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Be I t  Enacted by the Senate and House of Repreve~itatives 
of the United States of America in Congress assembled, 

That there is hereby eqtablisl~ed :it tllr seat of govelil- 
ment of the United States n Departmelit of Aglieulture, the 
general designs and duties of 111iich shall be to acquire and 
to diffuse among the people of tlie Pliited States: useful in- 
formation on subjects co~ulected 1~it21 agriculture in the most 
gencral and comprehensive sense of that  word, and to procure, 
propngate, and distribute nnioirg the people new and valuable 
seeds and plants. 

Act Approved hIay 15, 1862, by 

". . . nmii~tet~:inee of :it leavt one college where the leading 
<,( 4 objcbct \hall bc, nitllout excluding other scientific and classical 

' I862 '& S 5 '  htudies and including military tactics, to teach such branches 
q '967 t- of 1(.:1111ing :ls ale ic~lated to :cgriculture and tlie mechanic * :irt.i, In sue11 manner as the legislatures of the States may re- ' ' 

Q r ja r f i td>  pil.~oibe, IIL order to promote the lilrral and pmc 

; flci11 e11ucat1011 of t 1 1 ~  industrial c1asses in the severa.1 pursuits 
and professions in life."-From the Morrill Act approved 
.Inl? 2, 1862, by 

" U r n , \  V ' ' +  PRESIDENT T J I N ~ O L X  

U. S. Department 

of Agriculture 

Washington, D. C,- ; ; *:'? 
0 . - ._ 
. , i S .  



Aerial View of the 
University of Maryland Campus 

College Park, Maryland 

The 57th Ant~uaI AIeeting of the Ai~~erican 

1)airy Science Association, jointly hosted by 

the University of Maryland and the United 

States Department of Agriculture, was held 

on the College Park campus of the University 
of Maryland, June 17 to 21, 1962. 

The Maryland State College of Agriculture 
was estahlished at  College Park in 1856. I n  

1920, an Aet of the 3Iaryland State Legislature 

merged it with the University of Maryland 

~rofessional schools (founded in 1807) in Bal- 

throughout the state. I ts  staff consists of 3,300 

full-time and part-time instructional and re- 

search personnel. At the College Park campus 

are located eight undergraduate colleges, the 

graduate school, and various institutes and 

bureaus. The Baltin~ore catnpus consists of six 

professional schools, Psychiatric Institute, and 

the University Hospital. The University, 

through the University College, operates a 

self-supporting overseas academic program in 

timore. The University has grown' rapidly, 23 countries for armed service personnel and 

increasing from 5,500 students in 1935 to 18,500 their dependents. enrollment in this 

in 1962. The university of Maryland covers ; p'ograt". <"rs \?pGoxin~ately 29,000. I n  terms 
over 2,500 acres, \\,hiell includes cam@F&$ :GI,. {oi and'~~iollnwnt, the University of Mary- 

. , . ,  
_?. . . 

College Park, Baltimore, and Prineesb . A ~ L C .  idnab@k&s' l&hii6 the nation. It truly repre- 

and nunlerous researell and ~ r v i t o  installatipris sents the lzand-gmnt university ideals. 
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FIELD TRIALS SHOW 

lerramvcin" 
BRAND OF OXYTETRACYCLINE 

Increases 
Milk 

Production 
. . . and there are no milk residues 

Seventeen trials in six states 
with 2,370 milking cows SUMMARY 
have shown a significant in- TERRAMYCIN I N  MILK PRODUCTION 
crease in milk production AVERAGE OF 17 TRIALS (186 DAYS) 
from feeding Terramycin Control Treated 
(TM@-10) a t  75 mg. to 110 
mg. per cow daily. This in- 
crease was equivaIent to 
$6.83 extra return per cow 

Extra return per cow, $ - 6.83 

'Range 119-280 days ?Milk valued a t  $5 per cwt. 
3Terrarnycin 13.95 gm./cow; value $0.09/gm. 

Number of cows 1193 1177 

Av. days On experiment ' 186 186 

Av. dailv milk ~rodn./cow. Ib. 30.98 31.85 
per 186-day period. These 
trials, conducted under the 
auspices of the Pfizer Agri- 
cultural Research and De- 
velopment Department, are 
summarized a t  the right. 

I There was no effect of Terramycin feeding upon the bacterial 
Chas. Pfizer & Co.,  Inc. content of milk, the antibiotic did not appear in the assayed 

New York 17, N . Y .  milk, and cheese cultures were not inhibited by this milk. I 

. , 

Increase in dai;y production, ib. - 0.87 

Increaset % - 3 

Extra milk per cow, Ib. - 161.8 

value of extra milk, $ 2  - 8.09 

Cost of Terramycin per cow, $3 - 1.26 

Science for the world's well-beinga 1 I 



INSTRUCTIONS TO CONTRIBUTORS 

The Style Manual for  Biological Journals1 
has been adopted as the guide fo r  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- 
t h o r ( ~ )  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 objectives, but the title should 
mot be repeated. 

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

e. The author(s) should emphasize newly 
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- 

t h o r ( ~ )  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 : 1738. 1961. 

10. Manuscripts must be typed double-spaced' 
on 8%- by 11-inch bond paper. Lines on 
each page should be numbered from 1 to 
26 or 28, to make i t  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 
paper, or blue linen and the sheets should 
not exceed 8% by 11 inches. Graph papers 
with yellow, green, and red lines should 
not be used, because the lines cannot be 
filtered out. Curves should be identified 
with the symbols 0, 0, 0, 0, M, A, A, 'I, 
+, or  X, and they should be about 0.8 mm 
thick, fo r  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 4 by 4 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°F: 
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- 
bles and facilitate conlparisons, show rela- 
tionships clearly, be self-explanatory, and 
save space. Label heading and subheadings 
accurately and concisely with the data ccn- 
tered under them. Use correct abbreviated 
dimensions. Data should be referred to and 
discussed but not repeated in the text, and 
they should be presented in only significant 
digits within the accuracy of the methods. 
Use the metric system whenever possible. 
Do not use vertical lines and only a mini- 
mum of horizontal ones. 

Tables are costly. Use graphs whenever 
possible. 

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

14. Abbreviations for titles of periodicals and 

for  botanical, chemical, physical, mathe- 
matical, and statistical terms should con- 
form to those in the Style Manual for  Bio- 
logical Journals. 

15. Terms such as Cottage cheese, Cheddar 
cheese, Limburger cheese, etc., should be 
capitalized as indicated. Butteroil, skim- 
milk, buttermilk, etc., should be written as 
one word. Milk f a t  has replaced butterfat. 

16. Critical reading of papers, before they are 
submitted, by persons other than the au- 
t h o r ( ~ )  will help to clarify statements and 
eliminate errors. 

17. All manuscripts should be submitted to the 
Editor-in-Chief. 

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

PEOPLE AND EVENTS 
MEMORIALS 

Portrait  of Dr. Otto Frederick Hunziker 
Presented to Purdue University 

A portrait of the late DR. OTTO F. HUN- 
ZIKER, Head of the Purdue University Dairy 
Department from 1905 to 1916, was unveiled 
a t  a nlemorial dinner held a t  Pnrdue Uni- 
versity March 16, 1962. The portrait, and a 
beautifully inscribed plaque, were presented 
to the University by former students and 
friends of Dr. Hunziker. GLEN OGLE of the 
Ideal Pure Milk Company, Evansville, In- 
diana, was Chairman of the Indiana Hunziker 
Memorial Conlmittee and made the presenta- 
tion. The portrait was accepted hy DR. F. N. 
ANDREWS, Head of the Department of Animal 
Sciences a t  Purdue University. The portrait 
and plaque will hang in Smith Hall, the build- 
ing in which the Dairy Manufacturing group 
is located and which contains the Purdne 
Creamery. 

MRS. 0. F. HUNZIKER, who resides in Ln- 
Grange, Illinois, attended the memorial dinner 
and spoke briefly about her family and thc! 
devotion of Dr. Hunziker to his family and 
to his profession. DR. G. ?rL:\~coar TROUT rep- 
resented the Ameriea .~~ Da.iry Soicnce Associn- 
tion a t  the unveiling and mentioned the nu- 
incrous ~tctivities of Dr. Hunziker in the 
~\ssociation, including the I'resitlency in 1910- 
1911. Others taking par t  in the program 
were 1)~.  J. W. IIIcKs, Exec?utive Assistant 
to the l'resident of Purdue University, DEAN 
E. L. BUTZ, Dean of Agriculture, DR. B'. J .  
BABEL, Professor in charge of the Dairy Manu- 
facturing Section of the Depar t~t~cnt  of Ani- 

mal Srienceh, VIRGIL SCIIWAR~KOPF, a student 
of Dr. Hunzik~r ' s  and later associated with 
Dr. Hunziker in the Laboratories of the Rlue 
Valley Creamery Comp:tny, and W. I<. HOLM, 
Executive Secretary of the Indiana Dairy 
Products ilssociation, who served as toast- 
master a t  the memorial dinner. 

I n  addition to Mr. Ogle, the members of 
the Indiana JIenlorial Committee were: REED 
SHAFER, VIRGIL SCHWARZKOPF, HARVEY REHL- 
MER, and PROFESSOR H. TV. GREGORY, all former 
students of Dr. Hunziker. 

As Dr. Otto F. Hunziker's portrait was unveiled. 
Left to right: Virgil Schwarzkopf, La Grange, Ill., 
a 1918 Purdue graduate and long-time friend of 
Hunziker; Glen Ogle, Sr., Evansville, chairman of 
the Hunziker memorial committee; Mrs. Hunziker, 
La Grange, Ill.; and Dr. F. N. Andrews, head of 
Purdue's animal sciences department. 
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COORDINATES 
FACILITIES TO 

SERVE AGRICULTURE 
BETTER 

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

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

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

and universities of the country. 
We constantly review your papers 

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

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

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



Enos J. Perry  Honored by Alma Mater 
E. J. PERRY, retired dairy specialist, was 

honored by Pennsylvania State University a s  
a distinguished alumnus because his personal 
life and professional achievements best ex- 
e n l ~ l i f v  the obiectives of the Universitv. H e  

L .  

sc.rrc.d 33 gr <II the 
st;lti of R11tger.s Uni- 
\.fT~it!.. iit~ei \\.as I;irjiely 
resl)onsihle f'or the dc- 
ve1op111e11t 01' the arti-  
ficial i l~sen~i~ia t ion pro- 
g r a ~ n  as a method of 
in~proving dairy herds 
i l l  this colintry. 

011 1e;tve f r o ~ t ~  Rut- 
grrs  in 1937, he studied 
dairy fartning and herd 
I11:tn:lgclnent pr:lrticcs 
in E:~u.ol~c.. chiefly in 

E. J. Perry Denmark; and brought 
hack plans for  the co- 

operative artificial insemination of cattle. The 
first United States oreanization began OD- 
<?rations in S e w  ~ c r s y i n  1938. 

- 
3Ir. Perry  was born on a farm near Stew- 

nrtstown, Pennsylvania. After graduating from 
1)a.llastown high school, he taught rural  school 
for 2 y r  before entering I'erinsylvania State 
College, where he graduated in 1916 with a 
Bachelor of Science degree in dairy hus- 
t)andry. His Master of S r t s  degree, with a 
mnjor in economics, was conferred by Colum- 
bia University in 1928. 

Mr. Perry began his career in  agricultural 
estension a t  Pennsylvania State College, serv- 
ing fro111 1916 until 1920 as a county agri- 
cultural agent in Tioga County. H e  was a 
dairy estcnsion specialist on the staff of 
West Virginia University from 1920 until 
1923, vhen he joined the dairy husbandry 
extension staff 3 t  Rutgem, remaining there 
until his retirement in 1956. 

Following retirement, he served 3 yr a s  
1ivc.stock adviser for  the International Coop- 
eration Administration, working in Egypt, 
r~ehanon, and Brazil, as well as in IVasliing- 
ton, 1). C. 

He is presently working part-time for  the 
.\merican Dairy Association and fo r  the Dairy 
Council of New York in their prograin of 
~ n i l k  prolnotion. H e  served fo r  3 yr  as a 
director of the Ainerican Dairy Science Asso- 
cziation and was chairman of the Breeding 
Colnlriittee of the Association fo r  10 yr. H e  
is a member of the dnierican Society of Ani- 
mal Production and a F e l l o ~ ~  of the American 
Association fo r  the Advanceinent of Science. 

For  his service to agriculture, Mr. Perry  
received the Superior Service Award of the 
U. S. Department of Agriculture in 1949; 
DeLaval Achievement Award for  Dairy Ex- 
tension of the American Dairy Science Asso- 
ciation in 1951; Certificate of Recognition of 
Epsilon Sigma Phi  in  1951; Service to the 
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Livestock Industry of New Jersey Award 
from the Co-operative Inter-Breed Cattle As- 
sociation of New Jersey, also in 1951; Merit 
Award of the Sew Jersey Milk Industry 
Association of New Jersey in 1953; Meritori- 
ous Service to 4-H by the 4-H Clixbs of New 
Jersey in 1954; and Distinguished Service to 
Agriculture Award of the New Jersey De- 
partment of Agriculture in 1961. 

I n  his home community, he has served as 
president of the Board of Health of Highland 
Park, New Jersey, and as  president of the 
New Brunswick Exchange Club. He is also 
a member of the F. and A. Order of Masons 
and the Presbyterian Church. 

G. M. Werner Honored by USDA 
A University of Wisconsin extension spe- 

cialist in  dairy production, G. M. WERNER, 
was given a superior service award by the 
U. S. Department of Agriculture a t  a cere- 
mony in Washington on May 18. 

Werner was cited for outstanding achieve- 
ments and leadership in the field of dairy 
science and especially fo r  his pioneering ef- 
forts in developing an artificial breeding pro- 
gram and for  his leadership in improving 
dairy cattle feeding. 

Professor Werner has been a t  Wisconsin 
since 1920, when he started work a t  the Col- 
lege of Agriculture as an official test super- 

visor. From 1923- to 
1939 he was chief 
herdsman with the Uni- 
versity dairy herd. In  
1939 he was named in- 
structor in dairy ex- 
tension. He was aa- 
pointed full professor 
in 1951. 

H e  was among the 
&st to recognize the 
practical application of 
artificial breeding for 
dairv cattle. I n  spite 

,-. M. Werner of skepticism by some 
scientists and many 

prominent dairy fanners, he provided leader- 
ship and technic:tl knowledge to establish 
artificial breeding cooperatives in 1938 and 
1939. 

Much of the equiplr~c~nt he devised for  these 
first organiziltions provided the basic ideas 
used by the industry now. During World 
War I1 years he drriscd the system of arti- 
ficial insemination technique, now widely used. 

He has hren very active in disease preven- 
tion progrnllls in dairy c;~ttle. He has helped 
set up numerous diseasc control clinies with 
the University veterinary science depnrt~nent. 
JYorking with ag.ronomists, he estnblished 
the widely used forage clinics to encourage 
proper dairy cattle feeding of quality feeds 
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* Bacteriological evaluation by swab tech- 
niques of equipment cleaned by Klenzma- 
t i on  Systems revea ls  p roduc t  contact 
surfaces to be far below required standards 
- even after cleaning and before sanitiz- 
ing. Klenzmation Cleaning Systems com- 
bined with Klenzode Engineered P ip ing  
Systems insure highest quality products. 

acked by years of de- 
l apmen t  wo rk  i n  
ay des ign and op- 

This compact  "pack- 
age" recirculation unit 
i s  p r e - a s s e m b l e d ,  
wired, air-piped, ready 
for connection to utili- 
ties. Includes tempera- 
tu re  r e c o r d i n g  a n d  
control equipment and 
C.I.P. supply pump. 

Automatic 
Programming 
Trouble-free Program- 
ming provides precision 
con t ro l  of time, and 
w a t e r  and  s t e o m  
usage. Components  
a re  carefully selected 
a n d  assembled f o r  
plant requirements. 

Chemical Feeding 
These air-operated tri- 
ple-barrel piston pumps 
with positive flow-con- 
trol assure reliable per- 
formance and accurate 
control of de te rgen t  
utilization. Completely 

Engineered Klenzmation "P 
the Dairy and  Food 

KLENZADE PRODUCTS, Dept .  20 F Beloit, Wis. 

produced on the f a r n ~ .  He has also been 
active in such programs as  grassland farm- 
ing, sure-fire alfalfa, more nlilk from pasture, 
and grass silage. H e  has developed rating 
c i~rds  for  silage and hay that  are widely used. 

I n  1960 Professor Werner received the 
.\nlerican Dairy Science Association DeLaval 
Extension 1)airyman Award and was chairman 
of that group's extension section in 1956. He 
was president of the Wisconsin Extension 
MTorkers' ~Zssociation in 1962 and has been 
secretary of the Wisconsin Purebred Dairy 
Cattle Association since 1950. He has served 
on numerous industry committees, including 
the Governor's Advisory Conin~ittee on Milk 
Production and Marketing. Hc  is a menlber 
of Alpha Zeta and E:psilon Sigma Phi, agri- 
cultural honorary fraternities. 

Dr. R. E. Erb Leaves Washington State 
University 

DR. R. E.  ERB, Professor of Dairy Science 
a t  Washington Sta te  University, resigned 
April 11, to become Assistant Head of the 
Department of Animal Sciences a t  Purdue 
University, where he will be in  charge of 
Dairy Science work. H e  came to WSU from 
Purdue in 1947. where he was a member of 
the Dairy scielice staff. 

Dr. E rb  received in 1961 the annual $1,000 
Borden award and a gold medal a t  the annual 
meeting of the Anlerican Dairy Science Asso- 
ciation. 

Dr. Erb  has been a pioneer in developing 
a.rtificia1 breeding in dairy cattle. Fo r  the 
past 10 y r  his main research work has been 
on feinale dairy reproduction, in relation to 
the significance and physiology of female sex 
hor~nones. He has developed  neth hods for  the 
c*heinical dc.termination of thrse hormones. 
Open-shed calf housing, developed by Dr. E rb  
as par t  of his research work a t  WSU, is now 
widely used. H e  has also worked on im- 
proved dairy cattle manage~nc?nt. H e  has 
analyzed data on lrlilk con~position obtained 
through electronir computntion of DHIA 
records to deterniiae the effect of heredity, 
age, season of calving, length of dry period, 
and other factors on protein and nonfat solids 
content of milk. Dr. Erb has also been sum- 

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 
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niarizing data obtained fro111 15 yr  of meas- 
uring and classifying animals in WSU's dairy 
herds a t  various ages to develop criteria for 
predicting type at  an early age. He has pub- 
lished some 200 research papers and technical 
and popular publications. A native of Illinois, 
he obtained his B.S. degree from the Univer- 
sity of Illinois, and M.S. and Ph.D. degrees 
from Purdue. 

Dr. L. 0. Luedecke Appointed to 
Washington State Staff 

DR. L. 0. LUEDECKE has joined the dairy 
science staff a t  Washington State University 

as dairy bacteriologist. 
He will hold a Gint 

teaching-research as- 
signnient, vi th  the rank 
of Assistant Professor 
of Dairy Science. 

The new staff nleiu- 
her comes to JVSU 
fro111 Nichigan State 
University, where he 
has been R graduate 
assistant since 1956. 
He mas awarded an 
M.S. degree in 1958 

L. O .  Lueaecke and the Ph.D. degree 
this year hv Michigan 

State. I le  graduated frorn Ilontnn;~ State, 
Rozeman, in 1936. 

Dr. Luedecke'? research at Nichigan State 
dealt with the effect of early lactation on 
skimmilk used in making Cottage cheese, and 
the influence of inilk fa t  on heat-resistant 
l~actcria. 

Dr. J. C. Knott's picture installed in building 
bearing his name. 

1'ERFECT LIICESESS, JOE! This is the 
considered opinion of the new photograph of 
DR. J. C. RNOTT, installed in the reception 

"Better Cattle for Better Liv ing - 
This is the slogan (copyrighted) of The National 

Association of Artifical Breeders. 

W e  take this opportunity t o  pay a word 
o f  thanks t o  the hundreds o f  dairy research 
people whose efforts have made this program 
possible. W e  believe the record attests this 
one of the most direct applications o f  research 
on the books! 

1961-Over 71/2 million cows, bred t o  
better bulls, in over 900,000 herds in the 
U. S. 

Members throughout the world and over 
12 million cattle involved. Frozen semen 
shipped anywhere planes travel -and 
"Better Breeding" available in the most 
remote parts o f  the world! 

The only artifical insemination program 
in the world operating as a free enterprise 
s stem! Both cooperatives and independ- 
dYent businesses render a sound service of 
"Better Cattle and Disease Control" t o  
nearly one million patrons in the U.S. 

Read THE A. 1. DIGEST if you want the latest 
in livestock improvement. Dairy, beef, swine, 
goats, sheep, horses, poultry and bees! 

Outside United States 

1 year-$1.50 

2 years-$2.50 

5 years-$5.00 

PROCEEDINGS o f  co~rventiorrs available-170 
pngv booklet, full of the 1-ltest on A. I .  pro- 
grarrts. Two years ahead of nzost news releases 
arrd 10  years ahead of most text books. Mailed 
arrywhere in the tuorlil for $1.50. 

To order use this blank - - - - - - - - - - - - - - - -  
National  Association of  Artificial Breeders 
10 Nor th  9th Street 
Columbia, Missouri, U. S. A. 

Attached is my check for years subscription 
to The A. I. Digest. 

Attached is my check for N.A.A.B. Proceedings-years 
of 1953, 1955, 1956, 1957, 1958, 1959, 1960 and 1961. 

Name- - - 
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FOR ICE CREAM SALES 
Feature monthly promotions of 13 tempt- 
ing flavors and watch sales climb. Blend 
Balch ready-to-use Ripple Sauces into your 
vanilla ice cream. Prompt shipments from 
Atlanta, Birmingham, Chicago, Dallas, 
Denver, Kansas City, Los Angeles, 
Memphis, New Orleans, Sacramento, Salt 
Lake City, Seattle. Send for details and 
free promotion aids. 

"Rippla" 6 "Wave" ara rag ' rh re l  tradenarks o l  tho Balch Flavor Co. 

PITTSBURGH, PA.: A d a m s  and Fulton Sts. 

(#-"-c 
0@ YOUR -\ 

/' PRODUCERS GET '\ 
'MORE FOR THEIR MONEY f with I 

\ 4949 West 65th Street 0- 
\r Chicago 38. Illinois ,/ 

0 1962, Johnson 8, Johnson, Chicago, I l l .  

roonl of Washington State University's J.. C. 
Knott Dairy Center recently. Expressing 
the general opinion to 1)r. Knott, center, are 
DR. T. H. BLOSSER, left, chairinan of the de- 
partment of dairy scionce, and DR. L. L. 
MADSEN, director of the University's Institute 
of Agricultural Sciences. 

The enlarged tinted photograph of Dr. 
Icnott was presented to the Center by IVBR 
YOUNGQUIST for  the donors : the United Dairy- 
inen's Association and Consolidated Dairy 
Products Company, Inc., Seattle. 

The University's new $265,000 research- 
teaching renter located 5% niiles froin Pull- 
lnan was nanied and dedicated last July. 
The center is located on land willed to the 
University by the late MRS. TULA HASTINGS 
YOUNG. Construction and equipment were 
financed by legislative appropriations. 

Dr. Knott ,  dairy professor emeritus, is  
former director of the University's Institute 
of Agricultural Sciences and Agricultural Ex- 
tension Service. He retired in 1958 af ter  30 
pears of service to Washington agriculture. 

L. V. Estergreen Appointed to  Staff a t  
Washington Sta te  

L. V. ESTERGREEN lias been appointed to  
the dairy science position left vacant 
by the resignation of R. E. Erb a t  Wash- 
ington State University. H e  will hold a 
ioirit research-teachinz a ~ ~ o i n t i n e n t  with the " 
rank of assistant professor. His  teachine - 

and research assigh- 
l~ient  will be in the area 
of dairy cattle phys- 
iology. He lias been 
doing rehearch on the 
secretion of Iiormones 
by endocrine glands in  
dairy cattle for  the 
past 8 yr. 

A native of Lynden, 
Washington, Dr. Ester- 
green was graduated 
from WSU with a B.S. 
degree in  dairy sci- 

L. V. Estergreen e n c e i n  1950, and an 
M.S. in 1956. H e  was 

awarded a Ph.1). degree by the University of 
Illinois i n  1960. He spent the following year 
doing post-doctoral study a t  the University 
of Utah's College of Medicine. 

Dr. Estergreen is a mernber of the Rndo- 
crine Society, the American Dairy Science 
Association, and of the following research or 
scholastic honoraries : Sigma X< Alpha Zeta, 
Phi  Kappa Phi, and Alpha Tau Alpha. The 
new appointee is married and has one son, 
Martin, aged 5. 
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KIMBLE DAIRY TEST GLASSWARE... 
features new utility and economy 

T h e  new line of Kimble Dairy Test 
Glassware includes many important 
time and money-saving features  to 
ease and speed your testingprocedures. 

Many items have been converted to  
KIMAXB "hard" glass for longer 
life-greater resistance to chemical 
attack, heat and mechanical shock. 
Redesigned acid test bottles include 
TEFLONm stopcock plugs to pre- 
vent contamination of test solutions, 
eliminate freezing and binding of 
stopcock plugs. 

We've color-coded volumetric, se- 
rological and bacteriological pipets 
by size (at  no extra cost) to save 
you time in selection and sorting. 
Graduated cylinder #20025 now 
comes equipped with f r ee  SAFE- 
GARD* plastic bumpers. Use them 
to mark liquid levels and to prevent 
damage to cylinders. 
S A F E - G A R D *  c l o s u r e s  f o r  
#280 15-P volumetric flask offer pro- 
tection from breakage and cost less 
than conventional stoppers. 

You'll find these and many o the r  
quality glassware accessories in the 
new K i m b l e  K I M A X  Dairy  Test 
Giassware Catalog (SP-83). Send for 
your copy today! 

*Kirnble Glass Company trademark ------------------_ 
1 

New 26-page catalog showing the latest 1 
and best in dairy test glassware. I 
Klmble Glass Company, Subsidiary of Owens-Illinois, I 

TEFLON is a registered trademark 
of E. I. duPont 8: Co., Inc. Manu- 

I 
factured under FlsCHER & PORTER Zone-State- 
Patent No. 2,876.985 

Ax @ PRODUCT GENERAL O F F I C E S  . T O L E D O  1 ,  O H I O  



you solve them. "The Man From 

Hubinger" will welcome the op- 

portunity to show you the ad- 

vantages of using OK BRAND 
Syrups in yourformulas. Call to- 

day for prompt service. 

high serum solids, use Hubinger's HI-SWEET syrup in their 
mixes. HI-SWEET is an  enzyme-converted syrup with a high 
dextrose equivalent resulting in at least 65% sweetness value 
and a clean, neutral flavor. One batch will convince you. 

Try OK Corn Syrups, soon! 

THE HUBINGER COMPANY 
Keokuk, Iowa 

NEW YORK - CHICAGO - LOS ANGELES . BOSTON CHARLOTTE PHILADELPHIA 

14 



JOURNAL OF DAIRY SCIENCE 

Degrees Granted a t  Washington State 
University 

Department of Dairy Science 
Ph.D. : 

SAMIR ~IOHANIIED BADAWI-A Study of 
Factors iZffectiiig Calcium Metabolism in 
Dairy Cows. 

M.S. : 
SULTAN ALI-Successive Lactations of 

Dairy Cattle and Their Relationships with 
Ileritability. 

STEVEN D. RUST-The Kutritive Value of 
Two Types of Beet Pulp for Dairy Cattle. 

~ ~ U K H T A R  A. CHAUDRY-S0nle Aspects of 
Dye-Binding of Milk Serum Proteins. 

GUDIVAKA DASARADHA RAMAIAH-St~die~ on 
an in Vitro Technique for Predicting 
Forage Digestibility. 

WAYNE REGINALD GOMES-Assay for h o g -  
estins in Peripheral and Ovarian Venous 
Blood from Cows. 

T)ONALD E. ~ ~ A L D E R N - T ~ ~  Effect of Diet 
on the Volatile Fatty Acid Production 
and Absorption in the Bovine. 

Ohio State News 
Two events in April culminated the year's 

recruitment activities of Ohio State's Depart- 
ment of Dairy Technology, conducted with the 
support of the Education Committees of Ohio 
Dairy Technology Societies, dealer groups, 
and interested individual plants. 

On April 14, 60 dairy industry men and 
carefully selected students attended a Depart- 
ment-sponsored Dairy Technology Career Day. 
The program consisted of tours of the Depart- 
ment designed to illustrate the varied nature 
of career opportunities in the dairy field and 
the presentation of a slide sequence narrated 
by students and staff members, which further 
illustrated industry opportunities and the 
functions of the Department. DR. A. E. 
RITCHIE, Assistant Dean of the College of 
Agriculture, and DR. I. A .  Gour,~, Chairman 
of the Ilepart~nent, reviewed the needs of 
Agriculture in general and Dairy Technology 
in particular for technically educated per- 
sonnel. Following a lunch provided by the 
Ohio Dairy Products Association, those in 
attendance were divided into srnall groups, 
where the? were encouraged to seek answers 
to individual questions from panels made up 
of Department faculty ~nemhers, graduate and 
undergraduate students, and Industry person- 
nel. 

On April 28, 23 high school seniors ns- 
senrhled in Vivian IIa11, holne of the Depart- 
ment of Dairy Techno1og.v at  Ohio State, to 
compete for the scholarships available for 
Dairy Tecshnology students next fall. These 
potential Dairy Technologists were given a 
general scholastic aptitude exa.inination and 
interviewed by represcantatives of the Dcpart- 
luent and the Industry. Industry represmta- 
tives included R. FORBES, Cleveland, If.  SWINE- 

7. 

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

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

Products of  KELCO COMPANY 
75 Terminal Ave., Clark, N. 5. 
20 N Wacker Drive Chicago 6 111. 
530 W. Sixth St. ~ d a  Angelea i4 Calif. 

Cable Address: K E L C O A L G ~ N ~ C L A R K ,  NEW' JERSEY 

FLAV-0-LAC FLAKES 
1 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 shermani 
Standard "Flake" makes 1 quart starter. 
"Flake 40" bottle makes 40 quarts culture. 
"40" is unique in the industry, proved in use 
for 23 years. First propagation produces 40 
quarts culture . . . no additional incubation, no 
special treatment involved. 
Also available: * Roquefort and Camembert 

molds, various Leuconostoc 
strains on agar slants. * Whev nhane testinn 
program. 

2300 Locust Street _- rsylvania 
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m m = but the odds are 
19 to 1 against it! 
At American Can Company we t ry  
to do more than merely meet allow- 
able health tolerances. Result: An 
average of 95% of our waxed milk 
cartons are absolutely sterile! The 
remaining 5 % rarely have more than 
one bacterium each . . . according to  
standard rinse tests. That's less than 
0.4% of tolerance level! 

Stamped-out blanks for milk car- 
tons are stored in clean, dust-proof 
cabinets. In  the forming and heat- 
sealing process, the blanks are ex- 
posed to blasts of a i r  heated to 
400°F. The formed cartons are com- 
pletely immersed, inside and out, in 
molten paraffin a t  a sterilizing tem- 
perature of 165°F. The paraffin coat- 
ing is then solidified by circulating 
cold air, and plugs are mechanically 
closed, still inside the paraffining 
machine (even the air  used in the 
process is  filtered). Finally, the ster- 
ile cartons are placed in heavy, dust- 
proof paper "carriers", sealed for 
shipment to dairies. 

These procedures insure that  cus- 
tomers receive milk at  i t s  best in the 
best possible sanitary container. 

AMERICAN CAN COMPANY 
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HART, Akron, G. JOHXSON, Cleveland, R. SCHA- 
FER, Barnesville, and T. TISHER, Warren (see 
attached photograph). 

H. E. Randolph discusses the diversity of milk 
products with Ohio State Career Day attendees. 

W. L. SLATTER, Professor of Dairy Tech- 
nology, The Ohio State University, has re- 
turned from a 4-yr assignment in India, serv- 
ing as a member of the Ohio State's Agricul- 
ture Education Mission which is assisting in 
the development of an educational system pat- 
terned after the Land-Grant College system 
in the United States. 

Dr. Slatter was stationed a t  the National 
Dairy Research Institute in Northern India, 
and helped to develop a college for training 
students in Dairy Technology and instituted 
agricultural operations on the 1,800-acre site 
of the Institute. During his tour of duty, a 
modern dairy plant was completed and con- 
siderable progress was made toward conduct- 
ing agricultural operations on a modern basis. 

STUDENT CHAPTER NEWS 
W. W. SXYDER, Editor 

A Section Devoted to Sews of Student 
Mrmbers 

Louisiana State News 
The Dairy Science Club of Louisiana State 

University clin~nxed their year of activities 

with the annual club banquet on May 5, 1962. 
The affair was scheduled in connection with 
Spring Alumni Day, which is an annual affair 
on the campus of Louisiana State University. 
More than 125 former students, faculty mem- 
bers, and guests were in attendance. Mr. 
Leon Kleinpeter of Kleinpeter Farm's Dairy, 
Inc., of Baton Rouge, Louisiana, was recog- 
nized as the Outstanding Louisiana Dairyman 
of the Year by the club. Honorary member- 
ship in the club was extended to Mr. E. W. 
Neasham, who recently retired as head of 
dairy extension work in Louisiana. 

Mr. Robert C. Force, who served as manager 
of the L.S.U. Creamery for more than 30 yr, 
was honored by a group of former students 
who had worked in the creamery under his 
supervision. 

The incoming officers, consisting of Ronald 
Blanchard, President, Frank Millican, Vice- 
President, Lynn Boddie, Secretary-Treasurer, 
and D. L. Evans, Adviser, were presented to 
the group. 

Washington State University 
Student Chapter of A.D.S.A., Washington 

State University, on March 6 sponsored a 
banquet for the 31st Annual Institute of 
Dairying. 

Glenn Betz was presented with the Virginia 
Dare Award for excellence in the judging of 
ice cream. Betz, a junior in Dairy Science 
(Manufacturing) a t  Washington State Uni- 
versity, was presented with a plaque and a 
check for $25. The award is furnished by the 
Virginia Dare Extract Co., New York, for 
the Dairy Science junior or senior student 
excelling in the judging of ice cream, scholar- 
ship and leadership abilities. Retz placed 
fourth in the judging of vanilla ice cream in 
the 27th Collegiate Students' International 
Contest in the Judging of Dairy Products. 
Ketz is the son of Mr. and Mrs. J. Edward 
Hetz of Cheney, Washington. 

Larry Pickering, son of Mr. and Mrs. Vern 
M. Pickering of Monroe, Washington, is the 
1962 recipient of the Yakima Valley Holstein 
Scholarship. This is an award presented by 
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the Yakima Valley Holstein Club to a stu- IIeLaval Extension Award, which included a 
dent interested in Holsteins. Larry is a fresh- framed citation and a check for $1,000. 
man majoring in Dairy Science a t  Washing- 
ton State University. INDUSTRY NEWS 

I n  1961 he was "FFA Chapter President, 
Tolt High School, Carnation, Washington. 

Beatrice Foods Dedicates New Plant 

He was named a State Farmer in 1960 and Built a t  a cost of $3,000,000, Beatrice 
was president of the sophomore class in high Foods C O ~ P R ~ Y ' S  Meadow Gold ~ l m t  recently 
school. H~ a ~ ~ l ~ t ~ i ~  project in Toea- completed in Champaign, Illinois, is the new- 
tional agriculture and still has Holsteins in est and believed to be one of the most efii- 
his parents' herd. cient milk and Cottage cheese facilities in 

the nation. 

J. F. Kendrick Takes New Assignment 
DR. J. F. KENDRICK left on May 1 his posi- 

tion in charge of the USDA National Cooper- 
ative Dairy Herd Improvement and Sire Prov- 
ing Programs to take a new position in the 
Statistical Reporting Service, where he will 
develop IBM data processing programs for  
economic information. 

Dr. Kendrick has been the recipient of many 
honors and has been a recognized leader in 
Dairy Herd Improvement work. He has been 
honored twice by the Secretary of Agriculture 
for Superior Service. 

At the 56th Annual Meeting of the Ameri- 
can Dairy Science Association at  the Univer- 
sity of Wisconsin he was the recipient of the 

The ultra-modern plant, constructed on a 
20-acre site northwest of the city, can pro- 
duce 144,000 gallons of milk per day-enough 
to provide one 8-oz glass for 2,304,000 young- 
sters. When completed, the Cottage cheese 
capacity will be 25,000 lb daily. Other prod- 
ucts of the plant for distribution throughout 
Central Illinois include cream, skim, chocolate 
and butter milk, fruit ades and sour cream. 

I n  anticipation of future growth, the one- 
story plant, which now has 65,000 sq f t  under 
roof, is designed to permit expansion in every 
department without materially interrupting 
operations. 

The plant is the result of more than a year's 
study and planning by Beatrice Foods' engi- 

FOR TECHNlCAL HELP 

In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 
2. Arrange for his laboratory to perform special 

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

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

4. Conduct research on new ideas suggested 
by you. 

MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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Continuous research adds to 
knowledge of dairy nutrition 

For many years competent MoorMan 
scientists have been building a backlog of 
research knowledge. This experience has 
helped the Moorman Manufacturing Com- 
pany produce dairy feeds, calf feeds and 
fly sprays tha t  help the dairyman obtain 
GOOD RESULTS. The research staff has 
develol~ed a four-step research program that  
gives consistent results in improving dairy 
nutrition and management: 

1 -Nutritional Research-In the labora- 
tory and on the  1,280 acres on the three 
Research Farms, nutritionists are working 
continuously testing a wide variety of feed 
ingredients and additives. These tests help 
develop feed formulas that  will produce 
milk a t  lower cost. 

development prove itself in practical use. 
Tests are often conducted on hundreds of 
customer farms before important changes 
are made in formulations. 

4-Quality Control-Only after extensive 
development and testing, is a new or im- 
proved product offered for sale. I t  is then 
placed under constant Quality Control su- 
pervision. For regardless of the adequacy of 
the formula, a feed is only as good as  the 
raw materials tha t  go into it. 

We would be honored to have anv or all 
members of the Dairy Science Association 
visit with us in Quincy, Illinois. We would 
like to show you our research facilities and 
have you meet some of our research staff. 

2- Veterinary Research-The control of 
insects and parasites-internal and external 
-has become a n  important part of dairy 
management. I t  is the responsibility of the 
Veterinary Research Division. Since 1885 

3-Field Research- Any new develop- 
ment in nutrition or management must be Good Results Through Research and Service 

carefully proved in the field under normal MOORMAN MFG. CO., QUINCY, ILL. 

farm conditions. This is where the Field 
*Trademark Reg. U.S. Pat. Off. 

Research team takes over to  make the new 
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neering and production departnlents and John- systel~i. The latest high-speed equiplt~ent was 
son and Johnson, Chicago specialists in dairy rotnhined with automation to make the plant, 
architccture. Productiorl flow charts mere de- largest ever. built by Beatrice Foods, a model 
signed to ohtilin the 111ost efficient processing of efficiency and snnitation. 

Those taking part  in  the milk toast a t  the dedication ceremonies for  the new Beatrice Foods Plant  
a t  Champaign, Illinois are, lef t  to right: Jay  Neubauer-Regional Vice-President; Dean Huxtable-Man- 
ager, Champaign Ice Cream Division; Delos Huxtable-retired Manager, Champaign Ice Cream Divi- 
sion; Cecil Bair-Manager, Champaign Dairy plant; Vernon Janes-Illinois District Manager; Carl N. 
Hansen-Vice-president; E.  B. Carter-Manager, Decatur Dairy plant; William B. ICarnes-President. 

BEATRICE FOOD'S N E W  MILK PLANT I N  CHAMPAIGN, ILLINOIS 

Klenzade Appoints New General Manager h native of Canada, 3Iahood started as a 
Officials of the ~ l ~ ~ ~ ~ d ~  products ~ i ~ i ~ i ~ ~ ,  sales representative with International Har- 

Economics Laboratory, Inc., Beloit, Wisconsin, vester Colnpany, rising to the position of 
announced the appointlnent of S, K. President and General Manager of DeLaval 

Marroon to the position 
of General Manager. 

Mr. llahood will im- 
mediately assume his 
new duties directing 
the activities of IClcn- 
zade's research, manu- 
facturing, and sales de- 
partments. A. L. and 
C. R. SHOGREN, Vice- 
Presidents of the Klen- 
zade Products Division, 
will continue in senior 
advisory capacities and 
assist Mahood in the de- 
velopment of his duties. A. L. Shogren C. B. Shogren 
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Solves Expansion Problems 
for Edgemar Farms, Venice, California 

problem 1: Find extra storage space for raw milk (None auailable in plant) 
Store raw milk outside-two 12.000 gallon CP Save space inside- integral alcoves, (photo. 

answer : stainless steel vertical Cylindrical Storage Tank. right) recessed in wall of processing room, pro- 
- refrigerated for ammonia cooltng - (photo. vide ready access t o  storage tank manhole 
left) are close.mounted to outside of building. doors and valves. Tanks are equipped with C.1.P. 

spray units. 

problem 2 : Increase pasteurizing capacity provides for further expansion by addition of 
olates. 

Preplan for Economical Expansion-CP "Cres- CP "Vac-Heat" Product Treating System (photo, answer: cent" HTST Plate Pasteurizer (photo, left) proc- right) treats milk at rate of 30.000 ~bs.  per hour 
esses milk at rate of 30.000 Ibs. per hour, and and will handle increased capacity when needed. 

C P  Engineering nnd rqzrrpmenl rnrrta todny'r onrl tor,zorr-ou,s n e e d s .  . . ~ c a n o r n i c o l l ~  . Ash your C P  solesnzn,~ to shoii. o i l  itwc. 

THE -p&'blG COMPANY General and Expo" Offices: I 1243 W. Warhlngtan 81vd.. Chicago 7 ,  Illinois 
23 Factory Branches Coart to Coast . S"e3mm.8. OF s k ~ ~ , A , ,  CREAMERY PACKAGE MFG. CO. OF CANADA. LTD. 

267 King St.. Toronto ZB. Ontario 
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Canadian distributors of Klenzade Sanitation 
Products. He played an important part  in 
the development of today's niodern milking 
and dairy processing equipment which has 
helped to give the consumer clean, quality 
da.irg products. I t  is in this vital area that 
JIahood brings a wealth of experience in 
dairy sanitation to I<lcnzade Products. 

Microbiology Congress to Meet at Montreal 

The Eighth International Congress for 3Ii- 
crobiology will be held a t  Montreal, Canada, 
August 19 to 25,  1962, under the auspices of 
the Canadian Society of AIicrobiologists. 

new Queen Elizabeth Hotel. 
I Headquarters of the Congress will be at  the 

I There will be five Sections: Structure and 
Function; Agricultural iVIicrobiology; Indus- 
trial Microbiology; Medical and Veterinary 
Nicrobiology; and Virology. Two or more 
sylnposia are being planned for each Section. 
All speakers a t  the symposia will be especially 
invited. There will be sessions for  contributed 
papers in all Sections. 

HELP WANTED 
For All of US 

WE are proud of Our JouRNAL . You 
can  be proud, because actually it 1s 
Yours, too . . . edited fo r  members a n d  
f r iends  of t he  American Da i ry  Sci- 
ence Association i n  every s ta te  a n d  
in  70 foreign countries. 
S O  . . . if you know of ally potential  

him the JOuR- 
"AL. Let us so we go 
to "ark. 
AND . . . commu~iicate with present 
advertisers;  tell them you saw thei r  
a d  i n  the  JOURNAL. That 's  t he  best 
way  we know t o  keep o u r  present ad -  
vertisers a n d  get  new ones. Results 
a r e  what  count. 
The JOURNAL SetS the  Trend in the  
~~i~~ ~ ~ d ~ ~ t ~ ~ .  

H. F. JUDKINS 
Secretary-Treasurer 

Back Numbers of Journal Needed 
Certain numbers of the Journal of Dairy Science are needed t o  maintain an inventory 
and t o  take care of orders. I f  any of the numbers listed are available and of no further 
use to  the owners, please send them t o  the Garrard Press, 510 North Hickory Street, 
Champaign, Illinois. Seventy-five cents plus postage will be paid for each number. 

1919-January, March, May, July, September, November 
1920-January, March, May, July, September, November 
192l-January, March, May, July, September, November 
1922January, May 
1923January, March, May, July, September, November 
1924-January, May, July, November 
1925January, July, September 
1926-January, March, May, July, November 
1928 J a n u a r y  
193GNovember 
193 I-January, March, May, November 
1932--July, September, November 
1934--October 
1938-November, December 
1943 J a n u a r y ,  February, March, April, August, December 
1946-January, March, April 
1947January, February, March, April, May, June, December 
1953-May 
1954--January, July 
1955-March, April, May 
1957-March, May, July, September 
1958-April, May, September 
1959-January, April, May 
1960-October 
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8.K 50th Anniversary News. . . 

It's what's inside that counts. . . for or against milk quality - 
and profits! To be sure your bulk tanks and truck tanks are 
kept bright and sanitary, use PENNSAN. It's non-corrosive 
to stainless steel-brightens and conditions it, leaves 
it sparkling. 

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

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

B-K Department 
PENNSALT CHEMICALS CORPORATION 

3 Penn Center, Philadelphia 2, Pa. 
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RESEARCH PAPERS 

INFLUENCE O F  SODIUM CHLORIDE ON T H E  STABILITY O F  T H E  
CALCIUilI CASEINATE MTCELIJE 

CHARLES A. ZITTLE .~ND LENORE B. JASEWICZ 
Eastern Regional Research Laboratory,' Philadelphia, Pennsylvania 

Sodium rhloride of relatively low concentration (0.17 31) destabilizes col- 
loidal calcium caseinate (whole casein) so that par t  of i t  precipitates. This 
occurs also with colloidal calcium caseinate prepared from calcium-sensitive 
(as)-casein and kappa-casein. I n  the first system the optimal concentration of 
sodium chloride for  destabilization is independent of the calciu~n chloride con- 
centration, whereas in the second system the optimal concentration of sodium 
chloride increased with calcium chloride concentration. The dissociation of the 
as-casein-kappa-casein con~plex, manifest by precipitation of the dissociated 
as-casein by calcium chloride, was increased by decreasing the temperature from 
30 to 7 C, and increased further by the addition of sodium chloride (0.15 M ) .  

Sodium chloride (a t  saturation, about 5 M )  
will not precipitate sodium caseinate, but it 
will precipitate calcium caseinate. Investiga- 
tion of the influence of calcium concentration 
and pI-T. on this precipitation revealed that 
casein is  partly precipitated a t  much lower 
concentrations of sodium chloride (0.17 M )  . 
Details of this observation are reported. I n  
addition, the influence of sodium chloride on 
the formation of the calcium caseinate n~icelle 
a t  7 C is reported, a reaction that presumably 
involves the association between the calciuni- 
sensitive and the kappa-caseins. These latter 
results hare been reported briefly (3).  

MSTER1.tI.S AND METIIODS 

W h o l e  casein. This was acid-precipitated 
casein prepared in the usual way (6). Neutral 
solutions of sodium caseinate were prepared 
hy adding WaOH to an aqueous suspension of 
casein, avoiding an excess of the alkali. 

Kappa-mse in .  Prepared by fractionation in 
ethanol, essentially 11y the method of JicICenzie 
and TVake (1). 

Calci t rni -s~nsi t i~e (a,) casein. Prepared by 
fractionation in urea (5) .  

The influence of sodium chloride on calciuln 
cawinate was determined a t  room temperature 
(22 to 25 C). The cnlcium caseinate was pre- 
pared by the addition of calcium chloride to a 
neutral solution of sodium caseinate and the 

Received for publication Marc11 5, 1964. 

Eastern Utilization Research and Dcvclop- 
ment Division, Agricultural Research Service, U. S. 
Department of Agriculture. 

p H  adjusted to the required value of p H  6 
or 7 with 0.1 N HCI. For  the higher concentra- 
tions of sodium chloride, the solid was added to 
the 10-ml volume of the test solutions. Since 
the sodium chloride contributed very little in 
volume, the molarities were calculated from the 
weight of sodium chloride and the volume of 
the test solution. For  the lower concentrations 
of sodium chloride, the required volume of a 
30% solution was added and the total volume 
adjusted to 10 ml. 

The test mixtures were held a t  30 C fo r  15 
niin, then centrifuged a t  about 3,000 X G for 
5 min. A portion of the supernatant solution 
was withdrawn for  determination of the protein 
remaining in solution. After dilution, one drop 
of 0.5 N NaOH was added for clarification, and 
the protein concentration was determined from 
the light absorbance (optical density) a t  280 
mp with a 1-cm light path. A factor of 1.0 was 
used for converting light absorbance to milli- 
grams of casein per milliliter. 

Other experimental conditions are described 
under each experiment. 

RESULTS 

The influence of sodium chloride on the cal- 
cium cnseinate micelle was determined for  0.02, 
0.03, and 0.04 M calcium chloride. The results 
arcb shown in Figure 1 for p H  6.0. Results were 
the same a t  p H  7.0. The concentration of cal- 
riuni chloride determined the level of solubility 
with no sodium chloride. I n  each case, the ad- 
dition of sodium chloride destabilized the mi- 
celle. Maximum destabilization of the calciu~n 
caseinate micelle occurred with a sodium chlo- 



ride concentration of 0.17 w, irrespective of the 
calciuni chloride conrc.ntmtion. This was also 
found with a calciuln chloride eoncrntmtion of 
0.010 31, not shown in the figure. Sonrr\vI~at~ 
larger concentrations of sodiunl chloride hrought 
about soluhilization of the casein in nnnn~icc.llar 
form, that is, the solutions were elrar. \\-hol(. 
casein precipitated (not sho~vn) qu:mtit:ttirrly. 
as  did a-casein, a t  near-saturated concrntra- 
tions of sodiun~ rhloride (ahout 5 n r )  wit11 thr 
concentr:~tions of calcium chloride used in thc~ 
above exprrir~~cnts.  Precipitntion did not occur 
with sodiulrl c;~srinatr. I<apl~:~-casein with 0.020 
M calrinln chloride precipitated slo~vly and in- 
cornplc>trly wit11 5 32 sodiuln chloride; with 
0.20 nr calcimn chloritlr prrc.ipitation TI-ith so- 
dium chloridc ~vns  rapid and eolnplete. 

SODIUM CHLORIDE, M O L E S l L I T E R  

FIG. 1. Destabilization of calcium casrinate 
mirelles by socliom chloride. Concentmtion of 
wl~ole casrin was 1%. 

Sin~ilnr espcrin~rnts wcre pcrfonned with thr 
rcbconstitntrd casrin cotnples ohtained by mis- 
ing a,-cnscin and kappa-casrin. Calciu~n ions 
1vrrr ntltlril to ol)tain n~icrllrs and the influeneck 
of sotliun~ chloritlc clt~trrminrtl. The results are 
shown in Figurr 2. Sodiun~ c,hloride destahil- 
ized this siml)lifiecl c;lsc.in systetn also. I n  this 
instance the concrntration of sodiul~i chloridr 
giving m a s i ~ n u n ~  clrst;~hilizat~ion was influrnccd 
by the calciutn chloriil(~ ronrrntration. 

The influence of sodium chloride on the dis- 
sociation of the a,-mscin and kappa-casein 
co~llples also was stndird. The rcwdts shown 
in Figure 3 fo r  7 ant1 30 C wcre obtained with 
a relatirely crude preparation of kappa-casein 
containing considerable of the A-cnsrin fraction. 
These results have, however, been confirlned 
with the purified kappa-casein used fo r  thr 
other experiments in this paper. The colnplcs 
dissociates strongly a t  the lower temperature 
which makes possible the precipitation of the 
as-casein by the calcium ions. This process is 

0 0 1  0 2  0 3  0 4  0 5  
S O D I U M  C H L O R I D E ,  M O L E S / L I T E R  

FIG. 2. Denta1)ilixation of rnscinate micelles, 
formed from calcium-sensitive (a,) casein, kappa- 
casein and calcium ehloritlc, by sodium chloride. 
Concentration of as-casein 0.3%, of kappa-casein 
0.0370, conecntrntion of calciunl ehloridc as indi- 
cated. 

not reversetl a t  higher trn~prratures,  for the 
test is cotnpleted 11y \vartning to  30 C (4).  The 
presence of sodiunl chloritle incrcnscs the dis- 
sociation a t  7 C, and this is ~nanifrstcd hy 
incrc.ascd prccipitation of the a"-casein. Addi- 
tion of sodiuni chloride at  30 C, however, had 
:I negligihlr effect on the results. Thr slight 
t,rnt1rnCy to enhance the casein solu1)ilization 
sho~v11 11c.r~ W:IS less pronounced in other ex- 
per i lnr~~ts .  This appeareil to be contralv to the 
dest:1l)ilis;1tic111 rc~snlts reported in Figure 2. 
Thc n~rthotls c1iffrrc.d in detail, but the prin- 
cipal diffrrrncr src.n~c.d to 11r the order in which 
the sotliu~r~ c~hlorirlo and the caleiu~n chloride 
werr addrd. (lonsc.clnrntly, the type of rxperi- 
went shown in Fignrr 3, in which the calcimn 
chloride was adtlcvl last. was ~ ~ c r f o r ~ n e d  n-ith 
the sodiun~ c.l~loritlcl ( f  n:11 cnncrntratio~~ 0.1.5 nr, 

0  1 I I I  I 
0  0.1 0.2 0 .3  

RATIO * / a ,  

PI(:. :3. Inflncncc of sodium chloride eoncentra- 
tion (none, and 0.15 M ) ,  and temperature (7, 30 C) 
when mixed, on the stabilization o f  calcium-sensi- 
tive casein (a,) by a preparation of kappa-casein. 
C'onrrntration of calcium chloride was 0.02 M. 



ST.\BILITI' OF CALCIUJI CASEINATE JIICELLE 703 

added in a. rolu~ne of 0.35 ml) added last. I n  
this case a deshbilization did occur. With a 
K/a, ratio a t  which 7.5% of the as-casein was 
soluble, addition of the sodiu~n chloride de- 
creased the solubility to 53%. 

C'olloidal caleiuln caseinate i5 negatively 
charged. This charge helps to maintain the cal- 
cmrn caseinate as  a physically stahle colloid. 
Presumably, the lo~v concentration of sodium 
chloride (0.17 at) reduces the stabilizing re- 
pulsive effects hetween the negatively charged 
ions and destahillzation leads to precipitation 
of a par t  of the casein. Elertrophoretic esam- 
ination of the precipitate from whole casein 
showed that no fractionation had occurred. 
With the addition of still larger concentrations 
of sod~um chloride a considerable ion atmos- 
phere fonus about the casein molecule, which 
lead.; to aln~ost complete solubilization of the 
casein. At conrentrations of sodium chloride 
approaching saturation the salt ions compete 
w ~ t h  the caiein for  water ~nolecules, so that a 
total precipitation of the calciam easeinate 
ocrurs. That this ocrnri with calrium caseinate 
and not w ~ t h  sod l~u l~  c~~ie inate  elnphasizes the 
strong hinding of calciulri to casein and its 
m:~rked influencr on the properties of the prod- 
uct. I t  is cxpected that the ohscrred destahiliz- 
ing action of low c*onccmtration.; of sodium 
chloride on ralciunl mqc'~nate will also he evi- 
dent in more roncrl~tratrd iystrms and mould 
have a lnarlted inflnmce on the physical state 
of lnilk proiluctq. 

The destabilizing action of sodimn chloride 
on calcium caseinate is also ohtainc~d with a 
mixture of calciu~n-sensitive (a,)-casein and 
kappa-casein. Since in this case the concentra- 
tion of sodium chloride giving masimnm de- 
stabilization shifted with the concentration of 
calcium chloride, other colnponents of whole 
casein, particular17 8-easein, probably have a 
role in the stal~ility of the total system also. 
The fact that the results are influenced by the 

order in which the sodiun~ chloride and the 
calcium chloride are added suggest that there 
are tinie (aging) effects or that the ionic eom- 
ponents are not in equilihriunl. 

The influence of sodium chloride on the sta- 
bility of the a,-casein-kappa-cawin mixture a t  
7 C when c:llcium chloride is added reflects its 
influcwce on the dissociation of the as-casein- 
kappa-casein complex. TThen the complex is 
disqociated the calcium ion precipitates the as- 
casein, :In interaction that iq not reversed a t  
higher temperatures. The results in Figure 3 
show that a decrease in te~nperature from 30 
to 7 C facilitates the dissociation and this is 
enhanced by the presence of sodiu~n chloride. 
Methods for the separation of the as-casein 
from the kappa-casein utilize this effect of low 
temperature ; the solution of whole casein is 
chilled (1, 2) hefore the calcium chloride is  
added; subsequently, the te~npernture is raised 
to obtain complete precipitation of the as- 
casclin. 
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STUDIES ON CASEIN. IV. THE' SIALTC ACID CONTENT 
O F  CASE'IN 

M. N. CAYES, G. 0. RENNEBERRY, AND B. E. BAKER 
Macdonald College of McGill Universit.y, Macdonald College, Quebec, Canada 

SUMMARY 

A study has been made of the effects of conditions of hydrolysis and color 
reagent (resoreinol, orcinol) on the apparent concentrations of sialic acid in 
whole casein. Consistently higher values were obtained with hydrolysates pre- 
pared by hydrolysis of the protein with a Dowex 50 X 12-hydrochloric acid 
mixture fo r  0.5 hr  a t  95 C, and with use of the resorcinol reagent. 

The sialic acid content of whole casein, alcohol washed casein, a-casein, 
&casein, y-casein, and tx-o fractions prepared from a-casein (Fraction A and 
a-casein-Fraction A)  were 3.84, 3.53, 4.10, 1.36, 0.82, 22.2, and 0.64 mg/g, 
respectively. 

The preparation of a calcium-sensitive casein 
and a casein fraction designated Fraction A 
have been described in a previous report (11). 
The behaviours of the materials resembled those 
of the second-cycle casein and the Fraction S 
described by Waugh and Von Hippel (18). 
The total sugar content (anthrone) of Fraction 
A was about six times that of the calcium-sen- 
sitive fraction. and the galactose, mannose, and 
glucose contents of Fraction A did not account 
for its total (anthrone) sugar content. 

The present paper deals with the determina- 
tion of sialic acid in the above-mentioned frae- 
tions, as well as in other fractions of the casein 
complex. 

MATERIALS 

Whole casein was prepared from a eoluposite 
sample of milk (Macdonald College herd) by 
the method of Warner (17). 

Alcohol-extracted casein was prepared by 
extraction of whole casein with 95% ethanol in 
a Soxhlet extractor for 96 hr  (12). 

a-Casein was prepared from whole casein by 
the method of Warner (17),  and 8-casein and 
y-eaqein were prepared by the methods of H ipp  
et al. (7, 8). 

The a-casein, Fraction -1 and a-casein-Frac- 
tion A gave only one electrophoretic component 
in Imrbital-acetate buffer a t  p H  7.4 (Antweiler- 
Pllirroeleetrophorcsi5 apparatus erluipped with 
:L Philpot-Svennion optical systern fo r  the 
schlieren analysis). IIowever, thc 8-casein prep- 
aration contained 19.2% of a protein with the 
same mobility as 2-casein, and the  easein in 
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preparation contained 27.3% of a protein with 
the same mobility as 8-casein. 

The sialic acid had been prepared from bio- 
logia l  material and was obtained from Dr. 
L. Svennerholtn, University of Gothenburg, 
Sweden. 

The Dowex resins (2  X 8 ;  50 X 2;  50 X 8; 
50 x 12) were purchased from Dow Chemical 
Company, Midland, Michigan. 

EXPERIMESTAL PROCEDURE 

Sialic acid was determined by the method 
proposed by Svennerholm (15). I n  the pre- 
liminary experiments an  attempt was made to 
find conditions for  hydrolysis of the protein 
which would liberate the sialic acid from the 
protein, and a t  the same time would not lead 
to destruction of sialic acid. 

Whole casein (0.020 g )  and 5 ml of the hy- 
drolytic agent [ (a)  0.05 s sulfuric acid; (b) 
suspensions containing one par t  of the follow- 
ing resins (acid form) in four parts 0.05 N 

hydrochloric acid: Dowex 50 x 2, Dowex 50 X 
8, Dowex 50 X 12;  (c) suspension containing 
one par t  Dowex 50 X 8 in four parts water] 
were placed in  a soft glass test tube (15 X 150 
mm). Each tuhe was sealed and then heated 
a t  95 C in a rotary oven for a prescribed in- 
terval of time. A t  the end of the heating pe- 
riod the tube was cooled and opened and the 
solution was transferred to the chromatography 
tuhe containing Dowes 50 x 8 resin (15). This 
tuhe was placed imnlediately over a Dowex 
2 x 8 colunln so that the effluent from the first 
ehron~atography tube dropped directly into the 
second (15). The effluent was collected in  a 
volumetric flask and the volume was adjusted 

Macdonald College Series No. Mi.  a t  10 ml with distilled water. TWO-milliliter 
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portions of the diluted effluent were pipetted 
into each of four test tubes. Two ~nilliliters of 
orcinol reagent, blank orcinol reagent, resorci- 
no1 reagent, and blank reqorcinol reagent were 
added to the first, second, third, and fourth 
tubes. respectively. Following Svennerhol~n's 
procedure, the absorbances of the isoaniyl alco- 
hol phase were read on a Beckman DU sprctro- 
photometer a t  575 mp f o r  the sa~nplrs  con- 
taining orcinol, and a t  580 mp f o r  the snrnples 
containing resorcinol, 'against purn isoaiiiyl 
alcohol taken a t  100% tmnstnission. The rrad- 
ings were co~rlpleted within 1 h r  after the heat- 
ing period. The quantity of sidic acid in the 
sample was asrertainrd hy reference to a stand- 
ard curve prrpared with N-acctylneuraminic 
acid supplied by Dr. Svennerholm. Aqueous 
solutions containing 0, 50, 100, 150, 200, and 
250 pg of S-aretglneuraminic acid mere treated 
with thc orcinol and resorcinol reagents under 
thc same conditions as were the casein samples. 
The absorhances a t  575 mp (orcinol) and 580 
nlp (resorcinol) were used to construct stand- 
ard curves. Following the recom~nendatlons of 
Blix (3) ,  Gottschalk (4) ,  and Klenk ( l o ) ,  no 
corrections were made for  the absorbaners a t  
450 inp and 580 mp when the orcinol and re- 
sorcinol rcagrnts, respectively, v-ere employed. 
Table 1 shows the effect of conditions of liy- 
drolysis and color reagent (orcinol, resorcinol) 
on the apparent concentration of siallr arld in 
whole casein. The values reported are averages 
of tn-o independent determinations. I t  will he 
noted that the highest value fo r  the sialic acid 
content of ahole casein was 3.90 n~fi/g and that 
this value was ohtained after hyilrolysis of the 
casein salnple for  one-half hour, with a mix- 

ture of Dowex 50 X 12  and hydrochloric acid, 
and with use of the resorcinol reagent. Sven- 
nerholtn (14) found that the resorcinol method 
was about 50% more sensitive than the orcinol 
method and that the interference due to carbo- 
hydrates. other than sialic acid, was consid- 
rrahly lower. 

In ,mother series of experiments sialic acid 
v-ns determined (resorcinol reagent) in various 
fractions of the casein complex and in whole 
cawin after different periods of hydrolysis 
(95 C)  ni th  a mixture of Dowex 50 x 12 and 
0.05 w hydrochloric acid. Table 2 shows the 
results of the analysis of the separate hydroly- 
sates of each casein preparation. 

DISCUSSION 

I n  the preliminary experiments, an attempt 
was made to find conditions of hydrolysis which 
would liberate sialic acid and a t  the same time 
not lend to its destruction. The highest ap- 
parent concentration of sialic acid (resorcinol 
reagent) in whole casein was found in hy- 
drolysates prepared by hydrolysis of the casein 
fo r  one-half hour a t  95 C, with a mixture of 
Do~vex 50 X 12  and 0.05 x hydrochloric acid. 
The liighrst valne obtained with the Dowex 50 
x 8-liydrochloric acid mixture was slightly 
lo\l-rr, and that obtained with do we^ 50 X 2- 
11ydt.ochloric acid was less than half the maximal 
\aluc~ ohtained with the Dowex 50 X 12-hy- 
drochlorie acid mixture. Anastassiadis (2) has 
fomnd that the apparent concentration of hexo- 
sainine was higher in heparin hydrolysates pre- 
pared with either Dowex 50 X 8 or Dowex 50 
x 12  than a i t h  Doxrex 50 X 2. 

