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PEOPLE AND EVENTS 
MEMORIAL8 to the fund total ~vel l  over $3,000. Loans are 

made to dcxerving students without interest 
H. 0. Henderson charges until a f ter  they graduate. 

DR. H. 0. HENDERSON passed away unes- 
pectedly a t  his home a t  Morgantown, West Vir- John W. Bartlett 
ginia, December 11, 1961. Born a t  Elder's J. W. BARTLETT, former Chair~nail and Pro- 
liidge, Pa., in 1889, he received his Bachelor's fessor Emeritus of the Department of Dairv 

and Master's degrees 
a t  Penn State (1915- 
1916). After serving as 
county agent i n  Craw- 
ford County, Pa.  for  a 
year, he accepted a po- 
sition with the Dairy 
Departnient a t  West 
Virginia U n i v e r s i t y ,  
where lie remained un- 
til his retirement. I Ie  
w a s  t h e  d e p a r t m e n t  
head for  28 years. Dr. 
Henderson earned his 

H. 0. Henderson Doctorate in 1928 a t  the 
University of Minne- 

sota. He co-author of the well-known 
test, Dairy Cattle Feeding and Management, 
which has been widely used in this country 
and Latin A~r~crica.  H e  also contributed to 
nurnerous bulletins, circulars, and trade jour- 
nal articles, and innovated many practices and 
short courses for the betterment of the dairy 
industry of TVest Virginia. H e  was active in 
the A.D.S.A., belonged to the Alpha Gamma 
Rho fraternity, and was affiliated with many 
state and national dairy and health organiza- 
tions and academic honoraries. An elder in the 
Presbyterian Church, he was the secretary- 
treasurer of the TVest Virginia Westminster 
Foundation. 

Dr. Henderson was given the 1958 A.D.S.A. 
Master 'I'eacher Award, an  honor which he 
deeply appreciated. His wife, Marian, of 
JIorgantown and son, Robert E., of Haines, 
Alaska, and five grandchildren survive. A t  
the time of his retirement from active teach- 
ing, his friends set up  the H. 0. Henderson 
Student Loan Fund a t  West Virginia Uni- 
versity. A t  the present time, contributions 

Appliecl Research and Development, 
Testing and Consultation 

Fr~orl, Feed, Drug and Chemical Analyses, 
A~iin~nl Stwlirs. I'estiizirle Sv~.eening, Pesti- 
ritle ancl Additive Residue Analyses. 

I For price schedule and specific 
work proposals, write I 

WISCONSIN ALUMNI RE,SEARCH 
FOUNDATION 

P. 0. Box 2217, Madison 5, Wisconsin 

Science a t  the College of &riculture, ~ u t ~ e r s  
University, passed away 
October 28, 1961, af ter  
an  illness of several 
~non t l~s .  

H e  was born August 
1 ,  1891, i n  Granville, 
Kew York. H e  attended 
school in Granville and 
received a B.S. degree 
from the University of 
Vermont, an  M.A. froiii 
Colulnhia University, 
and a Ph.D. from New 
yorlr University. 

J. W. Bartlett Dr. Bartlett was ap- 
pointed to the staff of 

Rutgers University on 1916 as extension dairy 
sptbcialist. He srrved in that  capacity until 
1920, when lic 1)ecame field secretary of the 
New Jersey Holstein-Friesian dssoci:~tion. H e  
was appointed head of the Department of 
Dairy Science, Rutgers University, in 1922, 
:i position he held until his retirement on 
.June 30, 1961. I n  addition to his supervision 
of the dairy program of resident instruction 
and research a t  Rutgers University, Dr. Bart- 
lett directed activities of the Agricultural 
Esperilnent Station's 1,300-acre dairy research 
farm in Susses County, Beemerville, New 
Jersey. 

Dr. Rartlett pioneered in the cooperative 
artificial breeding of cattle, the production 
of grass silage, and improvement of pasture 
lnethods for  dairy cattle. H e  received greatest 
recognition fo r  results obtained from a Hol- 
stein-Friesian breeding proeject established in 
1932, aimed a t  improving the quality of Hol- 
stein-Friesian ~riillr by a selection of bulls and 
n~cthods of breeding. A large number of bulls 
from the breeding project have been used 
throughout the United States. Dr. Bartlett had 
a deep interest i n  dairy cattle breeding prob- 
lems and many breeders sought his advlce. 

Dr. Bartlett served a three-year term on 
the advisory board of the American Feed 
Manufacturers' Association and served a s  chair- 
man of the da.iry section in  1954. He mas 
active in the New York Farm Club and was 
rhai rn~an of the research council of the Pure  
Bred Dairy Cattle Association. I n  recognition 
of his many years of service to Rutgers Uni- 
versity and the dairy industry, the Cooperative 
Inter-Breed Cattle Association of N c ~ v  Jersey 
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established a perpetu;ll trophy in 1952, G. B. Olsson 
awarded annually to the best dairy student G. B. OLSSON, Extension Associate Professor in short  courses a t  the College of Agriculture. of Dairy Science, University of Ne,v Hamp- 
Two years ago he was give11 the New Jersey shire, died suddenly on December 23, 1961. 
Award for 31erit the State Industry professor Olsson gm(]u;lted from the Uni- 
Association and a distinguished service versity of S e w  Hampshire in 1922 and had 
award was presented to in the a mmlber of the I)%iry Science staff 
Garden State Milk Council. 

He a lneml,er of the American Dairy Se\v Hampshire since 1914. H e  n*as Snperin- 
tc.nclrnt of Official Testing and had charge Science Association, the American Societv 

of Animal Production, the nlnrrican GenctCc the DH1*' prograln in the state' In ad- 
dition, he assistcbd with the 4-H dairy activities Association, Sigma Xi, Alphn Zeta, S ipna  

Nu, Alpha Icappa Pi,  and 1% Delta 1i;lppa in  Kcw Hampshire. Professor Olsson was a 

He is survired his Kidom, Abbie; a son; n~enll>er of the A~neriean L);liry Science As- 

J. Bartlett. .rr. of Glovcrsville. s. Y.: a so~"i:~tion and Epsilon Sig~un Phi. 
daughter, ~ l r s . ' ~ a r t h a  B. ~ l n i t h c o i s  of ~ a n t a  
Barbam, California; and a strpson, Leonard Leonard D. Brown Appointed on 

Walsh of Old Bridge, S. J . ;  ;untl qrren gmnd- Michigan Sta te  Faculty 
children. 

J. L. Brence 

J. L. BRENCE, professor in the 3Io1itm1a 
Sta te  College dairy department, (lied 3Ionday 
a t  his ho~nr ,  915 \Irest Diekerson, >[ill Iron, 
Montana. Professor IZrence was horn Feb- 
ruary  20, 1907, in IVaulregan, Illinois. I n  1913 
the family moved to ix l~omeste;~tl a t  Mill 
Iron. Brenee mas graduated f r o ~ n  Carter 
County High School a t  Ekalalia in 19'79. H e  
then enrolled a t  Montana State College, from 
which he mas graduated in 1934 with 21 liach- 
elor of Science degree. H c  was employed in 
industry until 1941, ~ h r n  lie retnrnril to  
M. S. C. a s  a staff nieniber. H e  earnrtl his 
Jlaster's degree in 19% and has continned as  
a staff member ever since. John will hc. re- 
membered fo r  his work with the dairy pro- 
cessing industry. Rrence mas a 1nnn1)c.r of 
Gallatin Masonic Lodge So .  G and was an  
officer of Zona Chapter S o .  12  and Conlnlander 
of St .  John's Comlnandery No. 12. I-Ie was 
also a member of the Baptist church, the 
Royal Arch Alasonic bodies, Yrllowstone (:oun- 
cil of Boy Scouts of Americ;l, the l\[erry 
Makers Cluh, and Lily of the Vnllry Chapter 
of Eas t r rn  S t a r ;  also a lllrniher of Alpha 
Gamnla Rho social fr ;~ternity,  Alpha Zeta :ind 
S ipna  Xi honorary fmternit i t~s.  H e  married 
Priscilla Y. Hauhcrg. Survivors incluilr his 
parents of Mill Iron; two daughters, Phyllis 
Barnes of Rozeman :~nd  Alrs. Herhert (Betty) 
3IcAllister. Great Falls;  a son, John Davit1 
Rrence of TZozeman; fivc brothers, Joseph T. 
Brence of Rig Creek, California; Edwin F. 
Brence of Mill I ron;  and Raymond J. and 
1T;irry T. Rrencr of Roze~rlaa; two sisters, 
hIrs. Florence Blutt, Sioux City, Iowa, and 
31rs. Fmncr  l l .  Len-is of Salinas. California: 
two grnntlchiltlrrn and nnnlerous nircrs and 
llc~],Ilews. 

Professor Brcncc W;IS highly rcsprc.tc~i1 in 
his field ancl ~vi l l  1)r grc~ntly misscvl 1)y his 
ninny assorintrs nncl frirncls. IIr \\-as rcivered 
1)y his studrnts ancl they ~ : I I I I P  to I I ~ I I I  for  
com~srl whrnc,\-tal. ;I pro11lc111 :r~~ost~.  

