 

Dairy Cattle Resenrcll Branch, U. S. Department o f  Agriculture, Reltsville, Maryland 

SC3f3IARY 

The influx of thiocyanate ion ( S C S )  from the blood to the cerebrospinal 
fluid (CSF)  was studied in normal and vitamin A deficient Holstein calves to 
provide information on the mechanism whereby the C S F  pressure is increased 
in  vitamin A deficiency. Mean C S F  pressures in the normal group during the 
experiment were 97 rnm, whereas the deficient anilrials exhibited mean pressures 
of 173 mm. SCN concentrations were determined in C S F  and blood samples taken 
hourly during the first 9 h r  and a t  24, 48, 72, and 96 h r  after injecting NaSCK 
intravenously. While the SCN concentrations in C S F  and serum were slightly 
higher in  the deficient calves, C S F  thiocyanate values expressed a s  per cent of 
the serum level were very similar in both normal and deficient groups. The 
kinetics of penetration indicated that SCN moves from the blood stream to the 
C S F  a t  rates cluantitatively similar in normal and vitamin A deficient calves. 

One of the first measurable effects of vitamin 
A deficiency is an  increase in cerebrospinal 
fluid ( C S F )  pressure. This was first demon- 
strated in calves by Moore and Sykes (12) and 
has since been confirmed by numerous workers 
in a variety of species (9, 15, 19) .  The average 
C S F  pressure for calves was found to be about 
105 mn1 of saline, and all values ranged be- 
tween 80 and 150 nnn (16). With progressive 
avitaminosis the C S F  pressure increased and 
pressures of 150-300 mm were measured. 

The mechanism whereby the C S F  pressure 
is increased in vitamin A deficiency is not 
known. Possible circumstances that could ex- 
plain these differences include variations in ( a )  
the anatomical spare which contains the CSF, 
or  ( b )  the biochemical constituents in  the fluid, 
or  (c) formation and absorption of the CSF. 
Bone growth with consequent constriction of 
the spinal canal has been considered an  unlikely 
explanation of the increased pressure (11). 
Changes in the concentration of blood and C S F  
constituents could produce the increased pres- 
sure, due to alteration in  osmotic relationships. 
Several workers have exanlined this aspect and 
no abnormalities in osmotic pressure measure- 
ments or in constituents sufficient to account 
for  the pressure differences have been detected 
(7, 8, 10, 13) .  
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Many recent studies have demonstrated that 
the C S F  is a secretion of the choroid plexus 
and ventricles of the central nervous system 
(5, 14 ) .  Constancy of the C S F  pressure re- 
quires maintenance of a balance between the 
forination and removal of the fluid. Overpro- 
duction or  underabsorption, therefore, could 
c:iuse a greater volun~e of fluid in the relatively 
restricted subarachnoid space and ventricles, 
with a resultant increase in C S F  pressure. 
Studies of the constituents of the C S F  in nor- 
mal and vitamin A deficient animals have not 
yielded information indicative of differences 
in the rate of formation of the CSF. These 
investigations were carried out under relatively 
static conditions, i.e., san~ples of fluid were 
removed and the concentrations of some normal 
substances present in the blood and C S F  were 
determined (7, 8, 10, 13). 

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

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

MATERIALS AND METHODS 

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

Grozrp 1. Eight Holstein bull calves 60 days 
of age were subjected to a 90-day depletion 
period to decrease body reserves of vitamin h 
and carotene. The vitamin A depletion ration 
consisted of timothy hay, low vitamin A grain, 
and skimmilk. The feed constituents and the 
blood seruni of the calves were analyzed for 
vitamin h and carotene. When vitatnin A 
values decreased to 5.0 pg/100 1111 serum, the 
ani~nals were considered to be depleted. -\t 
this point, the calves were divided into a nor- 
mal control group and a vitamin A deficient 
group. The normal control group ration was 
thereafter supplemented with alfalfa leaf meill, 
so that the calves received 45 pg of carotene 
per pound body weight per day. The ration 
of the vitamin A deficient group was also sup- 
plemented with alfalfa leaf meal, but a t  a 
level of 16 pg carotene per pound body weight 
per day. Both groups received supplenlental 
sources of vitamin D (12,500 USP units per 
week) and vitamin E (300 ing D-a-tocopherol 
acetate per  week). 

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

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

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

For  the first 9 h r  after the injection of 
KaSCN, hourly san~ples of 4-5 ml C S F  were 
withdrawn, using a hypoderlnic syringe. Addi- 
tional samples were taken a t  24, 48, 72 ,  and 
96 hr  post-injection. A t  the same time inter- 
vals, samples of blood were withdrawn from 
the jugular on the side opposite to that of the 
SCX infusion. C S F  pressures, when obtained, 
were deternlined by measuring the height above 
the cisterna magna to which the fluid rose in 
a capillary tube attached to the needle (needle 
length + height of fluid ul glass capillary 
tube). 

Carotene in the diet was estimated spectro- 
phototnetrically after chroruatography hy the 
method of Wiseman, Irvin, and JlIoore (18). 
Vitamin in serutn was estimated by a modi- 
fication of the Carr-Price method (2 ) .  Carotene 
in serunl was extracted with Skellysolve B and 
the concentration estimated a t  453 mp against 
appropriate standards. 

SCN was determined by the method of Bowler 
(1)  on trichloroacetic acid filtrates of serunl 
and CSF. The SCN concentration was esti- 
mated by colorimetric ineasurement a t  460 mp 
of the color complex developed by ferric ni- 
trate treatment. 

Statistical comparisons were made using Stu- 
dent's ('t" test. 



TABLE 1 
Serlln~ vitn111i11 A and v:irotrnr drplrtion of cnl\.cs (Group 1) 

. - - - - - - - -- - -- - - -. - 

F(3cvli11g pc-riot1 Scrum vitamill A Sorum carotr~lc nody weigl~ t 
(11:lys) (pg/lOn n ~ l )  ( ~ g / l  n n  1111) 
- - 

(111) 
- - - . - - - .. . ........ 

1)cq)lrtion ])erio(l Clm~trol Drlicic~~t (Iontrol IIrfirir11t Control I)c,ficic~~t 
....... - ............. . . . - -  

1-29 S.1 7.U X i  i!t 171  179 
30-lil S.2 1i.S 59 (i I 225 254 
62-(i8 In.? 0.6 3 7 :<(I 242 273 - - 69-7.5 S.!l 1 . 1  :i (i :{li 955 9X(i 
76-82 7.1; 7.6 23 23 272 :304 
82-89 li.5 5.2 19 02 OX4 

1)rplrtrtl 90 4.1; 2.9 I5 11 312 :{:lo 
Su]>plc~~nc~~t:rl ]wrio(l 

1-30 9.8 5.6 (i 7 -06 32:t . -- 
.{;I;) 

31-(i0 Ill.fi 4.2 (i0 "5 341; 3!)(i 
61-90 8.1 3.3 .I- 28 :?!IS 46:) r*, 

91-120 12.0 8 3  7 2 4fi 44:) 5-04 
.. .. 

RESULTS .\ w~~cl carot(311(> I t ~ v r I ~  pr~i l t ly  es(.erdrd the 
1 hhOws tllr scarmll ,~itiilllill illltl ('ilro- ~aIll( 's yh0~11 the hulls of Group 1 (Tahlc 

tene Irvels and hotly weigllts of' the c ~ n t r o l  ) .  

and Vitil l l l i l l  1\ dt,,jCiflllt Ca~V(,S G ~ ~ ~ ~ ~ )  1 dur- l';~l)lc 2 11rt.scnts scrlum vitamin 11 and earn- 
ing tl1(~ tlt.l,letion illltl SIIl,I,~c~IIIcLntal periodS. tell? ](.vels of the second group of control anrl 
nur i l lp  ,.Ilr deplctio1, l,(,rio(l, vit;llllill vit""'in deficient bull calves (Group 2)  (lur- 
c~ilrOtell,. (l(sc.rc;lsc2(l in colltr()l ;rncl (lrfic?ipnt i"c" the (1el)leti'Jn sul'~le'"e"t;ll periods. 
ttnilntlls. (;rowtll of ill both The fcedi~lg regilne \I-as not desiglied to deplete 

was sil,lililr, elld of tilt? 8 0 . ~ 1 ~ ~  (lel,le- the eolltrol group to the! estellt ol)tailled pre- 

tio1l I)Priotl, senllll vitanlhl A Tv\.;ls 4.6 pg / lOf i  viously, an(1 the serum values reflect this. Thus, 

1111 illltl 2,!) pg/l"O 1111 in the colltrol ;lntl de- thr tleticient ci~lvcs exliihitcd aver;lpt, vitamin 

ficicllt grollps, r(,spc,c.tively. s ~ , ~ ~ ~ ~ ~  carOtelle -\ ;111d c~rotellc values during tllr drpletion 

valuc!s ,vc.re also ,,el.y silnilnr, 15 ;ultl 11 period \\.hiell were allout half those of the nor- 
pg/lO() for tllc> norlllal arid deficierlt itllinlals, '"'L' calves. nurillg t h ~  su~plelnental  ~ " i o a  
I)uring tho carotrlle snpp~elllentiltioll l,eriO(i, in which the SCN influs csperilnent,~ were con- 

serulll levels ,vc,re restorec, to 9.g pg vit;l- dll(att.(l, the deficient c;~lves mainti~ined low 

lrlill ~ / 1 0 0  1111 anti ( i i  pg c;trotenc?/lO~) 1 1 1 ~  in seru~ii co~lce~ltrations, mean values for vitamin 

the cOlltrol groul,, ,,.llrrc,as tllC (lrficient group ;\ and carotene helllg oll-ll;llf to one-third 

(low enrotelie supplc~~lentiltioii) showed ollly ti'os'! of the 

Illinor illcreases to 5,8 pg ,,italIlin ml CSE' pressures ineasurcd just hcfore admin- 

and 20 pp earotenc,/~OO llll. ~e r l l l , l  Vitalllill A i~tra~tioll  of SCN (Table 3) illdicated signifi- 

and carOtrncr values luailltailletl at RP- calltl?. lliglier pressures ill the deficiel~t gronps 
pro~i , l l ; l te~y levc,ls during Illost of the than ill the nonnal :~nilnals. 3lc.i1sure1nent~s 

supplrlnrnt;~tion period. 1)uring this t i n ~ c  hody during the 24-86-hr post-injection period also 

,\,eights illcrc,ilsec~ allti silllilar ill ),oth (l(J1~loll~tr;lt~(l llluch higher CSF pressures in 

proups, ~ r ~ i t h  one escc.ption. On(! deficient calf th'' 'leficierlt 

was coIlsiderably larger 33%) than :Illy The sthrulrl coneentratio~l of S C S  in both 
the, ot)lrrs colnl)rising this group and was 1101.nlal and deficient g~.oups rem;~incd at  a 

Intlinly rt,sponsil)le for tilc larger llle~lll fairly eonstant level during the first 9 hr of tho 

of the clc.fic.iellt anill,alS. ~ 1 1  l.src.pt one of tile t~sp r r i~n rn t  (Table 4 ) .  The defic~ient animals, 

trials T\.erc, con(luctr(i (luring tllc, first 90 (lays ho\\.ev(~r, consistr~itly rshihitc~d SCK coneen- 

of thr snpplrn~el~ta l  pc:riod. tmtions which were about 20% higher than 
t,hr co~~trol r .  1)aily san~ples taken for four days 

Thr Holsteirl hrifc,rs ~vl~icli  had not hcvn ,~ollowillg the ill,jectiol, shO,,,ed a steatly decline 
clcxplctc~d had scrnlll vitamin A\ a11d carotene ill S( -S  cOncc,ntration ill groups, ~h~ de- 
concc.nt~.;~tions of 26.0 pgj100 1111 and 2S2.6 ficic.llt an i l l l a~s  ill the 24 -96 -1~~  perio(i maill- 
ppj100 1111, rrspertivclg. These t~nirnals weiglled tailletl lligllc.r srrulll c!Ollc.elltrationx. ~h~ dif- 
can. 362 111 a t  the tinle of use, ; I I I ( ~  were thus frrc.ncc.s I,c.t\vc~c~l tllr ilorll~al ; ~ n d  dpfic.icnt calves 
sin~iler to other controls of (:~.oul) 1. I-Iowever, i ~ t  111ost of tho tinle i~ltervals werr statistirally 
clue. to tliff(~r~c.nc*c>s ill diet, t l ~ r i r  scAru~n vitanlin signiticant. 
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TABLE 2 

Srrum vitamin A ant1 rrnrotenr ileplction of c a l ~ e s  (Gro111) 2 )  
-- 

F(sc~11ing period Srrunl vitamill A S v r l ~ ~ n  e:~rotene Rod- ~veiglrt 
(days) (pg/lOll ml) (~g / l l l l l  1n1) (11)) 

- - 

I )cq)Ir t io~~ ~ ) c r i o ~ l  
- -- - 

o t l  nc~ficicx~~t O!ontrol nrficient Control 1)cfirimt 

1-30 6.8 5.9 24 24 102 108 - - 21-60 I .a 4.0 12 8 74s 152 
til-SO 12.2 3.6 3(l 1'12 l i ! l  
Mean 9.1 4.3 22 11 

Supplemental period 

121-150 12.3 $1.3 4! I 1 s  52:! 523 
151-180 15.6 (i.i  50 lfi 55V 5 i 4  
181-210 15.3 7.:) 53 IS  b!lS 615 
211-240 15.4 .i .(I 40 11 646 668 
241-270 14.1 2.7 41 :i 692 725 

Mran  13.2 fi.8 4!l 
-- 

15  
.- - 

TABLE 3 

CSF prrssnre ill no r~nn l  and r i t n n ~ i n  A ~lcficicnt enlrcs 
- - -- - - - - - -. 

Significance 
Prcssurcs in ~ I I I I  CSF  between 

Time af ter  -~ -- normal and 
SC'S in,jc~etion 

- - 

S o n n : ~ l  Deficient tlrficirnt 

( 1 1 ~ )  
0 $17 (I!)) a 173 (15) 1' < .001 

24-nt; 
-- - -- - 

111 (8)  195 ( 8 )  11 < .05 
-- . --- 

" Xurnbers ill parentl~eses rrpresent number of observntio~ls. 

TABLE 4 

Passage of SCN f rom blood to  S C F  a f t c r  i n t m v e n o ~ ~ s  injrrtion of S a S C N  illto calves 
-- 

Co~~c+entration of S a S C S  P e r  cont of 

Hours (mg/litcr) herum Icxvel 
Number of 

dete~.minntions aft" S e r u ~ n  (C,,) CSF  (C,,r) (C,,,/Cl, X 100)" 
in.jcr- 

S o r n ~ a l  1)cfieient t1n11 S o ~ l i i n l  Ijefivirnt S o ~ m n l  I)rfiv~cwt Sol.m:~l Drficient 
-- 

1 B 11 1 j32 600 70 85 12.f; 14.1 
12 11 - 508 592 !I6 lO!l 18.4 78.0 
12 11 :i Sl  b Si!l 118 130 22.8 "2.2 
11 I 1  4 3 0 i  605 122 1511 23.6 22.3 
10 12 ) *524 572 126 154 23.9 26.3 
1 0  12 t i  3 1  58!l 1 Xi 16s 28.9 28.3 
10  12 I .5 22 592 143 181 29.9 30.1 

7 !I S 534 610 lii 193 33.0 31.5 
6 5 $1 556 59fi 173 181 30.8 30.0 

13 !I 24 461 554 132 183 ')j,2 35.5 
8 !J 48 311 391 S h 111 2il.0 27.9 
7 !I i 2  200 276 :i 1 43 lS.!l 14.2 
n $1 !)6 i z  133 11 15  27.6 1o.x 

- - - - - -- -- .- 

" Thew values are  t l ~ e  nw:lrrs of tllc ratios for  individual deterrninatio~~s. 



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

The rate of entrance of SCN into the CSF, 
when expressed as per cent of the serum level 
(Table 4), was very similar in the normal and 
deficient animals during the period immediately 
following the injection. Thus, initial CSF-SCN 
values of about 15% of the plasnla level in- 
creased to about 30% during the first 8 hr. 
Clearance in the subsequent period, however, 
was somewhat different, SCN being maintained 
at  a higher ratio in the normal animals. As 
previously indicated, the CSF concentration of 
SCN in the deficient animals was not signifi- 
cantly higher than in the controls (48-96 hr) .  
This higher ratio, therefore, was due pritnarily 
to a difference in reinoval from the blood 
stream, the deficient animals clearing the S C S  
a t  a less rapid rate than normal calves (normal 
serum contains smaller per cent of original 
SCN concentration than docs deficient serum). 

DISCUSSION 

Measurements of the rate of entrance of S C S  
into CSF from the blood have been made pre- 
viously by Wallace and Brodie (17) in the 
dog and by Davson (3)  in the rabbit. In  the 
experiments reported here, SCN was adnlin- 
istered to the calves on a body weight basis a t  
the same levels employed by Wallace and Brodie 
for dogs. It is interesting to note that the 
blood SCN levels attained in the dogs, 7.0,' 
mcq/liter or 567 mg/liter (expressed as 
NaSCN) are similar to those observed in the 
vitamin A deficient calves and slightly higher 
than the level attained in normal calves. Al- 
though the blood concentrations were quite 
similar in the two species, the concentration of 
SCN in the CSF in dogs was one and one-half 
to two times that observed in the calves. Initial 
levels (1-2 hr) in calves mere of the order of 
100 nlg/liter and at  6-8 hr  were 150-200 mg/ 
liter; colnparahle concentrations in the dogs 
were 150 mg/liter and 300 mg/liter, respec- 
tively. These differences are reflected in  the 
distribution ratio for SCN in our data ( r  = 
Ccrr 
- = 0.30) as compared to the data of Wal- 
Ca 

lace and Brodie (v = 0.52). Davson (4 )  oh- 

served distribution ratios for S C N  in rabbits 
of 0.095 a t  2 hr, which is a ratio only half that 
observed in calves. 

The purpose of the experiments reported here 
on calves was to study the rates hnd amount of 
SCN passing from the serum into the CSF. 
Following intravenous injection SCN begins 
to pass promptly into the CSF. After the 
first 5 hr, SCN concentration levels off and 
remains relatively constant, being about 30% 
of the serum level. 

Wallace and Brodie (17) found that the 
CSF-SCN concentration in dogs attained a 
level of approximately 50% of the serum level 
in about 4 hr. I n  contrast, CSF concentration 
in the calves attained only about 30% of serum 
levels, and this occurred somewhat later (Table 
4). As noted by Wallace and Brodie (17) and 
Davson (5) ,  the passage of SCN into the CSF 
differs from the passage of SCN into other 
body fluids, in that the CSF concentration 
never reaches that of serum and the rate of 
net entrance (balance between entrance and 
removal) is slower. 

When clearance from the CSF and serum 
was considered by esamining the rate of de- 
cline of SCN on a logarithlnic basis during the 
24-96 hr period, the nornlal and vitamin h de- 
ficient calves showed similar slopes. 

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

an equilibrium. The graph of I n  1 - - ( 2) 
mas then plotted against time for both the 
normal and vitamin A deficient groups (Fig- 
ure 1). From the slope of these plots, a value 
of k = 0.0069 min-' was obtained for the defi- 
cient and k = 0.0074 min-' for the normal ani- 
tnals, indicating a very similar rate of penetra- 
tion of SCN into the CSF in vitamin A deficient 
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FIG. 1. Penetration of sodium thiocyanate into 
the cerebrospinal fluid of normal and vitamin A 
deficient calves. 

calves. A tendency for  SCN to adopt a tem- 
porary specious steady-state, particularly in 
normal calves, 11-as noted a t  the 3-5-hr inter- 
vals (Figure 1 and Table 4) .  The problem of 
an apparrnt  steady state has been discussed by 
Davson (4) .  

Interpretation of these findings is difficult, 
due to the complexity of the numerous faetors 
involv~d. The extent to which the differences 
in CSF pressure affect rates of penetration and 
SCN eoneentrations in blood and CSF, the 
extent and rate of silnple diffusion exchange, 
the extent of metabolic oxidatioli of SCN as a 
detoxification proeess by the nervous tissue, 
the relative volumes of the compartments, the 
rate of replacement of the fluid, the rate of 
reabsorption and removal of the fluid, are some 
of the factors contributing to CSF  dynamics. 

The CSF  pressure differences which exist 
between normal and vitamin A deficient calves 
cannot be accounted for  by a difference in the 
rate of penetration of a substance into the 
CSF from the blood, based on these studies 
utilizing SCN as a marker. I f  the rate of in- 
flux is taken to be an  approximate and indirect 
measure of rate of formation of CSF, then the 
results presented here indicate a sotnewhat 
similar rate of CSF  formation in nonnal and 
vitamin A deficient calves. I t  should be pointed 

out, however, that these conclusions are limited 
by certain of the experimental conditions: 

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

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

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

From the limited studies reported here, it is 
difficult to state which factor or combination 
of faetors is primarily responsible for  these 
findings. Additional studies are indicated, to 
account for  the CSF  pressure differences be- 
tween vitatnin A deficient and normal calves. 
TWO approaches which have been explored and 
which are the subject of further reports are 
( a )  the determination of the rate of efflux of 
a substance from the CSF and (b )  direct de- 
termination of the rate of CSF  replacement 
and absorption. 
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Vitarnin A deficient and normal Holstein calves were studied to provide 
information on the mechanism of the cerehrospinal fluid (CSF)  pressure in- 
crease occurring in vitamin A deficiency. Thiocyanate (SCN) was injected into 
the cisterna nlagna and the concentration of this marker remaining in the CSF  
was estimated a t  30, 60, 90, 120, 180, 240, and 300 min post-injection. Cotn- 
parison of the SCN concentrations during the first 90 min showed similar va1uc.s. 
Santples taken. thereafter exhibited higher values in the deficient animals. 
Graphical interpretation of these data resulted in SCN disappearance rates of 
3.02 X mg/ml/min for  the deficient group and 5.44 x 10Pmg/ml/1nin 
for  the control animals. This difference would indicate a lesser reahsorption of 
the C S F  in the deficient calves and could also explain the higher C S F  pressures 
in the defieient animals-225 nlrn as comparcd to 96 nttll. 

A previous study has shoxx-11 that thioc.yan:~te 
(SCN) moves from the blood stream to the 
cerebrospinal fluid ( C S F )  a t  rates quantita- 
tively similar in vitamin A deficient and nor- 
mal ealves (2) .  This paper concerns the fate 
of SCN introduced directly into the CSF. 
These studies on CSF  dynalrlies were under- 
taken to provide information on the niechanis~n 
whereby the C S F  pressure is increased in vita- 
min A deficiency. Overproduction and/or un- 
derahsorption of the CSF  has heen suggested 
as the cause of the elevated pressures. Since 
substances leave the CSF  hy ahsorption through 
the arachnoid villi and hy diffusion into central 
nervous system tissue and capillaries, a measure 
of the rate of disappearance of SCN from the 
C S F  is related to the magnitude of these routes 
of absorption. 

Six Holstein bull calves 60 days of ag:.c, 1vc~1.e 
subjected to a depletion period to decreasc hotly 
reserves of vitamin A and carotene, and a 
similar group of six was retained as controls. 
The vitamin A depletion ration consisted of 
timothy hay, low vitamin A grain, and dric.d 
skimmilk. The feed constituents and the hlood 
serum of the calves were analyzed for  vitalnil1 
.I and carotene. When the serurn vitamin A 
values of the deficient group were a t  a level 
of 5.0 pg/l00 ml serum, hoth groups were sup- 
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pletnented d;rily with alf;~lfa leaf I I I ~ . : I ~  it1 such 
rlnantities as to provide 10 pg carotene per 
pound hody weight for  the defieient and 76 
pg carotene per pound hody weight for  the 
control group. 

The deficient calves had serum vitamin .\ 
and carntene concentrations of 4.3 ant1 11 pg/ 
100 ~ n l ,  respectively, during the deplc~tion pe- 
riod, as compared to 9.1 and 22 pg/lOO ml 
serum fo r  thv controls. During the supple- 
ment:~l period the deficient ealves mitintained 
low serum concentrations, mean valueh being 
6.8 pg vitamin A/100 ml and 15 pg carotene/ 
100 nil compared to control levels of 13.2 pg 
vitamin A/100 ml and 49 pg earotene/100 1111. 

Serum vita~nin A, camtene, and C S F  thioeya- 
nate concentrations were dcterlnined according 
to the procedures previously described (2).  

The efflux experiments mere eonducted in 
both control and deficic.nt calves during the 
supplenlentnl period. The average age of the 
animals a t  the time when the experi~nenti were 
conducted was six and one-half months. The 
average hody weight a t  the time of use wit.; 
428 and 424 Ih fo r  the control and defic%ient 
calves, respectively (range 352-583 Ih control 
and 370-655 Ih deficient). 

The animals were placed in a con~~nerrial  
cattle-restraining chute during the course of 
each efflux trial. A steel grid was fixed in a 
vertical plane 2 f t  in front of the chute and 
the horns and nose of the calf tied firmly to 
the crossbars of the grid. After the puncture.; 
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TABLE 1 
Efflux of SCN from CSF 

Concentration of SCN in CSF after intracisternal injection 

mm mg, 
CSF NaSCh 
prcs- in- 

No. sure jected SCS Concentration mg/i00 ml 

Time in minutes after injection 
30 60 90 120 180 240 300 

Control 1 5  96 214 164 108 70 56  28 14  9 
Deficient 1 3  225 212 157 99 72 45 35 23 1 3  
p Control rs. ilcficient < . O O l  N S  NS NS <.05 <.05 <.005 <.05 

s e r e  m:~de, the adjustable walls of the chute 
were released so that the calf could stand nat- 
urally with only its head tightly restrained. 
The grid could be lowered or raised to insure 
that the cisterna nlagna was a t  the same height 
;IS the rest of the spinal column for  accurate 
CSF  pressure determinations. The use of this 
apparatus made it possihle to conduct these ex- 
periments with only two operators. 

A 16-gauge Touliy spinal needle, three and 
one-half inche.; long with Huher point, was 
introduced into the cisterna iuagna and allowed 
to remain in place during the 5-6 h r  course 
of the trial. An adjustable needle-stop pre- 
vented the needle froin penetrating beyond the 
cisterna. ii two-way metal stopcoek was added 
to the hub of the spinal needle and provided 
ti means of closing the column and measuring 
pressure as well as injecting and withdrawing 
fluid. 

After ~nenqurement of the preinjection C S F  
pressure, 5.0 ml of CSF  were withdrawn into 
:L syringe. Three milliliters of an  aqueous solu- 
tion of NaSCN, containing 60 mg NaSCN/100 
lb body weight, were then injected into the 
cistelna lnagna of the calves to study disap- 
pearance from the CSF. Following this, 2.0 
1111 of the mithdra~vn CSF were injected to 
rinse out the stopcock and needle. Three-milli- 
liter salnplcs of CSF 7vc.re then withdrawn a t  
30, 60, 90, 120, 180, 240, and 300 inin after the 
SCN injection. Two blood samples were taken 
a t  120 and 300 nlin after SCN administration, 
but srruul concaentrations of SCN were either 
negligible or zero. 

Statistical comparisons were made using 
Student's "t" test. 

RESULTS AND DISCUSSION 

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

Samples taken after 90 min showed signifi- 
cantly higher concentrations in the deficient 
animals. Figure 1 illustrates the kinetics of 
the efflux of SCN from the CSF. It appears 
that SCN leaves the cisternal compartment by 
a multiple exponential process, and two single 
exponentials are apparent, giving a rapid and 
a slow rate of absorption. The rapid com- 
ponents are essentially the same in the vitamin 
A deficient and normal animals. The slow 
component of the deficient group shows a 
ret:irdation, thereby indicating a slower rate 
of absorption. ~ s t r a p o l a t i o ~  of the second 
slower slope to zero time indicates a decrease 
in SCN concentration of 3.02 x 10" mg/ml/ 

0' io $0 do 140 ibo 2;o 360 I 
MINUTES 

Cornparison of SCN concentrations het~~-ren EFFLUX OF SCN FROM CSF 

I.%. 1. r)isappe:lr:cnce of sodium thiocyanate control and deficicbllt groups a t  each time inter- 
f rom tile cerebrospil,al fluid 

val (Illring the first 90 min after illtracisternal I I I ~ I ,  .& ilefirient calves. 
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lnin for the deficient animals and 5.44 X lo-' 
mg/ml/min for  the control animals. This ex- 
trapolation also provided a means of estimating 
cerebrospinal fluid volume. Calculations uti- 
lizing these concentrations and the mean amount 
of NaSCN administered yielded an estimate of 
124 ml for  CSF  volume in the normal animals 
and 202 ml for  CSF volume in the deficient 
calves. Extrapolation of the slopes to yield 
an  estimate of CSF  volume, however, may be 
fallacious and is confounded by the different 
rates of absorption occurring concomitantly. 

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

The results reported here indicate a rapid 
elimination of SCN froin the CSF  in both nor- 
inal and deficient calves, although there is a 
slower rate of disappearance in vitamin A 
deficiency with its elevated C S F  pressures. 
Othcr workers have demonstrated that SCN 
leaves the C S F  a t  a rapid rate. Davson (4) 
found in rabbits that SCN leaves much more 
rapidly than Na", and concluded that metabo- 
lisrn of the foreign material by the nervous 
tissue is priinarily responsible. Wallace and 
Brodie (6)  injected NaSCN into the cisterna 
iuagna of a dog and found that the eoncentra- 
tion decreased from 2.25 pg/ml a t  44 min to 
0.40 pg/ml a t  2 hr. These concentrations are 
son~ewhat similar to those we observed. A t  
4.25 hr, SCN concentration was 0.033 pg/ml in 

the dog, a value which appears to be much 
lower than in calves a t  this time. Since the 
results of Wallace and Brodie were ohtained 
in an  experiment involving only one dog, com- 
parisons with our results are necessarily limited. 