It m-ill be noted that all the protein prepam- 

TABLE 1 

Effects of conrl~tiolls of hydrolysis and color reagent (resorcinol, orcinol) on tllc apparent 
-- - -- 

concentration of sialic acid in wholc cascin 

Apparent concentration (mg/g) of sialie acid in whole casein 
ITprlro- 

lytic, Time of hydrolysis (hours) 
ngrl~t 0.2. 0.5 1 2 3 6 9 12 24 

0.05 N II.SO& 1.96" 2.08 2.40 2.70 2.19 1.72 1.47 1.10 
(1.00) (1.78) (2.73) (1.98) (1.20) (0.99) (0.85) (0.74) 

J)o~vcs .i0 X 8 2.71 3.30 3.22 2.41 1.72 1.10 0.88 0.78 0.55 
in 0.05 N HCI . (2.18) (2.43) (2.83) (2.40) (1.62) (1.33) (1.19) (1.02) 

Dowex 50 X 8 . . . .  2.40 2.68 1.G1 1.39 1.27 1.17 1.08 0.92 
in water ..... (1.98) (2.23) (2.39) (1.41) (1.17) (0.90) (0.74) (0.55) 

aRes~reinol values without parentheses, orcinol values in parentheses. 
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TABLE 2 

Effects of period of hydrolysis on the apparent concentration of sialic acid in fractions of 
the casein complex 

Apparent concentration of sialic acid (mg/g) 

Period of Hydroly- Hydroly- Hydroly- 
hydrolysis sate sate sate 

Protein (hours) No. 1 No. 2 No. 3 

Whole casein 0.5 3.85 3.90 3.79 

Whole casein (alcohol extracted) 0.5 3.65 3.40 3.44 

0.5 4.08 4.00 4.22 
a-C,asein 1.0 1.64 1.46 1.66 

3.0 0.73 0.82 0.82 

0.5 1.45 1.29 1.35 
8-Casein 1.0 1.27 1.11 1.22 

3.0 1.30 1.16 1.10 

0.5 0.90 0.76 0.80 
y-Casein 1 .O 0.75 0.70 0.60 

3 .O 0.70 0.66 0.70 

0.5 22.15 21.85 22.55 
Fraction A 1.0 11.24 11.77 12.66 

3.0 5.51 6.85 8.27 

0.5 0.65 0.66 0.61 
or-Casein-Fraction A 1.0 0.50 0.60 0.66 

3.0 0.56 0.60 0.60 

Average 

3.84 

3.50 

4.10 
1.59 
0.79 

1.36 
1.20 
1.19 

0.82 
0.75 
0.69 

22.2 
11.9 

6.8 

0.64 
0.59 
0.59 

tions contained some sialic acid. Assu~ning that 
the contaminant (19.2%) of the 8-casein prep- 
aration is a-casein (4.1 mg/g sialic acid), then 
pure 8-casein should contain approximately 
0.71 111g/g sialic acid. Similarly, if i t  is as- 
sumed thnt the contaminant (27.3%) of the 
ycasein preparation is 8-casein (0.71 mg/g 
sialir, a.cid), then pure y-casein should contain 
apprnxilnatrly 0.86 mg/g sialic acid. 

Sullivan r t  al. (13), who studied the distribu- 
tions of kappa-cascin in skimmilk, assumed 
that kappa-c.:iscin was the only casein com- 
ponent containing sialic acid. They calculated 
the conrrntration of sinlic acid in kappa-casein 
on the basis of previous reports that whole 
casein contains 3.9% si:llic acid (9) and that 
kappa-rasein makes up 15% of the easein com- 
plex (16). Their enlculated value was 28.7 mg 
of sialic acid per gram of ka.ppa-casein, which 
is 6.5 ~ n g  per gram higher tha.n the analytical 
figure presented in the present paper. 

Alais and Jollks (1) reported values of 3.6, 
3.8, ancl 24 mg/g fo r  the sialic acid content 
(thinbarhituric acid method) of whole casein, 
alpha-casein, and kappa-casein, respectively. 
These values are  in fair  agreement with those 
rrported in this paper. 

The authors are  not aware of previous rc- 
ports on the linkage of sialic acid to casein. 
Gottsr.halk and associates (5, 6)  have found 
that the disaccharide a-D-N-acetylneuraminic 

( 2  + 6)  X-acetylgalactosa~~~ine is  the prosthetic 
group of ovine submaxillary gland mucoprotein 
and that  it is attached to the polypeptide chain 
by an ester-type linkage. As f a r  as  the authors 
arc axare,  n-galactose o r  D-galactosamine has 
been found in all the mucosubstances of animal 
origin that contain the neura~ninic acids. Pre- 
vious work (11) has shown that Fraction A con- 
tains total sugar (anthronr) 3.94 mg/g, galac- 
tose 2.75 mg/g, Inannose 0.51 mg/g, hexosamine 
4.58 mg/g, and no glucose. Calculations based 
on these values show thnt if rach molecule of 
galactose, mannosc, and hexosamine in Fraction 
A had attached to it one molecule of sialic acid, 
the fraction would contain 13.5 rng sialic acid 
per gram of protein. If  it is assumed that the 
sialic acid is not present in a polymeric form, 
i t  would appear that 8.65 mg/g of qialic acid 
per gram of Fraction A are hound directly to 
the peptide chain or through some sugar or 
other substance not yet identified. 
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OCCUR,RENCE O F  CATICTTJM I ' I IOSPl lATES IS TTIE P R E S E N C E  O F  
ORGANIC SIJBSTANCES, ESI'ECIALLY P R O T E I N S  

SIMON A. VISSER 
Departme~lt of Zoology, hInkc~rc~rc Ulli\(~rhity Collrgr, I<ampal;t, Uganila 

STJIIIXIARY 
Different types of phosphates \vrre for111c3tl I)y t i t r i ~ t i ~ ~ ~  1)hosl)hori~ acid \\.it11 

:~lkali in the presence of caleil~lll i~nd  th(2 11r1)t~ins ~ . ; ~ s ( ~ i l l ,  gelatin, and ovo- 
:1ll1unrin; th(? l>olysaccharidrs ag:il., sti~rcli. : I I I ~  (l(~xtl.in, silllplr I I IOIO(~II I (~S sue11 as 
o r p n i c  aritls, nlnines, and alcohols, :lnd polyll~c~rs sncll :IS Iiriliu111 ant1 carhoxy- 
~lrcthylct~llnlosc. Casein derivatirrs drl~letril ol' tllrir e:lrl)osyl and ;u~lino groups 
were also nscbtl in thesc. titmtions. Bet~\-ern pT1 5 ilnd 12, (.illciu111 c:~seinatr and 
tricnleiull~ phosphate can occur together in :I soluhlr c.llcbll~ical ro~nl)lc~s, ant1 the 
forll~i~tioli or this co111~1cs is possihlr brtxv\-c,cln colloitls with frce cnl.l)osyl groups 
;1nd tri(~:llciul~l p h o s p l ~ n t ~ .  The colloidal I I I : I ~ I ~ S  :tnd th(1 cnrI)o~yl g1'0111)s I I I I I S ~  

he prrsrnt  a i l ~ ~ u l t a n t ~ ~ ) ~ ~ s l y  : ~ n d  col11l)ined in one subst:lncc. The go11(~r:11 f'orn~ulit 
f o r  this co~l~pl(,x is as f'olln\vs: 

0 0 

Tricaleium phosphate! will oc*c*ul co11:l)ined lvitll lnilk an(1 hloocl pl~otc~ins. Thct 
complex in I~lood ~nnkns l>ossil)l(b tllv tr i~nsl)o~.t  i ~ n d  t11~ ilrposit of calcilnli phos- 
phate in t,hc skeleton ant1 in d(~lltill18, nlltl i l l  soils this is possible hy a calciunl 
phosphate-hiurric neirl cc~lnplrs. 

Although i t  is known that in sevrral biologic::~l 
systems (e.g., inilk and blood) the solubility 
of c-;ilriunl phosphates is iafluc!i~rrcl 11y the 
1)rescnc:o of organic coll~pounds, little \vork has 
so f a r  t~ecri done to elucidate the ~i~echauislll. 
On es:llllining the systt~ln casein-calciall~ plios- 
phatc, as  this occurs in milk, i t  is found that 
the cdascxin here is 1)resent in a colloidal dis- 
j)(?rs(vl st ;~tc : ~ u d  tho c:~lciium phosphate is found 
to be present in the 111icellne. Van Slyke and 
I',osu~orth ( l o ) ,  thtr iirst notc~~vorthg workers 
O I I  this systenl, snggc,strd that the casein sould  
serve :ls n Scllutzc~oll~~id i'or a dic:llciunl phos- 
phate suspension. At :I. later tl;lte, howcvrr, 
Eilers (1) pointrd ont t . l~ ;~t  the, r:~lcul:~tions of 
\':in Plykc, and Ros\\,orth mere Imsed on in- 
rorrect 11yl)otIiesrs and that t,llr presence of' 
nlaiilly tr icalci~~ni p11osl)hate s11011l(l be ~ S S U I I I C ~ .  

Pyne ( 8 )  also ealrlr to tl~c? conclusion that tri- 
calciun) phosphatr in thc te1,tim.y form w;ls 
linked with calcinnl c.:~srin:ltc,, l~l:~inly in t,hr 
folm of n double salt.. 

Dr  TZadt anrl Van Illinnen ( 6 ) ,  1111\vrvcr, wcrr 
of the opinion that the tricalci~un l>I~osl>h:~t(~ 
\\-as co~~p lod  onto mlciulu salts of the rsterificd 
j~hosph:~tr present in tho easci~i. 

METHO1)S 

.A (':1111hri(lg1~ 111ett>r \v;ts used fo r  the poten- 
t.ioll~(~t ri(: 171 l I I I ~ ~ S U ~ ~ I I I C I I ~ S .  Burettes, either 
a.it11 :I (a:~~:~city of 50 1111 (:~(:(*~lrate to 0.05 ml) 
(11. ol' 10 1111 ( : l~~:u~ 'a te  to 0.01 1r11) \\.ere used 
1'01. th(: titrtltions. Th(: s o l ~ l t i ~ ~ ~ ~ s  \vcrc stirred 
continuously 1)y Inc3ans 01' : I II  rlratric stirrer. 
,. I he initial v~ ) ln l~~c .  of the: solutions \v:~s always 
400 1111. 

RESIII.'l'S 

(:I ) . P o t e ~ z / i o ~ ~ r v / ~ ' i * .  / i / r r c / i o i~  of c n r c i i ~ .  Fig- 
urcs 1 shows the ~)otrntiolllt~tlic titl.:ltion curve 
of 5 g of casrin, prt,l);~'(*(l i'1'0111 skin~lllrd cow's 
milk, :lccording to thc, ~nc~tllorl of' Tt;~n~lilwrsten 
(4 ) .  To ohtain strong callongh alksli suitable 
for the titration. 1. N C:1(01l), was nsrcl in :I 

:l:l:h caane sug;jr solut,ion (5 ) ,  the cd;l.nr sugar 
Il:~ving no influruce on tllr ronrsr of the titra- 
tion. To thr, c:~sc,in. :300 I I I ~  01' sodinnl chloride 
\v:~s added to c~ancel nut the influence of tho 
I)onn:rn equilil,ri~~ni oil t,llr course of t,l~e titra- 
tion. For  a tlrtailrd discnssion of the shape of 
thr c.:~sc>in curvo, \vc refer to the work of Eilers 
(1, 2 ) .  Snffic~e it hrrr  to relnark that the titra- 
tion curve. I)rt\vrrn pI1 2.5 and 10.5, represents 
tllc~ actn:ll ;I lk;~li consulnption of protein by 



FIG. 1. Pote~ltionietric titration of 5 g casein 
wit11 I s ('a(0H):. 

FIG. 2 .  Pote~~tionl'trie titrations of 400 lug 
]>l~ospl~oric ;leid ~vitll: :I. 1 s KOH ; I). 1 s 
C:t(OII)? (r:~pid titration) ; c. 1 s Cn (OH)? (slow 
titration). 

(b)  . Pote~l t io )~~et r ic .  titrcctiolr of phosphovic 
trcirl. Figure 2, Curve a,  illustrates the change 
of pH in a solution ~r l ie re  400 111;: of phosphoric 
acid are titrated \\-it11 1 s IiOH. Subseclue~~tly, 
tlir f o r ~ n a t i o t ~  of ~ l ~ o n o -  and d i p o t a s s i u ~ ~ ~  phos- 
lthi~tes is ol).ierred, while the ter t i ;~ry s;~l t  call 
ol~vionsly osist o ~ l l y  ill surll il stroug :~ lka l i r~r  
c .~~virot~tl~c~nt that  i ts  forll~ation hc~lo~v p H  I 1  
tloc~s 11ot oc+c11r. 

I.'igut.c~ 2. !'nt.vr I), \\-;IS oht;~it~t.d lty t i t t . ;~t i t~g 
pl~osl)l~oric. ;~caitl \vitll 1 s C i 1 ( 0 t I ) ~ .  I t  is c v i -  
d v ~ ~ t  t1111t I)r)tll of tllc~sc, c.urvtbs ;lrca ;11111ost i(1(.11- 
ticwl nl) to thc ~ l ~ o ~ ~ c ~ l ) l ~ o s l ) l ~ ; ~ t r  st;rpc,. Af'tclr iltl- 
di t iot~ of 111or(~ ;~Ik;lli, l lo\rrr(~r,  t 1 1 ~  for111:1tio11 
of' thv tchrti:~ry salt is :\ppar(.~it in Curve. 1). 
As F i g u ~ . c ~  2, Cur\-(. c, was oht;~it~cbcl .ivt1(~11 r(,- 
l ) ( ~ ; ~ t i n p  this tit~.;~ticln, i t  was clc~c.icIt~c1 to ;1tl(1 

its little ;Is 0.1 1111 o f  C A I ~ ~ U I I I  hydrosidr ;it the 
titl~(>, and to rcbcortl the. p H  only :rftc.r i t  had 
I)cvn c.onst;lt~t for  5 111in. I t  then ;ippt.;~rrd that  
\\7h(,11 tllc. 1tl~T rc.~c.llrcl t l ~ e  initial v:lluc. of 6.0, 
i t  cl~tic.kly rc~c.c~I(.cI to 5.4, \rith the. s i~~~ult ;r t~t .ous 
forn~;l t iot~ of :I prec~ipit;ttt>. Possibly, :t src- 
ond;~ry c.;llciut~~ l) l~ospl~:~tc~ \\.;IS prrst.t~t ; ~ f t c r  
thr  ;ltlditiou of ; ~ p p r o s i t ~ ~ a t ~ + -  5 1111 of 1 s 
:~lk;~li ,  attd oc.currc.d in ;I sul)c~rs;~tnr;~tt.(t st;lte. 
I)ut ; ~ t  p H  f i  it  cd11;111grd sudtl(*nly illto the t t ~ -  
t i a w  sal t :  

2 C a H P 0 ,  + Ca" + Ca,(PO,) ,  
J (supersaturated + 2H' ( h )  

After  further  addition of alkali, only a re ry  
slow change in pH occurred, xvhich probably 
nlust be at tr i l~uted to the cotlversion of (pre-  
ripitated) dicalciun~ phosphate into the tertiary 
salt, and it follows fro111 the total consu~nption 
of alkali u p  to p H  S thilt ;I 111isture of sec- 
or~dary  ;rr~tl tertiary salts tras rvmtu;rlly ob- 
t;~inc.tl. 

E':cluatio~ls ( ; I )  i111t1 (I)) inclicato that  ralciull~ 
ions illso it~flnetlce thc course of the, p H  rhatigc~s. 
Th~arc~forc., phospho~ic  ilcid was 11c3st titr;rted 
with 1<OII, ill the, pr(asr~icc. of :I know11 and  
c.onst;~r~t : ~ t ~ ~ o u n t  of c.;llc.iull~ chloriclc.. Iqigurc. 3 
shows thc. potc.utiotl~etri(> titration caurre, 01)- 
t;~ir~cad f1.o111 two suvh titrations: Curve ;I il- 
lustr;ttos ;I t i t r ; l t io~~ for  ~vIlic.11 t\vicc> ;IS t11uc41 
c.;11cdiu111 was prc~srut ;IS ~vould 11:rvc. 1 1 t . c ~  ~lc.c.c.s- 
sttry for  tllc. fornli~tion of tile tri(,;1l~iu111 phos- 
phntct. The drop of the p H  after  the fort~lirtiou 

1"rc;. 3. Potc~t~tiolncbtriv titrations of -4011 Ing 
~ ) l ~ o s ~ ~ l ~ o r i c  :tci~l wit11 1 s ROTT ill tllr 1)rrsrnc.r of:  
:I. li.70 I I I ~  Ca('12; 1). 1.3 g C:ICI?; (*. I ~ ~ t ( > r ~ ~ i i t t ( , n t  
~.(l-tit~.:~tiol~ of (,11i1 ])rod~~(.t of titr:ltion :I. 
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here thau in the e:1sti of Curvc, h, obtained with 19. I 
a n  ecluivalent i~nlount  of calciu~n. 18. $ 

17- z 
I n  hoth casrs d i c : ~ l c i u ~ ~ ~  phosphate is f o r n ~ e d  

nch;~rlg esclusivc.lg. Thus, the c : ~ l c i n ~ ~ ~  colietbn- :".i 14- 
trntion S ~ ~ ~ I I I S  to clt.l)ress the solubility of the 
t l i c : ~ l c i u ~ ~ ~  phosphatts to such a n  estc.nt that  tha 12- 

t r a n s f o r ~ ~ l a t i o ~ ~  into t r i c i ~ l c i ~ u ~ ~  phosph:~to is  
not ohschrved. Ry const:~ntly s11:lking thrsc sus- 9- 

pvnsions of tlic:~lciun~ phosphate in i~ nitrogen :: 
a t ~ ~ ~ o s p h ( ~ ( > ,  and hy titr:lting the111 a t  rrgulnr  6- 

intcw-als (F igure  3. Curvc, c ) ,  i t  w;ls shown 5. 

that  the dic;llriu~n phosphate doc.s change even- 43. 
tually into triealciu~ll phosphate. This is, how- 2- 

ever, a n  extreniely SIOIT reaction (three 111o1iths L, - P H  

in  our  case). 5 6 7 8 9 10 

( c ) .  Poteiztio~netric. titrrttioin of ctcsein-phos- Flu. 5 .  Potelltiometric titrations of phosphoric 
phovic rtcid ~wi.rt~tves. Titrations were next car- acid-casein-calcium cl~loride mixture (curves only 
ried out ,rith 1 potassiulll hydroside on a (lra.1~1~ for PH region above 5 )  : a. 1,000 mg 

HsPOI, 5 g casein, 3 g CaCI?; b. 1,000 mg HsPOa, 
lnixture of 5 g casein, 400 lllg phosphoric acid, 3 C ~ C I , ;  ,-. 5 (1. caleulate(l from a-e. 
and 1.3 g calciunl chloride (F igure  4, CUIVP a ) .  

Eilers (1) calculated that  the ~ n a s i ~ n u m  quan- 
of tricalciunl phosphate f o r ~ n e d  dclpends on 

14- 1 
13- $ the numbrr of acid groups which r a n  be nen- 
12. tri~lieed on the casein. 

;A: 1 ( ( 1 ) .  Po/e~ztiortretri titrcctioizs of pho.cphoric 
ctcitl iih I I ~ P  I ) ~ P S C O T ( ~ C  of ~.(o.iotts ory(ruic sub- 

8. stcrncrs. When, in the titr;ttions of Section c, 
7. 
6. 

in is suhstituted hy :~nothc.r protein like 
5. tin, :lnd if 8 g is titrated in the presence of 
4. 400 111g of phosphori(+ acid and  1.3 g of calcium 
3- 
2. cthloride, then tricalciu~n phosphate is  f o r n ~ e d  
I -  -PH (Curve (I), whereas the solution ren~ains  clear 
0 

5 6 7 8 9 10 during the whole of the titration (F igure  6, 

J , ' ~ ~ .  4, potrl l~iol l ,e~ric titrations of phosplloric Curvc's a ,  h, c, (1).  Ovo-alhulllill ( 5  g of O"o- 

:~citl-caseill-calrium rl~lorido mixture (curves only 
drawll for p H  region above 5 )  : a. 400 mg EIBPO,, 
5 g cascirl, 1.3 g CnCIZ; b. 400 nig H3P04, 1.3 g 
CaCl?; c. 5 g casein; (1. caleulatcd from a-c. 

A'! 

T h e r e a s  i t  was found previously tha t  when 
phosphoric acid was present on  i t s  own, i t  
fornled dicalciunl phosphate (Curve b)  , the 
fornlation of triealcium phosphate took place 
when casein was present a s  ~ r e l l  (F igure  4, 
Curve d=a-c) .  The precipitate which was 
always noticed above p H  6 in  the phosphoric 
acid solutiolis of Srction h did not  appear  when 
casein was also present. Fro111 Figur r  5, Curve 
a, i t  fillows tha t  ~vll(w 5 g of c:lsein i s  titrated 
in  tlie prc,sencc, of a s  111uct1 i ~ s  1 g of phosphoric 
acid and 3 g of c a l c i u ~ ~ ~  chloritle, s p i r t  f rom 
t r i r a l c i u ~ ~ ~  phosphatr, t h r  secondi11-y salt is  also 
f o r ~ ~ ~ e d  (Currc. tl=:~-c). I n  this ens(. the for- 
111:ttion of a prec*ipitate is notic3c.d a t  ])TI vi~ lurs  
ovcr 9. Thus, the a ~ ~ l o u n t  of tric;~leiunr phos- 
p h a t r  w1iic.h can for~ l i rd  dcpendw on the 
quantity of rasein presrllt in the system. 

].'I(:. 6. Potrntiometric titmtions of pllosphoric 
aritl-protein-c:11cium cl~loride mixtures (rurves only 
drawn for pH region aljovc 5 )  : a. 400 mg HaPo,, 
8 g gelatin, 1.3 g CnCb; b. 400 n1g HnPO*, 1.3 g 
(::ICI?; c. 8 g gelatin; d. caleulntcd from a-c; 
a'. 400 mg HIPOI, 5 g ovo-albumill, 1.3 g CaC12; 
c'. 5 g ol-o-albumin; (1'. ealrulated from a'-c'. 



alhu~nin titrated in the presencr of 400 tng of 
phosphoric acid and 1.3 g of C:tCI,) shows a 
si~nilar phenon~enon (Curves a', b', c,', d'). T h r n  
trying to find an espli~nation of this phenon- 
cBnon, three different possihilitic.~ should he co11- 
sidtxrcbd : 

a ) .  TriPalciun~ phosphate is f'ortned as  :i re- 
sult of thv colloidal proper tic.^ of the orgttnic 
n ~ i ~ t t r r  prt'st'nt; thc ~ ~ h e ~ ~ o ~ i ~ e t i o ~ i  is a physicit1 
one. 

h) .  Tric~alciuni phosphate is for~ried as  n 
result of certain rhen~ically active groups pres- 
~ n t  in tht, organic ~nolecule; the pheno~nenon is, 
then, a che~nical one. 

c ) .  co~nbination of the two possibilities 
n~entioned above. In  order to investigate a ) ,  
the phosphoric acid titration was carried out 
in the presence of various colloidal polysac- 
:harides like destrin, agar, and starch. A nlono- 
sarchnride-like dextrose appeared to have no 
influence on the coursc3 of the reaction, so that 
in tlie rtise of saccharides the possihility I I I ~ I I -  
tinned untler b )  ciln he ruled out. 

I t  now appt.ared that whrn concentrated 
viseous gclls of these were usrd (about 4-5 g 
S U ~ S ~ A I I ~ C  in 200 1111 wat(>r), insoluhlr triral- 
c i u ~ l ~  phosphate was for~nctl, whereas in the 
tt~~ii'old-dilutc.dilut liquids the insoluble s(~(.ondi~ry 
salt \\'as forn~ed. The for~nation of fhc. tri- 
c;tlciun~ phosphate in tlie viscous gels should 
prohnhly he attrihntrcl to tc.n~porarily higli 
roncentr:~tions in rt~i~ctants,  dur  ('ither to ad- 
sorption hy the colloid or to a decrease in dif- 
fusion riitos caused by the high viscosity of the 
~nediuni. Both n~erhanisn~s,  howrvrr, are in any 
cause dissin~ilar to the one mentioned under the 
proteins as, in the case of the polysaccharides, 
the forn~ation of an  insoluble calciunl phos- 
phate was invariably observed during these 
titrations. 

To test the possibility nlentio~~ed under b) ,  
the end groups present in the casein niolecule, 
n~ainly carhosyl, anline, and hydroxyl groups, 
were esan~ined. Consequently, phosphoric acid 
ill the presence of an excess of ealciunl rlilo- 
ride was titrated in solutions of various car- 
honie acids (propionic, valerir, osalic, and 
~nalonic acid), atninc.~, (e t l~ylen~dia~ninc ,  di- 
rthylan~inc,), phenol, ethanol, the ~nonosaccha- 
ride gluc@osc3, and of lo\\' 111o~rcu1ar S U ~ S ~ H I I ( : C S  

with sc~vrriii end groups cott~hinrd into one 
t~~olrculc* (tartaric iicaid, glycinc*, o-aniinophc~tiol, 
tyrosin(.). Sone of these snhst;tnces, howcvcr, 
c:tusc~d the forn~ntioti of triralcimn phosph:ite, 
so that this phenon~enon is prohably :illietl to 
the co1111)inrd occurrence of hoth a colloid and 
of one or rnore chc.~nically activc. groups [pos- 

\ihility e ) ] .  To investigate this, it wa5 decided 
to c~li~ninate or to nraslc on(. a t  a tiuic the n i o ~ t  
in~porttint end groups in thr  casein ~nolecule, 
then to reprat the pho\phoric acid titrations 
with the protlurt ohtainc>d. 

(1 ) .  li:l~,n~~?~tttiora oj  tlw cwrl qro11p5 091, tW(> 
ctruain rnolt~ctrlt>. 1. The, crrrt)or!ll twtl groups. 
(:L) Fo r  the dotrrn~ination of these end groups, 
F r o ~ ~ ~ a g e o t  clt al. ( 3 )  u4c.d a ~nethotl whereb;c 
the fret. carhosyl groups were reducrtl with 
Li-121-hydride. i\lthough the use of this re- 
ag(~nt in the case of proteins will undoubtedly 
lead to other rc.ductions than only -COOH+ 
-CHIOH, it was proved esperinientally that 
thcse reactions occur only to a negligible ex- 
tent. 

Mc~thod: For  a period of three days, 45 g 
of casein \\'ere subjected, under constant stir- 
ring and under rigorously d1-y conditions, to 
a suspension of 15  g of Li-111-hydride in two 
liters of water-free diosan a t  40 C. The prod- 
uct ohtained was dialyzed to an ash content 
of 2%. The titration curve of the end product 
is shown to agree reasor~ably well with the 
cunrc. caleulatrd froni the rchactive groups pres- 
ent in the casc.in ~ ~ ~ o l r c u l e .  [Reference ( I ) ,  
pi~g:." 1011 a , ;  1-!'. Figure 7, Curves 1 and B.] 

( h )  A second ~uethod used, prohahly not as  
tlrastica :IS the onc2 with Li-Al-IT,, but likely to 
rrsult in a 1c.s~ co~npletr rc.actio11, consisted of 
the c.sterification of the free carhosyl groups 
with ~nethanol. 

IITethocl: To 20 g of cilsein suspendc>d in one 
liter of anhydrous nirthnnol, 10 nll conr. HC1 
was :~.dded and ~nechanically shaken for  ten 
days a t  rooni te~nperature. The titration curve 
of the end product appears to he analogous to 
the theoretical one. (cf. Figure 7, Curves 2 
and B.) 

Frc:. 7. Potel~tionletric titrations of casein dc- 
I ~ V : I  tivrs : 

Experi- Cnlcu- 
mental lntcd 
titra- titra- 
tion tion 

-- - - - - - - - 
curve curve 

I,iAITI, rcducecl casein 1 B 
('111011 estrrifir~l rnsrin 2 B 
1l.N.P. easeill 3 A 



2. Tho rt111i1lo c71trl ,qroir)~s. T11t.sc. wrrr  ro- 
111ovrt1 with I-flaoro-2,4-dinit1.0 h(~nzc.nc3 (F.11.- 
S.B. ) ,  (7, 9 ) .  !Ilt,tlrotl: 1 g of F.1I.N.B. in 
5 1111 c~tlli~nol W:IS addc~tl to 20 g of c;~sc,in in 
50 1111 of ;I s;~tltr;ltc~l S>1ki('0:, so1utio11 ;111(1 the 
~ i~ i s tu r t .  sliiilic~~~ for  24 111.; i1ftc.1. eonco~~tratiorl 
ill v;rcnlu1l i~ntl  I . ( . I I I~V;I~ of cbsc.cbss rt~;~gc~nt,  thc: 
c.r~tl ~woduet was ohtainc~tl ;is :I thick oil :rt p H  
> -. 

Thc. titration curve, of' this procluct r t ~ s t ~ ~ ~ ~ h l e s  
closely the calculated cu~,vc~ (cf.  Figure 7, 
Curves 3 and , i) .  

f. Pot~wtio~nr t r ic  titrtrtions oj' l)hospkorir 
ctcir7 in t h ~  prrseucr o!' rtrriolcr colloirlrtl sit/)- 
sturccos with selectcd rurl groccpa. The poten- 
tiolnrtric titration cnrves of the nlisture con- 
taining reduced caasein and phosphoric acid 
and in the presence of excess eitl~iuni (ahloride 
v i th  1 s XOH is slion--11 in Figure 8 (Curves 

FI~:. 8. Potrntio~netrir t i t ~ . ; ~ t i n ~ ~  of pl1osl)lloric 
:~ciil with mixturc%s of I,iAIH, rrtl~lcetl r :~sri l~ or 
OII:,OH esterifietl e;lseill anrl c:llcium cl~loritlc 
(curvex on17 dmlvn for pH region al)ove 5 )  : a. 
400 mg I-I:rPOi, 5 g I,iAIH, reducctd casein, 1.3 g 
(7nCI2; h. 400 nlg HsPO+ 1.3 g CaCl,; e. 5 g 
L,iAIH* reduced casein; (1. e:~lculnted from a-c; 
a .  400 mg HsPOa, 5 g CHIOH rstcrified c;~scin, 
1.3 g CaCI?; c'. 5 g CH30H esterified casein; 
(1'. Calculate(1 from a'-(.'. 

a-d).  The lsresence of a di~hosphitte plateau 
is very cleiir. Curves a'-d' obtained under the 
salne circu~~~stanc's  for the estcarified cascin 
sitllilarly show the for111atio11 of seco~idary cal- 
c i u ~ ~ i  phosphate instead of the usual tertiary 
s:~lt. I11 hoth c:tscs, tll(.rc.forc, \vI~(~rc~ the. casein 
(1oc.s not lx)sfiass fro(. carhoxylic. groups, i t  
has no infl~~t.ncc> on tllc~ courscJ of tlic. I I O ~ I I I ; I ~  

phosptloric ;lcid titriltiot~. If  t ~ r s t ,  tt~c. I).S.P. 
(2;1s(hi11, : ~ g ; ~ i ~ i  wit11 l ) I~os~) l~or ic  :1ci(1 ;1t1(1 ;III cix- 
ccsss of c i ~ l c i u ~ ~ ~  clilo~.id(~, is tit~.;~t(,cl ~ v i t l ~  TCOF1, 
it is ohvious tIi:it t~ . ic . ;~ lc . iu~~~ pliospllittc~ is 
forl~icd (Figurcb 9, c'urvc.s a-(1) so that, under 
t t ~ r s r  cireun~stancc~s, tlic, I).S.P. cascirr reac~ts 
like n o r l ~ ~ a l  cast.in. Frc~cs ~ I I I I ~ I I ~  groups, therc- 

Fm. 9. Potentio~netric titration of phosphoric 
acid with D.N.P. casein and calciuln chloride 
(curves only dr:l~vn for pH region abore 5) :  
;I. 400 mg H?P04, 5 g D.S.P. casein, 1.3 g CaClz; 
11. 400 mg HIPO,, 1.3 g CaCI:; c. 3 g D.S.P. ea- 
scin; (1. calculated from a-c. 

fore, have no influe~lce on the for~i~at io t i  of tlic 
u l t i ~ ~ ~ a t e  c a l c i u ~ ~ ~  salt ;  it also follo~vs  fro^^^ these 
rc~sults that iieithw have hyd~.oxj-1 groups any 
cff(.ct. Rc.c;~usc. in tlics :thovc~ phosphoric~ acid 
titr;~tions strong indic;~tiol~s \vchrc5 ohtainc,d t11;~t 
c;~rhoxyl groups i~lfiucnet~ thc. typv of eillciul~~ 
l>hosphatt. f o r ~ ~ l r d ,  :~lthough low ~~~olc~cul ; i r  car- 
I~ouic itciils did not c.shihit this iufluc~ncr (1)agc: 
71:3), thr rciiction of s u h s t ; ~ ~ ~ c c ~ s  wit11 higli I I IU-  
Ircdular wcli~ht aud with only ci~rhoxvlic end 
groups was n r s t  iavestigatetl. .\s suitahlr sub- 
stances K1.iliult1, a hydrolyzetl polyncrylonitril: 

-(-CH2-CH-CII, - C H  - )  - 
I I 11 

COOH COOH 

(used as  a soil conditioller and produced by 
lllonsanto) , and carhosy~netl~ylcellulose lvere 
chosen : 

CH2- O - CHI-COOH 
I 

I n  t l ~ c  prcssca~~c.ch of both suI)stancc~s tricalciln~i 
~ ) l ~ o s p l ~ a t t ~  was Forl~~c'd 1%-hilc t l ~ e  solution re- 
I I I ; I . ~ I ~ ( ~ C ~  (~o1111>I(~t(~ly clear: Figur(~s 10 ;it~cl 11. 
r l l o  sutl~n~:lrinc. thrse results, T;lhlc> 1 is drawn 
up. 

Di.~r/c.ssioa. From the facts obtained, it is 
ohvious that the possibility n~entionrtl untler 



c)  is the o l ~ l y  correct one, i.e., that ill :I 

~ ) l ~ o s l ) l ~ : ~ t r  titration \\,it11 C n ( O I i ) ,  for  t h ~  for- 
111iltio11 of the soluhlt* t r i r a l c i u ~ ~ ~  p l~ospl~nt r  

Type of ~~l~ospl~ntca fornletl on titration wit11 ;~lk:ili 
i l l  the IlrescliccL of r :~ lc iu~l~  chloride :111il 

\.:lriorts org:i~ric@ sul~stnl~ccs 

Type 
lirnctirn of 
groups cnl- 
prc'sel~t ciun~ 

i l l  or- 11110s- 
g:inic pllnte 

(!o~~ilitio~is 
- - - - - . -. 

111olee11lr forn~cd 

Il:cpi(l titratit111 . . . . . . . . t r i  
Slow titr:ltioll ...... tl i 
Presei~cr of 11:1tivc czlscin R:~sir, ac*iilita t r i  
Presn~cc? of rr(111red c:~sein Rnsic. tli 
Prcsc~~cc of csterifietl rnseii~ Bnsir ili 
I'rcsencc~ of J).S.P. Aeiilie t r i  
P r r s c ~ ~ c c ~  of ge1:ltin Rnsir, neitlie t r i  
Presei~cc, of nlbu~niii Basir, ncitlic t r i  
P r r s c ~ ~ r c  of krilii~ni Acitlie t r i  
Prc~sc~ncc~ of cnrl)oxynlrtI~yl 

ccllolosr Acidic tri 
Prc~sc~~~cc* of (1rxtri11 .. .. (li 
Prc~so~icc of l o ~ r  ~~~olecul:ir 

c:~rl~ox~-lie nciils, n n ~ i ~ ~ c s ,  I I'nrious di  
:tleohols, :111d ~)Ile11oIs j 

- - -- --- 

thc. l)rewa~~vtL of hoth :L c.olloiclal suhst i~l~cc~ aud 
free carhosyl groups is uec.cbssilry. I t  appears 
that thescs c.:~rbosyl groups 111nst for111 part of 
tlie colloidi~l sul)stal~cc~ sinc.c., in the c2:lse of 
t ~ ~ i s t u r e s  of c:irhol~ic :~c.ids :IS ~ ~ ~ ( ~ n t i o r ~ c ~ t l  on 
pi1gcL 713 i111c1 of' colloids a s  ~~tc 'nt iol~rd 011 pagc 
714, ouly insoluk~lr tlica:~lciu~~~ phosphntcb was 
f ' o r ~ ~ ~ c ~ d .  I t  should hc, :tdd(.d that  the  hove 
l ) l~e l~ol l~r l~ol l  applicbs o111y to phosphates that  
;Ire ill solat iol~:  011 prc.eipitatcd c : ~ l r i ~ u ~ ~ - l ~ h o s -  
l)hatc* ill \rhatevc.r f ' o r ~ t ~ ,  the i~hovt>-~~l'ntioned 
l ~ ~ ~ d u c t s ,  like. proteins, I<riliull~, etc., hnvt. no 
solvc.l~t iictiol~, not well af ter  a f e v  ~ ~ l o n t h s .  

The systc.111 invcbstigatc.tl is probably thc, one 
ill \rliicl~ ci~lcilul~ phosphatr is p r c s t ~ l ~ t  ill 111il1r 
or  in xrhieh c.:~lcinn~ 1)hosllhate occurs in hlood. 
111 tht, lattrr, tric:rlci~un pliosphatc~ 11-ill he 
I~ound to tllc, I)lood protcai~~s i111d ill this way 
;~vailahlt~ for  tnlllsl)ort. The c o ~ ~ ~ p l r s  111igllt 
:~lso pl;iy an i ~ ~ ~ p o r t : ~ n t  role ill the transport 
of  cillciu~n to, autl the tl(.posit of, c;1laiu111 in 
the. sl;el(.tol~ at10 ill tlrl~ti~~c.. 

is ill th(, i ~ ~ t e s t i ~ ~ c ~ s .  The ; r \ )ove -~~~c~~ l t ior~(~<l  fiud- 
ings might c~s]~l:iin W I I ~  the ca1ciu111 f ro l l~  111i1k 
is so IIILII.II hi~tter ;~hsorh(~cl tl1i111 that fro111 
~epctahlc.~.  

Fillally, the hillding of c:11ciu111 phospliatr to 
hull~ica acids shoultl bc lnentionrd. I t  mas fouritl 
that these acids ;~lso fowl  a soluhle c o ~ n p l r s  
1rit11 trici~lciul~l phosphi~te and this phrno111- 



enon  will  mos t  cer ta inly  be  o f  i lnpor tance i n  sri'n cin e i ~ ~ l ~ e i t l i r l ~ e r  Stoff sei. Ztsrllr. f .  
the t r a n s p o r t  :rnd the hillding o f  ea l~*innl  11110s- ~)hyxiol. Cllcm., 7 :  297. 1883. 
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CELLULOSE ACETATE ELECTROPIIORESTS OF MILK SERUM 
PROTEINS 

N. S. MIIATRE, J. G. LEEDER, AND G. N. WOGAN2 
Departmc~nts of D:~ir?. Science :~nd Poultry Science 

Rutgors-The St:~te University, New Brunsmick 

STTMill.\RY 

Milk serun~ proteins were el(.rtrophoreticnlly fractionated, uiing cellulose 
acetate n~en~hrane  as  a stabilizing nlediutn in a veronal buffer ( p I I  8.6, ionic 
strength 0.05), a t  200 v for  2 hr a t  25 C. The strips mere stained with Ponceau 
S d;ve and analyzed in a Spinco Analytrol or eluted and read in a Coleman .Jr. 
Spectrophotol~~eter. Choice of huffer, effect of ionic strength and pTI of huffcr, 
position of serum application, effect of voltage, effect of tcnnperature, and con- 
centration of serum solution were studied fo r  optimutn resolution of the serurn 
proteins. Five distinct fractions were identified as  hlood seruni alhurnin, beta- 
Iactoglohulin, alpha-lactalhur~~in, pseudo-, and euglobulin in their decreasing 
rates of n~igration. 

Standard deviations and coefficients of variation for  these five fractions 
indicated that the procedure was reliable. The dye-hinding capacities of the 
five proteins were approximately the same and a linear rc.lntionship was estab- 
lished between dye uptake and protein concentration. Use of the ]nethod seems 
to offer significant advantages fo r  investigating rnilk st2ruln proteins. 

Milk seruln proteins eontrihute considernhly 
to nutrition, flavor, color, body, and keeping 
quality of lnilk and its products. Of the rnajor 
proteins in milk, sel-utn proteins are most easily 
affected hy heat treatment. Their heat-sensitive 
nature is useful fo r  estimating heat trcatrnent 
of n~i lk  during proressing, sterilization, evnpo- 
ration, and drying. Co~~sequently, nlethods for  
quantitative detertnination of these plateins 
are of considerahlr interest to the dairy in- 
dustry. 

Conventionally, ~noving houndary electropho- 
resis ik used to diffc.rc.ntiate the scXruln proteins. 
To simplify thr  procedure and el~minate ex- 
peusivr instrumentation, ii 11un1ht3r of workers 
harr  :~dol)tc.d ionophorrtic methods, using filter 
papc1r :I\ :I ~ned~u!n (13, 15-17). Fo r  research 
purpos(.\, ho\rever, incon~plete fractionation and 
i~dsorption of protc'ins by the paper, and the 
prohahility of artifacts heing present, liniit the 
u\c1 of ;son($ electrophoresis on paper. To irn- 
prnre frartionation, a numher of supporting 
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~nc.tlia other than filter paper have been pro- 
pos"'1. 

Iic.cently, Kohn (6, 11)  has shown that cellu- 
lost. i~rt,tate tnelnhrane can he used with eon- 
siderahle success in analytical separation of 
hlnod seium proteins. The electrophoretic sep- 
aration is accoinplished in much less time and 
with greater sensitirity and improved resolu- 
tion than had heen possihle with paper o r  
sin~ilar ~nedia (8-10). Extensive us(? of the 
method fo r  hlood serum protein analysis was 
done hp  several workers (2-4, 7 ) .  Grunhaum 
et al. (7)  ohtained eight distinct fractions fo r  
nonnal hlood sera, using the ~nicroclc~ctropho- 
resis technique. F:lvorahlt. fclatures of the cellu- 
lose acetate n~c~n~hranc, :Ire: Only microliter 
quantities of serunl arcB rc~qnired; no spreading 
of srrutn occurs upon application; sharp sepa- 
ration is ohtainc,tl without tailing-off; the frac- 
tionation takes only 2 hr. To adapt a method 
fo r  analysis of ~ni lk  seru111 proteins iucorporat- 
ing the advant:~gc>s of the cellulose acetate me- 
cliu~n, a study was requirc'd of a nuinher of 
r:iri:~hl(.s, including statistical reliahility. This 
p:~per desc.ri1)c.s the result of the study, and 
the. n~odifications of procedure adopted. 

3l.\TF,RIALS AND APPARATUS 

S~(p l ,ov l iug  medium. Oxoid electrophoresis 
strips of cellulose acetate (Consolidated Lah- 
o r a t o ~ ~  Ine., Chicago Heights, Illinois). 



D!/e.  Ponceau S (Allied Che~~~icdal) ,  0.2% in 
3% aqueous tricahloroac~etic acid. 

R ~ ( . f r v .  Verona1 buffer, ionic strength 0.05, 
p H  8.6. 

I ' o ~ ~ P T  s ~ r p p l ! ~ .  Constant volt~rleter 0-500 v 
(Bueh1c.r Instrunrents, Fo r t  Lee, Srli- .Tc.rscby). 

Elrc~tvop1zorr.vi.s cell. A horizontal tank, spe- 
cii~lly drsigned fo r  cellulose acetate electro- 
phorc.sis (Shandon Scientific Co., Ltd., TAonrlon), 
llol(ling eight 18- by 2.5-cn~ strips or four 18- 
hy 5 - ~ I I I  strips, with internal di~ilensions of 
23.5 1)y 21.5 hy 5 ell,. Total buffer c~apacity of 
the. (.(.I1 is 1,:100 1111 nnd provides continuous 
fluid surf;~c*c.. The strips art. stretched hori- 
zontally itcross two bridges, adjustable to a1- 
low vi~ri;~tion of c.ffc.ctive strip lengths. A 
filtcr paper \\rick intc>rposrd hrtwc.(.n strip and 
holder and p:~rti:~Ily i111111(brst~(1 in the huffcr 
provides a conilucting I I I ~ ~ ~ ~ U I I I  l)ckt\vc1~11 huffer 
and strip. 

P ~ r l x ( r ( ~ t i n ? b  of I I I ~ ! / <  S ~ ~ Y I ~ I I I  ?~rotri?rs. 13ring 
the milk s a ~ ~ l p l e  to pTT 4.6 hy slow t~tldition of 
1 s HCl and rrlllove e:lsc,in i ~ r ~ t l  tlc~r~;~tiir(.tl 
serunl proteins by filtration on W h i ~ t n ~ i ~ n  KO. 1 
paper. Dialyze the clcar filtri~tc. ;~y;~ins t  ;~hout 
6 vol of distilled water a t  :thout 5 C 12 111.; rr-  
~ t ~ o v r  f r o n ~  the bag and centrifuyc. :it 500 x (; 

30 ~ n i n  to re!nove the precipitt~trd proteins. 
Dialyze the solution two additional tinles in 
t h ~  S : I I I I ~  tlianner. Using any star~dnrd Iyo- 
philiziny (cquipt~~ent, frreze-dry the clear solu- 
tion. Jr:~k(. c4tht.r a .5% (drnsito~ueter ~rtrthod) 
or 10% (cilution  neth hod) (\v/v) solution f r o n ~  
the, lyophilizc.d 1)owdc.r in the huffer used for  
clrc~trophoresis. 

ICl(~ctrol1hovc,1ir- /)r'ocrrl~rvr. Prep i~ re  eight cel- 
lulost, nc*c.t;~tc, s t ~ ~ i ] ) s  I) l)y 2.5 ~ I I I .  JYith a light 
pc~ncil, d r ~ w  ;I lint. 2.5 ( . I I I  nway fl.om one end 
of the strip, to i~~(li(*i~tc' 1)oint of ilpj>lication 
of the sa~~~plc . .  T I I I I I I ( ~ I . S ~ ~  t l l ~  strips in the huffer 
solution for ; ~ t  Its;~st 1 I I I ~ I I ,  ~ ( ' I I I ~ V P ,  and hlot 
excess buffer f r o ~ l ~  surf;~ct,. I'li~cc 500 1111 of 
buffer solution in tltch tank, i111d tilt t h ~  tank 
to  allow huffer Irvc~l in all c.ot~~p;lrtn~c~nts to 
equilibrate. Place thr c>ight strips, 1'1~t~ch of sur- 
face buffer film, in position i~cross thcl hridg:.c.s. 
Allow the syste111 to (~c~ui l ih~xto  hy switc~hirrg 
on the current and ttlaintaining it ;tt 200 v for  
15 ~n in .  Apply a siunpl(~ of 10 p1 to t,;~col~ strip 
fro111 ti ~nieropipet. After 2 hr, r r ~ ~ ~ o v c .  strips 
and i ~ l ~ ~ n e r s e  in Poncc,au S solution 10 I I I ~ I I .  
1Vasl1 strips in several char~ges of 5% a(~c.ti(! 
:~caid until hi~czkground is c l r ;~r  and no f urthrr  
tlyc, i11)p(~ars in hath. Press het~veen filtcr paper 
shc~clts and ;dlow to dry  a t  rooln tenlper:~turc. 
Analyzc the, drird strips 1,y either of thc fol- 
lowir~g ~~~c. thods  : 

I ) C I I S ~ ~ O I I I P ~ ~ ~ ( ~  el.oZ~ratioi8. Evi~luatc' thc~ 
st;liiled strips with the Spinco Analytrol ;lp- 
p ;~ r ;~ tus ,  pcluipped with the B2 balancing ri1111, 
using ;I neutral density filter in the rear holtli.1- 
i ~ n d  ;I h l u ~  (500 ~ n p )  interfering filter in hot11 
f ~ . o ~ ~ t  ; I I I ~  rear holders. Ilctailed instructions 
arch provid(lt1 in the n ~ a r ~ u a l  (18).  

/<111tio?a n~(,thorl.  Fronl the dried strip, cut 
out the. i~ldividu;~l hands. 1)issolve each cut 
st.etion in 2 1111 of ;I I I I ~ X ~ U ~ ( J  of 70% chloroforn~ 
: I I I ( ~  :{(I%, t~ t l~ i~nol .  Fr;~c:tioll B (see Figure 1) 