L. I). BROWS, \vho r e n t  to IIichignn State 
University nearly three years ago as  an  in- 
structor :~nd  has iust comnlrted the work fo r  

the-doctorate, has been 
a p p o i n t e d  A s s i s t a n t  
Profrssor in the Dairy 
Uepart~ncnt a t  tha t  in- 
stitution. His new as- 
signment contrnlplates 
both teaching and re- 
search ~ o r k .  H e  as- 
su~nes  leadership of 
some of the projects 
tha t  C. F. EIuffmann 
conducted beforc his re- 
tirement July 1. One of 
t,liesc projects relates to 

L. D. Brown tllc econo~nies in the 
11101.(~ liberal freiling of 

concc>ntrates-illcreased encLrgy intake-with 
the rows of superior inherit:~nce. 

Jn  Brown's rrsc.;~rch stutlirs he will rontinue 
the work on calf feeding, several ph;lses of 
which he has previously published. Hc also 
will lead the project on the? use of organic 
solvents as  forage preservatives. H e  will col- 
labortrte with other Korkers in the department 
on the rulnen studies, factors that  influence 
the production of volatile fatt,y acids, ant1 urea 
utilization. 

To date, Brown's nulnerous puhlications have 
provrtl to  be contributions of high value. 

H e  is a native of Iicntuclry. His  Rarhelor's 
degree was earnrd a t  Tes tern  Iientucky 
State College and his 3Iaster's a t  thr  University 
of I ientncl~y. H e  h;ls had sever:ll years of 
espcrienrn in dairy herd operations and 
mnngement. 

Connecticut 

LI S y m p o ~ i u ~ n  on Radioactive Fallout in 
;\[ilk v i l l  I)e held on 1):liry Manufacturing 
1):1y, April 4, 1963, a t  10 nnr., a t  the College 
ol' Agricultnrc~ Auditoriu~n. University of Con- 
~l r i~ t i iwt .  Storri. 

Topics covrrrd will he : (1 )  Fallout, nature, 
etc.; (2)  public health tspects; (3)  control 
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measures, including isotopic removal; (4) pub- 
lic relations. Although speakers have not yet 
been selected, i t  is hoped to have an outstand- 
ing group. -- 

For  information, contact: DR. R. G. JESSEN, 
Department of Animal Industries, University 
of Connecticut, Storrs, Connecticut. 

New Hampshire 

N. F. Co~ovos, Associate Professor of Dairy 
K L E N Z A D E  

Science, University of Ne\o Hampshire, at- 
tclnded the European Zootechnic Association 
Symposiuin a t  11-agening.cn, Holland, in Sep- 
ternher, 1961. 

Professor Colovo.: nresented a paper on 
Energy Studies and 'Their ~ ~ p l i c a i i o n  to 
T ) R I I . Y  Cattle Ferdi.  

North Carolina 

Max E. Gregory Appointed to  New Department 

M. E. GREGORY, who for  the past  three 
years has been Dairy T(1chnology Extenslo11 

\l)rci:iliit at  Ohio State 
linivt.rsitp, Colunlbus ,  
Ohio, i,ssun~ed the posi- 
tion of Assistant Pro- 
f(hssor in Vootl Sciencr 
and Processing s t  Sorth 
Carolin21 Stat(. ( 'oll~ge, 
Ralt~igli, as o i  .Janu:iqr 
1 ,  1962. 

Hr r(.erivetl his E.S. 
degree fro111 thr I7ni- 
vrrsity of Tr11nc'sst.c. a t  
TCnoxville, a.nd 3I.S. 
iind P11.D. degrees fronr 

M, E, G~~~~~~ Sorth  Carolina Statc 
Collcgc~. 

New Appointments a t  Oregon State 

DR. L. &I. LIRREY and DR. 11. TV. 3 1 0 ~ ~ -  
noMsRr joined the staff of the Drpnrt~nelit  
of Food" and Tlairy Technology a t  Oregoil 
Statc liniver\itg la5t July  :IS Hch\enrch AS- 
soeiates. Montgomery is working with E. A. 
1)ay on oxid:ltion of ftitq and 1~1hI)ey is \\ark- 
ing with E. A. Ilay and J .  0. Young on the 
rlieir~istry of Cheddar ctircw flalor. Both 
received their P11.D. d(,grc.rq from RTashington 
State TTmver.iity last Junc. 

Oregon Dairy Industries Short 
Course and Convention 

I.'eaturr,d spcakclr4 a t  the Oregoii Ilairy 
Tntlu\tries Short Course and Conventio~~, to 
I)e hrltl February 13-15 a t  Orrgoii State Uni- 
versity, Corvallis, will he: I". 17. KOSIKOWSKI, 
Cornell Univeriity; R. H. NORTIL, Executive 
Director, I~ltenl:ltional ,issociation of Ice 
Creain A1anuf:lcturers; and E. S. IIARRIS, 
Economi.;t, United State5 Depnrtnirnt of 
dericulture. 

In Barrels for Recirculation Cleaning with 

Automatic or Manual Controls 

Tank Truck Delivery with Klenrade Engineered 

Storage and Distribution Systems 

Wide Range of Liquid Concentrates 
HEAVY DUTY ALKALINE CLEANERS 

HEAVY DUTY ACID CLEANERS 

GENERAL EQUIPMENT CLEANERS 

Klenzade l iquid concentrated detergents offer many ad- 
vantages: simplified handling, instant availability, auto- 
matic measuring for mechanized systems, easy measuring 
for  manual use: no waste. W r i t e  for  complete information. 

Trained Technical Personnel Throughout America 

K L E N Z A D E  P R O D U C T S  
DEPT. 20A BELOIT,  WISCONSIN 
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,- 
;I, uniou ; ~ t t ~ ~ n s l ) l ~ e r r  ; manage~~~cn t ' s  res~onsi -  
1)ility to 1)erso1111el; atlv;it~crs ill 111ilk sttbrili- 

YOUR PROFIT-OR-LOSS STATEMW, zi~titrn ;u~tl  ase1)tie c : i n ~ ~ i ~ ~ a r ;  f r e s l ~  flavored 

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

Write for full details today 

M O J O N N I E R  B R O S .  C O .  
4601 W. OHIO ST.,.CHICAGO 44. ILLINOIS 

0 MILK 
/ O U A L ~ ~ Y  E ~ , N E E R E O  FOR ECONOMY TESTERS 

.. , 
sterile :~ntl concbntr:~tc.(l 111ilk l~roducts;  GHT 
~ w o w s s i ~ ~ g  of' frc-sli milk and fl ;~ror r e l~~ov ;~ l .  
Our p1i;lse of this srction will deal with tmincd 
Ill:lnl)o\ver autl \rill c.~~~pliasize the use of 
e t l g i l~e~ l inp  kr~o\vletlgr. to intclgr;~tt> Inen 2111tl 
I I I ; IC~I~II (>S.  

Thc? F:iigil~e(lring Section will i n ~ l u d c :  dis- 
c ~ ~ s s i o ~ i s  O I I  ~ ~ ~ c ~ c l i ; i ~ ~ i z ; ~ t i o ~ l  :11i(1 ;iuto111;1tiot1 
with ~ ~ ~ s l > c ~ c ~ t  to the Ohio situation; develop- 
111c.nts ol' s y s t e ~ ~ ~ s  for the future;  single service 
c o t ~ t ; ~ i ~ ~ c ~ ~ . s ;  cost :~n;~lysis. T111l)ortilnt co~~s ide r -  
ations i l l  convertit~g to plastic-co;~tetl l~rilli 
col~t;~inc.rs, ;u~tl  ~~~;ltc.ri;rls and ~r~c~thotls for 
~re \ - (~nt ; i t i rc~ i ~ ~ i ~ i n t e l i i i ~ ~ e r  also will I)(: dis- 
c~llssetl. 

'1'11~ section tlev~rtc.tl to Q~i i~l i ty  Cot1t1.01 and 
('~lltut.c.tl I ' t ~od~~e t s  will i l ~ c l ~ ~ t l e :  ;I cdritical 
:!l:l)rais:ll ol' n~c~t l~ot ls  for  t ';~t and solids tost- 
inp; c.ont~.ol ol' 111il1.: (1u:llity 1)ro1)1~111s; ~ S S ( ~ I I -  
t i :~ ls  ol' c80ns~ln~c.r l)i~ckrlgi~ ~ont t .o l ;  ar)pliratiou 
of t.esc.:~rc.h t';~cts to the ~rrot lnc t io~~ of enlturrd 
lwo(lncts, il~c.ll~tling c311lture r;~re,  ph;~ge con- 
t,rol, : I I I ( I  ~ I ' P : I I I I ~ I ~ ~  :11ld fli~vor ~ ) r o I ~ l e ~ ~ i s  in 
('ottagc. cl~(~t~sc'; :~ntl advances in Cottage cherse 
~ ~ ~ : i ~ ~ u f ; ~ c t ~ u e .  

Topics i l l  the ice creaut section will include.: 
;it1 e v ; ~ l u ; ~ t i o ~ ~  of ~ n i ~ i o r  nonfat inrretlients 

STANDARD THROUGHOUT T H E  WORLD for ice crr:1lr]; icdr cream flavor rcsc.arc11; III:II~- 
- -~ - - - 

0 hio 
29th Annual Dairy Technology Conference 
Plans artL col111)lete for  the 29th ;\nnual 

Ohio State University D;iiry Tt?cli~~ology Con- 
ference to he hrld a t  Colunihus, Frhruary 13- 
15. The Conference will feature the theu~e 
Found;] tions for  Progress : nIrt~-RI:ichi~~es- 
hfethods. ' l ' h~  progr;ull will featnre 30 speakers 
in its five 111;1in sections->[ilk Supply, Ell- 
gineeriug, Jlnnngen~ent, Quality Control and 
Culturrtl Products, ;~ntl  Ice Creatn. The roster 
of speakers will i~ielude the following uni- 
versity reprt.sentatives: TV. S. ARRT~CKT.F:, 
Gniversity of Jlaryland; C. W. HALL, Rfichi- 
gan State University; J. G. LEEDER, Rutgers 
TJniversity; J .  C. Or,sos, University of 3Iin- 
nrsota; and C. F:. PARMAI,EE, Purdue Univer- 
sity. 