Disappearance rates of other electrolytes 
from the caerebrospinal fluid have been investi- 
gated. Sweet and Locksley (7 )  studied the 
disappearance of K, C1, and H,O in humans, 
and found rapid rates of disappearance. Herlin 
( .5) also found a rapid disappearance of elec- 
trolytes frorn the cisterna in rabbits. 

Production and absorption of the C S F  are 
coneonlitant physiological processes which can 
never he wholly separated. Disappearance of 
an  exogenous material introduced into the CSF, 
however, has been assumed to yield a relative 
measure of the nlagnitude of absorption of the 
fluid (3 ) .  The retardation in the rate of SCN 
disappeltrance from the CSF  observed in vita- 
min A deficient calves provides tentative evi- 
dence of reduced or  defective fluid ahsorption 
in vitamin A defiriency. Underabsorption of 
CSF, therefore, may he the primary factor in 
the inechariisrn whereby the CSF  pressure is 
increased in vitamin d deficiency. 
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SClMJIARI- 

C'erehrospini~l fluid (CSF)  replacement and ahsorption were lneasured in 
r i t a ~ ~ l i n  A deficirnt. and normal calves. Replace~nent estinlntes involved removal 
of (:SF and drtern~ination of the time necessary to replace the volume removed, 
and absorption estimates involved reinjection of the fluid and estimation of 
the time neccssarg to ahsorb this volume. Thirty-five minutes were required to 
repl:~ee the 3.0 lnl of C S F  in the normal animals, as compared to 15 niin in the 
defirient ca1vc.s. When estimating absorption capacity in the deficient calves, 
the CSF  prcssurc was highly stable in 11 of the 12 experinlents and the trials 
were ter~r~inatcd botween 25-60 n~in .  With normal calves the pressures returned 
to the originill level in 17 nrin. The results suggest that underabsorption repre- 
sents n greatrr factor than overproduction as a cause of increased CSF pressure 
in r i ta~nin  A deficient calvrs. 

One of the initial effects of vitamin A de- 
ficiency is an  increased cer(~hrospina1 fluid 
( C S F )  pressure. (8). The mechanism wherehy 
the increase in CSF  pressure is brought about 
has been the subject of many previous investi- 
gations. The British investigators, Millen and 
Woolam ( 7 ) ,  have reviewed their extensive 
studies in rabbits and chiclts on the relation- 
ship of the increased CSF  pressure in the 
hydrocephalus caused by vitamin A deficiency. 
Thrp have concluded that overproduction of 
CSP  occurred, although no measurements of 
t,he rates of appearance or departure of CSF  
constituents were milde to support this in- 
terpreti~tion. Indeed, underabsorption of ( 'SF 
could have produced the same results. In  this 
country, a group of worlters a t  the Storrs, 
Connecticut, Agricultural Experiment Station 
have investigated the osmotic relationships of 
vitamin A deficiency and the CSF  (5, 6) .  The 
biochemical constituents of serum, CSF, and 
aqueous humor were studied, because any 
ehangc~s in cornposition could have important 
osmotic effects and could bring about the in- 
creascld CSF pressure. The authors concludcil 
t,hat the increased CSF  pressure observed in 
hypovitaminotic A calves was due to a greater 
volume of fluid within the spinal fluid systrrn. 
They could not distinguish between overpro- 
duction or underabsorption, however, as a eaus- 
ativc. facator, and there were only very slight 
changes in any of the constituents studied. 

H(.reivr(l fol. pulblication March 3, 1962. 

Whether overproductiori or undrrabsorption 
of tbr CSF  is the primary factor responsible 
for the increase in pressure in vitamin A de- 
ficiency has been difficult to determine. I n  pre- 
vious studies from this laboratory, no differ- 
ences were obsrrved in the ra.te of transfer of 
SCN from the blood to the CSF  in nor~nal  and 
v i t i~u~ in  11 deficient calves (1) .  However, when 
S C S  was introduced directly into the CSF, a 
slower rate of disappearance was found in the 
deficient animals, suggesting a slower rate of 
CSF  ahsorption (2 ) .  

The purpose of the present study was to 
estin~ate more directly CSF replacement and 
ahsorption hy a technique described by Schalten- 
brand (9, 10) .  This involves removal of CSF  
and determin;ttion of the time necessary to 
replacr the volume removed, and secondly, re- 
ir~jection of the fluid and estimation of the 
time necessary to absorb this volume. 

MATERIALS AND METHODS 

Trei~tment of the five normal and eight vita- 
lnin i\ deficient calves used in these experiruents 
was the salne as previously described ( 2 ) .  Use 
of a CSF  stopcock assembly enabled CSF  pres- 
sure measurements to be made continuously 
during withdrawal and injection of fluid (Fig- 
ures 1 and 2 ) .  

R(~p1ncrme~zt of CSF.  The CSF  pressure 
\\-as ~neasured, a standard volume of CSF  re- 
~r~ovc.d (3.0 ml), and the length of time neces- 
sary for the C S F  pressure to return to its 
original level deter~nined. The CSF  pressure 
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FIG. 1. ;Ilc:rsuring thr dgnn~nirs of crrebro- 
spin:rl rc~placrrr~rr~t and nhsorption. Tt~c  calf's 
heat1 is ~estrninc~l tight,ly against the fixed iron 
grid. 

was ~nrirsnred continuously and readings taken 
every 3 lnin (deficient) o r  5 min (norlnal). 
This return tirrle was an estinla.tc, of the re- 
placen~ent of the volume removed. 

A bso~ptio9z of CSF. When stahlr C S F  pres- 
sure was reestablished, the previously removed 
3.0 1111 of ( 'SF were injected and the C S F  prrs- 
sure increased. The C S F  pressure was Incas- 
urcd contir~uouslp and rradings were takc.11 
every 5 ~ n i n  (deficient) or every minute (nor- 
rnal). The tilne taken to return to the original 
pr rss~i re  1c.vc.l was an estirn;~tc, of tlicx capacity 
of :ihsorptior~. 

KES1'1,TS A N D  DISCUSSION 

Thc drita in Table 1 indicate tnarkc.tl differ- 
encw in replacement and absorption of C S F  
hetwc.c.n the normal and deficient animals. 
Thirty-five minutes wc?re required to replace 
3.0 1111 of CSF in norrnal anirnals 8s con~pared 
to only 15 min in the drticient calves. The rate 
of replacement was thus two to two and one- 
half t in~es morcb rapid in the vit;unin 12 defi- 
cient calves. 

Estimates of t,he absorption capacity indi- 

during thc. coursr of the trial. The C S F  pres- 
sure was highly stable and, aftor 25-60 min, 
the exl)t.rilnents were terrninatrtl. The mean 
rc~turn ti111(>, therc~fore, execeds 38.7 min and 
;iptually rrpresents a mean nonreturn time. It 
rc~presents ;In average of the tinw periods in 
wl~ich tho ahsorption experinients on the defi- 
cicwt ca1vt.s were tc,r~nin:ited, the C S F  pressure 
sho\vinp little or no tendency to  fall from its 
elevated 1cbvc.l. Thcb absorption in milliliters 
per n~inutt., therefor(,, is eor~siderahly less than 
0.092, and niore than 2.3 inin are  rccluired to  
:ih~orl) 1 1111 of CSF. I t  was our i~npression 
fro111 the slight or nc>gligihle decreases in pres- 
surr  rshihitc>:l during the expcrimcnt that ah- 
sorption was very' slow in vitanlin A deficient 
calves. 

Prcsvious investi~ators have denlonstrated 
that the effect of withdrawal of C S F  is a sud- 
den fall in the fluid pressure and that injection 
of fluid ciluses a rapid increase in C S F  pres- 
sure (4). These changrs and the initial com- 
pensatory reactions have been explained a s  
being due to the response of the craniospinal 
vascular bed to withdrawal and injection of 
fluid from the subarachnoid space. After the 
initial vascular reaction, the subsequent re- 
sponse has usually been attrihuted to the rate 

cated evtrn larger differences. I n  11 of the 12  I<'II+. 2 .  (:lose-uo ill~lstrati~~rr htoncock :rnd nccdle , . 
(~xperil,lerlts in deficient calves, the pressure ass~mbly. Tllc CSF prcssnlc, 11ns just bcen meas- 
rc.mf,ine(l elevatr(l after reinjection of CSF 11rc'l and a sample of fluid is being withdrawn. 

T l ~ r  acljustable neetllc stop nc3ar the skin surface 
and did not return to the. starting lpre5m-e p,,,-,~lts :lcci~lcntwl penetration of the spinal rol.(l. 



TABLE 1 

Replaee~ncnt and absorption of CSF in normal and vitamin A deficicnt calves 

I. Replacement 

nnn CSF Min to 
No. of 1nn1 CSF pre~sure rctum to 
cspcri- prcssure 1n1 CSF after starting 

Group 111(811ts :it start rc1110vcd rc~noval pressure ml/min i ~ ~ i n / ~ n l  

Normal 8 125 3 98 35.2 Z 14.01* 0.101 10.38 
Deficient 15 287 3 232 15.5 f 7.6 0.253 4.95 

11. Absorption 

lnln CSF Miti to 
No. of nim CSF prc'ssure return to 
csperi- prrssure nil CSF after starting 

Group ~nrn ts  : ~ t  start in.icrtrcl in.icc.tion preusl~rc ml/min min/~nl 
-- 

Normal 8 128 3 203 17.1 ? 12.4 0.305 5.40 
Deficient 12 282 3 36G >38.7**11.8 <0.092* >12.31f 

* I n  1 1  of 12 experiments, CSF pressurc did not return to the starting pressure mid re- 
mained elevated. More than 38.7 mill is the inean no11ret11r11 time a1111 absorptions in thc last 
two columns, therefore, are less and more than ralnrs s l ~ o ~ r ~ ~ .  

** Standard deriation. 

of production ant1 :~hsorl)tion 01: the fluitl. 
Thus, tl~c! Sclialtt~nhrand t t~rl~niclnt~ atilizrtl her(. 
i r~cludrs the net effect of the vascular response 
and  production and  :~bsorption o f  fluid. The 
results 1)rcsentctl suggest that  ret:~rtlt.d o r  f:~nlty 
physic.oc:l~en~ic.:lI absorption of tlic! (:SF ill t l ~ r  
deficic.~~t calves was :L grcsater factor  t11a11 dif- 
ferences observed in  re-forn~atiou of CSI". Tha 
retarded absorption ohserved ill our  study is 
in  agrtwnent  with tracer studies, in t l i ca t in~  
that  the incrchilscd fluid and  pressure ill hydro- 
cephalus is  due to  faulty absorption ( 3 ) .  

It is  not possible to directly conll)arc tl~c! 
absorption ra te  f o r  normal and vit:t~nin il de- 
ficient calves. Such coml>:trisons of the al)- 
sorption figures of Table 1 arc, therefore, 
misleading, because the dttlicient calves did 
n o t  show a re turn  to original pressures. The 
slower rate of absorption of about threefold 

( = 3 . 3  would represent only a ~nin i -  

nrum, i t ~ ~ d  the rntc. i? undoul)tedly rc,tarded to a 
significantly greater  degree thau is here indi- 
cated. 

I f  the deficirnt calves had eshihited absorp- 
tion ratos of evtan 0.05 1111 C'SF/inin, this would 
have rths~llted in some declirlc in  C S F  preahure. 
The results suggest that  a difference in absorp- 
tion c:~pacity rcy)resents a nluch larger factor  
in inrrt.a\ing C S F  pressure in  vitamin A de- 
ficient calves than formation of fluid. This in- 
dication agree3 with the previously observed 
slower rate of disappearance of S C N  fro111 
the C S F  i n  vitamin A deficicnt calves (2) .  
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MII,~,RI~, R. W., OKAMOM, M., THONAS, 
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FACTORS RETIATETI TO IYEIGII'I' OAIN OF DAIRY CALVES ' 

T. G. 1ZfAHTIS.' S. L. JACOBSOX, A N D  L. U. M(-(;II,I,I.%Rl) ' 
Ilepartn~cnt of Aninla1 Srirnce 
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P. G. HOMEYER ' 
De]):lrtment of Statistics 

Tow:] State University, A~nes 
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Growth data on 659 dairy calves were ustlti to d e t e r l ~ ~ i ~ ~ e  the c.ffc.cts of hreed, 
srx, season of hirth, inhreedi~lp, ration, and birth wc:ight on weight gains of 
dairy calves to 8 wk, six months, and 1 x r  of age. Brec,d, sex, drgrre of inbreeci- 
ing, and ration were found to he significant sources of variatiou. Effects of' 
sc,wson of hirth were significant in the analysis of weight gains to 1 yr. Correla- 
tions of hirth weight with weight gains were all less than .40. Early rate of 
gain had little o r  no effect on later gains, age a t  calving, and ~nillc 1)rodnction. 
Althougli calf nutrition esperilnents should he designed to prevent co~~founding 
hreed, sex, and inbreeding effects with ration effects, a portion of thc.se effcir.ts 
can be re111oved hy using hirth I\-eight as  thr  independent vari:lhlr in ;1r1 analysis 
of covarianrc. 

Body weight inc*re:~se 11as hc~1~11 used ;IS a 
measurc. of the adrc1uxc.y of ~ i u t ~ ~ c , r o u ~  (';I I f '  ra- 
tions and ma,nagcrial systc~ns. A nu1111~c~1. of 
factors in addition to rt~tion Ilavc~ been sho\v11 
to affect calf pro\vth. Rathore ( '75)  fo i~nd  sex 
and hrtwi differences in gro\vtl~ rate of rlairy 
calves, and Rollins and Guilhc.rt (25) found 
that sex and season of hirth ;~ffrcted growth 
of 1)rc.f calves. Therc. are I I I ~ I I I ~  other si~nilar 
studies on heef calvcs. Bakc,r cbt al. ( 3 )  and 
Nelson and Lush (19) ohsrrvc~d that growth 
rate decrr;~sed as inbreeding increased. 

The relationship hctween hirth weight and 
early growth rate has not been reported on 
large s a ~ ~ ~ p l r s  of (1;liry cattle. Forshnw et al. 
(13) ohscrved a. correlation of 0.46 hetwrrn 
hirth weight and weaning weight of Duroc 
pigs. Dalvson et  al. (6)  and Arizona workrrs 

Receivcrl for publication Marc11 22, 1962. 

( 1 ) 11al-(a ~.cq~:)rtc.tl grtnvtll oI' l)et+' c*:~lvrs to 11e 
:'qk.:~cdiatc.tl ])ostivt~ly with 1)irth \vc.igl~t. 

Vo~.~.r.l;~tions 01' n~i lk  production with hirth 
\?.c.igIit. six-nronth body wigh t ,   nature lmdy 
~:.c.igl~t, i ~ n d  gro\vtll rel)ortrd by Straus (26),  
I3;lilc.y i ~ n d  I3roster ( Z ) ,  Plunl et al. ( 2 0 ) ,  
Bl; lc.k~~~orc et  111. (4) ,  i ~ n d  Holtz et al. (15) 
\vrrc1 gc.nerally sn~al l  i~ntl positivr. R,rsults re- 
portc.tl hy Keitl (21) sho~vrd no signific.:~nt dif- 
f'n.o~~r,t~s in first lactation production hetween 
1rcifc.1.s underSc.d and 11o1.1naIIy fed prior to 
thchil. first lac.t:~tions. Since t11t.r~ wrrcS differ- 
encchs in growth rate, the.;e rc.sults imply that 
thc.rca is littlt. or  110 relntionshil~ hetwrc:~~ growth 
ri~tc. illid nlilk production. Age a t  first ealving, 
howcsvc.r, was later fo r  the underfed heifers 
tli:111 for  those fed Inore liherally. 

0l)itctivc.s of the present study were: ( i t )  

to (valuate the effects of sex, hreed, season of 
hirth, hirth weight, and inbreeding on early 
\vcight gains of cxlves; (h )  to detcvnline thc 
rc~l;~tionshil) of nlilk production to hirth weight 

'Journal Paper No. J-4°F of the Iowa Agri- 
r.ulturn1 and Home Eeonon~ics Ext)erimc~~t Sta- 'veig:.ht gains. 
tion, Amps, Iowa. Project No. 1324. Some of the 
data wrrc collectcil on Project No. 1053, w11ic.h is SOT7RCF. .\XI) ('IdASSIH'lC~ZTIOPj OF DATA 

a contril,~lting project to Regional Project NC-9. Ilata. used in this study were collected fro111 
2prrsCllt adfircss: &iry Department, Pur(lue e s l ~ e r i ~ ~ ~ c n t s  in c.;llf nutrition conduated a t  Io\vz~ 

Unive~sity. Lafnyette. Indiana. State I-niveriitv from 1945 to 1954. The ra- . . 

3prcsc11t address: ~~i~~ ~ ~ ~ : ~ ~ t ~ ~ ~ ~ ~ t ,  Miclligan tions vi~ried, hut other ~n;unagen~cwt practices 
State University, East I~ansing, Michigall. twnained relativc?ly constant over the 9-yr 

4prrscllt a(ldress: c.I':-I-R, T ~ ~ ~ . ,  9171 Wilshirc period. Each :uiitnal \v:is classified according 
Blvd., Beverly Hills, C:iliforni:~. to scXs, breed (.\yrshirr. Brown Swiss, Guern- 
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sey, Holstein, or Jersey),  season of birth (win- 
ter, December to February; spring, March to 
May; summer, June to August; or  fall, Sep- 
tember to  November), degree of inbreeding 
(0-5, 6-lo%, , 26-30%, or  over 30%), and 
ration. Rations involved in 16 experiments were 
classified into five broad types: ( a )  rations 
containing either chlortetracycline or  oxytetra- 
cycline; (b )  liberal milk plus hay and grain; 
(c) limited milk (less than 300 lb milk per 
100 lb birth weight) plus hay and grain; ( d )  
milk only; and (e) rations containing un- 
hydrogenated vegetable oil. Since there were 
more than 40 individual rations, the classes 
described above are rather arbitrary groupings 
and represent a gradation from the best diets 
to the poorest, based on growth rate and well- 
being of the calves. 

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

ANALYSIS OF DATA 

The least-squares technique described by 
Kempthorne (16, chapter 6) was used to evalu- 
a.te simultaneously the effects of sex, breed, 
season of birth, and ration on 8-wk gain and 
birth weight. This allowed the effects of the 

factors to be tested fo r  significance, both before 
and after adjustment of gain values for birth 
weight variation. The analysis is presented 
in Table 1. Effects of sex and breed were re- 
duced by adjusting to a common birth weight. 
However, the effects of sex and breed on ad- 
justed gains were significant sources of varia- 
tion. The method of analysis assumed no inter- 
action between the main effects, but allowed 
a test of the significance of pooled interactions. 

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

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

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

TABLE 1 

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

-- - 

M. S. 
8-wk 
gain 

adjusted 
M. S. M. S. for 

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

---- -- 

Seas011 3 103 281 245 
Sex 1 7,9!EX* 5,409** 2,607** 
Ration 4 158 21,886** 21,803" 
Breed 4 12,570** 2,410"* 814"' 
Interactions 122 13!4 288 303 
Within cells 458" 140 2414 
.- . - 

243 

** F s~gnifirnnt a t  the 1% level of probability. 
" 457 for adj~isted 8-wk @]in mean square. 
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TABLE 2 

Analyses of variance and covariance of birth weight, 8-wk gain, and six-n~ontll gain 
(Holsteins only) 

Source or' 
variance --- 
Sex 
Season 
Ration 
Interactions 
Within cells 

M. S. M. S. 
six- six- 

month month 
gain gain 

M. S. adjusted adjusted 
six- for for 

month birth 8-wk 
d.f. gain weight gain 

1 63,601** 42,448** 27,519** 
3 2,664 2,476 1,451 
4 23,771X* 19,402** 1,672 

27 1,209 1,166 971 
260' 1,393 1,304 871 

- -- 

M. S. 
six- 

month 
gain 

adjusted 
for 

gain 
and 

birth 
weight 

**I? significant a t  the 1% level of probability. 
" 259 degrees of freedom for six-month gain mean square adjusted for either birth weight 

or 8-wk gain; 258 degrees of freedom for six-month gain mean square adjusted for 8-wk gain 
and birth weight. 

the allot~nent procedures, since the calves did 
not receive the rations until after birth. 

Data from two nutrition experiments were 
used in a preliminary study of the linear re- 
gression of body weight gain to 12  wk of age 
on inhreeding. Ont  experiment was analyzed 
as  a randomized co~nplete block experiment 
with 12-wk gain of the calf as the dependent 
variable. Inbreeding and hirth wright of the 
calf and inbreeding, birth weight, and 8-wk 
gain of the dam were used as independent 
variables in a covariance analysis. The portion 
of total variance due to rrgression on all five 

variables was .273, whereas the portion of total 
variance due to  regression on inbreeding of 
calf alone was .203 ( r  = -.450). Inclusion of 
variables other than inbreeding of the calf 
added little accuracy to  the prediction of 12-wk 
gain in this small sample. Correlation of in- 
breeding with 12-wk gain in the second experi- 
ment was -.275 as  compared to -.450 in the 
first experiment. The regression coefficients 
for  the first and second experiments, respec- 
tively, were - 9 8  and -.78 lb 12-wk gain per 
1% inhreeding. 811 calves used in these two 
experiments were 5% or  more inbred. 

TABLE 3 

Constants derived from least squares analysis of birth weight and gain data 

Six- 
Birth 8-wk month 1-yr 

Effect ~rcight a gain gain gain 
-. 

T1 (Male) 3.61 3.08 15.15 29.85 
T, (Female) -3.61 -3.08 -15.15 -29.85 
B1 (Ayrshire) 4.88 5.30 
Bs (Brown Swiss) 12.39 4.61 
BJ (Guernsey) -8.24 -8.64 
BI (Holstein) 10.05 4.29 
BE (Jersey) -18.89 -5.55 
S1 (Winter) .82 -.44 1.30 -10.63 
S, (Spring) .71 2.00 1.40 21.87 
SJ (Summer) -.88 -.46 -9.35 -6.35 
S, (Fall) -.65 -1.10 6.64 -4.89 
Rl (Antibiotics) -.78 19.27 25.59 46.49 
IE2 (Lib. milk) 1.31 11.33 18.76 12.78 
RS (Lim. milk) .28 1.07 3.44 4.05 
R4 (Milk only) 1.26 -11.86 -7.30 .22 
Rs (Unhyd. veg. oil) -2.06 -19.81 
-- - - -44.49 

-- -- 
-63.11 

"All weights and gains are in pounds. 
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Following the above preliminary analyses, 
thls study was expanded to  include all avail- 
able data. To remove niore completely the 
ration and time trend effects, as well as sex 
effects, :L two-way clasqlficatlon of the data 
was effected. One classification was the inbreed- 
liig clas~es described earlier and the second was 
a sex, e\perin~ent,  ration class. Use of the in- 
breeding classes allowed a n  estin~ation of the 
curvilinear effects of inbreeding on weight gain. 

Constants dcrived in the more complete 
analy\is are plotted in F ~ g u r e  1. The trend 
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the 36-30% class, a negative association be- 
tween inbrreding and weight gain. The high 
value found fo r  the 26-30% class could be due 
to san~pling errors, since there were only six 
calves in that class. 

I n  each of the analyses concerned with the 
c.ffects of sc,il.son of birth, sex, breed, and ra- 
tion, correli~tions of weight gain with birth 
weight were computed. It is  desirable to know 
whethw weight gain in the early periods has 
:I highrr or lower correlation with birth weight 
thnn girin in the pcsriods considered earlier in 
this study. Correlations of birth weight with 
w i g h t  gain to various ages would tend to shed 
some light on the differences in growth patterns 
of large illid 51r1all calves. All correlations com- 
puted in all :~nalyses are listed in Table 4. 
Very early weight gain is negatively correlated 
with birth weight and the value of birth weight 
as  :I. predictor of weight gain increases a t  least 
to 12 wk of age. Beyond that point, the corre- 
lation tends to stabilize and sometimes even 
decwases. 

Of the ani~nals included in this study, 113 
w 8 - week galn Hohtein fenlales had all of the following in- 

forillation available : birth weight, 8-wk gain, 

o six-month gain, 1-yr gain, age a t  first calving, 
\ ilnd first-lactation millc ~roduct ion .  Correla- 

tions among these traits were computed and 1 - Meon 
20 ---- 95% Confadence L8mlIs are shown in Table 5. Production records were 

305-day, 2 x , M.E., 3.5% F.C.M. ; therefore, 
0, 10 20 the expected correlation betwren mlving age 

INBREEDING (') and production wnq zero. Correlations anlong 

Relationship between and 12-wk the various nleasureq of weight gain were part- 

body weight gains coefficient of inbreeding. whole rc,lationships and were expected to be 
large. 

sho~vn indicates little influence of inbreeding DISCUSSION 

when the coefficient is less than 15%. Beyond As observed previously by other workers 
15% inhrccding there was, with exception of (7, 8, 12, 22, 27), sex and breed were found 

TABLE 4 

Correlations between birth weigllt and gain from birth to various ages" 
-- 

Dependent variable; gain to age in wk 

Data analysis " 
- .  

d.f. 2 4 6 8 12 16 26 52 

8-wlr gain 457 .161** 
Six-month gain 259 .195** .260** 
1-yr gain 181 .319** 
All gains to 8 wk 349 -.I00 .057 .133" .164** 
All gains to 16 wk 149 -.051 .I31 .244*" .297** .382** .272** 
All gains except 

12 and 16 wk 161 p.159' .001 .lo7 .188* .316** .327** 
- - .. - - - -- 

* Significant a t  the 5% level of probability. 
**Significant a t  the 1% level of probability. 
" Correlations within breed X sex X season X ration classification. 

Sets of data are not entirely independent, since some calves were includcd in two or 
more data analyses. 

All breeds represented; other analyses include Holsteins only. 



TABLE 5 

Correlations among birth weight, 8 wk gain, six-montl~ gain, 1-yr gain, age a t  first calving, 
and production based on 95 dcgrces of freedom within ration nud season 

(Holsteins only) - .- 
Siu- 

8-wk month 1-y r. Agr a t  Prodnc- 
gain gain gain calving tioil 

- - -  - 

Birth weight .I66 .366*' .291XX -.205* .276+* 
8-wk gain .57SX* .337*" -.I04 .OR8 
Six-month gain .55!)*' -.O5X .300X* 
1-yr gain -.O(i7 .301"* 
Age at  calving 

- 
.044 - - -  

* Significant a t  the 5% level of p~obability. 
'* Significant a t  the 1% level of probal~ility. 

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

Rclativc?ly large differencaes in weight gain 
were found among the hrecds and hetween the 
sexes. Variation due to sex and bred was 
reduced I)y ad,justrnont for  hirth weight, hut 
these effects were still inlportant sonrces of 
variation. This would iridieatct that calves 
should be assigned to trcntn~ents in such a 
way as to allow treatnlent effects to he indr- 
pendent of sex and breed. A rt~ndon~ized block 
design, wherein all aninlnls in :L hlock are of 
the sanic? sex and breed, would probably hest fit 
this situation. I f ,  however, the researrh v o ~ k e r  
is willing to accept a less accmrate estin1atc1 of 
treatinent effects, a design ur~bal:~lic~ed with 
respect to sc:x and breed could be used : I I I ( ~  a 
par t  of the variation attribut:ihle to brertl and 
sex rerl~oved by adjusting gains to a ~ O I I I I ~ O I I  

hirth weight hy covariance. Sensoil-of-birth 
effects were not a ~ n a j o r  sourccl of v:~riation in 
a.ny of the! nnttlyses, hut this does not i~liply 
that cstrenle hetit or cold as well :IS other ell- 
vironrnmt:~l factors do not :~ffect weight gain 
over a short period of time. I t  does, however, 
irrlply that the average contiitions in the four 
seasons in the present study ~vt-(~re essentially 
equally conduc*irr to \veight ir~c*l.mst. of the 
young ca.1 f'. S(2ason vff ects \\-ere signiiicdir~~t in 
the analysis of 1-yr \vcight gains :~nd  ~ ~ r o b a h l y  
should h~ accounted for  in c>xprri~nents rstrntl- 
ing beyond six nlonths of :~ge. It' furtlirr sul). 
division is possible, after  all of tlir 111ore i111- 
portant sourccss of va.rintion :11.t2 hloc.kctl out, 
scXnson of birth should 11(, ac.conntctl f o r  hy 
dividing the ni~lves into gt.oups :IS nc.:n.ly con- 
tc3inpor:rly ns possible. The rc3asons for  the 
signific2:c.nt se:rson cfl'ccts a t  1 yr  of :igck are 11ot 
cbntirely clear, hut the differenc:cbs n~iry he :ISSO- 

ciated with stl:~son:~l rari:itinns in f(~oding and 

nianngenlcnt prncticcis betrreen six 1nont11s :~nd  
1 y r  of age. 

Inhrccding a p ~ e a r r d  to have little ($feet on 
wc,ight e l~ang(~  of young calves until the coc~ffi- 
c iw t  of inhrrrding exceeded 15y0. IIotvevrr, 
 hove l5%,  inbreeding apparently deprrssrd 
firowth rate. This suggests that  when the h t ~ d  
fnrnishing tasperin~cwtal animals is inbred cx- 
tmsivc4y, and the range of inbreeding coc.ffi- 
cicbnts is prc.:~t, calves should he grouped illto 
i r~h re r t i i~~g  cl:lsses, or a n  :u~alysis of rovari:~rice 
should be used to  retnovck part  of the vari:~tion 
due to inbreeding. 