1<'1c:. 1. I \ lel l~l~r:~l~r electropl~oretic pattern (left) 
c.o~~~l):~rcvl ~ritll nloril~g-boundary electrophoretic* 
1):1tt(~l1 (right) for mw rnilk serum protci~ls. 
T711its for tl~c. pc':~k Ileight are in contimeters. Tlic. 
vc~~,tic.:~I ;irro!r il~dic:~tes the point of apl)lic:~tio~~. 
Jl igr;~tiol~ procc'clilctl to thc left of the arrow. The 
~~~ov i l~g - l~o l~ l~ ( l ; t ry  1);1tt(,r11 was obtai11ecI l>y using 
r c~ .o~ t ;~ l  111111'(~r of 1)TI 8.6, iollie strengtl~ 0.1, a t  
1.2 (1 for !),OOO srca, 1rit11 :I ficlcl strengtl~ of i.8 r 
11er scl~~:lrc' c'c'~~t,i~r~ct,c>r. 

should I)(. tlissolvc~d in 4 1111 of t11c solrent ( the 
nhsorh:~ncc. v;lluc.s ;trtL, thc~rc~forr, ~ ~ ~ u l t i p l i c ~ d  11y 
two). T)fater~~~inc, nhsorI>;tnct. ill ;t Cole~~lan J r .  
Spect rophoto~~~t~tcr ,  using an 8- hy 8- 1)y 100-111111 
cuvette a t  520 I I I ~ .  Calculi~tc, 1)c.r c(>nt fr;~ction 
ns follo\vs : 

ahsorl,;~ncc~ 01' 
s e r u ~ ~ i  fr;~(.tion 

per cent fraction = X 100. 
sulll of ahsort)- 
ante of s c , r u ~ ~ ~  

fractions 

C'l/oir.r of btrfrr .  Aronsson and Gronwilll (1 ) 
r c ~ c ' o ~ ~ ~ ~ ~ ~ c ~ r ~ d c ' d  tris (hgdrox~mlethyl) atnino~~reth- 
;III(. I)nffc.r, cl:lilning the buffer possessed c2er- 
t i~ in  l'avorahlc features over the usual verontil 
1)uffc.r hc~ci~usc. of its lower ~no la r  ionic strength 
i111t1 grc'~t(b~' hulfc~ring rapacity. However, only 
two distinct h;~nds were apparent and inigra- 
tion \v;ls vchr,v slow. Further work with the 
hufYt31. \\.;IS t1isco11tinuc.d. Xluch of the published 



~vork  in the firltl d(~srrihes ~)ref(.rc.nc.cb for  the 
reronal hufft~r: it was :~c.rel)ted for  the entire 
work. 

I*;Irrc.t of iolric strr~l ,qth of 61rfcr.  Buffer 
solutions mith ionic strc~ngth of 0.100. 0.075, 
; ~ n d  0.050 1vc~r1~ prepiiretl. l1t)hility of thc~ fnst- 
cast-~~~oring f r t rc t io~~ ant1 degrre of stq);~ration 
of the txvo slotv-nroving fr:rctions \v(.r(. notchd 
wit11 (1:rc.h huf'f(.r solution. 0l~tinlu111 ~'rsul ts  
\vrrc, oht:lined (luring '2 h r  of ~rligrirtion ;it 
'200 v, :rt 1311 8.(i, arrtl ionic. s t ~ ~ ~ ~ r g t l r  0.05. 

CIro i r r  of o f  1111,tirr. Since. c~irrlic~r \vorkvrs 
11;rvt. fount1 ii p l l  of 8.6 to hr  suit;rhlr for  nlov- 
ing-hountlirry ; I I I ~  I ) ; I ~ I P ~  e l ~ c t r ~ p l ~ o r ~ s i s ,  this 
v:rlut. \vils ;~ccel)tc.d. 

I'ositiorr of s r r r r ~ ~ ~  nl)l,lircetiorr. Frirctions I )  
i ~ n d  1': (s(bch Figure 1 )  ~~rigrir tr  to\vartls the' 
c.:itliod(~. Tilt, niigration for a 2-Irr ~)chriotl docss 
not t,sc.c~ed 2.5 ~ I I I ,  ycbt the. two fractions se11;1- 
r;~tc. distinctly. :\t the' S ; I I I I ( ~  ~ ~ I I I ( ' ,  ~ I I C  fiistest- 
~noving fraction, il, is w(4I within the str ip n n d r ~ ,  
the. prc~scri1)t.d co~~dit ions.  \vhc.l~ th(2 point of 
npl)lic;~tion is 2.5 c.111 :iwi~y  fro^^^ the c.athotle. 

/.,'tfrvt o f  rolt (r! t~, .  Elt.c.trol)ho~.c.tic. ~nigl.;ition 
W;IS ~ X : I I I I ~ I I ( ~ I ,  using 100, 150, : ~ n d  200 v for  
"11. n~rtl 0.03 ionic. strc~ngth hufl'csr :rt DII 8.6. 
Str ips ~ ~ ~ i ~ i n t : ~ i r r c ~ t l  a t  200 r gave 111asin1u111 srp-  
ar:~tion of i~~tlivitluirl f ~ , ; ~ c ~ t i o ~ ~ s .  S i ~ ~ r i l ; ~ r  rcisults 
\vrr(> ol,t;~incvl wh(w cons t i r~~t  currc.nt ; ~ t  0.6 I I I : ~  

p r r  erntir~~tbtc~r \vi(lth of str.ip wils (2111pIoy(~l. 
1,:flprt of I ~ I I I ) ) P V ( I ~ I I V I , .  TYlrrn thc. c.l(.c.troplro- 

resis \v;is c;rrrit~tl out at  5 C, the. hnffer of 11iglrc.r 
io~~ic. st~.t.~igth was ~.c,qnirrd to oi)t;rin sufficicbnt 
currc~nt ; ~ t  200 \-, thc. n~igrntion  is c ~ t r r ~ ~ ~ c ' l y  
slow, ancl f ~.irrtion scy)irr:~tion urns unrlrnr. How- 
rvrr ,  c ~ s ~ ) ( ~ r i r n r ~ ~ t s  : ~ t  l a h o ~ ~ : ~ t t ~ ~ . y  roo111 t(a~r~pc*r:~- 
turc. of 22-25 C' :~fforeled distinct scy);~rirtio~~ with 
I I ~ : I X ~ I I I ~ I I I  i~ i ig~ . ;~ t io t~ .  II ighrr  ~ ( ~ I I I ~ ) ( ~ I ~ ; I ~ u I ~ ( ~ s  p~ ,o-  
tluccbtl hlurring of the ~ ~ ~ i g r i l t i r ~ g  fl.i1ctions. 

Co~rcr~r t r rc t io~r  of sc,rrc~rr solrrtio?t. Seru~rr roll- 
crntr;~tion is quite critic:~l in hoth thc. ~)ichthocls, 
vic.. (,Intion :ind i l ( ~ n s i t o ~ ~ ~ e t t ~ ~ .  (luir~~tifi(*;~.tio~r. 
In tlrr c4ution ~~rc'thotl, thv t.arrgcs of :~hso~~hi~nc.c~ 
should hc. I)et\vc.en 0.05 rind O..?O. This is 

i~chitxved ah(.n 10 of 10% (w/v) protein 
solution is :rl)plic.d. L i~ui t s  of schnsitivity for  
the i2n;llytrol ~ r ~ r t h o d  arc, s r t  h('tw,errr 4- :rnd 
14-CIII p t ~ k  height (see Figure 1 ) .  Vsing 10 

crf 5c/;, (\v/v) srruln solution, optiu~unr rr-  
sults arcs ohtaint,d \ ~ ~ I I ~ I I  the tlensitonrrtria 
~~let lrod is uscad. 

l ? ~ ~ ) ) r o ~ l ~ ~ c ; / ~ ; I i t ! /  of rc .~re l t .~  o/)t(ri110(1 / I ! /  dcv-  
sitorrtc,frr r11rr7 s ) ) r r t r o ~ ~ h o t o ~ t r ~ ~ t ( ~ v  111othot1s. Raw 
111ilk f r o u ~  thr  Uni\vrsity h ~ r d  \v;is used for  
1)rel):iring serurll solution 11s desc.rihrt1. Thr  
sc.rt1111 solutio~r was ;rpl)litd to 24 strips and 
srthirc.ted to rlrc.trophorrsis 2 hr  :it 200 v in :L 

t)afY(~r of 0.05 ionic strength i ~ n d  ;I p H  of 8.6. 
The strips \v\.c.rr :~nnlycc.d on a Spinco Anitlytrol 
;~pparatus.  Sirnil:irly, sel.tuil stin~plrs \vrrcB ap- 
plied to :~notht>r 24 strips and rlrrtrophoretic: 
j):rttc>rns r s ; \ ~ n i ~ ~ c ~ d  ill R Vole~nirn ,Jr. s l ) ( ~ t r o -  
photo~~i r te r .  

St;~nd;ird devi;~tiorr ant1 corffic+ic~nt 11f vii~iii- 
ti011 \V(>IY. c.;ilcul:ited for  r;lch f~xc t ion ,  using 
the follo\i.ing reclu:~tions: 

S I ) .  X 100 
C'.l-. = - 

Y 

\\-III,I.~ .r is the ohsc>~ration, 7 is the IIIC~:III of 
ohscs~.vations, ; ~ n d  11 is tire ~ lnnrh(~r  of ohs(~rva- 
t i o ~ ~ s .  

A closch ;~grc.c,~r~rnt was ohsc.rrc.tl het\vrt~n the 
two 111rtlrot1s. TTo\vrvrr, thct elution ~rlethod 
off~~~.c.cl solur atlvant:~ge i l l  thr  reli;rhility of thr  
c.rti111ation of Fr.actions I )  and E. I t  wns notcbd 
(T;ihlr 1 ) that u~hen  i~ pl<otei~r fr:retion n~igratrd 
furtlrc.r frtrnr thcb point of' application, its esti- 
r~ratiort app:~rrr~tly ht~ca~nc. Illore rc,li:~hl(~. F o r  
c ~ s a ~ r ~ p l e ,  Frartion . - I ,  xvlrich n~igrated th(.   no st, 
c~sliihitc~d lowest valurs for  sti~ndarcl dc.\.i;rtion 
:11r(1 coc4ficiont of' v:r~.iatio~r. 'rhe llltLan valu(~s 
for  (.:I(.II fr:~ctio~r irncl its ordrr  of 111ipr:1ti(111 

'PART,E 1 

Elrctrol)l~ol.rtic nli:~lysis of r:iw l~rilk SC~I I I I I  ])rotci~ls, 11silrg. t1~11sitorlletcr (1)  :111(l 
elution (2) trclrnirlui.~ 

. - - - -- -- - -. - - - - . - - - - .- - 

1lr:111s of Rtn~r(l:~rtl Cot'fficic.r~t of 
ol~serv:~tio~~s ' tleri:~tioi~s v:~rintion 

l*'rac- - - - - . - - - -. . . . . - - - - - 

t ions 1 2 1 2 1 2 
- - - - - - . - - - - - - - - - - - - 

A 1.6 I .?.I2 11.07 0.06 1.51 1.20 
R .?l.!Itl h1.il 2.88 ?.ti3 5.31 5.(l!l 
(I :{n.!l:! 55.6" X.111 3.25 10.02 I2.(iS 
1) 8.114 11.92 1.6!l 1 .S!l 21.23 1.5.S(i 
I? 4.52 R.75 1.33 0.lil 2S.76 10.57 

- - - - - - - - .- - -- - - - -. -- - -  - -  

:' Ol~serr;~tion is obt:~inetl t ) ~ .  eitlcul:rti~~g per eelrt frac.tio11. 
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suggrstetl thr  identification of the individu:~l 
zones. I n  order of ~~lobi l i ty  Fractions A, B, C, 
D, and I,' (see Figure 1) wrre tctntatively as- 
crib(.d to blood st5runl ;11hu111in, I~rta-lactoglolr- 
ulin, alpha-lactalbunlit1, psc~udoglobulin, and 
euglohulin, rc~spertively. Further ,  thrir  quan- 
titative estin~:~tion fell withill the tlor~tlal range 
described in ( 5 ) .  

Hrlatio~zship of' r l ! l e - ~ i p t a b . ~  to  n111ozr111 o f  pro- 
t ~ i f l .  RC(.RUS~~ thr  protrin concentration is de- 
termined fro111 the a ~ l ~ o u n t  of dye absorbtd on 
the ~ne~l~hratlc., the proportionality of such :I 

relationship should he ascertained. TJsing Lis- 
san~ine  Grec.~l on rc~llulosr acc~tate, Bracken- 
ridge (2)  has shown that the dye uptakvs of 
albu~llitl ant1 four g1ol)ulill fractions in 11u111an 
hlood sera were virtually 1i11e:lr with rrspect 
to concetltration. Sinlilnrly, Seherr (14) dv- 
scribed that, in the rase of hlood seruul pro- 
tcins when stai11c.d I)!- Pouceau S dye, Beer's 
1,:rw was o h ~ y e d  over a wide rang(. of eoncen- 

5 10  15 20 25 
JLSERA 

FIG. P. Protein Fractions A, B, C, D, and E 
separated from milk sera arc plotted a t  different 
roncentr:ition levels and absorb;u~c.y a t  520 w. 

trations wheu the fractions eluted and 
ttnalyzed in a spectrophotot11c4er. Thih point 
was htudird in the following ttl:lnncbr: 

Rrpar:j.te strips were charged with 2.5, 5.0, 
10.0, 15.0, 20.0, and 25.0 ~1 of 10% (w/v) solu- 
tion of 111ilk serulll prott>ius. Thc stvips w r e  
suhjc~ctetl to c.leetrophorc.sis a s  described earlier. 
Thcs fractions were cut  out :lud dissolved in 2 
nll of solvent mixture. Four tnilliliters of eluant 
mercb usrd in higher c~oncelltratiotls ( 1 5 ,  'LO-. 
aud 2 5 - ~ l  s tr ips)  and nbsor1)ancct values ~nul -  
tiplied by two. Rc>adiugs \vcJrc> taktw it1 a ('ole- 
Illan J r .  spectrophoto~~lc,ter a t  520 I I I ~ .  Figure 2 
shows tha t  all the srrulll con~ponc~tlts olwy 
Brer's I,:IIV over the r:Inge of volu~urs of sc'rutu 
si l~r~plcs usrd. The osper i t~~ent  was repented 
four tit~les and the original findings confir~~led. 

Vsing the ~uicro-T<,jeldalll 111rthod described 
by 11-hitnry r t  al. (19) for  the protrin nitrogen 
detern~ination, thr  rel:~tivr dye-binding rapacity 
of ei1cl1 protein fraction was studied. Sillre :I 

111icro-cjuantity of proteiu is  applied to the 
~ ~ ~ e n l h r t m e  for  rlectrophoresis, at1 cstremely 
s~ua l l  ;lu~ount of nitroget1 would Ire c,spected 
in thc. euglohulin, pseudoglobulin, and blootl 
srrunt nlhunlin fractions 011 a single strip. \ITitll 
this tlifficulty in nlind, thr  f o l l o w i ~ ~ g  procedure. 
was used : F o u r  str ips were run s i ~ ~ ~ u l t a ~ l e o u s l y  
: ~ n d  one of then1 stained in the usual Inanner. 
The ren~;lining strips wrre it~lnlrl.sed in 370 
trichloroaretia acid. Hscrss buffer was re~lloved 
f r o u ~  the 111enlbrane hy three 10-111it1 \v:lshings 
in fresh solutiolls of 3% trirhloroacrtic acid. 
The strips wrre dried and, wit11 thc stailled 
str ip a s  :I guide, five separated zoues were cut  
out. Zonrs rcapresc~nting blood scarurn albumin 
from the three strips were poolecl to bring the 
nitrogen eontent it1 the analytical range (0.00- 
0.10 nrg). A similar procedure was used for  
eu- and pseudoglohulins. Table 2 descrihrs the 
rcssults of thr  nitrogen an:llysis. 

TABLE 2 
Comparison of the per cent composition of the elcctroplloretic eolnponrnts of serum proteins 

by nitrogen analysis ant1 Pol~ceau S elution metl~od 

Serum protein 
fraction 

Nitrogen Per rrut  Pcr cent 
Nitrogrn recovered/ nitrogen/ fraction 
rerovercd strip strip by elutioti 

(WIJ- f %)- 
Blood serum albumin 0.0093 0.0031 4.49 5.12 
Beta-lactoglohulin 0.0388 0.0388 56.23 51.71 
Alpha-lactal1rnm111 0.0183 0.018:3 26.52 25.62 
Pseudoglohuli~~ 0.0180" 0.0060 8.69 11.92 
Euglohulin 0.0085' 0.0028 4.06 5.75 
-- - -- 

Nitrogen values of each fraction r rpresn~t  t l ~ r  avrrage of six determinations. Avt,ragr of 
per cent total nitrogen reroverctl was %C/o, ranping from 88 to 107%. 

a Total of three stlips. 
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TABLE 3 

Electropi~oretie mobility of the proteins of milk serum 

Component Present Larson's 
in Figure 1 study (12) Protein 

1 -8.3 -7.9 Proteose-prptone component 
2 -6.6 -6.6 Serum nlbun~ill 
3 -4.4 -5.0 Beta-lactoglol)ulin 
4 -3.5 -3.6 Alpha-laetalbumin 
5 -2.6 -2.5 Pseudoglobulin 

-- 6 -1.6 -1.7 Euglobulin 

" Mobilities ( p )  expressed in 1 X 10-"m' v-' see-' and ealculatc.11 from descentling boundary. 

The data show there is  good agrc.c~liient be- 
ttveen the protcbin :~naly?is by th(. nitrogen 
lnethod and the elution tcc.hnique. Additional 
support  was supplied by the following rsperi-  
~nc.at: Diffchrent quantities of each known puri- 
f i ~ d  protein were applied on the ~nenlhrant. and i kE stained and e1utt.d in the usual manner. The 
ahsorhnnce v;~lues a t  ,5"0 nlp f o r  different con- 
centrations were plottc'd f o r  the. five proteins. 
The slope of the plot for  each pmtein was 
found to have approximately the same value. 

Io~zogrnpWic idrgltification of n ~ i l k  scr~cm pro- 
teilzs. Haw rnilk samples have shown five dis- 3. Idelltifieation of blood serum albumin. 
tinct zones for  their serum proteins on cellulose prom left to rigIlt, ionogmpllie patterns for puri- 
acetate n~ernhrane electrophoresis. Figure 1 fied I~lood serinil albumin, raw milk serum, and a 

a typical iollograph and Tisc.lius t~lectro- mixture of the two in a 1 : l  ratio. The vertical 
phoretie pattern of the sc,ruln protc,in nrrours in(1ieate the points of application and the 

nligr:ltion procrrded to t l ~ r  left of the arrows. 
sample. I n  the latter, thert. a re  six distinc4 
peaks. Identification of these peaks i\ acconl- 
plished by eolnparing the nlobility values which 
agree with the p u h l ~ ~ h e d  data (5. 12).  

Peaks -4, R, C ,  I ) ,  and E in  the iouograph 
(Figure 1) concbspnnd to Peaks 2, 3, 4. 5, and 
6 in the n~oving-boundary electrophoretic* pnt- 
tern, with rc,spc.ct to their p ~ r  cent con~posi- 
tion and order of nrigration. Such identifica- 
tion n n s  tentative; however, fo r  precise and 
rchliahlr idcntificntion, exprri~nc~nts with puri- 
titad known components were carried out. 

Purilied s;linples of alpha-IacL~lbulllin. pseu- 
doglohulin, and cwglohulin were supplied hy  
Dr. R. Jenr1c.s~;' samples of hcltn-lactoglobulin 
by Dr.  T. L. AleJfe(.kin4 and a comnlercial 
laboratory," and blood serum alhun~in fraction 
obtained from a c~omrnercial cotnpany.' 

A 5 7 ,  solution (w/v)  of each purified known 
eornponmt was prepared using the electropho- 

' Department of Agrieultnrnl Biochemistry, Uni- 
rersity nf Minnesota, St. Paul, Minnesota. 

' Enstern TTtilization Researell and Derelopmmt 
Division, ITSDA, Philadelpllin, Pennsylvania. 
' Peatcx, Itic., Knnkakee, Illinois. 
" T l ~ e  Armour Laboratories, Kank:tkee, Illinois. 

resis buffer. Also, a 57, solution (w/v) of raw 
111ilk serunl was prepared and added separately 
to  thcb purified component solution in 1:l ratio. 
F o r  id(.ntitication of each eornponent, three solu- 
t ~ o n s  were electrophoretically exan~ined, using 
3 pl of salnple for  e:ich strip. 

Figure 3 shows thc densitolnrtric pat tern f o r  
hlood serum alhun~in identification. Peak A is 
enhanred hy  thc addition of the purified fmc- 
tion to the serunl protein solution. Thus, I'eak 
-4 may he attributed to the blood serum albumin. 
Further ,  i t  was noted that  the change in the 
peak area f o r  each co~nponent in the mixture 
corresponded to calculated values. The per  cent 
co~nposition f o r  Peaks A ,  R,  C ,  D,  and R in the 
serum protein \TIIS 4, 55, 30, 8, and 3, respec- 
tivc4y. The ~ n i s t u r e  analysls showed the peak 
values in the same order a s  54, 26, 14, 4, and 2, 
respectivt~ly. Thus, quantitative reeovrly in the 
~nisturc. hecan~e evident. 

Bc.ta-l;~ctoglobulin studies :Ire shown in Fig-  
ure 4. J l i lk fro111 a single cow was used in  
these studies and :I single Peak b tippeared for  
beta-laetoglohulin. TVh(.never tnilk from a 
~nistbcl herd was u<csd, two peaks appeared, indi- 



seu~l)l(.d the. pat tern gircbn by ~ n i l k  serum pro- 
teins, a s  shown in E'igurcb 1. Also, the espr r i -  
1nent:11 r:~lues f o r  the individual fractions in 
the synthcltic protr in solution enlne close to 
espc.cdted r:~luc,s. 111 a11 our studirs, fivc ~ n a j o r  
pen ks apprar rd .  I l o\vevc.r, the pra ks ohservcsd 
i n  the tnoving-boundary electrophorc,sis (12) 
for protc!ose-pepto~le hnct ions ditl not ;Ippc,ar 
on the cellulose-ac~c~tate ~nt .~nhr:~r~e.  I t  is he- 
1ievc.d tha t  the dgcl Poncean S does not stain 
thesc~ fractions. 

FIG. 4. Identificatiorl of beta-lactoglobulin. 
From left to right, io~~ograpllic pattkrns for raw 
milk serum, purified ))eta-lnetoglobulin, and a 
mixture of the two in n. 1:1 ratio. The vertical 
arrows indieate thr points of application and the 
migration pro?ee(lcd to the lrft of the arrows. 

r i ~ t i n g  two fractions, beta-l:~ctoglohulin A and  
B (see Figure 1). 

The alph:~-lactalhun~in s a n ~ p l e  w i ~ s  found to 
app lax in~a te ly  80% pure  and gar(, two peaks, 

a s  ~ho\vn  in Figure 5.  Tn thc ~n is tu re ,  Peak iB 

Frc:. ( 5 .  T(lentifiration of pseudoglobolin. From 
lrf t  to right, pnrifitvl pscndoglol)ulin, rnlr milk 
hertun, :u111 :I mixturca of the t\vo in  a 1: 1 ratio. 
The v t ~ t i r : ~ l  arrows indir:~tc the points of appli- 
c . : ~ t i o ~ ~  :111(1 the r~ligr:~tion ] ) r ~ c r ~ d c ~ d  to tht. left of 
the arrows. 

FIG. 5. I(1entifiratio11 of alpl~n-laetnl1)umin. 
From left to right, ])urifietl alpl~a-lactalh~~min, 
raw milk serum, and n ~nixturc of the two in a 
1:  1 ratio. The vertical nrrows indicate the points 
of :~pplic.ation and the n~igration procecvled to the 
left of the arrows. 

is seen to hc. enhanerd hy the nlajor peak in 
the purified frar t ion solution. The eontatninant 
C:III be attributed t o  l'c.;lk ;I, prc~riously itlmti- 
fied a s  blood serum alhumin. 

Figures 6 and  7 show the identification of 
pstwdoglohulin a n d  c~uglohulin fractions. Each 
protein showed one 111:~jor pe:lk. The globulin 
fractions ~ n i g r a t r d  to the cathode, c.uglohulin 
~ l ~ i g r a t i n g  farther tl1:111 ~ s e n d o g l o l ) u l i ~ ~ .  The 
z~pparent  I ~ a c k  ~uigrat ion of globulins was due 
t o  electroosmosis. 

Finally, a schtun~ grotchin solution was syn- 
thesized by adding :111 five. purified kno\vn frac- 
tions in i~ rat io s i~n i la r  to the 11;ttural lnilk 
serurn solution. Tlrc. ionogri~phie p a t t c m  rc- 

Thc. :~utllors are gratc~ful to Dr. R. ,Jcnnrss, 
IJnivrrsity of Minnesota, for thc, san~l)les of alpl~:~-  
Iact:tll)u~~~in, ]~seudoglohnlin, :rnd r~~glol)ulin, : I I I ~  

to 111.. T. I,. Jlclfc~c~kin, I'SDA, Philadell~hia, for 
:I, s:~n~])le of I)et:~-l:~ctoglol)~~li~~. The t r c l ~ ~ ~ i c a l  
:tssistnncc givcw 111 311.. Otto Pollins, E. H .  Squil)h 
:nld Sous, Nrn. Rru~~swirk,  Kr\v Jersey, in c:irry- 
ing out the ~noving-hou~ltlary elcctropl~oresis of 
the milk serum s:~n~plcs ix much al)preri:~ted. 
T11:1nks :Ire also ext~t~nde(l to Ilr. John C. Anderson, 
Rotgets-Thc State University, for hrlp in sta- 
tistie:il :lnalysis of the dat:~. 

FIG. 7. Identification of euglobulin. From left 
to right, purified euglobulin, raw milk serum, ant1 
:I mixtnre of the two in a 1 : l  ratio. The vertic:~l 
arro\\.s indicate the pointn of application and the 
~nigr:~tion ])roc(~~(letl to tllr left of the arrows. 
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IDENTIFICATION O F  SOME VOLATIIiE CO&IPOIJNDS RELATED TO 
THE FLAVOR O F  MILK AND CR,EAIf '3 " 

XOBLE P. WOXG8 AND STUAHT PATTON 
Department of Dairy Science, Tl~e  Pennsylvania State University, University P :~ rk  

A low tenipcrature-reduced pressure distillation technique was enlployed to 
obtain a total distillate considered to be representative of milk flavor. The car- 
bony1 compounds contained in the aqueous fraction were separated and identi- 
fied as  their 2,4-dinitrophenylhydrazones by paper chromatography, colulnn par- 
tition chromatography, ultra-violet spectroscopy, and melting point dcterlnina- 
tions. Data thus obtained established the presence of formaldehyde, acetaldrhyde, 
acetone, butanone, pentanone-2, and hexanone-3 in milk and creain and pre- 
sented tentative evidence fo r  heptanone-2 in cream. Quantitative analysis of 
these individual carbonyl compounds also was performed. 

The volatile conlpounds obtained from liquid nitrogen trapping of milk and 
crea.m were also investigated. These volatiles were fractionated by gas chroma- 
tography and several of the eluted conlponents trapped in liquid nitrogen fo r  
mass spectral analysis. The mass spectra data in conjunction with retention 
times established the identity of ethyl ether, methyl sulfide, acetone, butanone, 
ethanol, ohloroforni, acetonitrile, and ethylene chloride. 

Evidence also was obtained for  the presence of a waxy, nut-like odor which 
is  highly characteristic of cream. I t s  identification awaits further study. 

PART I. RECOVERY A X ~ I  InENTIFIcATIox OF bottonl flask o r  a 5-gal Pyrex carboy, respec- 
VOLATILE CARBONYI, COMPOUNDS A S  THEIR tively, a t  35-40 C and 15-20 mm 1 % ~ .  fo r  4 hr. 

2,4-DINITROPHEXYIIHYDRAZONES Following the distillation period, the contents 
The extensive study of the carhonyl corn- of the trap.: were con~hined, af ter  noting each 

pounds in nlilk products such as  Cheddar cheese for  characteristic odor. 
(1) and dry  whole milk (7 )  has pernlitted the Since i t  was of intcxrest to df~tennine which 
easy demonstration of their significaance in the carbonyls are present in the raw ~ni lk ,  an  acid 
flavor of the product. Although carbonyls have solution of' DNPhydrazine reagent ' (2  a of 
been identified in fresh m11k (3, 6) ,  they have DNPhydrilzine per liter of 30% sulfulic arid) 
not been eoniprehensively studied. was added to the aqueous distillate. The rear- 

tion was allowed to proceed f o r  seven days a t  
EXPERIMENTAL PROCF,T)URE 4 C, after which the DSPhydrazones were ex- 

~h~ distillation procedure for the collection tracted from the aqueous medium with car- 

of colllpounds was the same as  tha t  bon$-free hexane and the extracts dried over 

used previously in this laboratory ( lo) . '  sOdiunlsulfate. 
~ i ~ h t  of raw heavy crc,alll or 5 gal of The tentative identification of the carbonyls 
raw >vhole milk were distilled ln ;I 12-liter round- thus obtained from milk and creani was ac- 

con~plished through paper chromatography and 
ultraviolet spcctral analysiq. The paper chro- 

Received for pu1)lic:~tion January 2, 1962. n~atographic method employed was that  of 

lAutllorized for  pub]icatioll on Xovcmbcr 17, T3uelln (41, which is efficient in separating a 

1961, paper xo. 2619 in tllr ~~~~~~l series of h ~ ~ l o l o g o u s  series u p  to eight carbons in the 
the Pc~insylval~in Agricultttrnl Sxperiment Station. parent colrl~ound. The extract f r o ~ n  milk dis- 

?Supported ~ I I  part by t l ~ c  Carnation Company t~l ln te  sepamtc.d into six fractions. These cor- 
a1111 General Foods Corporation. responded in Rf to  hex:lnone-2, pentanone-2, 

' Present addl ess : Food Division, Foo(1 and hutanone, acetone, acetaldehyde, and formalde- 
Drug Admil~istl.ntioli, Wasl~ington 25, 1). C. hyde. An additional fraction was observed in 

This appamtus colisistetl of the distilling flask 
co~~necteil in  series to a csold water eonilenser, a ",4-di11itrophenyI is a1)brcviated D S P  througll- 
wct ice and two ethanol-dry ice traps. out. 

724 



TABLE 1 

Speetml and melting point (latn of D?\TPl~y~ll~:~zon's fro111 niilk an11 erc:un 
-- 

hbsorp t io~~ 
n~:~ximuni (mp) 
-- - 

Jfelting point (C) 
I I S P  Color 

11ydl.a- 01)- 11e- reaction wit11 01)- An- 
zone " server1 ported c,tl~:n~olic N:iOH servctl thentic >fixed 
- -- - 

IIeptanone-Y " 3IiO 3(i2 Stal~le after 3 Ilr ... .. 72 ...... 
I l r s a n o ~ ~ r - 3  :IliO 362 Stal)le after f l i r  104 10(i 10&106 
Pantanone-2 R l i l )  3ti3 Stnl)le after 2 11r 1 H $1 143 1411-143 
13ntanonc 3lill 3li3 St:~l)lc after 2 11r 113 l l l i  113-116 
Aectone 3liO 363 StaI)le after 2 11r 134 125 124 
Aretal(lr11yclr 3 .i .i 3.ili Fatled aftor 1 Ilr 152 15i 152-135 
Formalrlel~yde 345 346 Fallccl after 1.7 mi11 10.5 l6Ii 165 

" Tentative iclrntifir:~tioli l)nse(l on paper 'lnon~atogr:rpli~. 
"Ol~scrvctl only in 

the e~t l . ;~c t  f r o n ~  tho crr;lln distillate \vhieh TABLE 2 
corre\ponded ehromatogr:~phically to hcpta- Co~~ccntrations of c,:irbonjls 01)tnincd from milks 
none.-2. ant1 r~ earns 

The colun~n 1):1rtit1011 n~ethod of D:lv ct  al. C:~rl>onvl Ifilk Cream 
(1) was en~l)loyc~tl fo r  the hepartition of the 
mrhonyls, to fractionate Inrger amounts for  
further  identification. The separated fractions 
were than p i i l~er  chro~n;itograpl~t~d and t,he 
light ahsorption of the fri~rt,ion extracted fro111 
the 1)apc.r was detern~ined i n  95% c.thanol. hd- 
tlitional t.vidence roncrrr~ing the t~ :~ tur t>  of the 
conipountl was oht;~inc.d hy ohserving the d in~i -  
nution of eolor af ter  the ;~tldition of 0 2 5  s eth- 
;~nolic sotliunr I~ydroside. donrs e t  :11. ( 5 )  havc. 
ohserved that t l ~ c  rolor ~)roduced l ~ y  aliphatic, 
;~ldehyde I>SPhydr;~zonc.s fatlrs   no re rzipidly 
than the eolor tlxhihited Iiy other derivatives. 

Conclusire id(.ntific:~tions a.cbre ohtained by 
~ r ~ e l t i n g  point and inised ~nelting points wit11 
authtwtic 1)SPhydmsones on a Fischer niicro 
n~rl t ing point appar;ltus. 

F o r  cluantitative (81-alu:ltion, the identified 
fractions \vthrc2 rc.taintbd i r ~  ;I definite, volun~c~ of 
solvent and ;in ;tliquot spotted on tiltor pnper 
i ~ n d  cliro111atogra1,hed hp  the ~ n ~ t h o d  of I-Iuelin. 
The dt~relop~nent  hands wrre rnt  f r o n ~  tht. pa- 
l)rr, estractc.d with t ~ ,  definite volurnc. of ~ t h -  
a n d ,  ;lnd the optical density a t  ~naxin~urn ab- 
sorption ~ne:~suretl. The optical densities \rere 
n~e;isurc~tl a t  345 lnp for  formaldehyde DSP- 
l iydrazo~~e,  3335 I I I ~  f o r  tiretnldehyde DXPhy- 
drasone, and all other hydmzont.~ a t  360 nip. 
Calculations for  detern~ining the concentra- 
tions of the carhonyls were ~ n a d c  as described 
previously (10). 

Tn light of infornlation c o ~ ~ c e n ~ i n g  the iden- 
tities a l ~ d  concentrations of the caarhonyls in 
milk, it \\-as of interest to detc~r~nine the flavor 
thrt,shold value of ht>xilnone-2. Using the spray 
aspersion terllnique ( I ) ) ,  the average threshold 
of this con~pound for  five judgcas w;~s  dcatrr- 
~ninc.tl to he 0.5 ppnr. 

-(nrq pc,r 1rtc~r)---- 
Hrl)tn~~o~ic-? .n0n .no0 .00i .no4 
Hcxnoone-3 .007 .011 .017 .018 
Pent:~none-2 .OW .036 .045 
I3ut;111one .n79 .077 .I77 .I54 
A\ec.to~~e 1.152 ,847 508 .334 
Acct:~l~leliy~le .(I16 .(I13 .(I04 .001 
Forni:llclel~yde . O n 1  .003 .no1 .On4 
-- - - - - - 

" Two (lifl'erent snnil>lcs of each. 

Identifitsation data ant1 qu;~ntit:~tive results 
for c2:irhonyl r o n ~ l ~ o u l ~ d s  ;Ire given in Tnhles 
1 and 2, rrspc.c*tively. 

Thr evitlc.net. presented in Tahle 1 c~stahlisht.~ 
tilt. itlmtity of fornialtlt~hpdt., ac~c.taldehydt~, 
;~c.c>tonc,, hut;~no~ie,  penti~none-2, and 1iext1notlt~-2 
in milk ;tnd thc trntative identification of 
lic*ptanone-2 in creanl. Data ohtained on the 
rc~aetion of the 1)NPhydr;lzones with ethanolic 
sodiu~n hydroxide, althougl~ relative in nature, 
do serve to distinpuish aldrhydes froin ketones. 
The ~nelting points of' thc. hydrazono deriva- 
tivw listed escaept ;leetone, hutanone, and p ~ n t a -  
nonr-2 are without benefit of rco~ystallization, 
tlie s~na l l  qu:~ntities avililahle ~ n ; ~ k i n g  this iln- 
possihlr. Thus, some ~ninor  discrepancies a.re 
evident 1)c~twt~en thc. n~elt ing points for  unkno\vn 
and authc.nticz derivativc.s. However, ~nixc!d ~ne l t -  
ing points with anthentic prcpari~tions showed 
no drprc~ssions, \vhicll establishes thc, postu- 
I;~trd idtlntitic,~ of the colnpounds in this table. 

Tht. 11. rrcisc. origin of these carbonyl eom- 
11ounds i l l  n ~ i l k  is not kno\vn a t  the prc.sent 
tinic. The fact  that  they arc! found in milk 
which has received no h ~ a t  t n l r ~ t n ~ m t ,  indicates 
that  they arc. nornlal ronstituc~nts o r  that  the 
~ n e r l ~ ; ~ n i s ~ n  of their forn~ation is easily initiatc~d. 



Spontancbous d t~c~arhoxyl ;~ t io~~ of /3-kcto acids, 
\vliieh ;I I .~ .  i ~ ~ t e r ~ ~ l c ~ t l i i ~ t r s  in the /3-oxidation of 
fa t ty  acids, I I I ; I ~  i t c r o u ~ ~ t  f o r  thc~ for111ation of 
thtbst. ketones nnd nlso for  thc, fact  thwt B-k(.to 
acitls h;~vr ncLvcAr l)c.t~a it1t.ntitit.d in 111ilk. 

]'.\KT 11. IS\7ESTl(;:\TIOSS OF T l l E  VOI..ATII.F: 

COAII'OSESTS OF >lll.K .\SD ('REAAI BY 

O.\S CllllOhlA1'O(;RhI'HT i \KD 

Jl;\SS SPECTRO>lETXT 

.2lthougl1 111rthy1 sulfide, (8)  and the, car- 
honyls identitied in 111illc \vc.rch ohservc~il to con- 
trihutr to the. fl;~ror of the. protlurt, thvy ditl 
not account for  its t,ntir(fi flavor. Sinrv th(, 
flavor of thc, ~n i lk  af'tt~r (listillation was aI\vays 
~ ~ ~ o r c ,  hl;ind than hefore trc~;ltn~(~nt. it   IS felt 
that  ;iltl~ough vol;~tilcbs \vrrtk h c h g  rrn~oved fro111 
tlrr n~i lk  hy t h t ~  tlistill;~tion 1)roct~tlure. thvy 
wereJ not hcai~lg rc>t:~ined in the, cold traps. 111 
view of this, it \v;ls co~~siclt.rc.tl ;~dvant;~geous 
to incdrrasr the tral)ping cfficienc~y, to i ~ ~ v e s t i -  
gat(. thr  Irlore volatilt, co111po1111ds. 

The lwocedurc. c~l~ployt.d W;IS s i~nilar  to t l ~ t ~ t  
of I);ly (2 ) .  Five traps ~vc.~.t~ ustd i~t'ttfir thc, 
cold \vatc.r contlrllsc*~., a \vet ice t ~ x p ,  two dry  
ire-cathano1 t r ;~ps ,  follo~vc~tl 1)y t1vc1 liqnid nitro- 
gen traps. Thc. two liquid nitrogcfin tr ;~l)s  tillcstl 
with gl;~ss ~vool \vckrtl r t~versc~-co~~~~ectc~d .  \vhich 
c~nal)led tlie 1;11.gc* ; ~ n ~ o n l ~ t s  of e;~rhon dioxitlc 
which n o r ~ ~ ~ i ~ l l y  ~vould ~ I I I I ~ ( . I I S ~  in thcl celrtl.;ll 
tuhc' ant1 seal off thcb Ao\v to I)(, cwllcctc.d ou the 
wall of the test tuht.. 

;\fter the dist i l lnt io~~ 7v;is eo111pIt~trc1, the 

last tlirt~c, t raps ~ v c ~ r t ~  pi~ichrd off and the vac. 
UUIII  ~naintained. The c o ~ ~ t e n t s  of only tlie last 
thr(2c' t r ;~ l>vv( , r r  an;~lyzc.d, hrc.ausc, the first two 
cont;~inc.tl large alnounts of w;tter. To ;in;~lyze 
thest. volntilrs convmic~ntly, it \vns nt,crss;rry 
to transfrr  the volatilc~s fro111 the. othrr  t raps 
into the first liquid nitrogc.11 t rap  hy ~nanipu-  
lating thch tc.n~per;tturr and pressure. This lat- 
ter  t r a p  was prcpnred so that  g;ts c h r o ~ ~ ~ ; ~ t o -  
graphic. s a ~ ~ ~ p l e s  coultl he t l l a \ v ~ ~  fro111 it hy 
pl:~cing a n  i~l j t~ct ion s y s t c . ~ ~ ~  ill the mtr;niecb 
tahc. :~ntl closing the o t h ~ r  end ~vitll a r u h h n  
h;~lloon to cstlualize pressure." This 1nt1nipu1i1- 
tion also pc8rlnittc.d ~.oleasr of osc~essivr c : ~ r h o ~ ~  
tliosidr hy snhlin~ation. 

A R ; ~ r h o r - C o l ~ a i  AIod(4 10 pas czhron~ato- 
grn~11 jvitli a n  ;~lpoli  ionization clt.tc.ctor w;~s 
used for  thcb fmction;~tion of the vol;~tiles. Tht. 
colu11111 ~ i~ ; i t (~r i i~ l s  115t1d \vc,re 15% C~rho\v ;~x  
1510 on 100.140 1110sh Ch~.on~osorh TV ant1 
20% tlioctylplitl~;~lntc' on SO-100 ~ ~ ~ c ' s h  Chro~no- 
sc~rh I\-. Tlir colun~ns \v(.rc> 9 f t  hy 6 111111 g l i~ss 
U-tuI1c.s. 

A snn~plc. ~ v n s  dr:~\v~i   fro^^^ tht. t rap  with ;I 

I1y1>o(ler111ic syringe, tittcd wit11 a I I ~ .  26. 1%- 
inch neetllr, and i111111ediately iajcbct~d onto t h ~  
c o l u ~ ~ ~ n .  Tnitii~lly, SIII;III gas s;~~nl>l(ss \vtbrc> nn;l- 
Iyzrd, hut i t  \\-as I'ountl 111rgc.r s:~n~plc,s could 
he i ~ ~ j e e t c ~ d  if the colu~nn prcsssurcb TI.~IS rtdurc~cl 
to I t '  psi. -4 typic;~l ~ I I I . ~ I I I ; I ~ ~ ~ I . ; I I I I  for  crcbi~nl 
vol;~tiles is shown in I."igu~.t. 1. Sinc.c~ flavor 

TIME (MINUTES) 

I.'i(;. 1. G:IS v l ~ r o ~ ~ ~ : ~ t o g l . ; ~ i ~ ~  of crcs;inl vol:~tilcs. C ~ ~ I I I I I I I  trnlpt.l.atl~r(~ (35 C, ilrg011 flow 34 nll 
])rr ll~inutc, Coluu~~l-(!;~rl,o!vax 1540. T l ~ c  major peaks rcprrsc'nt etl17l etlrcr (4 min), rnctl~yl 
ti~~lfi,lcb ( 6  ~ I ~ I I ) ,  nccatorle (10 nlin), 1)11t;11ioiic ( I ( ;  I I I ~ I I ) ,  t~t11;111ol ( 2 1  n ~ i i ~ ) ,  cl~lorofor~i) ; I I I ( ~  

flceto~~itrolc (11otIl 33 I I I~I I ) .  
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Trnt:ltivr id(~ntificirtions for  eo1111)011enth fro111 
tl~c. vol:itil(fi ~nisturc, urcArc. oht:~int.d by c o ~ ~ l p a r i -  
son of their rrtc~ntion t i~nes  wit11 those of nu- 
t11t.ntic c o ~ ~ ~ p o u n d s .  

To :~naIyz(~ t t ~ e  sc.pan~ted fri~ctions hy 111:lss 
s l ) t ~ c t r o ~ ~ ~ e t r b  it WI.; ncicessary to t r ; ~ p  the. 
fr;~c.tions ;IS t11t.p \\7t3rr (.luted fro111 tht. gas 
c * h r c ~ ~ ~ ~ : ~ t o p r : ~ ~ ) l ~ .  This r(vIuir(bd t h ~  use of thv 
capillal.y czrll d(tecto13, b(hrause argon c.ould not 
he used a s  a carrier gas \vhen the t'ractions werth 
to ht. 'ollt~ctcd in licluid nitrogc.n. Th(2 c.al)illary 
(.ell \\.;IS :~n:~ngc.tl so that  ht4iut11 could hta used 
;IS ;I c.m.l.ier gas i ~ n d  :~rgon ;IS thv ionizing gas. 

The frt~ctions trapped \\-cXr(. sel(~ctc~tl hrc.;~usc. 
thcy 1v(.1~(. eonsistc.ntly thc  l:rrgchst a1)pe;rring 
on the c . l l t ~ o ~ ~ ~ ; ~ t o g r : ~ ~ ~ ~ .  A41tl~ougl~ the sizta of thtb 
11enk producc~d on a c.hrotn:ltopr:~~~~ 11)- a c4otn- 
~)onntl is not nthet.ssa~.ily r(.l:~tc.d to fl:rvor sig- 
nific.:lnce, this ~nc~tllod se~,rc~d :IS ;I gnitlr in de- 
t ( > ~ i ~ ~ i n i n g  t h t ~  : I ~ ( ~ ; I S  to I)(, t r :~pptd .  A chro- 
I I I ~ ~ O ~ ~ A I I I  01)t:lill~d ~ n c l t ~ r  t r i l p p i ~ ~ g  conil i t io~~s 
sho\ving tht. ;u.r;ls trap1)t.d is ~)rc.srntetl as  
I?ipnrc. 2. 

E;rc.h of the ft.;~ctions \vercL collectc~tl intli- 
vidnally in :I liclnid nitrogrn c.ool(.d t r : ~ p  i~ntl 
:~n;ilyzcd in n (:enc.ral Electric .\Iass Spc~rtronr- 
ctc.r. Thc~ Inass spectra ohtainrd wrrc. q~ulli- 
t;~tivclly chvalu:~ted by convc~ntion:ll proc.rdarc~s 
for  a11:11yzittg such d:~t:~. The c:~t:iIog of 31:1ss 
Slx~cttnl I h t a  puhlisl~c~tl hy th r  An~c.ric.;ln PC.- 

troleun~ Institute W;IS used as the princip:~l 
source of rc4erc~nee tl;~ta. 

A c~ontrol expt*ri~nont ;llso was perf'or~nc>tl in 
\vhich distillc~d water n:ls low tcb~~~prr:~turt>-re- 
dnccbd pressure distilletl using tht. identic.~l 
contlitions :rnd c~c~ui])~nc.n' en~ployed for  tnilk 
:tnd c.re:rln. A c h r o ~ ~ ~ a t o g r a n ~  of the vol:~tiles 
obt;tined undrr  ttlc.sc> contlitions rc~ral( .d 1)c~aks 
in t~.:~ccb clu:~ntitic~s which correspondrtl in re- 
tention to ac.(.tont,, ethiunol, ant1 ch lorofon~~.  A 
1)ossiI)le c.spl;~nation for the rt.rorcLry of these 
c.on~l)oun(ls in t h ~  c.ontrol esl)erin~ent is that 
they \vert. rc.uidual ancl not eo~npletc*ly retnoved 
f r o n ~  thv nplxw;~tus, since. all of tht'111 wtire 
ohtailled in the tlistillntion of c1~(~:1111 :lnd in 
1nur11 grc.;~tn' clu;lntitichs. 

Thc~ idt~ntitic.:ltion of sevc.ral of t l ~ e  fri~c.tiorls 
1v:ls greatly fac.iIit;rtt~d Ily (.vid(snc.e ;~c.cu~nulatt.d 
by gas ct~ro~~~;l togr:~phic.  iln:~lysis. 111 the c;tse 
of' Fr:~ctions 2. 3, 4, ;111tl 5 \v11icI1 \ v t > ~ ~  i(Ic~ntili(d 
a s  ~nc.thyl sultitle, ;~cetone,' hut;~nonc~, : ~ n d  ettl- 
anol, tvsp(~c.tivc4y, it se iwd only ;IS confirnlation 
of' i d ( ~ n t i t ~ .  Thc, id(.ntity of the, r(~l11:lining Z.r;r('- 
tions 1, 6, ant1 7 wcw dt.tc*rn~irled only after  
~ s t c n s i v r  interl~ret;~tion al~tl  wit11 hc~lpfnl sug- 
gt.<tions fl.on~ ;III t.sp(1t.t in thc. tielfl. B r ~ o n d  
li~tiit:~tions of ~ I I P  :111t11ors in t h ~  fi(~l(1 of III:ISS 

spc~etron~ett.y, t l l ~ y  \wr(, c o n f ~ s ( ~ I  for  solne 
 tin^(^ by t l ~ v  d:~t:l in t h i ~ t  all three trnps eon- 
t:lincd cou~plrtc~ly u11;111ticil)att.t1 c.on~pou~~tls, 
;111tl ontb of' thr traps rt.1)rrschntrtl a nlisture of 
tjvo such c .o~~~pounds .  The' ~ull ikt~ly postul:ttion 
of ethyl c.thrr in t r a p  1 proved cv~rrec.t on 

'Ov(>r 25 (listill:~tions sllo\vrd 111illi :III(I c.1.e:1111 
( I  I :  a I s t  ~ I ~ ~ I O I I I ~ S ,  I "l'lle split ill t l ~ e  pc:~k for Fr:~ctiotl 3 is :IS- 

I of I : r i e l  I I - s111111'd to r('s11lt fro111 overlo:ldit~g. TIIC III:ISS Sl)ec- 
t\v0:~11 s:i1111)1~~s. Skil11111i1k W:IS not :III:I~.vz(*~. t rnn~ s!~c:\vc(l o11ly :~cc,tol~r ill  t l ~ c  fr:lctio~l. 

TIME I MINIJTES ) 
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conlparing the spec2truln for  the unknown with 
t h i ~ t  of the authentic. I t  was pointed out that  
tht. n~ass  s p e c t l u ~ ~ ~  for t rap  6 presented good 
evidence of cliloroforn~ i ~ s  one e o n ~ p o n ~ n t  
through t h ~  ch;~ractc.ristic pattern in the region 
of 111;iss n11111ht.r~ 8L' through 87 and the slnall 
pe;~ks ; ~ t  Inass - nun~hers 41 .5, $2.5, and 43.5. 
JI7hen the m:~ss spectrutn of c.hloroforn~ was 
~1xtral)oIatrd f r o n ~  that of t r a p  6, the residual 
pattern was aln~ost  cornplrtely accounted for  
hy acc.tonitrilc~. The main rrsidue was a t  111:lss 
nu~nhers 38 through 41, peak proportions heing 
the S:IIIIP a s  for  acc.tonitrilr. I t  hecanle evident 
through exprrt  guidance that  t rap  7 n ~ i g h t  
also contain a chlorinated hpdrocarhon. A 
search of authentic. sprctrll fo r  such con~pounds 
revtbalcd coinc?idence hrt\vcben data for  t h ~  un- 
known and the I I I ~ I S S  spectrun~ of rthplcme chlo- 
ride (ni:~jor peaks in proper proportions a t  
Inass nu~nhers 26, 27, 49, 51, 61, through 65, 
98, and 100). Although the III:ISS spectral data 
were considered ;~decluatcb for  idrntificatiot~ of 
the indicated con~pounds, the clvidence was rc- 
inforced hy giis c~lironiatograpl~y. S o t  only did 
these co~npounds hnre the proper retention 
tin~c~s, hut chloroforn~ and acc.tonitrile proiluced 
~ ~ e g ; ~ t i v e  peaks ;IS did thcl contents of Trap  6 
whvn chron~;~tographcd undrr  trnpping eondi- 
tions. 

The odors of the various ro~nponents as they 
v7e1.c heing e1utc.d f r o ~ n  the carho~virs colu~nn 
were noted. 8 1 1  odor was ohservcd in the arcb:l 
of Trap  6 that  was very c~har;icteristic8 of creanl 
flavor. It was desrrihed hy s o n ~ e  as n~alty,  hut 
Inore appropri;ltely hp  others a s  waxy and nut- 
likv. I t  appeared to have extrelne odor pott.ncy. 
hecaust, it was easily detecti~hlr hp odor evrn 
when the peak on the rhron~atogmn~ was small. 
I t  could he detcacted in the crude liquid nitrogrn 
trapping of milk or  creatn and distinguisli(.d 
fro111 the 111etliy1 sulfid(,. Although rhloroforni 
ilnd acaetonitrilc \vc.re responsihle for  inost of 
the spectrum of Fraction 6, it is postulatrd 
that  nothe her con~pound is  responsihle f o r  this 
odor wnd is also ('luted a t  this tinw in conern- 
tration so low as to h:~ve escaped detection hp  
the isolatioll and identification procedures. 

Fraetioll 7 had a n  ester-like odor. 1I7hether 
rthylc~ne chloride accounts for  thc. fruity, ap- 
ple-like odor associat~d \vith this pc~ak or  
overs11adou.s the true flavor con~ponents can 
only he answered hy further study. 

The idc.ntification of chloroform, acetonitrile, 
:111d ethylene chloride in n~i lk  and ercain vola- 

tiles awaits confirmation a t  other lahoratories. 
Thc. detcvtion of these cornpounds poscls some- 
what of a trlystery. They may arise f r o n ~  the 
use of solvents in the f a t  extraction of feeds 
(secadoil mmls), although prclsent knowledge 
indicates t1l;lt other solvents arc Illore COIII- 
111on1y nsed. The routinc use of chlorinated 
pesticides in t h ~  trcwtn~c~nt of dairy co\vs or 
their fcvld nlay proride a me:lns of transfthr o r  
assinii1:ition that results in resic1ut.s in milk. 

This invc~stigation confin~lt>d earlier findings 
( 8 )  regarding thca prescJnce and iinport:~nee of 
111c~thyl sulfide in the fl;~vor of fresh n~i lk  ant1 
CP1'HIlI. 
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IDENTIFICATION O F  STAPHYLOCOCCl IN  NONFAT DRY MILK RT 
THE FLUORESCEST LZNTIBODP TECHNIQUE '* * 

P. R. SMITH: ELIZARETH McCOY, AND a. B. WI1,SOn' 
Departme~~t of Rartrriolog~, T!nircrsitg of IVisconsil~, M:idisol~ 

SUMMARY 

A n  invebtigation was tnade of the app1ic;ihility of the fluorescent antihody 
technique to the deteetion of staphplococci in nonf:it d ry  111t1k. Procaedures a re  
given f o r  the' prcbparation of milk fillns and the staining of these fil~ns hy the 
Indirect fluorescent antihody procedure. Qualitative studies revealed that  
Stciphylococc~ts ctrirerrs cc.lls could he specifically identified in the prescnce of 
(.ells of Strrptococcrrs lnc.tis, Lactob~ct~llrrs cctsei, Racilltts scrbtilis, and other 
o r g a n i s ~ ~ ~ s  which might occur nortnally in  ~nilk.  ildditional studies showc,d that  
cells of staphylococci could he quantitatively deter~nincd in  inilk filnis hy this 
procvdure, and that  direct nlic*roscopic counts of these organis~ns correlated ex- 
trelnely well with nutnhers of 8. ct~rrrfrs cells known to he present. The quantl- 
tative detection of staphylococci from nonfat d ry  milk which had been inocu- 
lated with S .  attrrtis before spray-drying denlonstrated that  the heating arid 
desiccation occurring during spray-drying did not affect the results of our  
tests. Advantages of the fluorescent antihody technique over conventional pro- 
cedures a r e  presented. 

-- 

The serious staphylococcal food poisoning out- 
breaks of 1953 and 1956 (2, 3)  which impli- 
cated nonfat d ry  lnilk a s  the responsible food 
pron~pted  investigations into new nlethods of 
detecting staphylococci in  this product. The 
idral techniclue would he one which would spe- 
cifically identify staphylocoeei in  snlall numbers 
and in the prescnce of n~orphologically sinlilar 
organisnis. I n  addition, i t  should detect either 
viahle or  dead organis~ns, since niost hacteri:~ 
arcs killed during the t i~a t~ufac ture  o r  stor:~ge of 
nonfat dry Inilk. 

The recent use of fluorescent antihodies as 
specific staining reagents in a nuniher of other 
systems (5, 6, 8) w:is noted and considertd a s  
potc,ntially applicable to  the ahove problen~. 
Because this technique. uses a serologic.al syste~n 
ant1 a tl~icroscopic system, i t  should he both 
highly specific and highly sensitive. Indeed, 
while the prc~sent study was in progress, Carter 
(4) reported that  he could specifically identify 
coagulascs positive staphylococci in sme:lrs from 
cheese and nonf:it d ~ y  tnilk. The purpose of 
our invc.stig:ltion was to see if the fluorescent 
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antihody terhnique could he applied to the 
clualitative and quantitative drtection of staphy- 
lococci in nonfat d ry  milk. Conventional stain- 
ing tnethods of nonfat dry t~lilk filnis do not 
distinguish hetwcen eells of StccpI~!~lococcctn 
( ~ I O . C I I S  and t h e r ~ ~ ~ o d u r i c  eocci, hut  a serological 
proec.dure suc.11 a s  the fluorescrnt antibody tech- 
nique 111ight provide such a distinction. Also, 
this antigen-:lntihody systenl does not require 
viablth organisms f o r  a positive result, since 
killetl cells will also he detected. 

METHODS 

Prol)arcitiov~ of mill, fil~ns. Thin slidc'4 of any 
glash except Pyrex were thoroughly cleaned 
with Bon A ~ n i  and allo~ved to dry  in air. af ter  
which they were wiped clean and stored in a 
dust-free container. A few nlinutes hefore use 
they were flanlcd and allowed to cool. S o n t a t  
(11y lnilk was reconstituted in  water according 
to standard procedures (1)  at  a concentration 
of 11 g per 99 n11 of water. After  the suspeu- 
sion had heco~ne holnogeneous, i t  was diluted 
1 :10 with sterile water of neutral pH. 3filk 
fil~ns were preparcad according to star~dard 
tt~ethods and dried a t  40-45C f o r  .5-10 min. 
Thev were then innnersed in  xylene for  2 min, 
air-dried, in~mersed in  95% ethanol for  5 min, 
and dried again. 

The films were fir~nly fixed to glass slides by 
the following procedure of Olson and .Jezeski 
(7) .  Ench slide wa.; immersed vertically in 
3 N KaOH for  5 tnin, then washed rrry grntly 



by 111oving thr  slide vtbrtic;~lly thrrc. o r  four 
tinles, in r;irh of two l~c.:~krrs oL' witer. Hori- 
sont;~l  ~ l~ovc .~ l~rn t  \v;~s avoidrtl, sillre i t  enhilnccd 
d i s i n t c ~ g r t i o  of 111ilk filt~ls. Slidrs werr ~II(.II 
dr i~inrd ar~tl  air-dried. 

P~f~))(lI'(ltiOll Of ; t l f l f l f l l l ~  111?,ti~f').(l. St;~phylo- 
coccus a t ~ t i s r r ; ~  wcrc. prrpnrtad hy i11.jreti11g rah- 
hits intlnvel~onsly with heat-killed whole crll 
prep;rrations adjusted to :In 0.1). of 2.0 in n 
( l o l r ~ ~ ~ a n  Spchc*trophoto~~~rter (590 I I L ~  A). AII 
initial i.v. in,jrction of' 0.5 1111 W;IS followed four 
days latrr  hy 1.0 1111 011 each of thrre sucerssivr 
days, thrn four days rrst, ; ~ n d  the cycle repc,;~ted 
weekly through the fourth week. Sr rn  werr 
c.ollrcted ten days t ~ f t e r  th r  filial injection. 
Titers of antisera rallgrd fro111 1 :I280 to I:R120, 
hy tube agglutination tests, hut  o l ~ l y  those with 
the high(,st titers \vercb usc.d for  fluoresc~rnt ;Inti- 
hody work. Fluorrscein-labcled sht*rp i~nt i -  
serulll to rahhit glohulin \\-as oht;~ined fro111 thc. 
SyIvilnt~ Coll~pany. 

Sttril,ilzg ~rqith f/tcorpscr,rt niztibodirs. The in- 
dircsct staining ~ ~ ~ e t l i o d  of 1t'ellc.r and Coolls 
(9) was employed. Milk fi1111s wvre stained hy 
flooding slid(8s with ;I s n ~ : ~ l l  a111ou11t of unl:~hd(btl 
staphyloeoecal : ~ n t i s e r u ~ ~ ~  and pl;lcing the111 i l l  

n 111oist cha~nher for  20-30 ~r~i t i .  Escrss :lnti- 
seru111 was removed, and slid(~s wcJre washrd in 
either phosphatr-hufferrd salitie ( p H  7 2 ,  0.05 
nr phosphate) o r  distillrd m t e r  (pTC 7 ) ,  t~ftc'r 
~vhich they a e r r  air-drirtl. The 111ilk fi1111s \ver(l 
then flooded ~vi th  a s111al1 a l ~ ~ n u n t  of fluorc~sceil~- 
Iahelrd sheep antisrru~u to rahhit globulin and 
thr  slide returned to the 111oist chal11ht.r fo r  
20 111in. Escrss srrunl was re111oved and slidrs 
wrre washrd in phosphate-huffrred salille ( p H  
S.0) for  1 5  Illin, with oceasiot~ill pcwtle vertical 
;~gitation. Again, <.arc. was esrrcisrd to avoid 
dislodging thr  milk film. Eserss huffrr was 
rcw~oved with a h s o r h r ~ ~ t  tissue, a drop of huf- 

ferrd glycerol (tlinc, parts  glyerrol; one part  
phosph;~te-s:~liiir, p11 4) WIS pl ;~red ovrr thc? 
filn~, and a (*over slip applied. Slides \verca thew 
esa~~~inc .d  in tht, fluorescrnrc~ n~ic~roscope with 
;III oil-i111l11rrsiol1 ohjectivc~. 

]<'or this worlc a Leitz Ortholux ~~~icroscopc,  
ecluippt~cl for  fluorescencc~ n~ic.roseopy was ust.tl. 
Thr  ultraviolet-trans~~iittiw filter RG 12, 4 111111 

thirk, w:~s used in colljtu~ctio~i with appro l~r ia to  
eyepiecr filtcrs : ~ n d  ;I Philips CS 1-50 high-pres- 
sure Illrrcury 1a111p. Pliotograpl~s ~ v r r e  t a k c * ~ ~  
on Tiodak Tr i -S  ti1111 through a 111ediu111 yellow 
eyepic.ee filter to ;~hsorh ultl.aviolet light. 

Co~~t ro ls .  The controls used a re  shown in 
Table 1. These a r r  grouped ;IS A and R ;  Group 
I\ for  sprnifirity rsperi l~leuts  ill the ahsmrc of 
t iol~f;~t  d ry  i ~ ~ i l k ,  and G m u p  R for  ;dl exprri- 
l~rerlts i ~ i v o l v i ~ ~ g  1lonf:lt dl?. 111ilk. One other 
type of control might havcl her11 used in either 
group, i t l~d this mould have cwployed a fluo- 
rc>sct.ili-lithele(l t t o r ~ ~ ~ a l  shrcp sc~u111, t1.g., as  thr  
sc~eol~d stainiug rcbagc~~t ill cot~trol n u l ~ ~ h e r  BS. 

Q1tnntilntii.r st~rrlir,s. Co~nn~c,rcially prepared 
11onf;lt d ry  n~i lk  was reconstituted and inocu- 
I:itecl with known ~ ~ u ~ ~ ~ h e r s  of rrlls of S. cc~rrc.rrs. 
;IS d r t e r ~ ~ ~ i n r d  ill a I'etroff-I1ausc.r c h a ~ ~ ~ h e r .  
11ilk fi1111s wc1re then prt.parrd a l ~ d  st:~int~cl a? 
described above, n l ~ d  (1irc.c-t ~~~icrosc.opir  counts 
~ ~ l a d v  of fluoresrrr~t stilpl~yloc~orei in r:~ch field. 

Other qu:~tltit;~tivr e s p e r i ~ ~ ~ e n t s  w a r e  per- 
f ' o r ~ ~ ~ r d  wit11 e s l ) e r i ~ ~ ~ ~ n t ; ~ l l y  prepared nonfat 
dry 111ilk powdrrs ohtailled fl-0111 Dr. .I .  J .  
.Tezrski, of the rn ivr rs i ty  of 3linnrsota, and 
having the follo\\,ing histories: 

Powdtlr KO. 1 : prepared fro111 s k i ~ ~ ~ l u i l k  
which had heel1 heated to 93 C f o r  1 hr, cooled 
to 4.4 C within 30 min, :~nd  held a t  this ~ I I I -  
pclnturr  ovemiglit. Uninoeulated. 

Po\vdrr No. 2 :  prepared fro111 equal parts  
of Inilk used for  po\vdrrs Yo. 1 and 3. Rr-  

Co~~trols  for the i~~(lirc,c.t fll~orrsreat antihody tee l~~~ique  
-- - 

Reagents ' 
Experi- Col~trol - - . - -  ---- -. - 

mcut No. Milk S. nrfrcrrs I A R  S A B  FAR 

" Legenrl : J A B  = Vnlabrlr(l immune glohuli~~ to stapl~ylorocci; SAR = T'nlahele(1 normal 
mhbit glohr~lin; FAR = Fluorrseei~~-1al)cled sheep anti-r:~l)l)it srnllll. 
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FIG. 1. Fluoresrent n~~til~ocly staining o f  :I mixture of Sfrr,pfocorrrrs nrrrerrs :111(1 Strey~tocorran laclis. 

ported to  contain 5 X 10' staphylococci per 
~nillilitc,r of  origini~l 111ilk. 

I'owtlrr So. 3 :  prepared fro111 skir~nuilk 
which had hern h(.atetl to 93 C for  1 hr, thrn 
cooled to 37 C. I t  was thc.11 inoculated with :In 
ellterntosin-pn)duri~~g str;~in of S. ccirr~rrs alld 
incwhatc~d 18 hr. The staphylorocc.al populatiou 
ails reported to hca 10 X 10' cc4ls per ~uilliliter 
of 111i1k. P i ~ r t  of it was used to pr(.par(l Powder 
2, ;~l)ove. 

These, powders were reconstituted, f i l~~rs  prch- 
par(v1 oli glass slides, and thr fi1111s s ta i i~rd  a s  
dc,scriht.cl previously. Direct n~icrosropic counts 
were. 111;ldc of the fluorrsc*c.nt st:~phylococ~i ill 
(wrh fil~n. 

Spwificit!l o f  stoitzifzg. A variety of haeteritll 
specic~s which constitute. the nor111a1 flora of 
111i1k H I I ~  sollle which wight possibly he fount1 
i r ~  dry ~ui lk  wthre used. They w ( ~ e  Racillrts 
cc,reccs. Rncillus c*otrgrtlnlzs. Hitcillrts sribtilis, 

: I~) .oI~(rc t ( , r  ~ I ~ T O ~ J P I ~ P S ,  S t r ~ p t c ~ c o c c ~ ~  lnctis, 
Strcptoroccrrs fnrcnlis, 1.ctctoOcrrilltrs ctrsri, and 
S. cturcrrs. S ~ ~ ~ e a r s  were prepared of hoth pure 
culturt .~ and ~ ~ ~ i s t u r c . s  of these orgauisl~~s,  and 
stained as ahore. 

Cells of eavh of thrse spt~cies ~~o~~spec i f ica l ly  
adsorhed :I sl~lall au~ourrt of f luorrsce~~t anti- 
hotly, hut caells of S. trrr7.crr.~ stained f a r  Illore 
intt,nsc.ly t h a ~ ~  did thv others. Figures l a  and 
h and 2a i111tl h show the results on stilinirig 
111isturc1s of S. trcc~wits and either I, .  ccrspi or 
S. 11cctis. The ;irrows in Figures 111 and 11) point 
to :I u~ised  cluster of S. uri~c~rts and S. ltrctis cc.lls 
which :Ire llei~rly indistinguisl~ahle  fro^^^ e;lrh 
other uudchr incandescc.nt illu~~iin:~tion (Figure 
l a ) .  Ilo\vc~rer, with ultr:~viol(.t ( 1lV) i l lu~l~ina- 
tiou, it is :~pp;~ren t  that ~ l ~ o s t  of these 'ells ;Ire 
S. Imrtis, since th(.y do not fluoresrr (Figure 
l h ) .  Figures ?a ilnd 2h illustrate the satlie 
poirit with :I luistul.e of S. rcrir~its and L. cnsri 
cells, the. :lrrows i~idic.ating n chain of lacto- 
hi~cilli. 

:I.  T I I V : I I I , ~ ~ ~ W ~ ~ I I ~  ~ ~ I L I I I I ~ I I : I ~ ~ O I I  1,. 1-It ~,:~\-iol,st ill11111it1:1t ~ O I I  

121o. 2 .  b'luorc.ser~~t :111til)otly stni~li l~g of :I misturr o f  Sfrr~~~toeocrrrs nrtrerrs a1111 I,c~ctobncillrrn casei. 
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FIG. 3. Fluoresecnt :~ntibody staining of no 

Iit.sults suc.h :IS these were typical of all of 
the ~nixtures, with the exception of ~nixturchs of 
S. ctrcretrs and R.  crrrtrs. Thr bac.illi of this 
species, hut not of thr other specic.~, adsorbed 
snfficirnt fluorescent :intihod\- to fluoresc.~ 
hrightly under U V  illun~in;~tion. lIowt.ver, the 
dissin~ilarity in ~norphology between these cells 
and S. trrtrerts cells ~ n a d r  differentiation possiblv. 

Preparations of nonfat dry milk which con- 
tainrd S. crfrrrtrs prior to pnwessing were stainrd 
as tlescrihetl i~hovc., and Figures 3a and 3h 
drnlonstrate thv rc.sults. The di;~gonally di- 
r r r t rd  ;lrro\t7s indicatr S. nuretts cells ah ich  
;Ire spccaific:~lly and e:~sily detectable hy their 
fluorrsrmce, but difficult to identify under in- 
candescent illun~in:~tion hrrausc~ of the presence 
of particles of milk constituc.nts. Under VV 
light t l~esr  particlrs usually \vercl not visihlr, 
but an exccaption is drnoted hy the vertically 
dirccated arrows in these figurcls. These ;lrro\vs 
indit+atc, a pnrtirlr which had ndsorhed fluo- 
rescent antibody, and thus  night give a. false 
positivc~ result. ITo\vrver, observation of srv- 
era1 such particles rrve;~led that. they :~lwnps 
\vrrc' nnifor~nly fluorc.scc~ut, whcret~s erlls of 
S. ntcrcrrs a1)prarc.d as cloughnuts. With this 
distinction in ~nind ,  i t  was not difficult to dif- 
fwmtin te  the two, as  in Figure 3h. 

Althougli the above expc.rin~ents drn~onstmted 
that st;~phylococci could be specific:~lly identi- 
ficd in 111ixturc.s with other o~.ganislns, only one 
strain of S. arrrors had 1)et.n used. To ser if 
t h r  specific antisern111 would illso renet with 
other staphylococcal strains, a rollccation of '72 
cultures fmln chresrs, hunlarl sourcrs, and bo- 
vine sources ~ v a s  ~ r ~ a d e .  When these strains 
wc.re stained with fluol-eseent antibody, 12 
strains did not specific:~lly adsorb the labeled 
antihod\-, hut 60 strains did rmct  positively. 
The 12 strains which did not react had no out- 

nfat dry milk ront:~ining stapl~yloroeci. 

standing property in c2olnlnon, such a s  being 
c*oagulasr-nrjiative or  all of bovinc. origin. The 
percentage of negative reactions (16.6 %) was 
of interest hecausc. agglutination tests with 
the s a n ~ e  antiseru~n, unlahrled, failed to react 
with 23% of 94 staphylococ~cal strains from 
the same sourrrs, thus giving thv satne order 
of neg:~tivt~ rmrtions. 

( J t~a~zt i tu f i~e  stnrlies. The results of studies 
involving c+on~~nercial prcpar;~tions of nonfat 
dry milk to ahieh known r~utnhers of 6. cluvrrrs 
cells were :~ddtld a re  shown in Tilhlv 2. I t  is 
a l ~ p a r e n t  that  good results wrre obtained in xll 
tests except those involving reconstituted n~i lk  
with only 3.6 X 10"S. trrtrc.tts cc4ls per inilli- 
liter. \\7ith this crll population, and ber;~use of 
the dilution factor involved in preparing n~i lk  
filn~s, only one staphylococcus cell per 14 n~irro-  
scopir fields ~roulcl he espeetrd, on the average. 
This is too low for  accur;~te cluantitntive c~ounts. 

Quantitative counts on nonfat d q  n~i lk  pow- 
drrs  in which st;iphyloeocri were gro~vn prior 
to pnwessing gavc3 very gootl results. Exan~ina- 
tion of milk filn~s preparrd fro111 Powder Xo. 1 
rrvealrd that very few hacteri;~ were visible. 
-2 felv large hacilli were seen, hut  staphgloeocci 

TABLE 2 

Qr~al~titatire reroreric.~ of S .  aror~irs cells -- 
.\TO. f l u 0 ? ~ 8 ~ ~ l l t  

Xo. cells/ colls/milliliter 
n~illiliter ohserrcd in 
ntldctl to n~irrosco~~c 

rcronstitutetl after staining 
nonf:~t (1x7 with fluorescellt 

ll~ilk :~ntillodic~ 

3:fi x 10" Too few to count 
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were ahsent. Since this powder was prepared 
fro111 un~noculated, unincuhated n~ilk,  this is  
not surprising. E:xanlinations of lnilk films 
prept~retl fro111 Powders 2 a n d  3, however, 
showed large nu~nhcrs of hacteria and resulted 
in counts of 6.0,5 X 10' and 1 3  x107  fluorescent 
staphyloroccal cells per trrilliliter, ~.espectively. 
Although they were not counted, there was a 
fairly heavy concentration of large hacilli in 
these Inilk fihns, as compared with fi1111s from 
Powder 1. This might he esperted, since hacilli 
of several types are present in milk, and some 
sporeforniing bacilli might survive the heat 
treatment and grow during the 18-hr incubation 
period. 

Thus, in ~nilli films reported by Dr. Jezeski 
to contain 5 x 10' staphylococci cells per milli- 
liter by the direct microscopic count, we found 
6.05 X 10' fluorescent staphylococci per  milli- 
liter and fro111 milk films reported to eontain 
10 x 10' cells per lnilliliter we found 13 X l o 7  
fluorescent cells per milliliter. 

Preliminary experiments with milk fillns pre- 
pared hy standard  neth hods showed that two 
~ n a j o r  diffirnlties existed in the mechanics of 
staining the staphylococci with fluorescent anti- 
hodirs. The first of these was that p ro lon~ed  
exposure of milk fil~rls to aqueous a.nd saline 
solutions usually resulted in disintegration of 
the milk films. The second proble~n was that 
fluorescent staphylococci were nearly ilnpos- 
sihle to d r t ed  hecause of highly fluorescent 
background materi:~l (milk constituents). Ad- 
sorption of fluorescent antihody preparations 
with hoth Dowex 2 chloride and acetone-dried 
nlouse liver powders, to remove unconjugated 
fluorochrome and/or conjugated nonspecific 
antibodies, failed to decrease this background 
fluorescence. The procedures which have been 
presented ahove under the heading Methods are 
those which were fonnd to be best fo r  overcom- 
ing hoth of these difficulties. Thus, the brilliant 
background fluorescence was reduced by a corn- 
hination of diluting the reconstituted nonfat dry 
milk 1 :I0 with sterile water, and by using the 
indirect staining procedure. 

I n  addition to eli~ninating excesqive hack- 
ground staining, the Indirect staining technique 
has the inherent advantage that only one fluo- 
reseein-laheled antihody 1s required for  each 
type of ani~nal  in which specific antisera arc, 
being produced. On the other hand, the direct 
staining procedure requires that each specific 
nntiserunl under study be labeled with a fluo- 
rescent coinpound. 

All of the controls listed in Tahle 1 are not 
necessary fo r  routine use of this procedure as a 
dia.gnostic tool. Controls nunlhrred R2 through 
B5 are essential ones, provided a, positive con- 
trol is also included in each day's tests. This 
lnight he prr.pared from a hateh of nonfat dry 
n~illc which was either c ~ s p e r i ~ ~ ~ ~ n t a l l y  or nat- 
urally scvded with S. ativrtln cells. 

Thc photographs illustrating the specificity 
of the technique show that little difficulty should 
be encountered in identifying staphylococci in 
Inilk filn~s, even in the presence of ~norpholog- 
ieally similar organisms such as L. cnsei or  
S. lactis. In  addition, solne evidence has heen 
presented that a large majority (83.4%) of 
the strains of S. nicre7ts which were tested could 
he detected by the indirect fluorescent antihody 
technique. This was approximately the same 
percentage as ohtained hy agglutination tests 
with the unlabeled serum. 

The results presented herein do not show 
that only coagulase-positive staphylococci react, 
since such results were not found to he true. 
To the contrary, and in contrast to the results 
of Carter ( 4 ) ,  we found that hoth coagulase- 
negative and -positive strains were stained. I t  
should he pointed out, hou,cvc.r, that Carter 
used different antigt~ns and that we ~nade  no 
i~ttrtnpt to produce antisrra specific. for coagu- 
lascl-positivc strains. Furthern~orr,  our results 
have. no itntttcdiate htwring on the detc~ction of 
rnterotoxin or  enterotosigenic staphylorocci in 
nonfat dry ~nilk. However, if a more specific 
antiserum can he produced, i.e., against such 
strains of staphylococci specifically, i t  ]nay he 
that i t  will he useful as a diagnostic reagent in 
the fluorescent antihody technique. 

The data fro111 quantitative experiments show 
that good correlation was ohtained between 
numbers of cells of staphylococci known to be 
in nonfat dry milk and those actually counted 
as fluorescent i n  the UV microscope. This 
correlation is emphasized when one considers 
the extremely high microscopic factor (5 X 
10") introduced by diluting the reconstituted 
nonfat dry milk. Only the lowest concentration 
of cells of S. uzlrezcs was not counted quanti- 
tatively, hut this does not lnean that staphylo- 
cocci could not he detected a t  this concentra- 
tion, or  a t  even lower concentra.tions. Thorn- 
ason, Moody, and Goldman (8) have reported 
that the hacterium M(tll~onl?/crs mnllri could he 
dctected with fluorescent z~ntihody when only 
four cells were found on a slneilr covering about 
1.6 sq cnl. Thus, i t  would he possihle theoret- 
ically to detect a single cell of S. nqrrriis on a 
milk film, provided the entire are:] of the milk 
ti1111 were scanned ~nicroscopieally. 



The 111ost valuahl(. clu:~ntit;itivr and  ding- 
nostic rrsul ts  ~ w t .  oht:~inc.d fro111 e s p r r i n ~ c ~ n t s  
with nonfiit d r y  111ilk l)o\vdr~.s in mhich staphy- 
locoocaei wc2rci grown prior  to proctbssing. Thrse 
rt.sults not only sl~o\vc~tl t11;rt S. (rtrrptr.~ cthlls 
cdould I>(. cluantit;~tivc.ly eonntc~tl, hut  t11:lt t h r  
v;~rious tr(~:1t111(311ts givcbn s k i ~ i ~ ~ n i l k  I)(4'or(~ : ~ n d  
d111.ing spray-(11,ying tlitl not sc.riously Ic.ssrn 
thc. st:~ining of s t ; ~ ~ ~ l ~ y l o c o c ~ c ~ ; ~ l  cclls with fluo- 
rescc.nt :~ntihodic~s. 

Thr  fluo~*esct.nt :~ntihody tc~chnicluc~ has solile 
disti11c.t adv;~ntagrs o r r r  c.onventiona1 cultural 
n~e thods  of dc,tc.cting organis~ns  : ( a )  i t  is 
r a p i d ;  ( h )  it is a s  specailic a s  the serological 
s y s t e u ~  en~ployed;  and ( c )  i t  will detect either 
viable or  dead cells. I t s  inajor advantage over 
co~lventional ~nicroscopic ~ ~ t e t h o d s  is  t h a t  the 
fluorescaent antibody technique eniploys n spo- 
cific staining reagrnt  (laheled an t i se run~)  , thus 
e1ilnin;iting the painstaking ; ~ n d  tedious exa~ni -  
nation of every stained o r g i ~ n i s ~ n .  One glance 
; ~ t  a 111icroscopic3 field is snficirnt  to  tell if 
fluoresc*t~nt st;~l~liylococc~i :Ire present, whrrciils 
one  nus st oftcln s11eiid ~ o ~ ~ s i c l ~ r : ~ h l e  tililt, t rying 
to tliff't~rentintc. convrntioli:~lly st;~inecl s t i ~ p h y -  
lococ+c+i f ~ . o n ~  111orl)liologic;111y si111i1;1r o ~ - g a n i s n ~ s  
o r   fro^^^ 111i1k c o ~ ~ ~ l ) o n ( ~ n t s .  The I I I ; I , ~ O ~  (Iisild- 
v ; ~  ~~t:~g:.c>s of t h ~  f luo~~.scc~nt :~ntihotly tc.cl~nicluc~, 
;IS ;~l)plic>tl t o  our  ~ X I ~ ~ X ) S ( ~ S ,  :lrcl t11:1t (;I) I I I ~ I Y ,  
c.spc.nsivc> c~c lu i lx~~(~nt  is ~ ~ c ~ c ~ u i ~ ~ c . d  f o r  IT\' ~nicdros- 
~ o p y ,  ; I I I ~  ( h )  sp(lciti(* ; I I I~~S(>I . ; I  I I I U S ~  hc, In(,- 
1);irc~I ancl I I I : I ~ I I ~ ; I ~ I I ( ~ ~ ~ ,  t1111s n(~(>(~ssi t ;~t ing :I 

SIII :III- ;I~~III ;II  colony. Both of thrsc clis:~dvnn- 
tagcs nright htl ~nini~~~inc.r l ,  ho\vevn, h y  cstah- 
lishing rcyional o r  cooper;~tirc. l;%hor:~torirs to 
which ;ill of the ~nillc drying pl i~l l ts  within R 

given area might send s : ~ ~ ~ ~ p l c ~ s  f o r  testing. 
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IICTD-SOT,I'HIIE SITCT,E0TIDES IN C!O\lT'S AND GOAT'S hT1Lli ' 

Acid-soluble nuclcotides in cow's and go;~t's n~ i lk  at  difft'r(111t stages of 
lactation \\-(,re exan~ined by ion-exchange colu~nn chromatogr;~pl~y. I n  goat 
~ni lk  CJIPY, IIPN, AMPS', AM['-X, GAP.',', 1'1\11'5', orotic ;~cid, GDP-man- 
nose, UDP-ac:etylgluc.osa~~~irlt., IIL)P-acetylgal;~ctos:~~~~i~~e, UDP-gluc.ose, UDP- 
gnlactosr, GDP, UDP, UI)l'-uronie acid, a n d  other unidentifird nut?lrotides 
were fount1 throughout thr l i ~ c t a t i o ~ ~  period. Total content of ilcid-soluhle 
nueleotidc~s attained 111asin1u111 i ~ t  the colostral st:~gc (330 pnt per 100 1111) and 
decreased with the advance of lactiltion. The pc.rPrntage of UIIP-i~ct.tylhex- 
osan~ine and UDP-hexose in acid-soluble nucleotides are  not only highest in 
colostrun~ (68%) but also in tht, ~nid-stage of lac.t;~tion (44%). Activt, P"" 
incorporation into these nucleotides \\.as ohscrvcvl following the iajec~tion of 
Ps. Milk of a goat with lactation induced by the :~tl l~~inistration of hor~uorles 
showed the salncb chro~~iatographic pattrrn as that of the 111ilk at  nonnal lec3t;ltion. 

Considerahlr species diffrre~~cc, of the arid-solul~lr rruclrotides of n~i lk  was 
ohserved betwecan 'o\t-'s and goat's lr~ilk. With the txcc.ption of the colostr;ll 
stage, orotic acid constituted a nlajor part  of arid-soluhl(h nucleotides of cow 
111ilk. COT'S n~ i lk  illso (:ontaii~cd CMl'.',', uric acid, AJIP.',', : ~ n d  an  unidentified 
AMP derivative. Thrre was no differcmre in the p a t t r r ~ ~ s  of chromatogran~s 
hc.t\\-rrn Holstein and .Jersey ~nilk.  

A rec'nt .study of phosplioruh colnpounds of 
the lacztei11 ~c.crc~tio11 during early l~c t a t ion  has 
shown that thc aniount of ester 1' is highest 
in c o l o s t r u ~ ~ ~  and that uridille nuclrotidrs, guan- 
osii~e nucleotidrs, and adenosine nurl(~otides are  
found in goat colostrum and milk. These suh- 
stilnc.es were also detected in cow colostrun~, 
hut disappeared with advancillg lactation (12).  

Several invcstigi~tors have reported that U)P- 
glurose, a coenzylllc3 in lactose sy~ithrsis, is p :~ r -  
ticwlarly abundant in the malnrnary glitrrd (6, 
14, 20),  and that no grcat difference exists he- 
t\vc.cw the patterns of iicid-soluble nuclc~otic1c.s 

of tht. 111amrnai-y g1:lrids of the cow and goat 
(14). 

Thrrtl have heen few invrstigations on thr  
co~~~pos i t i on  of acaid-soluhlt. nucleotides in cow's 
i ~ n d  go:lt's ~nilk. Also, th(, rt.lationship betwc~c~n 
the ch;~nging content of acid-soluhle nucleotides 
and I I I ~ I I I I I I I ~ ~ ~  gland funcation has not heen 
cli~rifird. This paper desc.rihrs marked differ- 
mves in thr ;~cid-soluble nuc.lt~otide composition 
of cow's ;ind goat's inilk, ;IS \\.rll as  nucleotidr 
variation with the stage of lactation and P3' 
incorporation into these suhst;~nces. 

Hcrc~ivctl for publir:~tio~~ April 11, l!)fil. ~ x l ~ e r i l n r n t : ~ l  snniplrs were obt;lined f r o n ~  
I tllis I,:lpcr, tile follo,viIlg :Il,,~rerintiOns Holsteill cows alld Satlnnell goats of llorlllal 

: p, I,llosphate ; Ahlp, :,(lcllosine l l~o l lO l~~ los .  I;~ctation kept ;lt the Sational InstituttA of -%- 
I)kl:lte; ( ' A ~ P ,  rpticlille nlollol,llosplln~e;e; ( i n ~ ~ ,  ricultural S(3it.11cc.s in Chiha, Japan.  Milk of 
e n ; ~ ~ ~ o s i ~ l t ~  ~i~ono~)I~osr,I~ntr; T:>fp, uridinc mol~o- :I goat with l ; ~ c t i ~ t i o ~ ~  induced 11p thr  ild~ninis- . . 
pl~osl,ll:~tc~; AIIP, atlc~~osinc~ tlil)!~ospl~ate; QTIP, tr:~tion of estrogc~n and progesterone was also 
gu:~~~osi~rc  ~1il)llospllate; ITT)P, l~ri(lilie diplios- ;I~l;,lrzed. - 
p11;ltc.; i\'l'P, :~tle~~osine tr ipl~osl)l~:~tr;  GTP, gunllo- Forty to nne hundrc~d n~illilitrrs of 111ilk \VRS 
sine triplrosl)l~:~te; VTP, rnitli~ic. tril,l~ospl~ntc' ; 
l)PN, cl i l , l losl , l lol ,~~i~l i l le  l l uc l ro t i~ l~ , ;  TPS, tl.i- use1 for  the exp(brin~(.nt. T n ~ n ~ e d i a t ~ l y  after 
pklospho ,)yr illill(, I,ueleotidr; ~ . ~ . p ,  glurose.l .  111ill<ing, the milk was eooled to 2 C anti 2.5 
p~los,)lltrtc ; (;.(;.p, glncose.~.I)~losl,lI:ltt. ; I)SA, fie. volnn~c's of ice-cold 10% trirhloroacetic acitl 
soxyr i l ,o~~r~r l (~i~  :~vi(l ; RSA, ri l)o~~u~lric.  :~cicl. \v;ts added. The rn ix t~uc~ ~ v a s  stirred with a 
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glass rod and protein centrifugtbd off in the 
cold. The protein residue n7as homogenized and 
re-extracted with 2.5 volulne of 10% trichloro- 
acetic arid. The acid-soluble supernatant solu- 
tions were combined. The acid was then re- 
moved from the extract by shaking vigorously 
1%-ith five volun~es of ice-cold ether until neu- 
tml,  aerated to  remove as  muah as possible of 
the re~r~ainiimg ether. The acid-soluble phosphate 
of tht. solution \\-as adsorbed in an  anion rx- 