The presentations in the Milk Supply Sec- 
tion will include: genetic aspects of S S F  
cntt~position of 111i1k lliilk conta~~iination antl 
adulteration; the niastitis si tut~tion; various 
outlooks on rnilk control; :~nd  1)ulk Inilk pro1)- 
len~s. Special progranls will he held for  fluid 
antl ~nauufacturing inilk wl~icli c.mphasizr 
nroble~ns of milk nroduction sl~eeific, to  each 

DAIRYLAND 
FOOD LABORATORIES, INC. 
WAUKESHA W I S C O N S I N  

Serving the Dairy Industry 

with Enzymes and 

Enzyme Modified Products 

AMERICAN RENNET EXTRACT . DFL PEPSIN 
COAGULANT . ITALASE . CAPALASE . BLUE 
CHEESE FLAVOR . MIL-LAIT LIPOLYZED 

BUTTER OIL EMULSION . CHEESE COLOR 
of these areas. REFERENCE STANDARDS.  T E S T I N G  

Topics to be discussed in the RIanagement PREPARATIONS AND EQUIPMENT 
and Plant Operations Scrtion are : selection 
and develop~nent of I I I ~ I I  f o r  higher responsi- 
hilities; obtaining production from men in 



If it's made with dairy products- - - 

Care makes it even better! 
I t  is Kraft Care that assures users of Kraft dairy product 

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

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

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

product ingredients, contact your nearest Kraft division office. 

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

Sweet-K-Malt. Evaporated malt extract flavor 
Sher-Sta~ firm for frozen confections, chocolate syrup, and 
smooth texture, and superior flavor transmis- ice cream, 
sion. Guards against iciness from heat shock. 
Extends keeping qualities. Stabilized Chocolate-Flavor Powders. Base for 
Krabyn Stabilizer for Frozen Novelties. NOW chocolate-flavor drinks or milk. Many types 
in instant form for hot or cold vrocess. Pro- to meet all body and flavor requirements. 
duces smooth texture, inhibits ice crystal 
growth, prevents color, flavor, and sugar Miniature Marshmallows in Bulk. Add taste 

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

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

KRAFT FOODS DAIRY SERVICE DIVISION 
Dept. J-1, 500 Peshtigo Court, Chicago 90, Illinois 

Division Offices: Chicago New York Garland,Texas . San Francisco 



ufacture of premium and special-flavored 
products; immersion hardening; and the UHT 
processing of ice cream mix. 

Special clinics will feature new fluid milk 
products and special-flavored ice creams. The 
Conference will be highlighted by a banquet 
on February 14, held with the joint coopera- 
tion of the four Ohio Dairy Technology 
Societies. 

The Ohio State University recently an- 
nounced plans for an International Symposium 
on The Role of Food in World Peace, as a 
portion of its observance of the Land Grant 
Centennial, to be held April 30 through May 
2, 1962. DR. R. M. KOTTMAN, Dean of the 
College of Agriculture and Home Economics, 
is Chairman of the International Sylnposium 
Council. 

The principal objective of the proposed 
Symposium is to provide opportunities for a 
critical examination of the concept that help- 
ing food-deficit countries to produce more 
adequate food supplies will enhance the pros- 
pect for  world peace. A secondary objective is 
to bring international attention to the magni- 
tude and complexity of the problems inherent 
in the concept that food and peace are 
sequential. I n  pursuing these objectives, the 
implications of the export of the Land-Grant 
Idea to food-deficit nations will be explored 
thoroughly. 

The Sylxiposium will be centered around 

panels made of the present and former Di- 
rectors-General of the Food and Agriculture 
Organization of the United Nations, and of 
other established authorities in international 
affairs. 

The University's role in sponsoring this 
Symposium is evidenced by its sustained in- 
terest in world affairs, education for  foreign 
students, and by its encouragement of staff 
members to work and study in universities 
overseas. Within the past decade, the Univer- 
sity has entered into contract with foreign 
governments, notably the government of India, 
to aid in  the establishment of Land-Grant 
College prototypes in overseas areas. Further 
evidence of the University's interest in world 
affairs can be found in the programs sponsored 
by its Mershon Committee on Education in 
National Security. This Committee supports 
a wide variety of research and educational 
projects designed to promote international 
peace and understanding. 

DR. 0. F. GARRETT, Director of Research, 
M & R Dietetic Laboratories, Columbus, was 
the featured speaker a t  the December meeting 
of the Columbus Section, American Chemical 
Society. His address described the three areas 
of research at  M & R :  general research and 
development; nutritional research; and clinical 
studies. A tour of the M & R production and 
laboratory facilities preceded the meeting. 

The 

ORIGINAL 
and 

still the 

BEST 
SOUR CREAM DIP 

FLAVORS 

Millions ot  pockages 
already .old to dote 

YOU CAN BE I N  THE 
DIP-N-CH I P BUSINESS 
PRACTICALLY OVER- 
NIGHT just use your 
present equipment-stir A COMPLETE PROGRAM AVAILABLE 

Advertising Production Know-How . Containers the flavor into your sour 

Write or coll todov for wrtieulan I 
2742 Grond Avenue 
Ckvsland 4, Ohio 

FIVE FLAVORS cream and dig in for - rrench Onion Bleu Tang Garlic Chive I . Bacon and Horseradish profits. 

la 
Y 
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F I S K E  M I L K  C R Y O S C O P E . .  . t h e  leader  in t h e  f i e ld  
The  problcnz o f  added water in milk concerns 
you, both from the profit angle and the quality 
control necessary in maintaining the  
reliability and reputation o f  your products. 

Fiske M I L K  C R Y O S C O P E S  determine 
accurate water content in milk and other dairy 
prod2icts by  the freezing point method. I t  
enables you to process small test samples 
rapidly and easily, w i t h  a min imum of  
technically trained personnel. 

A decisive factor in Fiske leadership in 
precision ciyoscopy i s  continuozis research and 
development. T h e  F.iske M I L K  C R Y O S C O P E  
i s  the instrument  around w h w h  the oficzal 
procedures are wri t ten,  as  described Tn latest 
Standard Methods for the Examination o f  
Dairy Products, A.P.H.A., and i n  Laboratory 
IlIanual Milk Industry Foundation. T h e  
Fiske Cryoscope also meets  the specifications 
of the A.O.A.C. 

Address a n y  inquiries directly t o  the plant, or 
through our authorized agents. 

FISKE MILK CRYOSCOPES F l S K E  ASSOCIATES, INC.  
Available for immediate delivery. BETHEL, CONNECTICUT 

C r e a t o r s  o f  

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

The Department of Dairy Technology, Ohio 
State University, and the Ohio D e p a r t ~ ~ ~ e n t  of 
Public Health will co-sponsor a Seminar for  
Public Health Administrators and Supervisors 
January 17-19 a t  Columbus. The Seminar 
will deal with public health problems on the 
administrative level, with participation being 
by invitation only. Later in 196'2, the Ohio 
Department of .\griculturc will join with these 
two agencies in sponsoring the Sanitarian's 
Short Courbe, 3Iarc.h 19 through 23. 

Market Milk and Ice Cream Conferences 
To Be Held a t  Purdue 

F. N. r\nd~.ews, He:td of the llnimal Sciences 
Departlr~ent a t  Purdue Ua~versity,  and F. J. 
Babel, profr5sor in charge of the Dairy Manu- 
facturing Section, have announced tv-o, one- 
day rnccting~ to he held in March 1963. The 
Market &[ilk Conference will be held on March 
14 and the Ice Creani Conference on March 
15, in thr  Nernorial Center a t  Purdue Univer- 
sity. The conferences are an  annual affair 
sporlsored in cooperation with the Indiana 
Dairy Products Association. 

Wyoming News 
DR. H. S. T'ILL~RD has recently retired af ter  

serving nearly 40 years on thc~ staff in the 
Dairy Section of the Division of Animal Sri- 
ence of the Cniver5it;v of Wyon~ing. Ijr. TVil- 
lard returned last spring from hi? second 
foreign assignment. Fo r  the past two years, 

he was in Afghanistan as a member of the 
IVyo111ing University team. 

DR. TT'. R. THOXAS has returned to the staff 
of the Dairy Section of the Division of Ani- 
1na1 Science af ter  a two-gear leave of absence. 
During his leave of absence, Dr. Thomas 
earned his Ph.U. degree in Dairy Bacteriology 
a t  Iov-a State rniverqity. 

USD A 
Federal Interagency Briefing of Dairy 

Industry on Strontiumw 
The U. S. Departluent of Agriculture, the 

Atomic Energy Conl~l~ission, and the U. S. 
Public Health Service jointly sponsored two 
technical briefing sessions a t  Beltsville, Mary- 
land, 1)eceinher 19 and 21, to review the status 
of fnllout in relation to milk and to present 
a progress report of current research on means 
for rc2111oving 8trontium""frorn milk. The first 
session, for the dairy processing industry, was 
:~ttt.ntlecl by 150 persons, and the second, for  
dairy equipment ~nanufncturers, had 50 per- 
sons in attendance. 