Correlatiorls of birth weight ~vit'n ~rchight 
gains were 'onsistently small, and less than 
15% of thc, variation in gain could be rrlnoved 
I)y :~tljusting to :L cominon birth weight. Ana1-y- 
sis of envariance, wit11 birth weight ;IS thv 
indel)endrr~t varitlble, can he justitietl only 
t v h ( ~  there. is i~ (~uestiou regi~rding signilicanc:c. 
of tr(satn~(~nt efTe(!ts :tnd a n~odrs t  i n ~ r c : ~ s e  ill 
precision will help clarify the situation, or 
~vlrc~n the resenre11 worker is unahle to 1)alanc.c. 
ijrc.cds and  sesc3s in thct design. The association 
bt.twcen :igr and the correlation of hirth weight 
with gnin in weight indicate that  large calvrs 
arcb slow startc,rs, whereas srnall calvc?s ad.just 
inore rapidly to extra-uterine environn~ent. 

liation was found to affect wcight g:~ins fro111 
hirth to all ages c*onsidrred in this study. 
An:~lysis of cdovarinr~c!e and correlation studies 
indicate that, though ration t~fTeets pcrrsist to 
1 yr  of z~ge, weight gain t~eyond the t r ea t l~~cv~ t  
pc~.ioc1 (first 8 to  12  n k )  \vas not affected hy 
gain during the treatment period. The nature 
of t11~ ration classific:~tions virtually forced 
~ . i~ t ion  (sffects to I)(, significant : ~ t  8 wk. 

Reid (24) ,  T-I:lnsson cht a1. (14) ,  : ~ n d  E:c.klrs 
:~nd  Slvett ( 10) all reacahed thr cor~clusion that 
growtll rat(, and c*o~lsc.cluent age of nlaturity 
could he influenced by Seeding. They did r~ot ,  
I~owc.vrr, tiiitl any great inflnc.nce of ear1.v rat(. 
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of growth on first-lactation rnilk production. 
The study reported herein is not in complete 
agreen~ent with these findings, inaslnuch as 
six-tr~onth and 1-yr gain were correlated ( r  = 
.30) with n~ i lk  production. Since no correction 
fo r  inhreeding was made, and inhreeding could 
affect hoth gain and milk production, this 
correlation could have been the result of corre- 
lated effects of inhreeding. Also, six-lnonth 
and 1-yr gains represent a suhstantial portion 
of mature weight and i t  is possihle that  the 
ohserved correlation is s in~ply  that between 
body weight and tnilk production. Blacknlore 
et al. (4) and Holtz et  al. (15) concluded that 
the factors creating rapid early growth are 
independent of those causing high production. 
I n  the present study, 8-wk gain had little or 
no effect on later gains, age a t  calving, o r  suh- 
sequent lrlilk production. It would seem that 
the calf-raising program has little effect on 
traits indeprndent of and expressed after the 
cspt~r i~nent i~l  period. 

If  weight gain is riot to he used as an  index 
of the sufficiency of a calf ration, a. h t d t h  or 
condition index is a, possihle substitute. How- 
ever, i t  has the ma,jor disadv:~ntage of being 
subject to hun~an  judgn~ent and, therefore, 
easily hiased. Changes in skeletal Illc.asure- 
~nents  would identify only the nlost inadecluate 
rations. The present study Tas not designed to 
test the adecluacy of the ttt-o intleses suggt.ste6 
ahove, hut i t  dotks clearly raise a question con- 
cerning the use of weight gain as an  ind(,s of 
ealf ration sufficiet~c~. The unit cost of weight 
gains prior to thr  develop~nent of runlen func- 
tion is considera.hly greater than that of gnins 
111ade later. Therefore, it would seem advis;~hle 
to keep c:~lres hralthy and thrifty during the 
(ai1r1y rvc~c4is of thrir life without great rt.g;~rd 
f'or weight gains. Tf weight gains ;ire usctl :IS 

thc, criterion of ;~decluaey, i t  shoultl he ho~me 
in nrind t l ~ t  the v;~riahle is a. growth response. 
which has little relationship to the u l t i l~~ntc~ 
I;~c.t:rtional responsr of the ilnin~al. 

Growth standards have herti tabulated by 
several workers in the past. A comparison of 
the values reported f o r  I-Iolstein heifers with 
average growth of Holstein heifers included 
in this study is shown in Table 6. There was 
variation within the Iowa State Uuivclrsity 
herd, a s  indicated by ration differcnces. The 
differences hetween standards indicate differ- 
cXnc.es from one sample or herd to another. I f  
a standard other than one for  the herd in 
cjuestion is used, the re-;c;~rch morkrr is oo~n- 
p ;~r ing hc,rds as  wrll as  ~nt~nagerrient regin~es. 
Obviously, n control ration should be ineor- 
porilted into the tlrsign of each ealf nutrition 
e x p e r i ~ ~ ~ c n t  tlesignc~ti to cv;lluate growth re- 
sponse, and standard growth curves shoultl he 
usc,tl only 21s an adtlitional cariterion. 
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ACETATE TTRNOVER. RATE I N  T H E  BOVINE 

S. D. LEE' .\XD W. F. WILLIAMS 
Dairy Scic~~ce Dtxpnrtment, University of Maryland, College Pnrk 

SUMXARY 
Data have been ohtained on the rate of acetate turnover in :L steer and in 

Holstein cows 2-4 h r  after feeding. The turnover rate for  mature cows was 
2.1 zk 0.5 m ~ / h r / l r g  (5.5 + 1.3 g/hr/cwt). Evidence mas obtained from the 
calculated acetate pool size in rrlation to blood acetate concentration and from 
the calculated acetate space that the techniqur used is mrasuring the turnover 
rate of the acetate pool in the accessible central (blood) compartment. The data 
do not support the concept that the rate of acrtate utilization is concentration- 
dependent, a t  least for  the normal blood concentrations existing in this study. 
From the data in this study, in relation to various estimates of acetate absorp- 
tion, i t  is suggested that as  much a s  25% of the acetate turned over may he of 
endogenous origin. Inferences are drawn concerning possihle physiological 
effects on acrtate rnetabolis~n and the relationqhip of acetate ~netabolisrn to the 
total metabolic rate. 

Acetate, a most important endogenous me- 
tnholite in all animal species, is of importance 
in ruminant animals as  a major esogenous me- 
tabolite as well. Much has been learned about 
the utilization of acetate carbon in many spe- 
cies; whereas, relatively few studies have at- 
trmpted the measurement of the rate of inetab- 
oliq~n of acetate in these species. 

Bloch and Rittenberg in 1945 (4 )  utilized 
the acctylation of foreign amines in the ra t  as 
well a- cal-bon-laheletl acetate to estimate the 
acetate turnover in this species. Smyth (16), 
several years later, using acetate tolerance 
curvr\, estim:~ted the turnover rate in cats as  
6-7 mnr/hr/kg. Harper  et  al., in 1953 (9 ) ,  were 
the first to utilize the conventional isotope di- 
lution techniques for  the deterruination of ace- 
tatc turnover. These studies in the dog indi- 
cated a turnover rate of 3-7 mxv~/hr/kg. The 
  no st recent work in nonruminants is that of 
Dayton et al. (6)  with rats, using essentially 
the technique of Bloch and Rittenherg (4) .  I n  
this study an  interesting finding was the effect 
of changes of f a t  in the diet on the acetate 
turnover rate. On a normal diet the turnover 
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rate was 4.5 ii~nr/l~r/kg and on a fat-free diet, 
3.5 ~ n ~ / h r / k g .  

The first rrport  of such studies in ruminants 
was a preliminary communication by Annison 
and Lindscp in 1958 (1). A more complete 
study in sheep was reported by these authors 
in 1961 (2 ) .  Using the single injection tech- 
nique with carhosyl-labeled acetate, these 
workers reporter1 ia rapid turnover of acetate 
with ;I half-life ( T S )  of 3-4 min as deter- 
11ii11ed from thr hlood acetate specific activity 
slope I~etwern 6 and 16 min post-injection. 
Using this slope, an  i~nprohahly large t~cetate 
space of 70 liters, or approximately 1.5 liters/ 
kg hotly weight, was estimated. Without fur- 
ther investigation of this technique, this group 
then nsed tho constant rate infusion trchnique 
in four sheep to detcrrnine thc utilization rate 
of ;tectate. 111 these four ani~nals they obtained 
acet;~tr  turnover rates ranging froin 0.7 to 
5.5'3 tn>r/hr/kg. 

Davis et al. (5) reported the results of a 
single injection esprriment and a constant in- 
fusion esprriment on a 160-kg steer, fastrd 
7% 11r in the first experiment and fed in the 
second esl)c.riment. I n  thr single injection ex- 
periment the specific activity data for 90, 120, 
and 150 mi11 post-injection were used in the 
ralculation of Tl/z ; ~ n d  acetate pool size. These 
tlata gave a TY2 of 58 mi11 and a n  i~nprobahly 
large value for the acetate space (some 100 
times larger than the animal). These results 
are not surprising when i t  is considered that 
the single injection technique is useful only 
for measurement of the accessible central corn- 



par tn~ent  of a tnammillary systern and not for 
the aeetate pool which these workers have de- 
fined. From their constant infusion experi- 
ment an acetate turnover rate of 7.1 mu/hr/kg 
was calculated from acetate carbon oxidation 
values. Using the more conventional caleula- 
tion (15), their data give a value of 4.2 r n ~ /  
hr/kg for  the acetate turnover rate in this steer. 

Preliminary data from this laboratory, re- 
ported in 1960 (12), using the single injection 
technique, gave average values for  a steer of 
2.6 m ~ / h r / k g  and for  several cows of 1.8 
rnw/hr/kg. The T1/2 in these experintents 
ranged from 1.5 to 4 min, which is similar to 
the other reported values fo r  acetate, except 
fo r  that of Davis et  al. (5). These are also 
similar to the Tl/z values reported for the 
long-ehain fatty acids in various species (3, 8, 
10, 11).  

EXPERI>lENTAL PROCEDURE 

Thc.\c exprriinent\ were conducted on a Jer- 
5ey steer and on nxrture Holstein cows. The 
steer was maintained on good-quality alfalfa 
hay a t  110% of Morrison's rrrommended al- 
lowance. The dairy cows were maintained a t  
somewhat above Morrison's standards on a 
normal herd ration of grain and hay a t  about 
a 1 : 3  ratio. All experiments were conducted 
2-4 h r  after the AM feeding. 

The definitions employed and the experi- 
mental procedures used in these single injection 
turnover studies have been reported in detail 
elsewhere (13). The only exception to the 
published procedure occurred in Experitnents 
1 and 2, where the blood sampling was :it 
2-min intervals. I n  all other experiments S:IIII- 

pling was a t  1-min intervals. 
I n  general terms, the procedure involved 

rapid injection of acetate-1-C" into the jugular 
vein, the sampling of jugular blood a t  1-min 
intervals, except as noted, for  10-12 min, and 
the immediate deproteinization of these samples. 
Acetate was isolated from the blood filtrates 
chron~atogmphically and the specific activity 
(epm/mg) determined. A sernilog plot of spe- 
cific activity vs. time was made and the slope 
oalculated by the method of least squ:trcls. The 
half-time (TY2) and acetate pool size were 
calculated using this slope. From the T1/2 and 
pool size values the acetate turnover rate was 
calculated by the standard calculation for  such 
rates. 

The terms e~nployed in this study are de- 
fined a s  follows: 

Specific activity : Katlioaetivity per unit 
mass, e.g.. cp111/1ng acetate. 

Half-time: The time required for  the mdio- 
activity to decline by one-half. 

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

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

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

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

RESULTS AND DISCUSSION 

The data obtained in this series of experi- 
ments are given in Table 1. The semilog plot 
of the specific activity data in typical experi- 
ments is shown in the study of acetate isotope 
dilution techniques by Lee and Williams (13).  
The first point to examine in these data, since 
the single injection technique used here pnr- 
ports to measure the turnover rate of the ae- 
crssible central compartment of this matnmillary 
system, is whether the pool size bears a reason- 
able relationship to the blood acetate coneen- 
tration. Secondly, the calculated acetate space 
should not be irnprobably large, as was reported 
by Davis et a1. (5 )  and Annison and Lindsey 
( 2 ) .  I f  either of these conditions is not met, 
considerable doubt is placed on the validity of 
these results. I t  is  apparent from Table 1 
that, in general, the higher the blood concen- 
tration of acetate the larger the calculated ace- 
tate pool. Although not shown in Table 1,  the 
acetate space averaged 10.1 t- 1.8% of the 
body weight in these experiments. These two 
findings suggest that thc use of this technique 
is valid for  the ~neasurenient of turnover rate 
in the central (blood) compartlneut. 

I f  the turnover rate obtained in each experi- 
nleilt and the blood acetate eoncentratioll a t  
the tinie of detrrtninatio~~ is exalnined, i t  is 
seen that no direct relationship exists. This 
finding tcnds to ci~st  doubt on the concept that 
the rate of acetate utilization is eoncentration- 
d(.pendrnt, a t  least for the blood concentra- 
tions encountered in this study. 

When these results for  acetate turnover rate 



RATE OF ACETATE TURNOVER 

TABLE 1 

.kectate metabolism in dairy cattle 
- -  

Expt. Rlood Pool 
no. na tc  Animal acetate TM size Tur~~orer  rate 

-- 

(mg %I (i l l in)  ()~~g/cwt) /g/lir) (:d!i/ /;;;$ 
1 8/59 Steer J 12.9 4.0 654 53.1 6.8 2.5 
3 l0/59 Steer J 5.94 1.6 ?!I5 63.1 I .a 2.8 - - 

327 H 
3 2/60 LOU, prod. 5.72 1.6 175 57.3 4.6 1.7 

149 H 
7 3/61 High prod. 5.70 2.1 355 81.5 i . 1  2.6 

149 H 
8 3/61 High prod. 5.00 1.6 208 64.i 5.6 2.1 

149 H 
$1 6/61 High prod. 8.46 3.8 405 54.6 4.4 1.6 

Mean (steers) 2.8 475 58.1 7.2 2.7 

Mean (cows) 2 . 2 f  0.8 2892108 71.2280.4 5.5-t-1.3 2 .120 .5  
-- .- - - . - - 

are compared to the data on four sheep pre- 
sented by Annison and Lindsey (2), i t  is seen 
that the agreement is reasonably good. These 
authors reported values ranging from 0.7 to 5.6 
m ~ / h r / k g  for  their sheep, as  compared to 
2.1 * 0.5 m ~ / h r / k g  for the mature cows in 
this study. Davis et al. (5) reported a value 
of 7.1 tnnr/hr/lrg for their steer, which is more 
than three times the mean value for the cows 
in this study. When just romparing steer 
values this is still alniost three times the values 
reported here. 

I t  is of interest to compare the turnover 
ratt.s obtained in this study (2.1 f 0.5 m ~ /  
hr/lrg for cows) with various calculations of 
acetate absorption from the rumen. The turn- 
over rates obtained in this study should result 
from the turnover of both endogenous acetate 
nrtd exogenous acetate and, therefore, absorp- 
tion rates would be expected to he somewhat 
less than the values reported here for  turnover. 
Stewart et al. (17), using a combined in vitro- 
in vivo technique, have estimated an  :~cetate 
ahsorption of 1.8 m~/h r / l rg  in a steer. From 
goat rumen perfusion studies, McCarthy (14) 
estimated a rutninal production of acetate of 
1.9 n~x/hr /kg.  Dobson (7 )  has estimated the 
fatty acid ahsorption of shvep as 1.6 m~/h r /kg ,  
as calrnlated from various data in the literature. 
Annison and Lit1dsc.y (2)  have estimated ab- 
sorption as 1.5-2.2 m ~ / h r / k g  in sheep. These 

comparisons suggest the correctness of the as- 
sumption that the measured turnover rate in- 
cludes both endogenous and exogmous acetate 
prodnetion. Tt seems reasonable to estimate 
that the endogenous production under these 
conditions may account for as  much as 25% 
of the acetate turnover. 

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

As noted in the introduction, only relatively 
fcw studies of the rate of acetate turnover 
have been carried out. Ignoring species dif- 
ferences, the differing techniques elnploged 
and the differing physiological states encoun- 
tered, when these turnover values for  rats (4), 
cats (16).  sheep (1, 2) ,  and the rates for cattle 
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detrr~nined in this study a r e  plotted logarith- 
~nirnl ly against hody weight, a straight line 
plot is ohtained. Since only few da ta  a r e  
avt~ilahle, the slope was estimated gr:iphically 
a s  0.5. This value is very close to  the usually 
arccpted values of 0.7 to 0.75 f o r  the slope of 
resting or  hasal m e t a h o l i s ~ ~ ~  vs. hody weight. 
That these values should he similar is not  sur- 
prising, considering the position which acetate 
orcupies in  oxidative and synthetic metaholiwn. 

The da ta  ohtained in this study indicate the 
ability of this technique to measure acetate 
nietaholic mtcs, if the observational period is  
surh that  the changes in  specific activity oh- 
served a re  predominantly due to turnover in  
the nccessihle central compartment and  not  
predominantly due to reflux and carhon re- 
cycle. The contention, based on acetate osida- 
tion studies (IS), that  the acetate pool must 
be small and the turnover of this pool rapid, 
is  fully sul,portetl 11y these data. The sug- 
gestion from these data and others (2, 7, 14, 
l'i), that  exogenous acetate tilay account for  a s  
little a s  75% of the acetate turned over, sug- 
gests that  the sources of this acetate, particu- 
larly the l o n g - e l ~ a i ~ ~  fa t ty  acids, nicrit further  
investigation. 
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EFFECT O F  PARATHYROID HORMONE ON CALCIUM AND OTHER 
PLASISA CONSTITUENTS OF' DAIRY CATTLE 
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The administration of parathyroid extract within 2 h r  postpartum to first 
calf hfaifers, normal nlature cows, and mature. c o ~ r s  with a past history of n~ i lk  
fever did not appreciably alter the plasma levels of calciurn, magnesium, o r  
alkaline phosphatase. Plasma inorganic phosphorus was increased moderately 
in most of the animals by the action of parathyroid extract. A t  the time of 
parturition mature animals showed a greater decrease in calcium and inorganic 
phosphorus and a greater increase in magnesium than did the younger animals. 
illkaline phosphatase remained relatively constant in all animals. Thirty-one 
parturitions were studied and six cases of milk fever observed. Data suggest 
that  milk fever can result from either a low level of calcium o r  a low level of 
both phosphorus and calcium. Cases of milk fever which relapsed were of the 
latter type. Parturient coxrs were not responsive to parathyroid extract and 
its adillinistration just after calving had no apparent effect on the occurrence 
or severity of milk fever. 

The parathyroid deficiency theory of par- 
turieut paresis or inillr fever has had wide ac- 
ceptance since i t  mas first proposed by Dryerre 
and Greig in 1925 ( 3 ) .  However, there is little 
experiniental evidence supporting this theory, 
other than the observation of liypocalce~nia and 
the successful use of calciunl to rcblieve the 
syniptolns of this disorder. Although para- 
thyroid extract ( P T E ) ,  when administered in- 
traniuscularly, h:ts been shown to elevate the 
level of blood cnlciuln in inost species of ani- 
luals (20) )  i t  has not heen tested tldcquately 
ill the prc~vention of bovine rnilli fever. Little 
anti lIatticl< (9)  administered to t-ivo cows 450 
or 600 Hanson Units of parathyroid i~etivity, 
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parathyroid activity required to increase serum 
calcium by 1.0 mg 70 in parathyroidectomized 
dogs within 6 hr (20). One U.S.P. parathyroid 
 ini it is 0.01 of the amount of parathyroid activity 
lequired to increase serum calcium by 1.0 mg % 
in llormal dogs within 16-18 hr (21). 
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intran~uscularly, daily fo r  four days prepar tu~n 
to one day post par tun^. Data showed no definite 
c.ffect of the 1':lroidin injections over the con- 
trols f o r  that year, but the treated animals 
showed lower calcium levels a t  the next par-  
turition :I year Inter, ~ v l ~ e n  no parathyroid ex- 
tract wa.; given nilti when one of the cows de- 
vcbloped 111ilk fevc%r. These workers concaluded 
that the parathyroid extract may have been 
hrncfwial to some extent, possibly by preventing 
niilli fever. Seeklc.~, Sjollc~ma, and Van Der 
I h a y  (17) vcre  ahle to relieve the symptoms 
of ~nillc fever in one cow by the intravenous 
adrniuistration of 100 USP units of parathy- 
roid hormonr. IIibbs, Ponnden, and Krauss 
(8)  have given a brief report that parathyroid 
extract (3,000-5,000 U S P  units/animal\ was 
of no henefit to three cows with early milk 
fever symptoms but was of benefit to a 
himilar cow when in,jcctcd in conjunction with 
om1 vitau~in D. Stott  and Smith (19) thyro- 
~)arathyroidecto~riized seven cows, 3-6 y r  of age, 
approxinlatelp one month prc~partuui without 
the sul)sc.quent occurrence of symptoms of milk 
nlillr fevcxr. The parathyroid deficiency theory 
of mill< fever has been reviewed by Hibbs (7)  
tnltl the role of the parathyroids in regulating 
thr  level of blood calcium has been reviewed 
by Roclt~ and Cole (2 ) .  

P r e l i l ~ ~ i n i ~ i ~ .  experiments have indicated that 
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pari.thyroid rstract  a d ~ t ~ i ~ ~ i s t e r e d  i~ttrat~tuscu- 
larly to d a i ~ ~  cattle elevated p l t ~ s ~ t ~ a  ca lc iu~i~ 
to a ~ n a x i t l i u ~ ~ ~  level it1 8 to 12 hr aud lind a 
duration of action of niorc than 30 hr (12 ) .  
Sincr tt~ilk ftlver is I I I O S ~  liliely to occur within 
12 to 24 h r  postpartum, the ad~t~iltistriitio~t of 
parathyroid extract withiti 2 h r  postpartu~ti 
could he expected to iticrease pli~sma calciui~i 
duritig this critical period. 

This expe r ime~~t  was designed to study tlte 
effects of the postpartu~n ad~t~it~istratiori  of 
parathyroid h o r ~ i ~ o ~ t e  011 the occurrence of nlilli 
fever, a ~ ~ d  to dr termi~~t .  whether nor111a1 cows 
a r ~ d  cows with a past history of 111ilk f rvrr  havr 
a different response of plastna calciu~~t,  phos- 
phorus, lnagnesium, arrd alkaline phosphatast: 
to the nd~~~in i s t r ;~ t ion  of paritthyroid I~ornto~~c. 
; ~ t  parturition. 

Twenty-seve~i dairy a ~ i i ~ t ~ a l s  of  Holstc.iu, 
Guentscy, or ,Jrrscy breeding were studied ill 
31 parturi t iot~s duriug this c~speritnrt~t  (Ti~!)le 
1). First call' heifers (Group I )  ittitl the III)I'- 

'r;\BLE I 

Distril)utio~i of a11i11r:lls use11 to test tlte eff'rt of 
pnr;rtllyroi(l t,strnct :it p:?rturition 

- ~ .- -- 

I )  
:I. (~vi:?; 

O ~ O U ~ )  (IIO I '~I~E) prrpJ I 
- -- - - - - -- - 

I First calf heifrrs 4 4 

I I S o r ~ ~ t : ~ l  t~~aturv  cows 
in tllrir f o ~ ~ r t l ~  or 
1iigllt.r lact;~tio~i wit11 
110 111iIk fcvvr 
I~istor?.. ) 4 

I I r Matt~rc ani~~r:ilr, wit11 
~ t t i l l <  fever I~is to~~irs  
ill  ; ~ t  least tlre last 
t ~ \ - o  ~~arturitions. (i 

~ - - - 

;' 400 I-.S.P. 1111its/l00 lb (:<,OpO-6,000 units/  
:III~III;II). 

11ra1 ~ ~ ~ i i t u r e  c.o\~-s ((:t.oup 11) were fro111 the 
Purduc. Criivc~rsity Dairy IIcrd. Anitnals with 
a history of ~ttilli f ( ' v ( ~  ill their 1:tst two Ii~cta- 
t io~ts (Bronp TII) \vv~.c ol~ti~ined f r o ~ r ~  111di;rna 
f a r~~~cbr s  autl 111ailttait1cd at  the Scliool of Vet- 
e r i l la~y Scic.~tc.e and Medicine. , \ I1  of the, ani- 
111a1s \\ere f ' c d  and tttanngc.tl hy the pri1c:tices 
nst,tl it1 t l t ~  University l) i~iry Herd. 

.\uimals which receivcii parathyroid rstr;ict 
we1.c. given 400 1:SP units/100 lh (3,000-6,000 
ut~its/hc:td) i~it ln~lt i~scul: i~~ly ill the cervical re- 
~ : . ~ I ) I I  of tlt(l t i ~ ~ a l i  within .) hr l)ostpartut~i. All 

of the P T E  uhed t t i  the cxpe r i~~ te~ i t  w i ~ h  of tl~(' 
swltle 1)ateli. Sirice the esperit~tei~t required 
Inore thau a yth;lr, the potency of the P T E  wily 
tested 111,ar the end of the experiutcwt by its 
s d ~ n i u i s t ~ * a t i o ~ ~  to tmo dry cows, to d e t c r ~ t ~ i ~ t e  
if it had lost its ability to elevate plastt~a 
c a l c i u ~ ~ ~ .  

Blood S ~ I I I ~ I C S  were. ohtaiurd iit 11cpari11izt.d 
syrit~gc.~ fro111 the jugular vtriu arid were cetttri- 
fugc~d to relllore red cells. Plas~ria was a~~alyzet f  
for i~torgat~ic. pliospl~orus hy adding one vo lu~ t~e  
of l)lastlia tlropwist: to four volult~es of 10yo 
tric.l~loroac~t~ti(~, filtc~ring, and deterrriining the 
phosphorus ill an aliquot of the filtrate by the 
Al.O. . l .C.  c.olori~~~rtric niethod ( 1 ) .  Phosphorus 
a t~ t l  i~ l l i a l i~~c~  p1iosl)hatasc (18) were detert~iiued 
witl~iu 12 hr after volleetiou of the hlood. Mag- 
ncs iu l~~  \v;~s detc.r~~tined hy tltc ~ltethotl of 
Cirvttc ( 4 ) .  Cal(.iu~~l lt~vcls wrr1. initially de- 
t cb r~ t~ i~~ed  t)y Grcbtte's 111c.tl1od (4 ) ,  \vl~ic+li in- 
volves oxillate precipitation a11t1 titration of 
the calciii~~t with ctliylenediaminetetraacc.tic acid 
( E D T L l ) ,  hut n~ost  of the calriuin levrls were 
d(~tc~r111ittc1d by :I, uew l~lethod i~rvolvi~tg the di- 
~.cacat titrntiot~ of the p l a su~ :~  caloiiu~t with 
P:DTA, using C'itl-Red as  tht: indicator (13) .  
I)aily plitstna I(8vels of' these c.olistituc~its ~ v ~ r t .  
tlc~tert~ti~trd ill 111ost casrs fro~lt  seveli d:~ys 1)1'('- 
partul~t to scxvc.n days postpartuin; for  48 11r 
pos tpa r tu t~~  hlood s i t ~ ~ ~ p l e s  were draxvu ever>- 
2 h r  for the first 12 ltr, every 4 lir for  the 11c.xt 
12 hr, V \ ~ ( ~ I ~  6 hr for t 1 1 ~  tiest 24 llr. 

Tltr 111aturc. cows it1 this study slio\vc.tl a 
\\-id(. vuriatiou het\\.c~t~ri a ~ t i ~ ~ ~ i ~ l s  it1 thrir pl:ts~~la 
levols of coiil(.iu~t~, iuorga~tic phospl~orus, :,tid 
~ ~ ~ a g ~ ~ c b s i u ~ t l .  111 c ~ ~ ~ ~ t r a ~ t ,  the plas~tta 1evc.l~ of 
tlit~scs vo~istituer~ts ill the first calf heifers were 
I I I I I ~ . ~  111or(~ u l~i for l~i .  .\lkalino phosph:ltase 
vn.lut~s wclrc: quite eonsistc.~it in all groups a t  
; ip l ) ros i~~~nte ly  2 to 3 InM units (18) iutd thest. 
v;~.lucs did not change a t  the t i ~ r ~ e  of pnrturi- 
tiou, wit11 the age. of tltcx atii~t~itl, o r  wit11 the 
: ~ t l ~ ~ ~ i ~ ~ i s t ~ . i ~ t i o ~ i  01' parathyl-oid I ~ o r ~ n o ~ ~ r .  

The tirst calf I~rifers :ill calvtvl i ior~r~ally aud 
Itolle drvc~loprtl 111i1k ~ 'CVCI . .  The p l a s ~ ~ t a  levels 
of cnlri1u11 and i n o r g i ~ ~ ~ i c  phosphorus wcX~.cL 
~r~i ld lg  tl(~l)rcssod a t  p:lrturitiou, hut 111ag11esiu111 
slio~vt~I IIO c l~ : r~~ge .  ,\tl~tiinistratio~i of pa~':i- 
tltyroitl cxtravt ~v i th i t~  2 11r t~ f t e r  p i~r tur i t io~l  
hat1 110 al)l~rc~(.i:tl)le c>ffrct ill these young m i -  
t~tals (Figure l, Groups I :I :~nd h ) .  Averiigr 
cai11ciu111 levels tlrcreased 1.4 ntg 7. just after 
parturition ill c~otitrol heifers and 1.3 11ig % in 
l1eif't.r~ whirh ~eccivc~d PTIC. The l o w s t  level 
of p l i i s~~ta  c:rlc.ilutt \\-;IS ohsc.rvrd a t  the t i ~ ~ ~ c  of 



parturition, followed by a slow postpartal in- 
crease and a second decline in six of the eight 
heifers 16 to 24 h r  postpartum. 