change resin column in 5 C, which was washed 
with 200 to  300 ml of water. 

Ton e.~change column chromatography. Fo r  
srparating nucleotides, a gradient elution 
mcthod with a forrnatc system and Dowc.x I, 
X-8, 200-400 mesh (formate) in a 1.6- by 
2.5-c111 column ~ v a s  used (11). A 500-1111 mixing 
flask was en~ploycd. The five elution ranges 
were obtained by changing the series in 1 s 
formic acid, 4 N forn~ic  acid, 0.2 M amtnonium 
formate in 4 N formic acid, 0.4 M a~n~noniu~mm 
fornmate in 4 N forrnic acid, and 0.8 M amnmon- 
ium formate in 4 N formic acid, respectively. 
Ten inill~litc.rs of fractions were obtained a t  
the rate of 0.8 ml per minutc with an  auto- 
matic fraction collector. The optical density 
of the fractions was determined a t  260 rm~p with 
a Hitachi Model E P U  spectrophotometer, us- 
ing distilled water as the blank. 

Irle~ztijiccition of auclrotidos. To identify 
nucleotides, fractions of the column chromato- 
gralils were pooled and the eluents were rc- 
nloved. Samples were vacuum-dried a t  low 
temperature on ICOH. 'In fractions containing 
much arrimoniurn for~nilte, NH,' was exchanged 
fo r  EI', using columns of Dowex 50, X-8, 
200-100 lmmesh (H' form).  

The condensed samples were chromatographed 
with known standard substances in one dinren- 
sion on paper wlth two or more of the follow- 
ing solvent sy \ ten~s  (17, 22).  

1. iso-anlylelcohol + i,o-propylalcohol + 
75% lactic actd + 5% trlchloroacetic acid 
10 :30 :1:20) 

2. iqo-butyric ilcaid + 0.5 N a~un~orlia (20 :12) 
3. 12-butyric a c ~ d  + 0.5 x a n ~ n ~ o n i a  (10:6) 
4. 95% ethanol + 1 nr a~nn~oniurn acetate 

(pH 3.8) 
5. 95% rthanol + 1 ar annnonium acetate 

(pH 7.5) 
Rf va1uc.s of the individual acid-soluble nu- 

cleotides were determined according to Ban- 
durski and Axelrod (2 ) .  All paper chror~~ato- 
gram spots estimated by the method of Markhnnm 
and Snrith (15) were cut out and eluted with 
0.01 N IIC1. Ultraviolet absorption spectra of 

the eluates were deterlnined a t  different pH.  
Phosphorus content of the acid-soluble nu- 
cleotides was deter~r~ined by the method of 
ITorecker (10). The content of ribose was de- 
trcnted by orcinol reaction (I). The purine 
haws and ppri~nidine nucleotides of each peak, 
ohtilined on hydrolysis in 1 N HCl  a t  100 C 
for an  hour, were chromatogmphc,d with au- 
thentic saniples in the follolving solvent sys- 
terns : 

6. iso-propanol + HCl + water (170 :41:39) 

7 .  9%-hutanol (saturated with a t~~monia  and 
water) 

The carbohydrate-moieties of sugar contain- 
ing nucleotides were identified after hydrolysis 
of the nucleotides in 0.01 x HC1 a t  100 C fo r  
30 nrin. After retnoving anion and cation with 
Dowcx 50 (H' fonn)  and Amherlite 1R 4B 
(OH- forrri) , the sanmples were chromatographed 
with the solvent systems. 

8. 1%-butanol (saturated with water) + acetic 
acid + water (4  :1:5) 

9. m-butanol + pyridine + water (3:2:1.6) 
10. Ethylacetate + pyridiime + water (10: 

5 :6) 
The sugars were determined with aniline 

hydrogen phthalate, naphthoresorcinol, ninhy- 
drin, and the Elson and Morgan reagent (18, 
19).  U P S  was confirnled by the increase of 
ultraviolet absorption a t  340 mp in the glucose 
dehydrogenase systen~. 

F o r  the estitnation of nucleotide contents, 
the following extinction coefficients were used 
( a t  p H  2 )  : adenosine nucleotide 14,200, guan- 
osine nucleotide 11,800, uridine nucleotide 9,900, 
cytidine nucleotide 6,800, orotic acid 4,200, 
D P S  18,500. 

The incoq~orntion of PJP into thr ncibsoluble 
phosy)Aor?ts compotinds of mill,.. To study the 
ine t abo l i s~~~  of acid-soluble phoqphorus con- 
pounds in inilk, an isotope experi~uent was per- 
foriirrd. Three mc of P" lahelled orthophos- 
phate supplied by the Radiochemical Center, 
Amersha~r~, England, in isotonic sodiunl chlo- 
ride was injected into the jugular vein of a. 
Saanneri goat in the inid-stage of lactation. 
Hcforc injection, lnilk was removed fro111 the 
udder. Two hours later the goat was milked, 
nsirlg five units of oxptocin injected to facili- 
tate complete collection of the milk. A 60-lnl 
11n1k sample was used f o r  column chromatog- 
raphy of acid-soluble phosphorus compounds. 
Methods of extraction, column chromatography, 
and identification were the same as  those de- 
scribed previously. Radioactivity of the acid- 
soluble phosphorus compounds was estimated 
by a Geiger-Aliiller counter. 



TABLE 1 
Composition of acitl-soluble nucleotitles of goat milk a t  tliffrrent stages of I:~ctatiou 
-- -- - - - - - 

-- 
Percentage of total extinctio~l a t  260 mp 
-- 

Stage of lactation (days from parturition) 
- 

Artifi- 
cially '' 
indueed 

I R C ~ R -  
Fr:~ctioll JCain conlponellts 2 1 0  3 0 1 2 1 "  tion 

A CMP5'I)PX 
E AMPS' 
C A M P S  
n oaws 
F: (:ytidillc derivative 
F rMP5 '  

(;,GI Orotic :~cid, AI)P-X 
I1 GI)P-n~:~nnosc 
I AIIP-X, G1)P-sugar 

J TT1)P-glucosc 
TJIIP-galnetose 28.4 23.9 05.5 34.1 20.4 

.J' (: I)P-x 1.2 2 . ~  2.n 1.7 
K GI)P, UDP-sugar 1.9 5.0 5.7 - I .*I r 4.1) 
L TTI)P, UDP-uronir :rcid 4.9 8.0 3.6 8.0 6.5 
M Gumlosine drriratire 0.2 0.5 0.9 0.3 0.5 

Total extinction a t  260 nlp 3,182.39 1,846.89 1,71!!.65 2 , 2 7 1 . 0 2 l , 8 4 1 . 6 0  
- - -- pp 

a Acid-soluble nuelcotides obt:lined from residual milk by oxytorin injection. This milk 
llad fairly riel1 ester P content. 

"After atlmil~istration of estrogen :n~d  progesterone, lactation was initiated by ~ i i i l k i ~ ~ g .  
This sainple was obtainc-tl on the 70th tl:~?. from the illitintion of milking. 

RICSlTLTS A S ] )  DISCUSSION 

The acid-soluhle nuclrotidrs of goat colostru~n 
and  tnilk \vtlrc found to  he conlpos(~(1 of 13 o r  

o r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  n , ,*I llrl tru AM, rrt ,m' 

ill 11, ,111, ,,v, , v  
'lrlt+ \V\rMbR 

FIG. 1. C1~ron~;rtogmphy of the acid-soluble 
nuclcotide fr:rction of goat colostrum, secon(l dap 
of Iactatio~t. The optical drnsitp a t  260 nip of 
the rlutcd fractions is plottctl for each ehromato- 
graphic fraction. The readings of thc tubes which 
mere too lligl~ to  be plotted were R 4.4, I 12.0, 
and J 11.0. From Figurc 1 to Figure 6, the 
arrows show the ellang~ng po1nt.s of the following 
eluent solvents: (I)  1 N formic acid, (11) 4 N 

formic acid, (111) 4 N fornlic acid + 0.2 nr am- 
monium forrii:~te, ( IV)  4 N formic aceid + 0.4 ar 
ammonium formate, (V) 4 N formic avid + 0.8 M 
ammomum formate. 

11 peaks. The 111ain twnlponents of e i~ch  f r ; w  
tion were est in~ated a s  shown i n  Table 2. The 
chrolnatographic pat terns of the acid-soluble 
nucleotidrs of goat  C ~ O I O S ~ ~ U I I I  and  n ~ i l k  ~ T C  

shown in Figwths 1, 2, 3, and  4, whereils those 
of cow's tuilk a r e  shown in Figures  5 a n d  6. 
Table 2 shows the main eonlponc~nts of cow's 
111ilk. The identification results of nucleotidcs 
of cow's and  goat's milk were a s  follows: 

Fract ion A : I n  co~v's niilk, only CMP5' 

FIG. 2. Cllro~i~atograpl~y of the aeid-soluble 
~~uc leo t i~ le  fmction from 70 ml of goat milk, tenth 
(lay of Iaetatiol~. The rcadings of the tuhes which 
w r e  too I~igh to be plotted were B 3.2, I 6.5, 
: I I I ~  J 6.8. 
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1 . ' ~ .  :I. C ' I ~ r o ~ ~ ~ a t o p r : ~ l ) l ~ y  of the :icigl-solul~lc 
] ) l~osl ) l~or~ls  c o ~ ~ ~ l ) o u ~ ~ t l s  of goat 111ilk; 1' 11r :cft(~r 
i ~ ~ t r n \ - e ~ l o l ~ s  :111111i11istr:ctio11 of t l ~ r c e  111e F2, 111ilk 
\\-:IS o l~ t :~ i l l c~ l  I I ~  osytocill i ~ ~ j c ~ c t i o ~ ~ .  Thc :~r i ( l -  
solul)lc ~ ) l~osp l~ :~ tc ' s  of ti0 1111 ~ver(' c111~0111:1topr:1~)lcrd 
1111 a 1.5- I>?. 25-e111 colc111111. l - l t ravi~l( l t  aI~?lorl)- 
t i o ~ ~  :it ?(ill mp is re1)rcsc11ted 11y empty : I I I ~  r:~dio- 
:trtivity I)y crc~ss-l~atcl~c.(l arc:ts. 'L'hr rcwdil~gs of 
tllr ol)tic.:il tlc*llsit?. \vl~ic.l~ \rcrc too I~ igh  to l)r 
l ) l o t t (~~ l  were 1; 4.4, I 12.0, :IIIII ,J 11.11. F r : ~ e t i o ~ ~ s  
of (1, r ,  a1111 f ~ c r r  I ~ ~ ~ r o s r  mo~~o l ) l~os~~ l~ :c t r s .  J'rnr- 
ti011 p is i~ lo rp :~ l~ ic  l ) l~os l~ l~n t r .  

\v;ls f o ~ u l d .  I n  :11l go:it 111ilk csscel~t t ha t  
t:lk(.~l h ~ f o r v  p a r t l ~ r i t i o ~ ~ ,  1)PS : I I I ~  ('JIP5' 
\vrrcb ohtaillc.tl. TIIV identilic.atio~~ of D P S  was 
c o ~ ~ l i r ~ i i e d  1)y :III i~ lc~.c>asr  of l ight : i h s o r p t i o ~ ~  a t  
:340 Ill,.& ll]>OIl :1aaiti011 t o  ~ l 1 l c o s ~ ~  ~ l ~ ~ l l y ~ l r o g ~ ~ l l a s ~ ~  
systc.~rr, ns  \vv11 :IS Hf  v;1111c.s of schvt.ral 1):lper- 
( ~ I I I ~ ~ I I I ~ ~ O ~ I ~ : I I I I S .  'I'IIv 1)I'X p(irc(,~ltage 01' t h e  
olrtical densi ty  of this i '~,;lctiol~ var i t~t l  fl.0111 
17-50%. 

il l  I \  
i l  HE \ I  \IIII.K 

,I! 81, 

131:. 4. CI~ron~ ;~ top r :~p l~y  of t l ~ ,  :~ci ( l -sol~~l) le  
alcelt~oti~lcs of 111ilk of :I go:ct 1v11osr 1:1rtati011 \YBS 
~ I I I I I I ~ ( Y I  11y tll(l : ~ d ~ ~ ~ i ~ ~ i s t r : ~ t i o ~ ~  of I ~ ~ ~ x r ~ t r o L  :111(1 
I ~ r o p v s t e r o ~ ~ c ~  for !I l l  (l:c?.s. Tllr s:11111,1c ill this 
C : I ~ I >  \\-:IS c~l)t:~illrd OII  the i l l t l~  d:ty :iftcar tllc~ ini 
t i n t i~ )n  of milking. 'rllc rt~:ctlings of t l ~ c  ol)tieal 
clrl~sity ~vlcivl~ \vcrtb too I1ip11 to I N *  l)lott.r~l \verr 
13 10.0, 11 2 .7 ,  I 8.5,  : I I I ~  .I 8.2. 

I.'I(:. .i. Cl1rom:ctogra1111y of tllr aci(1-soluhlo 
1111vlroti1lr f r : ~ r t i o ~ ~  fro111 ( i l l  ml of ro\v's milk, 
3:3r1I tl:~y of I:rvt:ctio~~. 7'11(~ ol)tir:ll dellhit?. a t  
?(ill I I I U  of the rlut(vl f r a r t i o ~ ~ s  i\ ~) lot t r ( l  for ear11 
c l ~ r o ~ ~ ~ a t o g r : ~ l ) l ~ i c  fr:cctiol~. 

Jrractioli B :  CSo\v's 111ilk of 105tl1 ~ I I I ~  121st  
t l ;~y col~t :~inet l  o111y u r i c  iicid. ;\JIP5' \vas tli(, 
I I I : I I I I  C O I I I ~ > O I I ~ I I ~  o f  t h i s  f r a ~ t , i o l ~  a n d  ~ u i c :  :lei11 
\\-:IS foulitl only  i n  trilccl : ~ l ~ i o u l ~ t s  in goa t  milk. 

Y r a c t i o ~ ~  C' : Botli  cdo\v a11(1 goa t  111i1k ( 2 ~ ~ ~ ~ -  

t : ~ i ~ ~ r t l  : I I I  a c l c~~~os inc~  ~ ~ u e l t w t i d ( ~ .  TIIV ra t io  of 
:itlrninc% to  ril)osr t o  to ta l  ~ ) h o s p l ~ o r n s  was  
.I :1 : l .  T l ~ r  Rt' mlucs on pnpc.1- c h r o ~ ~ ~ : ~ t o g l ; ~ ~ i ~ s  
of solvch~~t systc.111 I \v;is 0.3S. \\-hilv t h a t  of 
AJIP.5' was  0.41. 111 goat  ~ i ~ i l k ,  i t  \\.;IS found 
t h a t  th is  a d r ~ l o s i n r  ~rucleotitlc~ had  tllc. higlic~st 
slxvific ;~c t iv i ty  of 1':" a111o11g ~ ~ l ~ c l ( ~ o t i d ~ s .  

E'l.iiction 1): Th i s  l ' r : ~ r t i o ~ ~  c.ontaillcd G111'5' 
i n  go:ct 111ilk. 

E'~,:~ction IC: A n  u ~ ~ i d r ~ ~ t i l i c ~ t l  cy t i t l i l~ r  d(.l,iva- 
t i n .  \\.;IS f o u l ~ d .  

l~'r:ic.tio~~ 14' : This  f 'rnctiol~ consistchtl of I'llI'.i' 
only  ill po:rt 111ilk. 

Jrt.;ictiol~ (;,GI: 111 ro\v 111i1k. erotic :l(.id was  
tlic- o l ~ l q  c o ~ ~ s t i t u r ~ ~ t  of th is  f t - n c t i o ~ ~  I I I I ~ ~  it 11ad 
n r i t l ~ r r  ~ ) l l o sphorus  nor rihosr.  Th i s  fr;cction 

FII:. (i. Chron~:itogr:~l)l~>- of the aei(l-solul)l~~ nu- 
clrotidc fraction fro111 (ill 1111 of r o ~ v  1)1illi, 105th 
clay of I:~et:~tirll~. 



C o ~ n ~ ~ o h i t i o ~ ~  of acid-soluble 1111r1~otid~s of cow's nlilk 
- - - - - - - - - - -- 

Prre(,ntage of total rstinction at 960 mp 

Stagr of Iact:ctiol~ (tlnys f rom parturition) 
--- - - 

F1.nctio11 Main ronil)onc-nts 33 105 121" 206" 
- - - - - - - - - - -- - - - - - - - - - - - 

'l'otal extinctin11 at  4611 nlp Yn.6!1 3 1 . 5 4  $25.79 182.65 
- - - - - - - -- - - - - -- -- - - - - 

" Aleollol test positive niilk ~vitlc norn1:iI acidity. 
" Jc~rsc*.v row niilk. 

of go i~ t  ~n i lk  s o n ~ ( ~ t i ~ l ~ ( ~ s  s rp i~ra t rd  itself into 
tv-o ])e;iks, G and Q', as show11 in Figure 4, 
nccorili~lg to the. cl~;~ngc. in for~nic  aritl colicell- 
tration. Fr:lction G rol~tained ol,otic ;~cid and 
G' consisted of A1)I'-S, hrsi(11.s orotic acid. 

F r ~ ~ c t i o n  13 : G l ) P - n ~ a ~ ~ ~ i o s t ~  (I lf  ~ ; I I I I ( >  of 
solvc~~it systc~111 :1 \\*as 0.23) \v;~s the- III : I~II  roll)- 
~)onent  of this flnrtion. 

Ft.;lCtion H': This fraction co11sistc.d of :x 
(;I)P-sug;~r : I I I ~  :in uni(1entific.d atlt~nosinc. (11.- 
rivative. 

Fri~ction T :  The I~ulk of this l;i~.ge frilction 
containetl ;I lllisture of ~I)I'-acc~t~-lglucosi l l~~i~it~ 
a11t1 LI)P-;~c~c~tyIgal:~c.tosan~ii~c. The solution 
col~t;~ining tl~t~sc, suhsti~nec.s, af ter  rc~n~oving 
a n ~ ~ l ~ o n i u ~ n  forn~:ite ;~ntl  fo r~nic  i~rid,  was con- 
ccfi~~tr:itcd in vacao. After  hytlrolyzi~lg with 
0.01 x IfC1 for  30 nlin ; ~ t  100 C, the interfering 
snhst;~ncc.s \vc,~.r ~ ~ c ~ ~ n o ~ e d  wit11 anion i~ntl ration 
resins, nn(1 they \verc. tcxstrd 11y paper-c.hron~:l- 
togra1)Iiy. Tl~tay gavcL 11 1)ositiv1. re:iction with 
Elson-llorgan rcv ig t~~~t  without arc~tylncc~tone. 
I t  ~viis ;11so found th:~ t tlit.se su11st;uicc~s ch:nigc.d 
tc~ ;~r;~l)inose ; ~ n d  Iysosco, rc~spc~ctively, af ter  
ninhytlr.in tlrgz~adittion at  100 C for 30 111in of 
thr  hyth~ol,vzrtl and tl(~:~cc~tyl:ited s~~hstanc~es.  

F ~ , a r t i o i ~  J : This fraction eo~isistt~d of a 
~ ~ ~ i s t u r c a  of VI)P-gluc.ose ant1 lvDP-gal:~ctose. 
\TII(~LI the :~eitl-soluhlca phosphatt.~ 11rc.eil)itatc.d 
~ ' I .OII I  tl.iel~loro:~c~c~tic :~cid estr;~c.t with 25% 
I ~ i ~ r i l i n ~  ; tc t~ t i~ t (~  and ( ~ t l i a ~ ~ o l  ;it 1111 S.2 wtlre 
colu1l1n-c~hrol11:1topri11~h(~cl, this fr;l(.tion :ilinost 
tlisal)pr;lretl. On thv othei hand, UMP5', whicah 
corrc~spondsto the : I I I I O I I ~ I ~  of r I ) P - g I ~ ~ c o s ( ~  ant1 
(.Dl'-gal;~ctore, incrc.nsc~t1, ;~ltIiough I-Dl'-;lcetyl- 
I~c~sosa~~l inc~  ant1 other sng;~r -co t~ ta i~~i t ig  nu- 
clci~titles ditl not sho~v any r r n ~ n r k ; ~ b l ( ~  c*l~:n~gc 
( iui l)~~blish(~d d;itn ) . P;ilatlini ;tnd Leloir (17) 
ohsr~~vetl tll:~t lil)I'-glac~osch is :~lk;ili-l:thilr. 

E'1,:lction .If: I$rsitles CDP-glurosc~ a11d I1I)P- 
g:llaetosc~, ,711 unitlentific~d C;I)P-s \v;is found. 

Friirtion I<: GI)P  i ~ n d  i111 unidn~titied U1)P- 
sug:~r (anilinc5-ph thnlie acid re;~gent positive) 
\v(>r(, fou11tl. 

F1.action I,: This fraction rontnined UDP 
ant1 VI)P-uronir :~citl. I'ronic acid IV;IS tle- 
trrtcbd hy Ilishe's c~;irh:~zol(. ~~c>;irtion. Thv con- 
centratcd c~lution fro111 pal)er ehromatogr:~~ns of 
this fr;~c*tion sho\vc.d positive. pinlt color re:ic- 
tion whew I~e;~tc.tl with HISO, for  20 ~ n i n  in a 
hoilitig water h;ith ant1 n~isetl wit11 ().I%, c;~r-  
1~;lzOle. 

1'r;rction 31: This fr;~ction cont;~ined ; I I ~  

unid~.ntificcl gut~nosint. and ;III ~cdenosinc~ (It,- 
~sivativt.. 

In  goilt ncilk, totill ileid-soli~hl~ nu(lleotides, 
I:I)l'-i~cc~tplh(~sosnllliir~(~, and UIIP-hesose con- 
tents arcb highest in eolostru~n, heing 330, 138, 
: ~ n d  92 p~ pc3r 100 1111. respectively. With tli(h 
;~cIv;~nc~c. of l;lct;~tion, the. eontent of total acid- 
solul)le ~~uclrotitl(,s decrc.;isrtl, wherrtis the ron- 
t c ~ t  of tidenosine nucl~otides ant1 gu;ui~owinch 
nncl(,otid(.s i r~c~-c~:~st~d (Tal)l(. 1 ). Th(. 1ac.teal 
sc,cretion of I 1  days 11c.fo1.c. p;~rturition ron- 
t;~inc.tl only tr;lcc. an~ounts of nuc.leotidt~s. Total 
(~xtinction at  260 I I I ~  pcBr 100 I I I I  ~ v i ~ s  -59.16. 
The iicid-soluble ~~uelc~otitles of n~ilk of the goat 
\vhost. I;~ct;~tion \v;~s i~iducrd hy the nd~ninistra- 
tion of c~strogen ;untl plvpc.sterone \\.ere ;ilso 
d(~tc~ctc~t1. T111.c.e sanrl)les fro111 goats that  pro- 
duced :tt :~hout on(. littir of' nlilk p ( ~  d i ~ y  \vc're ex- 
i ~ ~ l ~ i r ~ e t l .  In (very (me,  t h ( ~  eliro~~l;ttogral)liic 
patterns of ~ ~ u c l r o t i d ( ~ s  ware  the S ~ I I I I ( '  as those 
of nor~lial lactation. On(% es:inll~le is shown in 
Figurca 4. 

On  the o t l i ( ~  I i n ~ ~ d ,  chro~~i:itogr:~phic. p:~ttrrns 
of ;~citl-solnhlr nucleotidt.~ of nornlal cow ~ni lk  
;Ire (~o~~s id(~rn l ) ly  difft'~.eilt fro111 thos(1 of goat 
~ ~ ~ i l l i  (I~'igi~res 5 :lnd 6 ) .  Orotic. acid is the 
111ain con~])ont*nt of t l ~ v  ncid-soIu1~1~ ~~uclootides 
of cao~v n~ilk.  lIilk of thc :1:3r(l, 105tI1, and 
12lst tl;iys of parturitio~l c,ont:iin 40, 73, and 



86 par of orotio acid per  100 1111, rrspertively. 
Thrre a rc  no relnarkahle diffrrences in tlie 
chron~atogr:~plric pa t t rms  of ~~ucl ro t ides  be- 
t\vcben Holsteirl lnilk and .Jersey ~nilk.  Fraction 
B of tlie 12 ls t  day n~i lk  rontaine(1 uric acid 
only. JIinor n~nomnt.; of AI\lP:',', a n  unidenti- 
fied A J I P  dt~rivr~tivr, GMP:',', and rc~l;~tively 
large :nnounts of CJIPY w r e  also found in 
thr  acid-soluble fraction of cow milk. 

These data confirln our rilrlier rrsults that  
uridint, diphosphate nucleotides ancl gunnosine 
dil)hosphate nucleotides arcb drtertrd only in 
row colostrutn. Tn nlilk taken during a. Inter 
stage of lactation, only inorganic. P m ~ d  hcsose 
phosphatrs and no tliphosphnte nuclrotide were 
drtected on the l):iprr-chr0111ntogra111 (12). This 
agrecks with the data of Drutsch and l lat tsson 
( 7 ) ,  who have deterted orotic acid and Innno- 
phospliorylated i l~~rleotides in whole and 
skitntned row ~nilk.  Ht~llanger et a1. (9) also 
found erotica acid in cow ~ni lk ,  goat ~nilk,  and 
(.\re milk hy  ~nicrohiologicd assay. Recrutly, 
Den:ttnnr et al. (4-6) reported that ev-e milk 
containc.d Inrgt~ quantities of acid-soluhlc, nn- 
cleotidths, including UIIP-ncetylhrsosa~~rin(., 
GDl'-fucosc', and U1)P-hesose. They found that  
the percenti~ge content of UDP-hesose to the 
total avid-soluble nncleotides wns highrst in 
c o l o s t r ~ u ~ ~  i lnn~~dia te ly  after  parturition, and 
drrreascd graclually with advancing lactation. 

111 oar  data for  goat ~nilk,  thr  variation of 
UI)P con~pounds w s  m t h t ~  diffel.ent from 
that of e\vr 111ilk. I17ith goat nrilk tho prrcmt-  
agcx rontent of V1)P-acetylhesosa~~linc con~parctd 
with total acid-soluhle nucleotides was liighrst 
in colostrutn and decreasrd gradually with the 
admneca of I:~etation. On the other hand, the 
percent:lgc. content of UD1'-hrxosr to total 
acid-solul)le nurlrotides rathrr  increased u p  to 
th r  ~n iddl r  stage of Iact:~tiorl. 

Thrre is noteworthy sperirs variation in the 
co~nposition of acid-soluhle nuclcotides in ~ni lk  
evrn :Inlong run~in:~nts ,  cow milk showing n 
uniclu(1 ron~lx)sition ~)attc'nl of acid-soluhlr nu- 
clrotidrs in con~parison ~ v i t h  goat and ewe. 
n~ilk.  U1)P-hesose, UIIP-ac*t,tylhesosnn~ine, 01. 

GT)P-hrsosr is not specific to the lnilk of goat 
o r  sht>ep, hut is also found in h u ~ n a n  milk or  
I I I : I ~ ( .  n~ i lk  (unpuhlisl~ed data) .  

Tht.n, whchre do the acid-soluble nucleotidrs 
c.otnch fro111 nnd \vh:~t do they i n ~ p l y ?  

Colostrun~ and lnilk usllally contain Iruro- 
c.?.tc.s and d(hgenc,ratcd sc~rrrtory cells ( 3 ) .  Thesr 
(.ells contain D S B  and R S A  (16). One wight 
assulne decon~position of these nucleic acitls 
hy  rihonuclrasc? or  d(~osyri1)onucleasr during 
the process of rnilk secretion and aerumulation 
in the u d d c ~ .  Our  recent study iudic.ated that  

although lacteal secretions of late pregnancy 
were fair ly high in nuclric acid P ,  the a n ~ o u n t  
of ester P including nurlrotides was sn~al l  (12).  
Milk fro111 c o m  suffering fro111 n~ast i t is  gen- 
erally has a. larger nulnher of lencocytes and 
contains more nllcleic acid than nonnal nlilk. 
Milk fro111 the row with severe nlastitis did not 
show any inrrease of ester P contt.nt (12). I t  
is probable, therefore, that the major par t  of 
acid-soluhle nurleotides does not colne fro111 
the deconlposition of nucleic acid. 

Blood. serum contains a trace alnount of 
hesose phosphatr ( 8 ) ,  hut there has hrrn no 
infor~nation with rrgard to blood serunl nu- 
cleotides. On the other hand, I;lrge alnounts 
of  rid-soluhle nucleotides x7\.c~re found in the 
~ n a t n n ~ a r y  gland (6, 14, 20).  I n  ~)art irular ,  the 
rDl'-glncosc~ content of the nlanlnlaty gland 
is threr tilnes that  of the liver (20) .  High 
L7DI'-glucost~ and UDP-galart,ose contents of 
gor~t  lnilk and ewe n~i lk  :Ire recogniztld. ATP,  
CTP, nnd G T P  found in  tlir ~n :~nunary  gland 
a rc  prrsent in r r r y  sn~al l  cluantitirs, if not 
undrtrrtithle, in ~nilk.  The rrsults of the iso- 
topr espwinlc.nt with a lactating go:lt demon- . 
strnte the active incorporation of P:" into the 
acid-soluhle nuelrotitles, inorganic phosphnte, 
ant1 hc~xose phosphntc.~ (Figure 3) .  The P" 

m UDl'alurrm 
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Frn. 7. ~ l t m v i o l e t  a1)sorption spectra of acid- 
solul~lc ~~urleotides of milk a t  pH 2. After re- 
  no ring i~luents, each fraetion obtained from ion- 
cxcl~nngc colurnn rhromatogral)hy was chromato- 
grnl)lie(l on paper. The spots of nucleotides were 
cut out nnd eluted wit11 0.01 N HCl. The elution 
was ~vnsl~ed \\-it11 ether to remove interfering sub- 
stances and the spectra were cstintted. At p H  ?, 
the maximum absorption spectra of each nueleo- 
tide arc as follows: UDP-glucose 262 mp: GDP- 
mannoso 236 mp; CMP5' 278 mp ; AMP5' 258 nl9 ; 
orotic acid 280 mp. These values agree well with 
tllose of the autl~cntic. samples. 



incorporation into the arid-soluble nucleotides 
i \  4.7 tittles t h a t  of h(>xosc phosphates; Fract ion 
I of  UI)P-glucose a n d  UDP-galactose, F rac -  
tion J of CIIP-acc~tylglucosaniine a n d  UDP- 
acetylgal:~ctosamine, a n d  Frac t ion  C of a n  
adenosiiit~ n u c l e o t i d ~  showed especially high 
P" uptake.  A n  adenosine nucleotide a n d  a 
snlall anlount of inorganic phosphate, probably 
derived f rom decontposltion of the  fomier ,  were 
dett~cted on  the p a p e r  c h r o m a t o g r a ~ i ~ s  of Frac -  
tion C. Although i ts  content is small, this  i s  
a noteworthy nucleotide i n  milk because of 
high specific activity. 

Thereforr, it seetiis tha t  the  acid-soluble nu-  
aleotides of milk a r e  secreted selectively fro111 
epithelial rclls of the ~ n a i n n ~ a r y  g land  a n d  a r e  
active substances i n  the n l a r n m a q  gland me- 
tabolisni. The  role of UDP-acetylherosa~nine 
or GDP-hexose i n  milk synthesis has  not  been 
c1itrific.d a s  tha t  of UDP-glucose i n  lactose syn- 
thesis Jras, b u t  it is of interest  tha t  several 
hesosalnincs a r e  recognized i n  the glycopro- 
teins of lnilk f a t  globule menlbranes (21). 
Orotic m i d  i s  a n  intermediate i n  ur idine nu-  
cleotide synthesis a n d  i s  known a s  a n  essential 
growth fac to r  of a lactobacillus bulgaricus (9) .  
Orotic a r id  tnetabolism i n  the nlannnary gland 
remains to  he investigated. 

F u r t h e r  experiments a r e  continuing on  the 
acid-soluhle nucleotides of other  milks. 
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Elrvrn S U ~ ~ A I I I ; I I I ~ I I I : I I ~ ~  1y111]311 ducts ill eight li(~;llthp, I :~c tn t i~~g.  I I ~ I ~ ~ ) ~ ( ~ ~ I I ; I I I ~  

go;lts 1vrl.r c~:~l~nul;~trd u ~ ~ d c r  a~~cbsthrsi:~. Ly111ph flo\ved rstt.rllallp froill f'rt.rly 
nloving, unat1c~st11c.tizc.d ;111im:11s for  :III avcBr:lgr ~)cbriocl of 14 days. .Jugular 
blood and n>ntl1lllary 1y1111>11 fro111 the s;llllr goat \verc3 collrctt'd s i ~ l ~ u l t a ~ ~ r o u s l y  and 
\x7c.rr i~ l~a lyzrd  for  ~) ro t fa i~~ ,  ~ ~ o ~ ~ p r o t ( b i l ~  ~ l i t ~ ' o g e r ~ ,  glucos(~, Inctosr, s o d i ~ u ~ l ,  po- 
t.  r ~ s s ~ ~ ~ ~ ~ ~ ,  . : CII IC~UII I ,  I I I : I ~ ~ ~ ( ~ S ~ I ~ I I I ,  e111ori(l(~. h iear l )o~~i~t r ,  and 131-1. R(>s~llts sI~o\vrd 
110 r11;111ge in ly1111)11 r o ~ ~ ~ p o s i t i o ~ ~  wit11 v a r i : ~ t i o ~ ~ s  ill r:~t(, of 111iIk s(va~*etio~i a11(1, 
c ~ s r r p t  for  l)roteil~ conc.cwtmtion. 110 r h n ~ l g r  ill col~lposition durillg t l i f ' f rrr~~t  
~ x t r s  of Iyl l~ph floxv. I l igher Iympl~  flo\vs \vr~. t~ associatrd \vitll decrr;~ses ill 
ly111p11 protci t~ e o ~ ~ r e ~ ~ t ~ . ; ~ t i o i ~ s .  XI'S :111tl g111ros(, l (~v(~ls  in ly1111)11 \vtBrr ]lot 
signilic.:~i~tly tliffc.~.c.l~t f1.ol11 j>l:~sll~a I(.vels. 1,actosr \v;ls 11ot : I ~ ~ ; I I . ~ . I I ~  ill cbit11(.1. 
fluid. The cll(~ctrolyte coll~position of' 1p111pl1 W;IS s i l l~i l :~r  to t11;lt of plas~tl :~ \v11(~11 
t11lo\v:111(2e \v:is I I I : I ( ~ ( L  f o r  D ~ I ~ I I ; I I I  I I ~ I ~ I I I ~ ) ~ : I I I ~  r ( l ~ ~ i l i b r i ~ ~ ~ ~ ~  ~ ( I , ~ I I S ~ I I I I ~ I I ~ S .  C'o111posi- 
tion of' nl;lllltllary Iynlpl~ wit11 rc.g;~rd to the snl)sta~lec.s i~~rc~stig:ttc.tl aj)l)c.ars to 
result f r o n ~  tliffusiol~ of ~>IRSI I I ; I  fro111 capillarirs :i~ld with 110 \)ark diffusiol~ fro111 

Invostigatiol~s ol' lp1111)11 col1ll)ositioli fl.0111 
ecartaiti org;tlls sk~ow that  t l ~ r  :~c.tivity of thr  
ccblls i r l  theses org:rlls rontri1)utc.s to thr  forlila- 
tion of' its 1y111ph. 111 tllo livr~., 11rotvi11 is :~tldrtl 
to ly1111)li (16).  : I I I < ~  in t l l (~ k i t l ~ ~ r y ,  ronnl Iylllph 
~~rf l rc t s  ren:ll tnl)nl;~r ~.cs;ll)so~.l)tio~~ (S. 10). I t  
\voultl I)? of' i~~trrclst  to know i f '  t h ~  c.ells 01' thr  
I I I : I I I I I I I : I ~ ~  g1:111(3, ill tlir ('011rse of s t~c~'( l t i~lg 
~llilk, t11so e o ~ ~ t r i l ) ~ ~ t ( ~  to t11r l'o1.111;1tio11 of' 11ia1i1- 
111ary lylll~>ll. 

Tht. gross str111.tu1.1. of tllc, Iylril~ll;~tic s y s t t , ~ ~ ~  
in I I I : I I I I I I I : I I . ~  g l i ~ l ~ d s  01' I I I ~ I I I  : I I I ~  otl~(br I I I : ~ I I I I I I : I ~ S  

is \v(~11 il(.srril)c.d, ;III(I  i l ~ f o l ' l ~ i a t i o ~ ~  al)ont tllo 
eollllx~sition alltl floiv of I I I ; I I I I I I I ; I I . ~  1y1111)ll is 
incrc~:isi~~g. S:1111l)lrs 01' l ~ o r i ~ ~ c b  ly1111)11 ant1 seraill 
collt~cted : ~ t  tlicu til~l(b of sl:111:11t(~l. lii~v(a l)e(311 
a11;11yzrd f'or vo11111ositio11 by H(~y~ldri(*l;s ; I I I ~  

I'rctc~rs i l l  B(~lgi1111i. Tlley used I;~c,tntil~g ro~vs  
nntl ;~n;tlyzrd for  el~bc.trolytc-s ((i), sug:~t.s, kc- 
tonrs, ; ~ n d  ol,g:~l~ic :lc.ids ( 7 ) .  : I I I ~  lil)itls illid 
p ~ ~ o t r i n s  (5). Hp c:~nrlnl;iti~~g S I I ~ ~ ; I I I I ; I I I I I I I ; I I . ~  

1y111pl1 (111ets. l , i ~ ~ z ( ~ l l  ( I 1  ). ill I C I I ~ I ; I I I ~ .  ;III;I- 
1yzc.d c.o~lrposition 01' I ~ I ~ I I I I I I I ; I ~  Iy1111)11 i l l  i'our 
~ul;~nrstllc.tizc.tl, lact ;~t iag g ~ ) : ~ t s ,  ( ' o t ~ t r i ~ s t i ~ ~ g  this 
jvith eolllpositio~l ol' scarulll L'ro111 oth(%r go:~ts  in 

I<ert.i~vil for 11l111liv:ltioll 1?0111.11:1ry 23, 19(;2. 

the s;lllle 11(,rd. More ~.c.re~~tly,  L:lserllrs alltl 
1 Ior l . i~  (9 ) .  in A ~ ~ s t m l i ; ~ ,  also using a c';~n~lula- 

. l l t l 0 1 .  Klrvc~l elil.ollic~ c:~~lllulatiol~s of' a 
~ I I ~ I X I I I : I I ~ I I I I ; ~ ~ ~  Iylllph (111(4 W ( ~ I . I ~  do11(1 in csigl~t 
I ~ r t ~ l t l ~ y .  l a c t : ~ t i ~ ~ g .  ~ ~ o ~ i p ~ ~ ( ~ g t ~ a t ~ t  goats. In t111.t.e 
of th(> goats ;I duet was c:~~lnul;ited first ~ I I  one 
sitlt. ; I I I ~  l:lt(~r 011 the o t l l c~ .  'I'l~t' rsl)t~ril~lc.~lts 
\vc,rc$ condnc.trd c1vc.r :i periotl of 1.5 i~t ld 
~ ~ t q x ~ c ~ ~ ~ ~ i t  it xvidr I':lng(l of st:lgc~s o f  I:~rt:~tioll. 

IVith tllc. goat :~l~ostli(.tizcd \\.it11 sotlinur pc~lrto- 
l);~~,l)itol. otlv of tI1(8 S U ~ > I . : I I I ~ ~ I I I I I I I : I ~ ~  ly111p11 (111cts 
Iyi l~g ;ilong the c.stern;~l putl(,nd;~l :~rtc>ry hr- 
t\vrc,11 thr  snl~ra111;1111111:1ry ly1111)11 110dr : I I I ~  t l~ ( '  
inguili;~l 1.i11g ~ v a s  ( ~ s ~ ~ o s ( ~ ~ .  I ' o l ~ ~ t ~ t l ~ y l r t ~ r  tuI)ilig. 
j-aryil~g i l l  i11ter11;11 r l i ; ~ ~ ~ ~ ( t ( a r  ~ ' I . O I I I  .0:30 to ,047 
inell,..; ( 1 1 0 .  60 to 110. 1 9 0 ) ,  ;~cacortli~lg to t l~( .  
sizts of tllc, t1nc.t. \v;ls irls(b~.t(vl :~l>~)roxillii~tt~Iy 
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3 ( . I II  into the duct and tied in place. The tuhe 
~ 1 s  brought out through the suspensory liga- 
~nent ,  so that  i t  was directed in a line with the 
l yn~ph  duct. It was brought through the skin 
on (,ither the caudal or cranial surface of the 
uddt,r close to the base of the gland and the 
t ip  hung six to eight inches below the point of 
esit  fro111 the skin. From the tnotnent of can- 
nulation, lyniph dripped freely by gravity from 
the tuhe and continued f o r  nlany days. Clotting 
of lymph was a problem only if a good flow 
was not maintained during the first few hours 
after surgery. Follo~ving cannulation the goat 
was returned to her 5 f t 2  hoxstall, :1nd within 
24 hhr she was eating, drinking, and lnilking 
nornlally. Except for  wearing a. hroad rigid 
collar, to prtwmt nibbling a t  the cannula, she 
was pertuitted to move fretllv in her stall dur- 
ing the entire period of eannular lymph flow, 
even during c~ollc~ction of samples. 

Lyniph was ~ol l (~cted  fo r  coniposition analy- 
sis by hanging a 1-07, plastic bottle on the end 
of the cannula until it was filled. The bottle 

psrti:llly open a t  the top and contained 
a few granules of dry heparin. Filling the 
hottlt. required from 20 to 60 min, depending 
on the rate of l y ~ n p h  flow-. F o r  analyses of 
CO, eontent and p H ,  lymph was collected with 
the goat standing in a stock. A 4-ft piece of 
polyethylene tubing, with a n  internal dia~neter 
of .I25 inches (no. 350), nras coupled tightly 
to the cannula. I t  wa.s held in place by attach- 
~ n e n t  to a harness worn hy the goat. JThen 
lyn~ph  had filled the large tube and was dripping 
fro111 it, i t  mas clan~ped off 1 f t  f r o n ~  thch distal 
end. The sa~nple  was dmwn into an airtight 
syringe fro111 the pros in~al  3 f t  of the tuhe 
which had had no contact with air. 

P las~na sa1np1c.s were obtained fro111 blood 
drawn into heparit~izrd syringes f r o n ~  a jugular 
vein a t  the heginning of each lymph collection 
period. Fo r  analpsrs of p1:~snla PII and CO, 
content, airtight syringc~s were used, and these 
were centrifuged in the Inanner described by 
Davenport ( 3 ) .  

L y n ~ p h  and serum were collected three to 
fivc. tinles during the first week after cannula- 
tion i ~ n d  two to three titoes during the second 
wrc,k. Both fluids were analyzed in duplicate 
fro111 duplicate sat~lples. Concentrations of the 
following substances were measured. Sonpro- 
tcxin nitrogen, and plasma and lytrrph protein 
concentrations in half of the satnples. were 
~nr;lsured hy micro-Kjeldahl procedures (4 ) .  
The remainder of the protein concentrations 

' h preliminary report of this i l~ves t ig :~t io~~ ilp- 
pe:necl in Federation Proc., 1 9 :  240. 1960. 

were ~neasurt?d with :In Ahbk 3-L Refractometer," 
:I qu:tntitn.tivc> rrlationship having been estah- 
lishcd in this li~borntory hetween nlicro-Icjel- 
tl:thl :~n:~lyses and refractive indices fo r  protein 
c.oncvntration in goat serum and lymph. Glu- 
cose and lactose were determined qualitatively 
1)y l x ~ p ~ r  chro~natography (15),  an ethyl ace- 
t:~te-pyridine-water solvent being used fo r  
running the serutri and lyrnph samples on to 
the paper and alkaline silver nitrate in ac.etone 
used to develop the ch ro~~~a tog ra t l~ .  Sodiun~ 
and potassiunl from the first six experit~~eti ts  
were n~easured ~v i th  a Beck~nan 1)V Fltnnr 
Photon~eter,' while a Patwin Flanlc. Photon1ete1" 
was used f o r  the last five expe r i~~~en t s .  Cnlr iu t~~ 
was detern~ined by the tnethod of Clark and 
Collip (1 ) , chloride with an An~in~o-Cotlovr 
Chloride T i t r a t o r y z ) ,  and ~nagnrsiutn hy the 
titan yellow  neth hod (13). Total caarbon di- 
oxide and hicarbonate mere ~neasured with a 
Van Slyke rnanon~t~tric t~ppars tus  (14),  p H  
was mea,surcd with a Brc~kn~an Model G p H  
~ne te r  b a d  a Berk~nan Constant Temperature 
Blood Type g1n.s~ electl.ode4 equilibrated at  
40 C in :I, constant ten~perature bath. 

Rrsttlts. The duriltion of ly~iiph flow aver- 
aged 13 days for  all experiments and ranged 
from thrc~e to 23 days. Throughout each flow 
pvriod, thc ~ni lk  secretion and general health of 
the go i~ t  did not appear to he impaired, with 
thc esception of one goat in which hoth plastn:~ 
ilnd lytnph protein concentration fell to very 
Ion values. S ine  esperiments ended hy having 
the cannula con~e out in sollre unknown rnarlnrr 
during the night. I n  the other two experirrients, 
lplnph siiiiply ceased to flow through the tub(.. 
Regardless of h o ~ -  the lymph flow stopped, and 
even though the lyn~ph  duct re~naincd tied off, 
there was never any swelling or extetmallp oh- 
servahle change in the appearance of the udder 
or i n  the niilk production. 

Lymph flows were ~nmsured in four goats. 
Although they vt1rie.d c~onsidrrithly with Inany 
factors, a, basal flow oould be ohtained after 
each aninla1 had htren standing quietly fo r  a t  
least one-half hour. Under these conditions the 
rate was 1.5 & 5 1111 p t ~  hour on the third post- 
opc~rative day. I f  thr  goat inoved about, the 
flow could inc*rcx:~scl to 150 1111 per hour. Con- 
cc.ntmtions of substi~ncc.~ n~easured in t,he lynlph 
\v(.r(> not affrcted by these wide variations i n  
t h ~  rate of lplnph flow, with the exception of 

' Rnunch nncl T,omb, Rochester, N. Y .  
' Rcrkman Instruments, Ine., pas ad en:^, Calif. 
' Pntwin Instruments, Waterbury, Conn. 
" America11 Instrument Co., Silrer Sprir~g, Ml1. 
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protein concentration, which d(~crc.:~sc~rl slightly 
a t  very high flows. 

There was a gradual  daily incrc.ase in hnsal 
r;lte of 1y111ph flow following c:~nnul;~tion. 111 

spite  of this, and  in spi te  of thv f:ict tha t  
I y n ~ p h  draining f r o m  the cannul;~, was lost f r o n ~  
the goat, all of the substances detennint,d, with 
t h v  c.scc>ption of protein, showed no significant 
ch;lngr in conc.entration throughout the mtirc? 
post-c*nnnulntion period. Protein,  l ~ o ~ ~ - e r n . ,  in 
110th p l t t s t~~a  and  l y n p h  decreased gradually 
with t i~~lc, .  Clotting t i ~ n e  was not measured, 
h u t  i t  appt~ :~rc~d  to  lengthen with the fal l  in 
I y n p h  p r o t t a i ~ ~  ~ o n ( ' e ~ l t r : ~ t i o ~ l .  

The cannulatc~d g o i ~ t s  va1,ird in Inilk produc- 
tion f r o n ~  30 to 2.700 1111 per  day. Although 
there  nay h;lrc, II(.(.~I tlirrct rel i~t ion between 
1y111ph flow ;11i(1 r i ~ t t ~  of 111i1k st~cretion, there 
was none he twet .~~  thc~ c*o~~~pos i t ion  of serunl 
and  i ~ ~ a ~ n ~ n a r y  ly1111)h a11d the a n ~ o u n t  of Inilk 
being secreted (Itlily. 

Talues ohtainr.d (luring tho first wcvk have 
been averaged and a re  c o ~ ~ ~ p i l c r l  in  Tnhle 1. 
The difference in co~uposition hetween p l a s n ~ a  
and  I y n ~ p h  is  evident. Protcin concrntration 
i n  lymph is  approxin~ate ly  half of t h a t  in  
plawiia. The other substances showed no  sig- 
nificant variation hetween p1as111a and lyniph. 

However, potassium and  chloride were always 
higher in  lymph than  in  plasrna, a,nd ea.lciuni 
~ n d  ~nagaes ium were always slightly lower in 
l y n ~ p h ,  while nonprotein nitrogen, sodium, hi- 
r:~rhonatc>, a n d  p H  showed no  consistent dif- 
fcrencr. According to  the chromatograni, glu- 
caost. al3pr;lwd to  he present  in  lymph in  about 
the s:ltlle cluantity a s  in plasma, and  lartose 
could not  he d(.tected in  either l y n ~ p h  or  plasnia. 

Disc~irssion. Sollie differences exist hetm-een 
the clrctrolytc> values which IIeyndrickx ( 6 )  
repo~,tc.d in his studicbs on I y n ~ p h  fro111 slaugh- 
tered cows and those rc.ported licre. I n  eight 
l y ~ n p h  si1111p1c.s he foand  sodiun~ to  he slightly 
lower than in sn,unl, potilssiun~ to he n ~ u e h  
higher, ~ n a g n e s i u n ~  to hv highel., rather  than 
lower, a n d  hicarhonate to ht. lower than i n  
serum. H e  found ly111p11 ~ I U C O S ( ~  to  JIP eon- 
siderahly less than pl:lsn~a glucosc, and he also 
found small milounts of lactosc~ in hoth plasnlit 
and  lyrnph (7) .  I t  may he tha t  1 l l ; I l l l l l l R ~ ~  

l y n ~ p h  fro111 the h o v i ~ ~ r  is  differrnt fro111 tha t  of 
the caprine, hut  collection of l y n ~ p h  fro111 
slaughterhouse cows, which 111ay have had 
great ly distended udders, a s  well a s  i n ~ ~ ~ ~ e d i i i t r  
post-n~orteni changes, could explain these dif-  
ferences. Linzell (ll), on the other hand, us- 
ing  only f o u r  unanesthetized goats  and  a ran- 

TABLE 1 
Average values of snbstances in jugnlar ])lasnin m ~ d  si~prnm:~mmary lympli of lactating goats, 

collected duri~ig first week after Iyn~pll ennnnlntion 

No. 
c:1111111- Jiigular Malumnrp 
Iations pl:~sni:i lymph 

Glucosc 
Lactose 
Sotlium f )urq/l i t~ r) 

Potassium (7)leq/litrr) 

Chloride (nzeq/Eite~) 1 I 107 k 4 111 * 5 
(!)7-115) (100-117) 

Ricnrbonate (naeq/liter) 

pH 

' Stnntlard deviation. 
E:rcl~ calnu~lntion consists of 3-5 plasma, or I)inph, rollertions for romposition analyses. 
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nulation method similar to the one descrihrd 
here, found  values f o r  Inamnlary lymph coin- 
position which agree well with those reported 
here. The results of nicasurr~nents  made h y  
Lascelles a n d  Morris (9) on  lymph f rom i n a ~ n -  
man.  glands of sheep is in  apreenrent R-ith 
this author's results f o r  all suhstances except 
po tass iun~ and  sodium. T h ~ y  found these elec- 
trolytes to  he lower in  lymph than in plasnla in  
both d r y  a n d  lactating sheep. Ilowever, with 
no  statistical treatment of th r i r  data., i t  is  
difficult to  assc3ss the significance of their  com- 
position differrnces. 

Tn general, nialnlnary lyniph ro~nposit ion in 
terms of cation-anion ecluivalencc is s i ~ n i l a r  to  
plasma and  quite unlike n~i lk .  This is shown 
in  F igure  1, m-hrre electrolyte concentration 
values f o r  these fluids have heen a r rangrd  in  a 
Gamble-type chart. The p r i ~ n a r y  difference he- 
twren Inammnry l y n ~ p h  and  plasnia is  in  the 
protein fraction, the coneentr:~tion heing con- 
siderably less i n  the  f o r ~ u e r .  The slight varin- 
tions in concentration of other suhstancrs, such 
a s  drcrrasr  in  calcium and 111agt1esium and  in- 
crrasr  in chloride, a p p r a r  to he the result of 
diffusion forces prohahly in accordance with 
the 1)onnall equilibrium. On the other hand, 
the diffrrcnce hetween the (~lertrolyte co~nposi-  
tion of n ~ i ~ ~ ~ ~ n i a r y  lyrnph and 111i1k is  striking. 
The chcniic:~l s tructure of n ~ i l k ,  values f o r  

PLASMA L Y M P H  M I L K  

FIG. 1. Cllelilical equivalc~ice of cations a t ~ d  
anions in goat plasma, l y ~ n p l ~ ,  and milk. Base 
equivalrnee of protein was c:rlc~~l:rtcd by usir~g the 
Van Slykc factor 2.43. Values for substa.nees ill 
goat milk ivcrc taken from Macy (12). The dotted 
line separ:iti~ig cnleium and mag~lcsin~n from phos- 
phate, sulf;rtr, organic acid, : I I I ~  protrin anions 
is intendctl to in(1icnte that to some estellt these 
suhstancrs csist in milk as undifisociateil com- 
pou11ds. 

which were taken fro111 Macy (12),  is Inore like 
tha t  of a n  intmrellular  fluid. There does not 
a p p e a r  to  be any  back diffusion of those ~ n i n -  
ertlls, which a r e  prcsent in  milk i n  such rela- 
tively large quantities, froin inilk into lynrph. 
As  a. result, i t  can h r  stated that, except f o r  
possihly supplying organic, materials such an 
glucose (11) and fa t ty  acids ( 5 ,  9)  to  he used 
hy  the cells in the production of niilk, 111an1- 
nlary l y n ~ p h ,  whether f r o n ~  a n  active o r  in-  
activr gland, appears  to I)(. a filtrate of p lasn~a .  
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NUTRslTIONAT~ E\'AIA~TATION OF I'ASTTTRES W I T H  IIATRY CATTLE 

J. E. BERTRANI),' L. 1,. I<I'SOIVP,' J .  I,. "1,ETCT-TER,' C'. E. HPDE,' C. BRANTON," 
Asn J i .  R. I~'ARTITTS(: " 

I):tiry Scic~ncc Dcp:crtnlei~t, T,ouisi:cu:r Agricnltural Experiment Station, Baton Ronge 

SU91M,\RY 

Three digestion trials were ronduct~d during thr sunlmor months a t  three 
different periods of per111;lnent pasture (o:~ts, rye grass, clovers, and vduntc~c,r 
grasses) growth froin ?rl:~y through August, 1959. A con~hination of internal 
(lignin) and extclrnal (Cr,O,) iniiicators was used to detc.rn~ine digestibility 
and intakr of grazed herhage as the only sourer of forage in the total ration of 
 nilk king cows. Forage san~ples T T - ~ I . ~ ~  collectcvl regularly throughout the experi- 
111c.nta1 pc'riod. Milk weights, pasture scores (qui~nti ty :~nd  quality), and 
:ttnhient tc~tnperatures wcrcb recorded daily. 

Milk production adjustt.d f o r  expected docline in 1:letation significantly 
higher (P  < .05) in Trial T than ill Trials 11 and 111. The average forage 
digestion coefficients of 68.27% for  dry l~~i i t te r ,  68.41% f o r  crude protein, 
63.31% f o r  crude fiher, and 77.66% fo r  SFE wire signific~~ntly higher (P  < .01) 
in Trial I than thosc. of 51..59, 39.15, 35.04, and 62.01 o/, in Trial 111, and 41.22, 
31.18, 49.06, and 51.13% in Trial I T ,  rrspectivcaly. Thr average forage digestion 
coefficients f o r  dry  n~a t t e r  and nitrogen-free extract in Trial I11 were sig- 
nific:~ntly higher ( P  < .01) than those in Tri:~l T I .  Thc average herbage dry 
11iattc.r intakr adjusted fo r  hody weight of 27.62 lb in Trial I was significantly 
highw ( P  < .01) than the avcbrage intakes of 13.36 and 14.19 lb in Trials I1 
and TTT, respectively. Cows in Trial I gained 2.5.5 lb per cow for  the 14-day 
trial period, which was significantly diffcrcxnt (P  < .01) frorn the losses of 33.1 
and 20.6 lb pcxr cow in Trials 11 and TTI ,  respectively. 

Rc~gression analyses indicated that pasture quality score was the only sig- 
nificant variable in n~i lk  production among the variables studied. 
Thus, a siinple ~ ~ ~ e t h o d  of pastur(. evaluation appears to he of benclfit in deter- 
mining when to colnnlenrr supplen~ental sulnnler forage fwding to lactating 
cows grazing prrt~lanent pasture as the solr sourat, of forage. 

The introduction of indic.ator nlethods fo r  
dc~ter~nini l~g hcrh;lgr intakr and tligestibility 
has been one of the import;rnt advances i n  nu- 
trition resta:~rch in the past few years. This 
has facilitated research on herbage evaluation 
with grazing anin~nls. Pasture furnishes t ~ p -  

Rrcaeived for public:rtiol~ Septomber I!), 1961. 
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proxlinately 60% of the feed fo r  dairy cattle 
in the Southerri arid Southwestern states, con)- 
parc~d to approxin~ately 26% in thr  Xorth- 
westt~rn and Sor th  Atlantic states (7 ) .  Conse- 
quently, there. is a great need fo r  the evaluation 
of pastures arid their rontrihution to the total 
ratton of dr~i ry  cattle. 

Thi.; study was undertaken with lactating 
cows grazing p e r n ~ a n r r ~ t  pastures ( a )  to eval- 
uate pernianent pastures in terms of cheinical 
co~nposition, digestibility, aniinal perfor~nances, 
and visual inspc.c:tion, and ( b )  to analyze these 
nleasures of p:~sture quality to determine the 
reliability or aceuracy of c.aeh inmsure, or hoth. 

Pn\tt~rc'\.. Sine  perinanent pastures with the 
s;lille type of hcrbage, varying in size from 
four to 30 acres and grazed by the Iberia Live- 
stock E ~ p e r i m e n t  Station dairy herd, were 
:tva~lable for  this htudy. A five-yc~tir pasture 



rotation system is carried out a t  this station, 
which consists of first-year su r r~~nr r  seeding of 
Alyce clovcr fo r  hay, followed by oats, rye 
grass, and clovers in the fall, with second, 
third, and fourth year resrr~ding rlovcrs, volun- 
teer grasses, and sod-scchded oats or rye grass. 

A pasture scoring systc.111, considering quan- 
tity and quality of herbage and based on the 
score rilrd of Hodgson ;r.nd Shepherd ( 8 ) ,  was 
used. The pasture quantity scores (surplus 
= 21-30 points, adeclu;~te = 11-20 points, o r  
deficient = 0-10 points) and thr  pasture qual- 
i ty scores ((.xrellent = 31-40 points, good = 
21-30 points, fa i r  = 11-20 points, or poor = 
0-10 points) wcJre obtained daily on the pasture 
currently occupied by the  nilk king herd by the 
same person throughout the study. The cows 
were fo1lowc.d during grazing and a hand- 
plucked sanrple as representative as possible to 
that the cows were actually grazing was col- 
lectcd. 

Animals. The milking herd consisted of J1.r- 
seys, Holsteins, and Sindhi-crossbreds. Tht.sr 
animals, including the experin~ent;~l anin1:11s, 
received a concentrate ration and pasturc as 
the sole source of forage, during the 201-(lily 
experitnental period (April 1-Octohrr 21,1959). 
The concentrate ration (16% dairy feed) was 
fed a t  the rate of 1 lb fo r  each 1 Ih of n~i lk  
produced daily by the Holsteins and 1 Ih for  
each 3 Ib of nlilk produced daily by the Jt.rst.ys. 
Rotation of the herd from field to field varied 
from periods of one day to 2 wk. I n  Inany 
instances, the cows had access to two, three, or 
even four fields a t  the same titne. Estin~ates 
of quantity of forage and physicrrl condition of 
the ground were used as  main criteria fo r  ro- 
tations. Milk n~cights and a~nhicant ten~prratures 
were recorded daily. 

Ten cows frorn the milking herd with lacta- 
tions past their rnilk production peak were 
chosen fo r  calculating milk production data. 
Thr expectctd lactation curves were caalculated 
by using the persistency figure, 0.9144, of 
Corley (4)  fo r  each row starting a t  her peak 
production and calculating the decline for  each 
30-day period. Differences hetween the actual 
n~ i lk  production and the expected ~n i lk  produc- 
tion were used as the Ineasures of n~ i lk  pro- 
duction, to avoid a, corr.cl;~tion hc.tween n~ i lk  
produrtion and forage quality which c.oultl 
orrur hreause of a n o r n ~ i ~ l  declinr in forage 
quality as the pasture prriod advilnced in the 
summer and a norrnal d(.cline in lr~rtation. 

Correlation coc.fficients wrre colnputed using 
Y's (i~c:tual n~inus  expected ~n i lk  prodnction 
first day, actu:~l n~inus  rxpected tnilk produc- 
tion nc.st day, i~etnal ~ninus  expreted milk pro- 

duction two days later, and actual tninus ex- 
peczted ~n i lk  produation three days later) and 
all the X's (pasture quantity score, pasture 
quality score, mean daily te~~~peraturc.-average 
of ~ n a x i n ~ u n ~  and ~ninirnun~, per rcnt lignin in 
hc~bage,  p ~ r  cent crude protein in herbage, 
p ~ r  cent ether estraet in herbage, per cent nitro- 
gen-fret. cxtract in herhage, per c t ~ ~ t  fiber in 
I~t~rhagr ,  i ~ n d  per caclnt ash in herbage), to de- 
ternline the proper Y to use in accounting fo r  
Ing in 111i1k production. Data fo r  any days in 
which an X value was tnissing were discarded. 
Alultiple regression analyses were contputed 
using Y1, actual rninus expected n~ i lk  produc- 
tion first day, and tliffrrent cotnhinations of 
the indt~pendent variahlrs. 

Digc~stion trictln. Thrrv digestion trials (May 
2-18, .June 2 3 J u l y  7, and August 17-31) were, 

ronduc.ted during the esperi~nental  period on 
the sanle field, as i t  was the largest unit and 
pwn~i t ted  ron~pletion of the trial without rota- 
tion of the herd. This pasture wits in the 
fourth year of the five-year rotation s y s t e ~ ~ ~  
ant1 i1ppearc.d to he about average to those. 
avi~ilahle a t  the t i n ~ c  the trials were ronducted. 
'rh(>sr trials were conducted :it three stages in 
which it \\-;IS felt that there was a change in 
quality of herbage from the previous period. 
P:;trh trial consisted of a sevrn-day prelinrin:t~.;r. 
pcxriod and a sevrn-day fecnl collection period. 
Eight n~ilking cows and two dry  cows were 
used as the experilnental groups in digestion 
Trials I rlnd 11, and sevc'n milking cows and 
two dry  cows in digestion Trial TIT.  The dry  
cows were not fed any grain. Chron~iu~n (wide 
was fed to anirnals a t  thc. rate of 20 g p r r  day 
(10 g a t  each  nilk king t i n ~ e )  as an external in- 
dicator to measure fecal output, i ~ n d  l i p i n  was 
used ;IS an  intt.rna1 indicator to detern~ine di- 
gestibility. Fecal samples were oollected fro111 
the experinlerltal animals a t  6 AM and 4 PM fo r  
the seven days of each collection period. A 
seven-day total collection of feces wits per- 
forr~~r.d on three nlilking cows ;lnd two dry  cows, 
to check recovery of c h r o ~ n i u ~ ~ l  oxide. A slight 
~nodifieation of the cmllection hrrrnrss :rnd bag 
of (:orski and co-workers (6 )  was used with 
grazing cows. Data in the p;tper a r r  ronfinc.d 
to the cows used in the thrcbc. digestion trials 
ant1 the ten cows used fo r  ~r~c.;~suring the devia- 
tion in milk producation. Therrfore, all other 
cows in the herd were incidental. However, cli- 
gestion trial cows and test rows were handl(.d 
;IS :I part  of the entire nrilking herd. 

The proximate ar~alysrs of feed and f~(2al 
s i ~ l ~ ~ p l e s  wrre detc!rlnined arcording to the pro- 
cc%tlures rrcornn~cwdcd by the Association of 
Ofticiel Agricultarnl Chen~ists (2 ) .  The lignin 



content was determined by the tnethod outlined RKSI'I,TS n s n  DISCUSSION 

by Achacoso (1) .  Chromiurn oxide in feces Forn!lr gat(,. The herbage in Trial 1 (May 2 
was deterniined by a ~rlethod outlined 1)y Austin to 16)  Illainly of oats ( A ~ . ~ ~ ~  scrtiaa) 
and Banner ( 3 ) .  Total ratio11 ( k e s t i o ~ l  coeff- and rye grass (f,oli?r,r~ ,nltltifior?,nl) in the boot 
cients were calculated by a n  indirect inethod stage, a slllall t l l l lount hop ( ~ ~ i f ~ l i ~ ~  
essentially similar to the method of 3fcCullough ( l l , b i t lm) ,  sinall irlnourlts of california bur- 
(10). To detcrlrline per cent digestibility of clover (Msdicnlro hispi<le~) and spotted bur- 
the forage, digestion coefficients f o r  thr  con- (,lover ( ~ ~ d i ~ ~ ~ ~  arabicn), a g.oOtl growth n£ 
cmtratc. ration were calculated according to the s.1 clover ( ~ ~ i f ~ l i ~ ~ ~  with ~~~~~~~d~ 
formull~s of Schneider et al. (ST) for the organic ( ~ ~ , ~ ~ d ~ ~ ~  c$nctylon) and l)allis grass 
nutrients. The digestibility of ilvtlilahlo ash ( pnspnllt dilnttr trim ) just out. 
was considered to he 50%, based on the rtlport The llerl)age in Trial II (,Tune 2:3 to July 7) 
of the National Research Council (18).  From wils inferior to  that  of Trial I ,  hccaause the 
the ahove infornlittion, it was possihle to tror- (.lovers had played out and a short drg  spell 
rrct f o r  the portion of the fthcal nlilterial voided occwrred in the latter par t  of June. The spe- 
due to tht* concentrate, because i t  is known how eies were rrlainly Bermuda grass and Dallis 
rnuch concentrate each cow had consnllred daily. grass, five to seven inches high. There 
The amolmt of fecal dry inatter voidrd was de- was a small mnount of S-1 clover left in a few 
tc,rn~ined hg the chrorniunr oxide rontent. The spots and some Vasey grass (l'c~spalztm or~.ellri) 
a ~ l ~ o u n t  of lignin in the feces due to the con- 

along the ditch banks. ct~ntrate fcvd was also snhtracted from the 
total ainourlt of lignin found in the feces. From herbaa(' in Trial 'I1 (August l7 to 31) 

the lignin of hrrhage consullled on WaS of ~ ~ " e w l l a t  hrtt('r appciiranee than in 

the dv Illatter hasis, and the total alllount of Trial 11, because of .July and August rains. 

lignill left i n  tllr feces after correction for the The dominant speci1.s mere Bermuda grass, 

ainount contributed hy the concentrate, it was Dallis grass, a sinall i~lnount of ~ a s r y  grass, 
possihlr t o  cill(~ulate herhage dry matter con- and crab grass (Digiterrin sanglrinnlir). Many 
suinc.tl. Then, hy knowing herhage dry lrlatter of the grasses were seeded a t  the t i~ne.  
consrn~lr.d and its proxilnate analysis, along. The herbage tonsun~ed in  Trial I was higher 
with the anlount of dry  matter, crude protein, crude protein and lower in crude fiber and 
crude fiber, nitrogen-free extract, and ether- lignin than that in Trials TI and 1IT, owing to 
extract in the feces due to herbage consulned its highc,,. content of clovers in proportion to 
(after subtracting that contrihutrd the ('on- grasses ( ~ ~ b l ~  1). ~h~ proxirlrilI content of 
c.entrat~), digestion corffirients were calrulated. hc:rhage oonsulned in Trials TI and I11 did 

Stnfisticnl nnnl!/srs. The analysrs of variance not differ to any extent. 
ilnd covariance were conducted i~ccording to 
the l,,ethods of Snedecor ac2counting for ~ f i l l i  prodttction. Actual and expected lllilk 

subsalnpl(, nulllht,rs aherc. applirahle. production of the ten cows during the three 

D ~ ~ ~ ~ ~ ? ~  lllultiple range test (5) ,  as lllodified dig(astion trials is given in Table 2. Milk pro- 

hy K~~~~~~ ( g ) ,  for nunlhc,rs per trrat- duction adjusted f o r  expected decline in l a c t -  
rrlent was elnployed to test significance hetwc,c,n tion was significantly higher (P  < .05) i n  Trial 
the digestion trial group Inenns. I than in Trials I1  and 111. The higher ad- 

1,ignill : I I I ~  p~.oxi~~l:~te all:~lgses of 11ert):1ge c~o~~surnccl 1): co\vb ill the ~ligestion trial periods 
(dry lmsis) 

Trial TI Tli:~l I11 
Herbage 'I'rial I (June 23- (August 

constituents (A4:ly 2-16) July 7 )  17-31) 
-- .- 

-- (%)) 
1,ignin " 3.75 5.58 4.94 
Crude prateill 13.96 10.89 10.43 
Crude fiber 23.63 26.71 27.19 
Nitrogen-free extract 51.00 50.27 50.75 
Etl~cr extrart 2.21) 2.79 2.44 
As11 $1.21 9.34 9.19 
-- 

" I , igl~il~ i s  not i~~rluded in the 100% mnkr-nj) of proxirnnte allfilysis. 



TABLE 2 

Actual n1111 expectrtl rnillr ])rodoctiou of tell c.o\vs (luring the t11rc.c d iges t io~~ trials 

Tri:11 T Trial I1 Trial I1 I 
( M ; I ~  2-16) (.JIIII(, 23-July 7) (August 17-31) 

- - .- - 

Avcr;igc, daily 111ilk 11rod11rtion l)rr eo\v 
Vo~v St:~g-e of -- - - 

110. l:~cot:~tio~~ " Actual Expcctrtl Artll:tl F,xl)c,c*tc.d Artual Exl,ecte(l 
-- - - - - - -- 

( ( l a ! ~ )  f l b l  -- 

Average milk protlrlrtio~l ad- 
justed for expected d e c l i ~ ~ e  
in lactation 28.7 "' 24'.R 22.9 
- - 

:' Stage of 1;lctation of cows ill tlle 204-(lay csl)crin~ent (April I-Ortoher 21). 
9% signifies TTolsteil~, J or 1% signifies .Jersey, uutl S or SX siguifirs Si~~dl~i-crosslir(~tls. 
' Significantly d i f f r rn~t  a t  (P < .05). 

justed milk production in Trial  I :ippearc.d to 
he due to the higher-quality f o r : ~ g ( ~  availi~hle. 

I l i g r s t i o r~  tritrls. Total forage I I I ~ : I ~  digc.stion 
c~oefficimts f o r  the three digestion tr ials  a r e  
presented in  Table 3. The averilgcl forage' di- 
gestion coeffieit>nts of 68.27 f o r  d ry  ~ ~ ~ : ~ t t e r ,  
68.41 f o r  crude protein, 63.31 f o r  crud(, fiher, 
a n d  77.66% f o r  XFE were significantly higher 
(P  < .01) in Trial  I than those of ;il..i9, 39.15, 
55.04, s r ~ d  62.01% in Trial  111, and 11.2'2, 
31.18, 49.06, and  51.1.:3% in  Tri:il 11, respec- 
tively. The v;llues f o r  d r y  l r ~ i ~ t t e r  and SFF: 
i n  Trial  I11 were sig~lificantly higher ( P  < .01) 
than  those in Trial  11. Digestion coeffirierits 
f o r  ether-extract were variable and  of doubtful 
valut.. Thesr results indicate tha t  succulent 
herhtrge wit11 n high content of clovers was 
111ore highly digesttld h y  l ~ ~ i l k i n g  csows. D r y  

;111tl eoarsr herhagc. consu~~~c .d  during the hot 
1):lrt of the sulunler. under the condition of this 
study was low in digrstihility. 

The avt2rage I IT 111atter intake i~djus ted  f o r  
hody weight, of 2 7 . 6 U h  in Trial  I, calculatc~d 
f ~ . o ~ u  t h r  coll~hincd l ignir~ and  chro111iu111 oxide 
illdicatol.~, was significantly higher ( P  < .01) 
t h i ~ n  the. :lverage intakes of 13.36 : ~ n d  14.19 Ih 
f o r  the  a n i n ~ a l s  in Triirls TI and 111, respec- 
tively (Ttlhle 1 ) .  There appeared to  be it re- 
I;~tionship betwc.c.n d r y  111atter digrstihility and  
dry  111;lttrr c o r ~ s u ~ ~ ~ p t i o ~ ~ ,  which has also 11een 
reportc~d hy  o thr r  workers (11.-14). The rows 
in Trial I gained 25.5 Ih per  cow f o r  the 14-day 
periotl, which was significantly differcsnt ( P  
< .01) than the losses of 32.1 x r ~ d  20.6 lh p e r  
cow for  Trials T I  and 111, respc'ctively (Table 
4) .  These figures \vc3rcl in lint. with :111 o thr r  

Forage digestion coefficients 
-- - 

1) ry Crt~tlr Pr11(1e E t l ~ c r  
Trial " nu~t te r  protein fiher X IJE extraet 

~p - - - -- - - 

4% )- . . 
I " 68.27 ' 68.41 ' 63.31 " 77.66 ' 52.55 ' 
I I 4'1.22 ' 31.18 " 49.06 " 51.13 19.88 " 
111 51.59 " 3!1.15 " .55.01- " 62.01 56.02 

-- - - - - - - . - - -  - 

:' Trial T was eo~~tlucted M : I ~  2-16, Trial 11 June 23-July 7, :rutl Trial I11 August 17-31. 
"Tell :~nimals (eight nlilkiug cows nut1 two dry eo!\rs) were used i n  Trials I and 11, 

ml~creas only nine nnin~als (seven milking cows m ~ d  two tlry eo\vs) were used in Trial 111. 
r ,  d, s Mcnns ~ ~ i t l ~  ( l i fferc~~t superscril~ts arc sig~~ificar~tly diffcreut at  P < .01. 



TABLE 4 

IIerhage d ~ y  n~:~ t te r  int:~ke :lnd body weight cll:lnges hy trials 
-- 

Trial 
-. . 

I IT TIT 
- - - 

Avg tlry n1:rttc.r int:lkr ;tdjnstc~tl for l)o(ly weight. 27.1i2" 13.36 I' 14.1!1 " 
Avg 11ocly ~ r e i g l ~ t  rl1:111gc> 5 . % j  :# -. L . 5  .) -:!fl.(i 
- - -. -- - 

:'. " JIc:~ns wit.11 iliff'c~rrl~t s~l])erscril)ts : ~ r c  sigr~ifir:~l~tly (liff'rrt,l~t at P < .01. 

results oht;rinetl, c~ll~pliasizing the grcbc~tc,r nu- 
tritivc. vi~lne of 11erh;rge in the. c.t~rly p:lrt of 
the growing :.e;rson a s  reflectt~d in hody wt~ights. 

Total ft.cal collections on five cows showed 
a n  aver;lge c h r o ~ ~ ~ i u n r  oxide rclcoverp of 99.5YG, 
wit11 a range of 86.8 to 109.1%. The chron~iunl 
oxide R S  a n  external indicator was relatively 
accurate in predicting fecal output. 

Covr.cl(ctio~~ rltrtcc. Correlation coeffieitants he- 
t ~ v r c n  all X's : ~ n d  Y's a r e  sho~vn in  T;rhle 5. 
Aetu;ll nlinus rspc~c~tc~d 111ilk production first 
d:~y \v;ls ;IS highly correlatc.d with the X's as  
any  of thc ot11c.r 1.'~. This ~ v i ~ s  c.o~ltr;~ry to the 
lag onc2 lllight (>x~)( .r t ;  11ow(~ver, rh:irlg(*s in 
herl):~gcb clnality : ~ n d  S U I I I I I I ( ~ ~  t ( ~ ~ ~ ~ p e r : r t ~ r v s  w('rfb 
gr:~tlu:~l :rnd ilhrnpt elrirng~s in 111ilk prodnetion 
fro111 tl:~y to (lay dncs to t11i.sc. intlrpc.ndrnt vari- 
:rhl(hs \v(,r(, ncbgligihlt.. SigniRc:rnt c+or~.tsl:rtions 
c.sistc~tl ;Illlong sol~lc~ of tht, intl(~ptwd(.nt vari- 
:11)1(.s (T:rI)lc, 5 ) .  I':~stul.c~ clu:rlity seol.cb \v\.;ls 
Iligllly co~.rc,li~tc~tl ( r = O.(iO) wit11 ~):isturo clu;ln- 
tit? sc40r.ch, int1ic:lting t1i:lt p:lst~~rc, clu;~lity score. 

;~cc*ou~~ted  for  Sfi.O% of the variability of pas- 
turv quantity sc+ore, i111d rice versa. l'aaturtl 
quality scorc2 was inversely correlated ( r  = 
-0.49) with per  c n ~ t  lignin in herbage, indi- 
cating tha t  herbage scoring high f o r  quality 
was low-er in lignin. Pasture quality score was 
highly correlated ( r  = 0.61) ~ v i t h  per  cent crude 
protein in herhage, indicating t h a t  the quality 
score was a good nreasure of the protein eon- 
tent  of herhiige. This correlation was 'xpected, 
ht~cnnsr thr  c1n:llity score was influt.nced hy  
t h ~  n~llourrt of c.lorers present in t h ~  herhagr 
i~n t l  the prc,sc.nce of elovers inc.rcused the 
;1111onnt of er.n(le prot(3i11. 

. I l t ~ l f i l ~ l r  r~,,//rcssioi~ rlntrc. Pc.rc(~nt;rgc. ethcbr 
c.str:rc.t in l~c~rl) ;~ge nntl prrct~nt:lgc. :tsh in Ilrrh- 
trgr wrrcb t~lilninated I)(*forth running tht, 111~1- 
t iplr  rcsgrc~ssion a~ralysc.~. Thc,sc, two indc~pi~nd- 
vllt \~:~ri:~l)l(.s \vc3rcB not corrc~l:~tc~d with any  of 
the. Y's nntl this \vonl(l II;IVC, ;I vc3ry lninor (btT~(.t 
i l '  inclatlc.tl (l':~hl(. 5 ) .  I4'0r the d : ~ t : ~  to fit tht. 
T I < R I  ~ltaltipl(. rt~gression I)rogr:lln clc,signc~d f o r  

TABLE 5 

Siml)lr rorrc,l:~tio~~ cocfivit'l~ts 11c>t\rc'c-11 :tll intlc~l)t~ntlr~lt v:iri:~l~lvs :nlil tl~c, fonr mcx:lsures of 
milk ~?roiluct,ion 

- - - ~ - 

X I ; '  S:! S 3  S 4  S R  Sfi S 7  XX - -- - 
XR 

T 1 "  0 . 1 9  11.31' - 1 1  -0 .17  2 0.03 -0.11' -1.1'' -0.05 
T:! 0 . 1 ~ '  0.31' -11.13~ -0 .16~  0.21" 0.03 -n.lot' -0.13~ -0.05 
'1-3 0 . 7  0.29' -0.13 I .  o . 1 ~ ~  0.04 - o  -0.11 -0.05 
Y4 I , "  1 . 2 7  -1 .12  -11.15P 0 . 3  I' 0.04 -0.11' -0.12" -0.01 

-- 

S 1  1.00 0.60' -0.04 -fl.!?f!" 0.25' 0.25'' - 1 . 4 '  -0.05 -0.14' 
S :! 1.011 -11.2" - 0 4  0 . 1  ' 0.15 ' - 1 . 3  -0.4"' -0.05 
S :i 1 ,110 2 - 0 . 1 "  (1.34' 0.17" 0 . 5  -0.01 
S 4 1.00 -O.AAr  0.01 0.17" 0.25" -0.11 ' 
s 5  I .OII -0.n2 -n. fxt '  -o.5nc 0.22 
S (i 1.011 -11.31 " 0.05 11.24v 
X i  l . f l l l  -11.17' -0.28" 
S X 1.011 0 . 3 5 "  
S!l 

. - 

i .on 
-- - -  - . .  - 

;' X I  = P:lstlcl.r c1u:lntity score,, X:! = P:tst~~rcs (111:llity S C ( I ~ ( ~ ,  X.3 = M(':III (I:~ily tc~~nl)cr:rtnr(% 
(;l.vt.r:cgc of ~n:rxi~nun~ : I I I ( ~  I I I ~ ~ I ~ I I I ~ ~ I I I ) ,  S 4  = Pcr r(.llt lignill i l l  l~c ' rI) i~g~,  S.7 = P e r  rent C ~ I I ~ C  

protcil~ ill I~c.rl~:~pc, S 6  = I'c-r cc.llt c.tll(,r c.xtract i l l  11crl1;1gc., X7 = Pclr (.c.l~t 11itrogr11-frrr en- 
tr:~i+t. in 11crI1:rg~~. S X  = I'c-r ( * O I I ~  er11(1(~ fil)e~- ill I~orl~:tg(~, : III~I  S!l = 1'c-r r ~ n t  as11 i l l  l~(~rl):~g?. 

" Y1 = Ac.t~l:~l rnil~rrs cbspc-c.tc~tl lnilk prnd~:(.tiot~ first (lily, Y:! = : I C ~ I I : I ~  I I I ~ I I ~ I S  ~x~>c~r t (v l  milk 
proilnrtion I I P S ~  11:1y, Y3 = :~catu:~l I I I ~ I I I I S  c'xp(b(.tt'(l lnilk ~)ro~l~lc ' t ic~l~ two 11:l.v~ Iatcr, :~nd Y4 = 
:tc.t11;11 millus c.x])c~tcil milk procluetiol~ tl~rrcx (l:~ys 1:ltc.r. 

'' S i g ~ ~ i f i r : ~ ~ ~ t l y  (liff(lrc511t at P < .01. 
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TABLE 6 

1):cta from ~nultiple regression al~:llysi\ I 

- - 
X I  ' X 2 X 3  X 4  X 5  X 7 

-- 

I )  0.05 0.33 -0.05 -0.08 0.03 -0.01 
sh O.O(i 0.06 0.04 0.11 0.06 0.06 
t 0.78 5.94" -1.39 -0.74 0.45 -0.01 
h' 0.03 0.26 -0.04 -0.02 0.02 -0.01 
x 18.7 19.1 79.3 5.20 12.81 49.76 
Y1 = -3.67 ; n = 1,387 ' ; (1. f. = 1,380; R = 0.31 "; a = -6.85. 

" X 1  = Pasture quantity score, X 2  = pasture quality score, X 3  = nlran daily temper:xturc 
(average of maximum and minimum), X 4  = pcr cent lignin in Ilerhage, X 5  = per cent crude 
protein in herbage, X 7  = per cent nitrogen-free extr:rct in l~erhage, and Y1 = artual n~inus 
expected milk production first day. 

I' Significantly different from zero a t  P < .01. 
The appropriate Y values were used on an individual row basis each time a complete 

set of X values appeared. All values for a day were disregartletl unless complete in its entirety. 

six independent variables, it was necessary to  
eliminate another variable. Percentage lignin 
in herbage and percentage crude fiber in herh- 
age were considered as related nleasures. Both 
were measuring substances with varying dc- 
p e e s  of resistance to the digestive process. 
However, the correlation (1. = 0.25) between 
the two nteasures was not as  high as expected 
(Table 5). T t  was decided to compute two ~tlul- 
tiple regression analyses, using perec~nti~ge lig- 
nin in herbage in  one analysis with the five. 
other independent variables rclnainir~g i ~ n d  per- 
centage crude fiber in herbilge in the other. 

Results of rnultiplc regression i~nalysrs I 
and I1 are  shown in Tables 6 and 7, rrspt.ctivcly. 
The partial regression coefficients fo r  pasture 
quality score were highly significant in both 
analyses. Pasture quality score appeared to 
be the only ineasure of value in predicting n~i lk  
production. The standard partial regression 
coefficients add validity to the above state- 
ment. Pasture quality score in Analysis I 
(Table 6 )  u7as 10, 6, 12, 13, and 870 tinies inore 

valuahle than pasture quantity score, lnean 
daily temperature (average of ~naxin~utn  and 
~ninimum), percentage lignin in herbage, per- 
centage crude protein in herbage, and pcreent- 
age nitrogen-free extract in herbage, respec- 
tively, in predicting milk production. 

The inultiple correlation coefficients ( R  = 
0.31 and R = 0.32) give an indicatiol~ of the 
prediction powers of the regression equations 
(Ti~bles 6 and 7) .  Actually, only ahout 10% 
of tht. v:~rianee of the depmdclnt variable was 
due to tht. regression on the indepc.ndtint villi- 
ables in both i~r~alyses. Inspc.ction of the s in~p l r  
c.orrelatior1 coc4ficients in Table 5 shows that 
thc. correlation ( r  = 0.31) brtween 1):lsturch 
quality score and the dependent vilritlhlr is of 
the same ~nagnitude as  the n~ultiple nrrelation 
coefficients ( R  = 0.31 and R = 0.32) in Tables 
6 and 7. IIowevrr, this does not give the coni- 
plete p ichre ,  hecause the other independent 
variahles are also accounting for  some varia- 
bility in the dependent variable. By inspec- 
tion of the correlations existing between pas- 

TABLE 7 

Data from multiple regression analysis I1 

X l  a X 2  X 3  X 8  X 5  X 7  

b 0.03 0.35 -0.04 0.18 0.21 0.15 
sb O.O(i 0.05 0.04 0.12 0.13 0.11 
t 0.5'4 6.72" -1.06 1.58 1.59 1.36 
h' 0.02 0.27 -0.03 0.11 0.15 0.09 
x 18.7 19.1 79.:4 25.14 12.31 49.76 
Y1 =-3.G7; 11 = 1,387 '; 11.f. = 1,380; R =  0.32 "; a =-22.85. 

- -- -- 

" X 1  = Pasture qu:rntity hrorc, Xt" = ])nstrlrc> quality score, X 3  = nlclan tlally temperature 
(:~vcrage of ni:~ximunl :end IIIIII~IIIUIII), X 8  = per ( ' C I I ~  CI.III~C fiber in llc~rbage, X 5  = per cent 
crndo proteiu in I~rrl)ngc,, X7 = I)C'I. cent nitrogen-frc~ cxxtr:lrt In I~ert~agr,  and Y1 = actual 
ininus expected milk prodart~ol~ f i~s t  i1:cy. 

"Significantly different from zero a t  P < .01. 
'The appropriate Y vallies were ased on ml individllal cow basis t ~ ~ r l l  time a complete set 

of X v:~lues nppe:~rrd. All r:~lnes f o ~  :I 11:1y \vc,le disreg:1rtle(l u~~less  romplete in its entirety. 
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tu re  quality score and t h r  other individu:~l X's, 
i t  can he stic3n tha t  pasture quality srore a(.- 
eountcld f o r  a large portion of tht,ir contribu- 
tions. 

f;crcerctI. Thcb doclinc. in  n ~ i l k  p~.oduetion CX- 

pc.rienecd in T,onisi:lna during the s u l n n l c ~  
~ n o n t h s  appcwrs to he :I nutritional p roh le~n  
due to the lo~v-cluality herhagr :~vail:lhlc~ a t  tha t  
time. Tn s t a n d a r d i % a t i o ~ ~  of :I feeding prograin 
t o  oht:~in year-round ~ n a s i r n u n ~  protlurtion, the 
fc.clding of high-quality supple~nental  forage 
~r ius t  he considered when pasture quality de- 
clines in the surnnter. A siinple lnethod of pas- 
tu re  evilluation, such a s  pasture quality scor- 
ing, could he used f o r  ctetern~ining when to 
s ta r t  supplelnental suluiner forage feeding of 
inilking cows. This pasture quality scoring 
warrants  fu r ther  consideration a s  a n  index of 
the nutritional ra lue  of herbage in pernlanent 
pastures. 
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EFFECTS OF EXI'ANDINL' OR I'EIIIAE'I'ING ['I'OS FEED 
DIGESTII~IIJITY AS11 IIEIFER OROFTTI1 ' 