Tl~c. rc.search was initiated in 1960 on a 
cooperative hasis hy the three agencies. The 
f:lcdilities and personnel arc located in the 
])airy Products Laboratory building a t  Relts- 
villc.. The work is heing carried out on labor- 
 tory and pilot-plant scales hp a new unit, 
Isotope Ren~oral Inrestigations, which has a 
staff of chemists and food terhnolo~is ts  with 
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BEACON 
DAIRY FEED 

PROGRAMMING 
speeding +he application of 

nutritional advances through 

I .  Laboratory analysis of roughage. 
2. Using that analysis to recommend 

the most economical grain protein 
level. 

3. programming the feed for each in- 
dividual cow. 

4. Monthly review and revision of the 
feeding program for each cow. 

Devised b y  Beacon Research 
Applied b y  Beacor~ Advisors 

THE BEACON MILLING 
COMPANY 

Spencer Kellogg Division of Textron Inc. 

CAYUGA, NEW YORK 

HELP 
WANTED 

For All of US 
WE a r e  p r o l ~ t l  of o u r  JOURNAL . . . You 
car1 be proutl. 1)ecarlse ac tual ly  it is 
yonrs,  too . . . edited f o r  members  a n d  
friellils of t he  American D a i r y  Sci- 
ence Associatioll in evt,ry s t a t e  a n d  
i n  70 fore ign cou~l t r ic~s .  

. . . if yon  l a ~ o ~ v  of a l ly  potential  
adver t i ser ,  tc.11 11i11l i~h011t t 1 1 ~  r J ~ ~ i ~ ~ -  
XAL. L e t  u s  know, too, so  we can  g o  
to work. 
AND . . . comn~lmicdate wit11 prcJscJt~t 
adver t i sers ;  te l l  t hem you saw the i r  
a d  i n  t h e  Jorr~xar,. T h a t ' s  t h e  best 
w a y  w e  know t o  keep o u r  present  a d -  
vertisers a n d  ge t  new ones. Resul ts  
a r e  wllat count.  

The J o r J ~ ~ * ~  Se t s  t l ~ e  Trelld ill t he  
D a i r y  Indus t ry .  

H. F. JUDKTNS 
Secretary-Treasurer  

I)lt. I,. F. E~)l\rosnsos as head. The rcu~oval 
process bring developed is based on the ion 
eschange principle and is intended to be :L 
standhy n~ethod. 

Six papersdealing with various aspects of 
mdioac.tivr fallout and progress of research on 
thc r c~ t~~ova l  of radiostrontiurn fro111 milk ve re  
~ > r c ~ s c ~ ~ ~ t c ~ d  hy representatives of the i \ to~i~ic  
En(>rgy Cottlt~~ission, the U. S. Public Health 
Srrvic.r, ; ~ n d  the IT. 8. Department of Agri- 
calturc.. 'I'111. I:~horatorics and pilot plant of 
the Isotope, He~noval Unit were open to 
inspec.tioi~. 

N. D. Bayley Appointed Assistant Director 
111~. N. 1). 13.1~1,r:u was l~ppointed Assistant 

Ilirector, Anin~al  II~isbandry Research Divi- 
sion, Agricultulxl Research Center, Beltsville, 
Maryland, t~ffcctivc~ 1)ocrniher 11, 1961. 

Ilr. Hay1c.)- is 1vc.11 known in the Ilivision 
and in nnin~al 1)rertling circles throughout the 
c20untry. Recently he \\-as on special assign- 
ment to the office of the L)ivision 1)irector 
developing ,?-year research plans. H e  is a 
native of 1\Iichignn and received his H.S. de- 
grre in animal husbandry a t  Michigan Sttlte. 
HE did graduate xvorlr in animal genetics nt 
the I'nivrrsity of Minnesota and received a 
1'h.l). tlegrec in  Dairy Husbandry a t  Wisron- 
sin. Hi, was on the staff of the Dairy Hus- 
hi~nilry dcr)art~nents a t  Wisconsin : ~ n d  bIin- 
I I (>SO~;I  during the period 1948-55, and in 1955 
WIS :~l)pointc.d as Assistant Head, Breeding 
a t~ t l  3lnnngc'n1ent Section, Dairy Husbandry 
Hrse:lrc.l~ Hmirch, a t  Reltsville. Prior to 11is 
: ~ l ) l ~ o i n t ~ ~ ~ ( , n t  as Assistant Director of the 
I)ivisior~, hc. II;IS been Leader, Breeding and 
?dan:lgc~lnc~nt Investigations, Dairy Cattle Re- 
sr;~rcah l3r;rnc.h. 

J. G. Pransen Promoted a t  Beatrice ~ o o d s  
J. G. FRANSEN 11:ls been pronloted to admin- 

istrative assistant to the executive vice-presi- 
dent of Bratrice Foods 
Company, Chicago. 

11 veteran of more 
than 20 years with Re- 
atrice Foods, Frailsen 
started as a clrrli in the 
cream p r o c u r e ~ n r ~ ~ t  dr- 
par t~nent  of the com- 
pans's Chic;igo plant in 
1939.  H e  a d v a n c e d  
through various clerical 
a n d  a c c o u n t i n g  posi- 
tions and was named ;:s- 
sistant general auditor 

J. G .  Fransen in 1954. 

M. G.  Korb Promoted a t  Borden's 
11. (+. K ~ R R  has been appointed assistant 

prothiction Illanager for  milk-based products 
of thc' Tiorden Foods Company. Formerly as- 
sistant superintendent of the company's pow- 
dered ~ni lk  plant in Arcade, N. Y., Korh will 
assist F:. C. HASKE~J~,  production manager for  
evnporatrd and condensed milks, dehydrated 
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~ ~ ~ i l i i s .  11li1lt(~1 ~ ~ ~ i l k s ,  111sti111t I ) L I ~ C ~ I  Cl~ocoli~te, 
illl(l IIflllO. 

Cherry-Burrell Corporation Makes 
New Appointments 

H. S. R,\KER and G. F. COL\.IS have been 
clrctetl Vice-I'residents-snles of Cherry-Burrell 
Corporation for  the Central and E:;~stcbrn Sa1c.s 
Regions, respectively. 

l$z~l;er, 11-110 11as heen wit11 ('11~~rry-13~1rreIl 
for t\\-cuty-foul. years, was l'or~nc.rly 3[;111:1gcr 
of t11~ Con~pflny's Chicago Si~les I<~.iinel~. l1e 
\rill rontinar to 11;1vc. his l~ct:~tl(lua~~ters in 
C'hiet~go, and \rill I~arcb gc>nrral jurisdiction 
o w r  all S;II(,S) s c~~v ie (~ ,  : I I I ~  w ; ~ r ( ~ I ~ o ~ ~ s i n g  oprr:~- 
tion5 of the s t~ l r s  l ) r ;~nel~(~s  in ('hic:~go? St. 
Paul, I)c.troit, l ' ittshiu~gl~, : I I I ~  ( ' in (~inn:~t~ .  

Colrin was fo r l~~e r ly  \'ic~c~-Prc~sid(.~~t-Snles 
ot' tl~c- 1'1unl) 1)ivision of' thc, \\7:~i~krslia 
E'ounthy C * O I I I ~ : I I I ~  i ~ t  ni:~nk(~sl~il ,  T\'isco~~sin. 
Prior to that he h:~(l 11ro1~ 1vitl1 Chrysler 
Corl,o~.;~tion :~nd  t l~( ,n  wit11 St:~inl(,ss Products 
Corporation of Sr \v  Torl;. I n  his ne\v position 
:IS Viccx-Prc.sidrnt-S:~lcs Eastern Region, he 
\rill I I : I V ( ~  juristlietion orcar all sales, service, 
itntl ~v;~r(>l~onsing operations of the Cherry- 
r<~u.~.c~ll hr ;~ncl~cs  a t  Boston. Sen- lTork, P l~i la-  
tl(.lplli;~, i ~ n d  C:liarlotte, and the new C'herry- 
lin~.l.csll Srrvicc Center a t  ~ I o u n t ; ~ i ~ ~ s i d e ,  S r ~ v  
.J(~rscy. 

Pormost Dairies Inc. Operating in Venezuela 
A new Foremost Dairies plant l~rodnring 

~ r h o l r  po~rclerecl milk is now in full opcr:~tion 
nrar  3Iaraeaih0, Venezuela. Forc.n~ost joined 
nit11 the lTenezuelan milk producers in the 
f'ortl~i~tion of Industrins L:~cte:~s tic' Perijx, 
C'. -\. (Ilal>ec;~) to est:~l)lish thc! 1)l;rnt. Thr 
ne\\- con~ lx~ny  \rill su1q>Iy :I, snl)st:~nti:~l 1):lrt 
of all po\vtlrrrd 111ilk sold in \ T ( ~ ~ ~ e ~ ~ ~ ( ~ I ~ .  

Lyle S. Turnbow Heads Foremost's 
Western Region 

L. S. Tr.~sno\ \ -  h:~s bc.c.11 :~ppoirltrd Manager 
of the nc~vly fol-ll~ed \Yestern Region of 
Forc~nrost D;~irirs. Inc. The 11ew R.egion com- 
prises ill1 of 130rot~~ost's Frcsh 3Iill; and Ice 
( ' r r i l l~~ opvri~tions in Californiz~, Oregon, Wash- 
ington, :~ntl A\rizon;l. 