The norl~lal 111:tture cows did not have a 
histoiy of prc.vious n~illr fever and, like the 
first calf heifers, did not show synipton~s of 
~ni lk  fever during their current 1:lctation (Fig-  
ure 1,  Groups I1 a and h ) .  Further~nore,  eight 
of the 14 cows with a past history of ~nill; fever 
were ut~:~ffected during the current parturition 
(Figure 1, Groups I11 a : ~ n d  h ) .  Four  of these 
eight cours had received lJTE a t  parturition 
c~rld four had not. If  mill; fever did not occur, 
the 111at1u.e aninlals in the several categories 
(with and without previous milk fcvcr and with 
and without P T E )  could not he distinguished 
fro111 mature cows in the other eatcagories hy 
their pos t -pa r tu r i t~~ t  cha11gc.s of pl:isma c:tI- 
ciunr or 111:rgnesiu111, even though tl~t.re was 
variiltion between individual animals within a 
group. These co\\-s :~ppeared to have :L ~ l ~ o d e s t  
illcrease in ~ ) l a s n ~ %  inorganic phosphorus due 
to PTE.  Togcather, these mature anitnals with- 
out Inilk fever sholvetl an  average dcnline of 
2.5 nrg % of plasma calcium a t  parturition and 
this decline was not suhstanti:llly affected hy 
P T E  :ldtninistration (Figure 1 ;  Groups I1 a 
and I), and Groups 111 :L and 1)). Othor sei- 
?rttists (11, 15) have also observed a greater 
decre:lsc: in p l :~s~~ra  calciun~ ant1 in inorg:lnic 
p l~ospl~orus  a t  1,:nturition in i~iature cows than 
in youngtar cows. Since the prepartal decline 
it1 the Icavol of pl:is~na oalciuin has heen :ISSO- 
caiated wit11 ~nillc ~ (~ (~ re t io l i  (15) ,  higher-proililc- 
i t ~ g  I I I ~ ~ I I I . ~ ~  co~vs could hch c.xpectod to show :L 

g r r :~ ter  tl(.cline ill plasl~l:~ c:tlciu~~~ than first- 
calf heit'rrs. 

I ' rel i~nit~i~ry exp(~rin~ents with HIITA infu- 
sions (12) ,  i ~ n d  the experitnents of Hansard, 
('or~lilr, :lnd Plumlrcl ( 6 )  show that young cattlr 
n~(~t:iI)olizc~ (~i~leiurn Illore c>fficiently than do 
11i:iture cattle.. I n  t,he your1gc.r anilllals of the. 
currer~t expc21.inient the lowest level of plasniil 
c a l ( . i u ~ ~ ~  was ohservcatl 1 to 2 hr after parturi- 
tion titid it rose rapidly. I n  the mature cows 
not showing 111i1k fc'ver the lox-est lcvcl of 
p l a s ~ ~ ~ : ~  (~a1ciu111 WS~S not observed until 6 to 13 
11r ])ostl)artulr~ :tnd i t  rose Illore slowly. By 
48 11r post~artu111, the plasrna calcium in both 
age g ~ ~ ~ u p s h a d  returnetl to a 11orlna1 level of 
:thout 10 mg %. I n  the mature aniiuals there 
was :I grttdunl illcrease in plas~~lir  magnc.siu~n 
\\~hich rcbtrched its rnaxi~l~unl average levrl (3.0 
nig u ? )  i~hout  4 hr post par tun^, then slowly re- 
tnrnetl to :l ~ O I . I I I : I I  lcvrl of approxi~nately 2.0 
111g 6%. 

Of the. 14 co\vs wit11 :I previous histor? of 

n~i lk  t'c~ver six developt~cl milk f e v ( ~  during the 
c~xperinrent and two of these rel:~psed (Figure 
8). Thca data 5uggest that two typeso t '  rnilk 
f'clvrr oc*c2ur nn(i these r e ~ u l t  fro111 a low level 
of plasnla c i ~ l c i u ~ ~ ~ ,  or a low level of both phos- 
p l~orus  and ealciutn. T11rc.e cascs of the low 
cal rm~n type werr observed and one of the 
: ~ r ~ i l ~ ~ a l s  rrceived I'TE a t  the tnne of p:irturi- 
t iol~.  \\Thc,t~ the sy~npto~rrs of rnillc fever were 
oltserved in thcse cows pl :~s~na calciu~n levels 
were 4.7 to 6.4 n ~ g  %, inorganic phosphorus 
I(1vc.l~ wercx 2.0 to 5.4 ing %, and ~nagnesiurl~ 
levels were 3.2 to 4.0 rng % (Figure 2 :  Cows 
A-5, A-6, and R-4).  These eiises of low caleiull~ 
tr~illi fever all showed good recovery followir~g 
a single t r r a t ~ ~ r e n t  with a eotr~n~ercial ea1ciur11- 
phosphorus preparation. 

Milk fever of the low-calcium low-phosphorus 
t y l ~ t ~  w:rs ohsc~rvrd in tllree cows, of which one 
had rcbceived P T E  :it parturition (Figure 2 :  
Cows -2-2, 12-4, and B-3). J\'II~II treatment with 
a co~n~nercial  c~:llciuli~-phosphorus preptlration 
was initiated, plasnlz calciu~n levels wc2re 3.0 
to 4.8 tng %, phosphorus levels lvere 0.4 to 0.8 
111g yo, and plasn~a magnesium levels were 3.1 
to 4.8 n ~ g  %. Magnesiu~r~ frequently varied 
inversely with calciu~n. Two of these c:xses 
relapsed and required tnultiple infusions of 
c*alciu111-1~l1osphorus solution. At  the ti~nt: of 
thc~ third trcatn~c:t~t, PTII: was injclcted intra- 
111uscular1y (400 U.S.P. anits/100 Ih). A1'tt.r 
this dual treatment, hoth inorganic phosphorus 
: I I I ~  c2alci11111 were elc:vated and re~l~:~ined a t  :III 

:ltlc.cluate I(svcl so that n~illt fever sy~nptoms (lid 
not reoccur. I t  is hchlieved that PTE: was hrt~t.- 
iic2i:tl in the treatnlent of these two cases of 
low-ca1eiu111, low-phosphorus tnilk fever. 111 
thc~ third low-calciu~~r, low-phosphorus case the 
cow had been injrctc~tl with PTE: following par- 
turition ant1 cnlciun~ therapy was ilelayeti to 
allow the horrllone to exert its effect. Within 
2 111. t~ f t c r  ~nilli fever synipton~s were first ob- 
servcacl the i ~ n i ~ n a l  rolled on to her side and 
hloatt.tl. Following calciu~n-phosl~l~orus therapy 
~ ~ ~ i l l i  t'(~vcr s y t ~ ~ l ) t o n ~ s  wrre alleviated anti plasrr~n 
levels of  calc i tu~~ and inorganic phosphorus in- 
creasc.tl (Figurt: 2, U , 3 ) .  Elowever, the ii11i111a1 
(lied 4 Ilr aftclr calriu~ii-pllosl>l~orus therapy, 
clue to inh:~latiot~ of rulllcJI1  ingest:^ as  rc:vcv~led 
I)y p o s t - I I I ~ ~ ~ ~ I I I  (~xan~itr:~.tion. 

The ohbervations on 1owealciu111, lomphos- 
phorui n~i lk  fever are  siinilar to those reported 
I)g JIarr ,  h I o o d ~ ~ ,  and Robertson (10) and Rob- 
c>l.tson ct ill. (14),  who found that milk fever 
: ~ n i ~ ~ r a l s  which rt.l:~pse or shorn a poor response 
to c.nlcinn~ therapy often have a very low plasma 
I(hvt2l of hoth phohpl.~orus and calcium. They 



GROUP I. FIRST-CALF HEIFERS 

a )  no PTE (4)  b) r l t h  P T E  (41 

GROUP 11. NORMAL MATURE COWS 

01 no PTE (51 b) with P T E  (4) 

GROUP m, MATURE COWS 
WITH HISTORY OF PARTURIENT PARESIS 

0 )  n o  P T E  ( 4 )  b) with P T E  ( 4 )  

T I  ME F R O M  P A R T U R I T I O N  

- 
- 

FIG. 1. Averagr plnsmn levels of calcium, inorganic pliosphorus, and magnesium i n  cows 
xi41ich ealrrd norm:~lly (the number of animals in  each subgroup is shown in parentheses). 
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FIG. 2. Plasma levels of calcium, inorganic phosphorus, and magnesium in cows which developed 
parturient paresis. The arrows (T) indicate the time of treatment with parathyroid extract and/or 
calcium-phosphorus solutions. 
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observed that the changes in magnesium in 
rnilk fever cows are no greater than those in 
normal parturitions and also indicated that 
udder inflation was beneficial in severe cases 
of milk fever, as  it prevented milk secretion 
and the additional drain of calcium and phos- 
phor~ . ;  from the body. Hallgren (5) related 
that downers which did not respond to calciuni 
therapy could be treated by the further injec- 
tion of phosphorus alone. These reports help 
emphasize the role of blood phosphorus in par- 
turient paresis. 

Experiments of Robinson, Huffman, and Burt  
(16) with dairy calves have shown that P T E  
causes a marked increase in the level of plasma 
calcium and an  increase in the excretion ot  
urinary phosphorus. Experiments in this lab- 
oratory using EDTA infusions to depre+ 
plasma calcium (12) have shown that yearling 
heifers have a greater response to exogenous 
P T E  than do mature cattle. F o r  these reasons 
i t  is especially difficult to explain why the first 
calf heifers were not responsive to the admin- 
istration of P T E  a t  parturition. Near the end 
of the experiment a portion of the P T E  was 
administered to  two dry mature cows and their 
plasma calcium was increased 1.7-1.9 mg % 
after 16 h r  and the maximum levels were main- 
tained through 32 h r  from the time of injec- 
tion (Figure 3) .  Thus, the P T E  had remained 

0 0 1 6 2 4 3 2 4 0 ~  60 

TIME FROM AWINISTRATION OF PARATHYROID EXTRACT. W R S  

FIG. 3. Response of two dry mature cows to 
parathyroid extract. 

potent throughout the experiment. Plasma 
phosphorus was increased modestly in one cow 
and dccrcased n~odestly in the other due to 
the parathyroid injection, but there was no 
changx. in the level of plasma magnesium. These 
data extend the observation of Hibbs et al. (8),  
that P T E  will elevate plasma calcium in non- 
parturinit  cows. Since dry cows showed a. 

marked increase in plasma calciuni in response 
to PTE,  and since parturient cows did not, the 
experiments show that exogenous parathyroid 
extract is  ineffective in parturient cows. Either 
an  inactivation of the hormone (8) o r  a tempo- 
rary  nonresponsiveness of the cow a t  parturi- 
tion could explain the apparent ineffectiveness 
of parathyroid hormone a t  calving time. 

Tile s~uthors are indebtril to Eli Lilly Company, 
Indianapolis, Indiana, for their generous con- 
tribution of parathyroid extract, and to Professor 
A. R. Allen, Medical Illustrations Unit, School 
of Veterinary Science and Medicine, for prepara- 
tion of the figures. 
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EFFECTS OF WHEAT GERM OIL ON REPRODUCTIVE EFFICIENCY 
IN REPEAT-BREEDER corns 

G. B. MARION 
Department of Dairy Science, Kansas State University, Manhattan 

SUXlMARY 

Clinically normal repeat-breeder con-s that had failed to maintain pregnancy 
after three or  more services were alternately assigned to the experimental or  
control group. The experimental c o ~ s  received 2 oz of wheat g e m  oil on their 
feed once n week for  six consecutive weeks. A significantly higher percentage 
of the 79 treated cows maintained pregnancy after the first post-treatment 
service than of the 88 untreated cows. The difference in  post-treatment con- 
ception between treated and untreated cows that had three unsuccessful services 
before treatment was not significant; however, there was a highly significant 
difference in favor of the treated cows that had been bred four or  more times 
before initiation of treatment. 

The effects of wheat germ oil on reproductive 
efficiency in cattle and swinc have received 
considerable attention. However, most of the 
original work was concerned with the vitamin 
E content of the oil (4). Since i t  is difficult to 
obtain an  animal diet deficient in vitamin E, 
its addition to normal, well-balanced animal 
diets has proved to be of no value. Some in- 
vestigators have reported favorable results from 
adding wheat germ oil to normal diets. Unfor- 
tunately, most of those studies were not ade- 
quately controlled to permit accurate interpre- 
tation of the results. 

I n  the field of human medicine, and 
Tew (10) and Silbernagel and Patterson (8) 
reported wheat germ oil to be a valuable thera- 
peutic agent in reducing the incidence of the 
complications of pregnancy. Compton (2, 3) 
concluded from a 2-yr study that no benefits 
resulted fro111 adding wheat germ oil to the 
ration of pregnant sows. However, sows that 
received wheat gernl oil farrowtad larger pigs, 
and a greater percentage of their pigs sur- 
vived. Salisbury (6 )  found no effects on the 
reproductive performance of dairy bulls re- 
sulting from feeding 1 oz of solvent process 
wheat germ oil daily for 1 yr. Bay and Vogt- 
Aloller ( I ) ,  Tutt (9),  and Paeini (5) have re- 
ported beneficial results from treating reprat- 
breeder cows with wheat germ oil. Pacini (5) 

suggested that the favorable results might not 
have been entirely due to vitamin E. 

EXPERIXENTAL PROCEDURES 

This study was conducted during a 3-yr 
period a t  intervals to include all seasons of the 
?.?:IT, using clinically normal, parous, repeat- 
brecder cows representing four dairy breeds 
in the Kansas State University herd. All cows 
that had been bred two or  more times and had 
))ern detc.r~nined to be clinically normal were 
arbitrarily assigncd to either the experimental 
or the control group. All cows were checked 
for estrus twice dally and inseminated 
approxirnatcly 8 h r  after being detected in 
estrus. Semen from bulls of known reproduc- 
tive capacity was used, and every effort was 
made to use semen from the same hulls in hoth 
the experimental and control groups, and to 
have all inseminations performed by one indi- 
vidual. 

,111 cows of both groups were fed and man- 
; ged in the same manner. During the 3-yr 
period that this study was conducted, the ra- 
tion fed to the cows varied considerably, dc- 
pending on availability of feeds. The roughage 
varied fro111 alfalfa hay fed ad libitum and 
small qumltit~es of silage to ad libitum feed~ng 
of sorghunl silage and limited quantities of hag. 
Solr~c hrolnc pasture was available during the 
~~a i tu rc .  season. A grain mixture containing - - 

Ilcc,,ircil for  December 8, 1961. apl>rosi~~~:ttcly 16% crude protein was fed ac- 
cording to production. I n  addition to the ration 

' I"urnis11ed by VioBin Corporation, Monticello, rrcc~ivc.d hy all cows, the experimental cows 
111. rt~ct~ivcd 2 oz of wheat germ oil per \veek for  
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6 wk. The oil was added to one feeding of 
grain each week. Alternate eows that had been 
bred two or more times were assigned to the 
experimental group and received the first feed- 
ing of wheat germ oil on the same day or the 
day following returning in estrus. A similar 
cow of the same age and breed, that repre- 
sented an equal number of repeat-services, was 
assigned as her control. The number of cows 
that conceived to the service concurrent with 
the initiation of treatment was calculated. I t  
is doubtful that these cows could have been in- 
fluenced by the first treatment; therefore, if 
conceptiorl occurred at  this service the cows 
were not included in the analyses. The number 
of post-trr:,t~nent services required for con- 
ception by each esperi~nental and each of the 
control cows was calculated. The data for both 
groups of cows were analyzed statistically by 
use of the I<olmogorov-Sirnirnov test ( 7 ) .  All 
cows that were determined to he clinically ah- 
normal were excluded from the study. 

RESULTS AND DISCUSSION 

The data presented in Table 1 are arranged 
to indicate t.he distribution of cows arnong the 
post-treatment service groups. The Kolmo- 
gorov-Smirnov test was used to determine the 
significance of differences in the distribution 
of the cows among the service-per-conception 
groups. Thc analyses indicated no significant 
difference between the treated and untreated 
cows that had been bred three times pretreat- 

cows on experiment gave highly significant 
( D  = 0.30, P < 0.001) differences in distribu- 
tion in favor of the wheat-germ-treated cows. 
A much higher percentage of the treated than 
untreated cows settled as a result of the first 
post-treatment service. 

Only 22 or 22% of 101 cows that had been 
hred two or more times, which were to be as- 
signed to the experimental group conceived to 
the service concurrent with the initiation of 
trc:~t~ncnt, as cornparcd to 19 or 18% of 107 
similar cows that were to serve as controls. 
This low rate of conception is a t  least partially 
explainable hy the fact that at this time the 
herd was heing used for artificial insemination 
practice. 

The percerltage of cows bred that conceived 
to a specific post-treatment service and the 
number of services per conception were ealcu- 
lated; however, the limited number of animals 
in each group would not permit an accurate 
interpretation of the results. I t  is also realized 
that the biological significance of this study 
\I-ould have been i~nproved with a considerably 
greater number of animals. 

I t  has been adequately proven that vitamin 
E, found in high concentration in wheat-germ 
oil, has no favorable influence on the repro- 
ductive efficiency of cattle on normal diets (4). 
The results reported in this study suggest that 
other substances in wheat germ oil may be 
calx~hle of hcneficially influencing reproduction 
in sonle clinically normal repeat-breeder cattle. 

rnent (D = 0.14, P > .30). A highly significant 
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SPRVIYAL O F  ISULL SPERM l N  MITJK BSD YOLK EXTENDERS WITH 
ADDED CATALASE 

R. H. FOOTE 

Dc.pnrtnlnlt of i \~~irnal TIl~sl,:~ndry, Corncll TTnivcrsit~, Ttl~:~tn, S e w  Tork 

After 12 days of itorape a t  5 C the percentage of motile sperln in CUE 
containing 0, 1,  10, 100, and 200 pg of catalase per milliliter of extender was 28, 
37, 44, 44, and 45, in CU-16 wa5 35, 43, 47, 52, and 50, in CU-16 plus chlor- 
prolnazine hydrochloride was 29, 35, 35, 41, and 43, and in 20% yolk-citratr 
was 24, 34, 38, 37, and 34, respectively. All levels of catalase improved sperm 
survival significantly (P  < .01), but little additional response wa3 observed 
with catalase levels higher than 10 pg/ml of extender. The concentration of 
catalase required to produce a maximum response a-as much greater than that 
theoretically required to eliminate any hydrogen peroxide produced. No bene- 
ficial effect of adding 20 pg of catalase per 1111 of skimniilk o r  ski~l~milk-glycerol 
extender was found. The percentage of motile sperm after 12  days of storage 
a t  5 C avrrageil 47 fo r  CTT-16 extender with catalase, 11 for  sknnmilk, and 12 
for 5kimmilk with r:ltalase. The reason fo r  the differential response to catalase 
in egg yollc versus Inilk has not been elucidated. 

Bull semen has been reported to contain 21dded to t,he experi~nental extenders to give ten 
little catalase ( 7 ) .  Tosic and Walton (12) ~llilliori motile sperm per lnilliliter of extender. 
showed that  bull sperm produced H20,, and On the average, the semen was extended a t  a 
that added catalase was helpful in preventing rate greater than 1:100. 
H203 from depressing motility of sperm. Also, Cornposition and preparation of the CUE 
catalase had been shown to partially protect and CG-16 extenders used has been described 
sperm cells from the harmful effects of agita- previously by Foote et  nl. (4,  6).  Skimmilk 
tion, oxygen, and exposure to light (2, 5, 9, was prepared according to the method described 
10, 14) .  But VanDemark et a1. (13) found by Almquist et a1. (1).  The final concentration 
no effect of catalase on fertility of srmen used of glycerol in the glgcerolated skimmill< was 
principally within two days of collection. Pres- 10% by volume. All extenders contained 1,000 
ent trends of retaining sorne semen in the field units of penicillin and 1,000 pg of dihydrostrep- 
f o r  longer periods of time before use could to~nycin per  milliliter. 
result in H,OI, causing appreciable damage to The entalase used throughout was a twice- 
sperm cells. The studies reported here were cr;vstallixed lyophilized beef liver catalase ob- 
undertaken to establish levels of catalase op- tained from r\Tutritional Biocherllirals Corpora- 
timum for  sperm survival in egg yolk and milk tion. The stnndar(l lnethod for assaying this 
extenders. Since these studies were completed pro(lnct challRed during the investigations re- 
cata,lase has heen reported by Haf s  (8) to ported here. The same product originally listed 
improve fertility of bull sperm stored in 110- as containing 100 units/mg later was listed as 
~nogenized whole milk containing glycerol, but pontaining 3,000 units/1ng. To avoid confusion, 
not to i l l l~rove  fertility of sperm in egg ~ 0 1 1 ~ .  a11 data here are listed in terms of micrograms 
3'0 studies with varying levels of c:ltalase a c r e  (pg),  rather than llnits of catalase, 
reported. Two niillilitcrs of experimentally extended 

EXPERIMENTAL PROCEDVRE semen was stored a t  5 C in corked 2.5-ml plastic 
Se~nen obtained from bulls in the regular tubes. At  regular intervals these tubes were 

stud of the Kew York Artificial Breeders' Co- mixed, suhsampled, and the percentage of mo- 
operative, Inc. was rapidly evaluated for  sperm tile spernr dete~.mined microscopically at  4 3 0 ~  
motility and concentration. Sufficient semm was in a stage incubator set at  37 C. The pH's of 

tile extenders wcSre dc.termined with :i Berkman 
Received for publication May 19, 1960. Model (; p H  meter. 
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TABLE 1 

Sperm suirival in yolk extenders with added catalase 
(Awlage of ten ejnrulatcs) 

CC'E CU-16 50% EYC ' 
Days Cnt:tl:~se, ~ g / m l  Catnlnsc, 1rg/n11 C'ntalnse, ~ g / l n l  
stored 
at 5 C 0 1.0 10 100 0 1.0 10 100 0 1.0 10  100 

1 62 62 62 63 63 62 63 6 (iO 61  62 61 
4 49 54 5 56 52 5 2  53 69  10 46 52 48 
8 46 45 46 5 1  45 52 48 45 37 4 1  43 4.5 

1 2  31  38 39 48 29 36 40 39 4 30 32 3(; 

Average 47 50 50 54 47 50 52 50 42 45 47 4V 

" This 60% yolk-eitmte extenclrr wns the type used in cnrlier ztudirz ( 1 3 ,  14 1. 

The statistical analyses were carried out as  
outlined by Steel and Torrie (11).  Bulls were 
eonsid(3red to be a random variable, and eata- 
lase levels, type., of estenders, and other vari- 
ahles were considered to he fixed effect.;. 

RESULTS 

I11 the first experiment, lrvels of cntalase 
were chosc.11 which ~nlght  hmcket .;ome of the 
levels used hefore purified preparations were 
readily available col~rmercially (12. 14) .  Cata- 
lase was added to CUE and CIJ-16, as  well as  
a 50% egg yolk-citrate e\tender uyrd in earlier 
studirs (13, 14), a t  levc,ls of 0, 2.5, 5.0, and 
10 pg/nil of c~xtender. Catalase significantly 
iniproved survival of .;prrii in ten ej:lculates 
of semen st0rc.d fo r  12 days a t  5 C (P  < .01). 
The highest ~notility was obscrvrd in the rs -  
tenders eontailling the ~ i ~ o s t  catalase. Since the 
upper li111it of response did not appear to have 
been established, the experiment was repeated, 
using a greater rangc of cata.l:~se eoncentra- 
tions. The results of this second experinrent 
are sho~rn  in Tahlr 1 .  ~ I g a i n  catalase improved 
sperm survival a t  all levels ( P  < .01). Increas- 
ing the level of cntalasr above 10 pg/ml seemed 
to be beneficial in CGE hut not in the other 
estendcrs. The 50% cgg yolk-citratc estcuder 
gave significantly poorer results ( P  < .01), 
hut the motility esti~nations were more difficult 
to make in this extender. The pH of all es- 
tenders was wit,hin the range from 6.6 to 6.8. 

The results of a third esperiment are shown 
in Tahle 2. I11 this experiment a higher level 
of catalase was added, a 20% yollr-citmte rx- 
tender was included, and chlorpromazine hy- 
drochloride was addrd to on(, estrnder. The 
latter coinpound mras included because of the 
possihilitg of its affecting cell pcrmc,ability (4) .  

.\gain, catalase improveti sperm survival 
(P < .01). The highest levcl of catalase was 
not superior to the 100 pg/1111 level, and inost 
of the i ~ l ~ p r o v r ~ u e u t  was achieved hp including 

10 pg/ml. Clun~ping of sperul was observed 
occasioiiallg in the estenders containing high 
levels of cat:llasca. Spcrnl survival in the 20y0 
yolk-citrate was inferior to the other extenders 
(1' < .01). 

Suhsequcnt studies reve;iled that catalase a t  
'30 pg,/1111 gave a uniforn~ly good response 11 
yollr-extenders without the elu~nping observed 
a t  higher Irvels. The effect of adding this level 
of catalaso to sk i l i i~~~ i lk  and to sltilnmillc-glyc- 
clrol (~xtrnders in two esperi~riellts is shown in  
Tablei 3 and 4. So response to catalase was 
observed in the slrin~~nillc, o r  In the skimmilk- 
qlyeclrol t.xtender. S p e r u ~  survival in the CU-16 
was significantly higher than in skiin~nilk ex- 
tender (P < .01), and glycerol i~ i~p roved  sperm 
survival in slrinnriillc ( P  < .01). 

The addition of fro111 1 to 100 pg of catalase 
per milliliter of yolk extender substantially 
i i~~provr t l  thc survival of hull sperin stored a t  
5 C. iZdditiorlal alnounts of cat;ilase did not 
i~ i i lxov[~ sperm surviv:~l ant1 tended to increase 
clu~nping of sperm. The beneficial effect of 
ciltxlasc in sperm survival is presun~ably ac- 
col~~plished through the decomposition of H202  
1)y cat:llase. Desjardins and Haf s  (3 )  have re- 
ported that  egg yolk contains srnall quantities 
of cati~lase. The consistent response reported 
hrre with added catalasc indicates that  the 
;~niount ~ r e s e i i t  in egg yolk is insuficicnt fo r  
n p t i l ~ ~ u m  sperm survival. 

Thr amount of catalase required for  maxi- 
I I I U I I ~  response is f a r  Inore than should he re- 
cluircxd to decon~pose the H?O, produced (12).  
l'rrhaps a high estracellular concentration is 
rrclui~.ed to ol)tain a small quantity of intm- 
cellul:~r ci~talase, where H,On production might 
tlan~age the cell. However, i t  is not certain 
that cataluse will penetrate the sperin cell mem- 
hrane. The inelusion of chlorprornazine hydro- 
chloride, :LS a possible nleans of altering perlne- 



SURVIVAL OF BULL SPERM 

TABLE 3 

Sperm survival in skimmilk with added catalase 
(Avcr:~ge of ten e.jaculates) 

Skim- 
milk 

Days plus plus 
storecI 30 pg/ml Skim- 30 Pg/ml 
at 5 C catalnsc milk catalase 

1 55 55 55  
4 57 48 49 
8 53 3 1 30 

12 47 11 12 

Average 53 36 36 

TABLE 4 

ability, provided no evidence fo r  increased 
effectiveness of low concentrations of catalase. 

The ineffectiveness of catalase in  the skim- 
milk extender is difficult to explain. The nec- 
essary substrate is present in milk from which 
sperm cells could produce H,02 i n  the same 
manner as in egg yolk. Hafs  (8) has reported 
that catalase added to hon~ogenized whole milk 
containing glycerol resulted in a sizable and 
statistically significant ilnprovement in fertility, 
but catalase had no effect on fertility when 
added to yolk extender. Whether glycerol in- 
teracts in any way with catalase to improve 
fertility is unknown. I t  did not interact with 
glycerol to affect motility. The beneficial effects 
of glycerol may be because glycerol can be uti- 
lized by sperm to produce fructose, which in 
turn sperm can utilize by glycolysis. 

The experiments reported here clearly dem- 
onstrate that catalase prolongs survival of bull 
sperm in yolk extenders but not in skiminilk. 
The reasons for  this differential response, as 
well as the reasons fo r  the apparent excess of 
catalase required for  optimum response in egg 
yolk, have not been elucidated. 

Spcrm survival in skimmilk-glycerol with added 
catalase 

(Average of ten ejaculates) 

Skirnmillc- 
Skimmilk glycerol 

Days 
stored 0 20 pg/rnl 0 20 pg/ml 
at  5 C ratnlnhe cnt:llnsc r:~talnse c.ntalase 

(r/, w~otc le  sper?ll)  

1 61 60 59 59 
4 64 50 56 54 
8 32 :i 3 44 49 

I:! 12 1 G 32 34 
Avcragc 40 40 48 49 
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DILUENTS FOR ROT'ISE SERIES. XI. E F F E C T  O F  G I ~ Y C E R O I ~  OX 
FERTIIlITY AND MOTILITY OF SPERRIATOZOA I X  

IIOI1IOGESIZED JIILIi  A S D  SI<TJfJIII,Ii 

.J. 0. A1,llQCIST 
D:I~K?. Brrr(1i11g Rcsenrcl~ Centcr, l)cp:irtn~rnt of Dairy Scicllcc 

'I'lle P e ~ ~ ~ ~ s y l r : n ~ i n  State 171~irersit.v, I'l~ivcrsitg Park 

SUMhIARY 

Whell 10 or 13% glycerol was illcorporated in skillllnilk dilueltt by gradual 
addition to partially diluted selnell a t  5 C, spc~rlllatozoan livability during 14 
days of stor;tge a t  5 C was I~igI~er  ( P  < 0.01) than ill the absence of glycerol. 
These glycerol levels prevented the sharp decline in lllotility observed between 
the fourth and sixth days of storage for  selucll diluted in slri~l~ll~ilk without 
glycerol. Glyc~erol levels of 16 to 25% did not significantly improve livnhility 
over srlllell ililuted \vithout glycc~ol. 