(+. F. \V. IlAF~Sl.l~:lS, 1) .  W .  l<T-l<'I1ON, 11. ( I .  I10Y'l',2 \V. 11. ~ ~ I ' ~ ~ ~ l I I ~ ~ I ~ l , , ~  
. \ND C!. I;. HICI1AHI)S' 

AII~I I I : I~  :IIIII Po111tr:- Srivnee D(>r):~rtnl(,l~t, TT~tiv(,rsity of l)(~l:~\v:~rr, Sv\v:trk 

S l l J l  MARY 

The tffects of ~)rocessing feed hy  rxp i~nding  or  ~ ) t ~ l l r t i n g  werch twaluatrtl. 
R.ntion digc.stihiliticbs i ~ n d  gro\vth of 12 ( ~ i g : . h t - ~ ~ ~ o l ~ t t ~ - o I ~ I  Gu(.rnst~y hrifrrs  I V I I ~ I I  
fed rations so procrssed \vrrth c.olnparc.tl with the response to a control r:~tion con- 
taining nonrxpandt>d grain (50% yrllow corn and  50% raw soybeans) iind long 
hay. The digestihilitirs of nutrients in the eontplete r:~tions wrre detern~ined hy 
the chromic oxide nlrthod. Digestion coefficients were highest in the expanded 
and lowest in the prlleted ration. Mineral ntatter was retained to the greatest 
extent in  the pelleted  ratio:^. The effects on growth were studied over a n  8-~vk  
period using a randon~ized hlock design. Ad l i h i t u t ~ ~  daily total d r y  111atter con- 
sun~pt ion  in pounds ~ v a s :  9.17 of the expanded, 8.66 of the control, and 6.61 of 
the pelleted ration. Daily weight gain in pounds was:  1.68, 1.47, and 1.19, re- 
spectively. Increase in  heart gir th u7as greatrst  in  th r  g roup  fed the t>spandc.d 
grain. Chronic bloating and a signiticilntly lower ruttten p H  were i ~ s s o c i a t ~ ~ ~ l  
with the frcdinp of the eontplrtely pc4leted ration. 

I t  h;~s 1)oc.n sho\vn that  ill(, nutritivt' v ~ l u ( '  rsl)c>c*ially front :I I I I ~ I I I ~ I ~ C I I I I ~ I I ~  poillt of VillW. 
of s t i~rch  is improvc~tl hy cooking (('3, 11). Flitk- R ~ j ~ o r t s  of thc. nntritivc. v:~luc. of pc.llchtcxd ,.;I- 
ing of nti~izt', n p r o c ~ s s  hy  \vhich the stiirch tions 11:1vc-, I I O \ ~ C V ( . ~ ,  i~ldic:~t(~(l  I ) ~ ~ ~ ~ ~ J ~ I ( ~  (lis:l(l- 
p r ;~nul rs  i l ~ . c ~  hurst :~ncl lxirtly drxtrinizcd, pl'o- v:lnt:~gc.s u~ld(,t. c.c.rt:~in ~ i r c ~ n ~ ~ l s t : ~ ~ e ( ~ ~  ( 5 ,  6, 9 ) .  
duecbs a. hig11c.r antyl:~sc' potc~ncy in th(> rulllcbll 'I'll(, ohjc.c.tivc,s of this study wrrp to conlp,lrcb 
of shrep, wht.11 consuntc~d, t l ~ i ~ n  u~:flakcld ~~l:lizc> t h ~  ctff(bcts of procrssir~g tlIc. ~ ~ x p : l l l -  
(10). Corn str;tch is nlorch rcbi~dily iltt:lckchd I)?. sion 111rthot1 with ;I ~ ~ o ~ ~ e x l ) ; ~ n d r d  grain I)lus 
runlrn n~icroorganis~ns t1ftc.r hc.ating : ~ n d  hy- long h:iy t o l ~ t r o l  ratio11 arld with :I eo l l l l l l e tc~I~  
dr i~ t ion  (11). Cooking and  (,spanding of ce~.~:l l  pcllletcbd ration. Tht. cariteria of evaluntioll w(.r(. 
grains has cmjoyrd rising popular it^ f o r  1111- conll);~rativc. digr.stihilities of nn t r ie l~ ts  and  
Inan breakfilst food and ~11181ll-anilll:ll f ( v d ~  ill growth of heifers u l l d ~ r  a d  li11itn111 fec~ding (aot~- 
recent years. Expansion is n continuous prom'ss ditions. P r r l i t ~ ~ i n a r y  rc.sults of this ~ v o r k  havc, 
of high-pressure stt.an~ cooki~lg and estrnsion heell reported ( 3 ) .  
of the hot Inass into the n o r n ~ a l  atlnosphere, 
where the sudden external pressure drop  causes EXPERIMEXTAL PROCEDURE 

escape of the steant, rup ture  of the cellul:ir Twelve Guernsey heifers, six to eight ~nonths  
structure of the ground grains, expansion and  of age and  weighing between 249 and  316 Ih, 
deerease in  density of the original 111aterial. were used. Six heifrrs belonged to  the Univer- 
Expanded grains have heen fcd to  swine, but  sity of Ilelaware da i ly  herd and  six were hor- 
no reports ahout such work with ruulinants rowed from n nearhy far111. They \$*ere first 
werc. found. gronprd according to weig l~ t  into f o u r  fair ly 

Prlleting h a y  and gmins  f o r  runtinants has unifornt trios. Heiftars within each trio were 
rereivrd ronsiderahlc~ i~t tention in rccc1nt years, assigned :tt rand0111 to the three r s p r r i ~ ~ l r n t a l  

t r r i l tn~rn ts :  cixpnnclt~d grain plus long hay, 
1<ceciv(111 for ~)uI ) I ic :~ t io~~ Orto1)cr 11, ]!)(;I. control grain plus long hay, tind c-ontpletc.ly 

l)(.llc.tc.il ration, making four  11c.ifers per  t rrat-  
' 1'11lisI11l I t ~ ~ i s c I l : ~ o ~  1 1  1 .  ( 1  i t  Ill(.Llt. ~ 1 ~ ~ .  h(.ifClrs ,v(.r(l stallchiOned illl(l 

tl~c. :cljl)rov:~l of t l ~ r  I)iroctor, I)c.l:~\v:~rc Apri~ttI- on s;~wdust. In  ~)rc.vious r s p r r i n ~ r n t s  i t  wiis 
t11r:11 E x p ( , r i ~ ~ t ( ~ ~ t t  St:ttio11. 

2 I)( , l ) l r t l l l , l l t  ) , ( , l l o l l l ~ ,  ( ) ( 
fOlltl(1 ttlilt ~ t f i l l ~  01. l)('illlut hu11 l)(.(jcliY4 was 

w:irch, Sv\v:~ rk. oc(~:~sion:~lIy ( b : ~ t t , ~ ~  hy the : I I I ~ I I I : I ~ S  on trial. 
:t I,,.c,sc,llt :I,lilr,,ss: ( v ~ ~ f i ~ ,  T.SI)A, \~:lsllillgtoll, This was prc.vc'ntcbtl hy hetlding on s:t\vtlust o r  

T3. ('. ruhht.r ~rt:tts. 
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'I'hca st;~tistic*al debsign f o r  analysis of the 
growth study was a ri~ndoniized hlock with 
singlr cl:~ssification and equal nun~bers.  The 
hvifrrs were individually fed twice and ~ v a t t ~ e d  
thrc>c. t in~es  daily. Intake and  refusals of water, 
g r ;~ in ,  hay, and pellets were recorded. San1p1t.s 
of the feeds f o r  cheiinieal ant~lyses were taken 
during the trial. 

H a p  fro111 a pure stand of alfalfa, third- 
cutting (Septeinber 9, 1960) :ind hexat-dried, 
was used f o r  this c.xperin~mt. Oncl-third of i t  
was ground through a %-inch sc.ret?n :ind n~ixed  
with ground grain (50% yellow corn and 50% 
raw soyhea~is)  in a. ratio of 3 :1 by wc~ight. 
Thin ~ n i s t u r e  \v;~s prlleted through a. y8-inch die 
without s t e a n ~  or  other pellt,ting ;lids. The result- 
ing pellets ~v\.clighed ahout 28 Ib per  cubic foot. 
Thc. sanlr grain ration 21s usc.d f o r  the pellets 
served :~lso a s  the control treatntent. A n  iden- 
ticill gr:~in ration \\.;IS suh,jected to the process 
of expansion. A ten~pera ture  of about 380 F and 
stc.:un injvction a t  70 psi were used with a resi- 
dcxnae t i n ~ e  of only l%30 see. This treatment niay 
hc. c.cluiv:~lmt to 4 h r  in  a pressure cooker. Sub- 
sequent extrusion of the feed through s n ~ a l l  
al)(.rturtss brought t~bout  rup ture  of the grain 
rc.lls and expansion in  bulk of the ti~aterial to 
ahout 50y0 of its original density. After  th r  
extruded feed had been chopped and dricld, it 
had the appearance of sniall, crisp biscuits. 

All rations were fed :ad l ih i tun~ with ; I I ~  at- 
t e n ~ p t r d  restriction of a hay-to-grain rz~tio of 
2:l .  Sal t  bricks were avilil:~blr to the heifers. 
The anitnals were wrighed beforr the. par f w d -  
ing a t  weekly intervals. Height a t  with<.rs and 
heart  girth also \vehre d(.tc.rn~ined. 

The heifers were startc'd on ; ~ r i  8-wk growth 
trial a f te r  :I 1-I\-k prep :~~.a to~*y period. A t  the 
end of the sixth, srventh, :~nd  eighth week of 
the trial and shortly 1)c.f'ore the I.M feeding 
r u n l m  licluor in 1itc.r cluantitic.~ was drawn by 
s ton~arh  tube frn111 the rulnc'n of each heifer. 
This w;ls su l ) s :~~nl ) l~~t l  and the p H  in~~nedia te ly  
d(~ te rn~incd  in duplicate, using a portable calo- 
1nt~1 e l ~ ( ~ t r ~ d e  pEI ~neter .  

Aftc.r finishing the growth studies, one heifer 
fro111 r:~c.h group was selected a t  r a n d o ~ n  and 
aschd f o r  th r  drter~nination of digestion eoeffi- 
cic~nts of hay alone.' The remaining thret. 
hclifrrs in eacah group were kept on their prc-  
vioas rations f o r  the determination of cligesti- 
hility. A ten-day period f o r  the est i~hlishn~ent  
of constant, 100% intake levels precedc.tl the 
four-day fecal collection period. Chro~nic osidt, 
\\.;IS usc.d a s  a n  indicator of d;~ilg ft.cal clscrt3- 
tions in place of total collections and \v:ls ad- 
~ninistrred in  10-g gelatin capsules twice. tlaily 
before feeding a t  6 AM and 4 par. At the. sanlcl 

hours, 50-g f(lc.:~l c~dlrctions were n ~ a d e  fro111 
reet;ll grill) salnples i ~ n d  in~n~edia te ly  frozen f o r  
1atc.r ;~nalyses of t h ~  ro~nhined four-day san~ples.  

All chc~n~ic:~l t1na1yst.s were r u n  in  duplicate. 
Chron~ic o s i d ~  was d e t e r ~ ~ ~ i n e d  according to 
t h ~  Sew Zeilland incthod (4) .  Other feed ilnd 
fc.e:~l const i tuc>~~ts were detern~ined hy  proxi- 
~~ratc.  analysis (1 ) .  The results wercA evi~lui~ted 
by :unalyses of variance (13) and  thc Multiple 
Range Test ( 8 ) .  

RESULTS A S D  DISCUSSION 

The average che~nical con~position of thcb ft.c.ds 
is given in Table 1. P a r t  of :I diffrre~~c+ca ill 
con~position hetween the espandcd and  the c.011- 

trol grain may be due to the esp t~nding  process, 
especially with respect to fat .  ~nrc~:~ l i s t ie :~ l lp  
low values resulted with the usual et11t.r estrae- 
tion method. F a t  chontent of c,spanded g m i n  
recorded in T:~hle 1 was, thc>rc>fore, detertr~ined 
by the hydrolytic f a t  d[.tc.rtnination ~ l ~ e t h o d ,  
which is recon~~nt~ndc~d for  haked goods (1) .  
Other diffrrc~ric~c.~ in ron~position of the two 
grain ~ n i x t u r c . ~  I I I : I ~  reflect differences in eom- 
position of the. original grains. 

1)igestion coc4Ticic'nts of eon~plete rations corn- 
posc~d of h:~y with OIICI of the two types of g r a i l ~  
~nix turc .~  or  of the con~pletely pelleted ration 
arc. presc.nted in Tnhle 3. The digestibilitp of 
all organic nutrients was higher in  the ration 
supplen~c'nted with the expanded grain than in 
t h e  control ration. Differences were statistically 
highly significant for  crude fiber. All organic 
nutrients under study were digested to a sig- 
nifivantly lesser degree in the pelleted than in 
the other rations. Sorn~:ll cud chewing nnd 
ru~nination was not  observed in the pell(,t f ~ d  
group. A significantly higher retention of ~ n i n -  
era1 matter ( a s h )  in the feed occurrrd in the 
heifers fed the pell(~ted ration. A SUII I I I I : I~Y of 
the analyses of variance of thv digestion roeffi- 
cients is contained in T : I ~ ~ P  3. 

Averages of the. tlnin~al data obtained fro111 
the 8-wk growth trial arc. presc>nted in  Tahle 4. 
Their :analgsc.s of v:~rianec. a re  s u n ~ ~ n a r i z e d  in  
Tahle 5. A11 r;ttinns wtxrcx fed a d  l ihi tun~ with 
the a t t rn~pte t l  rc.stric.tion of a hay-to-grain ratio 
of 3 :I. l l a g  a i l s  rt.fused to  a greater extent 
in the group fvd c.spi~ndrd grain than in the 
t ~ o  other groups, while :I, significantly greater 
p ( ~ r c ( ~ ~ ~ t ; ~ g c b  of the ground control grain was 
Irft over a t  rnch fc~eding in  the mangers. The 
;~l>l'ar(~nt prefcrenc.c, f o r  expanded grain was 

' T l ~ r  loss of :I heifer from pneumo~iia made it 
Ilccvsssary to i~~trotlriee oue new heifer illto tlie 
groill) on 11ny  lone, rather than x ra~idomly se- 
Icetcvl nnin~nl from thc group recrivii~g expt~ndr~l  
gr;1i11. 



Dry matter constituents 
--  

Dry Crr~de N-free Crude 
Feeds matter p ro t r i l~  F:lt extract fiber As11 

1% 1 
Exp:~nded grain (50% corn + 

50% raw soybeans) 01.5 26.8 l0..5 55.3 3.3 4.1 

NonexpanOed control grain 
(50% corn + 50% ram soy- 
1)eans ground) 87.1 26.9 12.1 52.4 .i . 0 3.7 

Alfalfa hay (3rd-cutting, 
11ca t-dried ) 89.0 18.3 2.8 43.:) R 1.9 3.1 

Alf:~lf:r Itny, corn ant1 raw 
soybeans, ratio 4:l :1, 
ground ant1 pelletc.11 86.1 20.0 5.7 44.1 ?:<.!I 6.3 
- -- - - - - - -- - 

TABLE 2 

Average digcstion rorficicnts of rationsn (11ay-to-gmin ratio 2 : l )  

1)ry Cruclr ?\-free Crude 
Rations 111:ltter 11rotc'in 14':1t estr :~ct  fil~er 

- -. --- - .- 
As11 

Hay + expanded grain 69.0" 75.8" i .  I I I "  49.5" 9.5" 

Hay + control grain 65.0" 73.0" (i2.4"- 11.2" 41.5' 9.8 " 
Con~pletely pelleted ration 

(ground 11:1y + ground 
grain) 33.6' 63.7' 51.4' 68.3" 22.6" 32.6" 

* * * * .* * '* * * *  * * 

Hay, :11one 5G.5 i3.S 31.7 70.2 38.0 -28.8 
- - - ~  . . .- 

* :nil1 ** Mean differences statistically sigl~ific:u~t : ~ t  P < .05 : I I I I ~  P < .()I, rCsl)rctirely. 
'' E:tcl~ figure is the arrrage of three I ~ e i f e ~ s .  
I,. I.. I, Afc.:lns within group with n. different sul>crsrript :Ire s ig~~i f i ra r~ t ly  ( l i f ferc~~t  a t  

P < .05 I)? tllr Alultiple Range Test (8) .  

TABLE 3 

An:~lyscs of vari:cnee of digestion coeffieie~~ts 
-- 

Xean squares 
. -  - IASD " a t  

Nutrients 'Pre:~ t111c>11t, 
-- - 

Error 
- - - 

P < .05 

Dry matter 1!11.34 5.78 6.47 
Crutlr protein 84.12 7.67 7.46 
F a t  149.4:) 20.06 11.88 
S- f rec  extr:~ct 112.54 ,5.20 6.15 
Crudr fiber 57?.8(; 8.44 7.83 
As11 522.li0 l ( i . O ( l  

- --- - -- - -- - 
18.27 

- - -- - .- 
" T,SD = Lcnst significant clifferencr ( 8 ) .  



TABLE 4 

itrerage growth trial results 
-. -- - - - .- -- - -- 

('o~~sunlption per day Tot:ll Incrc~:~se Incrt,:tse 
-- - - -- r1.m. per Gain of ill 11t at in 11e:lrt 

Hay Griliu Total 11) \vt I)o(ly ~ r t  xvitl~ers girth 
Group Water - ((1.111.)- gain per day per trial per tri:~l 

- -- -- -- -- 

(lb) -(incltc,.v)- 
Hay + espan~led grain 35.4 5 . 1  4.05 1 7  5.51 1.68 1.46 4.37" 
Hay + control grain 44.4 5.38 3.33 8 . ( i B b 5 . I ) X  1.47 1 .  2.75" 
Completely l)elleted ration 31.5 ...... ...... 6.51' 5.4(i 1.19 1.12 1.87' 

(ground 11:1y + grounrl grain) 
- . .- -~ 

* Mean (lifferrnees statistically significant at  P < .05. 
'Each figurc in the average of three Ileifers. 
" *  ' M C ~ I I H  wi t l~ i~ i  group wit11 a tlific,rent superscript are significantly differe~lt at  P < .05 

by tlle Jlulti1)le H:III~C Test (8). 

of intert~st, since infortnation ahout the pnlata- 
hility of expanded grain for  heifers \\-as not 
availahlr. 

Total feed and dry ~nattc.r consunlption was 
highest in the group fed the expandod ration 
and lowest in the group of heifers on the pel- 
leted mtion. Rattls of daily weight gain over 
the 56-day growth period were glpatest fo r  the 
esp:lnded ration and lowest for  the pellrted 
ration. The differences anlong the three groups 
apprnaclird statistical significance. However, 
pnrutnoni;~ ocrurred in each heifer in the middle 
of the trial and probably reduced all of the 
growth r i~ tes  to sonle degree. One heifrr died 
on the 29th day. Growth data of thnt heifer 
; ~ u d  its trio nlates in the other two groups wc1re, 
therc~fore, re~noved fro111 statistical ana1psc.s. 
The heifers on esp:rnded grain also sho~ved 
slight diarrhea. a t  the beginning of t h ~  trial, 
while all ilr~inlals on pelleted feed had a clironir 
hloating probleln. 

The efficaiency of feed (sonversion (pounds of 
feed dry ~ n a t t e r  per pound of gain)  was higher 
in the pelleted and rspanded fred groups than 
in the control group, hut not significdtlntlp dif- 
frrent .  The heifrrs rc,ceiving the control grain 
c.onsun~c~d Inore water th:~n those in thr  other 
groups. They also sho\vetl the grcattbst inereas(. 
ill height, while those in the pe1lc.t group showed 

the least. Tncrease in heart girth way big- 
nificantly greater in the expanded grain-fed 
heifers, whik the heifer> on the completely pel- 
leted feed appeared stunted in  growth and 
showed a rough hair coat. 

Factors thnt were correlated with nlean rates 
of weight gain in individual heifrrs srrn~etl of 
intrrest, espc~cially because of the ohserved dif- 
ferrnces in water consutnption anlong groups. 
Thr  following correlation coefficients were 
found : 

Daily weight gain : 
Daily water consu~nption, r = .fir' 
Ilaily dry 1n;lter eonsun~ption, r = .81' 

Daily dry 111atc.r consunlption : 
1)igestihle dry  ~nrltter content 

of ration, 1. = .75': 
n:lily w:~ter c~ons~in~ption,  ,. = . ~ z ~ .  

Daily water consunlption: 
Digestihle dl?- 1nattc.r cdontent 

of ration, r = .2X 
(* I. is siguifiea~~t at  P < .OR) 

A n~ult iple eorrel:~tion and regrehsion (,qua- 
tion hetween daily wchight gain in pounds (i'), 
digestible dry tnatter contc.nt of ration in per  
rent (X,) :ind d:lilp dry tnattrr consun~ption 
in pounds (Xi)  was found to he: 

TATiLE 5 

An:llyscs of v:~ri:lncc of growth tri:tl results 
- - -- -. - pp -. - - - 

Mean scluare 
- - - - LSD "at 

Tte~n Treatn~ent. Error P < .05 
- -  

Water co~~surnl) t io~~ 07.3(i 10.08 18.81 
Total a.m. consuml)tiot~ 5.M 0.68 2.14 
Total (1.111. per 11) xrt gain 0.04 0.611 2.08 
Gain of I)ody 12% 0.1X 0.115 0.63 
I~icrrase ill ht a t  \ritl~rrs 0.33 0.42 1.75 
Incrrase in heart girt11 4.80 0.5X 2.0.5 
- -  - - - 

" LSD = L r ~ s t .  significant differe~lee (8) .  
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Thus, the weight production potentials of 
thc. rations could hart. hem c.stin~;~ted f r o n ~  the 
daily dry inctter r.onsu~nption ant1 the, per  c.eant. 
digrstihlc. dry nliitter c.ontc.nt of thcb ration. 

Vhror~ic hloi~ting of ;I nonst.rious, low-prc~ssure 
type  \\.;IS constantly ohser\v.d in the pellcat-fed 
g n ~ u p .  't'hca hlo;~ting Inay hilvcb t)c.ell partly re- 
sponsihle f o r  t h ~  decrrasetl r;~tcb of feed con- 
sn~nption.  Sinrca the pellc.tcd ration consistetl 
of thrcv lnt~jor  eo~nponents:  i ~ l f : ~ l f : ~  hay, corn. 
ilnd r i ~ w  soyhei~ns, 1)ossihly of the111 !nay 
11;1ve c.:~usrtl the bloating. Thc.rc.f'orc., nc\v pc.1- 
It~ts 1 r 1 ~ e  I I I ; I ~ ~  caonsisting of (.ither the nlfalf ;~ 
h ; ~ y  only, o r  h :~y  nntl corn, o r  hay ant1 r:i\r 

soyhc.;~ns. Thest. wc2rtb fvtl to three. groups of 
11c.ifns aftthr t t~ r~n ina t ion  of the gro\vth trial. 
The tlifferc.nt con~position of the. pellets c.;~uscd 
no significi~nt diflert~nce in 11011rs t11i1t hloatinp 
first :cppt.;~red a f te r  placing thc. hcbif'crs on the, 
pell(bts. The. r;~tion prior  to this cht~ngc,. how- 
tbrcbr. (lid h;~veb ;111 rlrec.t. 

I I t~ifers  that  had I)ecn on ;I p:llt.trtl vation 
~)rt*viously, al)pt'arc~cl hloatcad n ~ t l ~ i n  28 11r, 
\rhile, 11rifc.r~ ~)rrviously on other rations (.on- 
taining long h:~y ntbcdcd ;In ; ~ v ( ~ r i ~ g t ~  of 152 hr 
I~eforcb hlo:~t ~ ~ ~ : i n i f t ~ s t c d  itself. 

r . 1 ht. 1x)ssihility t1i:lt tlrl a1tc.l.c.d type ol' r1inlcan 
fernlrnt;ltion was rt~sponsihlc~ f o r  the hlo:~tinp 
;~nt l  lo\rrc.rcd digestibility of the. pc'lletcd r ;~ t ion  
is intlicated hy rt~sults of' dt.tn.n~ining the p H  
of I . U I I I C ~ ~ I  licl~ior in thcb 11eifc.r~ (illring the 1:1st 
:3 wk of the growth tri;~l. F o r  the thrc.(. groups:  
c.sl)nncl(.tl grain r ;~t ion,  c ~ ~ l l t r o l  rntion, and ~ O I I I -  
plvtely ~)ellc.tc~tl r;~tion, t h t ~  I I I ~ . ~ I I I  pH r i ~ l u e s  - .  
\vcLre: 1..3, 7.0, i ~ n d  6.13, rc~spertivc~ly. The tle- 
prt.ssion of thc~ latter W:IS st;~tixtic:~lly significant 
h tht, RLultiple I<~ngcb Test (8) .  Lo\rcaretl ru-  
I I I ~ ~ I I  p l l  a f t t ~ r  feeding pellt~ts has heen reportrcl 
hy o t h c ~  workers (6, $1). The' p H  v;llue of tht. 
group fcxd thr  (.sp;untlrd pl.ain is Jvithin the 
no~vl:ll range :IS given by 1)ukths (7 ) .  
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ark, I)rl:cw\.arr, for su1)plyillg six I~eifrrs. 'rl~e IIP:I~- 
curr(1 hay \r:ls o l ) t :~ i~~c t l  f ron~  tllc IJl~ivrrsity of 
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COAIPLIIITSOK OF LARI), TALLOW, RITTTER. ASI)  HY1)ROGENATED 
COTTONSEEI) OIL IS STARTERS A M )  01" I'ELLETED VS. 

SONI'ELLETEI) ('OASTAI, DERhlITDllGR.2SS I I d Y  
FOR CALVES 

1)airy Drl~nrtn~cb~~t, T'~~ircrsity of Georgia, Athells 

A total of 99 eal\~c,s \\.;IS usrtl in three c.xpc~rin~c.nts to stutly; ( a )  t l ~ r  efftaet 
of adding r:~rions fats  to starters, (11) the influc.net. of c t ~ l c i u ~ ~ ~  levrl in high f a t  

s t : ~ ~ t r r s ,  and (e )  t.lit. affrct of grinding and pellrting rs .  grinding Coastal 
Bt.rn~uilagrass hay on calf ~)erforn~anc*c>. I n  E x p e r i ~ ~ ~ t w t  1, 56 hahy ralvrs n-rre 
frtl onr of srven startrrs  and pellt.trd or con~.sely jiround Coastal BCI.IIIU~:I-  
,ar;lss hay ad lihitmn in an 8-\\-k growth triill. The :lildition of 10% hhuttckr, tnl- 
low, Iartl, o r  hydrogenatecl cottonsrt~d oil to s tar trrs  (lid not significantly 
(I' = 0.05) ;~ffect \vright gains, days of diarrhra, or hay e o n s u ~ ~ ~ p t i o n .  Lerc.1 
of calr iun~ in starters rontai~ling hydroge~i:~t(~d cottonseed oil 11ad littlr influence 
on calf ~)d"rln:inct~. I't~lleting the hay apprnxitnntt~ly donhletl its t ~ o r ~ s u ~ ~ ~ p t i o a  
and reduc~ed thr  starter rattw, hut did not ;iffect the total mnount of fecvl eon- 
s n ~ ~ ~ e d .  

In cafrterin tr i ;~ls  (Kxpt~r in~c~nt  2 )  tlir control st:~rter was tlccitlthdly Inor(, 
~ x ~ l a t ; ~ h l o  that1 tltosc~ containing :~tldrd fat .  T t r  following order of tlrcrrasing 
pal;~t;~hility W;IS intlic:~tt.tl fo r  the otlirrs; huttn., I;nd, 11ytlrogrn:rted c.otto~~seed 
oil, i ~ n d  t:111n\r. Citlres rxhihited ;I d(hc.idrtl prrftbrencc. for  the l)elltsted hay. 

111 Esper in~cnt  3, prlleting the hay inert.;lsed I I : I ~  t .onsu~nptiol~ and gains of 
oI(1rr calrrs \rith either ;I lo\v o r  :I ~netl iun~ Irrel of eo~~crn t ra tes .  

b;:~rlic~r c ~ s p t ~ r i n ~ t ~ ~ ~ t s  f r o ~ n  this I:~lloratorg ( 7 )  I ~ r t ~ n  f o u ~ ~ t l  in which Cot~stal Kern~udagr;lss 11:r-j 
d e ~ ~ ~ o n s t r : ~ t e d  that high 1t.vels of h r o ~ v r ~  grt3:lse was nsed. Such stndies :~ppc.:rrrd to bc, ~ieetlt~d, 
;~ntl  to ;I Irsscb~. estrnt  hydrogrnatt.tl cottonsc'c~d 21s ('o;~st;~l H ( ~ ~ I I I ~ ~ : I  is rapidly ht.caon~ing the 
oil i l l  c~1B s t ; ~ r t e ~ ~ s  reducrd growtl~, fcc'c1 con- d o n ~ i n n ~ ~ t  f'o~.:~gtl i l l  thv s o ~ ~ t h t ~ a s t e r ~ i  Ur~itrci 
s u l ~ ~ p t i o n ,  ;~ntl  pal;~t:~hility. Other stndic.s ( 5 )  Staters a ~ ~ t l  is v t ~ g  diff~~.tb~it fro111 i~lfalfa.  Al- 
sho\vc.d t l ~ ; ~ t  ;~tltling tallow to s ta r t t~rs  tentlrd tl~ough in rilising d ;~ i ry  cnlrrs  fro^^^ two to f i v ~  
to in~prort ,  tht. jiro~rth rate of calrrs. Suhse- 111ont1is of age, it is usu;~lly consitlrretl nrccks- 
cluently, it has hcrn shown that the addition s ; ~ r y  to frcstl liheral a~nounts of conec~ntratt.~, 
of corn oil to tliets of s l ~ t ~ r p  tlrpressc~d the uti- the ;1111ount required is inflnencrtl by the quality 
lization of' calr iu~n (11, 12).  Calculations of ; I I I ~  ; I I I I ~ U I I ~  of f'or;~ge c~ons~unrd. Since grintl- 
tht. c;~lciun~ int;lkes of c ;~ l r r s  in the original i ~ ~ g  : ~ n d  pt.lleting Co:~st;~l Bern~utl;~grass hag 
study f r o n ~  this 1ahorato1.y (7)  intlic-atc~tl that  \vill incre;lsc. fertl consun~ption i ~ n d  weight gains 
the 1evt.l alq)rosi~~~atc.d S R C  recluire~nents (10).  of' ycv~rling I~eef steers ahovr t11:lt olltainetl 15-it11 
Thus, the ;~dvt,rsch effrets of tht. high levels of grinding only ( 3 ) )  it  s e r n ~ t ~ d  dt'sirahle to deter- 
ntltled fats  possillly c ~ ~ u l t l  have heen influenced 11li11r ~ h e t h r r  :I s in~ilar  henefit \vould hr  ex- 
hy a dc.prcsssion in c:~lciun~ utjlization. hihitetl in t l i ~ i ~ y  caIr(~s. 

Gartlne~. cat al. (4) 1i:lrt. s h o ~ r n  th:~t ~ e l l c ~ t i n ~  Thr ohjcetivrs of thr  studies herein reported 
alt';llf:~ incr(.ased hag (~onsun~ption,  :lnd tckrl(ied \vrre to detcwni~lc,: ( a )  tht. effwt of the rtddi- 
to incrcvtsc gro\\.th in young dairy c:llres while tion of various types of fats  to s t ;~rtrrs  on calf 
dtacrensing thr  an~ount  of eoncentr:ltes eonsullled. gc~forn~ancth;  (1)) \vlic.ther thr  calcium level 
S o  puhlishrtl rrsults of sinlili~r sttidies h:lv(' influrnc.c.d the rc4ntivr performance of e:~lves 

frtl startrrs t.ont;rini~~g high 1evt.l~ of f a t ;  (e)  
liecrivctl for l ) ~ ~ l ~ l i c a t i o ~ ~  October 11, 1961. th r  rffrct of grinding ant1 prlleting Coastal 

, .Tourll:ll No, 201 of tile (,olI(,RC EJl)Cri- 
B P I . I I I U ~ ~ I ~ L . ~ I S S  Iltly. co~~~l ) :~re( l  with grin(ling 

mt,l,t ~t;~ti,,,,, ylliVrrsity of ~ ~ . ~ ~ ~ i : ~ ,  (Jollegca of 0n1.v~ on the r)c.rfor~~~anc~r of cnlves, and whether 

Agricnlt~~rc Esl,erill~e~~t S ta t io~~s .  any  intt'~.actio~l t~sistet1 het\veen the for111 of 
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the hay i ~ n d  the addition of fath to starterb; 
and ( d )  the cdt"ect of prlleting Coastal Ber- 
n~utlagrash hily for  itltt~rt~~c~diatc~-aged dairy 
calves a t  low and I I I P ~ ~ I I I I I  lrvtlls of conct~ntr:~te 
feetling. 

EXI'ERIJI EST.\I. PR0('EI)I1RE 
Three experiments \vcbre conducted with 99 

daily ci~lves; (:I) growth expc.rinlc,rlt with young 
calves, (b)  a cafetoria study with young calves, 
and (c) a g ro~vth  study with ol(1c.r c:~lves. 

fi,'.rprrim,r~zt 1. Sevrn starters and two hays 
were f r d  to 12 IIolstein and 1 4  Jckrsey hahy 
calves in a 7 X 2 factorial design. The control 
starter had the follo~ving con~posit iot~:  29.0 Ih 
soybean oil meal (44%), 66.0 Ih gronnd yt~llow 
corn, 3.1 Ih defluorinated rock phosphate, 1.0 Ih 
trace-lnineralized salt ( 6 ) ,  200 g vi ta~nin A sup- 
plement (20,000 ESP units/g) ,  200 g vi tan~in 
D, supplenient (1,500 Ir /g in soyhean oil tneal), 
and 174 ,rr chlortetracycline concentratc~ (10 
g/lb). Starters 2, 3, 4, : ~ n d  5 co11t;linetl 10% 
added fat. To tn:lkr the ratio het\vc.c.n c1nergy 
and other nutrients nlorca 11et1rl.v c*c~ual, 
niorr of e:~ch 01' thc, vitan~in, 111iner:11. ant1 anti- 
biotic supplen~c.nts :~nd  carude protein \v(.r(> 
i~dded  to thesct four starters. Tht. change in 
protclin was accon~plishrd hy inc.reasing thr  
soyheen oil me111 to 10 Ih and reducing ~ I I P  cor11 
to 45 Ih. The c~xpc.r in~mhl still-ters were nun1- 
hered as follo\vs on the hasis of the kind of 
f a t  each c.oat:~ined: Xo. 2, hlenc*hahle fa11c.y 
tallow; So .  3, hydrogrnatetl cottonsc.tvl oil; 
Yo. 4, lard;  and So .  5, butter. Starters So. 6 
; ~ n d  7 were itlmtical with Sos. 1 and 3. rt.- 
speetirel?-, escz(,pt the tirfluorinattvl rock phos- 
ph:~tt. ails reduced to 1.3 Ih. 

Proxin~ate analyses detern~inc~tl hy AOAC 
procedurt,s (2 )  arc3 prc~srntt~tl in T:~hl(. 1. Char- 
actr.ristirs of the various flats wrr r  dttertnir~ed 
by ;I con~n~ercial  I:~hor:~tory, using AOCS pro- 
cedures ( 1 ) .  

The. calculated caleiuln 'ontc.nts of the starters 
in per ccant were respectively : 0.80, 0.93, 0.93, 
0.93, 0.93, 0.53, and 0.55. The hay contained 
0.44% ealciurn. The tallom-, hydrogenated eot- 
tonseed oil, lard, and hutter had the following 
chtlr:~cteristic!s, respectivc3ly: free fa t ty  acids 
(o/,),  7 . 3 ,  0.02, 0.17, and 0.31: iodine no. 38, 
58, 54, and 30;  st~ponification no., 194, 191, 
200, and ?20; titer test for solidification point 
of the fa t ty  acids (degree C ' ) ,  42.2, 46.4, 39.0, 
a.nd 35.2 ; and ~noisturc. (CG) 0.36, 0.0'2, 0.03. 
ilnd 17.65. Other :~nt~lyses which characterized 
thca hydrogrnated eottonserd oil were :IS follows 
(%)  : total fa t ty  acids, 95.7; u~~saponit i t~ble.  
0.4; direct saturated fa t ty  arids, 13.9; oleic: 
acaid, 77.0; linoleic. acid, 0.8; linoltlnic acid, 0.01 : 
and trans honds, 39.6. The butter srored 92.0. 

Thr hays were ( a )  eoarscbly ground and ( h )  
ground and pellc.ted. Both \v(,re front third- 
cutting Co:~stal Rern~?tdiljit.;lssdgr~ss \vhicll was har- 
vested and artificially dehydmtcd in tnid-July, 
1958. I t  had had 3 ~ v k  to grow since the sc~eontl 
cutting. The tirld W:IS f(,rtilizc~d with 1,000 It) 
nf'0-10-20 and 100 Ih of S per :wre in the spring, 
plus :lti addition:~l 100 Ih of S : ~ f t e r  c.arl1 of thr  
first two cuttings. P a r t  of the chetnic.al i~nalyst~s 
of the hay is prrsentcld in T t l h l ~  1. Thcb ligrlin 
and c.i~rotc.ne eontents \b-erca 7.0% and 73.1 tng/lh 
of hay, respectively. The cwotene analysis, how- 
ever, was ~ u a d e  J u l y  21, 1958, and is not 11ecc.s- 
sarily indic~ativ(~ of the r:llue available when the 
hays \vercb fed during tho fall and \vintt~r. The 
ground h :~y  n-as run through a hhalnlncr n~i l l  with 
a %(;-inch scrcxc,n; whereas, the, pellc~ted hay was 
ground using :I .?&inch scrc.en aud tn:~de into 
pellets with ;I %-inch dica. 

The calves wercx fed and cnrcd for  a s  drsrrihed 
p~.c.viously (6) .  Rc.gitrning on tht. sixth clay, the 
esl>eritnental starters and hays \verck fed ad 
lihitunl to the. calves, individually, for  S wk. 
F,:lc.h calf was givcan .i0,000 TV of r i t i~tnin A by 

Conrentr:~tc (Expel inlent 
- - - - .- - 

" Dry 111:lttt.r basis. 
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capsule twice per week until 5 wk of age, and 
once per week thereafter. 

E r f ~ e r i m e n t  2. The relative p;ilatahilities of 
Starters 1 through 5 and of the two physical 
fornls of the hay were deterlnined in cafeteria 
studies involving 23 calves f o r  9 wk, brginning 
a t  six days of age. Two types of eafeterla trials 
were conducted. In  one, five calvc~s were each 
given a choice of all five of the starters fo r  9 wk. 
Since i t  has been shown that offering Inore than 
two choices nlay lead to appreciable bias in 
eafeteri:~ studies (8) ,  four other trials were con- 
ducted in which only t ~ r o  starters per trial were 
offered to each of three calves. The relative 
palatability of the pelleted and the ground hay 
was studied in a coniparable trial with six calves. 
Other details of the procedure were similar to 
those described previously (6 ) .  

E x p e r i n ~ ~ n t  3. The two physical fonns  of the 
hay were fed with two levels of concentrates to  
20 calves in an  8-wk growth trial beginning when 
they were between 70 and 76 days of age. Two 

replications of Holstein steers, two of Holstein 
hrifers, and one. of Jersey steers were utllized 
in a 2 X 2 factorial design. The two levels of 
roncentrates were 5 and 3 lb per calf per day of 
a n~ixture  coulposed o f :  73.5 lb ground snapped 
corn, 23.5 lh soyhean oil ~neal,  45 g vitall~in A 
supplelnmt (20,000 USP unlts/g), 146 g chlor- 
tetracycline concentrate (10 g/lh),  45 g v i t am~n  
11, supplenlent (1,500 IU/g) ,  1 lh trace-n~ineral- 
ized salt (61, and 1.5 Ib defluor~nated rock phos- 
phate. The anlounts of concentrates were 3.9 
and 2.3 lb per calf per day, when the cobs and 
shucks were calculated as roughage. 

RESULTS A S D  DISCCSSIOS 

Experimclzt 1. The ineans of weight gains, 
starter consuinption, hay consumption, and days 
of diarrhea are presented in Table 2. There were 
no significant differences ( P  = 0.05) i n  weight 
gains, or days of diarrhea alllong calves fed the 
various starters. Calves fed the starter contain- 
ing butter (So .  5) had the highest average 

Effect of starter n ~ ~ d  form of Ilay on weight gains, startrr alld hay co~lsiull~ption, and di:~rrllca 
(Experjment 1 )  

Starter 
110. 

C11oppcd 
Pelleted 
AW 

Cluoppcrl 
Pelleted 
Arg 

Cl1opped 
Pelleted 
Arg 

Clloppecl 
Pelleted 
Avg 

Cllopped 
Pelleted 
Arg 

Chopped 
Pelleted 
Arg 

7 Clloppetl 
Pelletcd 
Arg 

Di:1 rrllen 
-- 

( t o ta l  
(lays) 
0.5 
1.8 
1.2 

1.5 
2.0 
1.8 

0.5 
1.0 
0.8 

1.2 
0.5 
0.8 

0.0 
0.5 
0.2 

1.0 
0.8 
0.9 

Avg Cllopped 1.05 1.66 0.21 1.87 0.7 
Pelleted 1.02 1.42 0.48 1 .!)(I 1.0 

sz (starters)" 0.08 0.11 0.11 
ST (11:ry form) 0.04 0.06 O.O(i 
--- -- 

" SY = st:nldard enor. 



starter c o n s u ~ ~ ~ p t i o n  and those fed the ones con- 
taining hydrogeni~tcci c.ottonsecd oil (no. 3 and 
7) the lowest. Thr cnlvt~s fed thrse startc.rs 
t~lso I~ad  thc. highest and  thr lo\\-(,st gains, rc- 
spec~tivcsly. Tllc. ca1rc.s rc~ct~iving t h ~  control 
s t i ~ r t c ~ s  with caithc'r the high (So. 1) or thr 
 low(^ Ievc~l (Yo. 6 )  of c>alciu~n had thc sc.cdond- 
highest s t i~ r t r r  c*onsun~ption and weight gi~ins,  
whereas those fed s t a r t ~ r s  containing lard (no. 
4) o r  tallow (no. 2)  were nest  to lowest. Thr 
1c.vel of c:~lriun~ apparcntlg had little effect on 
the perfor~nancae of the calves. The average 
ealeiu~n intakes (~veekly hasis) and the per- 
centages of require~nents (10) of calves fed the 
various starters are presented in Table 3. 
Calves fed Starters no. 1 through 5 received 
Illore calciuln than is considered to he required 
( l o ) ,  during most of the period. I-Iowever, 
calves fed the two low caleiuni starters (no. 6 
and 7 )  received slightly less than recon~mended 
levels throughout,   no st of the espcrinlent. Since 
this is less than was fed in the previous study 
( 7 ) ,  the results suggest that the adverse effects 
of high f a t  levels on gro\vth in that study proh- 
ably wcre not due to n deficiency of ca1ciu111 
caused hy the. high Icvcals of f a t  decreasing the 
(4icic~rtc.y of cwlciun~ utilisntion. 

Thosc~ ca1vc.s f ~ d  thr pelltltcbd Coastal Rrr- 
mudagrass consun~rd ahout t\viccl ;IS muc~h hag 

:IS those fed the ground n~aterial ,  hut sig- 
nificantly less starter, so that the total feed 
inbkt>s were approsin~ately the si~nlc.. Thr 
diffcrencc. in hay consu~nption was highly sig- 
rlilic:;lr~t statistically ( P  = 0.01), hut thrrt. wclrc. 
no sigrlifica:u~t ciifft2rrncc.s in wc,ight g i~ins  or 
tl;~ys of diarrhc.a. 

The addition of high lerels of the fa ts  did 
not decreasr weight gains or starter consunlp- 
tion significantly ( P  = 0.0,5), as it did in the 
previous test ( 7 ) .  IIowever, the starter con- 
sun~ption and weight gains of calves fed hp- 
drogenated cottonseed oil ( the only fa t  used 
in both studies) were lower, on an  average, than 
those of any other group. Thus, i t  appears that 
the type of f a t  nlay have a hearing on whether 
its addition to dry calf starters will adversely 
affect calf performance. 

Several differences were considered in a n  
atteinpt to deterniine why the use of hydroge- 
nated cottonseed oil did not have as  serious 
detrinlental effects in this study as in the 
previous one ( 7 ) .  The basal starter used in 
this study was a s i~np l r  high-density feed, 
whc.rens the one used previously was con~pleu 
and hu!ky. Other studies have shown that there 
wc,rcb no i~irportant differrnces in starter (.on- 
s u n ~ p t i o ~ ~ ,  growth, or dii1rrhc.n. het\veen calvrs 
ferl the dc~nsc. i ~ n d  the bulky starter ( 9 ) .  IIow- 

TABLE 3 

Cnlciu~n intake of cnlves fed the various stnrtcrs 1)y ~veeks (Experiment 1 )  
- -  - - -- 

Starter ~lo.  
Experin~el~tnl 

week 1 2 3 4 5 6 7 

Avg g/tlny 9.0 9.3 8.9 9.4 10.4 7.0 6.5 
< I  (114) (119 (114) (115) (121) (86) (84) 

- - - - - - -- -- - - - - 

' Grams rnlcium/ealf/d:~~. 
' Averngr per rent of c:~lcinni rrrluiremc~nt (10). 



TABLE 4 

Weight gains, feed consunlptio~~, anil feeil efficiency of oltlrr calvcs fed two forms of hay wit11 
two levels of rolrceiitrwtex (Expcrimeilt 3)  -- -- 

Hay 

Feet1 c.o~isunll)tion 
GIYI~II  \Vt -- Fred/ll) Starting 
fetl " gtli11 Hay Total of gt~in 17-t 

----- 
(lb/tlny) (lbllb) ( l b )  

Pcllrted s(3.9) 2.34 4.30 9.30 3.97 166 
Pelleted 3(2.3) 2.29 6.05 9.05 3.95 173 
Gro~nld 5 (3.9) 2.06 0.80 7.80 3.79 182 
Grou~id 3(2.3) 1.97 4.46 7.46 3.79 182 
Pelletcil (ao.9) 1(3.1) 2.32 5.18 9.18 3 . M  170 
GroulitL ( a rg )  4(3.1) 2.02 3.63 i . f i R  3.71) 182 
Medium grain (avg)  5(3.9) 2.20 3.55 8.55 3.88 173 
Low grain (avg) 3 (2.3) 2.13 5.26 8.26 3.87 178 
Kc 0.08 0.21 0.21 0.13 - --- 

" Snapped corn calculated as grain values in ( ) I,ased OIL cobs and shucks calculated as 
roughage. 

SY-stanilrlrd error. 

ever, hay consun~ption was higher fo r  calves 
fed the dense starter. Since considerably inore 
pellcted than ground hay was consun~ed, it is 
interesting that there was a iiluch Inore pro- 
nounced effecat of starters on growth anlong 
calves fed the ground hay. The range anloilg 
average gains of calves fed the various starters 
a.nd yc4leted hay was only 0.14 lb per day, c20ni- 
pared to 0.40 lh aiuong those fed the ground 
hay. Thus, the higher hay consuii~ption proh- 
ably was a t  lrast partially responsihle fo r  ti 

dilninution or c.lilnination of the depressing 
effect of the hydrogenated cottonseed oil in this 
study, as  contrasted to the previous one (7 ) .  
kIowevc,r, the e l t~~nent  of chance should not he 
ignored, as  the level of difference was within 
the range of nornial experiinental errors. 

R.rperirn,ent 2. When Starters 1 through 5 
were offered siinultaneously to five calves in a 
cafeteria experin~c.nt, the following percentages 
wchrcA consunled respectively: 53, 3, 9, 15, and 
20. Thus, they ate significantly illore control 
starter than any other. 

I r i  the four tri:lls in which only two starters 
were offered, the following ratios of starters 
werr consunred: Trial A, 83% of No. 1 (Con- 
trol) and 17% of No. 5 (butter)  ; Trial B, 
63% of So. 5 (hutter) and 37% of Xo. 2 
( td low)  ; Trial C, 6074 of KO. 4 (lard) and 
40% of No. 3 (hydrogenated cottonseed oil) ; 
and Trial 11, .i9% of S o .  4 (lard) and 41% 
of So. 2 (talloxv). 

Fro111 these two types of trials, it is appai.ent 
that c.;ilves preferred the control starter to 
those containing any of the added fats, and 
that thc. differences anlong the various types of 
added fnts wen' not as large ;IS those betwren 
;ldderl Fat and no addcd fa t .  Howc.vc.r, it did 
tippear that the type of f a t  had sorncb influen(.(. 

on thc relative. palatahility of the starters. The 
following order of decreasing relative pala- 
ta.hility was indicated ; butrr, lard, hydroge- 
11i1ted cottonseed oil, and tallow. 

The pelleted hay w;is much inore palatahle 
than tht. ground hay. Sixty-five per cent of 
the total eonsun~ption was pellets. 

IC.rperirr!ent 3. The weight gain, feed con- 
sun~ption,  and feed efficiency data are prc- 
sclnted in Table 4. Calves fcd the pelleted 
Coastal Rerlnudagrass gained significantly ( P  
= 0.05) faster than those fed the ground hay. 
The differences due to level of concentrates and 
the interaction were not statistically significant. 
Calves fed the pellrted Coastal Bern~udagrass 
consunled highly significantly ( P  = 0.01) inore 
feed than those fed the ground Coastal. How- 
ever, the feed efficiency of those fed the pellets 
was slightly lower (Table 4). There was no 
significant difference. in feed consu~l~ption or 
feed efficiency between the groups fcd the high 
and low levels of concentrates. 

\\Thile the calves fed the ground Coastal 
Hern~udagrass with only 2.3 Ib of concentrates 
had the lowest average gain, it was a, highly 
satisfactory g:~in f o r  calves of this age, sex, 
:~nd  hreed con~position. Also, this would oftrn 
he a lower cost ration. Thus, it would probahlg 
he the n~ost  satisfactory fo r  raising dairy 
c.;~lves. I n  inaking practical recon~mc.ndations, 
however, r2 nuli~her of items should he con- 
sidered. The h i ~ y  was unusually high-quality 
Co;~stal Ren~iud:igrass; it was ground, whieh 
j)~ohably incrmstd the feed consumption and 
~vc,ight g;~ins of the ea1vt.s ( 3 )  ; and the con- 
(.cantrate ~ ~ l i x t u r e  was wchll fortified with rnin- 
c,r:~ls, vit:unins, and antibiotics. All of thesr 
filctors probahly contrihuted to the excellent 
p(~rforn~ancc~ of thrse ca1vc.s. 



AIL szperimsnts. Sever:~l conclusions sreln 
justified whrn all of the chxperi~~lents arc, con- 
sidered together with the previous research (3,  
4, 5, 7, 9, 11, 12) .  It appears  t h a t  the effects 
of adding hig.h 1c.vels of f a t s  to calf s tar ters  
r a n  vary  f rom a serious reduction in  growth 
and  performance of the a:llves to slightly henr- 
fici:il effecdts, the exart  results heing grcat ly 
influenced h y  several factors. The type  of f a t  
lnay he important ,  with such f a t s  a s  hrolvn 
gr rase  and  hydrogenated cottonseed oil proh- 
ably heing Inore undesirable than huttrr ,  lard, 
a n d  tt~llow. Apparently,  the palatahility of 
e:tlf s t i ~ r t e r s  is redurrd b y  high levels of all 
types, and this nlay he a n  ilnporttlnt reason 
f o r  thcx frequently adverse effects on p e r f o r ~ ~ l -  
:Inre. The a ~ ~ ~ o u n t  of hay  catrn sernls to  htlvc. 
some i ~ ~ ~ p o r t a n e e  in deternlining t h r  effect of 
the ftlt on  calf per forn~aner .  Th(. type  of 
s tar ter  also nlny have a n  influence, :~.lthongh 
p a r t  of this appears  to he the indirect efftact 
of causing the calf to ea t  rc~lativcxly ~ n o r r  o r  
less hap. I n  general, hoaclvc.r, the addition of 
f a t s  to  calf s tar tcrs  does not  sccrlr to  offer 
enough pronrise to  just ify i ts  r e c o ~ l ~ ~ n e n d a t i o ~ ~  
on  a practical bask .  

Grinding a n d  pcallcting co111parc.d with only 
grinding Co;~stal 13c~rl1rudagrass hay  appears  to  
improve it, pa1at:lhility and  to increase the 
intake when i t  is  offered :1(1 lihiturn. JThrn the 
levc.1 of s ta r te r  o r  concentrates is limitrd, i t  
appears  t h a t  prl l r t ing th r  h a y  increasc.~ the 
growth r a t r  h u t  not the efficiency of the  gains. 
However, when thc s ta r te r  is n o t  l i n ~ i t r d ,  the 
Inrrease in  h a y  intake due, to  prl l r t ing is offset 
b y  a reducotion in s t a ~ - t r r  r o n s u ~ ~ ~ p t i o n ,  so that  
t h r  growth m t e  is  no t  increased. 

The : ~ u t l ~ o r  thanks The Cot,ton Producers Asso- 
ciation, Atlanta, Georgi:~, for the milk replacer 
:lnd fin:~ncinl support; Er:u~s, Reed rnld Williams, 
Sylval~i:~, Georgia, for the Coastal Bern~udagrass 
hay nntl pellets; The Buckeye Cotton Oil Division 
of The Buekcyr Cellulose Company, Cinei~ln:lti, 
Ohio, for the Irydrogcuated cottonsec~il oil : ~ n d  
its an:~lyses; 1)awe's I,:~boratories, Inc., Chic:~go, 
Illinois, for vit:imin A and 11 supgl rmc~~ts ;  The 
Coro~~ct  PI~osl,lratc Compal~y, Sorfolk, V i r g i ~ ~ i a ,  
for the tlefl~~orinated rock phosphate; 'l'h? Alncri- 
call Cy:~~~anli( l  COIIIII:III~, Princeton, New Jrrsey, 
for  the chlortrtracycline and vitalnil1 A capsl~les; 
Mcrck Sharp and Ilohme Rcsearch I,al)oratories, 
Tialr\ray, New Jersey, for conrc~ntratecl vitamin A;  
ant1 the Co~nmodity Credit Corpor:~tion, for the 
hutter. 

The author is indebted to Mr. J .  I. Cnsey, Mr. 
.T. W. S t o ~ ~ e ,  Jr.,  Mrs. Oeraltline S. Miller, Mr. 
H. B. Henderson, Mr. R. E.  lioherts, Mr. J .  C. 
I"ortson, and Dr. J. 12.  Carmon for  technical 
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R,EI,ATIVE 1)F,AMINL2TION RATES OF AIJIIXO ,iCIDS BIT RT1CZErU' 
iY1ICROORGANISMS 

T. R. 1,EWIS"m I?. S. EMERY 

Del):~rtn~e~lt of llairy, i \ l i c l ~ i g : ~ ~ ~  St:~te U~~iversity, E:Is~ I.:~nsing 

SUMMARY 

Studies were n ~ i ~ d e  of the relative deanlination ratc.s of :unino acids in vitro 
h y  rumen 11iicroorgi11lis111s. Two 111edia were invc.stig:~ted-checasecloth-strained 
rulncbn liquor and w:~shed suspensions of rulnen bacteria. I n d i v i d u ~ l  anlino acids 
)nay he divided into th rn*  groups with rclgard to their relative n ~ t e  of dea~nina- 
tion. Serine, cysteine, aspartie acid, threonine and argirline were att:~cked nlost 
ro~npletely, followecl hy gluta~nic acid, phenylalanine, Iysine, and rystine folni- 
ing an interrncdiate group and a third group in which deanlination wils lnuch 
less pronounced was tryptophane, 8-a~nino valeric acid, ~nethionine, alanine, 
valine, isoleurine, ornithine, histidine, glyc.ine, prolinc, and hydroxyproline. 

D i s s i ~ ~ ~ i l a t i o n  rates arc1 Inore r ; ~ p i d  and (don~plete in r u n ~ e n  liquor than in 
washed cell suspensions. -4 n ~ i x t u r r  of three or  four  a.n~ino acids were not dis- 
sinlilated to a greater degree than the catabolic sunlmation of each individual 
amino acid in  the n~ixturcx. The, D and 11 f o r n ~ s  of serine and tryptoph:~n were 
cbataholized a t  the sallle rclativc. rate whereas the D enantion~orphs of aspartic 
acid, Iysinr, threoninc., and pherlylalaninr were not cat:l.l~olizc~d. Modifications 
of th r  washed cell nlrdiun~ failed to demonstmtr the factors rthsponsihle for  the 
~ ~ ~ a r k r d  decrease in deau~inating po1vt.r. 

Discrepancies concerning resistancc~ of nn~inc~ 
:tcids to  dramination have ilppritred in th r  lit- 
erature f r o n ~  studies in vitro involving runlen 
liquor i ~ n d  washed cell suspensions (2, 5, 6 ) .  
I n  addition, there is ;I serious lack of kno\vl- 
edge regarding the inability of a111i11o aeitl 
studies in vitro to duplicate reaction rates noted 
in  vivo. 

This investigation had three purposes. First ,  
to r o ~ n p a r e  and quantitate catabolic reacations 
of amino acids i n  two aledin, strained runten 
liquid and wished cells; setrondly, to cotrlpare 
the dissiu~ilation rates of optical isonlers of 
amino acids, nnd third, to add mattirials to 
washed cell suspensions in an effort to incre;tse 
the dissin~ilation ratc~s of' individual amino acids. 

A?rirnol mrcwccgen~c,~zt. Xature  cows wit11 ru- 
nlen fistulas rlosed by acrylic resin plastic. 
eannulae \vere fed 6 to 8 lh of alfalfa hay and 
10 to 14 111 of a 16% protein-eoncc~ntratc.  nix- 
ture. Ththsc rations were fed for  a t  l e a d  3 \vk 

Rrccivetl for l)ublic:~tion Mnrch 5, I!I(i?. 

' Jounl;~l Article No. 2945 f r o n ~  tllc, J I i r l~ ig :~ l~  
Agric.ultnr:~l Exl)t.rinrc~~t S t a t i o ~ ~ .  

prior  to san~pling.  T h t ~  aninlals had free ;~ccess 
to \vatc.r. 

I ~ r e ~ ~ l ~ c c t i o ~ ~ ,  ~nrrlictn~s. Ch(~rsecloth-strainrd ru-  
I I I ~ ~ I I  fluid servc.tl a s  one mediun~ in vitro, 
whereas a schcond ~nediuni consisted of a a;lshed 
suspension of rulnen hactrria. The latter sus- 
p(.nsions \v\.csre prepared hy differential ren- 
trifugntion. The eh(.c.secloth-strainrd rulnen 
liquid was cc.ntrit'uged 5 ~ n i n  a t  250 x G to 
relnove the 1:1rge feed particles and protozoa. 
The resulting supern;~t;lnt was then suh,jerted 
to a force of 27,600 X G f o r  10 ~ n i n .  The 

, 

supernatant was disc:~rded and  the bacterial 
residue was t\vice washed in 25 1111 of 0.1 M 

phosphate huffer a t  p H  6.5, previously boiled 
and coolc.d, to which was added 0.02% (w/v) 
Sa,S . 9 H,O. Three par t s  of the hacterial sus- 
pension ( d r y  weight 4 to 7 n~g/nll)  were thc~n 
added to ten par t s  of the. huffcbr c o ~ ~ t a i n i n g  the 
a n ~ i n o  acid or  nn~ino  acids. 

The conc~entmtion of each a t ~ ~ i n o  acid in each 
~ ~ ~ e d i u n l  was 10 p ~ r / ~ ~ l l .  1Vhenc.ver t lyptoph;~n 
was studied, thv a t ~ ~ i n o  acid was soluhilized in 
5 1111 of I s S a O H  prior to the addition of the 
run lm fluid o r  phosphate, huffchrs; aspartic and 
g ln ta~ni r  acids lvcbre nrutr:llized to pH 6.9 with 
s o d i u ~ ~ l  cxrhonatt. prior to incorporation in tht, 
i ~ ~ c u h ; ~ t i o n  I I I C ~ ~ I I I I I .  



5 win with c . ;~rho~~ dioxide frectl f r o n ~  oxygen 
hy huhhling the gas through n cahro~~lous ;~cid 
solution (4) .  Thv rulllcw fluid ineuhntions \verck 
conducted for  8 or  24 h r  ; ~ t  39 C, wl~n.c~;~s th r  
w~shecl suspc.nsions were incuh;~tod nt 339 C for  
24 hr. One- l~a l f -~~~i l l i l i t e r  suhsan~ples for  chro- 
~na togr ;~phy wrrcJ taktxn hchforc, and ; ~ f t e r  t~ae11 
incuhi~tion. F e r ~ ~ ~ r n t a t i o n  \\-as tr.rnlin:~tt*d hy 
;~ddition of sulfuric ;~c id  ; ~ f t e r  t ;~king tht.st1 sub- 
s;tn~pl(~s. Kndogc.nous products w a r e  d r t e r ~ ~ ~ i n t d  
hy s i~~~ul t ;~nc .ous  incuhatio~r of thc, I I I P ~ ~ L I I I I  with 
suhstrilte on~i t t rd .  

S~~trl!ltic.itl ~r/c,bhotls. A I I I I I I ~ I I ~ ~ I  was (1etc.r- 
~nincatl hy ; ~ t w t i o n  or  S ~ ~ ; I I I I  distillation f r o ~ n  ; I I I  

;~lkal inr  s;11np1(. into a 2% solution of' horic 
;)rid i ~ u d  titratcbcl a i t h  st:~ndard :~c.id. All the> 
; I I I I I I I ~ I I ~ ~ .  v:~lucbs rcy,ortc.d \vcXrr corrrctrd for 
the cv~dogc,nou~ v;~lues. TIIP pc11.cent;igrs of 
nn~ino  acid dissin~il ;~trd \vcbrc d c ~ t e r ~ ~ ~ i n r t l  a s  100 
titnt.s thcs tot:~l ~ I I I I I I I ~ I I ~ ; ~ ,  I I I ~ I I I ~ S  endogenous 
;ul~n~onia divided 1). tht.oreticnl suhstr ;~te ;IIII- 
111oni;1. A n ~ i n o  acid dis:~l)pe;~ranec~ was stuclic.tl 
using sn~npl(.s prc.sc~~c.tl with four 1);lrts of 
;thsolntc* c.th:~nol. Enclr i ~ n ~ i n o  i~cid WIS cl~ro- 
n~atogr;~phed unidin~msionnlly on \\-hatn~an So. 
I filter 1)npc.r and the t l i ~ ~ ~ i n u t i o n  of 11inhytIri11 
coloring risu;llly con~p;rrrtl to s t ; ~ n d ; ~ r d  solu- 
tions ;11i(1 to the per  cent dissi~uil;~tion con~putt.tl 
f r o n ~  ; ~ I I I I I I ~ I I ~ ; I .  production. I$uti~nol, i~ct'tic i~(did, 
\v;~ter ( 4  :I :I ) : ])I~enol, \v;~ter (80 :20), :111tl 
other wc,ll-known tlcvc.lopilrg solvcants \ve1.1~ uti- 
1izc.tl. 

The. reltltivr ~n;~gnitudt>s of 24-hr dissin~il ;~-  
ti011 in r i t ro  of intlividu;~l a111ino :tcids ( I 0  
p ~ / ~ ~ ~ I )  added to c~itht~r c l~rc~st~c loth-s t~~;~ i~~c~t l  
r111ne11 liquor or  ~vaslied suspensions of rulncan 
t);~ctc,ri:~ arcs found in T;lhle 1. 

Seri~ie,  cystciine, ;~sp:lrtic : i d ,  thrc.oninc8, 
t~rgininr ,  ph~~nyl;~Innine,  g1ut:1111ic ;~cid,  Iysinv, 
:itid cystin(, n-crc, rc;~tlily dissi~nil;~trtl whrn ; ~ d d ~ t l  
to eit11c.r I I ~ P ~ ~ ~ I I I I  (47 to lOOC/C in rl1111eti liquor; 
21 to 997; in 11-ashvtl rrlls). T~.y l~ toph;~~~c . ,  his- 
tidin(%, ~ ~ ~ ( t l ~ i o n i n e ,  ornilhine, vnline, ;iIanint~, 
Ieueint., isoleucine, 8-;11nino v;~l(.ric ;~c.id, glpcinc., 
l i ) rd~~oxypro l i~~(~ ,  and proline ~verv dissin~iI;it(~tl 
;it I(3ssrr rates ( R  to 37%) in ru111t.11 liquor; I to 
"2%, in n:~shc~tl cells). A visu;~l eo~np;lrison of 
r ~ ~ n i n o  acid dis;~np(~arar~c. t~ on papc3r chron~;~to-  
grants closely par;~lleled the. inerc.;ise notrcl in 
n n ~ n ~ o n i ; ~  valuc.s. 

Tht, i ~ ~ ~ ~ i n o  i~cids cat;tholizrd in rulnc2n fluid 
\verc. li kt.\viscb dissin~ilatc~d hy 1v;lshed t*cll sus- 
pensions ant1 in ; ~ p p r o i ~ ~ ~ t I y  the S ~ I I I I ~ ~  se- 
qut3nce of ~ ~ l ; ~ g n i t u d e .  The d i s s i ~ ~ ~ i l a t i o n  r;ites, 
ho\v\.t.stbr. a c v r  n~ot.e r:~pitl ant1 c o ~ ~ ~ p l e t c .  in 
rnlllen licluo~. thnn in \v\.ash(.d cc.11 suspensions. 

Perrentages of i~~tlividu:~l  mino no :tci(ls 
dissirnil:~ted ill two rnrtliu~ns 

- -. -- - - - - 

C/r Dissimilntion ". " - -- - - - - 

Rumen IVnsl~ccl 
A I I I ~ I I ~  :~cid fluid cells 
- - - - - 

I , -sc~ri~~t~ llln 99 
I,-vystc~inr !)(i 85 
1.-;~s]);~rtic :~citl 9.5 8 li 
I , - t l~reo~~in(~  83 li!l 
l ,-:trgil~i~~e SO 57 
I,-l~l~en~lnl:c~~ine 75 21 
I , -gl~~t:~~nic :1ci(1 (i4 5 i 
I.-Iysi~~c~ 5 7 3 7 
1,-ryst inr 47 3 4 
l~I,-try]~to~lll:lll~~ 37 1 5  
I,-l~istitlinc~ 83 14 
I . - n ~ c ~ t l ~ i o ~ ~ i ~ ~ c ~  3 2 1X 
l . - o r ~ ~ i t l ~ i ~ ~ ( ~  2$) 14 
1,-v:1Ii11e ?!I 11 
1,-;I l:111inc. 2 X 14 
I , . I (~I I~~IIV 24 11 
1,-isolrucint~ I>.> -- 10 
1clt~1;111i11o v : I i  I 21 .>.> - - 
( ; lyc i~~e  10 , 
1.-I~y~lrosyl)roli~~c~ !) 2 
l.-proli~l(~ 
- -- 

X 1 
- - - - - 

'' 1lrn11 of three v:~lucs. 
" Maxi~l~unl 1.:111gc> k l(I(/F. 

The. on(. c.sct.ption \vi~s S - ~ I I I I ~ I I ~  v ;~ l (~r i r  i~cid, 
xvllieh W;IS not dissiniil;~ted ; ~ t  21 d i s t i n g ~ ~ i s I ~ : ~ h l ~  
f:~stcbr rate in rlullerr fluid. 

\Yhcn t11rc.e 01. f o u l  ;~nrino acdids \vc.re incu- 
h;~tcbtl tog!.c.ther tvith \vashc~d s u s p t ~ ~ ~ s i o ~ ~ s  of' 
~ I I I I I C I I  I~ac.tc*rin, the only p l l (~non~t~non which 
difft.rt~tl fronl a111ino ;~c ids  inruh;ttetl ;~lonc. u7as 
the. 111:1rk't1 iucr(.;~se in the dissi~nilation of pro- 
lint* anti ;ll;~ninc. incuh;~tetl togc.tller. 

Thc. ~unrc~l)lic;~tc~tl r c ~ ~ l t s  of ;I srcond ph:~sc 
of this study, tl(,:ilinp wit11 thc, r n t ; ~ l > o l i s ~ ~ ~  of 
t h ~  optical i s o ~ ~ ~ o r s  of' six i ~ ~ n i n o  acitls ;lrch SUIII-  

I I I : I ~ ~ Z ( ~  ill Tahlcb 2. Ag:~in, thc. a ~ ~ ~ n ~ o n i : ~  pro- 
tluction c o ~ ~ ~ ~ e s p o n d r t l  \v(.II x~*itl~ the ; ~ ~ n o n n t  of 
; I I I I ~ I I ~  ncitl dissi~nilntrd. Thc'se rc.snlts intli- 
c ; ~ t r  that 110th ison~c.rs of cert;~in ; r ~ ~ ~ i n o  ;~eitls, 
srrinc. and t r y p t o p h ; ~ ~ ~ ,  :Ire dissin~il;~tcld c ~ ~ u i ~ l l y  

dissin~ilntio~~ of ol~tic:~l isonicrs of 
six   min no aritls 

% l)issimilatio~~ 
- 

Medium 
-- 

TI nI, n 
- 

I<urnrl~ liquor 100 100 
\Vnsl~c~d cell $19 99 
R,UIII~.II liquor 95 53 
Run1c.11 liquor 83 42 
R U ~ I ( , I I  liq~lor 75 44 
Run1t.11 liquor 5 i  41 
\V:tsl~chd cc4l I!) 17 15 

- - - - - - - 



wrll. \vht~rt.;~s only thc L-iso~~~c.l.s of other ar~lilro 
aeitls, asp:~t.tic acid. lys i l~ t~ .  threollitie, a11c1 
phel~yl;~l ; l l t i t~t~,  ;ire readily d i s s i ~ ~ ~ i l a t e d  and  t h t ~  
D - e ~ i ; ~ ~ ~ t i o ~ ~ ~ o ~ . l ) h s  a re  either ca;~t;tholizc.d slo~vly 
o r  11ot :It :Ill. 

$'  . , IS a111i11o ;acids were dissi~~~ilatcbtl, usiug ru-  
I I I ~ ~  licluor ;IS the intauhating l ~ ) e d i u ~ ~ ~ ,  to e1uc.i- 
date the rt~l:ltivt. r:ltc. of a ~ ~ l n ~ o l i i : ~  productioll 
fro111 it~dividu:~l i l l~~i l io  acids. AII H-hr incuha- 
tiou was long c>l~ough to yield ~ I I I I I I I ~ ~ I ~ ~ I  1)rodu~- 
tiou over e~itlogenous level which w;ls :ldeyuatt3 
to 1.rsolve rc.lative tlifferences and w;ls short 
ch11oug11 to pl.t'vc,r~t suhstrate de1)lrtiou f r o l l ~  
;rffc.c~ting t h t ~  unrc.plic2;lted results fo~und ill 
'l';~hIt. 3. I n  8 hr, ilrginine rolltrihutt.tl :lpprosi- 

ill th r  sallltl i1111ino ;~c.id I I I ~ ~ ~ U I I I .  z2tltlitio~~s of 
pyridosa~l~ilic., pyritlos;~l phosphate, 111t~t11ylene 
hlut., catal:~se, o r  ~ ~ ~ r i g l ~ r s i u ~ ~ i  ion and  ill1 all- 
p o t n s s i u ~ ~ ~  cationic. h u f l c ~  systeul wtbrc. ;11so 
tc,stcatl (Tahle 4). Three i~rteraationill units 
(11.) of ~ o t a s s i u ~ ~ ~  ~)twic.illii~ G per  111illilitrr 
11:1tl IIO effect on :1111ino ncid dissil~~ilatioti, 
\vht.~.c~;ls a penicillit~ c~oltc.t.l~tr;~tiol~ of 30 I U  per 
~~lillilitt 'r 111arkedly it~hihitod ;1111ino ;~c.id tlis- 
s i~~li l i l t i r~l i ,  a s  s h o ~ v ~ i  i r ~  T ; ~ h l t ~  5. E a r h  v;llut~ ill 

Eff'c~at of t ~ r o  lcrels of prl~ic.illil~, 3 I U  allrl 30 
T17/1111, 011 anlirlo neitl disaimil:~tion by 

\r:~hl~rtl suspe~is io~~s  of rlirneI1 
microorganisms 

TABLE 3 
Substrate Control 8 1U 30 I U  

-- -. 

L-glutamic   rid 7.42 8.06 0.12 
Theo- 'k I)is- IA-or~,i t I~i~ic~ 3.88 8.72 0.18 
retical Actual si111i11- ~, . l~~lel ly~a]al l i l lc  3.66 2.2fi 0.00 

Amit~o ncitl yield yield ti011 l)l,-trvnt0~11:111 3.12 3.18 0.00 

111at r l  fivt. ti111es a s  u1uc11 tot;tl i111111lo1lia a s  
did any  one of the ot11t.r five a l ~ ~ i n o  ;lc~ids studied. 

Several :~lttsr:~tio~ls in  the washc,d c.t.11 tech- 
l~iclue ftlilcd to sigliificantly prol~~otc* i11111noaia 
~woduction orc.1. tht. c.outrol va1uc.s (T;thle 4) .  
'I'hc. t * ~ l r i c l ~ ~ ~ l t . r ~ t  caulturt. in  Colu111n 1 of Tnhlc 4 
rc.ft31.s to hnc.tc.ria from il 48-hr inc.uh;~tion pcl- 
riot1 (30 p ~ / ~ ~ ~ l  of ; I I I  a l ~ ~ i n o  a r id)  r t ~ s u s p t ~ l ~ d r d  

T i ~ h l t ~ s  4 and  5 r r p ~ . t * s t ~ ~ l t s  a single d t , t t~r l~~i t~ ; l -  
tioli. 

1)lSt'I.SSION 
Si1ic.c. a l ~ ~ ~ ~ ~ o n i a  is fo1~111ed in the lattthr sti~gt.s 

of protchin e ; i t ahol i s~~~,  illid is the prin~t .  nitro- 
g c . ~ ~  source in prnteiu ;1naholis111, i t  is desirahltb 
to u t~ t lc~rs ta l~d  the cotltlitio~is 1111der which ;I.III- 
n1011i;l is rt.l(.ilsed fro111 ;1111ino ;~c.ids. This s tudy 
 IS ttt~sigric~d f o r  just snch :I purpose. 

Bt.c.;~ustb tht, rate of 11ttnc.k upon single a l l~ ino  
acids is c.ol~siderahly Illore rapid and extensive. 
in vivo in rulllen liquor thi111 ~v1rc.n \vashc~tl 

'I'ARLE 4 
Alllnloni:~ ~~ro~ll lc . t iol~ f r o n ~  ~ I I I ~ I I O  :tri~ls illcul)ate~l ~ r i t l ~  n.:~sl~ell sunl)ellsio~l of TIIII)('II 

~ ~ ~ i c r o o r g a ~ ~ i s ~ ~ l s  
~- ~ -- - - 

E s p e r i ~ ~ ~ c ~ l ~ t  " 
- - - - - - - - - . 

Sr~l~str:cte ( I  2 3 4 5 ii 1 
-. - 

1 
- -- - . -- . 

(111.q O I I I I I I O ? I ~ ~ ~ ~ I ~  .V/l,OO 1111) 

('ol~trol 1.64 11.63 l.(ii 1.72 0.84 I 1 1.22 
1.-:I rgit)il~v 2 . 8  1.62 2 . 1  2.5.64 i 2 . 3 5  28.54 3O.lli 
T,-lysi~~c, !).GO 0.23 7.88 8.81; 8.54 8.R8 4.46 8.74 
~ - ; I I I I ~ I I ~  v:~lcric ;>rift I 0.Ilti 7 2.84 :{.OX 2 .  1.48 :$.:3li 
l.-:~sp:~rtic :~ri(l 1 1.12 1 . 8  1 1 2  l(l.78 10.64 $1.84 
l)T,-trgl)tol>llnl~ : I  I . !  : I  3.68 3 3 .  1.48 t3.W 
I , -g lu t :~~~~i ( .  :reit1 i.(iO 2 i l l  2 7.46 7 7.80 8.10 
~ , - ~ ~ I I ~ ~ I I ~ I : I I : I I I ~ I I ~  3.40 0.20 I 2.94 3.18 4 3.84 3.72 
I . - o r ~ ~ i t l ~ i ~ ~ c ~  4.llli 0.40 3.43 4.12 3.72 4." 2 . 2 2 3 . 4 I i  
- --- - - -- -- - 

" 0-So :r(lllition; I-4s-l~r c.llric11ed enlturrs resusl)n~tlctl; 2-2.5 X 1 W"" pyridoxnlni~le ; 
3-2.5 X ~ I I - " ' ~  pyritloxal ~)hosl) l~:~tc;  4--3 X lO-'" i r~:~gt~c~siu~il  i o l ~ ;  5-.O!IT nr ~)ot:~ssium I)riffrr; 
(i-0.1'4 111ct11ylc~11c I)lne; 9-.ill 1111its of e:~t:~l:~sr. 



cells ;ll.c2 usc~l ,  it  appears  that  tht. ~nc~thod of 
prepat-i~tiori of tlir suspc~nsion son~c>how in- 
activi~tc.tl the, c>nzyn~es rt~sponsihlt~ f o r  the dr-  
atni t~:~tion.  A srrond possibility f o r  den.rasc~c1 
dean~in ;~ t ion  roul(1 have hc.c.11 :I sc4rction of t h ~  
~ ~ o n t l ( , ; ~ ~ ~ ~ i ~ ~ ; r t i n g  popnlation i l l  t l i ~  washotl cc.11 
p r e p ; ~ ~ . i ~ t i o n  o r  a lysis 01- d(.;rth of the deanli t~;~t-  
inp hactrria (7 ) .  Tlic. first supposition appc.nrt~d 
111o1.c~ likc'ly and  \v:ls tlic~ oncb investigatc~tl. S o  
sinplv ;~t ldi t i re  to the ~ v n s l ~ c d  cell susl)c.rrsion 
sipni.fic;~ntly prourott.tl :11111noni;1 production ovc3r 
thc. cdcnltrol valucs, w11ic.h ;lrck  lo\^ a s  c.o~~~l):~rccl 
to runlc2n liquor and i ln~n~onia  production in 
r iro.  T,c.xvis (5) ohtninrd increases in tht. nc- 
tivity of washed snspc.nsions of runren h:~ctt,rin 
hy ~~~oclif icat ions of the rnviron~ncnt .  Ilowcbver, 
thcb stirnnlations \vcbrc2 slight and tl~cssc. c.oncli- 
tions also ~ ~ ~ u s t  11 ; i~c .  ilifiered sipnific.;~ntIy ~ I T I I I I  

thosr prest~nt  in rIul1c.n liquor. The f ; ~ c t o r  o r  
factors rc~sponsihlc~ for  the 111iirkcvI dt.c.rc.;rsr in 
the d r a n ~ i ~ i i ~ t i n g  powthr of ~v;~shc.d ctxll suspen- 
sion still is unr1nswcs1.ed and rcv1uirc.s Illore r s -  
t rns i r r  invc.stig:~tio~i. 1nrrtb;lsing the n u ~ n h e r  
of a ~ n i n o  i~cids to three o r  folu. in the suspeti- 
sions f:~ilc~d to produce greatcir :~n~nlonia  It~vels, 
a s  ~ n i g h t  hc. t~xpt~cted if :I Stickland types of 
reaction prc.don~in;~ted. 

The studicbs in vitro den~ons t r i~ tcd  that  i tn~ino 
acids I I I ~ I ~  he divided into thrc.c. groups wit11 
regartl to their relativc. r:~tc, of deatnination. 
Tliesc~ findings agree c ~ ~ a l i t i ~ t i v c ~ l y  with Sirotnilk 
r t  al. ( 6 )  and Lewis ( 5 )  with :I few exc~rptioiis, 
tiot:~hly tlrginine, Iysinc., ; n ~ d  tryptophan.  130th 
of thc.;ic. authors reportcad that  washed cc~11 sns- 
p r n s i o ~ ~ s  deanninatc. ; ~ s p i ~ r t i c  ~ v i d  a t  ;I IIIII(.II 
prc,atc>r ~ . : ~ t e  than i~rpinine. xvliereas run1c.n fluid 
incubations den~onstr ;~tc~d tha t  argininc. con- 
trihutcvl ~~ppronin~;~ tc . ly  five tinles a s  111ucl1 total 
nitropc~n in  8 h r  a s  tiid ;~sptlrtic ilcid. I t  I I I U R ~  

hc. r t ~ n ~ t ~ n ~ h e r e d ,  tl~ollpli, that  cheesecloth-str:ti~le(l 

ru1llc.n licluor studies wcArc. not  liniited to rulnen 
b;~ctchrin hut  i~ l so  includc~il rumen protozoi~. 

Since B a r r ~ ~ n t i n t ~  cht al. (1) : ~ n d  E~nel-y, 
S l ~ ~ i t h ,  and Huffnlan (3) ohtinc.tl prart i ral  
control of hlont with penicillin, a trial was 
tlc~signed to study tht, effects of pc.nicillin on 
n ~ n i n o  arid dissi~~~il ; l t ions.  Three IIJ of penicillin 
1)c'r n~illilittar, the, n l ~ p r o s i ~ i l a t r  run~ina l  level 
in the study hy E n ~ r r y .  Stnith, i~ntl  ITuff~nan, 
h:ld no  nppi~rc'nt t.ffc.ct oti nn~ino  acid cntahol- 
i s t l ~ .  wherc1;ls 30 I U  ~narkedly  inhihitcd : I I I I~ I IO  

:~cid (lissin~il:~tior~. 

(1 ) R.\KKF:S.I.ISX, R. F., STIAI.VF:R, ('. li., \VILT.IAM, 
I,. \V., .\sn DEESE, li. F:. Tic.l(l Testing of 
:I l'c~i~icillii~-Salt Jlisturr for the Prevc~i1- 
tion of Rloat ill (';~ttlts (:r;lzir~g I.cgnn~c 
Pastures. Mississi1)l)i Agr. Esl)t. St:].. Inf. 
S11(~rt, 549 : 1. 1957. 

( 2 )  EI,-SH.ZZI,T, K. I)rgr:~(l:~tiol~ of P r o t ~ i r ~  i l l  

tile Rumrn of Sllrcp. 2. T l ~ r  A e t i o ~ ~  ( ~ f  
Rnrnrl~ Jl ierool .g:~~~is~i~s on A I I I ~ I I ~  Avi(ls. 
I3ioel1e1n. J., 51 :  647. lC152. 

( 3  ) Enrtc~u, R. S., Snrr~rr. ('. K., .tsn HI 'FF~I . \N,  
C. F. Fcc(lil~g Pri~ic*illin for Coiitrol of 
Bloat in Gmzi~lg (':~ttle a11t1 I t s  Effect nil 
Milk P~.oductiol~. Jlicllignn Agr. I<spt. Stn., 
Quart. 131111., 40 :  4611. 1958. 

( 4  I 111-scam., H. E. 'I'11cb Anaerollic hlrsopl~ilic. 
Cellnlolytic Rnctc~ri:~. Baetcriol. Ii(x\-s., 14 :  
1. l!l5ll. 

(5 1 T,EIVIS, 1). .A~iiii~o-Avi(l Jlet:111oIis111 ill t.11~ 
Runlr~i c~f tl1(8 SII(Y~). Brit. .I. X~ltrition, 
$1: 215. l!l55. 

( 6 )  SIKOTS.ZR, F. M., I)OKTS(.H, I<. S., BKOI~S, 
13, E:., hsr) SHAII-, J .  ('. A I I I ~ I I O  Acid Me- 
t i ~ l ) o l i s ~ ~ ~  of Bovillr T<IIIII(-II  Rnrteri:~. 
.J. 1):lir.v Sri., 26:  1117. 1943. 

( 7 )  \V.ZHSF:K, A. C. I. I'rotrolyfiis I I ~  Rumcil 
>licr(;org;ir~isnis. .I. (;L,II. Mivrol~iol., 14 :  
7411. l!l.ifi. 



1)lTRATION O F  SECRETIOX OP' RACTERI0STA1TIC 1)RVGS I S  JIILK. 1. 
I'ENICI I L~ATT\', VOLT,( )WING ()RAL .'Lh'l) 

I'AREITTER,'LI, ,'LDJIISTSTK,lTION ' 

The duration and concentriltion of pcbnicillin in milk were drtern~in(~d follo\v- 
ing intratnusc~~ular t ~ n d  oral adtninistrntion of procaine penicillin G in stssame 
oil with 2% ;llunlinultt  non nos tear ate and intran~nscular, intravenous, and intra- 
uterine adntinistration of pot;~ssiutn pc~nicillin Q in aqueous suspension. 

Follo~ving in tm~t~usrular  injection i ~ t  the rate of 3,000 units per Ih of hody 
weight, the ~~~; ts imut t t  in te l~i l l  that penic.illin was detected in the. milk of the 
test anitnals w:ls 96 hr for cows that rtsceived penicillin in oil, a r ~ d  72 h r  fo r  
those thilt recc~ived acluc.ous pcnirillin. Milk f r o n ~  only 25% of t h ~  co~vs in hoth 
groups c.ontair1c.d detectahle penicillin at  the ntasimulu intervals. Intravc~nous 
injection of 2,000 units of aqueous penirillin per pound of hody weight yicllded 
detect:~hlc. penicillin in the n~ i lk  of 2.5% of the test aninlals a t  'LO hr, and in 
8.37, a t  44 hr  post-injection. Perlieillin was found in the milk of 16.7% of the 
test a r ~ i ~ t ~ a l s  27 to 31 hr after intrauterine infusion of 1,000,000 units of 
aqueous penicillin, and a t  suhsecluent intervals no penicillin was detected in 
tnilk fronl anjT of the cows. A single dose of 10,000,000 units of penicillin 
in oil f rd  with concmtratc' resultrtl in detectahle penicillin in the milk a maxi- 
tttunl of 86 h r  post-feeding, a t  which time only 8.3% of the satrtples were 
positive.. 

Corrc.lations hetween th(. duration of secretion of tnilk rontaining penicillin 
:lnd milk productio~~, f a t  cwntent of the  ilk, and hody weight were non- 
significant (P  > .O5) for  all methods of adnrinistration. 

1'c.nicillirt is usrd in the trentlnent of tnany ing in t rantan~n~ary  infusions is volun~inous. 
disc.ases of 11ac:terial origin in dairy c:~ttle. This Conversely, thr inforttlation regarding the dura- 
arltihiotic is adn~inistered to dairy cattle hy tion of secrc~tion of penicillin in n~ i lk  following 
n~itnp routes, including intra~t~nscular and intra- adn~inistration of this antibiotic to dairy cows 
vettons injections, intmuterine infusions, and by other routrs was considered inadequate. For  
orally. A survey conducted during 1959 (8 )  
showed that 3.5% of n1arkc.t tuilk sanlples 
testtrd contained penicillin. 1)ennatitis reac- 
tior~s in persons have hrea associated with the 
presrnce of pcnieillin in luilk (7 ) .  Thus, the 
minute quantiticas of pc.nicillin in milk rtSpre- 
sent a gotenti;~l health hazard. Thereforcb, the 
Food iund Drurr Adntinistration is enforcinz a 

the forc,going reasons, a study was hc'gun to  
cletertnine thc, concentration and dur:ation of 
penicillin secrthtion in tt~ilk following its ad- 
n~inistr;~tion to dairy cov-s hp intran~usc.ular, 
intrarc>nous, intrauterine,, and or:~l routrs, and 
to evi~luate thv cxffect of rertnin indept~ndrnt 
variahl(.s on diffc,rt.nccs in respouses of indi- 
vidual co~vs. 

law that prohihits intrrstate shipment of tnar- 
EXPRRIM EXTIIII PROCEDURE 

kcat milk eontait~ing this drug. As indicated 
ily revir,,vs (2, 4, l o ) ,  illforlllatioll tllr dura- I92truu1 I I S C I I ~ O ~  it~,j( '~tiol~s. T\veIve lncti~ting 
tioll of sc,eretion of pc.nicillin in nlilk folio\,,- cows \vtbre ifi,jected intran~uscularly with aqueous 

~)(~tlicillin (~)otassintn penicillin (: in aqueous 
suspension) a t  thr rate of 3,000 units pcbr 

I < ~ ~ ~ c i r ~ ~ ~ l  for p111)Iicatio11 .T:~n~~ary 15, l N i 2 .  pouud of hc~tly \vc.ight i ~ t  :I single does. An 
I ~ l ~ i ~  illrestig;ltion ,r;ts sul,portcrl i l l  I,al.t ;~tldition:~l 12 lactating rowh were injected hp 

:L I-. S. I'ctl~lie Tlt~:~ltl~ Srrriec grant ,  E-3704. thc. \nntr rontt~ anti dose with pe~ticaillin in oil 



( l ~ r o ( ~ : ~ i n ( ~  l ) c ~ ~ ~ i c i l l i ~ ~  G in SPS;IIII(~ oil wit11 2%, 
~ I ~ U I I I ~ I I I I I I I  I I I O I I O S ~ P : ~ ~ : ~ ~ ~ ~ ) .  Thescl i ~ ~ j e c t i o ~ ~ s  -\verc, 
~ n a d r  i ~ ~ ~ ~ ~ ~ e d i ; ~ t ( b l y  i ~ f t ( * r  tile 111o1.11illg ~ ~ ~ i l k i l l g .  

T ~ ~ / r r t r . ~ r t o r ~ . s  i t r , j~c t i o~r r .  A(lnc.ons ~ ) o ~ ~ i c i l l i ~ ~  
was i~~,jt.ctcd, i l l  a s i~~glc .  dose, illto the , i ~ ~ g u l a r  
of 12 (.o\vs a t  : ~ p p r o s i ~ ~ : ~ t e I y  S ,131 a t  n I(~ve.1 of 
2,000 iunits I)( , I '  pou11(1 of body \\,right. 

I ~ ~ t r ( t r r t ~ r i t r ~  i t tf~t,s;ot~.x.  T\voIv(~ l:lrttitil~g cows 
rc'criv(~t1 in t~ . : l~~te l . in (~  illfusiolls of 1.000.000 
units  of ilclnchous pc.t~icilIi~~. Tn two of tlir 
c*otvs. the p t ~ l ~ i r i l l i l ~  \\.:is i l~ t ' l~s rd  dllrilig ~ s t r ~ s .  
N,II(~~(~:IS t 1 1 ~  other ~ ( > I I  co\vs x v ~ r e  illfllsed ill)- 
lwoxi~natc~ly tchn d :~ys  post-11:1rtun1. All i11tr:t- 
11tc.ri11r inf'llsions \vt31.e I I I ; I ( I ~  het\vc.c.l~ S ant1 
12  A M .  

Or111 (1~1111 i~ t i .~ t r ( t / i o i t .  l'(~niri1lin in oil W:IS 

f'c.d to 12  co\vs ;it the. r ~ t c ~  of 10,000,000 units 
11(:r (>ow in :I si11glo (lose. T11r pri~iei l l in ,  111isev1 
w ~ t h  1 Ih of concc*utratr, ~ v n s  ftatl during the, 
t~fternoon ~ ~ ~ i l k i n g .  

Col l~c . t iorf  of . S I I I I J ~ J ~ P P  rrltrl ) ) r ~ r i ~ . i l l i i ~  ccs.src!l. 
All caerws ~ r r r  ~nnc .h i l~e-~~~i l l i rd  I)rt\veen 4:30 
:ind f;::lO :1ri(1 2:30 : I I I ~  4:30 PJI (Itlily. 

A f t r r  111i1l<i11g (2:1eal1 cow, the 111ilki11g I I I : I ~ ~ I ~ I I ~  

was rinsc.tl thoroughly, to tn in i~~~isc .  ( ~ o l i t i ~ ~ ~ ~ i r ~ : ~ -  
t i o l ~  of 111i1k fro111 the 11c2st cow. A n  i~liclnot of 
the tot:il lnilk ti~kell f'l.oni the. four  clu:~~.tclrs 
was c.ollcbcted a t  the two daily  nilk kings f o r  the 
pen ic i l l i~~  :~ssiiy. Collrctiol~ of the. nlilk s i ~ n ~ p l e s  
c.ontinutfic1 until two eonsc~rutivc. s i ~ ~ ~ ~ l ) l r s  \trcBrc, 
f o u l ~ d  to r o n t ; ~ i ~ ~  11o t l~~t re ta l ) l (~  pcwicillin hy 
tl~c, ov(8r11iglit ryli11(1rr plntr :~ss:ly (91 ,  i ls i~ig 
Strrcitl(r 111tc~cc :IS thc tc~st. o rg ;~n isn~ .  Thc, 111i1li- 
I I I U I I I  vo~~c(.ntr:itio~i of ~)mici l l in  tle4cbc.trd hy 
this assay \v:ls : i p p r o s i ~ ~ ~ n t e l y  0.0063 nnit Ix3r 
~~~il l i l i tcxr  of ~ ~ r i l k .  