Turnt)o\v l)c.g:ln his dairy industry career 
as n tl;~iry seic.net. ~ n a j o r  a t  the rnirersit:- of 
Ci~lil 'o~.nii~ : ~ t  I)i~vis. I n  19-11 he joinetl Hage's 
1,ttl. : ~ t  S i ~ n  1)irgo :~nd  was its T7iee-President 
i ~ n d  G('ncril1 ~ [ : ~ n a g w  a t  the time this rolnpany 
was :rc~quiretl hy Forelnost. 

Completed Theses 
M.S. Degree 

.\I. G. C . k ~ ~ n ~ c ~ n o - S t a h i l i t p  of antifungal 
i~grnts  in Cottage cheese ant1 t l~c i r  cl'fc~et 
nl)011 spoilage organislns. University of 
Srhraska.  

S. I<. DE-The physiologic:~l individ~~nl i tq  of 
reettll teml~prature, pulse rate and rrsl)ir:~- 
tion rate in calves with nnd withont 
adrenaline adlninistmtion. I!nivcrsity of 
h-chraska. 

ROTATE 13 BLENDS FOR 
TOP CHEESE PRODUCTION 

Eliminate lost batches, save 
time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 
est quality fresh culture every 
week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 

FLAKES 
Vr i te  .for details in our Jree Cttlture Booklet 

T H E  DAIRY LABORATORIES 
2300 Locust S t r ee t  

Philadelphia3, Pennsylvania 

Branches:  New York 0 Washington, D.C. 

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. 

Oariloid XL@ for your white misees 
Sherbelizep for your chocolate m b e s  

Products of KELCO C O M P A N Y  
75 Terminal Ave., Clark. N. J. 
20 N. Wacker Drive, Chicago 6. Ill. 
530 W. Sixth St., Los Anaeles 14, Calif. 

Cable Address: KELCOALGIN-CLARK, NEW JERSEY 
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J. TI-. k iu~~ l \ r a s -E8ec t  of stage of ~na tu r -  
i ty on preservation and nu t r~ t ive  value. 
University of Nebraska. 

DONALD PAUL STAHLY-Heat rdated factors 
affecting the rate of germination and 
subsequent growth of Bacilltts cereus and 
h'acillfcs lichelziforrnis spores in milk. The 
Ohio State University. 

Ph.D. Degree 
GORDON CIIARLES I < R E S H E C K - C ~ ~ I ~ ~ ~ S  in  

nlilk proteins a t  elevated ten~peratures 
as determined by light scattering. The 
Ohio State Univcsritg. 

Dairy Technology Society. His  subject was: 
E>nginecring the Dairy Plant for  Efficiency. 

Metropolitan-R. Hopkinson of Cherry-Bur- 
rell's Research and Development program a t  
Cedar Rapids, Iowa, was featured as  speaker 
nt the January 9 meeting, with the topic Auto- 
nlation in  Dairy Plants. 

North Carolina-Topic of January  meeting 
\\-as Trends in Corn Syrup Usage, with L. G. 
1)rusendahl of Les Drusendahl Conlpany ad- 
drtwing the group. 

Ohio-Christinns parties were the order of 
the dav in December for all four groups corn- 

Dairy Technology Societies p i s i n i  the Ohio Dairy ~ e c h n o l & ~  Society: 

central ~ l l i ~ ~ i ~ - ~ ) , . ,  1,. 11, ,vittel., ~ ~ ~ , ~ ~ t -  JIaunlee Valley a t  the Pikeview Restaurant, 

merit of ~ ~ ~ ( 1  ~ ~ ~ . ~ ~ ~ ~ ~ l ~ ~ ~ ,  vniversity of 11- JVauseon; Central Ollie, I1ese1-t Inn,  Colulllhus; 
linois, \v;ls tile spe;lker tile ,,ulluary Sortheastern Ohio, Gre(lllbrier Restnurant, 

His Do \-nu ,<no\,. . . . ? " ~ i k ~ ~ l  Parma Heights; and Cinrinnati, Fort  JIitchel 

~~l~~ I J ~ ~ ~ - L ~ \ , . ~ ~  r,abor;ltorirs \\.ill speak Country Club, Fort  Jfitcllel? I<c.ntucky. 
a t  tlie F(,hruary srssion of this gronp. Tri-State-Topic of J ; i~ lu :~ry  \\.;IS Look 

Chicag~-J)~.  (;. p. Guudlaell, founder and a t  Our Laboratory, einl?hilsizing the 1;thoratory 
president of G. p. Gundlaeh & Colllpany, ad- as  a focal point of product corltrol. Spenkers: 
dressed the January meeting a t  the Furniture Elwood F. Schaffer, Pennsp1r;lnia I)ep;lrt~uent 
Mart. D ~ .  F. I(nmnlerow, Food Technology of i\griculture, Harrisburg, Pennsglv;~nia, and 
~ellart l l lent ,  University of Illinois, spoke a t  Joseph Samndria, Laboratory Cllief, Allegheny 
the Decelnber meeting on the The Courlty Health I)epartment, I'itts!)nr,rrh, 
Experimental Lark of Evidence fo r  a Role Pennsylvania- 
of Butterfat  in Hear t  Disease. Western Michigan-Progra~n of the 111ont11 

Kansas-January 8 nleeting of this ~ I ' O U I )  (January) mas deroted to  expanding sales 
featured J. 0. Hall  as speaker. Mr. Hall  is of dairy produrts. A. J. Brennan, Regional 
p)111t n~ilnager of Safeway Stores' Oklt~l~omn JIerchandising Ilireetor, American Dairy As- 
( ~ t y  plant and president of the Oklal~oma -;o~.iation, \\.as the speaker of the evening. 

I I 

As a loyal member of the American Dairy Science Association for 1962, 1 
hereby resolve: 

I. To study my JOURNAL diligently and send t o  the editor suggestions 
for improving it. 

2. To show an interest in and appreciation of JOURNAL advertising by 
writing to  advertisers. 

3. To assist in every way possible in securing advertising for the JOURNAL. 

4. To try to  interest an eligible person in becoming a member o f  the 
Association. 

5. To pay my dues before January I. (Note: As this is written, on December 
19, over 1,000 196 1 members have not as yet renewed.) 

6. To do a better iob in taking care of my correspondence promptly. 

7. To make every effort t o  attend the Annual Meeting. 

8. To attend the Annual Business Meeting o f  the Association. 

9. To get  any gripes off my chest by telling an officer o f  the Association 
about them. 



DAIRY INDUSTRY PLANT TRAINING MANUAL 

Prepared by 

A Committee of the American Dairy Science Association 

OVER 1,500 COPIES SOLD TO DATE 

A sample of universal user satisfaction follows: 
Personally, I believe this book will be a 
great help to trainees, because the train- - 

ing program is lacking in written material 
and depends too much on plant personnel 
as a source of information and guidance. 
By using this manual as a guide, the trainee 
will not have to depend on other people to 
tell him what he should be receiving from 
each phase of his training-very few of 
them would be as complete as this written 
guide. I feel in any learning process, a 
person must first find out what he doesn't 
know, if he is to receive the most of his 
endeavor. This training manual is the best 
book I've seen in the dairy field for a trainee 
to find out what he doesn't know. I don't 
believe there are any limits to the benefits 
that could be derived from this book, if a 
person has enough initiative to seek it out. 

-Russell Roberts 
Trainee Sealtest Foods 
Southern Division 
Atlanta, Georgia 

CONTENTS 

SECTION I states the objectives and require- 
ments of the program. 

SECTION I1 contains training schedules for all 
phases of plant operation for all types of 
plants. Many questions are asked for the 
trainee to answer before passing from one 
phase of training to the next, and progress 
reports and rating forms are provided. 

SECTION I11 covers management development. 
Many study projects are outlined which are 
not only essential to management develop- 
ment but may result in savings to the plant 
that will more than pay the cost of training. 

The Appendix contains a list of professional 
and trade organizations and reference read- 
ing publications. 

Copies will be needed by Plant Managc- 
ment, Plant Supervision, Plant Trainees, 
Teachers, for a reference text. 

Postpaid Prices: 
$4.00 per single copy; $4.00, less 10% for 5 to 9 copies, one order; $4.00, less 15% for ten or 
more copies, one order. 

Payment to be sent with order. 

ORDER FORM 

American Dairy Science Association 
32 Ridgeway Circle 
White Plains, N. Y. 

Date ------------------- - 

Company----------------------------------- 
Please find enclosed $ _----------- for -------- 

copies of the Dairy Industry Plant Training Manual. Address 
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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 o f  orders. If any of the numbers listed are available and 
of  no further use t o  the owners, please send them to  the Garrard Press, 510 North 
Hickory Street, Champaign, Illinois. Fifty cents plus postage will be paid for each 
number. 

19 19-March, May, July, September, 1926-January 
and November 1932-September 

1920-March, July 1943-April 
I92 1--July, September 
j923-January, March, May, July 1959--January, April 

1925-September 1960-October 

There are less than five issues of  the following in inventory: 

1920-January, May, September, 1928--January 
November 1931-May 

192 1-January, May, November 1932-Luly, November 
1922-January 1938-December 
1923-September, November 
1924--January, May, July 

1946-January, March, Apri l  

1925-January, July 1947-March 
1926-March, May, November 1955-March 

FOR TECHNICAL 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 lob 
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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Can you afford to buy 1,000 journals, books, reports, 

and bulletins each year? 