Fonr field trials illvolving 21.670 i ~ ~ s e ~ n i n a t i o ~ ~ s  xerc  colldncteil to colllparr 
the fertility of selnen dilotetl in luilk with that diluted i11 ~~lilk-IO% glye.ero1. 
Holnogcnizcd lllill< was 11stYl in two trials and fresh, unfortified skinnuilk in the 
other two. The colnl)ined dnta sllo~ved that additioll of glyrerol signific;u~tly 
( P  < 0.01) increased fertility of sel~ren used the seconrl, third, and fourth days 
after the day of collcctio~~ by 7.4, 12.2, and 19.5 percentage units, respectively. 
The. incrense of 2.3 p r r ee~~ tap r  units oht;~inetl with glycerolated sellren usetl thc. 
day afttlr collection Tvas not sig~lifica~lt. I n  a limitcd split-ejaenl:lte trial, fertility 
of SCIII(.II ciilutcvl ill Ilo~nogellizetl ~llilli rol~ti i i l l i~~g 15% glyrcml mils not sig- 
I ~ i f i c a ~ ~ t l y  diff(.rt.nt fro111 that ill 10$ glyi.rrol 011 ally of tht, thrc~e days of us(.. 

Ill 1932, Polgp a~lt l  IZowson (10) rrpol.ted jtllprovt~tl livnhi1it)- I ~ \ . ) I ~ ~ I I  10yh glycc~rol TY:IS 

t11;lt inrorporatioll of glycc,l.ol i l~~l)rovrd the addvd to chither cagg yolk-eitratc. or Ilolllog- 
fprtility ot' licluid 11ovinr senlcw. Thr nest yc2ar, c'r~izrtl 111ilIi diluents. Thc, efftbct of tliff~.rel~t 
Ilolt ( 0 )  suhsta~ltiatc~d this ~ ~ e p o r t  with Illore glyrc,r'ol levt~ls on s l )er~~l i~tozo;~~l  ~l~oti l i t>- mltl 
estc,nsire fertility dat;l involving ;I colrll)arisoll f'c~rtility in l'resh 111illi d i l ~ e ~ ~ t s   IS I I O ~  heell 
of egg yollr-citrate ciilntwt with ilnd ~vi t l~out  riapo~.ttAd. 
I()?:, glyc.csrol. Jl-hetllrr glyc.rrol \voultl pro- Tht. ~ ) I ' ( > S I . I I ~  ~'i.pol't ~ ~ ~ I I ~ Y T ' I I S  the rffect of 
I O I I ~  tile tillre that litinid selllc.11 coultl hi, nsc.d glyewol 1c'vc.l on thca liv;~Rility of l~ovi t~e  sper- 

s;Ltisf;.ctol.y fertility yt~sults ,v ;~s  11ot re- ~~~ : l t ozoa  ill slci111111illc a~lt l  tllt. fertility of licluitl 
ported. stslllrll over ;I four-tl;~g prriod \v11e11 cliluted 

r)urillg 195.5, tile fchasi),ilitJ- of using ~ ~ I I I -  ill g lycerol -c~)nta i~~i~~g I ~ o ~ ~ ~ t ~ g e ~ ~ i z e d  111i1k i111d 
bi l~ ;~t io l~s  of glyeit~e ; ~ n d  skitl~~llilli i t s  :I dilu- ski111111il1i. 
ent for l~ovinr. srlllen was invt.stigatt~tl :,t this (;EsE:R.\I. PROCEDURE: 

laboratol*y ( 4 ) .  Addition of glycc.ro1 to skill1- ~ ~ ~ , ~ h ,  nllf,,l.tifitb~ s~il l l lnil lc in tlIr 
1 i 1 - g i  i ~ ~ r o v e l  I iv l i l i ty  I i ~ c r : s l  ]aj)Ol.at Stll+. tllld ill t ,,.(, tlli, five fCr- 
t l ~ c  otht.r~vise rc.lwtivdy low 111otility rrildil~gs tilit). tl.ials; ~ ~ ~ ~ ~ ~ ~ ) ~ ~ , ~ ~ i ~ ~ , ~ ~  Illilk llSed ill 
ohsrrved dnrillg t11r lirst wrcbli of  stor;lgtS at  the, Otllc,r ,.c,rtility c,sl,erilllents. ~1~~ Illilli xvas 
5 C .  Snhsc.tlucl~t \vork sho~vc~tl that ply(.erol ~lc;ltc.tl at 9.2 to 9 . 5 ~  fol. 10 Illill. ~ ~ ~ ) ~ l ~  
prolongc~tl spc.rl1l liv;thility in s l i i ~ ~ ~ ~ n i l l i  dilur~lt  I ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~  illl(l ficll(l cSIlt,rilllillltS, Silllilar tet.ll- 
witl~out gl>-ciac., N I I ~  ftartility trials .;vc.l'e 11t.gu11 lli(lll(.s ,veri. used for l,matioll of tile (li- 
e;~rly ill 195fi. That ye;u JIcL(.an ( 7 )  reportetl lutt,(l SOOll as I,Ossiblt, c.Oll t.(.- 

tio~l, tllt. ~ ( ~ I I I C I I  to I)(' glyrcwl;lted was partially 

I<rrcivrel for publiratiou ;\pril 13, 19ti'l. (lil~ittvl ill 111i1lc cli111t~11t ~vitllout glyct~rol a11i1 
c.oolt.tl gratlually to 5 C. Filial t l i lutio~~ was 

1 ~ ~ ~ ~ l , ~ , . i ~ ~ , l  fol. pu~,~ir: l t ioll  ~ ~ , , . i l  4, ~! , , j ? ,  itchic~vc~tl 1)y adtling a11 c.clual vo lu~ l~e  of eoolt.d 
. I ill t I  j c , l l l l  s , s  t l  111illi dilllr~lt eo~l ta i~l i~lg  twicae th(. tlesilpcl final 

' I I I I ~ ~ I I I ~ L  g i c ~ t ~ : ~  i ~ t  t t i o n .  ro~lot!lltratioi~ of glyrc~rol. The. glyrt.1~01 frav- 
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ti011 war :~cldecl at  5 C in three c~ciual volurncs 
a t  10-n~in intervals. Control semen was diluted 
eorr~pletely a t  room tc~t~ipc.rature just prior to 
cooling. I n  all studies, the final diluted senlen 
contained 1.000 units of potassiutn pc.~iic.illin G 
and 1,000 pg of dihydrostrclptot~~ycin sulfate 
per n~illiliter. 

The split-ejaculate design was used, except 
in Trial 4. I n  Trial 4, six bulls norlilally col- 
lected on Saturday were divided into two 
groups; the ejaculates of one group were 
trcatcd with rllilk-10% glycerol, whereas those 
of the other group served as controls. The 
treat,~nents wrre alternated between hull groups 
on sncecc.ding weeks. I n  all trials, both glyc- 
erolated and control semen was shipped in 
filled tuhes. Variations in semen h:indling pro- 
cc1dures are described under thr individual 
experi~nents. 

Livability of diluted senlea storetl a t  5 C 
fo r  1 4  days was studied by es t imat in~ the per- 
cent:~ges of progressively motile spc~rt~~atozoa 
a t  37 C. Fertility was recorded as  the per cent 
60- to DO-day nonreturns for  each day of use 
a f t ~ r  collection. Senlen mas used fro111 two to 
four days. hut none was used on the day of 
coll(,ction. 

SPECIFIC! PROCEDURES AND RESULTS 

l,i~ctbilit?y sfwtly. Glycerol levels of 0: 10, 13, 
lG, 19, 2.2, and 26% by volumcl \\-ere tested. 
3Iean percc.ntages of progressively niotile spernl 
for  eight. ejaculates fro111 six hulls are pre- 
sellted (Tahle 1). Highest ~ ~ ~ e a n  livahilit?* mas 
obtained with 10% glycerol. This levt.1 sup- 
ported livability superior (P < 0.01) to the 
0, 19, 22, and 25% levels, hut was not sig- 
nificantly bett,er than the 1 3  and 16% levels 
when tested by Tukey's honestly significant 
differmee among means. >lean niotility with 
13% glycerol was higher (P  < 0.01) than with 
0, 2% and 25% glycerol, but only significant,ly 
better (P  < 0.05) than 19% g1yrt.rol. 

Fertilit!~ tvictls. The 10% level of glycerol 
was sr1ectc.d for  initii~l f t h l i t y  testing because 
i t  was best in the livability study. h prelim- 
inary trial to cot~lpare milk and millr-10% 
glycerol dilurnts was started in June, 1966. 
Technicians were rcqucsted to use semen of 
c:reh exprr i~l~enta l  hull to breed a t  least one 
first- or second-service row per day for  a. pe- 
riod of four days after the day of collection. 
The nuniher of services on Days 1,  2, 3, and 4 
was 4,495, 1,937, 731, and 535. There was no 
differencr in thr  averagp fertility of seine11 di- 
luted in honlogrnized ~nillr xvith o r  without 
10% glycerol \\-hen used the first day after 
collection. However, the fertility of glycero- 
lated semen ust~d the second, third, and fourth 
clays after collection was 8, 9! and 13  per- 
centage units higher than that of untreated 
control semen. Since the technicians 11-ere car- 
rying fresh selilen fro111 nonesperimental bulls 
of the same breed, i t  is  possible that the results 
were biased by selection of the herd and fe- 
male in which the older experi~nental semeii 
was used. 

Tvials 1 aid, 2. Because of the indicated 
bel~eficial effect on fertility of adding glycerol, 
two fertility trials were initiated to gathc?r data 
in which use of the semen would he less subject 
to technician selection. Trial 1 was conducted 
during Oetoh(.r, 1956, a t  a different artificial 
breeding cooperative. Three very popular Hol- 
stc,in bulls collected two days per week were 
selected. The semen diluted in skimmilk-10% 
glycerol was used for  four days, but the con- 
trol senien \\-as used only two days. Only 
enough glyccrolated and control senren was 
shipped to technicians on the day of collection 
to n~ee t  the iieeds for the next day. The re- 
maining semen w ~ s  held in bulk storage in a 
walk-in cold room and portions shipped 011 

succeeding days. 
I n  Trial 2, condueted by the breeding coop- 

erative which carried out the prelin~inary trial, 

Effect of glycerol level 011 livability of spermatozoa in  skim~l~ilk diluent 
(Mean percentage of motile sperm in eight ejaculates) 

Days of storagc a t  5 C 
Glycerol 

level 1 2 3 4 6 8 10 1 14 Xean 
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TABLE P 

Fertility of senken in Trials 1 nt~d ? 

So. serviees " Per ceut nonreturns 
Age of 
semen Cot~trol Glycerol Control Glycerol Diff. 

Day 1 
Day P 
Day 3 
Day 4 

Day 1 
Day 2 

Total 
Mean 

Trial 1-Skimmilk 
636 747 72.2 74.8 P2.6 
711 721 65.0 69.6 474.0 
...... 1,328 G8.7 
...... 697 GG.9 

Trial 2-Homogenize11 milk 
5,110 2,166 73.2 I a.5 i-2.3 rr 

P.4IiO 2,425 G5.4 70.6 +8.2 

4,570 4,591 
67.4 72.9 f5.5 

Trial 1 hased 011 first services; Trial 2 on first and second services. 
Day after semen collection. 

senlcLn f ro~n  hulls collected on Saturday was 
routinely used for  two days after collection. 
?;o smmen was shipped on Sunday. The three- 
month trial with semen used routinely for  two 
days was startt,d in Drcetnher, 1956, and in- 
volved semen from five Guernsey and Holstein 
hulls. S o n l ~ t n r n s  were rernrded for hoth first 
and second services. 

The fertility results for Trials 1 and 2 
(Table 2)  show that the addition of 10% 
glycc.rol retarded the decline in fertility of 
semen with i~icreasing age. With glycerol pres- 
ent, fertility decreased ahout 5% from Day 1 
to Day 2 in hoth trials, whereas without glyc- 
erol the decline was ahont 9%. Of particular 
interest in Trial 1, despite the lack of control 
data, \<-as the re ly  small decrease in fertility 
from Day 2 to Day 4. 

Trictln .7 cr?,tl .f. Based on these results, two 
trials were initiated in 1957, to compare the 
fertility of scbmen diluted in lnilk with and 
without 10% glycerol, when both were used 
beyond the second day after coll(.ction. I n  
Trial 3, se~nen shipmeuts were made daily for 
four days, as in Trial 1. However, the semen 
mas held in the central lahoratory in filled test 
tubes rather than in hullr. The trial included 
eight eji~culates from each of the two Guernsey 
and four Holstein hulls in heaviest service a t  
the time. Trial 4 involved only hulls previously 
colleczted on Sztturday to provide scnien for  
use on Sunday and l\lontl:~y. These six hulls 
wcre divided into two groups. Rather than 
being eollectc~d on Saturd:iy, one group a;is  
eollt.c.ted on Thnrsday and the other on Fri- 
d:ly, and this procedure ~ v i ~ s  reversed on nlter- 
nate weel;s. The selnen was held in filled test 
tuhes at the central lal)orat~)ry for  either onc 
or two days hrfore sl~il~~n(.nt  011 Saturday. 

Thus, half of the eight ejaculates collected per 
bull were used for  insemination on the second 
and third days and half on the third and fourth 
days after collection. I n  Trial 4, the milk-20% 
glycerol was added to the partially diluted 
selnen in volunres of 20, 30, and .in% a t  10-~nin 
intervals. 

The fertility results (Tahle 3) substantiate 
the earlier data, in that the inclusion of 10% 
glycerol in milk diluents marlredly reduced the 
tlecreasc~ in fertility with advanring age of 
selnen an c.ompared to milk diluent without 
glycerol. I n  hoth trials, the mean fertility of 
scvnen diluted in milk-10% glycerol was su- 
perior (P  < 0.01) to that in milk alone. 

The conthined fertility results for  the four 
trials conducted a t  three breeding cooperatives 
(Tahle 4) show a significant (P  < 0.01) im- 
~ ~ r o v c ~ n e n t  in mean fertility on Days 2, 3, and 
4 when glyct.rol was added to the milk diluents. 
The difference of 2.3% in favor of milk-10% 
glycerol on Day 1 was insignificant. 

Trict2 :i. The livahility esperilnent showed 
no significant difference among the 10, 13, :~nd  
16% levels of glycerol, and fertility trials with 
Ic.vels of glycerol other than 10% had not been 
re1)ortrd. Thus, n limited split-ejaculate field 
trial was conducted during Sovemher, 1959, 
to conlparc 10 and 15% glyec~rol. Semen fro111 
three hulls collected two days each ~veek mas 
usc.d to inne~ninate 3,470 cows. Seluen col- 
leetcd on Friday from these hulls mas used 
routinc>ly for three days after the day of 
collection: no semen was collected on Saturday 
or Sunday. 'A7hile the partially diluted senlen 
w;~:, hring cooled, the glycerol fraction Tva5 
:tdded d~-op\vi\c> from a, separatory funnel over 
:I periotl of at  least 30 min. 

The aver;l:e nonrc.turn rates for  the 24 ejacn- 
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- -  

So. first scnrricrs 
- ~- - -- 

Per cc,nt ~ ~ o i ~ r r t o r l l s  
.4gc. of 
s(lII1cll 

-~ ~ 

l'cil~t rol Gl~rerol  Control ( 4  Iycc~rol Tliff. 

Trial R-Skil~~milk 
D : I ~  1 742 704 68.6 iCl.7 f 2.1 
I):I,Y 2 $141 833 i i i .7 71.5 + li.8" 
7):l.y 3 839 825 fi2.9 68.9 + 6.o" 
I):>? -2- 627 i l l  90.1 (iCl.7 +l!l.(i 

Total 3,1*50 3.Oiii 

Mc;r n 63.2 71.1 + 7.9" 
. . I ri:~l 4--IIo111ogc~niwl 111ilk 

Dny ? 324 292 li3.0 71.0 + 8.9' 
1)av 3 916 825 51.6 (;!I.& + l  7.8'' 
1lay 4 538 57!) 44 .8  li3.9 + l ! ) . l h  

Total 1,778 1,6$)(; 

Mran .jl.(i (i8.0 
-- 

+lii.4'> 

1:ltes are ~ I O I V I I  in Tahlc 5. Although thc 1ne;nl 
fertility f o r  1l1illc-l.5%, glycerol was 2.4 pc2r- 
cciitagc? units 1omc.r t11ai1 that  for  111ilk-10% 
glyecarol. this diffn.c~nc.cx and thoso for  (lily of 
usc \rcLre not statistic;~.lly sig~~ific.;tnt. 

Jllthough i t  has l)cheii sho\vn that  glycr1.01 
ii11provc.s the 111otility of h o v u ~ c  slx,n~r;itozoa 
stored in 11iill~ dilueilts a t  5 (' (1, 7 ) ,  differcblit 
glyrerol I(.vels werc not  collipared. 111 the 
prchsel~t study, ii~otility ill fres11, heated skim- 
ii~ill< WRS ~ l l a i ~ ~ t t ~ i n e d  a t  a significar~tly higher 
level with 1 0  o r  137, glycerol than \\,it11 110 

glycerol ( P  < 0.01). Thrre was a gradual de- 
cline in 111etn1 livability w l ~ m  glycerol Irvel 
increased from 10 to  95%. Glycerol levels 
lower than 10% \v('re not  tested. However, 
furt11c.r studies ; ~ t  this laboratory ( 3 )  showed 
that  5Yc glycerol supportt~cl higher livability 
ill fresh ski111111il1< tllali 10% gglccrol (P  < 

0.01), l ~ u t  that  fertility was not  significantly 
tliffrrc~i~t. Willett and  Ohills (12)  assessed 
liv;~bility in n. n o n f ; ~ t  111illi solids-cysteine di- 
lurut  with glycerol levels of 0, 1.25, 2.5, 5.0, 
a11d 10.0%. They fouiid that  motility increased 
with i r~cr .e :~s i~~g glycerol and that  motility with 
3 o r  107; glycc~1.01 was significantly greater 
than with no glycerol (P < 0.05). 

Bascod on the livability studies, 10% glycerol 
w:~s  sc.lcc.ted for  use in the fertility trials. 
Rtlsults of the four  trials clearly demonstrated 
t,hilt the inclusion of 10% glycerol retarded 
the d e c l i ~ ~ e  in fertility assoriatcd with increas- 
ing age of liquid senrcLn. Although inclusior~ 
of glycerol did riot significantly iner twe  fer-  
tility of selllen used the day after  collection, 
highly s ign i f ics~~t  ( P  < 0.01) mean increases 
of 7.4, 12.2, and 19.5 pcrceiltage units were ob- 
tainc.tl fo r  senrcIi used the serond, third, and 
fourth days a f te r  collcction. Limited da ta  in- 
tlicated no significai~t difference between 10 

TAR1,I.: 4 

---- 
Corllbil~e(I f e r t i l i t ~  ~.esults for four tri:tlsa 

No. scrviers 
-. -. 

Per c r l ~ t  no~~rotnrns 
.4gr of -- 
re111e11 Co~ltrol (;lyccrol C'ont 1.01 (:lycrrol Diff. 

-- 

Day 1 3,489 3 , 6 1 i  72.1 74.4 + 2.3 
Day 2 4,43(i 4,271 64.0 i 1 . 4  + 7.4" 
Day 3 1,755 l,Ii50 57.11 li9.2 -12.8 " 
Day 4 1,165 1,293 47.li 67.1 +19.5 

Total 10,846 10,831 

Mean 
- - - - -- 

6 3 . i  i 1 . 5  + 7.gb 

" Excll~dil~g D;~ys 3 al~tl  3 of Trial 1, for ~ r l ~ i c l ~  tllc31.e wcxrc. 110 control data. 
" l)iffcre~ice s t : ~ t i ~ t i r a l l ~  cignifical~t at  the l c J ,  lcvc'l. 
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TABLE 5 

Day 1 
Day 2 
Day 3 

Total 
3frml 
- -. 

semen dilutcd with hmtcd homogenized milk c~o~~tnining 10 or 15% glycerol, 
Trial 5 

. - -  

So. f i~s t  services Per r1111t nonretl~rns 

10% 15% 10% 13% 
(;lycerol Glycerol GI? ecrol Glycerol Diff. 

-- - 

775 771  75.6 72.4 -3.2 
548 614 72.4 73.6 +1.X 
386 376 74.4 (i'i.1 -6.3 

1.709 I , i ( i l  

74.3 71.9 
- -- - - 

-2.4 
-- 

ilnd 135; glycerol when the senlen was used 
fo r  three days. The finding that  the addition 
of glycerol to milk tliluents reducer1 the decline 
in fertility with incrc~:lsing age of st~trlen is in 
ajirc'ci~~~ent with other reports (9, 13 ) .  How- 
evvr, there is only general agreement on th(. 
extc.nt of ftbrtility in~provellient for  stnien of 
a pal.ticul:~r age. 

Tlich only detailed report c o ~ ~ ~ p a r i n g  fertility 
of hovine S ~ ~ I I I C I I  in ~nill; and 1nillr-10% glyc- 
erol diluents was publishetl in England by 
O'Connor and Srnith (9) .  I n  a study involv- 
ing 14.319 first insetninations, they found a 
<ignifirant diffcreace ( P  < 0.01) in favor of 
.emen diluted in fresh slci~nmilk-107' glycerol 
only w11c.n it was used on the fourth dity after 
cdollectiol~. 

P a r t  of the disagreen~c>rtt ]nay be due to 
differenc*c.s in handling of the diluted selnra. 
I n  the present trials all S P I I I ~ I I  ~ v a s  shipped in 
filled test tnhes, but in tlic study hy O'Connor 
:~nd Smith this w:is not a standartl practicr 
(8) .  Tht! in~port;ince of shipping filled tu1)c.s 
is indicated fro111 unpublishc.tl data of the lattl 
E. L. TT'illt.tt (11).  A lirnited tri:il in 1957 
with four Holstein bulls c~on~pared fwtility of 
scalr~cXn dilntcd in holnogeniztad ~nilk-lO% glye- 
t,rol ~vlien shipped rither in filled or half-fillrd 
8-n11 tubes. Technicitins w1>rc8 rc~cluested to use 
about half of the senlrn in each tube the first 
day after colltbctioa : ~ n d  the re~nainder on Day 
2 after collrction. B:!sed on 1,725 services, the 
differtance of 6.7 perct.~~tage units in favor of 
filled tubes on Day 2 was highly significant 
( P  = 0.005).  The inc.rc.ase of 1.3 percc.ntage 
units for filled tubes on Day 1 was not sig- 
nifictrnt (985 sc~rvices) . Thus, the bencxficial 
effect of glyccl.ol in rrt:irding the decline in 
fertility with older sen~on nlay he nrasked in 
part  by oxygen t1:11nage to spermatozoa during 
transport and field llandlil~g. Haf s  (5)  recently 
sho~vcd that inc.lusion of' catslascl in ~nilk- 
filycerol diluent further rc,duces thr decline. in 

fertility of sc3nlen nsed fo r  four days after 
collection. 

I n  the only other controlleci study, Williams 
et al. (13) cotnpareci fertility of semen diluted 
in ho~nogenized nlillc with and without 10% 
gl~-cerol over a period of three clays after col- 
lection. Contri~ry to the prescwt report, and 
that of O'Connor and Snrith ( 9 ) )  they found 
a significant (P  = 0.02) increase with glyc- 
crolated semen u.;ed the first day after collec- 
tion. Their finding of a highly significant 
( P  < 0.01) incrrase on the second and third 
days of use whew glycchrol was added agrees 
with this report. 

The advantages of using milk-glycerol di- 
lncnt in a liquid srrnen program, and sug- 
gcrtions for  the proper preparation and han- 
dling of this diluent, have heen prt.smted else- 
wlicre (2 ) .  The i~nportanec, of serucbn handling 
procedures is suggested by the diffrrences in 
th(. fertility of glycero1atc.d semen on Days 
3 and 4 in Trials 3 and 4. On Day 3 fertility 
was similar in the two trials, but on Day 4 
there was a substantial decrease only in Trial 4. 
I n  this trial the sen1c.n was shipped thr second 
day before use and thus was subjected to rou- 
tine firld handling fo r  one day. I n  Trial 3, the 
senlrn was shipped the day before use and 
expos(.cl to ficbld handling only on the day of use. 

I t  is not known whether bulls of relatively 
low fertility shov- a greater i~nprovcnimt in 
fertility with ~nilk-glycc.ro1 dilnrnt than those 
of rc,l:~tivrly high fertility. 

The author g~:itefully :icknowledgcs the tech- 
l~ical assistarice of Amber 13. Keenc: and tho as- 
sistance :n~d cooperation of tlic personnel of 
SEPA Artificial R~.eeding Cooperative, Tunk- 
l~:n~nock; Sonthcastern Pc~~nsylvania Artificial 
Rreedil~g C'oopcr:~tive, Lancastcr; and Western 
Prnnsylrnni:~ Artificial Rreeding Cooperative, 
C'I:II.~~II, for carrying out the details of the field 
tri:~ls. 
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TRASSPORT O F  FRT'CTOSE I N  BOVINE SPERMATOZOA 

R. J. FLIPSE 

Dairy Breeding l<esearci~ Center, 1)epartment of D:~iry Scieliee 
T l~c  Pc~insylvania State rniversity, Uliiversity Pnrlc 

SIJ1ZIJIARY 

Using fructose-C", the transport of fructose across the cell me~nbrane of 
u-ashed bovine spermatozoa has been studied. It %-as found that fructose trans- 
port  was sensitive to incubation temperature, to cold shock and to inhibitors 
such as cyanide, iodacetate, fluoride, and p-chloromercuribenzo~te. Mutual 
interference by metabolizable sugars was observed, and transport occurred 
against a concentration gradient of fructose under anaerobic conditions. 
Anoxia stimulated the transport process. 

The selc~ctivity of living cells toulard charged 
particles has been recognized for some time, 
but it has been generally assumed that cell 
rnelnbranes are freely pe r~~ leab l r  to uncharged 
molrcules surh as hexoses. Doudoroff et al. (4) 
opened a new era in 1949 with tlic suggestion 
of specific* transport ~nechanislns fo r  sugars. 
I n  exploiting this break-through, numerous 
tissues (3, 6, 7, 9-11) have been used in study- 
ing the transfer of sugars across cell mem- 
branes: that is, bctween the cell interior and 
interstitial fluid, blood plasn~a, o r  an  artificial 
bathing ~nedium. As recently reviewed by 
Bishop (I), Inany reports have appeared on 
the nietabolis~n of sugars by spermatozoa, but 
there appears to be no infor~nt~tion on the ?node 
of sugar entry into spermatozoa. 

This report presents results of a series of 
c,speriments conducted to investigate the nature 
of the lnoven~ent of fructose across the cell 
11lc.nlbrane of bovine spermatozoa. 

Selnen n a s  collected from Holstein bulls 
with the artificial vagina, examinrd for  quality, 
and ejaculates fro111 three or four bulls pooled 
for  use in each trial. The sper~natozon were 
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\\-aslied in Iiinger solution to frce then1 of 
semini~l plaslna, thrn resuspended in Ringer 
solution or tlic buffer to he used in the expcri- 
111ent. 

To Ineasure transport, 10" cells were sus- 
pendc~d in a final volurne of 1.5 nil in 6-1111 
\ITarhurg flasks and incubated with unifornrly 
1;lbeled fructose (fructose-C14). Periods of incu- 
bation were restricted to 30-60 min, to limit 
the. metabolic conversion of fructose and re- 
It~ase of radioactivity from the cell. After incu- 
bation, the cells were washed as  rapidly and 
co1i1plett4y as  possible to remove extraneous 
radioactivity, thc.11 plated on cupped glass plan- 
c11c.t~ and dried under infrared lamps. Carbon 
dioxide produced during incubation was col- 
lected in potass iu~~i  hydroxide in the center 
well of the flasks and converted to barium 
carbonate for  radioassay ( 5 ) .  

The transport values reported were obtained 
by adding the raclioactivity recovered in the 
cells and that recovered in COE, with the ex- 
ception of the data in Table 6. These were ob- 
tained by 1nc.asuring loss of radioactivity from 
the wlls into the medium and the procedure 
mill be presented in the next section. 

RESULTS -4ND DISCUSSION 

One of the proble~~is  encountered in using 
fructose-C" to nieasure transport was the de- 
veloplncnt of a satisfactory niethod of prepar- 
ing sperm fo r  radioassay. After incubation 
with fructose-C'" three washings were required 
to remove extralleous activity froni sperm. 
Since this procedure involved about 15 min, 
the possibility existed that much of the radio- 
activity might COIIIC out of the cell during wash- 
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TABLE I 

Effcrt of \e:~sl~ing huffer trlnperature and 
coulpositio~l on rrtcntiou of frurtose-C'" 

Teml)cmturo 

Ruffer 4 C 2 1  C 

(counts per miawte) 
Riugcr-pliospll:~ te 2,250 4,100 
Skirllmilk 1,400 1,050 
Rii~rrr-nhospllatr-fructose 2.900 3.fi40 

ing. To dc~tcrlnine l~ossihlc. eff(.cats of tcvnpera- 
ture and the w:lsIi ~nediuln o t ~  sperm mdio- 
assays, S ~ ) ( . ~ I I I  \vcbrr i~~cnl)ated \\.it11 fructose-C1* 
a t  37 C, t,llrn r~liqnots wcLre w;l.sllrd wit11 threr 
111cv1ia a t  two tc.nll)nnturc.s, as sho\vn in Tahlc 1. 