'l'ot;~l lniIl< l~ro(111c(~(I a t  t,:1(~11 i ~ ~ i l k i ~ i g  WIS 

\vc~igl~cad ant1 ~.c~cordrtl. Also, the, milk 1)roducc.d 
hy (fi:~cll (.ow (luring ttvo col~scvutivc~ ~ r ~ i l k i n g s  
\\.;IS ;~ssaychtl fo r  ~ ~ r i l k  f a t  content 117 the Rill)- 
cock ~nethotl. 

RF:SrI.TS 
( ' o ~ l r ~ ~ ~ t ~ ~ : ~ t i o ~ i s  of prnivillin ill l ~ ~ i l k ,  i ~ t  10- 

:III(I 14-hr intel.v:~ls, following a d ~ ~ ~ i ~ i i s t r i i t i o ~ ~  
of the (1r11g to c1i1il.y CO\VS i l l t r : i l ~ ~ ~ ~ s c ~ i l i ~ r I y .  : I ~ C  

givc~n in T:~l)les 1 :111(1 2. The, penicaillil~ contc~rit 

Conc.rntrntion :n~(l (111~1tion of (lctect:~I~lc, lev(slr; of ~ ~ e n i c i l l i ~ ~  in n~ilk f o l l ~ \ ~ i n g  ~ ~ I ~ ~ : I I I I I I S ~ O ~ ; I I  

i ~ ~ j r c t i o n  of n s i ~ ~ g l e  dos(8 of po t :~ss in~i~  11r11ieillin C. in ncluc~ons s u s l ~ r n s i o ~ ~  :It t l ~ r  
Icvrl of R,OOII ul~i ts  1 ~ 1 '  ~ ~ o n l ~ t l  of I)ody \vc,ight. 

- 
Post- Co~~rvnt~.at ion of p e ~ l i r i l l i ~ ~  

t ~ c : ~  t n ~ r n t  -- Positivr 
t i ~ n r  3rr:111 H:rngr s:ln~l~lcs 

Co~lcrlttr:~tion : I I I I ~  (111r:itio11 of ( I ~ t c c t n l ~ l ~  IP~OIS of ~ ~ o l ~ i c i l l i l ~  ill lnilk follo\ving intrnn~usrolnr 
i ~ ~ . j r r t i o ~ ~  of a. s i l~glr  dosr of proc.:ril~c 11r11icilli11 (; in scs:~~ne oil wit11 2% alun~inuln 

nro~~ostear:~tc~ nt tllr lrvrl of 3.11OlI u ~ ~ i t s  per po~nld of ) ~ o c l ~  11.rig11t 
- - 

Post- ( ' o ~ ~ e r ~ ~ t ~ i t i o n  of p~~11ici1Ii11 
tre:~tmc*nt -. - - . - - - . Positivcb 

tinic M ~ ~ : I I I  I < ~ I I L . ( >  s : ~  ninles 



of n~i lk  fro111 CO\\.S injrcted intramuscularly 
with ilclneous pc~icil l in wns llighcst a t  the 10-hr 
~ost-in,jt~c~tion 111ilking. Tn contriist, tht. great- 
(,st nicxan conccwtration of penicillin in 111ilk 
fro111 cows injcctrd i n t r ; ~ ~ ~ ~ u s e u l a ~ ~ l p  with peni- 
cillin in oil was detecttxd at  the 24-hr post- 
injection n~ilking. After the peak conceutra- 
tion was reaclird, the 111eiln level of penicillin 
in 111i1k fro111 cows that received the injection 
of penicillin in oil deercastd a t  a sloxver rate 
than that in n~i lk  fro111 cotvs receiving the in- 
, j~ction of aqueous penicillin. Thtb niaxin~ut~i 
post-injection intcrvill a t  whirh p(~nicilli11 was 
drtrctahle in n~i lk  fro111 any of the cows was 78 
and 96 h r  for  the aqueous prnicillin and peni- 
cillin in oil, respectively. 

Thr duration of penicillin in ~n i lk  fo r  the 
ac{ucBous penicillin intran~uscular injection (Ta- 
hle 1 )  is grc,ater than that reported hy other 
invc.stigators (13-l5),  ~ 7 h o  injected hetween 
1,800 and 5,800 units per pound of body weight. 
Also, the 111i1simu111 concentration of penicillin 
in 111i1k (0.353 unit/tttl) following in tmn~us-  
cular injections with 3,000 units of the aqueous 
penicillin per pound of hody weight was greater 
than the I I I ~ X ~ I I I U I I I  concentration reported by 
IVrigl?t and Harold (1.5), hut considerably less 
than tho n ~ a x i ~ n u ~ n  conrentration (0.52 unit/rnl) 
reported by T7aid et 81. (14), using the sa.ine 
penicillin salt. Howevrr, the co~vs used by 
TVright and ITarold vere  ~nilked a t  6- and 18-hr 
intel~il ls ,  whereas those used by Vaid et  a1.' 
were lnilked a t  12-hr intervals, and those used 
in the current study r e r r  niilked nt 10- and 
14-hr intt~rvals. Tn the study by Vaid et al., 
and in this study, an aliquot of tl~t* total milk 
\47ilS used for  the assay, whereas Wright and 
I h r o l d  usrd a co~nposite of fore milk and 
strippings. Thesr variations in experinleutal 
procedures nlay acacaount for  the differences in 
tht. I I I ~ X ~ I I I U I I ~  period that penicillin was d(.- 
tectcd in th(3 111ilk ilnd the differences in the 

I I I ~ X ~ ~ I I U ~ I I  conce~itrations tl(~tectrd. Tn all studies 
i~~volving iintra~~rusrular injections of aqueous 
l)e~~icillin, the i ~ ~ a x i n i u ~ ~ ~  concentration of the 
penicillin residue appearcad in thr  first post- 
i11.iectio11 111i1king. 

The data, Tahlr 2, fo r  the intrxn~useular in- 
j(bc2tions of penicillin in oil are 11-ithin the range 
of coneentri~tions rc.ported hy others (3, 11, 14, 
15) .  in ~vhicli cows were injrcted with 2,000 to 
6,000 units per pound of hody weight. Tn 
contrast, Alhripht c~t al. ( I )  aud Snyder et al. 
(13) failtld to dettlct penieillin in n~i lk  during 
the first 411 hr post-injection of a s in~i lar  prep- 
aration a t  thc rate of 3,870 to 5,854 units per 
pound of hody weight. The lowest urvel of 
dett~ctahle pc.~~icillin in the test used hy these 
investigators (1, 13)  was 0.0.5 unit per ~iiilli- 
liter. I n  the current investigation and in two 
others (10, 15)  in which a Illore sc~nsitive 
method of assily (9)  was used, only 11.5% of 
all r ~ ~ i l k  s a~np l r s  eollectcd during the first 24 
hr contained Illore than 0.05 unit of penicillin 
per ~~~ i l l i l i t e r .  Thus, the failure of Alhright 
c.t. al. ( I )  and Snyder et ill. (13) to detect peni- 
cillin in milk with a relatively insensitive 
 neth hod was to he expectc,d. This difference in 
sc.nsitivity of ~~~c . thods  focuses attention on an  
i~npor tant  point, naniely, that n~inute  traces of 
penicillin probahly persistrd in the milk for 
lwriods greater than thosr given in Tahle 1, 
or reportcd by others. 

The pritk Inetln concentrations of penicillin 
in ~nilli following intravenous injections with 
ac4ueous prnicillin occurred a t  the 6-hr post- 
injrction ~r~ilking,  T:tble 3. The 44-hi* interval 
\\-as the last niilliing a t  which penicillin was 
drtc~cted in 111i1k of any of the cows. This is  
20 hr longer than the duration reported hy 
Edwards and Haskins ( 4 ) ,  who en~ployed a 
less sensitive test. 