D The cost m!ght well be $10,000 if you were to  purchase 

all the journals and other publications in the world from 

which DAIRY SCIENCE ABSTRACTS is prepared. Yet 

S 
the annual subscription t o  this monthly review of the 

world's scientific and technical literature on all aspects 

of dairying is only $7.50 for members of the American 

Dairy Science Association-a good investment by any 

A yardstick! It is prepared monthly at  the Commonwealth 

Bureau of Dairy Science and Technology, Shinfield, 

Reading, England, and you will find information in it 
that will help YOU. 

........ Annual Subscription for A.D.S.A. ~ n m t b e r s  if ordered through their Association $7.50 

Members: Send your orders t o  H .  F .  Judkins, Anaericnrt Dairy Science Assccintion, 
32 Ridgeway Circle, Whi te  Plains, N ~ K J  York  

Published b y  

COMMON WEALTH AGRICULTURAL BUREAUX, 
FARNHAM ROYAL, SLOUGH. ENGLAND 
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I 
Highly specialized technologists put 
Marschall's 50 years of experience to 
work on  your quality ancl protluction 
control nrol)lerns. I 

I bacter ia l  qua l i ty  tes ts  ant ib io t ic  tes ts  
bacteriophage tests "staph" presence tests 
proteolytic tests on pasteurized milk, cream 
and butter . pesticide and insecticide tests 
all other quality control tests 

I 
I I 

MARSCHALL DAIRY LABORATORY, Inc. I 

I TESTING DIVISION 
P. 0. Box 592 Madison 1. Wisconsin I 
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Modern Sanitizer and Cleaner 
Provides Extended Bactericidal Activity 

:xtensive lab tests and dairy experience 
onclusively prove that PENNSAN is an 
ffective sanitizer. Further, it retains its 
actericidal power even after drying on 
;ainless steel for as long as 24 hours! 

% REDUCTION I N  BACTERIAL COUNT 
AFTER EXPOSURE O N  STAINLESS STEEL 

1 hr. 4 hrs. 7 hrs. 24 hrs. 

ESCHERlCHlA COLl 
Trial 1 100 99.2 100 99.5 
Trial 2 100 99.2 99.6 98.9 
Trial 3 99.6 98.2 99.2 100 

MICROCOCCUS CASEOLYTICUS 
Trial 1 98.9 99.5 98.0 100 
Trial 2 99.5 96.5 98.5 100 
Trial 3 100 94.5 99.0 99.5 

ENNSAN is the superior bactericide 
:rving modern sanitization. I t  removes 
nd prevents milkstone and films, works 

in even hardest water, brightens and con- 
ditions stainless steel, controls bacterio- 
phages without affecting starter cultures. 
PENNSAN is a unique chemical sanitizer 
-a new concept to serve more sanitizing 
and cleaning needs. 

Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATIOX 
East: 3 Penn Center, Phila. 2 ,  Pa. 
West: 2700 S. Eastern Ave., Los Angeles, Cal. 



RESEARCH PAPERS 

CHARACTERIZATION O F  K-CASEIN OBTAINED BY FRACTIONATION 
W I T H  TRICHLOROACETIC ACID I N  A CONCENTRATED 

UREA SOLUTION 

H. E. SWAISGOOD AND J. R. RRUNNER 
Department of Food Science, Michigan State University, East Lansing 

SUMMARY 

K-casein-rich preparations were isolated fro111 both isoelectric whole casein 
and crude a-casein by fractionation with trichloroacetic acid (12%) in urea 
solution (6.6 M). Preparations fractionated from isoelectric whole casein at  
4 C and at  room temperatures (20-24 C) contained ~ 7 7 %  and 55% of K-casein, 
respectively. The latter preparations were nonstabilizing to a,-casein. The prep- 
aration fractionated from crude a-casein contained ~ 9 2 %  K-casein. The 
residual proteins consisted principally of B-casein and a small amount of 
A-casein. 

Sedimentation coefficients for K-casein in the 92% preparation were S, = 
12.9 (polymer) in phosphate buffer a t  pH 7.0, r/2 = 0.1 and S,,'=" = 1.4 
(monomer) in phosphate:I<OH buffer a t  pI-I 12.2, r /2  = 0.19. A weight aver- 
age molecular weight of ~ 2 4 , 0 0 0  was calculated for the ~nono~neric species 
by Archibald's approach-to-equilibrium method. An isoelectric point a t  pH 
4.1 was determined by free-boundary electrophoresis. This preparation sta- 
bilized 90% of as-casein in a l:10, K-/a,-casein mixture in the presence of 0.02 
M CaCl,. Following a treatment with rennin, 25.7% of the protein nitrogen 
was recovered as a soluble protein fraction. 

The term K-casein was used first by Waugh 
and von Hippel (16) to describe a calcium- 
insensitive fraction of casein. Linderstr$m- 
Lang (6) ,  as early as 1925, recognized the 
calcium-insensitivity of a casein fraction which 
they called Z-casein. McMeekin (9) preferred 
this terminology to describe the fraction, while 
others refer to i t  as the calcium-insensitive or 
calcium-soluble fraction (1, 3, l a ) ,  a,-casein 
(5), or merely as K-casein (13, 16). Presum- 
ably, these investigators were reporting the 
same casein fraction obtained in various de- 
grees of purity. 

K-Casein plays a ]major role in the stabiliza- 
tion of the casein ~riicelle in its natural environ- 
rnent (15) and in the clotting phenomenon in- 
duced by the action of rennin (10, 12). Under 
the usual conditions of electrophoresis in alka- 

Hcccived for publication May 29, 1961. 

I Published with the approval of the Director 
of the Michigan Agricultural Experiment Station 
:IS Journal Article no. 2819. 

'This work was supported in part by a grant 
frain the National Institutes of Health (RE-7823). 
' Tliis investigation was carried out during the 

tenure of a Predoctoral Fellowship from the 
Dirision of General Medical Sciences, United 

line buffers it migrates as a component of the 
leading electrophoretic peak, a characteristic 
which served to mask its earlier recognition. 

K-Caseins have been isolated by a variety of 
procedures. Waugh and von Hippel (16) 
treated a dialyzed casein sol with 0.25 M CaCl, 
a t  pH 7.0 and 37 C. The centrifuged super- 
natant, Fraction S, contained a relatively large 
concentration of K-casein ( ~ 7 0 % ) .  Hipp et al. 
(5) added CaCl, (0.2 M )  to a solution of 
a-casein a t  p H  7.0. The centrifuged super- 
natant contained a calciuni-insensitive fraction 
which was concentrated further into a pellet 
of as-casein by centrifugation at  100,000 x G. 
Fox (3)  treated a sodium caseinate sol with 
0.15 M CaCls at  p H  11.0 and 5 C, lowered the 
p H  to 8.3, and removed the aggregated frac- 
tion. The supernatant, clarified at  30 C, was 
adjusted to pH 4.7 to precipitate a kapva-rich - A 

fraction. ~ a k e  (13) isolated a fraction con- 
taining 98% K-cccein from Waugh and von 
IIippel's Fraction S by reprecipitation at  pH 
4.4 and 2 C. 

The observations made by Hipp et al. (4), 
that isoelectric casein was soluble in concen- 
trated urea solutions, and by Wake (12) and 
by Sitsch~nann and Beeby ( lo ) ,  that the pri- 
mary scission product of the action of rennin 

States Public Health Service. on K-casein-Glyco-inacropeptide-was soluble 

1 
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in 12% trichloroacetic acid (TCA) solutions, 
stimulated the authors to postulate that K-ca- 
sein would remain soluble in concentrated urea 
solutions upon the addition of 12% TCA. The 
highly dissociated state of casein rnicelles in 
concentrated urea solutions and the apparently 
strong hydrophilic nature of K-casein support 
this postulation. 

The data reported herein resulted from a 
study of the isolation and characterization of 
K-casein-rich fractions isolated under various 
conditions as the soluble protein in concentrated 
TCA-urea solutions. 

EXPERIMENTAL PROCEDURES 

Testing the postt~late. Experiments were per- 
formed to determine the suitability of trichlo- 
roacetic acid (TCA) for selective precipitation 
of non-K-casein fractions from concentrated 
urea solutions of isoelectric casein. Isoelectric 
casein (wet casein containing ~ 5 0 %  dry mat- 
ter) was dissolved in concentrated urea solu- 
tions (ranging from 3 to 8 M )  to give casein 
concentration in the order of 2 to 4% at  
20-21 C. These solutions were divided into 
lots to which crystalline TCA was added in 
varying concentrations ranging from 6 to 20%. 
The protein fraction not precipitated by the 
TCA and recovered in the supernatant from 
these centrifuged mixtures was assayed both 
electrophoreticdly (in veronal buffer, p H  8.6) 
and as a suhstrate for rennin. Thus, the most 
effective combination of urea and TCA to re- 
move the non-K-casein fraction was found to 
be achieved through the combination of 12% 
TCA in a 6.6 M solution of urea containing 
approximately 2% casein. Higher concentra- 
tions of urea and TCA were ineffective as a 
means of achieving further resolution of the 
two fractions. Lower concentrations of TCA 
resulted in a less complete precipitation of the 
non-kappa fraction. Lower concentrations of 
urea produced lower yields of crude K-casein 
in the supernatant. 