I t  is noted that in 1 ~ i 1 1 g c r - h o s l : t ~  ant1 
Rillper-l)l~osphi~tc.-fl.uc.tos(~, rctcwtion of ratlio- 
activity hy spchrnl \v\-;~s grc.ntcar : ~ t  21 <: thmn :it 
4 C. A ~)ossihlv exl,liitli~tion is that ~ t t  thc 4 (' 
wash sonle ten11)eraturr slloel; to spernl occurrc~tl 
which rcdnced the ahility of t l ~ e  cells to r c t i l i~~  
fruc:tosc? (8). The l)c~rfor~lr;nnc.c. of' s k i ~ n ~ l ~ i l k  
as :I urinsh in tl~csc. c.speril~~c.nts sul)l)orts this 
explanation, in that skin~ll~ill; ~)ro\~itles 1 1 1 0 1 ~ ~  

cold shock protection, ant1 tl11. 4 C:21 C ~ x t i o  
mas much higl~er tlliln in tlica \vasl~css wit11 Irss 
cold shork protectivcs action. .\I1 r:ndio;~.;s;~ys 
on the milk treatnlcwts ~vt~~.c. lo\vc.r than tl~osc 
in c.l~c~nlical nlcadia; this would I)(. c.sl)ec.tc~tl as 
a ~.c.snlt of the shirl(1ing cffoc-t of tllcx nlill; solids 
pr~,s(wt 0 1 1  tl~c' ~~ l i~nche t s .  

k'rnctosc~ was itlc~1udc.d in tl~cb third \\*as11 
~nccliunl to dctc.rl~nine its cffeetivt.nc.ss in 1.1.- 
ducing loss of ri~dionctivity hy silnl)l(. cliffusion 
fro111 s l w r ~ ~ l .  I t  (lid not rc,duc.c- loss frol~l t11~ 
cell, indic.:iting that tri111sfc.r of' 1'ruc.tosc. fro111 
the rcll invo1vt.s nlorc. tllinn si1111)1e tliffusion. 
I n  suhscvluent trials, the. stancliird post-incu- 
hation ~v:nshing procrciu~~r consistecl of thrcbc. 
washes with Itil~grl.-l)llosl,hnt(~ itt 21 C'. 

E s r c t  of ~ I ' I ) I ~ I P ~ ~ ~ ~ I I T ( >  4 / I I . ( ' I I ~ ) ~ ~ ~ o I I .  SCV(T;II 
trials \vcbl.c3 c~ontluctctl to drtc~rnli~ie the rffrct 
of tc~l~~l)c~riiturc~ of iucauhation on t l l ~  rat(, of 
transport; th(~sr  arc sunn~larizrd in Tahl~. 2. 

Sl)cr~natozoa were incubated a t  the three tenl- 
peratures with fructose-C", aliquots re~novrd 
a t  specified tirne intervals, nashcd wit11 Ringer- 
phosphate a t  21  C, dried, and radioassayed. 
Uptake due to simple diffusion should he rela- 
tively insensitive to tcw~perature, whereas ac- 
tive transport shoulcl hv temprrature-dependent 
(6) .  The results in T:lhle 2 artL indicative of tt 
transport systrrn, in that uptake varied with 
te~nperature. Homevcbr, the response to tem- 
perature was not as great as might he antici- 
patc~d froln strictly nnetaholic eonsideratious; 
l~ossil)ly, the data rt,flect a combination of dif- 
fusion and :~ctive tr:u~sport. 

Studies of the effc.czt of tc.n~perature on tr:tns- 
port are col~~plicatc~tl hy thcs sensitivity of s1)(~r111 
to tc~n~pwatu ' r  shocl;. \vhic.l~ by (.l~at~ging I I I I~ I I I -  

hr:~~rch p(~rnti.:thility woultl Ije espectetl to ill- 
crcbilsr transfer hy diffusion (8 )  or, altcwm- 
tivc~ly by tlrc.rc~itsing rnct;il)olic ~.;ite, \vonld he 
rsl)(v.teil to dec~.c~:~sr trat~sl)ort ( 2 ) .  The c~ffects 
of (.old slloc~l; \vrL1.1> stndicttl 1)- inln~rrsing flasks 
c2ont:lining ssper~ti ill tin ice hiit11 for  15 ~ilill. 
\ ~ : I I . I I I ~ I I ~  to i~t(*~~h>ntion tca1111)rratur(-, a(l(ling 
t'!.~~c.tosc~-('". iintl inc.ul):ntiug :IS indica;~tc~d in 
T:ll:lr 3. 111 ( a i 1 ~ 1 1  r s l )c~r i l~~rnt  (*old shock tip- 

14:ffccst of roll1 s11oc.k O I I  tr:111sl)ort of fr~~etosc.-(~" 
- - 

F:s])t. T I I ~ ~ I I ~ ) : I ~ ~ O I I  COII- Coltl- 
110. col~rlitiol~s trol sllocki.11 

- 
-(/-/)Ill) *- 

1 I 1  (>lyviltl~ Iiuflt~r, 37 (' 2,830 1.440 
1 1  I ' i s  I I I ~  i ' : 4  "!?:I) 
11' l<iugc>r, 0.00+ hr  

iorlo:lc.rtntc., :37 C 7,635 1,200 
I:< llilk, 4 C 5 350 

"111  rrlls : I I I I ~  ('02. 

l)~'t~sscbd tllc. tri~nsf(br of n~dioactivity into the 
eel I. 

S~,irsitic.it!/ to  i)~kil)itor.s. I n  these esperi- 
~nc~nts,  milshed sl)orrn wcrct exposed to the con- 
ct.ntrntion of inl~il)itor iuclicated in Table 4 for  
10 to 20 ~ n i n  1)cfore fructose-C" was added to 
t l ~ c  ~nedilul~. S O I I I ~  of the inhihitors increasrtl 
tile yieltl of ritdioartivity in the cells ahove 
tll:nt in uninhibited cc.lls, hut in all caascs the 
~ ~ ~ c ~ a s u r c ~ t l  trans1)ort (activity in cells ~ ) l u s  tllttt 
in C o d )  \\-as ~,c,(luctvl I);v the inhihitor. The. 
(1:lta arca indic.:ttire of' ;I trnns1)ort systenl. in 
that 1):1ssive tliffusiou is not influenc-c.d easily 
hy inllil)itors. iind t11c c.on(*~~~trations (~111pIoyt~d 
shoultl not nltcb~. I I I ~ ~ I I I ~ ) ~ : I I ~ ( ~  pernieahility. 

Co~~~lv t i t i c r ,  a?ctr!l. With :I transport syst~111, 
~nrtinl~olixal)l~~ s11ga1.s \vo11111 I)(' exprctc*d to caorn- 
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Effect of inhibitors on rc,covery of ~ndioactivit? 
in cells m ~ d  c :~ rbo~~  tlioxiclc 

Cells COz 

Expt. 7 & 8 (moan) -(cpnt)- 
('ontrol 485 10,400 
Sodium cyanide, 0.04 11 1,8711 110 
Iocioacetic acid, 0.1104 M 860 12 
p-Cl~loromercuribcnzoate, 0.004 M 935 35 
Sodium fluoride, 0.04 nr 510 1.5 

Eupt. 9 
('ontrol 490 4,930 
Mercuric cl~loridc, 1(1-% 5911 4,400 
Mc~curic. chloritle, 2 X 10.' hf 295 90 

pete with one another fo r  entry;  with diffusion, 
each should enter relatively independently of 
the other. I n  the trials reported in Tahle 5, 
upt:~lte of fructose-C" was measured with no 
unlaheled sugar added, and with unlabeled 
fructose, glucose, o r  arabinose added to a final 
concentration of 0.01 nr. The reduction in re- 
covered activity upon the addition of unlabeled 
fructose was the result of dilution; a fourfold 
increase in concentration resulted in a rcduc- 
tion of yield to one-fourth the previous value. 
Adding glucose, however, resulted in a nluch 
greater reduction in yield, indicating a greater 
affinity for  glucostl than for  fructose. Arabi- 
nose is only slowly nietabolized by spc.rmatozoa 
and offchred consid(.rably less compc.tition to 
the transport of fructose-C'". 

Transfer against concent~n.tion gradiant. Per- 
haps the most stringent criterion of a n  active 
transport systetn is the ability to concentrate 
against an os~notic gradient (6) .  Since fruc- 
tosc, concc~ntration inside the cell is difficult to 
measure and not easily altered appreciably, 
this prohlenl was studied hy measuring efflux 
rather tha.n influx. 

Spenn were incubated with fructosc-C14 to 
pertnit entry into the cell. After washing the 
eells free of extraneous radi~activity,  the C -  
load(.d cells nrerr incubated in fresh huffer with 

TABl,E 5 
Effcct of ~clilahr'ed fructose, glurose, and 
:~~.nl~it~ose 011 tllr trzn~sport of fructose-C'" 

1:11lahelcd substrate nddeil 

Espt. FTII(.- Glu- Ara1)- 
no. Sone tosc, cose inostL 

and without 0.1 3.1 unlaheled fructose, as  shown 
in Table 6. After this second incubation the 
cell5 were rerrioded hy centrifugation and the 
supt~rnata~i t  dried and assayed fo r  radioactiv- 
ity which had transferred out of the cells. I n  
the aerobic experiments, C02  was collected, 
radio-assayc.d, and the effluent cpm in the table 
is the  sun^ of ~ d i o a c t i v i t y  in the supernate 
and in CO:. This procedure may be questioned, 
in that CO1  nay not ~~(vessar i ly  be the result 
of transport, since it nlay represent catabolism 
within the ct.11 and diffusion of the gas from 
the crll. Howcwer, if one considers only the 
\upen~:tte, tho relationships are  the sanle- 
chfflux into thc sugarless huffer exceeds that into 
f ructo\t.. 

EL'Frct of anoxia and fructos? coneentration in 
the nlcdi~~m on outflow of fr~ictosc-C" 

from the cell 

Fructose concentration, M 
M~:II I  of espt. 

11amhers 0 0.1 

-(effluent opm)- 
1 7 , 1 8  Aerobic 720 560 
22-26 A11aerol)ir 595 695 

I n  the anaerobic experiments there was essen- 
tially no CO, production; thus, only the radio- 
activity in the supernatc was considered after 
i t  was established that CO, radioactivity was 
negligible. These anaerobic trials were impor- 
tant 111 two rc,spect\. First  of all, thc efflux into 
0.1 M fructose was greater than that into the 
~ n c ~ d i u n ~  without fructost., thus denlonstrating 
concentration agamst an osn~otic gradient. Sec- 
ondly, anoxia increased the rate of transport 
anoss  the cell men~hrane, in apeenlent with 
the. glurose-nluscle cc311 studies of Morgan et  al. 
I n )  
{ " I .  