Alillc fro111 some eo~vs that receivrd intra- 
uterine infusions of 1.000,000 units of aqueous 

TAR1,E 4 

Concentr:~tion elid tl~iration of cletectnhle levels of penicillin in milk following intravenous 
in,jrrtion of :I single (lose of potnssi~nn pellieillin C: in aqueous suspc~~sion nt the 

level of 2,000 units per pound of body weight 

Post- Concn~tration of penicillin 
treatment Positive 

tinlc. >le:tn R n ~ ~ g e  samples 

(11 7 )  -- ( r r n i t s / n ~ l )  ( % I  
6 0.092 0.06-1-0.137 100.0 

20 ().on? o.000-(1.008 25.0 
30 0.001 0.000-0.006 8.3 
44 0.001 0.000-O.llO6 8.3 
54 0.000 0.0 
68 0.000 0.0 
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penicillin contained a detectable level of peni- 
cillin during the first three post-infusion ~nilk- 
ings (27 to 31 hr ) ,  hut penicillin was not de- 
tectable in the inilk a t  subsequent ~nilkings, 
Table 4. As with intralnuscular and intra- 
venous injections of aqueous penicillin, the 
highest nlean concentration of the drug was 
detected in milk a t  the first post-infusion milk- 
ing. 

Follo~ving oral administration of 10,000,000 
units of penicillin in oil (Tahle 5),  the niaxi- 
mull1 duration of a detectahle level of peni- 
cillin in milk was 86 hr. The peak tllean level 
of penicillin in milk occurred a t  the 14-hr post- 
feeding interval. Skaggs and JIiller (12) rr-  
ported detectable Ievcls of penicillill in ~nl lk  
following oral adnlil~istratiorl of approximately 
173,000 and 270,000 units of procaine peni- 
cillin. 011 the other hand, Wright and Harold 
(15) did not detect penicillin in lnilk of COTVS 

fed 1,000,000 unitr daily or 2,500,000 units 
twice daily of buffered potassiuttl penicill~n. 
It Fould seern that  the type, rather than the 
an~ount ,  of penicillin prc3paration fed Illny 
have been involved In thcl differences in find- 

ings of the three studies. Cows fed the 10,000,- 
000 units in a single feeding showed several 
syn~p ton~s  of physiological disturbances includ- 
ing: (a)  severe scouring, (h )  loss of appetite, 
(c)  reduction of milk yield, and (d )  incrrase 
in nlilk f a t  percentage of the nlilk produced. 
En~ery ,  Sltiith, and Hufftnan ( 6 )  also noted a 
drop in inilk production and loss of appetite 
as a result of feeding 400 mg of penicillin per 
cow daily. The physiological disturbances when 
10,000,000 units were fed  nap have altered the 
ahsorption and n~etaholistn of the drug. 

The variation alnong individual cows in dura- 
tion of penicillin secretion in milk following 
treatlnent with this drug by various routes i\ 
given in Tables 1 to 5. I t  will he noted that  
all cows that received intran~uscular or intra- 
venous injections of penicillin produced milk 
with a detectahle level of the drug a t  one or 
Inore post-injection inilkings. yet, ;it suhsc.. 
cluent intervals the percentage of the cons that  
produced u~i lk  containing penicillin varied. F o r  
this reason, a sttltistical study was ~nade  to 
cleterntine the correlation between the post- 
trc.at111ent duration of production of niilli con- 

TABLE 4 

Co~icentration and tlurntio~i of detectable levels of penicillill ill milk following i~ttmuterine 

-- 
illfusion of 1,000,000 ut~its of potassirnn penicillil~ G in :tqueouA suspensioll 

Post- Concentration of penicillilt 
trrattr~ent Positive 

tirne Meall Range samples " 
- 

( k  r )  (unrts/nil)  I % )  
3-7 0.012 0.000-0.031 75.0 

17-21 0.004 0.000-0.011 41.7 
2 7-3 1 0.001 0.000-0.007 16.7 
41 -45 0.000 0.0 
81-65 n.000 0.0 

" N o  rleteetnhle penicillit~ was found ill the milk from t~vo of tlie 10 cows ;xt any time. 

TABLE 5 

Coiirel~tratioli nltd duration of detectnl~le levels of ~)etlicillin in milk following oral 
a(1ministr:~tion of 10,000,000 units of procaille ~)enicillil~ G in sesnnle oil with 2% 

aluminum monostearate 

Post- 
- - 

C'o~~celltrntion of ])et~ieil l i~~ 
trentmetlt - .. Positive 

time Me:l~t Rat~gt, 
- - - - - - - - - - - - -- - - -- . . - . . 

satnples " 
. -- -. 

(lrr)  ( r r n i t s / ~ r ~ l )  (%) 
1 4  0.010 0.000-0.055 75.0 
2 1  O.OO(i 0.000-0.030 58.3 
38 0.003 0.000-0.010 41.7 
48 0.llOfi 0.000-0.043 33.3 
62 0.001 0.000-0.006 16.7 
72 0.002 0.000-0.009 25.0 
8 (i 0.001 0.000-0.006 8.3 
9 6 0.000 0.0 

110 0.000 0.0 

All test cows 11:ltl at 1r:lst one positive s:rmple. 



Cor re l a t io~~s  I)ct\\-ecn tluratior~ of sccrt~tioii of milk c o ~ l t a i ~ ~ i ~ ~ g  ~)enicilliii :ill11 otller viiri:lI)les 
f o l l o w i ~ ~ g  :~~ l~ i i i i~ i s t r : i t i o i~  1)y v:iriolrs ro l~ t r s  '' 

~ 

V(-l~icle :III(I ro~it's of :111111ii1istratio11 
- - ---- - - -- . 

Ti~tr:rii~usc~rlnr 111travrnous T11tr:iutrrine Or:111y 
Other - - - -- - .. - 

v:~ri:~l)lrs 
- 

Oil Acli~eolrs Acl~rc.our I \ ( ~ I I ~ O I I S  Oil 
- - - - -. - -. - - - - - - 

, . ,  

Milk pl.otluetio11 -11.052 - ll.060 0.4115 -(1.026 -0.025 
Milk f a t  percentago (1.121 -0.284 -0 .-. "13 . 11.T37.5 -0.4$1:3 
Rotly wciglit -0.1 81 0.081 -ll.ll:i!) 1I.RGi -0.1 71) 
- . - - - - - - - - 

" (1.f. = 11 for  :(I1 tests. 

ta i l l ing cleteetahlt~ levels of p e n i c i l l i ~ ~  a n d  ;aver- C. P. F e r ~ l i n g  I'enicillin for  Control of 
a c e  dai ly  mi lk  nroduction. f a t  ne rc rn t an r  i n  Rlo:lt in C*r:~zii~g Cattlr ,  ant1 I t s  F:ffec.t on 
milk, a n d  hody  weight.  -411 correlations he- Jli lk Production. J l ic i~ .  Agr. Esp t .  Sta., 
t ~ v r c n  du ra t ion  of penicillin i n  n ~ i l k  a n d  t h e  Q I I : I ~ ~ .  13(iIl., 40 : 460. l<l5X. 
oth(,r variables re lo,,. (Tahl(,  6 ) ,  These (7'1 GROVE, I). C. P r (~v~ i i t i o i i  of Antil)iotics ill 

Milk-l'rcscr~t St:~tus. J .  I ) ;~ i ry  Sci., 4 2 :  
correlation da t a  indicate  t ha t  ~ l e i t l i c r  thv anlount  199. 1!!.59. 
of  r r~i lk  produced,  t he  f a t  pc3rcentage i n  nlilk, ( 8 )  J B S ~ ~ ~ , K ,  1 ~ .  R., wRIGTIT, W. w., A N D  

n o r  hod? a r i g h t  of t h e  co\vs cont i ihnted sig- ~+'EI.cH. IT. A ~ ~ t i l ~ i o t i c s  in F l i ~ i d  Jlilk. An- 
nific.antly (P > .O5) t o  t he  variil t ion i n  du ra -  tibiotics :mtl C ' l i r~~~ot l i r r :~~)y,  ! I :  30.1. 1959. 
t ion of srcrc t ion of p(~nieill i i l  i n  ~ n i l k .  ( 9 )  KIKSIIB.\I.JI, A,, .\KILET, n., K L I ~ ~ E R ,  J., 

1Vrr,ar~it, J., , \ so  GROWJ, D. ('. Tent:ttive 
:\l?KSO\VLEn(;AIESTS Mctllods for  the ~)eterill ination of Anti- 

Tllc, rontril,ution of proeai i~r  prilicilli~l (; ill 
sc>snlllc oil wit11 2 %  ; ~ l u i ~ ~ i ~ i u n l  nioi~ostc:lrate, fo r  
use ill tl~ifi study, I)?. Coy11 St :~tes  l,al)or:rtorics, 
Inc., :~nd  the pot:rssiun~ p c i ~ i c i l l i ~ ~  G stantl:~r(l sup- 
plietl I)y 1Vyetl1 I,;ll)ol;rtorics, Tile., a re  gr:ctefully 
:~cknowIetlged. 
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REPROD1'C'TIT7E C;1PA('ITP OF DAIRY BT-1112s. V I I I .  DIRECT A S D  
INDIRECT JIEASIYREJIEST OF TESTICI'LAR SPERM 

PR0I)I'CTION " ." 

It was desired to d(>trrntine testieular daily sperlll productiou ( I I S P )  and 
con~l ) :~w it with d;~ily sp(.r~n output  ( 1)SO). Two independent c:~leulations of 
DST' for  t.ac11 testis fro111 eight 2-yr-oltl aud four ~nitturc. IIolstein hulls werch 
based on counts of gonadi~l  sl)cbrm reserves and on clu;~ntitativcb tes t icu la~~ 
histology. L i ~ ~ ~ i t a t i o n s  of tht. proposed ~ n ~ t l ~ o d s  and for~nulas  nerc  disc-ussed. 
Thc duration of s~)c~r~~~i i togc~nr . s i s  in \)ulls was c~alcul:~ted to I)(. 60 days. Th(, 
nvcragc. DST' values c:~lcul:~ted t 'ro~n gonadal spernl reserves : ~ n d  histologic;~l 
data ~ ~ c ~ r c  9.9s and 12.76 billion per  1)ull. The differe~nces het~vc.en I )SP valuc~s 
f o r  t h ~  24 testes hy the two ~~lc~thot l s  of calculation ~v(~r( .  highly significant, 
hut the. two valuc,s Irere co1.re1atc.d ( fO.811. Ho~vevc.~., tclstis weight accomltc~d 
for  n ~ o s t  of the relationship, since th(. correl;rtion was not significant w11c.11 
cnlruli~tcd on the basis of I)SP per ~ I X I I I  of testis (+O.'B). Since the v:~lidity 
and rt~peat:~l)ility of tl~r.se ~nc,thotls has not heen c.stnl)lished, the two 1)Sl' values 
were :~vemgc.d and rtlnged fro111 7.7 to 13.2 1)illiou for  c.ight hulls of sin~ilitr 
age a ~ r d  body IT-eight. 

The. DSO during collec+tion of s i s  ej;~culatc.s ~vc,ekly v i t h  intc.nsirc. sesunl 
prepar:~tion ( 6 ~  ) also \v:~s oht:lined for  the 12 hulls. Ahout five nronths (.lapsed 
l~c.t\vc.cs~~ coll(.ctio~~ of DSO d a t  and postslaugllter drtern~ination of IISP.  The 
1)SO on AX avc.ragc.d 4.81 k 0.3.5 billion, o r  only $2'3, of the nlean 1)SP of 
11.49 & 0.64 billion. Howctver, the I~ighly sig~~ificnnt  correl:~tion I~et\rc~on D S P  
:inti I)SO on 6 x  (+O.ST) suggests th:~t  DS1' can he estitn;ited ill individual 
living l)ulls by collrctinp S ( ~ I I I ~ I I  a t  :I suitilhle high e ~ j a c u l a t i o ~ ~  fr(~111(~11cy. 

TVhilv thew :Ire I I I R I I ~  reports 011 the sl)cbrln 
output  i ~ n d  S(~I I ICI I  ch:~ract~~.ist i (>s of hulls col- 
1ectc.d i ~ t  various c~,jnrul:ltion frecluc.ncicss, (inan- 
tit:~tive data on pn)ductiot~ of sl,t~rn~;~tozo:i by 
thc. testes arc. li~(.king. Rec('llt 1.(~1)012s (2,  S, 
12, 13, 18) 11:1ve suggc~stcd that tckstic*ular daily 
spcBrnl produc.tion coultl be inferred f r o n ~  dnily 
~ ~ ( T I I L  output I)? collt~cting SCIII~.II  a t  a suffi- 
c.ic.ntly high e j i ~ ~ u l a t i o n  ft.(~lueney. To tlc~ter- 

liecrivcd for 1)11I)lic:1tio11 hlnrc11 1, I!)BL). 

' Autlloriztvl for prtl~lientio~~ on F~xl)~u:~ry 13, 
I ! l ( i? ,  :lh P : I ~ P I .  So.  ?(i:iX in tlw ,jo11r11:11 seri('s of 
1 ' 1 1 ~  P t ~ ~ ~ n s y l r n ~ ~ i : ~  A g r i r n l t l ~ ~ ~ l  Esl) l , r im(~~~t St:l- 
tion. 

~ninc' the rc~l:~tionsllip l,c~t\vrt.11 spc.rnl produc- 
tion :~nd the nu1111)c'r of sl)clrnl ~ v h i c l ~  cat1 1)r 
collc~ctrtl, howc~rcr, dirc,ct ~nr;~surc.n~ent of tes- 
ticul:~r prodnc.tion is t~ssentinl. 1<enn(~Ily ( 14)  
has calculatc~tl testicwlar spc.rt11 production for  
boars. 

The ol)jecti.r-es of the. p~.c.sent study \verca to 
develop n~ethods of detclrn~ining tc.sticnl:~r sperln 
~wodnction in hulls and to asscss the relation- 
ship l,c.t\ver~~ daily spenu  production and daily 
s p e r n ~  output. Two n~ethods of (*:~I(wlating 
tc,stirulwr sl)chrnl production a r r  pro1x)sed. The. 
first is based on counts of gon:~ilal spel,ln rv- 
sc.rvc8s (1, 7, 9 )  ; thr  other involves the 111or(~ 
tedious techniquc.~ of yunntitntive Ilistological 
c~valu:ttion of the testt.s (5) .  Since hot11 n~rthocls 

\ , 
"Tl~c. (1:1t;1 co~~t:tillc*~l ill t l~is  I ) : I IW~ :Ire 1):ll.t of l.c,quil.csd s;lcdrific*c. of the ;Illilllil], tht> ttaStiCUlilr 

:I t l~t~sis  s111)mittotl 11y t l ~ c  seuior :111t11or to tl~c, 
sl)erlll luction for 12 hulls ,vas cOIIII,artl~ 

(;rn(lr~:~tr S ~ ~ l ~ o o l  of T l ~ r  Pon~tsylv:u~i:c State 171ti-  

r c ~ ~ s i t y  ill l);~rti:~l f ~ ~ l f i l l ~ ~ ~ r ~ ~ t  of the r rqu i reb~~~e~~ts  wit11 t h e i ~  dnily s p e r ~ n  output  during collection 

for t l ~ c  tlcsgrcc of 1)ortor of Pl~ilosopl~y. : ~ t  a l'recluc~~~cy of s i s  ej:~culatc.s pckr \r\.c.c.k, ns- 
vllis illvestip~ltioll sul,l,Ortell ill I):lrt I,y ing intensive sesu:~l  prcbparation. A pre1i111- 
grill e l l l l s v l l l l  s s o l o l l  , inary report of this work TV:IS prc>sc.nted in 
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GENERAL PROCEDURE 

Two groups of bulls were used. Group A 
consisted of eight 29-month-old Holstein bulls 
which were ejaculated six times per week (6 X ) 
for 5 wk, unilaterally vasectomized, and then 
either sexually rested or ejaculated two or 
eight times per week for 20 wk just prior to 
slaughter. Group B included four intact, ma- 
ture Holstein bulls. One was sexually rested 
and the others were ejaculated either six, 
seven, or eight times weekly preceding slaugh- 
ter. However, data for daily sperm output 
(DSO) on 6~ had been obtained for all four 
Group B hulls within five months prior to 
slaughter. 

In  each case, 6~ collection was continued 
for a mini~num of five consecutive weeks and 
the first week's data were excluded as an adjust- 
ment period. During collection at 6 ~ ,  two 
successive ejaculates were collected by artificial 
vagina each Monday, Wednesday, and Friday. 
Intensive sexual preparation, consisting of one 
false mount, 2 min of restraint, and two addi- 
tional false mounts, was used prior to each 
ejaculation. Thus, with the exception of Bull 
137, who was collected at  6X for 26 wk imme- 
diately before slaughter, the DSO data which 
are compared with the calculated testicular 
daily sperm production (DSP) values were 
obtained about five months prior to slaughter. 
The semen characteristics, gonadal and extra- 
gonadal sperm reserves, and quantitative tes- 
ticular histology of these bulls have been de- 
scribed (1, 5, 8, 9). 

At the time of slaughter, testicular weight 
and sperm reserves were determined (7) and 
tissue samples for histological evaluation were 
taken from three loci of each testis (5).  The 
percentage by volume of seminiferous tubules 
in the testis and uncorrected major and minor 
diameters of Stage I seminiferous tubules were 
determined as previously described (5) .  The 
mean number of spermatids in Stage I semi- 
niferous tubules for each testis was based on 
counts of ten randomly selected 7-p tubule 
cross sections in each of three loci, or a total 
of 30 Stage I tubules per testis. The actual 
counts r e r e  corrected for variation in nuclear 
diameter (5).  To comwensate for tissue shrink- 

\ ,  

age resulting from histological processing a 
correction tern1 was used. Amann (5) found 
that in four testicular samples processed in a 
manner identical to that used in the present 
work, linear shrinkage averaged 19.5% and 
volumetric shrinkage 47.8%. Thus, the volume 
of each testis recorded at  slaughter was mul- 
tiplied by a factor of 0.523, so that it  would 

be comparable with the volumes of the Stage I 
seminiferous tubule cylinders used in the sper- 
matid counts. A third correction was necessary 
to account for the nonproductive areas of the 
testis, the tunicit albuginea and mediastinum. 
Determinations on five bull testes showed that 
the tunica albuginea comprised 8.7 +- 0.2% 
(r+S.E.) of the testicular weight and that the 
mediastinum occupied about 1% of the testis 
volume (5). Since testicular weight and volume 
are similar (density 1.04 g/cm8) (5),  a factor 
of 0.903 was used to correct for these nonpro- 
ductive areas. 

CALCULATIOX OF TESTICULAR SPERM PRODUCTION 

Di~ratiow of spermatogewesis. An accurate 
estimate of the duration of spermatogenesis is 
essential for any calculation of sperm produc- 
tion. For bulls, this was obtained from recent 
studies on the relative frequency of the stages 
of the cycle of the seminiferous epithelium (5), 
the pattern of spermatogenesis (6) ,  and the 
time interval between injection of P" and ap- 
pearance of radioactive sperm in the proximal 
caput epididymis or ejaculated semen (11, 
15-17, 19, 20). With rams, Ortavant (18) 
deiuonstrated that P" was incorporated into 
the DNA of developing germ cells only in the 
preleptotene phase of primary spermatocytes 
or in the more primitive spermatogonia. Thus, 
the first radioactive sperm to appear in  the 
caput epididymis would be those which had 
been in the preleptotene phase at the time of 
P injection. In  bulls, spermatogenesis re- 
quires about 4.5 cycles of the seminiferous epi- 
thelium (5, 6). Preleptotene primary sperma- 
tocytes are found in Stage I of the third cycle 
prior to release of the resulting spermatozoa 
(see Figure 4, Reference 6). Therefore, the 
time interval between P" administration and 
release of radioactive spermatozoa into the bo- 
vine seminiferous tubule lumen is 3.0 cycles of 
the setrliniferous epithelium or 3.0/4.5 of the 
duration of spermatogenesis. 

From the data of Koefoed-Johnsen (15, 16) 
and Dawson (11) it  was calculated that about 
39 days elapsed between injection of Pa into 
hulls and release of radioactive sperm from 
the setrliniferous tubules. This value is based 
upon extrapolation from the subsequent ar- 
rival of these radioactive sperm in ejaculated 
semen. Although frequently cited incorrectly, 
careful exa~nination of the report by Ortavant 
(19) reveals that he found an interval of 40 to 
42 days between the injection of PI2 into bulls 
and the appearance of radioactive spertitatozoa 
in the lumen of the seminiferous tubules. This 
is not the duration of spermatogenesis. More 
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rc.cc.ntly, Orgehin and co-workers (17, 20) re- 
ported that  it rtxquired 41 days hetwrcn the 
injection of P"' in hulls and the arrival of ra- 
dioaetive sperlll in the prosinla1 c:~put epi- 
didy~llis. Thus, i t  must require about 40 days 
fo r  daughter sper~natocoa fro111 it prc~leptotene 
p r i l n a i ~  s1)t~rnlatocyte to he released into the 
sc,~niniferous tuhule lunlrn. Using this value, 
the duration of sper~natogenesis in hulls can 
he calculiltcd in the following manner: 

Duration of on(% cycle 40 
of the senrinifrrous = - = 13.3 days 
epithelium 3 

Duration of sperniatogenesis 
= (13.3) (4.5) = 60 days 

I f  41 days rather thiln 40 is U S C ~ ,  the duration 
of spt~rmatogenesis ~vould he 61.5 days. 

D~trrw~ilantiolz of sppr))i prorlircti.olz frowz 
gonu(7trl spevm rescrrra. I t  is logical to :Issunie 
that the gonad:tl sperln reserve, which is the 
total i iun~her of spernl and late spernlatids 
countc~d in all aqueous testicular suspc~lsion, 
represents sorltc function of daily testicular 
sper.111 production. Morphological esalrlinatioa 
of spermatids in fixed sc.rniniferous tubule 
cross sections suggests that, only the older gen- 
eration of spc~rlnatids in Stages VI, V I I ,  and 
T'ITI of the cycle of the selliiniferous epithe- 
limn would he counted in these testes suspcn- 
sions. These stages rrprescnt 24.6% of the 
cycle of the seminiferous (.pithelium (5) , which 
has a duration of 13.3 days. Thus, testis spernl 
counts reprc.scat 3.27 d:iys' sper~ll  production, 
and theorcbtieal daily spcnli production fro111 
speinl count data (TDSPC) can be calculated 
as  follows: 

testis sperm count 
TDSPC = 

9 07 

This f o r ~ ~ l u l : ~  is hased on the assumption tha t  
T)SP can hc c.spressed as a function of the 
r~ul~lher  of spenliatids p r r  unit volulne reach- 
ing a cert:lin fixed po i l~ t  in spern~:~togenesis 
( P a r t  c of fo rn~n la ) ,  whc,n the n n ~ u h r r  of unit 
volumes in the testis (rrl~/rf) is known. I n  this 
:~.pplication, a unit volunle is  the ellipsoidal 
cylinder of a sen~iniferous tuhule cross section 
7 p high and with 111ajor and lninor dia~ueters 
of al7prosinlately 225 and 205 p. Although 
sper~n:~ti t ls  are not ~,cil(.ased fro111 a tubule until 
Stage VlTT of thr csycle of the se~niniferous 
c.pith(.liutll, Stage T was chosen as the opti~nutn 
point to count sper~natids. This is the last 
poirit in sper~~liog(~nesis when spermatids arc 
esser~ti:~lly round and can hc counted readily. 
In  t h ~  subsequent seven stagrs prior to their 
lihc,~.ation as spc~rrnatozoa, spernlatids bet.orne 
elong;lted and grouped in hundles. Selectioil 
of St:~ge I s ~ w r ~ ~ l a t i d s  rather than primary 
sp(~r~n:~tocytes or spermatogonia is desirable, 
sine(. there proh:~hly is little loss of potential 
spc.r~natozoa af ter  this point ( 6 ) .  Thus, i t  
should not hr necessary to correct fo r  testicular 
tl(>gc~neratio~i of gem1 cells. 

Tntroduction of the required time factor is 
s i~~~p l i f i ed  hy :rssuliiing that 10070 of the semi- 
niferous tuhule cross secations in a testis are in 
Stage I ratl1t.r than the actual vnluc. of 30.3% 
( 5 ) .  This assumption is valid, since (abc/def) 
is equal to (nbc/ef') (30.3%)/(i l)  (30.3%), 
which is the correct expression. Thus, TDSPH 
is the total number of Stage I sperrnatids in 
the testis (nbc/ef) divided by the duration 
of one cycle of the seminiferous epithelium (d ) .  
Although i t  recluires 4.5 cycles of the semi- 
niferous epithelium to form spermatozoa, be- 
cause there are four  o r  five generations of genn 

J.&l 
cells in a seminiferous tubule cross section and 

The validity of values ca.leulated hy this method sperlnatozoa are released at each Stage VIII, 
is  limited primarily hy the assulnption tha t  the it is proper to divide the duration of one 
gonadal spenn rcisc,rves reprc~sent sperrn:~tids cycle, i.e., 13.3 days. I n  a pre1imina.q report 
and spcrlnatozoa present i n  Stages VI ,  VI I ,  

of this fonnula (4), the value fo r  4.5 cycles and V l I I  of the cycle of the seminiferous epi- 
was erroneously given. theliuln. 

D,.trrmilzatiolz ()f sperm prodl,ctiorz from his- A" suggested above, testis volu1ne must be 

tologic.c,l data. ~ ~ t i ~ ~ , ~ t i ~ ~ ~  of theoretical daily corrected f o r  histological shrinkage and fo r  

snerlll frolll ounntitative histoloz- the volume occ*upied by the tunica alhuginea and - 
ic:11 (1;ltn (T1)SPH) requir(,s the use of a ~~~c~dias t inunl .  1)eterminations of the volume 
formula such a i  that shown below. pcbrcentage of seminiferous tubules in the testes 

( h )  (c)  
Corrected number of 

Per  cent sel~liniferous hprrrnatids per Stage 
tuhules ill the testis I cross sc.ction 

TT)SPFI = 
i\rcsa of Stag(, I Thickness of histo- 

tuhulr cross section 
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escluded these latter areas. Although testis eters for  30 tubules per testis, although for  
volunles were recorded a t  the time of slaughter, simplicity Tahle 1 shows only an  average tu- 
testis weight was considered a nlore accurate hule diameter for  each testis. All histological 
measure. Thus, the corrected testis volunre (a)  sections were cut a t  a thickness of 7 p ( f ) .  
for  use in the TDSPH fornlula was calculated Individual testis averages fo r  percentage of 
ah shown below. se~niniferous tuhules, corrected number of sper- 

Corrected testis volulne = ( weight Testis)  (Shrinkage) correction ( loo%-'% tunic and ) 
rnediastinurn 

(Testis density) 

- - (Testis weight) (0.522) (0.903) 
(1.04) 

= (0.462) (Testis weight) 

The percrnt,age of seminiferous tubules in 
the testis ( h ) ,  excluding the tunica alhuginea 
and mediastinurn, and the corrected nulnher of 
spern~atids per Stage I tuhulr cross section (c)  
were previously reported ( 5 ) .  The duration of 
one cycle of the senliniferous epithelium (d) 
was calculated to he 13.3 days. The area of a 
Stage I sen~iniferous tuhule cross section ( e )  
was calculated from the major and nlinor diam- 

inatids per Stage I semi~ifen)us tuhule cross 
section, and area of Stage I tuhule cross sec- 
tions were used (Tahle 1). 

Thc accuracy of TDSPH values is lilnited 
hy srvc.ral factors. Prohahly of greatest inl- 
portillrce is the degree of tissue shrinkage re- 
sulting fro111 histological processing. Siuce 
data for  each testis used in this study were 
not availahle, the correction f o r  tissue shrink- 

TABLE 1 

Tcsticular cllaraeteristics at  slaughter 

Bull 

Age s t  
slallgll- 

ter 

Testis 
weight 

Left Right 

Avg no. 
spern~ztids 

per 
Volume Stage I 

Gonadal of Avg tubule 
sperm tu1,ules tnljular cross 
reserve in testis tlit~rneter " section 

Left Right Left Right Left Right Left Right 

160 36 303" 
162 36 260 
163 36 316' 
165 36 251' 
168 36 319" 
169 36 286 
l i 0  36 251 
173 33 285 

Avg 36 884 

Regal 104 343 
135 -- 

I I 302 
137 65 423 
Wayne 104 457 

Avg 88 381 

Group A bulls 
18.6 17.7 70 
14.8 15.0 72 
19.1 19.6 80 

9.4 9.7 76 
14.2 1G.5 77 
14.1 13.7 75 
12.8 12.7 78 
17.5 18.1 76 

15.1 15.4 76 

Group B bulls 
15.2 15.3 76 
15.8 15.1 74 
20.4 21.3 72 
22.3 22.9 66 

18.4 18.6 72 

Average of the major and minor trlbular diameters uncorrecte(1 for histological shrinkage. 
Average corrected number of spcrmatids per 7-p cross section, escluding those free in 

tlie ~eminifcrous tuhule lumen. 
' Testis on the vsscctomizrd side. 



age W:IS based on that occurring in four other 
testes processed in an  identic:~l manntxr (5 ) .  
There appears to he sonle mriation in  the de- 
gree ot' shrinkage anlong trsticular snlnples 
even n11m proeessed in an identical Inanncr. 
Thus, in future applications of this for~nula  
i t  would appear desir:~hle to detrrmine the per- 
cent;~ge of tissue shrinkage for  each testis. The 
technical prohlen~s of such ~ n r a s u r e n ~ r ~ ~ t s  are 
inerrrlsrd by diffrrrntid shrinkage between 
se~niniferous tubulrs rind interstitial tissue and 
the influence of size of the tissue block. Errors 
involving the perrcnt:~ge of the. trstis occupied 
by the tunica alhuginea and ~~~edias t inum,  the 
correction term for  spern~atid counts, degen- 
eration of spern~atiils during the last cycle of 
the se~niniferous c.pitheliu~n. and in the basic 
histological data probably art? relatirely ~ninor.  
The duration of spcrinatogrnesis should be quite 
accuratr, hut nerds confinlation. 

REST-T,TS 

The characteristics of the 1 2  I-Iolsteins rind 
the va1nc.s usc,d in calrulating DSP  from 
gonadal spernl reserves and histological data 
are presented (Table 1). There \\,as eonsider- 
able variation in testes weight and gonadal 
spernl reserves anlong bulls. I-Iowevc~r, the 
eorrel:ttion between testis weirht and testis 

a. value of 77%. Testrs of niaturr Group B 
hulls grnrrally c~ontained a lower percentage 
of sper~natogenic tissue, even though the senli- 
niferous tubule. diametws for  thrsr bulls were 
preatc~r than for  the yonllger hulls. The mean 
nun~her of spc~rmi~tids per 7 p Stage T serni- 
niferous tubulr cross section varied consider- 
ably and for the 24 testes ranged from 166 to 
151. These values havr bee11 discussed in 
detail (5). 

Using eithrr the TDSPC or TDSPII  nlethod, 
the differenro in sprrln production hetween 
the Ivft and right tcstis of a hull was small 
(Tnhle 2 ) .  Within both groups of hulls the 
D S P  varied ronsidrmbly, hut the 1)SP for 
mature Group B hulls was higher (P  < 0.01) 
than that for the younger hulls when calcu- 
Iatrd by ri thrr  111rthod. Thr nvcragr villues for 
all 11' bulls were 9.98 and 12.76 billion spernm 
per (lap for  TDSPC and TIISPH. The differ- 
enc.cis het~vrrn qperln product~on values for  the 
2-1 te5tc.q by the two nlrthods of ealculat~on 
wcbrr highly significant, but the two values were 
l~ighly significantly c o ~ ~ r l n t e d  (+O.Sl) .  How- 
c2vc1r, the correlation waq influenced greatly by 
d~fferrnves in trsti, v-eight. When the TDSPC 
and TIISI'H ~ncthods u r r e  compared on the 
basis of DSP  pc3r gram of testis the correlation 

spernl count was highly significant ( +0.82). was inhignificant ( +0.%). Thus, i t  appears 
I n  Group A bulls, the volun~r of seminiferous that errors of n ~ ~ a s u r e n ~ e n t  are relatively large. 
tubules in the testis W:IS quite consistent near lgnturt. rrfinrn~c~nts of the quantitative tech- 

TABLE 2 

Comparison of daily spernl production as calculated from tcstis sperni eoullt data (TDSPC) 
a l ~ d  from Ilistologicnl tlata (T1)SPH) with d:tily sperm output OIL six c.j:~culates 

per week using three false mounts per e.j:leulate 
(Sperm in billions) 

TI)SPC TDSI'H 

Lcft Right %I c:j:~c. Lvft Right '/O cjac. ])SO 
Bull tcstis trstis Total U I I  (iX trstis trutis Total on 6X o n  (iX 

Group A bulls 

Group B I?ulls 

- -  -. . - 

Wayne 6.81 7.00 13.81 49.6 8.32 9.34 
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niquc,s lnay reduce these errors. Further re- 
search on the two methods should he concerned 
with their validity and degree of repeatability. 
At  present, it is in~possiblr to dett)rlnine which, 
if either, method accuratc4g mt,asures DSP. 
Therefore, the mean value for the two niethods 
was used to estimate DSP. 

Basrd on the mean value for envh testis, the 
12  bulls produced 11.49 2 0.64 billion sperm 
per day. The DSO of these bulls on 6~ per 
week (Table 2) was 4.81 zk 0.35 billion and 
represented 48.3 t 2.1% of the TDSPC and 
37.5 t 1.7% of the TDSPIT. This suggests 
that less than one-half of the sperm produced 
were collected on 6~ with intensive sexual 
preparation. These values may be slightly low 
because of the 5 month., hetween 6X collection 
and slaughter. However, even at ejaculation 
frequenc~es as high as ten per day without 
sexual preparation or two per day with in- 
tensive sexual preparation (13), less than 50% 
of the sperm produced were collected from 
bulls Wayne and 137. 

ICstimating DSP in living bulls would be 
advantageous for many experiments. The cor- 
relations between DSO on 6X and both TDSPC 
and TDSPH were highly significant (Table 3) .  
This suggests that DSO on 6X with intensive 
sexual preparation can be used to estimate 
DSP. Although testes weight is in the formula 
for TDSPH, the correlations between paired 
testes weight and DSP probably are meaning- 
ful. However, since age affects testis eharac- 
teristics and function (5),  i t  appears that DSO 
is a more reliable approach. Presumably, DSO 
on 1 3 ~  with intensive sexual preparation 

Insufficient data arc, availahlc for calculating 
the regression betwc.cn DSP and DSO at  a 
frequency of 1 4 ~  per week. If paired testes 
aeight is known, I)SP can be estimated by 
the following equation in which testes weight 
is expressed in gralnr and DSP in billions of 
sperm per day ( r  = t0 .92) .  

I)SP = (0.0159) (paircd testes weight) + 1.19 

DISCUSSTOX 

Although several workers (14, 18) have de- 
tcrlnined the gonadal sperm reserves of do- 
mestic animals, they have not used the resulting 
values to estimate DSP. The absence of this 
interpretation of gonadal sperm reserves prob- 
ably resulted from insufficient data on the 
duration of spermatogenesis and on the pattern 
of spermatocytogmesis in bulls, boars, and 
rams. As this information becomes available 
(5, 6, 14-20), the forlnula for TDSPC should 
he applicable to species other than the bull. 
The only spcaries modifications requiring atten- 
tion are (a)  the duration of one cycle of the 
se~niniferous epithelium and (b) the percentage 
of a cycle of the serniniferous epithelium rep- 
resented by the spermatids and spermatozoa 
counted. This latter value may differ with 
various liberation and counting techniques (1, 
7, 14, 18) ,  as well as the species. 

The only formula for DSP, similar to that 
for TDSPH given above, was proposed by 
Kennelly (14). His formula, shown below, 
was based on an estimate of the total volume 
of primary sperlnatocytes in the boar testis, 

Tot;ll nu~nher of sper- Sumber of sperlnato- 
~natocytes in the zoa derived frorn one 

testis spermatogenesis spermatocyte 
1)SP per testis = 

Per cent of cycle of seminiferous Duration of one cycle 
capitheliurn required for of the seminiferous 
spem~atocyte evolution epithelium 

would provide even a better estirr~ate of DSP 
than that obtained with 6X collection (8) .  

Using the average of the TDSPC and TDSPH 
values, t h ~  resulting estimate of DSP was 
highly significantly eorrelated to DSO on 6~ 
( i0 .87) .  Thus, a rough estimate of DSP can 
be obtained by linear regression. The ap- 
propriate equation based on thesc 12 Holstein 
bulls is shown below. Both DSP and DSO on 
6X with intensive sexual preparation are ex- 
pressed in billions of sperm. 

DSP = (1.58) (DSO) + 3.80 

with a correction for the subsequent degenera- 
tion of potential spermatozoa. 
He derived the total number of sperlnatocytes 
per testis as follows: 

No. sper- (Testis vol.) (vol. O/o of 
nlatocytes = spermatocytes in testis) 
per testis (Mean vol. of a spermatoeyte) 

Iiennelly did not have data on the duration of 
spermatogenesis, the cycle of the seminiferous 
epitheliu~n, and the extent of testicular germ 
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TABLE 3 

Correlation coefficients for 12 bulls 

DSO Body 
TDSPC " TDSPI-1 " on 6X weight 

- - 
Paired testes meight 0.84' 0.91" 0.82' 0.53 
Body weight 0.24 0.35 0.04 
DSO on 6% 
TDSPH 

a Testicular daily sperm production per bull based on sperm count data. 
" Testicular daily sperm production per bull based on llistological data. 

Significant at the 1% level of probability. 

cell degeneration in boars. Therefore, a num- 
ber of assumptions based on research for other 
species were made. The inadvisability of such 
extrapolations has been emphasized (5, 14, 20). 
Kennelly's formula has one distinct advantage 
over that for TDSPH, however, in that it is 
based on the relative volume of spermatocytes 
in the testis. Hence, it is probably unaffected 
by the problenl of histological tissue shrinkage. 

The calculated DSP for the 12 bulls in the 
present study of 11.5 billion sperni per day 
indicates that the rate of testicular sperm pro- 
duction is much higher than previously sus- 
pected. However, ICennelly (14) esti~natt,d 
that six young Berkshire boars produced an 
average of 19.6 billion sperln per day. This 
value represented a production of 27.6 lnillion 
sperm per gram of testis each day, as con- 
trasted to 17.7 million for the 12 bulls. This 
difference between boars and bulls is not sur- 
prising if, as suggested by Ortavant (19) ,  a 
steln A-spermatogonium in boars produc~rs 96 
spermatids as contrasted to 64 spermatids in 
bulls and ra.ms (6, 18).  I n  addition, although 
not precisely determined, the duration of sper- 
nlatogenesis appears to be shorter in boars than 
in rams or bulls (20). 

Cupps and Laben (10) compared counts of 
spermatids in Stage I1 seminiferous tubule 
cross sections from the testes of 1 3  abnor~nal 
and normal hulls with the csoncentriltion of 
sperm in their ejaculatcsd selncw. Although the 
semen samples had been collc~c.ted at  weekly 
intervals and ranged in mean spernl concen- 
tration per bull fro111 10 to 2,060 x 10B/ml, a 
(.orrelation of +0.82 was reported. For the 12 
bulls in the prrsent study, the correlations he- 
tween the 111t~a11 number of spern~atids per 
Stage I se~niniferous tubule cross section and 
the lncan spenn conc:entration on 6X (-0.08) 
or the total nunlber of sperm per e.jaculate on 
6 X (+0.35) were not significant. This dis- 
agreement may be associated with the experi- 
mental anirnals uscd. At least one-half of the 
1 3  animals studied by Cupps and Laben (10) 

apparently had abnormal testiculztr histology, 
whereas the testes of the animals in the present 
study were normal (5). Since the correlation 
between TDSPH and total number of sperm 
per ejaculate (+0.8'2) was highly significant, 
the variations in testicular weight and semi- 
niferous tubule diameter also are important 
considerations when trying to equate testicular 
histology and semen chitracteristics. While 
spcLr1n conrt~ntration and ejaculate volulr~e are 
not entirc~ly independent, it would appear that 
thr total number of sperm per ejaculate should 
provide a better c.stimate of testicular function 
than s p ( > r ~ ~ t  cor~(?cntration. AS recently demon- 
strated (8, 13) with unilatert~lly vasertomized 
hulls, unless a high frequency of ejaculation is 
used cLvc?n a sintulated deficiency of 50% in 
sperm produation can pass undetected when 
tvaluatcd by senlen characteristics. Thus, we 
helievc. that, except for drastic abnormalities, 
testes function of living bulls can be evaluated 
best by collection of two ej:~eulatcs daily for 
at least 3 wk (8, 9). 

Kennclly (24) concluded that 30% of the 
sperm produotion of boars was resorbed in 
the c..ucurrent ducts, sinw the six boars xvith 
a IISP of 19.6 billion ejaculated only an av- 
erage of 14.0 billion spertn per day while on 
daily collection. Although lower than the value 
of .58% resorption for the bulls on 6X in the 
present study, both values suggest that the 
resorption of sperm in the excurrent ducts is 
an iniportnnt physiological process. These dif- 
fc~rc,nces cannot he accounted for by sperln 
losses during the collection process. AS sug- 
gested l ~ y  I<ennc>lly (14), and discussed in de- 
tail by Antann and Almquist (9 ) ,  the rate of 
sper111 rc.sorption apparently is inversely re- 
lated to the output of sperm by collection and 
nlasturbation and partially dependent upon the 
tlcgree to which the storage capacity of the 
rpididy~nis is filled. ]luring sexual rest, the 
rate of sperm resorption in the epididylnis 
:ll~~~ro"'lles 100% (9) .  
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DIIAUENTS FOR BOTISE  SEMEN. XIT. FEKTITATTY AND MOTlLlTY O F  
SI'ERilZATOZOA IS  SKIBZMILIC WITH VARIOUS TIEVELS O F  

GTJYCEROTJ AND METHODS O F  GTAYCEROTIIZATION '8 ' 

J. 0. ALMQUIST AND E. W. WICKEKSHAJI " 
Dairy Breeding Rescarell Center, Departlnent of Dairy Sc-iencoe 

Tlte Pn~nsylva~lia State University, University Park 

SUMMARY 

Laboratory studies showed that the beneficial effect of glyaerol on the 
maintenance of sperm tnotility in skinnnilk diluent during 5 C storage was re- 
lated both to levrl and method of glycerol addition. Optimum livability was 
obtained with 5% glycerol and when the glycerol-containing fraction was added 
stepwise to the partially diluted selnen a t  5 C. Dirrct addition of selnrn to conl- 
pletely formulated skinnnilk-13% glycerol diluent a t  room tetnperaturr sig- 
nificantly reduced sperm livability as compared to that in partially diluted setnen 
glyec?roliited in a stepwise fashion a t  5 C. Even when glycerol level in the com- 
plete diluent was lowered from 13  to 5%, and the semen added at  room tt~tnprra- 
ture, liv:~hility during 14 days of storage was slightly better in the sliin~n~ilk- 
13% glycerol control salnples glycerolated stc~pwise a t  5 C. Dilution a t  room 
temperature into completely forn~ulatcld ski~r~tnilk-glyc?erol tlilurnts contaiuing 
more than 5% glycerol also resulted in abnormal sperm ~notility (rirrular or 
backward ~novr~uent)  . 

I n  skimlnilk-glycerol diluents containing 5, 10, and 30% glycerol, livability 
was superior (P  < 0.01) when the glycerol fraction was added to the parti:~lly 
diluted selnen : ~ t  5 C in three steps rather than ill1 a t  once a t  6 C or tlropwisr 
during the cooling process. Irrespective of glyeerolization method, there was 
a highly significant increase in mean livahility with each decrc~ase in glycc~rol 
level. However, based on a split-sample field trial involving 9,606 first inscwi- 
nations, fertility on any of the four days of use wils not significantly diffrrent 
in skinnnilk-diluted schrnerl containing 5% rather th:un 10% glyc~rol.  

Heated nlilk containing 10% glyrerol is hein:: significantly rcduc!rd the decline in fertility with 
used successfully by many artificial breeding increasing age of semen; I~olvever, no significant 
organizations as a liquid senlen diluent. A difference in fertility was found between 10 
recent report fro111 this laboratory (4) con- and 15% glycerol. 
oerned the motility of hovinc! spern~atozoa in There is relatively little information on the 
skimmilk diluents a t  glycerol levels ranging effectiveness of other glycerol levels, especially 
from 10 to 25%. Glycerol levels of 10 and levels under lo%, for  maintaining fertility and 
13% maintained tnotility significantly greater ~notility of bovine spermatozoa. In  addition, 
than no glycerol. Fertility trials showed that present glycerolization procedures are involved 
the addition of 10% glycerol to tnilk diluents and tin~e-consuming. They requirr the prep- 

aration and handling of two diluent fractions : 

IXeceiveil for publiention Mnrcll 19, 19fi". (it) a nonglycerol fraction into whir11 the semen 
is diluted a t  room temperature to one-half the 

' Autllorized for pul)lientioll on February 26, desirrd final concentration, and (b )  a glycerol 
1962, :LS paper no. 2640 in thc jourllal series of fraction of equal volu~ne, containing twice the 
thc Pennsylva~lia Agricrllturnl Experiment Station. dpsircd final concentration of which 

~ o r t i o n s  of tho data presented in this p :wr  is adtied gradually to the Ilonglycc,rol fractioll 
arc from a thcsis submitted by the junior autllor at C. studg of lllc,thods of glycerolization 
to the Graduate Srliool of The Pel~nsylvania State 
University in of tile recl,lirt- 

might lead to sitnplific:~tion of this procedwe. 

ments for the Master of Srienee degree. The ohjeetivcs of' the prrsent study were to 
'Prc:sellt address: DepSLrtment of Dairy 11"s- detertninr the effect of different glycerol levels 

bandry, University of TFrisconsin, M:idiso~~. and various nirthods of glycerol addition upon 

782 
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the fertility and livability of bovine sperrna- ( b )  a11 a t  once, equal volume of skimmilk-26% 
tozoa in glycerol-containing skimmilk diluents glycerol added to partially diluted semen a t  
stored a t  5 C. 5 C in one step; and (c)  stepwise, wua l  volume 

GENERAL PROCEDURE 

Semen used in the livability studies was 
collected by artificial vagina from dairy bulls. 
Ejaculates used had a t  least an  initial motility 
of 60% and a spenn concentration of 900 X 
106/ml. Fresh, unfortified skimmilk was heated 
in  a water bath and held between 92 and 95 C 
for  10 min. Diluents were prepared either a s  
conlplete glycerol-containing diluents o r  as sep- 
arate nonglycerol and glycerol fractions. I n  
both laboratory and field experiments, 1,000 
units of potassium penicillin G and 1,000 pg 
of dihydrostreptornycin sulfate were added per 
milliliter to the conlplete diluent or to both the 
nonglycerol and glycerol fractions. Semen was 
added to provide a final concentration of 1 5  X 
10"/ml motile sperm. The completely diluted 
senren or  the partially diluted semen and glyc- 
erol fractions were cooled gradually to 5 C over 
a period of about 3 hr. The partially diluted 
semen was glycerolated a t  5 C by different 
methods as described under the individual ex- 
periments. 

Livability of coded semen samples during 
5 C storage for  1 2  or 14  days was studied by 
estimating the percentages of progressively mo- 
tile spermatozoa a t  37 C. The data mere ana- 
lyzed by procedures outlined by Snedecor (13) 
and Steel and Torric (14). 

RXPERIRIMESTAL DESIGS AND RESULTS 

Exprr iment  1. The effect of methods of 
glycerol addition on spenn livability was studied 
using a skimmilk-13% glycerol djluent. Aleth- 
ods of glycerolization tested were : ( a )  complete, 
semen added a t  room temperature to completely 
formulated skimnrilk-13% glycerol diluent; 

of skiunnilk-26% glycerol -added to partially 
diluted semen a t  5 C, either in three portions 
(20, 30, and 50y0 by volume) a t  10-min inter- 
vals or in six equal portions a t  5-min intervals. 
A skimmilk control not containing glycerol 
also was tested. 

l iean percentages of progressively motile 
sperm fo r  1 2  ejaculates from 11 different bulls 
are presented (Table 1 ) .  Superior livability 
(P < 0.01) was obtained when glycerol was 
added a t  5 C, either all a t  once or  by the step- 
wise procedures as compared to that in com- 
plete diluent or skimmilk alone. When the 
means within a particular day of storage were 
tested by Duncan's New Multiple Range Test 
(hlRT), motility in skinlmilk alone was higher 
than in the complete diluent during the first 
four days of storage (P < 0.01), but not dif- 
ferent from any of the three treatments in- 
volving glycerolation a t  5 C. However, between 
the fourth and sixth days of storage there was 
a severe drop in mean motility of sperm in 
skimmilk alone. Throuehout the 12-dav stor- 
age period, mean motilities i n  diluents glycero- 
lated a11 a t  once or  by the two stepwise methods 
were not statistically different. 

Esprr iment  2. Relatively poor livability was 
obtained in Experiment 1 with a complete skim- 
milk diluent containing 13% glycerol. Thus, 
loner levels of glycerol were tested in complete 
skimmilk-glycerol (SG)  diluents to determine 
whether a complete diluent could be formulated. 
Complete SG diluents containing 5, 7, 9, 11, 
and 13% glycerol by volume were tested. A 
strpwise skimmilk-13% glycerol diluent (three 
equal portions added a t  5 C a t  10-min intervals) 
and a nonglycerolated skimmilk diluent were 
included as controls. 

TABLE 1 

Effect ot glgccrolization method on the livability of spermatozoa in skimmilk-13% glycerol 
diluent 

(Mean percent:~ge of motile sperm for 12 ejaculates) 

Days of storage at  5 C 
Glgcerolization -- - 

method 1 2 3 4 6 8 10 12 Mean 

Completc 49 46 39 35 " 21  I 5  5 "  2 b 26.7 
All at  once 6 1 "  5 9 "  5 8 "  5 5 "  51 '  40" l a  8 ' + b 4 3 . 8  
Stepwisc " 65V 65'  64" 64'  5 6 "  40 " 18" 11 ' 48.0 
Stepwise ' 6 6 "  66"  62 a 60' 54 43 " 22" 12;  48.2 
Skimmilk alone 6 8 "  6 8 "  66a 60'  38 1 3 b  4 b  0 39.5 

". b. " Means within a particular day followed by different superscript letters are different 
a t  the 1% level of probability (Duncan's New Multiple Range Test). 

Three additions (20, 30, and 50%) a t  10-mi11 ~ntervals. 
' Six equal acl(1itions a t  5-min intervals. 



The mean percentages of motile sperm fo r  ten 
ejaculates frorn eight hulls (Tahle 2)  gen- 
erally declined in completc. SG diluents as the 
percentage of glycerol increased frorn 5 to 13yo. 
Mean livability in diluer~ts containing 5 and 
7%, glycerol did not differ significantly, hut 
each was highly significantly superior (P  < 
0.01) to complete diluents containing 9, 11, or 
13y0 glycerol. The latter three complete di- 
luents also were inferior (P < 0.01) to the 
stepwise skimmilk-13% glycerol control. Based 
on the MRT, within any particular day the 
complete SG diluents containing 5 and 7% 
glycerol and skimmilk alone also maintained 
motility during the first eight days of storage 
not significantly different from that in the step- 
wise control. Beyond the eighth day, the 5 
and 7% glycerol levels were superior to the 
skimmilk control (P < 0.01). 

Approximately 10 to 20% of the sperm di- 
luted in complete SG diluents containing higher 
glycerol levels exhihited ahnormal motility. Af- 
fected sperm moved in circles or backwards as 
a result of bending of the flagellum a t  the junc- 
tion of the tail and midpiece. Defective 1110- 
tility was most evidrnt in complete 11 and 13% 
glycerol diluents. ISowever, no ahnonnal mo- 
tility was noted in the con~plete 5% glycerol, 
stepwis1+13% glycerol, or skiirrmilk control 
diluents. Ahnorn~al motility appeared in two 
and four of the ten ejaculates diluted in com- 
plete SG diluents containing 7 and 9% glyc- 
erol, respectively. 

Esprriment J. Since sperm livahility was 
siguifioantly lower in co~nplete SG diluents con- 
taining more than 7% glycerol, the effect of 
glycerol level on sperrn livahility was deter- 
mined when partially diluted sernen was glyc- 
erolated in  a cold room rather than a t  room 
ten~perature. Glycerol levels of 5, 10, and 20% 
by volume were tested with thc following riieth- 
ods of glycerolization : ( a )  stepwise, glycerol 
fraction added a t  5 C in three equal portions 
a t  10-min intervals; (h) dropwise, glycerol 
fraction added during the cwoling process by 
allowing i t  to drip slowly from a separatory 
funnel suspended over the partially diluted 
semen; and (c) all a t  once, glycerol fraction 
added a t  5 C in  one step. Total voluuie of the 
glycerol fraction was 25 ml. 

Analysis of variance for  ten ejaculates froni 
ten hulls showed highly significant differences 
among glycero1iz:~tion methods and a.mong glyc- 
erol levels (Tahle 3 ) .  Thc levels X methods, 
methods x days of storage, and levels X lneth- 
ods X days of storage interactions were not 
significant. 

In  view of the highly significant levels X 

days of storage interaction, MRT w::s used to 
con~pare nrotilities fo r  the three glycerol levels 
a t  each day when averaged for  the four tnethods 
of glycerolization (Tahle 3) .  The 20% glycerol 
level was consistently inferior (P  < 0.01) to 
the 5 and 10% levels throughout the 14-day 
storage period. A concentration of 5% glyc- 
rrol was superior to 10% glycerol a t  the 1 or  
5% probability levels only during the n~iddle 
of the storage period (third to the eighth days). 
None of the treatments showed ahnormal mo- 
tility, as was encountered in the previous cs- 
~ e r i ~ n m t  with cotnplete SG diluents. 

Colnparison :nnong the three levels of glyc- 
erol revealed a highly significant inlprovcment 
in mean livahility with each reduction in glyc- 
erol from 20 to 10 to 5%. At the 5% level, 
livahility apparently was not affected riiaterially 
by method of glycerolization. I-Towever, a conl- 
parison of mean livahility anlong the three 
methods of glycerolization showed the step- 
wise method to he highly significantly superior 
to hoth the dropwise and all-at-once methods 
(P < 0.01). 

R:r;pcrirrbc?nt 4. Because 5% glycerol ~nain-  
tained motility supcrior to the 10% glycerol 
levrl in routine field use a t  that time, a split 
c,j:iculate fertility trial was conducted fro~rl  
June 2 to July  18, 1958. After diluting to one- 
half the final volume in heated skinnnilk and 
cooling to 5 C, each ejaculate was divided into 
two aliquots. Skin~n~ilk-10% glycerol was added 
to one aliquot and skirnmilk-20% glycerol to 
the other, using t h e e  equal additions a t  10-rnin 
intervals. To insure greater use of semm on 
Days 3 and 4, par t  of the semen involving hoth 
trcatnrcnts was shipped the day after collec- 
tion and not usrd on Day 1. 

The average 60- to SO-day nonreturn rates 
for t h ~  112 ejaculates from the two Guernsey 
and five Holstein bulls are shown in  Tahle 4. 
The mean fertility fo r  skimmilk-5% glycerol 
was 1.3 percentage units lower than that for  
skimmilk-10% glycerol. Neither the mean dif- 
ference nor any of the differences by day of 
use were significant. 

These data show that the effectiveness of 
in the maintenance of sperrn motility 

in 5kimmilk diluent is dependent on both the 
lcvrl of glycerol and the method of glycerol 
addition. Tn Experiment 1, livahility was pro- 
longed in skimwilk-13% glycerol diluent as 
conrpared to a nonglycerolated skinlmilk di- 
luent. However, i t  was necessary to glycerolate 
tht, partially diluted senlrn a t  5 C to ohtain 
con~par:lhl(. sper111 motility during the first 
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TABLE 2 

Effect of glycerol level 011 the livability of spermatozoa in complete skimniilk-glycerol diluents 
(Mean percentage of motile sperm in ten eqaculates) 

Days of storage a t  5 C 
Glycerol - 

level 
- - 

1 2 3 4 6 8 10 12 14 Mean 

(%) 
5 68' 68' 65 '  60' 53" 4 e S n h  4 1 b  3 Z a n b  2 4 " * h  50.8 
7 65 a. h 63 L. 1' 61 6. b 58 b 48 h 45 a. 1" 39 b. ' 33 '. 23 48.3 
9 59 b, C 58 b, ' 58 52 11. E 45 b. C 39 b! C 35 b. C .  27 b. E 21 b. c 43.8 

11  59 b. ' 52 e, " 4$) 47 ' 42 b. ' 38'. 'I 33 '. 26 b. 18 b. 40.4 
13 54"  50 " 49 4.6' 39 '  32 39' 22 20 37.9 

13-stepwise 69" 66"  65 " 61 " 53 51 " 4 a 37 " 30 ' 52.9 
Skimmilkalone 70" 69" 67 61"  55 '  44a.b.c  31" 2 4 "  1 6 '  48.6 
-- -- - -- - 

b. '. *Means within any particular day followed by different superscript letters are 
different a t  the 1 %  level of probability (Doncan's Nelv Multiple Range Test). 

TABLE 3 

Effcc*t of glycerol level and method of glycerolization on the livability of spermatozoa in 
skimmilk-glycerol diluents 

(Mean percentage of motile sperm for  ten bulls) 

Qlycerol- Glyc- Days of storage a t  5 C  
izntion erol 
method level 1 2 3 4 5 6 8 10 12 14 Mean 

Stepwise 10 
20 

Mean 

5 
Dropwise 10 

20 
Mean 

All a t  o~ice 10 
20 

Mean 

Mean 

". b. 'Means within a particular day followed by different superscript letters are different 
a t  the 1% level of probability; * indicates statistical difference within a group a t  the 5% 
level of probability (Duncan's New Multiple Range Test). 

TABLE 4 
Fertility of semen diluted with heated skimmilk containing 5 mu1 10Y0 glycerol 

No. first services Per  cent nonreturns 

Age of 5% 10% 5 % 1070 
semen Glycerol Glycerol Glycerol Glycerol Diff. 

Day 1 a 2,099 2,119 73.4 74.0 +0.6 
Day 2 1,109 1,480 73.6 70.2 -3.4 
Day 3 599 63 7 64.1 67.5 +3.4 
Day 4 740 823 58.2 67.1 +8.9 

Total 4,547 5,059 
Mean 69.7 71.0 +1.3 

" Day after semen rollection. 



four days of storage in the two diluents. I n  
Experilnrnt 2, there was a general gradual 
improvctnent in sperln livability as  the level of 
glycerol in c~o~nplete SG diluents was reductd 
from 1 3  to 5%. I n  addition, sperm diluted in 
conlplete SG diluents containing Inorr than 5% 
glycerol showed abnonnal motility, due to :I 

bending of the flagellum at  the jutletion of' 
the mid-piece and tail. 

De Groot (5)  suggested that the phenotnenon 
of bent tails may he caused by the rapid plas- 
molysis of a protoplastnic remnant in a hyper- 
tonic glyeerol diluent. The report by O'Dell 
et al. ( l l ) ,  that glycerol enters the spertn cell, 
offers a possible explanation for the absence 
of abnorlnally motile sperni in diluents glyc- 
erolated a t  5 C. I t  is possible that when glyc- 
erol is added slowly to partially diluted selnen 
a t  5 C, or added in low eoncentmtions, that 
sufficient time is allowed for estahlishtnent of 
osnlotic equilibriu~n before sperm ultrastructure 
o r  motility is  affected. 

Comparison of published reports on inclu- 
sion of glycerol in liquid senlet1 diluents is con- 
founded by variations in glycerolization pro- 
cedure. Albright et  al. (1)  reported that spenn 
in v;rrious trlilk and egg yolk dilucnts contain- 
ing 7.5% glycerol generally slio~ved lower mo- 
tility irnlnediately after dilution, hut that trio- 

tility declined a t  a slower rate during storagr 
than in the same diluents without glycerol. They 
added semen directly to the con~pletely formu- 
latc!d diluents a t  32 C. A sitnilar depression of 
initial ntotility in complete milk-glycerol dilu- 
ents was obtained in Experiment 3. Later, Al- 
bright et al. (2)  reported no significant dif- 
ference in sperm lnotility a t  seven days of 
storage a t  5 C when 7.5% glycerol was added 
stepwise a t  5 C or presc~nt in the diluent prior 
to setnen addition a t  32 C. I n  Phperinlent 1, 
when 13% rather than 7.5% glycerol was 
studied, stepwise addition a t  5 C maintained 
highly significantly superior ~notility during 
14 days of storage than direct addition of se- 
men to the conipletely fortnul;lted diluent a t  
room tetnperaturc. A rec.c!nt fertility study 
(8) provides indirect support for the finding 
in Experiment 1. A marked reduction in con- 
ception rate occurred for setnet1 diluted in re- 
constitntc.d skimmilk powder containing 10% 
glycerol at  the time of semen addition, as eom- 
pared with the pondered skilnn~ilk without 
glycerol. This finding conflicts with other re- 
ports (4, 16) which show that inclusion of 10% 
glycerol in 111i1k diluents in~l~roved fertility. 
Tn the latter research, however, the glycerol 
fraction was added stepwise to partially diluted 

sclmen a t  5 C rather than adding thc. semen 
directly to tlie colnplete diluent. 

I n  E:sprrilnent 3, livability following step- 
wise addition of glycerol a t  5 C was highly sig- 
nificantly superior to that for  either thr drop- 
wise or all-at-once methods. The rc1latively poor 
livability rt.sults ohtained ~vitli tlie dropwisr 
 neth hod may be accounted for  partially by the 
difficulty encoutiteretl in regulating thr rate of 
addition with thc3 sn~:lll volunles (35 1111) nsed 
under cxperilnental conclitions. Irrespective of 
nirthod of glycc~rolization, livability improvc~cl 
with e:lch reduction in the glycerol level from 
20 to 10 to 5%. This finding is in contrast to 
work with glycrrolnted egg yolk-citrate di- 
lutwts in which glyc~rrol levels as  high as 30% 
had little effect on sl)ernl livability (9).  

The first reports on improved fertility with 
inilk dilnents when glycerol was added i1ivo1vc.d 
only the 10% level of glycerol (3, 6, 16).  I11 

the. present study, skitnlnilk diluent containing 
5% glycerol maintained significantly better trio- 

tility than higher concentrations of glycerol. 
Ilowc.vrr, in a fertility trial comparing 3 ilnd 
10% glyecrol, the 10% 1evc.l averaged 1.3 pchr- 
cc~titagcl units higher than the 5y0 level; a non- 
significant d~fference. This result is in direct 
c21)ntrast to laboratory findings that 5% glye- 
erol ~ni~intilined a higher level of motility than 
10% g1ycc.rol on the tllirtl and fourth days of 
storage. I n  :I rrcoent report from this labora- 
tory ( A ) ,  there was no significant difference in 
fertility of scXmen in holnogenieed tnilk diluent 
caontaining 10 and 15% glycerol. 

Although the livability data presented in this 
5tndy subst:lntiate other reports (1, -1, 6, 12, 
15) that glycaerol enhances spe rn~  livability in 
licluid setnen diluents, little information is 
availablth to  adequately explain the specific role 
of glycclrol in diluents stored a t  5 C. Studies 
in this laboratory (11) and elsewhere (7)  have 
shown that sperm can nietabolize glycerol. 
0'1)rll et  al. (10) have sho~vn that the addition 
of glyc.t.rol to conlmonly used semen diluents 
has a depressing effect on lactic acid produc- 
tion by spnln .  IIowever, whether the beneficial 
role of glycerol in liquid semen dilucnts is pri- 
n1:trily tnetaholie or physical in nature rc.tnains 
to be tlrtnonstrated. 

l'lle :111tl10rs gratefully arkno\vledge the nssist- 
nnce :11lt1 ~oopcrntiotl of the ~)~rsonnel of the 
Sonthr:~stc>rt~ Pennsylvania. Artificial Rreedit~g Co- 
ol)erativc, Lnncnstcr, for cnrl.yi11g out tltr details 
of tile fir111 trial. 
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SPERY OITTPTTT O F  DAIR,Y BULLS WITI-I VARYING DEGREES OF 
SEXUAL PREPARATION 

II. D. HAFS, R. C .  KNISELY, AND C .  DESJARDINS 
Department of Dairy, Michigan State University, East Lntisirig 

The sperm output value of false mounting relative to other sexual prepara- 
tion stimuli was assessed by ejaculating 151 ~iiature dairy bulls m-eekljr fo r  ten 
consecutive weeks after imposition of zero, one, two, or three fahe  mounts 
during a planned duration of 0, 5, or 10 min of active sexual preparation. 

The average values for motile spenn per ejaculate obtained from the hulls 
with a planned duration of 0 min were 4.95, 8.35, 10.12, and 9.84 billion for  
zero, one, two, and three false mounts, respectively. The co~nparablr averages 
for  the bulls with a planned duration of 5 min were 10.2'2, 10.14, 10.99, and 
12.66, respectively; and for the bulls with a pli~nned duration of 10 niin were 
11.61, 12.35, 10.94, and 14.31, respectively. 

The averages of 8.32, 11.00, and 12.30 billion motile sperm for 0, 5 ,  and 
10 ~ n i u  of preparation, respectively, differed significantly ( P  < .01). Similarly, 
the averages of 8.93, 10.28, 10.68, and 12.27 billion motile sperm for zero, one, 
two, and three false mounts, respectively, differed significantly ( P  < .01). This 
reqnlt is primarily a factor of volume of semen per ejaculate, which was sig- 
nificantly (P = .02) affected by the number of false mounts; whereas, the eon- 
centration of sperm was not ( P  -- .29). 