Results of these exploratory experiments in- 
dicated clearly the practicahility of the prin- 
ciples einployed as a means for isolating K-ca- 
sein-rich preparations from casein. 

Isolatioiz of K-casein-rich preparations. 
Pooled, raw milk was separarted a t  40 C, di- 
luted with an equal volume of water a t  40 C, 
and adjusted to p H  4.6 with N RCI to pre- 
cipitate the total casein fraction. The precipi- 
tated casein was dissolved with NaOH at  p H  
8.0, reprecipitated and washed with several 
volumes of a 1 :l (v/v) mixture of ethyl ether 
and ethanol. The washed casein was dispersed 
and reprecipitated several times to assure the 

cotiiplete eliniination of serum proteins. K-Ca- 
sein-rich fractions were isolated directly from 
iwelectric whole casein or a crude a-casein 
preparation, as indicated by the isolation flow 
diagram, Figure 1. 

By starting with isoelectric casein in Step 3 
and proceeding at  a low temperature ( 3  C)  
through Step 4, a kappa-rich fraction was re- 
covered from the supernatant which was simi- 
lar in con~por~tion to Waugh and von Hippel's 
(16) Fraction S and was identified as Prep- 
aration No. 1. I n  the isolation of Preparation 
No. 2, TCA was added to the casein-urea solu- 
tion a t  rootn telirperature (20-24 C). This 
K-casein preparation was characterized by a 
lower concentration of K-casein (measured from 
area on seditilentation diagram), exhibiting 
lower electrophoretic titobilities and a higher 
sedimentation coefficient than observed for the 
K-casein of Preparation No. 1. A corresponding 
increase in the concentration of the slow-sedi- 
menting component, presumed to be B- and/or 
h-casein, was noted. Preparation No. 2 was 
incapable of stabilizing as-casein in the pres- 
ence of 0.02 3r CaC1,. Consequently, the prac- 
tice of adding TCA to the casein-urea solution 
at  room tetuperature was abandoned. 

For the purpose of eliminating the relatively 
high carry-over of @casein from the TCA pre- 
cipitation step, the procedure was modified by 
introducing crude a-casein in Step 3 in place 
of isoelectric casein. a-Casein was prepared 
hy modifying the Hipp et al. (4) procedure 
as outlined in S t p s  1 and 2. The a-casein 
cut was obtained from a 3.3 M urea solutioon 
instead of from the recommended 4.63 x solu- 
tion. Purification was pursued without the 
incorporation of sodium chloride. The result- 
ing a-casein contained a small amount of elec- 
trrophoretically discernible B-casein which was 
carried into the crude K-casein fraction. Further 
purification, adapted from a procedure reported 
by Wake (13), Step 6, was required to remove 
additional quantities of the B-casein. p-Casein 
responded to the preparative scheme as though 
it had formed a fairly stable complex with 
K-casein. The purified kappa-preparation was 
identified as Preparation No. 3. 

Studies currently in progress in this labora- 
tory have shown that by repeating the a-casein 
purification procedure, Step 2, three to four 
times a p-casein-free, a-casein fraction was ob- 
tained from which a ,%free, K-casein was iso- 
lated in Step 3. 

Interestingly, when salt was used in the puri- 
fication of a-casein, as recommended by Hipp 
et al. (4) ,  K-casein was not recovered in the 
TCA-urea supernatant (Step 3) .  Instead, h- 



CHARBCTERIZATION O F  K-CASEIN 

ISOELECTRIC CASEIN (Step 1, 20-24 C) 

Disro!ve in urea (6.6 M) 
Dilute to 3.3 M by adding distilled 

water dropwise 
Adjust to pH 4.8 and allow to  

stand for 1-2 hr 
Decant most of the supernatant and 

centrifuge remaining mixture 

I I 
PRECIPITATE (Step 2, 20 -24  C) SUPERNATANT (Discard) 

Redissolve in 6.6 M urea 
D~lute to 4.0 M urea 
Centrifuge at 1,000 X G for 20 min 
Discard the supernatant and repeat Step 2 

I 
SUPERNATANT (Discard) 

I 
CRUDE-a;CASEIN (Step 3, 3 C) 

Redisrotve in 6.6 M urea 1 12-17. protein soln.) 

I 
SUPERINATANT (Step 4, 3 C) 

lsoelectric casein was substituted 
for Preparation No. 1 and 2 

Raise to pH 7 with solid NaOH 
Dialyze 
Pervaporate t o  1-2% protein conc. 
Adjust to pH 8 
Add 2 M CaC12 to  0.25 M at 3 C 
Allow to stand for 12-1 6 hr 
Centrifuge (1,000 X G; 30 min at 3 C) 

Add solid TCA at 3 C 
(1 2% w/w) 

Al:ow to settle for 30 rnin and centri- 
fuge at 1,000 X G for 30 min 

I 
PRECIPITATE 

(Principally as-casein, void of 
calcium-insensitive fraction) 

I 
PRECIPITATE (Discard) 

I 
SUPERNATANT (Step 5, 30-35 C) 

1 Centrifuge at 25,000 X G for I0 min 

I 
SUPERNATANT (Step 6, 3 C) 

I Dialyze 
Pervaporate t o  1-2% protein,conc. 
Adjust to pH 11.3 momentarily 
Add cold 0.2 N HCI to pH 4.4 1 Centrifuge at 1,000 x C for I0 min 

I 
PRECIPITATE (Discard) 

SUPERNATANT (Discard) PRECIPITATE (K-casein) 
Dissolve with NaOH 
Dialyze 
Freeze-dry 

FIQ. 1. Procedure followed for obtaining K-casein-rich fractions from a concentrated 
urea-TCA solution of isoelectric casein or crude a-casein. 
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casein was obtained in an alnlost pure state 
(unpublished). Apparently, K-casein is not nec- 
essarily a component of the NaC1-purified a-ca- 
sein. Zittle et al. (18) reported that a calciurn- 
sensitive, a-casein fraction was the primary 
constituent of a precipitate recovered when a 
6.6 M urea solution of a-casein conctaining 
3.18 g of NaCl per 150 ml of solution was 
diluted to 3.3 M urea and that a calcinm-insen- 
sitive fraction was the major constituent of 
the supernatant. 

ANALYTICAL METHODS 

Electrophoresis. Free-boundary electropho- 
retic analyses were performed in a Perkin- 
Elmer, 35-A electrophoresis apparatus employ- 
ing the 2-ml Tiselius cell a t  2 C. Mobility 
measurements were made from the position of 
the initial boundary on the descending and 
ascending patterns. The ascending patterns 
were used principally as an aid in discerning 
electrophoretic homogeneity. The buffers em- 
ployed were made to 0.1 ionic strength and 
p H  values were measured a t  24 C. 

Ultracentrifugal alzd diffusion characteris- 
tics. Sedimentation-velocity studies were con- 
ducted in a Spinco Model E ultracentrifuge 
equipped with phase plate and analytical ac- 
cessories. Temperatures were controlled to 
within 0.1 C for the duration of the analytical 
runs. Boundary sedimentation distances were 
measured from the maximum ordinate of the 
Schlieren patterns. 

AIolecular weight determinations were made 
by employing the Archibald approach-to-equi- 
libriu~n technique as described by Schachman 
( l l ) ,  but modified in the following ways: 
First, the approach-to-equilibrium was made 
in the synthetic boundary cell, as suggested by 
Ehrenberg (2), whereas Scbachman used the 
synthetic boundary cell only as a refractornetric 
technique to determine the initial protein con- 
centration (Co) . Thus, following the approach- 
to-equilibrium run, the cell contents were mixed 
and solvent was added to the upper chamber 
of the synthetic boundary cell in preparation 
for a second centrifugation to determine the 
initial protein concentration. Secondly, refrac- 
tive area measurements were made from the 
Schlieren pattern by placing fine-ruled, graph 
paper on a fivefold enlargement of the photo- 
graphic plate instead of from a fivefold en- 
largement of a photographic tracing. 

Diffusion characteristics were studied by two 
methods : First, the Schlieren lens technique 
was employed, utilizing a 2-ml Tiselius cell in 
the Perkin-Elmer electrophoresis apparatus 
maintained at an accurately controlled tempera- 

ture of 20 C. Diffusion patterns were recorded 
over a period of 24 hr from which peak areas 
and heights were measured (AZ/hHZ)  and 
plotted as a function of tirne. The value of 
the slope of the line connecting these experi- 
mental points represented the diffusion coeffi- 
cient. The second method utilized the Schlieren 
diagrams recorded from a low-speed centrifuga- 
tion (=15,000 rev/min) in a synthetic boundary 
cell, according to the method of Ehrenberg (2). 

Stabilizing factor. The technique of Zittle 
(17) was employed to determine the ability of 
the K-casein preparations to stabilize as-casein 
(calcium-sensitive fraction) in the presence of 
calcium ions. Ten-milliliter test solutions con- 
taining 100 mg of as-casein, vasious quantities 
of K-casein, and CaCl, in an equivalent concen- 
tration of 0.02 M were held at  30 C for 30 min. 
These mixtures were centrifuged a t  3,000 X G 
for 5 min. The amount of protein remaining 
in the supernatant was determined spectropho- 
tometrically a t  280 mp and represented the 
stabilized protein system. 