(;rnrrtrl disc7rssion. The data presented show 
that bovine spc~rlnatozoa possess several of the 
characteristics of a n  active transport system 
for  fructose: these i-lclude sensitivitv to tem- 
perature, dependence on active metabolism, sen- 
sitivity to inhibitors, mutual interference by 
~~~etahol izahle  sugars, :~nd  concentm.tion against 
an osn~otic gradient. The evidence, while ex- 
tensive, perhaps should not hc? regarded as  con- 
clusi\,c', f o r  fructose is metabolized so rapidly 
that it is diflicult to l in~i t  the study to transport 
without cotnplicating the issue with the problems 
hrougllt on by r;lpitl 1nc.tabo1isn1 and movc.nlent 
of i11tc~r111edi:;tes. 

I n  this study, ratlio:~ctivity appearing in the 
( ~ ~ 1 1  anti that in ('O? 1vi1s s~~lnnled  to give a 
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value f o r  t r a~ l s l )o r t .  IVhilc this  p e r ~ ~ ~ i t s  co111- 
parisons to  be ~ u a d e ,  i t  is subject  to  inaccuracy 
d u e  t o  i~~e tabo l i t e s ,  other  than  CO,, which 111ily 
pass  fro111 cell to rnediu~n and  thus  escape lncxas- 
u r c . ~ n e ~ ~ t .  31orc. definitive i ~ ~ f o r ~ l ~ : ~ t i o n  on  t rans-  
p o r t  inag be obtained by using sugars  struc- 
tural ly  si111il:~r to  fructose hu t  ~ ~ ~ e t a h o l i z e d  
slowly o r  not  a t  all. Such studies a r e  ,low under  
way a ~ l d  will he rcyorted whew c o l ~ ~ p l e t e d .  
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SUMllIARY 

A high incidence of enteroviruses isolated by the use of bovine kidney cell 
cultures has been found in rectal swabs from normally reared calves. I n  no 
case were enteroviruses recovered from calves less than 4 wk of age. Only one 
of seven parturient cows was shown to be shedding enteroviruses. 

Two ether-resistant virus types were identified which differed in serologic 
specificity, characteristics of plaque formation in  bovine kidney cell cultures, 
and in vitro host range. The incidence of these types of enteroviruses could 
not be correlated with the appearance of clinical signs in these calves. 

The isolation of viral agents frotn bovine 
feces or  rectal snabbings has been reported 
lately (5).  I n  some cases the presence of these 
agents has been associated with certain clinical 
signs (8, 9 ) ,  while in others the animal hosts 
were apparently healthy (6, 10-12). Primary 
isolation of the agents has, as a rule, been ac- 
complished in bovine kidney cultures (1, 6-9). 
Certain strains have also been found to he 
cytopathogenic in the cultured tissues of other 
species (7,  8, 10).  

The present report describes the isolation, by 
nleaiis of bovine kidney cell cultures, of c~ntero- 
viruses obtained in rectal swabs froin calves 
and cows of a nor~nal dairy herd. These viruses 
have been characterized hy an application of 
the plt~que technique in the cultured kidney 
cells of four species. 

3lATERIBLS A S D  METHODS 

Herd 2cmdr-r in?i~sti.r/(ltio~z. The aniinals em- 
ployed in this study b(~1ongeii to The Ohio State 
Vniversity dairy herd. Calves horn in this 
herd renlainc.d with their datns and nursed ad 
libitum during the first three days of life. They 
were then moved to the calf ban], where they 
were fed about 10% of their body weight per 
day of surplus herd milk or colostru~n, with 
free access to water, grain, and hay. They re- 
tnained in the calf h i ~ n i  uiitil they reached four 
to six months of agc, during which ti111e they 
were exposed in varying degrees to 20 to 30 
other calves. 

Crll c~tlfzcrrs. Pr i~na ry  monolayer cultures 
were prepared by the trypsinization of kidneys 
froin yearling or  older cattle with the subse- 
quent growth of the dispersed cells in a culture 
~ n e d i ~ u n  consisting o f :  0.5% lactalbumin en- 
zymatic hydrolysate; 5.0% bovine serum; 94.5% 
Hanks' balanced salt solution (BSS) ; and 100 
pg of dihydrostreptomycin, 200 units penicillin, 
and 50 units of nystatin (Mycostatin ') per 
milliliter. Cultures were prepared both in 4-02 
prescription bottles and in 16- by 150-nim test 
tuhes ( 4 ) .  Cell cultures were also prepared 
from porcine, hu~oan, and monkey (Macaca 
c.ynolnolgus) kidneys in a sin~ilar manner and 
grnwn in 4-oz prescription bottles. 

Viv~4.s i~olntiolzs. A sterile cotton swab on n 
six-inch spplicator was inserted a t  least three 
inches into the rectunt. The swah was applied 
to the epitheliun~ with a rubbing motion and 
withdrawn together with some fecal material, 
whenever this was possible. The swab and the 
sa.lnple werr placed in a thick-walled 16- by 
100-mm centrifuge tube containing 2.5 1111 of 
BSS, to whirh had heen added 1,000 pg of 
dihydrostrepto~nyin, 2,000 units of penicillin, 
and 500 units of nystatin per milliliter. Having 
arrived a t  the laboratory, the swah was swirled 
in the solution to dislodge the fecal lnaterial 
and was re~iioved fro111 the tube. The remain- 
ing fecal suspension was ccwtrifuged a t  ap- 
proxitnately 3,800 rpln for 40 min. The super- 
natant was aspirated from the sedimented feet11 
~t~ater ia l  and frozen for  later testing. 

Both tuhe and bottle bovine kidney cell cul- 
tures prepared as described previously were 
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TABLE 1 

P~oportions of calves of v:r.rious ages foun(1 to I)(, sl~rtltling etttcrovirr~ses OIL .11111e !), 1!)5!) 

Age in weeks 3 f i  ! 111 11 12 13 14 l ( i  Irl 
-- 

Numhrr positive 
011 113 1 1/1 0 2  0 1/2  0/1 O / l  O / l  

Numb(-r testcd 
-- 

Ageinwccks 21 22 2 24 25 27 2!1 31 45 A l l  
-- - 

v i r u ~  f r o n ~  rrctal swahs. '\s a rule, two tuhe 
cultures \vertA inoeulatc.cl wit11 0.1 ~ n l  each of 
thc I'ecal c.xtrnct and n~aintained with n tnetliu~ri 
mliic*h differrtl fro111 the growth ~ttetlinln only 
in the f:tct that no starunt was ;~tlded; and one 
hottk eultur(, was ino(.uI~t('d with 0.2 1111 of 
the cxtr:ict and ovcarlaitl with 12 1111 of' a si~llilar 
~ n ~ t i n t r ~ i i ~ n e ( ~  nt(~(1iu111 eont;~ining, iu addition, 
1% of' agar. The tuhc, culturc.~ \verc ohscsrved 
nric.rosc~opic;~Ily for c.videnr.cb of viral cytopatho- 
gc.nir c.ffects, wl~rre;ls the I)ottl(~ cultures \rere 
ohservc~d t~~ac-l~osco~)ically for  cht~.ractc~ristic: 
;11.c.as of (.(.I1 dc~penc~ration designatrtl pli~clues. 

S(vrologicn1 procc,rlrcrrs. Four  plaque-isoliltcd 
strains of viruscls isolatc.tl fro111 this herd I~ \ - (~I . ( .  

used to i ~ n ~ l ~ u n i z e  r:thhits. Tc.11 nlillilitcrs of 
the undiluted virus susl)c.nsion \vcsre holnog- 
enizcbd with a lilie qu:~ntity of caolnplrte Fl~c~untl's 
adjuvant in ZL 20-1111 syringe,. Five-~nilliliter 
alic111ots of this elnulsion \vrrr injc,ctc.tl intrti- 
~nuscularlg into t h ~  right and left fore :ind 
hi11tlquartc.r~ of thv rahhits, topc.thrr with a 
I-1111 intr:~~nuscular injection of the ~uldiluted 
culture fluid into the right hindquartc~. The 
rahhits wcare hled from the heart 6 \vk later ilnd 
t h ~  seiwtls h:~rvestc,d and frozen. 

Xt,utraliziition tests wit11 thehc. virus str:~ins 
and scrun~s were perforn~ed in hovirtr kidney 
cell cultu~.c~s, ~lsing thc. plaque nlcatl~otl tlesn.il)ed 
by Roltl et al. ( 2 ) .  Seran~s  wvre tcasted for 
ncantralizinp potc.ncy :it dilutions of 1 :10, 1 :loo, 
and 1 :1,000. 

ESPI.:RIJIEST.\I. PR0CEI)I'RE .ZND RESULTS 

IIrrrl stcrrr?/. To c~stahlish the presencr of 
rnterovirusc.~ in Tltc Ohio State Univclrsity 
tlaiqr herd, rcwtal swahs were obtained fro111 
;dl calves Itousc~d in the ciilf I);irn on June  9, 
1959. The. rchs~llts of this ittitiill s u r v ~ y  are 
~ ) r e s t~~~ te t l  in Tilhle 1. 

Datr~ctio?~ or ~nl.o+oi.i~.rr,sr.s ~ J L  ~:(I~I.('s as ce 
j ' ~c~~c / io~r  /I/' rcgr,. This portion of thc study w ~ s  
~utdt*rtal<c.n to :tsc:c.~-t;~in the age :rt which en- 
teroviruscbs could first he detecated in c;~lves, as  
\ i ~ 1 1  as solne indic.ation of the ~)rrsistt.net. of 

the inft.etion. Rectal swahs wrrr takc~n f ro t t~  
scvchtt co~vs ant1 their ci~lves :it tltc tirn(> of I)~LI.- 

turition. Tltctso calves and six other neontltal 
ci11.r.c.s \vthre then swahhed at  ~vchc4ily iutwvals 
for various prriotls of titnc,. 

The 13 calves which \vc.t.c2 ex;~~nin(~( l  \\,(~t,kly 
for rrctal exeretion of  viras \\.(,re st;irtrtl on 
thc, (~x l ) (~ r in~(~n t  at  ag!.tBs of 0 to 4 wk. One: c.;tlt' 
tlichcl of' rlttc~rotosc.ttlit~ a t  nine tl:iys of iigo ; u ~ d  
was not fonud to he shedding enteroviruses at 
hirtll or a t  cleatlt. Thc. histories of the. rr~ttain- 
ing c;llves :Ire stunn~itrizrtl in Tahlc 2. 

I t  nil1 I>(. notc.tl th;tt virus was not detc,cted 
tluring the, course of' the ohsc~rviitio~~s in only 
one rase. TII thc! remaining 11 i~nin~itls, tlt(1 i~pt, 
;at t11r tilnc. of the tirst positive san~ple mngc.tl 
fro111 4 to 12 wk, with a Inean of 7 ~vk .  The 
;tpl)(Bi~raltccs of l)laclu(.s fortned in ;I hottle cul- 
ture used for primary isolation of virus front 
one of th(.se rthctal swahs is illnstrntrd ill Figure 
1. 

111  thosc. cascas in 1v11ic.h c:~lves xvc3rc. tested 
a t  I)irth, ~.c~ctal swahs were also taken fro111 the 
dalns of these anintals. Of tltr sevcXt1 cows 
s\v;~hhed ;it. p;lrturition, only on(. m;~s found 
to I)(, sh(.ddutg virus r ~ t  that tint(.. 

('lrnrccc'trri:trliol, of thr ~:irrts slruiirs. All of 
thch vi1.u~ str;~ins rstahlishrtl fro111 tlic~se rrctal 
s~v:rhhings were, of course, c.ap:lt)le of produa- 
i l ~ g  cytopathogettic effrcts ; n ~ d  p1aquc.s in ho- 
vine. Iiidney cell cultures. Cc.rtain of these 
striiins tvere further c*l~arac.terizr~tl on thc hasis 
of their sc.rologic. rc~l;~tionsltips, the c.hal*acter- 
istics of l)l:lclu(>s forntc~d in bovine kidney cell 
calturcbs, :~nd  their ahility to form plaques in 
I;idnt.y cclll cultures f ron~  tl~rcbcl 11rtc.rologous 
sl)rcic~s. 

Sc~utri11iz;~tion tests usit~g riahhit a~ltiserutr~s 
i~tdie:~teii that these strititts I)(~lollgtld to two 
sc.n)logiciil typc,s. Ait~tiseruttts itgainst e;~c+l~ typr 
c*ross-reacatcd to a lirl~itcd extent with I~eterol- 
ogous str;~ins. 

I):~ily ol)serv:ttiolts of itlorulatcti hovittc. bottle 
cultures under agar overlay ~~r'tliuln rc.veal(~d 
th;~t 1)laclnc.s wtbre tirst visil)l(. 111:1c~ros~~opic:111~- 
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TARI,E 2 

I~lci(lellre of rl~terovirr~s ill rrvtal sw:tl)s fro111 c;~lvrri as :I fnl~etiol~ of :~gc  
. - - - . . - - - - - 

;2gc ill weeks 
- - -  -- -- - ~ 

Calf 
110. 0 1 2 :Z 4 5 f; 7 S !) 10 11 12 13 14 15 l ( i  17 18 I!) 20  2 1  22 2 3  24 25 

-- -- - 
53oA - - - - - - - - + + + + + + - + + + + + + + + + + +  
5?3(; - - - - - - - - r - + - - - - -  . . . . . . . . . . . . . . . . . . . .  
.52"(; . . - - - - - - - - - - - + 1 - - - -  . . . . . . . . . . . . . . . .  
S31A - - - - - - - - . . . .  + + + + - - - + L  . . . . . . . . . . . . . .  
510.7 . . . . . . . .  + + - + - - + +  + d  &I-  + - + +  . . . . . . . . . .  
511.7 - - - - - -  - + + + + - t - - -  . . . .  * . . . . . . . . . . . . . . . .  
(is911 .. - - - + + - - - -  t - - + + . . . . . . . . . . . . . . . . . . . . . .  
162s - - - - - - - - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . .  
,q:3"A - - - - - - + - t + + +  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(i!J011 - - - - - - - + - - + t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
;j:13A - - - - - - - t t + +  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
513J .. - - - + - + + + - +  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- M m n s  I I ~  virus was isol:~te~l; +, ;I virus w:lr isol;lte(l: ..,not ttsstc(l. 

on the third day after inoculation. at  which 
t i~ue  tllcxir dii1111eter was ahout 1 111111. These 
pli1quc.s contil~ned to enl;~rgt,, i111d oth(lrs to 
appear, for  sc>vt.ral days. Thc. rat(. of appear- 
nt1c.e o f  plnquc.s of Typc I mas so111(,wh;~t slower 
tl~tln that of Type 11, so that a. plaquct-eou~~t 
eclual to 9 O % ,  of' t h i~ t  nltilllately rccol-drtl wils 
ohservc~d ;~hout 24 11r later with Type I th:111 
Type 11. Possihly ;IS a rc.snlt of t l ~ e  drl:~gc*d 
appear;ulcc3 o f  tht. l ~ l ; i ~ l ~ t ~ ,  the lllcan d ia~~le tc~r  
of the 111:1(1u(bs of Type I \\-as usn;llly ol1e or 
111ore ~ ~ ~ i l l i ~ ~ ~ e t ( ~ l ~  s111i1.ller thi111 th i~ t  of T y p ~  IT, 
othrr thii~gs hc.ing equal. A \ ~ ~  e s a ~ ~ ~ p l e  of thcsch 
diSfere~~c*es is reportc.tl ill Ti~hle 3. 

I)ifft*ren~cs were ;~lso ohsc?rvctl in the host 
r:u~g(>wof thcsst, virus strailis ill 11t.trrologous 
ltidiley (sell culturc.~. Prototype str;~ins of' the 
two virus t y p s  wercb diluted it1 tenfoltl in- 
crenlents alltl titwtetl in crll cultures of ho- 
vine, porcii~c~, ~llol~liey, and I I U I I I ~ I I I  ltidi~(~ys. Xo 
attenlpt was I I I ~ I ~ C .  to ad i~p t  the stl 'i~i~ls to th(8 
c.nlttlres in which they urcarr tclstc~tl. Tht. results 
of this c.spc.rilllc.nt itre rciported ill Table 4. 

Drtccf ion of t~t i .~.(~rl  rirctl i~tJ'rctio~ts. l'hc rr-  
sults of first tchsts ;~pplietl to t h ~  rectal s\vahs 
have hct~11 c.sprt~sst~d ol~ly  ill terl~ls of \vhetl.~er 
virusc.s \vercL tl(.tectc.d. To dc . t e r~~~ i i~e  whether 
hoth ty1x.s of viruscas l l~ ig l~t  h~ r r ~ ( ~ o v ~ r e d  ~ I . O I I I  

n single reet;ll swab sall~plr, 2111 fidtlitiollal study 
was colitluctcd. 

Sin(.(' the co l~ce~~ t ra t io i~s  o f  virusrs ill the 
origillill rect;rl smt11) fluids \vel.c2 too lo~v to 111. 
suitahlt~ fo r  11c.utra1iniltio11 tc.sti~~g, srl.o-typil~g 
\V;IS 1xbrfor111c~tl \ ~ i t h  fluid 11arvc.stcvl f18ol11 pri- 
Inilry virus isolations ill (.ell culttu~.. The II:II.- 
vested culturt. fluid w;~s  diluted in I3SS to toll- 

lwrature wit11 2111 ocjual vo lu~~~c ,  o C :  (1) BSS, 
( 2 )  I3SS co~~taillitlg 5% ;~11tist!ru111 I, (3)  BSS 
e o l ~ t i ~ i ~ ~ i l ~ g  1% of antiserum 11, or (4) BSS 
c o i ~ t i ~ i ~ ~ i l ~ g  57& of :111tis(~ru111 I itnd 1% of anti- 
srrrnll 11. 1)nplicate hottlc, c-ult~~rc,s of bovine 
kidncay cc.lls \vt1rch used to nss;~y c.acal1 of these 
111ist11res by the pl:rc~uc~ tc*chnicluc. (1). Whvrl- 
ever the rc.sults of the first test wcbre not cle;~r, 
virus was snbcult~ued  fro^^^ sc,lrctetl pl:~quc.s 

titill all t~stilll;ltt.(~ j() plaquc-follllillgforlllllg llllifs I"I(:. 1. i \ l ) l ) ca r :~~~~o  of ~ ) I : I ( ~ I I ~ W I I I  11ovi11e kir111c.g 
virus I,rr rill, .\liquots of virus sus- ctsII cultrnc.~ five ~lnys :~fter i~loculntioll from a 

rect:~l sw:111 taken fro111 ('nlf S111.7 o n  Sovc~~nl)cr 
~)cr~sioll were incuhi~tc~d 60 I I I ~ I I  at roo111 te111- 18, 195:). 
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TABLE 3 
Daily observations of the ~lumljer and size of plaques of two virus types on bovine kidney 

cell culture 

Type I Type 11 

Days of Number Mean Number Meall 
inci~bation of plaques diameter of pl:1que8 tlia~neter 

The first positive rectal swabs from six 
calves were successfully typed, and it was found 
that both Types I and I1 were present in sam- 
ples fro111 Calves 530A, 5328, and 690H, 
whereas only Type I1 could be indentified in 
the first positive samples from Calves 5220, 
5105, and 5115. I n  the case of Calf 530A, an  
a t tnnpt  was made to serotype all of the posi- 
tive weekly rectal swabs obtained in the course 
of the study. Both virus Types I and I1 were 
identified in san~ples taken a t  8, 10, 20, 22, 23, 
a.nd 24 weeks of age. Only Type I was adenti- 
fied in samples a t  9, 13, 1'7, 18, 19, and 21 wk. 
The virus in the 15, 16-, and 25-wk si11nples 
was lost. Only Type I could be det~~onstrated 
in the rectal swab taken fro111 Cow 49OG a t  
the time of parturition. 

DISCUSSION 

The presence of enteroviruses has hern denr- 
onstratecl in a high proportion of rcactal swabs 
obtained from calves of various ages in The 
Ohio State University dairy herd. Since the 
systc.m of ~nanagt.n~ent of these anin~als pre- 
sents no j)artieularly unusual features, it is 
unlikely that this herd is unique with respect 
to the incidence of enteroviruses. 

Only one of 12  calves T i l S  not found to  be 
shedding virus during a prolonged period of 
wec'kly observations. However, no calf studied 
wils found to be shedding virus a t  an  age of 

less than 4 wk, although exposure was probably 
continuous frotn birth. Since antibody capable 
of neutralizing this virus has been denionstrated 
in a numher of salllples of colostruln ( 3 ) ,  it is 
possible that these calves were protected by 
antibody derived passively through nursing. 

Virus was detected in a rectal swab of only 
one of seven cows studied a t  the time of par- 
turition. Since it is likely that all of these ani- 
n ~ a l s  had been infected and shed virus a t  some 
titne during their lives, the decreased incidence 
of detectable virus in adults may he taken as  
evidence of the develop~nent of active imn~unity. 

Pure  strains of viruses xere estahlished by 
isolation fro111 plaques fornled in hovine ltiduey 
cell cultures. I t  was shown by n~eans  of auti- 
scrulns prepared in rabbits that these strains 
helonged to a t  least two sepan~ te  serologic types. 
These types were also found to differ with re- 
spect to plaque nlorphology in hovine kidney 
cell cultures and efficiency of plaque forn~ation 
in liidll('y cell cultures fro111 three other species. 
The plaquc~s produceii by Type I in bovine 
kidney cultures were solnewhat snialler on any 
givt.11 day of incubation. Type I apparently 
producc~d plaques relatively efficiently in Inon- 
ltey kidney cultures, less so in porcine kidney 
cultures, and not at  all in hunian kidney cul- 
turc.s. Type 11 n i ~ s  relatively efficient in forni- 
ing plaques in n~onkey kidney cultures, less 
so in hunlarl kidnrg cultures, and IVBS not 

TABLE 4 
Prr  cent efficie~~cies of plaque formation by two serologic types of bovine enterovirnzes in 

the rulturril ki(1nr.y cells of four specic~s 
-- 

S])~caies of culture 
Serologic 

type Bovine Porei~le Monkey H U I I I ~ I I  

" N o  plnc~ncs observetl a f t n  i~~oculation ~vitll thc nlost rol~centratecl (10(,4) s u s p e ~ ~ s i o ~ ~  
tc~ted.  
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found to  produce plaques in porcine kidney tion of Entcric Viruses in Swine. Am. J. 
cultures. 1)r. S. it. Snt ta r  of this laboratory Vet. Research, 20: 127. 1959. 
lias recrlitly demonstrated tha t  hoth of these ( 3 )  zlslcXG, G. D . ~  Am MELNICKj J. Orpllan 

types a r e  ether-resistant. Tiruscs of Man and Animals. 4nn.  N. Y. 
Acad. Sci., 70: 342. 1958. 

Rlired infections with the two types have ( 6 )  K ~ ~ ~ ~ ,  C. 3f,, AND MINUSE,, E. P \ T ~ ~  BO- 
been found to hr c o ~ i ~ i n o l ~  in  these calves under vine Viral Agents Isolated in  Michigan. 
ilatural contlitions. The incidence of virus of Public Hcaltll Kcpts., 72: 251. 1957. 
either type  ill rectal swabs could not  be corre- (7 )  K a s ~ s ,  C. M., -in MINUS% E. The Isola- 
lated with diilrrhea o r  pneu~nonia,  which occa- tiou in Tissue Culture, Chick Embryo, and 

sio~lal ly occurred in  mild for111 in  some of the Suckling Mice of Filtrable Ageuts from 
I-Iealtliy Dairy Cattle. J. Im~i~uilol., 80: 1. 

aaimals. 1958. 
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Serunn and eolostlum salnples fro111 seven parturient cows, inilk from these 
anilna.1~ after seven or more days of lactation, and serum samples from their 
offspring before and after nursing, have been tested fo r  their ability to neutral- 
ize two serologic types of bovine enteroviruses isolated fro111 the same dairy 
herd. I n  most, the dcbscending order of the neutralizing potencies of these sam- 
ples was : colostrum, parturient cow serum, postnursing calf serum, prenursing 
calf serunl, and nor~nal  inilk. The neutralizing potency of normal milk was 
found to be negligible, and five prepartum rnilkings in one cow were found to 
decrease the antibody content of the mammary secretions to that  of normal milk. 

The eficiency with which ingested colostral antibody was absorbed into the 
blood streal11 was apparently quite high in newborn calves but solnewhat de- 
creased if nursing was deferred fo r  22 o r  even 12 h r  after birth. There was no 
apparent correlation between the levels of neutralizing antibody in the serums 
of calves a t  the end of the first week of life and the age a.t which enteroviruses 
\\-ere first detected ill rectal swabs froni these animals. 

The isolation of enteroviruses froin dairy 
cattle has been reported recently by several 
laboratories (2, 11, 12, 16-20). Work in this 
laboratory has resulted in the isolation of two 
serologic types of bovine enteroviruses from IL 

high percentage of calves in a herd of d a i q  
cattle (4) .  Weekly rectal swabbings of these 
calves revealed that  no enteroviruses could be 
recovered from animals less than 4 wk of age, 
despite the liltelihood that exposure to the 
viruses was continuous from birth under nor- 
nlal conditions of rearing. 

The purpose of the present study was to 
detcmnine the 1evc.l~ of huruoral neutralizing 
antibody against these enteroviruses in par- 
turient cows and their calves by means of tne 
plaque technique. An attelr~pt was made to 
walua,te the role of colostruln in the transff~r- 
ence of passive antiviral antihody to thr  ncw- 
bo1.11 calf under conditions of imn~edinte and de- 
ferred postnatal nursing. 

Early studics with antihacdterial :~gglutinins 
indicated that cows which had high scrunn ag- 
glutirlating titers produced calves which had 

liccc.ivc~tl for publicntio~~ July 7, 1061. 

no seru111 agglutinins. The colostrunl of these 
cows shown to be high in agglutinin titer, 
and the ingestion of this colostruln resulted in 
the passive acquisition of large quantities of 
seru111 agglutinins hg the calf (15, 21). More 
recent electrophoretic studies have indicated 
that the selunl of the newborn calf is virtually 
devoid of i~nulune globulin but that this sub- 
stance is acquired fronl colostrunl under nonnal 
conditions of nursing (7, 8). The blood serum 
of the cow has hcen ilnplici~ted a s  the source 
of rolostral glohulin (1, 13, 14 ) .  

MATERIALS A N D  METHODS 

Call C ~ I ~ ~ ~ L C C S .  Prilnary lnonolayer cultures 
7v\.cxre prepared by the trypsinization of kidneys 
fro111 ye:~rlin:: o r  older cattle, with the sub- 
sc.cluent growth of the dispersed cells in a cul- 
tnre unetliuu~ consisting of :  0.5% lactalhuiuin 
c.nzyl~lntic hydrolysate ; 5.0y0 bovine serunl ; 
!)4..5% Hanks' balanced salt solution (BSS) ; 
and 100 pg of dihydrostreptomycin, 200 units 
of p(~nicillin, and 50 units of nystatin (Myco- 
statill ') per millilitclr (6 ) .  

Nctctr.trli.:~riioi~ trsts.  Seutralization tests mere 
perforlr~c.d to l~~easu re  hy Inearls of the plaque 

I ,. 1111s . i~lrcstigntio~~ n-ns sapportecl in part by 

n resc.nrcl~ g~.:cnt, E-2093, fro111 tlie Sational 111- '3Iyeost:ttin is p1.odiieed by E. R. Squibh and  
s t i t ~ ~ t r s  c~f 1Ienltl1, Pulllie lTet~ltll Rcrvire. SOIIS, Sew J70rk. 
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technique the ability of samples of colostrum, 
inilk, and blood serum to neutralize entero- 
viruses of two serologic types isolated from 
ariirrials of the sarne dairy herd (4).  Samples 
of colostrum, milk, or blood serum to be tested 
were diluted in tenfold increments, with an  
initial dilution of 1 :10 or 1 :16. Equal volumes 
of the virus suspension (diluted so that in 0.1 
ml a countable number of plaques would occur) 
and the diluted neutralizing substance were 
incubated together a t  room temperature for  
1 hr. A control for  the estimation of the actual 
concentration and volun~e of the virus was pro- 
vided by incubating the ssLnle concentration and 
volunle of the virus suspension with an  equal 
volul~le of BSS under the same conditions. The 
BSS served as the diluent for  the virus sus- 
pensions and the colostrum, milk, and blood 
seruni sa~nples;  and 0.2-1111 aliquots of each 
incubated inixture were inoculated into dupli- 
cate bovine ltidney cell cultures in 4-02 pre- 
scription bottles from which the nlediurn had 
been discarded ( 3 ) .  

These bottle cultures were incubated a t  room 
te~r~perature  for  1 h r  after inoculation, with 
frequent agitation. Each culture was then over- 
laid with 12 ml of a medium consisting o f :  
1.0% Noble agar (Difco) ; 0.5% Iactalbumin 
enssylnatic hydrolysate; 0.001570 neutral red; 
approxi~nately 98.5% BSS;  and 100 pg of di- 
hydrostreptomycin, 200 units of penicillin, and 
50 units of nystatin per milliliter. These bot- 
tles were observed daily for  evidence of plaques 
(23).  

The extent to which each concentration of 
n colostrun~, milk, or blood serunl sample neu- 
tralized virus of each serologic type was ex- 
pressed i1.s a percentage of neutralization. This 
percentage was computed by dividing the total 
plaque-count for  the duplicate bottles in ques- 
tion by the total plaque-count for  the appro- 
priate cluplicate virus control bottles, subtract- 
ing the quotient from 1, and inultiplyi~~g this 
difference by 100. As a rule, little importance 
was attached to neutralizations of less than 
40%. 

A?zin7crls ilzwstigccted. The ani~nals under in- 
vestip:ition were nien~bers of The Ohio State 
University dairy herd. With the minor excep- 
tions noted, the calves studied were being raised 
arcording to the normal system for this herd. 
That is, the newborn calves remained with 
their d:uns and nursed ad lihitu~n during the 
first three (1:lps of lire. They wcsre then n~ovcd 
to the :~dj:~c.rnt calf barn, \vhere they received 
; ip lwosi~~~atc~ly  JOO/O of their body weight per 
day of surplus Ilrxrd 111illc or colostru~ii fnr  sev- 
eral wc~c.lcs and decreasing quantitirs t11erc.aftrr 

to the age of five n~onths, with free access to 
water, grain, and hay. Rectal swabs taken fro111 
these calves a t  birth and a t  weekly intervals 
thereafter were tested for  the presence of 
enteroviruses in a manner described previously 
(4) .  The cows were tested in the sarne manner 
for enterovirus excretion a t  the time of par- 
turition. 

EXPERIMEFTBL PROCEDURE AND RESULTS 

The a~~ in la l s  studied are grouped in pairs 
consisting of :I cow and her newborn calf, each 
pair  being designated a case. Ku~nbers were 
assigned to the cases in order of chronological 
precedence. 

Case 1. A heifer calf, 630~1, was born to 
Cow 46'711 on July  5, 1969. Samples of eolos- 
trulu and of blood fro111 both aninlals were ob- 
tained a t  that time, after which the calf was 
allowed to nurse. Additional blood sa~nples 
were taken frorn the calf a t  48 hr, seven days, 
and 12 wk of age. A sample of normal milk 
was obtained fro111 467d on the 15th post- 
partun1 day. All of these samples were tested 
for  the ability to neutralize both types of en- 
teroviruses. Results of these neutralization 
tests are presented in Table 1. 

I t  may be noted fro111 Table 1 that the level 
of antibody in the colostruln, and seemingly 
in the 48-hr and seven-day calf serum samples 
exceeded that of the maternal blood serurn a t  
parturition. The cow was not found to be 
shedding enteroviruses a t  the tirne of parturi- 
tion, but enteroviruses of both Types I and I1 
were detected in rectal swahs from the calf be- 
pinning with the eighth week of life and con- 
tinuously thereafter until weekly observations 
were ternrimated after 25 wk. I t  is, therefore, 
noteworthy that the levels of antibody against 
each type in the 12-wk serum sanlple did not 
differ significantly from those detected a t  birth. 

Case 2. Cow 630H gave birth to a 130-lb 
bull calf after a con~plicated labor on August 1.5, 
19.59, Samples of colostru~n and of blood from 
both animals were obtained a t  the time of par- 
turition. Additional blond samples were col- 
lected fro111 the calf a t  48 hr  and nine days of 
aptJ. The calf died later, on the ninth day, with 
a diagnosis a t  necropsy of clostridial c.nterotos- 
emia. A san~ple of nornlal milk was taken fro111 
the cot\- on the 24th postpartun1 day. These 
colostru~n, n~illt, and blood serum samples were 
testcld for  ahility to neutralize virus of both 
typcs a t  dilutions of I :IN, 1 :160, and 1 :1,600. 
I n  110 case did the estent of neutralization es- 
cced 40%, so the conec.ntmtions of neutralizing 
ttntihodp in a11 of tho san~ples from tllc>se nni- 
111als x-ercJ regarded as negligible. Enteroviruses 
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TABLE 1 
Percentages of ncutralizntiom~ of virus Types I and I1 I)y colostr~lmm~, milk, nmm(1 srllmlmm s:l~i~ples 

fro111 Cow 467~2 a1111 Calf .S:iIlA 

Virus 
type 

Colos- 
trum~~ 

11111 
ti1 
23 

" Sincty-nine :md one-half plaque-forming tii~its pcr bottle. 
'Sixty plaque-forn~i~~g units per 1)ottlc. 

were not detected in rectal swabs frolll the cow 
a t  parturition alid from the calf a t  1)irtli :uid 
a t  death. 

Ctcre ;?. Cow 490G gave birth to :I heifer 
calf, .523G, on Septc.l~iber 9, 1950. ;\ satlmpl(. 
of hlood had bec.11 taken fro111 the c30\v six clays 
pr~~viously. Samllples of colostrumr~ :~ud  of 1)lood 
were obtained within an hour of parturitiolm. 
111 this case, the calf was sc.par;tted fro111 its 
danl at  birth and received ~mo s u s t t ~ i ~ a n c ~ ~  of 
ally kiud uutil it was 22 h r  old: :~f ter  which it 
wils allowed to nurse. Aside from11 a 10-1111 
satnple, the cow had not bcc.rl nlilked prior to 
nursing. Additional blood salilples were taken 
fro111 the calf a t  48 hr, sevt2n days, aud 13  \rk 
of age. Sonnal  milk was collected fro111 the 
cow o ~ i  the 14th postpartutm~ day. Tllesca eolos- 
trulri, Inilk, tmd hlood serum11 sallmplcs were 
tcsted for  thcir ability to neutralize c,ntero- 
viruses of both types. The results of these 
11c.ntrnlizatio11 tests are reported in T:thltx 2. 

I t  will be noted that the ~ieutr;tlizi~ig potelicy 
ag:~inst both types of t.rmteroviruses was sonme- 
what lower it1 the salnple of corn seruni at  par- 
turitio~i than that taken six days prepnrtutn. 
I t  is also npparerrt that the levels of antibody 
zigaitlst Type I ill the seruln and larteal satti- 
ples fromll 490G were not ne:lrly as high as  
thost. against Tggcl 11. It should be ~ll(~lltiolied 
in this conrleetiou that :I rcxctal swab fro111 490G 
revealed that she was sllcddirrg enternviruses 
of Type 1 a t  the timne of parturition. 

TVlien eontrastc>d to tltc. results reported ill 
Table 1, it appears that deferring nursing until 
"'2 Imr after hirtli resulted in x considerable de- 
ere:ise ill the efficic.ncy with which ingested 
antibody is transported to the hlood stream11 of 
the calf. Although it was probahlg exposed to 
these c~literoviruses fro111 birth ( 3 ) ,  weekly 
reetal swabs from 523G rc~vexled no virus until 
the eighth week of life, at  x\-hieh tinme Type I1 
was found heinp s11c.d. i\utibody titers agaimmst 

Pcrrnltagcs of ~irutralizntion of virus Types I amltl I1 l ~ y  colostru~~m, ~mmilk, :>mm(l S ~ ~ I I I I I  S:IIIII)ICS 
f ro~u Co\v 49OG almtl C:mlf 523G 

Nnturc~ of sanlple 

1;-(lay 
r e -  Par- I"':- 

1>:1rtu111 turietlt u r s ~ i g  I I 13-1vk 
Virus Dilution (#ow eolv ('olos- Sormal calf c:llf calf c:rlf 
type ofsnmmmplc sc5rulml srrunl trunm umilk serunl ser11111 serulmi serlmlrm 

1:10 88 58 40 Rll 41; 1% 5% 74 
I :' 1 : 1110 .j 4 54 11 0 . . . . 54 .?I; 1; 1 

1 :~,noo 3:) 0 4 I I  .... :<!I 3  I) I!) 

1 : i n  1 o n  I 00 1111) 4 1 17 I;(; 73 x :I 
11'' l : l( ln 85 i 3  100 I li .... 24 0 45 

1 : 1 0 0  ljll 33  7 1 I I 2 I 2 - 
- - ~ 

~ 

" Twc>mlty-eight nntl o~ie-l~:llf plaque-for111i11g lmmmits per I~ottlr. 
" Forty-ollc. pl:l(lue-for~rmi~~g llrmits per 1)ottlr. 
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TABLE 3 

Percentages of neutralization of virus Types I and I1 by colostrum and serum samples from 
Cow 76s and Calf 162s 

Pre- 
nursing 48-hr 7-day 

Virus L)ilution Cow Colos- calf calf calf 
type of sample serum trum serilm serum serum 

1:16 73 98 54 46 69 
I "  1 :I60 7 7 63 3 19 

1 :1,600 67 1 5  1 3  0 

a Twenty-four plaque-forming units per hottle. 
Thirty-eight and one-half plaque-forming units per hottle. 

both virus types had apparently persisted a t  
similar levels in the serum for  13  wk, which 
nlay be taken as  an indication that an  active 
i~nrnune response had taken place. 

Cnse 4. Cow 76s  gave birth to a bull calf, 
162S, on October 3, 1959. Sa~nples of colos- 
trum and of blood from both animals were ob- 
tained 12 h r  after birth, during which time 
the calf had been kept away f r o ~ n  the cow. The 
calf was then allowed to nurse for  the first 
tittle, and additional blood samples were taken 
from it a t  48 h r  and seven days of age. The 
results of neutralization tests perfomled with 
these colostrum and blood serum s:r~nples and 
both typeh of enteroviruses arc reported in 
Table 3. 

The results presented in Tahle 3 indicate 
that the levels of hurnoral antihody against 
Type I in Cow 76s  were significantly higher 
than those against Type 11. The neutralizing 
potency against both Types I and I1 of a sam- 
ple of normal milk talten on the 13th post- 

par tun^ day was found to be negligible, nor 
were the neutr;tlizing antibody levels in any of 
the santples reported in Table 3 as  high as those 
of their counterparts reported in Table 1. 
Severtheless, weekly rectal swabs from the calf 
frorn the day of birth through the 13th week 
of life, when observations were terminated, 
and the rectal swab fro111 the parturient cow 
were not found to contain enteroviruses. 

Case 5 .  (low 495A gave birth to a bull calf, 
532A, on October 9, 1959. Sarnples of colos- 
trunl and hloocl fro111 both animals were col- 
lected i~nmediately after parturition, and the 
calf was allowed to nurse. Further blood sam- 
ples were taken from the calf a t  48 h r  and 
seven days of age. Tho results of neutraliza- 
tion tests reacting these colostrum and serunl 
sa~nples with both types of enteroviruses are 
reported in Tahle 4. 

The degree of neutralization brought about 
by the ealf srrunl collected before nursing is  
the highest of any such sample tested. Kever- 

TABLE 4 

Percentages of neutralization of virus Types I and I1 1)- colostrun~ and serum samples from 
Co\v 495A and Calf 532A 

Pre- 
nursing 48-hr 7-day 