The evidence supports the contention that the various sexual preparation 
stimuli are additive and that they conform to Feehner's Law. 

Early in the history of practical artificial 
insemination of dairy cattle, Lagerlof (9)  oh- 
served that bulls frequently yielded first rjacu- 
lates with few or no sperm. An improvement 
on this situation was reported by IIellstro~n 
(8) ,  who found that restraining bulls for  a 
few minutes heforr ejaculation resulted in 
larger se~ninal volumes. 

Collins cat al. (4) wcire the first to publish 
quantitative infor~nation concerning pre-ejacu- 
lation sexual preparation of bulls. They con- 
cluded that about 10y0 Inore motile sperm could 
hr obtained hy i~nposing one false mount he- 
fore ciaculation. Branton et al. (2)  obtained 
a similar increase as a result of imposing one 
false mount and found that one false mount 
was essentially as efficient as two in terms 
of spe ln~  output. Subsequc.ntly, Altnquist et al. 
(1)  and Crotnbach (5) presented data to sup- 
port the view that restraining bulls in the 
vicinity of a stin~ulus animal for  several min- 
utes may increase the sperm output by a 

quantity similar to that expected from one or 
nlorc false mounts. 

Although false mounting is  apparently an 
efficient and effective method of sexual prep- 
aration in trrtns of sperm output, i t  increases 
the possibility of injury to bulls. Provided that 
one could ohtain quantities of sperm compar- 
ablr to those expected from false-mounted bulls, 
a ~.estrained  neth hod of st,xual preparation 
~vould seem preferable, since it reduces the risk 
of bull injuries. 

The experiment reported herein was under- 
takrn to Inore accurately evaluate the sperm 
output effect of false-mounting mature dairy 
hulls within various durations of sexual prep- 
aration. 

EXPERIMEXTAL PROCEDITRES 

A previous study (7 )  indicated that, in rt 
two-trc.at~uent sperm output experiment, one 
should include a t  least ten bulls per treatment, 
with at  le:~st ten ejaculates per bull, in order 
to havc a 90% chance of detecting a treatment 

Rceeivrd for publicatio~~ Marrh 00, 1960. 
differrnee of seven billion sperm per ejaculate 
a t  the 5% level of significance. Since only 20 

1 ~~~~~~~l Article NO. 2951 from the Miclligan to 30  nature hulls from the Michigan Artificial 
Agricultural Experimcx~t Station. Breeders Cooperative were available for the 
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experiu~ent a t  any given time, the experiment 
was conducted two treatments a t  a time and 
the order was selected a t  random. As a conse- 
quence, most of the bulls were used on more 
than one treatment, although the analysis of 
the results ignored this fact. Age of bull was 
not considered in the design of the experiment. 

Available hulls were randomly allotted to 
treatment ignoring breed, since previous work 
(6, 7) had shown negligible differences among 
breeds with regard to sperm output. Each bull 
was maintained on a particular treatment for  
ten consecutive weeks, during which first ejacu- 
lates were collected a t  weekly intervals. A sec- 
ond ejaculate was taken only when the first 
contained a quantity of sperm insufficient to 
rtleet the requirements of the Cooperative. After 
ten first ejaculates had been obtained froin any 
bull on a particular treatment, a t  least one 
 non nth was allowed to elapse before that bull 
was assigned to another treatment. 

The design of the sexual preparation treat- 
rnents involved cornparison of zero, one, two, or  
three false mounts imposed during an  intended 
0, 5, or 10 tnin duration of time. False ~riounts 
were distributed throughout the period of prep- 
aration and the intervals between false mount- 
ing were occupied by active encouragement of 
the bulls in the vicinity of stimulus animals. 
This encouragement amounted to movement of 
the sti~uulus animal, exchanging stimulus ani- 
mals, changing the location of preparation, 
or  combinations of these. These three fac- 
tors were varied among bulls according to 
recent experience with each bull and aco rd -  
ing to the planned duration of prepara- 
tion. I f ,  in the opinion of the rnen handling 
the bulls, a bull wits not being adequately stirnu- 
latcd by the procedure then in use, one or more 
of the three factors was varied until adequate 
stinlulation was achieved. The number of stim- 
ulus ani~nals and the number of preparation 
locations were recorded during sexual prepara- 
tion previous to each ejaculation. 

As a measure of the libido of the bulls, the 
vigor of thrust was rated one when neither rear 
foot moved, two when one rear foot moved, or 
three when both rear feet moved a t  the ~noment 
of ejaculation. Ejaculation time, defined as 
beginning a t  the end of sexual preparation and 
ending a t  the moment of ejaculation, was re- 
corded for a similar purpose. 

1nnnedi:itely after the semen samples were 
collected, the volume of semen, per  cent of 
motile sperm, and sperm concentration were 
detern~ined according to the procedures de- 
scribed by Killett  and Salisbury (10) and by 
Bratton e t  al. (3) .  The analyses of variance 

of the results considered five sources of varia- 
tion : the duration of preparation, the nuinber 
of false mounts, bulls, ejaculates, and an inter- 
action between the first two. The duration of 
preparation and the number of false ~nounts 
were considered to be fixed and factorial, 
whereas bulls were considered to be random and 
nested within treatment, and ejaculates were 
considered to be random and nested within hulls. 
Identical analyses were made fo r  volun~e of 
semen, per cent of ntotile sperm, sperm per 
niilliliter of semen, nuinber of sperm per  ejacu- 
late,   no tile sperm per ejaculate, vigor of thrust, 
and ejaculation time. 

RESULTS 

The availability of bulls resulted in the dis- 
tribution of bulls among treatments shown in 
Table 1. The total of 151 bulls was con~posed 

TABLE 1 
Sumbers of bulls per treatment 

Planned 
minutes Number of false mounts 
of prep- 
aration 0 1 2 3 Total 

Total 36 40 37 38 151 

of 93 Holsteins, 20 Guernseys, 19 Jerseys, 12  
Brown Swiss, and seven A y r ~ h i ~ e s ,  ranging in 
age from 2 to 15 yr. 

The observed duration of preparation was 
computed by adding the time required to ob- 
tain the planned number of false mounts and 
the ejaculation time. The averages of these 
sums are presented in  Table 2. The average 
numbers of stimulus animals and stimulus lo- 
cations are also recorded in  Table 2. 

Averages for  the spernl output criteria fo r  
each of the 12 treatments are presented in 
Tahle 3. A sulnmary of the probabilities ob- 
tained in the analyses of variance fo r  these 
five spertn output criteria is  presented in Table 
4. That the differences among the averages fo r  
the three durations of preparation were sig- 
nificant (P  < .02) for  each of the five sperm 
output criteria is illustrated by the fact that 
those bulls given a planned 5 min of prepara- 
tion yielded 30% more sperm than those given 
a planned 0 lnin of preparation. Ten minutes 
of preparation resulted in a 12% average in- 
crease in sperm output as compared to 5 min. 

Sperm output diffcvnees among the four 
numbers of false mounts were significant fo r  
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TABLE 2 

Averages for the characteristies of sexual preparation 

No. of No. of No. of 
Plaltiled falsc Observed stimulus stimulus 
minutes n~oultts miitutes animals locations 
of prep- per of prep- per per 
aratiorl e,j:~culn te ar:~tion ejaculate ejaculate 

TABLE 3 

Averages of the sperm output criteria 

No. of 
Planned false 
niiiiutes mounts Volume 

Sperm 
p?f Motile 

milliliter Snerni snertn -. - - 
of prep- per of Motile of Per per 
:(ration cj:~rulnte semcn sperm semen eiaculate eiaculate 

Avg 

Avg 
- -- 



SPERM OUTPUT OF BULLS 

TABLE 4 

Level of significal~ce (PI) for each measurable source of variation 
analysis 

Degrees Volume 
Source of of of 
variation freedom semen 

Mi~~utes of preparation 2 <.01 
No. of false mounts 3 ~ . 0 2  
Treatment interaction 6 s . 4 4  
Bulls within treatment 139 <.01 

Sperni 
4ef mill~l~ter 

Motile of 
sperm semen 

<.Ol ~ . 0 2  
=.02 z . 2 9  
=.52 s . 0 4  
<.01 <.0l 

volume of semen ( P  -- .02), per cent of motile 
sperm ( P  = .02), total sperm per ejaculate 
( P  < .01), and motile sperm per ejaculate ( P  
< .01), but not for sperm per milliliter of 
semen ( P  = .29). The values in Table 3 indi- 
cate that, on the average, each additional false 
mount resulted in nearly 1.5 billion additional 
sperrn per ejaculate. This result is primarily 
a factor of volume of seinen per ejaculate, since 
the number of false mounts did not significantly 
affect the concentration of spenn in the semen 
( P  -- .29). However, this result may not be 
accepted at  face value, because the interaction 
between number of false mounts and duration 
of preparation was significant ( P  = .04) in 
the analysis of the concentration of sperin in 
the semen. This reflects the fact that addi- 
tional false mounts dld increase the eoncentra- 
tion of sperni in the semen from bulls given a 
planned 0 niin of preparation, but not those 
given a ~ l a n n e d  10 min of preparation. 

In  contrast, the treatinent interaction did 
not approach significance for volume of seinen 
( P  -- .44) or for per cent of motile sperm 
( P  = .52). I n  view of these facts, the signifi- 
cance levels of the treatment interaction for 
total sperm per ejaculate ( P  = .09) and motile 
sperm per ejaculate ( P  = .14) largely reflect 
the significant treatment interaction in the 
analysis of the concentration of sperm. Bulls 
differed significantly ( P  < .01) in each of the 
five sperin output criteria analyses. 

for each sperm output 

Total Motile 
sperm sperm 

per per 
ejaculate ejaculate 

The average ejaculation times are shown in 
Table 5. The duration of preparation had no 
effect on this criterion (P = .23), but those 
bulls given no false mounts had significantly 
longer ejaculation times ( P  < .01). The analy- 
sis of the data for thrust potential revealed 
no significant treatment effects ( P  > .50), with 
the 12 treatment averages ranging only from 
2.84 to 2.98. 

Exalnination of the data for thrust potential 
revealed that, for each of the 12 treatments, 
more than 90% of the ejaculations were rated 
three. Apparently, either much more drastic 
preparation techniques are required to alter 
this Irleasure of libido, or this response is a 
poor rnrasurct of libido. 

The data showing a significantly longer ejacu- 
lation time for those bulls given no false mounts 
were examined to find whether this libido re- 
sponse changed from the first to the tenth 
ejaculate, and no apparent trend could be estab- 
lished. Although these and other libido criteria 
should be measured over longer periods of 
time, the data in the present experinlent reveal 
no detrimental psychological effects resulting 
from any of the 12 methods of sexual prepara- 
tion imposed. 

The fact that the concentration of sperm in 
the se~nen was not significantly affected by the 
number of false mounts but was affected by 

TABLE 5 

Average ejaculation times (minutes) 
-- - 

Planned 
minutes Number of false mounts 
of prep- - 
aration 0 1 2 3 Avg 

0 1.03 0.40 0.38 0.41 0.56 
5 0.35 0.34 0.49 0.26 0.36 

10 0.97 0.25 0.51 0.23 0.49 

Avg 0.78 0.33 0.46 0.30 0.50 
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TABLE 6 
Coded sexual preparation ralues and sperm output per ejaculate for each of tlie sexual 

preparation treatmer~ts 

Pla~nlctl 
mi~~utes  
of prep- 
ar:ltiol~ 

0 

0bsc.rvetl 
minutes 

of 
pr~paration 
- - 

1.0 
2.9 
3.G 
3.7 

5.4 
6.0 
6.7 
6.4 

11.1 
10.4 
11.6 
10.3 

So .  of 
false 

~r~omits 
per 

eiarulate 

Codeti 
])re]).zration 

value 
-- 

Rillio~is 
Logaritl~m of spernl 
of coded per 

value ejaei~late 

the duration of preparation, leads one to sus- 
pect that  there may be a qualitative difference 
between the preparation stilnulus provided by 
the false nlount and other preparation stimuli 
provided in the intervals between false mounts. 
On the other hand, one could interpret this 
result as meaning that the physiological ~ ~ i r c h -  
anis111 involved requires the application of stirn- 
uli over several minutes before exhibiting ap-  
preciahle response. I n  this case, the false inount 
s t i t~~u lus  would not h r  expected to have inurll 
effect, since it occupies so little time. 

Inspection of the 1'2 treatment averages for  
total sperrn per ejaculate (Table 3) reveals 
decreasing increments in spenn output with 
increasing intensity of sexual preparation. I11 

an effort to quantitate this apparent trend in 
the data, a false mount was given an  arbitrary 
value of one, and these were added to the ob- 
served minutes of prepamtion (Table 2)  to 
obtain the coded values for  methods of sexual 
preparation shown in Table 6. Plotting the 
coded preparation values against average sperm 
output per ejaculate resulted in the curve 
shown in Figure 1. Since the curve in Figure 1 
appeared to he logarithmic, the logarithms of 
the coded values were taken as  shown in Table 
6. The correlation coefficient between the log- 
arithnis of the coded values and the averages 
of spernl per ejaculate was 0.92 (P  < .01), 
indicating that  the coded values fo r  method of 
sexual preparation ]nay be of value in pre- 
dicting sperm output. The rrgression of spcrln 
output ( Y )  on the logarithni of the coded 
~nettiod of prepi~rntion (X)  is shown in Figure 
2. 

These considerations seem to support the 
contention that  the various sexual preparation 

SEXUAL PREPARATION CODE 

Fro. I. Graplt of average .ipernl output 011 
eotletl sexual preparation values. 

stitnuli in~posed upon the hulls in this esperi- 
nirnt were additive. Furthermore, the logarith- 
niic nature of the curve in Figure 1 leads one 
to suspect that these responses ohey Fechner's 
Law: "The intensit1 of a sensation produced 
hy a varying stiniulus varies directly as  the log- 
arithm of that stinlulus." However, proof of 

0 01 0 2  0 3  0 4  05  0 6  0 7  0 8  0 9  1 0  11 12  13  

LOGARITHM OF SEXUAL PREPARATION CODE 

FIG. 2. Regrcssion of .?\crape sperm output 
( Y )  on the lognrithni of the eodetl sexual prepara- 
tion values (X) .  
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these principles must  come froin another ex- Production to Sexual Excitement of Dairy 
perirnent, because the present  considerations Bulls. J. Dairy Sci., 34: 224. 1951. 
constitute reasoning a f te r  the  fact. (5) CRONBACH, J. J. M. L. De Invloed van 

voorbereiding voor het Dekken op de Sper- 
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TECHNICAL NOTES 

E F F E C T  OF N E U R . A M I N I D A S E  ON K-CASEIN 

1nterc.st in sialic acid (S-Aretyl Seura~ninic  
Arid, NANA) has extended into the field of 
milk protc.in chemistry. This carbohydrate has 
been idmtificld as  a constituent of human milk 
oligosaerharides and appears in dialysates of 
bovine colostrun~ (4).  S A N A  appears in the 
glyro-inaeropeptide (GXIP) which is  released 
frotn whole casein by the nrtion of rennin 
(2, 7, 9 ) ,  and exists in qeveral minor protein 
fractions of bovine Inilk (11). Dtunaq and 
Alais (3)  recently isolated, crystallized, and 
characterized NANA obtained from bovine 
casein. 

The presence of strongly hydrophilic NANA 
in K-casein (1) has prompted us to detwn~ine 
t , h ~  nossible role of this earbohvdrate in the ... 

sta.hiiization of am-casein in t he  presence of 
Ca". This paper reports the effects of neu- 
raniinidase (NANAsc) on the release of SASJA 
from K-casein nnd its effect on the stahilizlng 
power of K-casein. 

K-Casein was prepared by the improved 
method of JIc.T<enzie and Wake (8). The K- 
casein obtained by this iuethod was essentially 
free of conta~nination in starch-gel-urea elec- 
trophoresis (S) ,  possessed an  S,, of 11 a t  p H  
6.98, r/'L = 0.20 in the phosphate buffer of 
SVaugh and von Hippel ( I s ) ,  and was an  ex- 
cellent stilbilizer of as-casein in the presence 
of Ca". The K-casein contained 0.22y0 phos- 
phorus nnd 2.5y0 KANA. Thrrc: hundred ~riilli- 
gralns of K-casein was dissolved a t  p H  8.5 in 
a volurne of *5S 1111 and adjusted to p H  7.0. One 
and two-tenths milliliters of V. cholerae 
KANAsc, supplied by Behringwerke A. G.,' 
JLnrhurg-Lahn, Gertnany, with an  activity of 
200 units per milliliter, was added to the pro- 
tein solution a t  37C. The final p H  of the 
solution was adjustrd to 6.0 with 0.1 x IIC1. 
Aliquots i n  which NANA was to he drter- 
n~ined were ~vithdrawn a.fter the reaction had 
proceeded for  0, 15, 30, 60, and 180 ~n in ,  heated 
to SO C fo r  'I ~n in ,  rooled, and dialyzed a t  4 C 
against several rhariges of distilled water. 
NANA concentrations were detern~ined using 
the resorcinol tncthod of Svennerholtll ( l o ) ,  with 
a, acid glycoprotein (orosomucoid) as a second- 
ary  standard for  KANA. After the above reac- 
tion times, alirluots were also withdrawn fo r  de- 
tertnination of stabilizing power by the method 
of Zittle (16) ,  and the tests run itnmediately. 

Measurc.~nents of the concentration of NANA 
remaining after dialysis revealed that V. chol- 
erae XAKAsc liberated NASA from K-casein 
a t  a rapid rate (Figure 1). Thon~pson et  al. 
(12) observed electrophoretic alterations in 

' I t  is not implied that the U. S. Department of 
Agriculture recomnlends the above coinpany or its 
product to the possible exclusion of others in 
tlie snmr l~nsiness. 
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T I M E .  H O U R S  

FIG. 1. The release of NANA from ~-caseill by 
XANAse as a function of time. 

influenza virus reaeptor destroying enzyine 
( l I l )E)  -treated ( 3 )  sodium caseinate which 
thry attributed to a rcllease of NANA. Although 
Thompson et al. (lid not denlonstrate NANA 
release fro111 \vholr casein, Jollks and Alais 
(1, 7 )  showed that V. cholerae (IIDE) attacked 
the GMP obtained fro111 whole or K-casein and 
liherated 80 : ~ n d  66y0 XANA, respectively, 
f r o n ~  the two pcaptides. Jackson (6)  observed 
that NilNAsc releases NANA froill a glyco- 
peptide oht:~ined from the intc.rfacial protein 
of bovine n~i lk  (5). Thon~pson and Brunner 
(11) had discovered earlier that n similar pro- 
tein cont:~inrd about 2% S A S A ,  but did not 
ascertain the effect of KANAsc on its release. 

The action of SANAse on K-casein NANA 
discloses the position of this carbohydrate in 
the K-casein ~nolecule. First, the release of 
S A S A  is evidence that it occupies a position 
terminal to an  adjacent sugar residue in a 
disi~cnharide, trisaccharide, o r  polysaccharide 
because the action of SANAse is contingent 
upon this rondition (4).  The studies of Alais 
and Jollks (1)  have shown that  KANA is ter- 
n ~ i r ~ a l  in the GMP. Secondly, NANA is prob- 
ahly joined to  either D-galactose o r  D-galac- 
tosatnine through a n  a-glycoside (a-keto- 
sitlv) linkage (4). Both of these carbohydrates 
arc. constituents of K-Casein (1). Studies cur- 
rently in progress in this laboratory on the 
GIIP are designed to deterniine the partner of 
S A S A  and the carbohydrate-arnino acid link- 
age between the polysaccharide n~oiety and 
polypeptide portion of the molecule. 

'94 
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Figure 1 shows tl121t within 1 h r  of reactidn 
approxilnately 40% of the YANA had heen 
released from K-casein by S A S A s e .  Af te r  3 
hr, about 69% of the total NANA had  hehn 
released, whereas a f te r  4 h r  (not  secln i n  F ig-  
ure  1) 82.5% of t h e  total S A S A  had been 
released. Af te r  longer reaction times, a 100 P release of th r  carbohydrate could not  be I - 
alized. Examination of the enzyme-reacted K- 

casein by starch-gel-urea electrophoresis (13) 
revealed n o  change in  the  pat tern a s  a res  It 
of the enzyme treatment. The protein c&- 
tinued to smear, a s  did the untreated control. 
A t  p H  6.98, r / 2  = 0.10, phosphate buffer, and  
p1-I 8.6, r / 2  = 0.10, veronal buffer, in  free 
boundary electrophoresis, the enzyme-reacted 
K-casein migrated a s  one symmetric eon~ponent. 
The enzylne did no t  a p p e a r  t o  alter the protein, 
except f o r  a slight decrease in  electrophoretic 
mobility which resulted fro111 the loss of neg- 
atively chnrged S A N A .  

When NANAse treated K-casein was exam- 
ined f o r  its abllity to stabilize as-casein ( F i  
u re  2) ,  i t  m s  observed t h a t  a loss of stabilb: 

0 I I I I 
0 0.03 0.06 0.08 0.12 

R A T I O  & I 
FIG. 2. Stabilization of as-casein by K-casehs 

trr :~ted wit11 NANAse for various periods of time. 

ing power of ~-casc.in occurred within the first 
hour of enzyme rt.action where the greatest 
amount (40%) of NANA was released. H o p -  
ever, the protein st111 stabilized approxitnately 
80% ( ~ / a .  rat io of 0.12) of the as-casein even 
a f te r  removal of 69% of the S S N A .  

The decrease in  stabilizing power of K-casdin 
a s  a result of the release of N A S A  was not  un- 
expected considering TVaugh's (14) proposed 
structure of the casein miccllle consisting, in  
part ,  of as-K-casein. Waugh has depicted tdd 

a portion of the K-rasclin lnonomer projects 
from the a,-K co~nplex into the surrounding 
n~edium. Presn~nahly,  this portion of K-casein 
is  the hydrophilic o r  glrco-~~~acropepticle por- 
tion of t h ~  n~olecule. The release of any  hydro- 
pliilic, groups fro111 this portion of K-casein, 
n a n ~ e l v  S A X A ,  would result in  a less solublr 
K-e:isein wl~ic*h 117onld lead to a decreascxd corn- 
p l r s  solubility. 

111 addition to N A S A ,  we feel tha t  other 
111oic.ties of K-casein, f o r  example, the carbo- 
hydrate ren~nining a f te r  XANA removal, phos- 
phatc. groups, and  possibly -S-S groups con- 
tribute to  tl~c. ability of K-casein to for111 mi- 
celltls with a,-casein in  the presence of ca". 

The. observntion thz t  a loss of S A N B  alters 
a part icular  property of a protein is not pe- 
culiar to  ~-csi~sein. S A S A s e  t rea tn~ent  of the 
follicle-still~ulating hormone, f o r  example, causes 
this n~ueoprotcin to lose 97% of i ts  biological 
activity (4) .  

A l .  P. TEIOMPSON 
AND 

L. PEPPER 
ICastern Regional Research Laboratory ' 
Philadrlphia 18, Pennsylvania 
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MEASITREMEST OF JIETAL LOSS FROM STAINLESS STEELS 
CAUSED BY ALKALINE DETERGENTS I 

Davis (2)  en~phasized tha t  the only roni- 
pletely satisfactory way of testing detergents 
and nlethods f o r  cleaning was to  t r y  the method 
and  the detergent under the existing conditions 
f o r  the detergent operation concerned. The de- 
sirability of evaluating niett~l renloval by de- 
tergents under silnilar conditions is evident. 

A consideration of a, cotnhination of facators 
suggested the colorimetrir diphenylcarbazide 
 neth hod f o r  c h r o n ~ i u n ~  VI to he ;I prolnising 
technique f o r  nleasuring lnetal rc.n~oval fro111 
stainless steels. The postul:ltion was to  measure 
rernoval hy analyzing used detergent. solutions 
f o r  chrotlliuln, done a f te r  the detergent solu- 
tions had been used to clean stainless steel sur- 
faces. Chro~niunl  was selc.cted a s  the index of 
~l~c'titl rentoval brrnuse of its presence in stain- 
less steels. When found in  the used detergent 
solutions, ehrotniuln would prchsutnahly haw. 
h(.c~n re~noved fro111 the stainless steel surface. 
ITnlike iron, chron~iuln is not eon~iiionlp pres- 
en t  in water supplies. Therefore, chronliu~ri 
would not he inlic.rently present a s  a, contan~i-  
nan t  in tc~sting proeedurt~s. Also, the diphenyl- 
c.arhazidt. 111ethod has b6.m reported to  be yuan- 
titatirc~ly sensitive to stnall nlicrogi-an~ quanti- 
ties of chromiutn ( 5 )  and  the co~nposition of 
the surfnce oxide filnls of Types 302B, 304, 
316, 347, and 446 stainless steels has been re- 
ported by Rhodin ( 4 )  to  contain appreci:~hle 
atnounts of chrolniutil. 

EKPERIMEKTATI PROCEDURE 
Three Vollrath seven-liter Type 304 stainless 

steel beakers, bearing the factory identification 
no. 7878, were usrd a s  the test surfaces. A 
prelinlinary run  of 24 h r  with the following 
experimental conditions schrved to  prepare the 
beakc.r surf:~caes f o r  test : Ifiour Iitcrrs of 0.3% 
trisodiunl phosphi~tc. solution was prepared in 
each heakc.r, using (1eionizc.d distilled water  and  

' Journal Article Number 2953, Michigan Agri- 
cllltural Experiment Station. 

rei~gent-grade tr isodiun~ phosphate. Sodiuni 
hypochlorite was added to the phosphatcl solu- 
tions in v;~rying amounts, except f o r  the pre- 
liminary trial, when the roncentration was 100 
p p ~ n  in :111 heakers. The solutions were ex- 
posed to the stainless steel surfaces : ~ t  a tern- 
p(~raturc> of 47 C f o r  48 hr. Tetriperature eon- 
trol \Y:IS acco~nplished by plaring the beakers 
silnultanc~ously in a %-liter water  bath. Con- 
tinuous irnd unifornl agitation was furnished 
hy glass agitators, which were of a n  c.lectrirally- 
driven propeller type. A t  the end of the 48-hr 
ca.uposure period, the solution in each beaker 
was quantitatively transferrcld to a elean four- 
liter I'yres heaker f o r  evaporation. The four- 
liter volunrc. was reduced, without boiling, to 
100 to 1.50 1111 over a low-trnlperature hot plate. 
Thcse clvaporated solutions were, in  turn,  washed 
clu;lntitativt.ly into 2.50-1111 Pyrex  beakers. 

l'lich diphtmylmrhazide procedurc.~ f o r  chro- 
nlintn arlalyses of The Alrlc'rican I'uhlic Health 
Association. American TT7atc.nrorks Association, 
and Federation of Selvage and  Industr ial  
\V:~stes Association ( I) ,  and Uronc, and Anders 
( 6 )  were nlodified 21s follows: 

(:I) CIP:I~ all gl:iss\vare hy  exposure to aqua 
regia f o r  1.5 mnin. Rinse the glassware 
seven times in t a p  water and  three times 
in  distilled water free f rom chron~ium con- 
talninr~tion. 

( I ) )  ,\l:~ke chronr iu~i~  standards hy  placing 12 
g Sa,P04.121-I,O and  25 ml NaOCl in  a 
250-1111 Pyrex  beaker containing approxi- 
111at~ly 150 1n1 deionized distilled water. 
Add varying alnounts of ehrorniurn stand- 
a r d  solution (5 y Cr/ml, KzCr20,, 
acjueous) . 

(c )  Acidify the standard a n d  steel samples to 
p l I  2 with conr. HISO,. 

((1) A (Id 2 1111 5% hydraziuedihydroehloride 
(\v/v, aqueous), n ~ a d e  daily, to each sam- 
plr. Bring just  to  a hoil. 

(8) Bubble air ,  filtered through water, into 
the sarriple until a negative qualitative 
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test for  available chlorine b r  starch iodine 
paper is obtained. 

I f )  Oxidize Cr  to State VI  adding enough 
R,JInO, crystals to  give a residual pink 
upon bringing to a bricf hoil. 

( g )  Cool the samples to room tetnperature in 
u water bath. 

(21) Add a small amount of sodium azidr 
(NaN,) crystals to reduce the residual 
K,I\InO, cwlor. 

( i )  I f  necessary, filter out any precipitates 
with asbestos supported by a coarse 
sintered glass filter. 
Adjust p H  to  exactly 1.9 with a Becklnan 
(Model G )  p H  meter and 1 :10 HASO, 
(v/v, aqueous). 
Add 1 1r11 of 0.25% diphenylcarhazide so- 
lution ( 1  :1 v/v, acetone and water) to 
each colorless sa~nple. Allow 30 rnin for  
color develo~tnent before reading the op- 
tical densit$ (O.D.). 

- 

(1) Quantitatively transfer salnples to 200-1111 
volumetric flasks and n ~ a k e  to volun~e with 
deionized distilled water. Five hundred- 
~n~l l l l i te r  volumetric flasks lriay be substi- 
tuted if color developnlent is intense. In-  
vert three times to  rnix. 

(m)  Check O.D. of all samples, using a Beck- 
inau (Model B )  spectrophotometer e n -  
ploying a wavelength of 543 mp and sensi- 
tivlty of 3. The machine is adjusted to 
zero O.I)., with the blank standard hav- 
ing no chromiuin. 

Michigan State University Dairy Plant de- 
tergents were also analyzed fo r  chrorniunl after 
being used to clean the stainless steel plant 
equipment by recirculation cleaning. The pro- 
cedures outlined above were employed, except 
that three perlnanganate oxidations were sub- 
stituted in place of one. The precipitate was 
filtered off between each permanganate oxi- 
dation. 

TABLE 1 
Cl~rotnium losses from Type 304 stainless steel 
exposed to chlorinated 0.370 trisodium phospllate 

~listilled water solutions measured by the 
diphenylcnrbazide method 

Chromium removed" 

No. 100 ppm 500 ppm 
chlorine chlorine chlorine 

Trial ( p g  Cr) ( ~ g  Cr) ( ~ g  Cr) 
- - 

A 4.0 17.0 107.0 
N 2.0 22.0 136.0 

"Represents pg Cr removed from 1,120 sq cm 
steel by 48-hr esposure a t  47 C. 

TABLE 2 
('llromium removed from 446 f t  of 1.5-itlel~ stainless 

steel pipeline by a chlorinated proprietary 
alkaline detergent as measured by 

r1iphellyIcarl)azicle method 

Available Chromium 
chlorine removed 

Trial ( P P ~ )  

RESUIITS AND DISCUSSIOS 
" Hepresents chromium in a four-liter sample, Metal rellloval fronl stainless steel was in- takell at  an time of 30 miIl in the mash- 

dicated in this investigation to be in the order ille 735 * 5 F. 
of stnall lnagnitude for  any one alkaline deter- - - 
gent exposure period. The data in Table 1 
show the results obtained from a laboratorv ure to effect a separation of the rhrotniurn from 
study of Type 304 stainless steel. The data i ; ~  
Table 2 show the results when the method was 
e~i~ployed to analyze used chlorinated alkaline 
proprietary detergents used in cleaning a co111- 
rnercial systern of stainless steel piping auto- 
nlatically. Chrotniurn loss in both experitnents 
was srnall. However, in the laboratory study, 
the dipht,nylct~rbazide test revealed marked dif- 
ferences in chror~rium loss proportional to the 
amount of hypochlorite present. 

The test appears to  have distinct advantages, 
namely, its sensitivity and practical use under 
field conditions of detergency. To eliminate the 
problems of interferences in analysis, future 
study should be made of a distillation proced- 

the detergent s&nples. Chromyl chloride has 
hern reported hy Hoffman and Lundell (3 )  to 
be volatilized a t  116 C from tnixtures of chro- 
mium, sulfuric acid, and hypochlorites. Alka- 
line detergent salnples would appear to fit, or 
could be made to fit, the conditions for  the 
fortt~ation of volatile? chromyl chloride. I f  the 
chrornyl chloride distillation was efficient in 
removing chromiunl, a diphenylcarbazide deter- 
l t~ir~ation f o r  chrorniutn could be made on the 
distillate. Extreme sensitivity would then be 
i~ttained without the intc:rferences of detergent 
salts, heavy metals, organic matter, and hypo- 
chloritc:~. Success in drvrloping the distillation 
procedure would make available a relatively 
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sin~ple,  rapid lnethod fo r  evaluating corrosion 
of stainless steels. 
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COMI'ARISON OF BITTER FIIAVOR IN C H E E S E  W I T H  
QUININE SULFATE SOLCTIONS 

ing solutions in a random order: two sarnples 
of distilled water and solutions containing qui- 
nine sulfate a t  ZOD, 19D, 18D, 1711, and 16D 
according to Dove's niethod (1)  of expressing 
concentration of taste-stimulating substances; 
fo r  example, 16L) is M/2'"/liter, where 31 is 
the molecular weight of quinine sulfate. The 
tasters were asked to  score the solutions in 
con~parison with cheese Sta.ndards 3 and 5 on 
the whole-nunrber scale of 1 to 6, the score in- 
creasing with bitterness (3 ) .  Each taster scored 
each s a r ~ ~ p l e  of quinine sulfate once during 
each of four tasting sessions. Salnples Tvere 
presented a t  7-inin intervals rather than the 
5-min intclrvals used fo r  chc~esc, because the 
after-taste of the quinine sulfate was inorc 
persistent. 

The results of the colnparisons are  presented 
in Figure 1. Transformation of the quinine 
sulfi~te conrentratioas to negative logarithnls 

Differences in intensities of bitterness among 5 6- 

cheeses h a w  been determined by cornparison 5 
with other cheeses which served as  standard " 
reference points on a nulnerical scale (2 ,3 ) .  % 
The interpretation of such results implies the $ 5 .  

following: ( a )  the reader rnust accept the ac- 2 
curacy of the descriptions of the intensities ap- 
plied to the various points on the scale; (b )  8 4 -  

these descriptions are, i n  turn,  a reflection of 
the acuities for  bitterness of the tasters on the 

'- 
panel; acuities fo r  bitterness in the population 2 
as  a whole vary widely (1 ,4) .  It would be 2 -  

dc~sirable to be able to express the intensities 2 
of bitterness in terms of a ehelnical reference 
standard. This note will describe the compari- 
son of aqueous solutions of quinine sulfate k , 

FIG. 1. Comparison of solutions containing vari- 
011s concentrations of quinine sulfate with 
the cheese standards, showing the 95% 
ro~ifidence limits at  Scores 3 and 5. 

(base of 2)  and of the bitterness scale to angles 
via pc~rcentages ( 1  = 0%;  6 = 100%) yielded 
an  approximately linear relationship between 
the bitterness scores and the concentrations of 
quinine sulfate examined. A regression analysis 
on the transfornied data indicated significant 
differences (P  < 0.05) among the tasters in 
their scoring of the different solutions. From 
the regression analysis, the concentrations of 
quinine sulfate corresponding to Scores 3 and 
5 were esti~nated to be 18.3 and 16.91)) respeot- 
ively. I n  spite of the variation among tasters, 
the 95y0 confidence limits were 17.7 to 18.9D 

with the cheeses used as  reference standards 0.000147 ZOD 0.00149 I ~ D  OD0299 180 0.00597 170 0 .0119 160 G~AMS/LITRE DOVE UNITS 

in a recent study (3 ) .  
Four  tasters were presented with the follow- CONCENTRATION OF QUININE SULFATE 
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and 16.4 to 17.4D1 respectively. There was, 
thus, a clear distinction, on the Dove scale, 
between the bitterness of the two standard 
cheeses. 

According to Dove (I), tasters have high, 
medium, and low acuities for  bitterness, if they 
can detect bitter flavor in solutions of quinine 
sulfate a t  20, 17, and 14D, respectivrly. Some 
individuals, not on the taste panel, did not de- 
tect bitterness in any of the experimental 
cheeses, to some of which the panel gave scores 
as high as  5.  Most people, however, found 
much of the bitter chrese to be objectionably 
so. 

Although the taste of the quinine sulfate and 
sorne of the cheeses would both he descrihed 
as  bitter, the bitter flavor seemed to he different 
i n  character; one definable area of difference 
was that the bitterness of quinine sulfate 
lingered longer in the mouth after expectorat- 
ing than did the bitterness of the cheese. Tast- 
ers on the panel commented that they had more 
difficulty comparing intensities of bitterness 
between cheese and a solution of quinine sul- 
fate than hetween two cheeses. The addition of 
quinine sulfate to cheese did not help this tast- 
ing prohlenl; furthemiore, in order to taste 
as  bitter as in distilled water, the quinine sul- 
fate had to be added to the cheese a t  about 
16  times the concentration. 

Our results show that cheese can he com- 
pared with bitter-tasting suhstauces such as 
quinine sulfate to  obtain an absolute estimate 

of their intensities of bitterness. However, fo r  
c,stimates of relative intensities of bitterness in 
c*hrese, colnparison with standard cheeses ap-  
pears to he more satisfactory. 

D. B. Enrnroxs 
IT. A. J1cGr:c.a~ 
J. A. ELLIOTT 
Dairy Technology Research Institute 

AND 

PAMELA 14. >IoRSE 
Statistical Researrh Service 
Research Branch 
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Ottawa, Canada 
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REhIOVISG RADIOSTROSTII'JI FROM hl1LK-CURREST STATUS OF 
iZ PILOT PLi2XT PROCESS 

1,. F. ~ ~ ) ~ I O N D S O N ,  11. E. \~-.~T.TF,R, A .  11. S.\I)I,ER, F. P. H A S R A ~ I ~ S .  D. G. EASTRRI.~ ,  
J. Y. IIARIEIS, D. H. I<EEFF:R. ASD A. H .  L.\SI)C;REHE 

Dairy 1'roduc.t~ Laboratory 
Eastc.rn Utilization Rest*:~rc.h and DeveIopn~c.nt l)ivision, CSDA 

.\SD 

Division of I<ndiological IIealth. Pnhlic Health Service, l)c.l>tlrtn~rnt of lI(.alth, 
Ednci~tion, and Kelfarc. 

\V;~shington. I). C. 

Stroutiuniw-thr long-li~sting contan~ini~nt that 
results fro111 fallout-can he ren~oved front 
n~ilk. A tentative process for  ren~oving i t  has 
been developed to the pilot-plant stag(,. The 
work is the rrsulb of a cooperative project by 
the Public IIt~alth Service of the Department 
of Health, Education, and TVelfarr, the Agri- 
cultural Resra.rc~h Scrviee of the U. S. Depart- 
~ n e n t  of Agricnlturr, and the 1:. S. Atomic 
Energy C o n ~ ~ ~ ~ i s s i o n .  The pilot plant has been 
set up  in Bt~ltsrille, Maryland, a t  the Dairy 
Products Lahorntory of the ARS Ei~stern Uti- 
lization Itese:~rch and I )evclop~~~cnt  Division. 
The present installation is the result of over 
2 yr  of rrsea.rch a t  this laboratory (2, 3 )  and 
a t  the Itohert A. Taft  S;~nitary Engineering 
Center of the Public Heillth Srlrice in Cin- 
cinnati, Ohio (5). The process is based on 
evidence presented earlier by the University 
of Tennessee (1) and the Canada Departn~ent 
of Agriculture (4) that  s t r o n t i u n ~ ~  could hr 
rmlovecl from milk hy an  ion-exchange process. 

Research with this pilot plant indica.tes that, 
thr process could he adoptcad commercially in 
the (.vent that radiostrontiunl in milk should 
reach dangerous lcvrls. TIowever, study of 
c.ngineering prohlems and further research to 
establish the most economical procedurr are 
needed before the fluid 111ilk supply of the 
TJnited States could he treated expeditiously, 
if such treat~nent should ever heco~nc necrssary. 
This report is not intended to encouragc3 pre- 
n~a tu re  entrnnc.~~ into this teehnienl field hy the 
dairy industry; i t  is presented only as :In in- 
terinl report to acquaint the d a i l ~  industry 
with the presrnt status of the resc.arch. 

PHISCIPLF: OF THE PROCESS 

The process is based on the ion-exchange 
prineiplc. Nilk contaminated with radiostron- 
tiuni is passcvl through a hed of synthetic resin 
ehargt.tl with a nlixed solution of ~ ~ ~ r t a l l i c  ions- 
c a l c i u ~ ~ ~ ,  potassium, sodium, and ~nagnesiuul- 
which are present in milk. As the milk passes 
through the colun~n, the strontium ions in tho 
milk change places with the metallic ions on 
the resin. 

An in~l:ortant feature of the process is that 
the acidity of the milk is adjusted, hefore pass- 

ing it through the resin colun~n,  fro^^^ its nor- 
mal pI1 of 6.6 down to 5.3 or 5.4. At the nor- 
nlal p H  of milk, lnost of the strontiun~ is 
bountl by other n~ i lk  constitt~t~nts and is slow 
to hc, exchanged. Passing 2,5 resin bed volu~nes 
of 111ilk a t  nornlal p H  tl~rough the column re- 
I1lovc.s an average of less than of its 
strontiun~. At  the low pII, strontium is largc4y 
convc.rted to a soluhle and more readily rx- 
changeable fo r~n .  

EFFK('T1VESESS . i S D  ESTl>l.\TED COST OF  PROCESS 

With this pilot-plant process, about 90% of 
the radioactive strontiun~ in milk can he re- 
n~ovt.tl. The process has heen developed to se- 
c.u~,c> ula,xinlun~ rcb~~~oval of strontium'", inducing 
only a. ~ninirnun~ of aclverse changes in the 
111ilk's che~nical co~nposition, physical stability, 
or flavor. The appearance of the treated prod- 
uct is norn~al aftor honlogenization and pas- 
teurization. Flavor scores of the treated milks, 
as judged hy an expert panel, colnp;lre favor- 
ably with the control sa~nples. They usually 
a.rerage ahout 1.0 point below the controls on 
the A.D.S.A. score card. Prorcdures for  mini- 
~nizing changes in the co~nposition of the major 
cations in milk have been worked out. Studies 
on nutritional changes as a result of the ion 
exch:~nge treatment are in progress. 

The cost of materials used fo r  this process 
is prin~arily that of the salts used to regenerate 
the c.olun~ns after they become exhausted (i.e., 
~vl-hen thc amount of strontium*' removed falls 
to sonle predetermined level). The cost of these 
salts, plus that of the citric acid and potassiunl 
hydroxide used to adjust and then restore the 
n~ilk's nonnal p H ,  is estimated a t  about 2q' per 
clu;irt of n~ i lk  processed. This estimate is hascd 
on  ;I ~>roeess which reusrs the salt solutions so 
that n~ax imun~  eficienc.y is obtained, and on 
thr use of USP  grades of salts. I f  the regen- 
erating solution is not recovered, the cost nlay 
he ;IS high as  5q' per quart. Since the salts 
nsecl for  regeneration arc not a direct addition, 
inrrstigation is now under way to determine 
wht~ther less expensive grades may be suitable. 

The efficiency of this process is closely re- 
lated to the a~nount  of milk that  can he passed 
through a colu~nn hefore the eolu~nn becomes 

YO0 
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exhausted. This depends on a predetermined 
lwel of strontium retnoval. It can he consid- 
ered acceptahle if 25 resin hed volunles of milk 
can he processed before a colulun lnust he re- 
generated. 

PRESENT PILOT-PLAKT EQUIPMENT 

The a.ccompanying figure shows schernatic~illy 
the operations involved in the process. There 
are two glass ion-exchange colu~uns, 5 f t  long 
and 6 inches in diameter. They are fitted with 
sufficient valves for  directing the milk and the 
necessary solutions through the resin bed in 
controlled sequence for  a continuous operation. 

TVhile nlilk is flowing through one colutnn, 
the other is hcing cleaned and rtgcncrated for  
reuse. The drawing depicts a hatchwisc? method 
fo r  adjusting the ~nilk's acidity with citric acid. 
On a large scale this solution could he added 
with a lnetering punlp to a continuous flow of 
milk, as is shown for  neutralization with po- 
tassiun~ hydroxide. 

These pilot-plant facilities were designed fo r  
a capacity of about 100 gal per hour. The 
eolunlns contain about two-thirds of a emhie 
foot of resin. This allows for  sufficient head 
spact! for  upflow washings. 

STEPS IN THE PROCESS 

The process fo r  removal of radiostrontiuln 
froln rnilk includes the following operations: 

1. Charging the resin bed. The resin bed is 
charged with a mixed salt solution containing 
the chlorides of calcium, potbssium, sodiuln, 
and magnesium. The quantities of each are  
selected so that  the resin will he equilihrated 
with the proper ratio of cations. Thus, a mini- 
mum change in the composition of the milk is 
assured when i t  is passed through the resin. 
The colnposition of the salt solution found 
suitahle for  this operation is as follows (in 
grams per liter of solution) : 

Calciunl chloride (CaC1,. 2 El#) -53.5 
Potassiutn c*hloride 23.1 
Sodiuln chloride 8.5 
JIagnc.sium chloride (3IgC1,. G H,O) 15.1 

2. Acirlificatio~z of the n~il l ; .  Cold, raw whole 
milk is ad.justed to a pI-I of 5.3-5.4 with 0.75 
molar citric acid. The acid is added slowly 
and with thorough mixing. About 7% more 
strontiunt could he re~noved if the p H  of the 
lnilk wcro lowered to 5.2 instead of 5.4. But 
a t  this acidity, laboratory experience has shown 
:I, greater likelihood of protein precipitation. 
This Itlay require excessive pressure in the 
resill colnlnn to keen the milk flowing. A t  DI-I 
5.4, nlilk temperat;res from 40 to k0 F have 
heeri found to have no effect on the arnount of 
strontiu~n removed. Temperatures ahove 80 F 
cannot he used as the milk is sensitive to coagu- 
lation at  low pH.  

3.  Ptrtting the milk through the eol~rlnn. The 
acidified milk is filtered and pumped downflow 
through a colu~nn of cationie ion-exchange resin 

a t  a rate of about 2.5 gal per minute per cubic 
foot of resin. The resin should he of the nu- 
elear sulfonic acid type, such as  Amberlite 
TR-120 or Ilowex BOW.' A small positive 
pressure of 2 psi or greater is usually required 
to tnaintain a constant flow rate through the 
colun~n. Too fast a flow rate should he avoided, 
since the amount of strontium removed de- 
careases with increasing flow rate. A drop of 
8 to 10% can result from increasing the rate 
fro111 0.25 to 0.5 resin bed volume per minute. 

4. h-elctrtrlizi~8,g the nzilk. The effluent milk 
is collected in a surge tank, where it is read- 
justed to normal p H  hy adding dilute potns- 
siunl hydroxide or a nlixed solution of sodium 
and ~ o t a s s i u ~ u  hydroxide. If  the milk is neu- 
tralized entirely with sodium hydroxide, i t  
acquires a salty flavor. 

5. Processing the treated milk.. After neu- 
tralization, the milk is pasteurized, homogenized, 
and deodorized to relnove the water added in 
the acidification and neutralization steps. 

6. Cleulling ( t ~ ~ d  sawi t i i i l t~  the resin. As the 
resin in one colulnn heco~rlrs exhausted, milk 
flow is divrrted to another eolutnn, while the 
first is heing clraned. This is done hy rinsing 
with warnl w:ltc.r, followed hv a n  upflolv xvash 
with a nonionic c1e:ining solution -a t  140 to 
160 F. The resin may then he sanitized with 
hyl~oehlorites a t  a chlorine concentration of 
nhout 50 l)ptn. Sanitizing is not necessary with 
every cleaning, hut it may he desirable a t  the 
cmd of 'ach day's run or if the resin is idle for  
a eonsiderahle period. Another means of con- 
trolling haeterial growth is through the use of 
hrat, since the resins will withstand telnpera- 
tures u p  to the hoiling ~ o i n t  of water. Wash- 
ing or sanitizing solut~ons are imlnediately 
followed hy rinse water. 

7 .  Reyetzeratioiz of the resitz. The clean resin 
is then regenerated with a lrtixed salt solution 
of the same composition as that used to charge 
it initially (Step 1 ) .  Khen  applied to a resin 
column that has been in use for  the processing 
of contaminated milk, the salt solution simul- 
taneously strips the radiostrontium from the 
resin and regenerates the resin fo r  the next 
cycle. Essmtially 1.0 volutne of salt solution 
is rc.quirc.d per volume of nlilk processed. 
Most of this quantity tnay he recovered and 
used again. I n  this vase from 1/4 to 1/3 of the 
stripl>ing solution would hc discarded and re- 
plenished with fresh solution after each cycle. 
IVl11111 exccw salts have hccn removed with a 
watc~r rinsr, the coln~nn is ready f o r  another 
n~i lk  c y c l ~  of 35 bed volumes. 

HESEARCII STATIJS OF THE PROCESS 

A grc,:~t deal of research has been required 
to bring this process to its present state of 

' l ' l~r usit of tr:~tlc ~innies is for the purpose of 
i(lc~~tifir:itio~~ only, at111 does not imply endoree- 
nleut of tllr prorluet or its n~anufacturcr by the 
IT. S. I)cl>:lrtnle~lt of Agrienlturc. 



tlerelopn~ent. 3Iucli 111or~ is still to be done to 
i n ~ p r o ~ e  the method, to assure :I nutritionally 
s:itisfaetory product, to ev;~luatc. possible sani- 
tation problems, and to reduce its cost. The 
c ~ u r e n t  research status of the proccss can l ~ e  
s u ~ ~ ~ n ~ a r i z e d  briefly by lnentioning the work 
tlonc. in establishing operating renditions for  
tl~c. equilxnmt and then in evaluating the effi- 
cic.ncy of the pilot-plant process by actual use 
with 111i1k intentionally contaminated with 
la~own an~ounts of radiostrontium. 

I~~.sttrl)lisl~~~sr)tt of operrtting roizt7itioi1s. The 
I)I'O~(,SS (I(~scril>ed nl)ove was arrived a t  throng11 
;I carcsful study of the ion-exchange principle 
of r r ~ ~ ~ o v i r ~ g  r;lcIiostrontiu~n from milk. Sev- 
c.1,;11 diffvrcwt typcbs of resins have heen evalu- 
atcad fo r  their effcctivc~nc~ss. 8o111e basic re- 
sc~nrch has hec.11 done in the, area involving cati- 
onic ccluilil)rin of rrxsin-nrilk systrn~s and resin- 
salt solution systtn~s.  This ~vork  W:IS necessary 
to develop o p t i ~ ~ ~ n m  procctlurrs for  cleaning 
the resin, rrnloviug strontinm"" from the ex- 
hausted resin. :lnd rc.gmc,rating t.hc resin for  
reuse. K o r k  has illso J)e(,n in progress on the 
nature of the strontiu111 ( T I I I I ~ I C ~ C S  in the ~nilk. 
Such basic i n f o r ~ ~ ~ a t i o n  should aid in rsplain- 
ing the results obtained nncl may l(.a(l to fur-  
ther improvements in the process. 

TT70rk in progress designed to further reduce 
the cost of the process is primarily concerned 
;vith the salts used to regenerate the resin. 
l'c.el~niques fo r  using reverse flow regeneration 
nlny reduce slightly the quantity of salts re- 
quired. Studies on reclaiming a portion of the 
regenerating salts are being continued. 

l'roil?cctiolz of colataminated mill; for  e~ctltra- 
tion of the process. The pilot-plant has been 
used esperimentally in the processing of milk 
ohtainrcl fro111 ;I row fed measured doses of 
radiostrontium. Rc,causr quick analysis of the 
strontiur~l contc~nt of the ~ i ~ i l k  sanlples before 
and aftckr proc.c.ssing was essential to an  ac- 
cur;ltr c.vnlnation of the process, the cow is 
fed strontiun~" rather than strontiumm. Unlike 
strontiunl"", which rc.quires a long and tedious 
proeedurr for  analysis, strontiu~n"' is a gamma- 
emitting radionurlitlr that can be assayed with 
a 111ini1nu111 of sn~nple prcapnration. 

S t r o n t i u n ~ ~  is fed to a Ilolstein cow either 
orally or intravt.nously to obtain levels in the 
inilk of about 1 pc per quart. This is a rtiuch 
heavier concentration of radiostrontium than 
has been found to occur in fallout, where levels 
of the order of 10 ppe of s t ron t iu~~~ ' "  per clu:~rt 
have been detected. The higher levels for  this 
rt.search have been necessary f o r  rapid assay 
of' a large number of samples. Since both 
1evc.l~ represent much smaller weights of radio- 
strontiuni than the stable strontiuni iii milk, 
the a~nount  removed by a n  exchange process 
should be the sanle on a percentage basis. This 
has been confirmed by preliminary work with 
I(bvc.1~ of i~hout 200 ppc per quart. 

TVork i i  11ow in progress a t  this laboratory 
to apply the techniques to the relnoval of c.11- 

vironnient;~l levels of strontiun~'". 
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FIG. 1. F lo~r  diagram showing strontinm'"' re- 
moral by ion escl~ange resin. 

FIGURE KEY 
Ploic. Op(vnt~on of Equipment with Milk Flowing 
1)ofcw Col7rmn I ant1 Regeneration Process for  Col- 
l l n ~ ? l  IT.  
A. Vnlvcs So. 2 m~il No. 6 are opened for 60 min, 

allo~ring mw milk to flow down Column I. 
At tllc. s:cme time that the milk is flowing 
tl~rougl~ Column I, Column I1 is being regen- 
erntetl ill 8cqunlc.c as follows: 
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D. Valves No. 16, 9, 4, 8, and 13 are  opened from 
2-4 mill, :~llowing warm rinse water to flow 
clo1\.11 Column 11. 

C. Valves No. 15, 10, 8, 4, and 11 are openecl for  
8 mill, allowing washing solution to flow up 
C'olumn 11. 

D. Valves No. 16, 9, 4, 8, and 13 are opcned from 
2-4 min, allowing rinse water to flow ~ O T T I I  
Column 11. 

E. Valres ATo. 14, 9, 4, 8, and 13 are opened for  
2.5 min, al lo~ring stripping and charging soln- 
tion to flow down Co1um11 I T .  

F. lTalres RTo. 16, 9, 1, 5, and 13  are  opened from 
2-4 min, allowing rinse water to flow down 
Column I1 until chloride-free. 

Flozo Operation of Eg7ripmciit with Milk Flowtng 
Dotrit Colli?na I I  ni1t7 Rcgriirrateoi~ Process for  
Coli~ntn I. 
A. Valves S o .  3 mrd 7 are opened for  GO min, 

allowing r a v  ~n i lk  to flolv down Column 11. 
At the same t i n ~ c  that tlrc milk is flowing down 

Column IT, Colunmr I is hci l~g regenerated in 
sequence as f011ows: 

E. Valves S o .  I(;, 9, 1, 5, a i ~ d  13 are opened from 
2-4 min, nllowinp warm rinse water to flow 
down Columir I. 

C. T'nlves S o .  15, 10, 5, 1, and 11 are opened fo r  
8 min, :~llowlng washing solution to flow u p  
Co1um11 T. 

D. Valve.; So .  16, 9, 1, 5, and 13 are openeil from 
2-4 min, allowing rinse watcr to flow c1ow11 
Column I. 

I?. Valves KO. 14, 9, 1, 5, and 13 are opened for  
'75 niin, allo~ving stripping and cl~nrgillg solu- 
tion to flow down Colun~ir I. 

F. Valves Xo. 16, 9, 1, 5, anrl 13 are openccl from 
2-4 min, alloning rinse water to flow down 
Column I until ehlorld(~ free. 

Notes: 
All valves are nornlally elosed and oulv ol)ened as  . . 
indicated. 
The flow rate of the milk pump is 96 gal pcr I~our. 
The flow rate of tlrc regeneration pump is 6 gal 



ASSOCIATION AFFAIRS 

NEETING O F  T H E  E A S T E R S  DIBISIO?; O F  T H E  
AMERICiZN DAIRY SCIENCE ASSOCIATION 

R. E. MATHER, Secretary-Tr~vtsurer, Eastern Division A.D.S.A. 
Department of Dairy Science, Dairy Research Farnl, Sussex, New Jersey 

The E:astern Division of the American Dairy .\hstr;lc~ts for this ~nt.tltine should be 1)re- 
Sc in~cr  Association will meet on Ilugust 14 prlrl.d to the call for papers 

15, 19% a t  the Ulliversit~ of JIaine, Orono. lg(;z r\llllUill ~ ~ l , e t i n g  of the A ~ ~ ~ ~ ~ + ~ ~ ~ ~  ~~i~ 
This is the third annual meeting to be held a t  
a larltl-gr;lllt illstitution following llleetings at Scirnce ~\ssoeiation hy >I. E.  Senger, Chairman, 

the ~ ~ ~ i ~ ~ ~ ~ i t i ~ , ~  of xtlw ~ ~ ~ ~ ~ ~ l ~ i ~ ~  and 1lassa- Progr:i111 (~or~~rl~ittc~t?,  i\.l).S.A. Instructions for 
cllusc.tts. Illewhrrs and friellds of the L\mer- preparing ahstr:lc.ts mrrtA ~ ) r i n t ~ d  in issues of 
ivan 1):liry Science Assoritition in the Eastern the JOURNAI, front Septcn~ber, 1961, through 
United Statlas and Cunadtt are invited to attend. Jr.nu:u.y, 1RO". 

PRICE SClIEDULE FOR REPRINTS O F  PAPERS THAT APPEAR I N  
THE JOURNAL OF DAIRY SCIENCE 

H. F. JUDKINS, Secretary-Treasurer 
32 Ridgeway Circle, White Plains, New York 

The Executive Board, a t  the tinie 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- I n  case the original type has been destroyed, 
creased the price of reprints 2 5 4 ,  effective i t  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 

50 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1,000 

Number of pages 

Tf covers for reprints are desired, the cost of 
50 rovers will be $21.13, and for  each addi- 
tion:tl 100 covers, the cost will be $3.75. Back 
coljies of the JOURNAL will cost $2 each. 

The rrprints are made from standing type 
within 30 days af ter  the papers appear in tllc 
.JOURSAL. Requests for a few reprints of a 
p iper  shonld be sent to the authors, whose 
n:tnles and adilresses appear with the title. The 
Secretary and the Editor's office do not keep 
supplies of the various reprints. Orders for 
I:~rge nu~nhers of reprints should be sent to 
The Carrard Press, 510 North Hickory Street, 
Champaign, Illinois. These orders must be re- 
(+rived within 30 days af ter  the papers are 

8( 

50% more than the regular ones. Fo r  example, 
100 reprints of 32 pages will cost $217.50. 

J t  is hoped that the publication of this re- 
print schedule will make i t  easier f o r  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 
reln ted 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 bc authorized by the Editor-in-Chief. 



BOOK REVIEWS 

Fool) PI,ANT SAKITATIOS. 31. E. Parker and 
.J. H. Litchfield. Reinhold Publishing Corp., 
Sew Tork. 401 pp. 1962. 

Those fatniliar with a prior hook of the same 
title by the senior author will find this puhli- 
cation to hr. a substantial i~nprovclnent. This 
is a good book on the title suhject, (.overing the 
central suhject ant1 touching on most of the 
rd ;~ t ed  discaiplines. I n  dealing with such broad 
~naterial, this hook niust ho considcrrd to he 
written in ;I. survcby style, although the b:lsic 
principles of sotntb topics arcb xvell drvelopc~tl. 
Of particul;lr nlcsrit are the cited rrferencc.~, 
which are estensivc., conten~porary, carefully 
choson, and supplen~thnted by an  author index. 
These refercanc.,es allow the rvntlcr to rffectively 
pursue any ~)lrasc of the suhject in greatcar 
detail. 

The first three chapters on quality control, 
buildings ancl equipn~c~nt, and pest control arc 
nrittc.11 \vithin the fratnework of the various 

~ZTTACK OX STARVATIOS. So r~na i i  TI-. Des- 
rosier. Avi Publishing Co., Inc., Westport, 
Conn. 1DG1. 312 pp. 

This book contains four  parts, with 16 chap- 
ters. The first par t  covers tnan's rrquirenit~i~ts 
fo r  food and the adequacy of his diet. The 
nes t  part. concerns the over-all world potential 
f o r  food production. P a r t  Three covem the 
prnblem of food storage and distrihution from 
he.rvest. to harvest. The last par t  is concen~c.d 
with the general suhject of world starvation 
and its control. No specific food cotn~nodity or 
product is  entphasizrii. 

There is :L grez~t need f o r  a regular revic~w 
anti discussion of this subjrct, to consider t h e  

f(vlera1 acts and laws. Pertinrnt exrrrpts from 
the Food, Thug and Cosmetic Act are found in 
thr appendix. The next thrre chapters are on 
rffc.ctive control of insects, pests, atid micro- 
org:~nis~ns. Further chapter topics included in 
this publicantion arc.: water supply, waste dis- 
pos;~l, elratling technology, estahlishing and 
111i1111taining sanitary practices, and packaging 
l~litt(~riaIs i11id n~ethods. The volume is thought- 
fully indexcd. 

IVhile tht. suhject of food plant sanitation 
is u.c.11 handl(ad in this hook, the already saiii- 
tation-conscious dairy industry reader will proh- 
ably not find it very provocative. However, 
this hook ~vould serve as s fine text for  an 
introductory course, he of value to a food tech- 
nologist, and an exrellent source of rc,ference 
n~at r r i ;~ l .  

L. D. \TITTER 
University of Illinois 
Urhana 

~)rohlen~s  in light of current developlnents and 
future predictions. This hook adequately re- 
virws the suhject and drlineates the current 
i ~ n d  fnturt. prohlen~s. The author presents a 
nun~her  of plans f o r  producing tnore food, 
espt.cially protein, fo r  the hungry people of the 
\vorltl. 

The snhjrct matter in this text should be of 
intc~rest and concern to all food scientists. How- 
ever, i t  is specifically recotnlnended to all con- 
cernc.d with the adequacg of the dirt  of the 
people of the \vorltl today and in the future. 

A.  1. NEI,SON 
Vniversity of Illinois 
Urhana 
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Media for  

MYCOLOGY 

DIAGNOSTIC 

. . . for the isolation, identification and cultivation of pathogenic 
fungi. These media are also widely used in phytopathological studies. 
Several are neutral in reaction, giving optimum conditions for growth 
of a variety of fungi. The following may be prepared as selective media 
by the adjustment of reaction, addition of antibiotics or other agents: 

Bacto-Brain Heart Infusion Agar Bacto-Corn Meal Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Corn Meal Agar 
Bacto-Sabouraud Maltose Agar with Dextrose 
Bacto-Littman Oxgall Agar Bacto-Bean Pod Agar 
Bacto-Mycological Agar Bacto-Prune Agar 
Bacto-Mycological Broth Bacto-Lima Bean Agar 

111 CONTROL 

. . . for sanitary and sterility procedures as well as for general use in 
mycological procedures: 

Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Agar 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract Bacto-Mildew Test Medium 
Bacto-Malt Agar Bacto-W.L. Nutrient Medium 

Bacto-W.L. Differential Medium 

CLASSIFICATION 

. . . and nutritional studies of fungi: 

Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base BacteCzapek Solution Agar 
Bacto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 

THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their rrse, 

is available on request. 

D E T R O I T  1 ,  M I C H I G A N  


	Journal of Dairy Science           1962 Vol.45 No.6 
	Contents
	Field Trials Show
	Instructions to Contributors
	People and Events
	Advertisers Index
	RESEARCH PAPERS
	Influence of Sodium Chloride on the Stability of the Calcium Caseinate Micelle
	Studies on Casein. IV. The Sialic Acid Content of Casein
	Occurrence of Calcium Phosphates in the Presence of Organic Substances, Especially Proteins
	Cellulose Acetate Electrophoresis of Milk Serum Proteins
	Identification of Some Volatile Compounds Related to the Flavor of Milk and Cream
	Identification of Staphyloeocci in Nonfat Dry Milk by the Fluorescent Antibody Teehnique
	Acid-Soluble Nucleotides in Cow's and Goat's Milk
	Composition of Mammary Lymph in Lactating Goats
	Nutritional Evaluation of Pastures with Dairy Cattle
	Effects of Expanding Pelleting upon Feed Digestibility and Heifer Growth
	Comparison of Lard, Tallow, Butter, and Hydrogenated Cottonseed Oil in Starters and of Pelleted vs. Nonpelleted Coastal Bermudagrass Hay for Calves
	Relative Deamination Rates of Amino Acids by Rumen Microorganisms
	Duration of Seeretion of Bacteriostatic Drugs in Milk. I. Penicillin, Following Oral and Parenteral Administration
	Reproductive Capacity of Dairy Bulls. VIII. Direct and Indirect Measurement of Testicular Sperm Production
	Diluents for Bovine Semen. XII. Fertility and Motility of Spermatozoa in Skimmilk with Various Levels of Glycerol and Methods of Glycerolization
	Sperm Output of Dairy Bulls with Varying Degrees of Sexual Preparation

	Technical Notes
	Effect of Neuraminidase on k-Casein
	Measurement of Metal Loss from Stainless Steels Caused by Alkaline Detergents.
	Comparison of Bitter Flavor in Cheese with Quinine Sulfate Solutions.

	Our Industry Today
	Association Affairs
	Book Reviews