Virus Dilution Cow Colos- cnlf calf calf 
of s;tmple serum trum serun~ serum serum 

l : l ( i  95 100 i 4  8.3 94 
11' I : l60  I) 13 " 2  4 

1 :1,600 0 9 I1 ( 1  
-- 

" Seventy-five plaque-forming units per bottle. 
Eighty plaque-forming units per bottle. 



thc~lcss, some incwase in the srruln ;~ntihody 
Ichvel appearc~d to have tiilten pl:~ce hy the 
scventh day, prosun~ahly as  a result of nurs- 
ing. Dcwpito thrse rclativrly high neutralizing 
:lntihody titrrs a t  srveu days of age, the calf 
\vns found to hr shetlding 110th typ t~ ,  of entero- 
virust.s in its sixth week of life. E~lteroviruses 
\vn.c, not drtectrd in :I rectal sxv:~h from Cow 
195.t a t  the tinw of parturition. The neutraliz- 
ing potc,ucy of a saniple of norn~al  ~nillt taken 
I'ron~ tl~c. co\v on the sevcwtl~ postpartun~ day 
was considrrahly 1owc.r than that of the rolos- 
t r u ~ n  or any of the scbrunt samglt~s r(3portc.d in 
Table 4. 

Ctrso 6. Cow 646H gave hirth to a heifrr 
calf. (i9OH. (111 0ctohc.r 14, 1959. Sa~nples of 
hlood and the contclnts of thr ndder hild 
1)c.c~n collected 1 2  days heforc parturition. Due 
to witstitis, thr cow had I~een n~illied fivc. tinier 
nt 12-hr intervals 1)cfore parturitio~i. Tl~c. si~m- 
pic, o1)tained from tlir udder a t  the t i~ne  of par- 
tnrition did not have the appraranc2r of colos- 
t rnn~ .  Rlood sa111plc.s \verc, talien fro111 1)otll 
t l ~ r  row and thr calf iln~nc~diately aftcr par- 
tnrition, and additional hlootl sa~nplcs wercL 01)- 
t:~inrd from t11r calf at  48 l ~ r ,  scrcbn di1r.s. i~nd  
S n-li of age. .I s i~n~p le  of 11ornti11 n~illi was 
tiiken fro111 the row 011 the 14th postp:~rtun~ 
day. 

Sc.utr:iliz;~tion tests apainst the two tyl)tbs of 
c.nteroviruscs indiciited that the lrvels of :unti- 
body against t l~rse  viruses in the sa~nl)le takc.11 
f r o n ~  the. udder a t  parturition were. in thr I.;lllgt' 
rrparilc~tl as  ncyligihle and tverr quitr ~ ~ I I I -  

~)ar;tblc, to those 111msnrcc1 in nor~nal ~nilli on 
thc. 14th postl) i ir t .~~~n (lay. Sc~vertl~c~lcss, seruln 
:~ntil~otly levels against both typchs in tl~c. c:~lf 
;it 48 hr and sevt.11 days of' agcb I\-cXrr 11igl1c.r 
that a t  birth. 

.t supl>len~rntary c.xperi~nc>nt ~vns perf'or~ned 
in w l~ ic l~  the sermn :ind lacsteal san1p1c.s were 
l~c.;~ted a t  56 C fo r  30 ~ n i n  and ro~npi~recl to 
unl~ei~ted san~pl t~s  as to their ability to nrutral- 
izc. a strain of cntc~.ovi~us Type I1 isol:~ted 
f r o n ~  the calf at  7 xv1; of age. Surh he:~ting did 
not significantly decrease the ~~eutra l iz ing  110- 
trncic.s of any of the san~ples. The rollcden- 
tr:~tion of antil~ody against Typc. I1 in thr 
udder c*ontents on tlio 12th prepartuni day was 
~ n u r l ~  higher t l ~ i ~ n  tl~osc. in t l ~ r  udder sainplcs 
: ~ t  part~wition :~nd  11 days therclafter. The 
nc.utralising potcncy of the c~iglrtl~ veek calf 
scbruln \v:~s son~c~\\-li;~t lo\vc,r than those of thr 
4s-111. :;nil st.rt,~~-rl>~y srrunl snmplrs. 

('(/PC 7. COW 4X131\ gave 11irtl1 to a l~ r i f e r  
~ : ~ l f ,  .i:MA\, on 0ctol)c.r 19, 1959. S ; ~ ~ n p l r s  of 
(.olost~.~i~n iln(1 of I)loo(l fro111 11otl1 ~ninia ls  \TPI.C 

c.oll(~ttvl nt p:~rtnrition, :rnd thr calf xv:~s a1- 

loac.d to nurse. Additional hlood sa~nl)les were 
tak(.n f r o n ~  the calf at  48 11r i ~ n d  I I ~ I ~ C !  days of 
:~ge, :ind a s:~mple of norn~iil n~i lk  ~oI le~tc~(1  
fro111 the cow on the ninth ~ )os tpa r tu~n  day. 
~ \ l t l ~ o u g l ~  the antil~ody c*onrcntrations throug11- 
out \vel.c. son~c~vhat  lo~vc>r, the re1;ltivr neutraliz- 
ing potencies ag:linst hot11 typcls of? rntc.ro- 
viruses of the colostrum, ~nilli, and S ~ T U I I I  si~ni- 
plcs from this pair  of anin~als wrre cluitcr sin~i-  
lar to thosc. reported in Tahlr 1. The, co\v was 
not found to he sl~edding eaterovirusc.~ : ~ t  par- 
t~ui t ion .  Nnterovirusrs of uudetern~incd typo 
wc>w first tletc.ctc?d in a rertal s\vah frotn the 
calf during the fifth ~veelc of lif'r.. 

DISCUSSION 

Sc.~~trnlizing n.ntil)odic~s agt~inst two typrs of 
hovir~c. rnterovirnsc~s 11:ive heck11 do~oonstratc.d 
in tl~c. s cm~n~s  of a t  I(.:~st four of srvc~n par- 
turient dairy cows unt1c.r natural conditions. 
I t  TV;IS sl~o\vn in onca case that thr s r r u n ~  t i trr  
of t l~rse  antibodies a t  1):irturition W:IS S O I I I ~ ~ -  
\\.hat 1oac.r than it had hren sis days prc.viously. 
This fintling S ~ ( ~ I I ~ S  to be in l;~~el>itlg with the 
resnlts of ~~le~tn)l)liorc~ti(! stlidicls on hovinr 
srrnlll ~ I I I I I I I I I I ~  glohulin by L:~rson (13) and 
Larson and Iic.nd:~ll (14) .  Only one. of thc~se 
sevcbn rows was sl~own to he shrtlding cc.nte~.o- 
vir11srs a t  tl~c. ti111c. of pi~rturition, ant1 in this 
row t l ~ r  I(~vel of serunl ;u~til)ody ; ~ g a i ~ ~ s t  the 
rntt~rovirusc.~ typv ht . i~~g shed was considel.itl)ly 
lo\vrr than t11;it t~gainst the otlirr type of cbn- 
terovirus 1)revalent in tl~cl herd. 

Thcr 1evc.l of ncwtri~lising antibody in the 
colostrum was gcbnerally higher than that in 
the blood serum of the row fro111 w l ~ i r l ~  it w:~s 
o1)tained. Thr nc,~~t.ralizing potc.ncy of 11orn1a1 
~ni lk  cwllcc?trtl seven or Illore d:tys post par tun^ 
was consitlercxd nrgligihlr, and five prc.partun~ 
~nilliings in one case ware  found to tlecrrasc. 
the previously I~igh conrentration of antihody 
in tl~c. udder contents to approxi~nately that of' 
1iorn1i11 milk. An expcri~nent by Dr. I<. I-. 
Sing11 of this laboratory indicated that tl~c. 
colostru~n sn~nple obtained in Case 3 had little 
or 110 nc.ntr:ilizing c~ffect upon a porcine entero- 
virus (ECPO-5). 

C;~lf selluns collc~cted a t  birth had some ahil- 
ity to neutrali7;e these enteroviruses, hut t l ~ r  
~~eutralizing potency was cnnsiderahly higher 
a t  4S h r  and seven to nine days of age if tlir 
calf wns ;~llowed to ingost colostiun~ of high 
antibody content shortly after hirth. Und(~r  
tlic,sr c.onrlitions, the nntihody level of the r i~ l f  
serlinl ilt 48 h r  might evrn caxcr~d that of the. 
cli~n~ itt pilrturition. .I11 ;ipl)i~rc~nt d r c r r a s ~  in 
the. efficiency wit11 v.hich ingestrtl antibody was 
al)sorl)ed into the blood streaun of the c.itlf was 



ol)servc,tl it' ~ ~ u r s i ~ ~ g  was deferred for  22 o r  
evcbll 12 h r  a f te r  birth. similar decrease in  
i~~tc>sti~r:tl penr~c.:~bility to i ~ ~ l m u ~ l e  proteiu has 
bt~c.11 dr~~lonstr:rtc.d by electrophoretic teel i~~iques 
by other workers (5, 24). 

111 those cast3s in  ~vliich 1)lood san~ples  were 
taIic11l from calvc~s after  they h i d  bee11 s11ow11 
to be shedding c.~~teroviruses, it appe;trecl that  
the active ~ I I I I I I U I I ~  r ( b ~ p o ~ ~ s e  was SOII I ( !W~;L~ in- 
llihited if' the early schru1n titrrs of passive anti- 
1)otly \vcLre high. A si~uilnr  i~~li ihi t ion of active 
ir11111u11ity by p;lssirr a ~ ~ t i b o d y  \v:is ohs(11ved 
it1 swine l)y I Ion le in  (9 ) .  

~ ~ ~ i l l l l i l l ~ t i o l l  of th r  seru111 ~~eut ra l iz ing  po- 
tcbl~eies ill those c~alvc~s after  n u r s i ~ ~ g  revci~led 
110 :ipparc.ut c o r r e h t i o ~ ~  with the ages a t  which 
c~l~trrovirases werc2 first detceteit ill rretal swabs 
f ' rou~ thwe a~~in~: r l s .  An i~nalogous syste111 is  
founcl ill hutr~:ln l ) e i ~ ~ ~ s  and  the r~~terovi ruses  
I ~ o ~ ~ ~ o l o g o u s  to that  specic~s, i~lcluding polio- 
virus. I<oprotvslii et ;tl. (10) h:~vc. rrl)orted 
that  passive, c o ~ ~ g e ~ ~ i t a l l y  acc1uirc.d antibody did 
trot protc.et h u ~ n a n  i~~f ' i ln t s  fro111 il1testi11:il in- 
f(hc2tiot1 with ir~gested a t t r ~ ~ u a t e d  poliovirus, 
: I I I ~  S i l h i ~ ~  ( 2 2 )  has foulid that  S C ~ U I I I  titcars of 
~ ~ c . n t r n l i z i ~ ~ g  antibody in  older l ~ u ~ ~ ~ n i l  beings 
wore 11ot corrc.l;lted wit11 protectiou of the ali- 
I I I ( ~ I I ~ R I . ~  t r i ~ e t  ilgainst i ~ ~ f e e t i o u  with :~tteuunted 
poliovirus. 

I t  is possibl(. that  the ohsc*ilrrtl c11.lay ill the 
i~~cdide~~c.c> of rectal r~~terovi~.usc~s in thclse calves, 
cl(.spitt. the prohabilitp of c o ~ ~ t i n n o u s  esposurcb 
:it least  fro^^^ t111. third day of life, I I I : I ~  si111ply 
J I ~ L V C  ~ I Y ' I I  it r ( w l t  of the i ~ ~ ~ u l n t u r i t y  of the 
tligc.stivc1 tract. Ho\vever, the. 1ac.k of correla- 
tion hrt\veel~ thv ca1t"s seruul antibody level a t  
the r ~ l d  of the first weelc of life and thc age 
at  \\-hich i t  \virs first f o u ~ ~ t l  to he shedcling 
c.~~tc~rovirusrs 111ig1it ;rlso have. bec.11 dur  to the 
c o ~ ~ t i ~ ~ u c . t l  i11~1~stio11 of' milk and surplus colos- 
trum. I t  is postuletrd that  the ~lrutral izing 
:~l~tihocIy in tl~c.sc. i~lgc.sta 11111y ~ : I V C  persisted 
i l l  the. i ~ ~ t ~ l s t i ~ ~ i ~ l  C O I I ~ C I I ~ S  a ~ ~ t l  acted locally u p o l ~  
thr  virus withont i11tc.ring the serunt a r ~ t i l ~ o d y  
l(~vt~l. 
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TECHNICAL NOTES 

SASTHTSE O S T D A S E  A C T I V I T Y  O F  JIILICS I N  R E L A T I O X  T O  STAGE 
O F  T,dCTATION,  FEED, A N D  II\ 'CIDESC'E O F  

S P O S T A X E O U S  O X I D A T I O N  l 

The developnient of spontaneous oxidation 
in rnilk has been attributed to its xanthine 
oxitlzse activity (I), copper content (3 )  and, 
Inore recently, to the copper and ascorhic acid 
content (8) .  

The data in this report were ohtained in 
conju~~ct ion  with an  extensive study of the 
role of dihydroquercetin as an  antioxidailt (4). 
Xanthine oxidase activity is expressed as  the 
reciprocal of the tinie, in ~ninutes, required for  
conlplete reduction of niethylene hlue, using 
xanthine as  the suhs t r a t  (6 ) .  Spont;ineously 
oxidized flavors were deterlnined orpnolep-  
tically and by the TBA test (2 ) ,  a t  48-hr in- 
tervals. The TBA values, espressed as  pg 
~i~alonaldehyde per 10 g sanlple, were derived 
from a standard curve for  nialonaldehyde. 

Individual niillr sanrples were received a t  
regular intervals froin the Field I)epartment, 
Dairy Cooperative, Portland, Oregon, between 
Fehrut~ry and May, 1960. They were brought 
to the laboratory within 3 hr  after  nilk king. 

The scatter diagranis (Figure 1) depict the 
changes in xanthirie oxidase activity as related 
to the stage of lactation and to the incidenre 
of spontaneously oxidized flavors in niilks pro- 
durrd on dry-lot feeding and, subsequently, 
by the sanle cows on pasture. 

016 

1 3 5 7 9 1 1  
MONTH OF LACTATION 

:-LA 0 08 

1 3 5 7 9 1 1  
MONTH OF LACTATION 

FIG. 1. Xanthine oxidase activity in relation- 
sliip to stagc of lactation and incidence of spon- 
taneous oxidation under dry-lot ant1 pasturc 
reginies. 

= S~ontm~eous milk; 0 = resistant milk. 

.I direct relationship appears to exist be- 
tween xt~nthi r~e  osidase activity and the stage 
of lartation. The change from dry-lot feed, 
c~onsisting of pelleted alfalfa, grain  nix and 
alfalfa hay, to ]nixed-grass pasture, supple- 
~nented with grain niis, did not alter the rela- 
tionship between xanthine oxidase activity and 
the stage of lactation. 

'Contribution from the Oregon Agricultural 
Experinleut Station. Approved by the Director. 

TABLE 1 
Inhibition of spontaneous oxidized flavor in milk (luring storage a t  1 C for Sfi 11r by 

dil~ydroquercetin 

Month 0 11r 96 Iir 
of lacta- - 

Cow no. tion Treatment TRA " Flavor "TEA Flavor 

2 2 C'outrol + DHQ ' 

3 2 Control + DHQ 

4 2 C'outrol + DHQ 

5 4 Control + DHQ 

1 2  8 Control + DHQ 

" TBA results expressed as pg malonaldehyde per 10-ml sample of milk. 
Flavor evaluation: -oxidized flavor not detectable; ++pronounced oxidized flavor. 
Dihydroquereetin dissolved in warm distilled water and added to milk at  the 5 mg per 

cent level. 
933 
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The atldition of 5 lng per  ec.nt of the water- 
soluhle antioxidant, dihytlroquercetin, to ~ t ~ i l k s  
produced durirlg the dry-lot regime inhibited 
the devc~lopn~ent of spontaneous oxidation (Ta- 
ble 1 ) .  This antioxidant has heen shown to 
hc. t'ffeetivc. against eoppc.r-sensitive ~ni lks  ( 5 ) .  
Thc. r(.sults inclicatc. either that  the lipid sys- 
ten1 in ~ni lks  produc.ed under dry-lot feed con- 
ditions is 111or~ suseeptihle to osidiltiol~ that1 
those producecl on pastures o r  that  nlorc3 effcbr- 
tive ~li l tural  illhihition against oxidiltion pre- 
vails it1 the Iiitter tnilks. 

It is rvid(.llt that  the activity of xiulthine 
oxidasc. it1 111ilk is  uot  a pri111ary d~terlnin:tnt 
of its susrc,ptihility or  resistanech to spoatanc~ous 
oxidation. This view supports  thnt of 81nith 
and 1)urlkley (7,  9) .  

T. S. RA.IAN' 
G .  >\. RICH.~RI)ROK 
I<. W. STEIX 
Dt>p:irtl~~cbnt of Food Sc.ic.l~ce 

and Tc.c.hnology 
Oregon State r l~irc.rsi ty 
Corvallis 
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E F F E C T  OE' ENZYMES AND RACITRACIS OX SILAGE Q U A I , I T P 1  

Recent exprrimcbnts have indicated that  zinc 
haritracin procluced alteration in the chen~ieal 
co~uposition of silage. Alexander e t  al. (1) 
reported higher percentages f o r  d r y  matter, 
crude protein, ant1 ash, hut  lower crude fiher 
in silage treated with bacitrae~u. Andrews and  
Jlart in (2 )  found that  hacitracin tended to 
incrchase silage d r y  rnatter perccwtage and  ether 
(axtract, hut  found little effect on p H ,  fiher, 
pmtcbin, o r  ash. Dexter (3)  found the effect 
of hacitracin on p H  to he iuconsistmt, but  
treated silage had eseellellt ~ n i l d  odor. Raci- 
tracin atlded to white 1)atch clover t m d r d  to  
reduce the p H  hut  had I I ~  consistent effert on 
proximato c3onc;titucnts (8) .  I n  atlother es- 
p n i m e n t  (7) this t~lltibiotic incrt.ase(1 the d r ~ .  
~n:ltter, SFE, and :l\h content of silage. 

Leathrr\vood e t  al. (4) detertnincd that  the 
addition of a proclnct containing rellnlolytic 
alltl other enzylnes to hoth a1f:llfa illld ha~'Ic~y 
a t  ensiling drcareascvl tht. p e r e c ~ ~ ~ t a g t ~  of cellu- 
lose slightly atld inrren\c.d reducing substances 
alttl titratithle tleiditg. Ralstou e t  ill. (6)  re- 
portetl t l ~ i ~ t  f'ung:rl protease ronsi5tently in- 

' P~cl)lislcr(l wit11 the approval of tlce Director 
:IS I,:lpcr So.  124i,  .Tourlc:rl S(x~.ic,s, S v l ~ r : ~ s k ; ~  
hgricnltnr.:~l I.:spcl.inlcnt St;~tion, 1,inroln. 

crcwsed digc.stihility of all components of the 
prosinlate analysis, whel-(.as pectinase, HT pro- 
tmscl, and fullgal amylase had no rollsistent 
effrcnts. Trc1atl11ont of alfalfa with Anper,qill~ts 
oryznr and a ~ lu t r ien t  culture of lactic acid 
b;~cteri:~ increased silage consun~ption and gains 
of heifers (5). 

Sinre the complex carhohydrates (crude 
fiber) a r r  usu;~lly less colnpletclly digested hy 
a ~ ~ i n x i l s  t1i:ln the Inore soluhle forms (NFE) ,  
a n  c~speritnent was conducted to  determine 
~vhethc~r the atldition of cellulase, he~nicellulase, 
and pectit~ase to sorghum a t  thc tittle of ensil- 
ing ~\-oul(l rclsult in degradation of polysac- 
cl~aricles o r  othcr\vise influrnec ~ i l i l g ~  quality. 

EX I'ERI Jl E S T I L  I'ROCKDLlRE 

i\ tlas sorghuln was harvrst(,il in t l l ~  111:1turr 
sred stage ancl choppc>cl to :thont %-inch lengths 
ttntl p r r s ( . rv~d  in 1-gal glass jars. Lids \\-ere 
sealvd with plastic tape. .I factorial type dr- 
sipti 1 X 2 X 2 was used. Each cSnzynle trvat- 
tnrnt I~-:IS rc~plir:lted four titnes, each a t  t\vo 
cont.c.ntr:ltiot~s a l ~ d  (,;I(.II concctltnltion with and 
\vithout zinc 1)ilc.itrarin nddition. Thtb el~xymr 
prc.l)arntiol~s usc.t12 eontnined a low prrcrlltage 



TECHNICAL KOTES 

TABLE 1 

Effect of ellzyllles on chemical co~nposition of silages 

Control Prctil~:tsc Cellulasc Hemicellulaae 

Dry matter (%) 21.5 22.2 21.0 21.4 
Crude protein 7.98 7.83 8.16 8.08 
Ether extract (%) 9.09 9.22 11.34 8.43 
Crutle fiber (OJo) 22.08 21.48 23.05 21.85 
N-free cxtrart (C / ' c  ja 52.70 53.77 49.1 2 53.53 
Ash (76) 8.16 7.72 8.33 8.12 
11 H 4.35 4.20 4.1 5 4.15 

" Signific:intly different among enzymes at  P < 170. 

of rllzylne (exact concentration unlmown) sus- 
pended in it diluent. The treatments were cellu- 
lase preparation, 2 g and 8 g/3,000 g ;  hemi- 
cellulase (CE-100) 2 g and 7 g/3,000 g ;  pec- 
tinase concentrate, 2 g and 4 g/3,000 g ;  and 
Silotracin," 7.5 g/3,000 g. 

The Silotracin was added in the dry form 
and the enzymes were applied in water suspen- 
sion. The suspensior~s were prepared by shalc- 
ing the enzyme preparation with distilled water, 
filtering and making u p  to n volur~~c of 75 ml 
to permit spraying of the additive on to the 
silage (3,000 g )  for  each bottle. The control 
samples received a n  equal quantity of water. 
These silages were stored a t  room ternpcrature 
fo r  about three months before opening fo r  
11xalnination. Each silage was ev:iluated or- 
ganoleptically by three individuals, p H  meas- 
uren~ents were taken, and chemical analyses 
\vclre inade according to standard procedures. 

RESULTS AND DISCUSSION 

The influence of the carbohydrate enzyme 
atlditivt.\ ou silage composition is shown in 
Table 1 .  Ko differences were found between 
the cdoi~trol and the enzyme treatments. How- 
cbvc.r, significant differences were found among 
cbrlzytne trrattnents in ether extract and nitro- 
gen-fret.-t.strac.t content. 

There was no apparent degradation of the 
complex volysaecharides by any of these en- 
zymes. I n  contrast, the ce1lulast~-treated silage 
was about four percentage units lower in NFE 
than the other treatments. I t  appears that mi- 
crobial activity might have been stimulated in 
some manner hy the ccllulase with the utiliza- 
tion of NFE and the synthesis of microhial fat. 

The over-all influence of increasing the level 
of enzymes (Table 2)  mas to significantly in- 
crease ether extract and ash and decrease NFE. 
S i ~ ~ c e  these effects of enzyme level were found 
to be independent of the type of enzyme, i t  
appears that each of the three enzyrnes a t  
optimum lrvels may have a n  effect on ether 
c1str;ict and NFE similar to  that of cellulase. 
2\11 inrrei~se in ash content with the level of 
c.nzy~nc suggests a loss of organic matter. This, 
too, nlily 1)e thr result of stimulated microbial 
;~c.tivit>-. 

The c.fYthc.t o f  bacitracin was inainly in in- 
creasing crndct protttin and decreasing SFE 
(Tahlt~ 3) .  T h i s  contriists with earlier reports 

Effert of ndtlition of zinc bacitraeill on 
eo~n~>ositio~l of silacrc 

'The Silotracin had a potency of 5 lb zinc 
I~acitracii~ pcr ton. This product mas supplied by l'rylnatter (%J) 21.34 21.74 
C'on1111crt.ia1 Solrrl~ts Corp., Tcrrc Haute, Indiana. Crude proteill (%) ' 8.12 7.90 

Ether extract I % )  0.83 9.21 

Effert of elizylne level on eornponitioi~ of silage 
- p~ - 

High- Low- 
level lcvrl 

enzymes enzymes 
- 

Dry matter (L/oj 21.2'7 21.82 
C'tude protein (%) 8.11 7.93 
Et11c.r entmct ('/u)" 10.38 8.!)4 
C'v~ltlc filwr (YO) 22.43 21.82 
S-free cxt~.;rc.t (%,)I' 50.72 .53.55 
As11 (%,)" 8.36 7.76 
1'11 
. 

4.12 4.22 

:' Sig~lifir:rntly different a t  P < 5%. 
"Sig~~itic:r~~tly different at  P < 1%. 

Crude fiber ('lo) 22.56 2l.(;(i 
N-free extract (7~)' 51.32 53.24 
Ash (% j 8.17 7.!lil 
1)H 4.28 4.15 

" Sig~lificantly different at  P < 5'h. 

of highcr dry matter content (1, 2, 7) with 
hacitracin \upplementation, but i t  corroborates 
those showing increased crude protein (1) and 
drrrc>asrti NP'E (7)  . 

The* dry matter percentage of these silages 
was ]lot appreciably altered by any of the 
trcat~~~cbnts i t~~posed.  The p H  values were also 
vrry s i ~ ~ ~ i l i ~ r  for all trratments. Since p H  was 
11(>low tivc. l'or all treatments, it is concluded 
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th:~t adequate acid development was obtained 
in $111 silages. 

The silage odors were found by judges to 
vary from mild and fruity to very strong and 
foul. Although agreement among judges mas 
good, odor characteristics were not consistent 
a i th in  treatments. One silage sample was dis- 
carded when it was found to have extensive 
mold development, resulting from a punctured 
lid. (The missing value technique was used 
to obtain values fo r  this entry.) Three strongly 
acid saniples and one foul-odored speci~nen 
were detected. Each represented a different 
enzy~ile treatment and the control group, re- 
spectively. 

FOSTER G. OWEN 
Depart~nent of Dairy Husbandry 
University of Nebraska, Lincoln 
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OUR INDUSTRY TODAY 

DIRECT-STEAM INJECTION SYSTEM FOR PROCESSING 
FLUID MILIC PRODUCTS 

w. M. ROBERTS AND C. \v. DILL 
Department of Food Science and Processing, Sor th  Carolina State College, Raleigh 

I n  recent gears a trend has developed towards 
ultrahigh-temperature processing of fluid Inilk 
products. Several commercially nianufactured 
units a re  available for  heating fluids to various 
high temperatures. These can he classed as heat 
exchangers (plate or tubular) or direct-steam 
injectors. 

The use of direct-stmtn injection heating in 
food processing has been discussed by Morgan 
(2 )  and the mechanics of control over the stearl1 
system ha.ve heen established (1-3). 

A n u ~ i ~ h e r  of potential advantages to he 
realized, particularly from high-temperature 
treatnic.l~ts, are hetter keeping quality in the 
finished product, re~lloval of volatile flavor 
compounds when vacuuln trea.tment is  ineor- 
porated, and hetter process control in ternts of 
quality eharacteristies of the finished product. 

This paper will describe the syste~ii drvel- 
oped, ~vi th  solile adaptations fo r  use in :L re- 
search progr:lln involving physical and chem- 
ical changes in the constituents of products 
suhjerted to the process. 

STEAM-ISJECTIOX Sl3TE.M 

Descril~tiotz of Ilrtrtev. A drawing of the 
stea~il-injection heater is given in Figure 1. 
Milk and purified steal11 enter the heater a t  
the openings indicated and are mixed a t  high 
velocities in the heater. The constriction in the 
niixing chamber is provided to enhance the 
mixing process. Spacers )nay be added where 
indicated, to adjust the heater fo r  proportion 
and velocities, to insure ~nixing, and to pro- 
vide a \vide range of processing volumes. Steam 
is supplied to the heater in sufficient quantity 
to raise the temperature of the mixture to the 
desired point. The equipruent may also he op- 
erated ~vi th  excess steam to provide better 
steam distillation of volatile compounds. 

Deac'viption of pvocrss. A flow d i a g r a ~ ~ i  of 
the entire heating systen~ is given in Figure 3. 
Fluid product ran he preheated in a vat, or 
continuonsly through a high-ten~pemture short- 
tilne pasteurizer, as high as 190 F, depending 
on tlic. faetor(s)  hcing studied. The prehe;~ted 
product is passed through n holnogenizcr to 
provide positive flow through the steam-injec- 
tion heater. The product is  nixed with stemn 
instantaneously in the heater and is ejected 

Publislicd with tllc approval of the Director 
of Xrsearcll, Sort11 Carolina Agrie~~ltural Exljeri- 
111elit Station, Ralrigl~, as Paper So.  1300 of the 
Journal Serics. 

FIG. 1. Schematic diagram of tlie stcaul-injec- 
tion Ileatcr. 

into a holding tube of thc desired leagth. Ski~il- 
111ilk has been heated f'ronl 160 to 300 F f o r  
times r:~nging fro111 2 sec (calculated) to 180 
sec (~~ieasured) .  Fro111 the holding tube, the 
product passes into a chamber wherein sufficient 
vacuuln is ~naintained to cool the product to 
approxi~iiately the preheat temperature by 
flash evaporation, x-hich restores the original 

3 7 
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4 i d s  conct~ntration. The product is  removed 
continuously f r o n ~  the bottom of tlie vacuum 
chan~her and pu~nped  through a plate cooler 
to lower the temprr:~ture to 40 F. 

Tl~c. desircsd h r n t i n ~  ternnerature is auto- 
111atic:11Iy ~~.:~intain(fi(i l)y III(~:III. of' :I 'r:~ylor 
rc.cortlin. c~on t r~ l l c~ .  (Series So. 1'12H) \vliicli 
operate< a :%-inch hiaphragm valve ' in the 
steam supply line. Sufficient pressure is ~na in -  
tained on tlie holding tuhe by nleans of an air- 
operated pressure release valve to prevent flash- 
ing and to assure a s ~ ~ ~ o o t h  liquid flon* dnring 
the entire length of the holding tube. 

Flow rates of s t ean~  consunled nlay be re- 
corded continuously by nreans of a Jlinneap- 
olis-Honcywell recording flo~vlneter (Model No. 
292D15) operating on the principle of a pres- 
sure diffrrential across an orifice of known size. 
The recorder is connected to the stem11 supply 
li~:e on each side of the oritic.r Tith %-inch 
tuhiag :IS sho\vn in the diagran~. 

The condensahlr vapors ren~oved fro111 the 
product hy the fl:rsll er:rporation treatn~c>nt may 
be saliipletl fro111 the condensate pur~ip  (Figure 
2).  The noncondcnsable vapors are sampled a t  
thr  vapor t r ap  as  shown in the figure. I n  addi- 
tion, if i t  is desired to cool the,.protluct without 
the use of vacuum and/or removal of volatile 
co~nponents, an  alternate holding tube nlay be 
used which passes directly to a plate cooler 
or other cooling equipment. Analyses made on 
this latter product, however, must be corrected 
f o r  dilution. 

. I~ESUIJTS AKL) DISCUSSIOX ,- . 

Marly devires have heen developed fo r  iiiixing 
live stc~ain with fluid inilk products fo r  the 
purpose of rapid and effirirnt he i~t  transfer. 
Since these dclvices have not been used fo r  pas- 
teurization, accurate tenipera.ture control has 
not been requirc:d. Therefore, very little em- 
phasis 11a.s been placed on instrumentntion and 
aontrol. I-Iowever, since direct steanl-injection 
hrating has becon~e more widespread, i t  is de- 
sirable to have a. systern that  is properly in- 
strumented and controlled so that  data can be 
obtained on the effects of a wide range of time 
and tenlpertiture treatments of niilk and Inilk 
products. 

Some of the problenrs encountc~red in bring- 
ing this system under control were: 

1. Unifonnity of flow rates mith changes in 
temperature. 

2. Correct volun~e and pressure relations be- 
tween product and steam. 

3. Maintenance of liquid conditions in the 

flow of steam. Tliu?, it was llecessary to use a 
:%-inch steam-regulating valve, rather than a 
1/2-inel.1 valve, as previously calculated, to pro- 
vide an adequ:~te ro lu~ne of steam. Positive 
punlps \yere found to :~llow sonle by-passing of 
product resulting in a reduction in rate of flax 
:rt the higher te~nperatures and pressures. This 
\\-as corrected by using a honlogenizcr as  tlie 
product ~ U I I I ~ .  Check-valves were placed in 
the inconling product and steani lines to pre- 
rc>nt backing-up in eit11c.r of the lines. 

The injection heater was designed mith 
spacers so that tlie openi~lg fo r  produrt could 
he adjusted fo r  changes in volu~ne of produrt 
proressed. Since the product flow was stand- 
itrdixed a t  approximately 2,500 lb/hr, there 
\\.;IS no netld fo r  ch:~nging the spacers once the 
opti~num operating conditions were determined. 
This was found to vary sonle hetween fluid 
1ni1l.i : ~ n d  ice crealll mix. 

A glass holding tuhe was used to determine 
the state of the lnixture a t  the opt.rating tem- 
perature. A hand-operatcd air-prc?ssure con- 
trol valve \\.:IS located on tlie discl1:lrge end of 
tlie holding tube. Sufficient pressure was ap-  
plied on the valve to rnaintain a liquid state in 
the holding tuhe. This prrssure varied f r o ~ n  
:\bout 10 Ib ;it 160 F to 60 Ih a t  300 F. There 
was sonle vibration of the discharge valve as 
a result of the large pressure drop fro111 60 lb 
to a 25-inch racuuin. This vibration was elirn- 
inated by placing an  orifice in the holding tube 
;t short distance. beforc. the valve. Tinies in the 
holding tuhe were accuriltely ~neasurrd  with a 

- Solu-Bridge auto~natic timer (Industrial In-  
strunier~ts Company) :~nd  were found to r a r y  
less than 0.05 s r r  under a given set of operat- 
ing conditions. 

I t  was necessary to place tl~t. ten~perature 
controller near the heater, to get an  in~n~edia te  
response to ten~pt'raturc changes. This was 
especially true when long holding t in~es  were 
usc!d. I t  was found that :ln orifice placed a t  
the ilischarge of the. heater reduced fluctuations 
that  resulted fro111 incomplete mixing and thus 
gave Inorc. uni for~n tenipc!rature control. 

The degree of ten~perature control with the 
equipnrent irs described is shown in Figure 3. 
I t  is noted that very accurate temperature con- 
trol wi~s  maintained on the systeiii over a range 
of tc>lnperature varying fro111 160 to 300 F. 
The ~t~i r jor  fluctuations i n  the chart, e.g., a t  
270 and 300 F, were due to adjustnlents in 
holding tube pressure. Also, the systeni was 
1)ronght under control with large changes in 
te~~ipcrxture  in a relatively short period of 

holding tube. tulle. 
4. IAocation of tfle tenlpc>rature con- S~nccl the diicharge valve on the holding tube 

troller in relation to the Inconnngr mixture i\ ~iiannally operated, sonie experience and - 
of ste:1111 and product. skill arc. necessary to make the adjustments 

~ v h ~ , ~  telnperature of 300 F is desired, i t  (Iuickly. 11s more operating data on pressure 
is ,l,cessary to maintain a llolding tube pres- rc~lationships a r r  obtained, it should bc possible 
sure of 60 to 70 lb (gauge). Obviously, pres- to preset the conditions for  stahle unifornl op- 
surcs of this magnitude decrease the rate of e~.i~tion. 
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SUMMARY .!CKSO\VLEDGMESTS 

h steam-injection system for  heating fluid Tl~ca steal11 iujectioo heater and l~isic Facuum 
milk products is described in u,hich telllpera- equil)111ent nrre ma~~nfacturr~l  by the Cherry- 
tures are autOmilticnlly and Illaill- Rurr~ll  Cot'])., Ced:~r Rapills, Iowa. The authors 
tained as high as 300 F. ~ ~ l d ~ ~ ~ ~  tillles are ack~lotvledge the assistnure of D. J. Fitzmaurice 
varied by in length of the an(1 :~ssoeiatcs of Cherry-Rurrell Corporation for 

llolding tube. ~ h ~ ~ ,  accurate lleat treatlllellts their nssistnllce 011 this project. They also ex- 

of fluid products call be provided over wide press anppreei;~tion to Dr. K. -4. Jordan, Agri- 

of total treatlllt,llts. ~ h ( ,  srstelll is vt,lT7 cllltllrnl E1lgillcerina De~nrtlnellt, nlld J. 1. Mid- 

ndaptilhlc for eollllrlercial use ),;- 
(lloton for :\ssistanee in developing various :tspects 

canuse of the wide ranze of treatlnents of l'rocrss coiltroi s ~ s t c l n .  
0 

volun~c~s possible with the equip~nent. 
The system has bee11 used for  the conln~ereinl 

processing of fluid nlilk and ice crcaul tuises 
in conjunction with a. high-tclnperi~ture short- 
time pasteurizer. It h:ls also proved rery  use- 
ful  in rc.searc.11 on fluid Inilk, ice creanl  nix, and 
skiinl~~ilk fo r  cultured inilk products. The 
vacuunt systeln is h(.ing used to provide rlu:Ln- 
tities of volatile tn>l.terials f r o n ~  lnilk for idcn- 
tificiltion purposes. The entire systen~ is cl(.;~ned 
easily in-place ant1 should he very adaptable 
to an nutol11:~ted process. 
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H. F. JUDKINS, Secretary-Treasurer 
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The Executive Board, a t  the time of the published in the JOURNAL; otherwise, the type 
Annual Meeting of the American Dairy Science will have been destroyed. 
Association a t  the University of Wisconsin, in- In case the original type has been destroyed, 
creased the price of reprints 25%, effective it  is possible to supply reprints by a special 
July 1,1961. The new reprint schedule follows: photographic process, and their cost will be 

No. of 
reprints 

Number of pages 

If  covers for reprints are desired, the cost of 
50 covers will be $21.18, and for each addi- 
tional 100 covers, the cost will be $8.75. Back 
copies of the JOURNAL will cost $2 each. 

The reprints are made from standing type 
within 30 days after the papers appear in the 
JOURNAL. Requests for a few reprints of a 
paper should be sent to the authors, whose 
names and addresses appear with the title. The 
Secretary and the Editor's office do not keep 
supplies of the various reprints. Orders for 
large numbers of reprints should be sent to 
The Garrard Press, 510 North Hickory Street, 
Champaign, Illinois. These orders must be re- 
ceived within 30 days after the papers are 

50% more than the regular ones. For  example, 
100 reprints of 32 pages will cost $217.50. 

I t  is hoped that the publication of this re- 
print schedule will make it easier for inter- 
ested people to obtain reprints in any number 
desired and, a t  the same time, aid in dissemi- 
nating useful information to the dairy and 
related industries. 

The JOURNAL OF DAIRY SCIENCE is copy- 
righted. Reproduction of complete papers 
from this JOURNAL by any organization is not 
permitted. The reproduction of graphs, tables, 
and illustrations for books and other periodi- 
cals may be authorized by the Editor-in-Chief. 



BRUCELLA 
Isolation, Cultivation 
and Differmtiation 

0 BACTO-TRYPTOSE 

is the peptone of choice in the  
preparation of both liquid and solid media for culturing Brmlla 
abortus, melitensis and suis and supplies the nutriments required by 
these organisms for rapid and abundant growth. 

0 MCTO-TRYPTOSE BROTH . 
is a complete liquid 

medium for culturing the Brucella and is especially adapted to the 
isolation techniques recommended by Huddleson and Castaneda. 

0 BACTO-TRYPTOSE AGAR 

supersedes media previ- 
ously employed for the isolation and cultivation of the Brucella. 
This medium serves ideally for the primary or secondary isolation 
of Brucella, for the differentiation of species and for vaccine or 
antigen production. It is also recommended for use as the solid 
phase in the Castaneda technique. 

THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 

is available on request. 

Specify DIFCO - the trade name of the pioneers in the research 
and development of Bacto-Peptone and Dehydrated Culture Media 

D E T R O I T  1 ,  M I C H I G A N  
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