RESULTS AND DISCUSSION 

Comparative characteristics of the K-casein- 
rich preparations. Electrophoretic, ultracen- 
trifugal, and yield characteristics of the K- 

casein preparations described are recorded in 
Table 1 and Figure 2. These data demonstrate 
obvious differences in composition and prop- 
erties between Preparations KO. 1 and 2, ob- 
tained directly from isoelectric casein, and 
No. 3, fractionated from crude a-casein. Elec- 
trophoretic resolution in neutral or alkaline 
buffers showed that Preparation No. 3 con- 

FIG. 2 .  Electrophoretic and ultracentrifugal 
sedimentation-velocity patterns of the K-casein 
preparations reported in Table 1. Udtracentrifu- 
gation was conducted in phosphate buffer (pH 
7.0) at 3 C. 



CHARACTERIZATION OF h.-CASEIN 

TABLE 1 

Comparison of the electrophoretic, ultracentrifugal, and yield characteristics of K-casein 
preparations 

Sedimenta- 
tion-veloc- 
ity values 

Properties of the electrophoretic peaks ' for lead- 
ing bound- 

Buffer " ary 

Identification Concen- 
of K-casein TTcronal Phosphate RCI :NaCl tration Yield 

preparqtion pH 8.6 pH 7.0 pH2.4 S?o (A%) (%) 

Peak 1 Peak 2 Peak 1 Peak 2 Peak 1 Peak 2 
Preparation No. 1 

TCA added to solu- a "  = -i.4 -4.6 -6.6 -3.7 +3.1 +1.4 12.7 77 
tion of urea and AT''= 90 10 96 4 83 17 8.9 
isoelectric casein 
at  2-4 C 

Preparation No. 2 
TCA added to solu- p = -6.2 -3.6 -6.2 -2.6 +3.0 f1 .2  58 
tion of urea and AcJ, = 90 10 89 11 85 15 20.6 6.0 
isoelectric casein 
at  21-24 C 

Preparation So. 3 
TCA added to soh- p=-6.7 -3.4 -7.5 -3.2 +3.1 +1.2 12.9 92 
tion of urea and AC/o = 99 1 97 5 76 24 8.3 
crude a-casein a t  
2-4 C 

a Fast component was presumed to be the K-casein fraction. 
Concentration of protein was 1.0%. 

'Protein was carried in phosphate buffer at  pH 7.0, r / 3  =0.1, a t  3 C. 
Expressed as the percentage of total isoelectric rxsein. 
Mobilities were measured from descending pattern. 

'Relative areas were measured from descending pattern. 

tained the least amount of electrophoretically 
discernible @-casein. Resolution in the HCI : 
X-aC1 buffer systenl became less definitive as 
the concentration of 8-casein in  the prepara- 
tions decreased. Possibly, small amounts of 
8-casein were associated with K-casein under 
these experimental conditions. 

The sedimentation diagrams appeared to be 
more descriptive of the composition of the pro- 
tein preparations. These data showed quite 
clearly that Preparation No. 3 contained the 
highest concentration of K-casein. Presun~ably, 
the contaminating material in these prepara- 
tions, as represented by the slow-sedimenting 
boundary, was a niixture of B-casein and A- 
casein. Because of infor~nation obtained front 
the electrophoretic studies, i t  would be difficult 
to reconcile the presence of large quantities of 
8-casein unless this component migrated with 
K-casein in the electrophoretic analyses. More 
logically, and in harmony with the interpreta- 
tion of the authors, a large portion of the 
slow-sedimenting boundary recorded fo r  Prep- 
arations 1 and 2 was attributed to the presence 
of A-casein, which appeared to accompany the 

isolation of K-casein from isoelectric casein. 
The K-casein of Preparation No. 2-room tem- 
perature fractionation-appeared to be con- 
siderably more poly-dispersed and possessed 
a higher sedimentation-coefficient than in either 
of the cold preparations. 

Characterization of K-casein. Preparation No. 
3 was selected as being most typically K-casein 
and was characterized more rigorously. The 
anhydrous protein was composed of approxi- 
mately 0.35% phosphorus and 13.5% nitrogen. 
It was soluble to the extent of 15% in distilled 
water a t  5 C, p H  7.0. I n  a 1:10 ratio with 
as-casein a t  30 C, 90% of the as-casein was 
incorporated into a soluble, calcium-stable com- 
plex (Figure 3),  a value similar to that re- 
ported by Zittle (17). The ability of K-casein 
to associate with as-casein to forrm calcium- 
stable complexes is one of i ts  basic character- 
istics. Waugh and Gillespie (15) stated that 
the calcium-caseinate micelles of milk contained 
as-, B-, K-, and 111-caseins.' Under appropriate 

"m-Casein may be similar to what is more 
frequently referred to as A-casein. 
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Ratio Klo, 

FIG. 3. The stabilization of a,-casein by various 
anrounts of K-casein Preparation No. 3. 

conditions, all of these components were cap- 
able of interacting and the tilost important in- 
teraction involved three nlolecules of as-casein 
;rnd one ~nolec.ule of K-casein. 

Elrrtrophoretic and seditnenta.tion charac- 
trristics of a-caasein were colnpared with those 
for two K-/as-casein ronlpleses fonned by two 
tlilTt.rc~nt t r e a t ~ ~ ~ c n t s  of a 1 :3 mixture of K- and 
a,-cascins. I n  the first tnethod, the protein 
t~listurc! in a 1% solution was adjusted to p H  
I:! for  30 nlin ;rt 24 C, followed by neutraliza- 
tion to p H  7.0. The adjusted solution was 
clcluilibrated against phosphate buffer ( p H  7.0) 
prior to analysis. The second procedure con- 
sisted of dissolving the protein mixture i n  
6 6 ~r urea solution and adjusting to p H  4.8. 
\I-hen this solution was diluted to 3.0 M with 
respect to urea., a precipitate was obtained 
which \\,as taken u p  in water and adjusted to 
PII 8.5 and dialyzed to remove urea. The urea- 
free solution was equilibrated against phosphate 
buffer ( p H  7.0) prior to analysis (results shown 
in Figure 4) .  

Electrophoretic differences between the a-ca- 
sein fraction and the induced co~nplexes were 
luinor. Apparmtly,  the sniall quantity of B- 
casein present in the kappa preparation was 
either closely associated with the conrples 
fornled out of the urea solution or eliminated 
completely fro111 participation in the complex 
strurturr, a possibility which seems most likrly 
to have occurred. 

The sedimet~tation-velocity diagram showed 
more discernihle differences between these corn- 
pleses. Ohriously, the K-casein lnust have en- 
tered into the con~ples with a,-casein, since no 
houndary attributable to K-casein was observed. 

Sedinlcwtation coefficients (S,") fo r  a-casein 
(4.:3), the con~plex ohtained following alkaline 
treattnc.nt (6.2), and the complex obtained out 
of the urea solution (4.7), were somewhat dif- 
ferent. Thrse values Itlay refect differences 
in thr struc,turaI details of the respectivc conl- 
plesrs. TVaugh and von IIippel (16) reported 
an  S,,, of =(i.5 for  a cotnplex formed by using 
an alkaline treatn~ent sitnilar to the one de- 
serihrtl herrin. A difference in the shape of 
the sc*di~nc.nting houndary of the induced con)- 
p1est.s was iipparent. Diagrains for  the alka- 
line-induced comples reflected a greater degree 
of hotnogeneity in the ~noleculax species con- 
stituting the eo~nplex, an observation which 
 night he esplained on the basis of specific 
differences in the manner in which lnonoineric 
K- and as-caseins reoriented under these esperi- 
tnental differences. 

Rcdiinentntion-velocity diagrams of an  un- 
treated K-/a,-casein misture revealed three sedi- 
n~enting boundaries : S, = 12.6 (K-casein), 
S,, = 5.0 ( ~ . - ~ s e i n ) ,  and S, = 2.0 (B- and/or 
A-casc.in introduced as components of the kappa 
prcy3nlatiorl). TVaugh and von Hippcl (16) , 
and later T17augh (14), reported that 1 :4  mix- 
ture\ of K-/as-casein \vould cotilplex sponta- 
nc.ouhly a t  pI I  7.0. Our data showed that spon- 
twncous ron~ples  fornration a t  p I I  7.0 did not 
occur. Po\sibly this appi~rent  diffcrrnce in 

ELECTROPHORETlC PATTERNS SEDIMENTATION-VELOCITY 
DIAGRAMS 

DESCENDING ASCENDING 

FIG. 4. Elcrtropl~orctic pattertls and sedimenta- 
tiotr-vcloeitg t l i a g r : ~ ~ ~ ~ s  of A )  Ilipp ct al. (4 )  
a-casein and K-/a,-casein complexes induced by 
13) prrri1)it:~tion fro111 3.0 .M urr:t ant1 by C) 
oro~nc.~ltarily adjusting a solution of the mixture 
to ]?TI 12.0. Iiltracrntrifngatiolr was ro~ldurted in 
~1~1O~~?!l:ltr 1111fi'rr (pT1 7 .0)  at 20 C. 



TABLE 2 

Electrophoretic properties of K-casein (Preparation No. 3) in buffers from pH 2.3 to 8.6 

Electropl~oretie characteristics 

Mobility 
( p  = em', Refractive 
see-', v-', area ' 

Protein 
Buffer 

x 10.j) 
concen- ( % I  

System tration Deseentl- Ascend- Fast Slow 
(r/2 = 0.1) ])I1 ( % J )  ing ing peak peak 

H a :  NaCl 2.3 2.0 12.4' +3.2 ' 100" 0 
4-0.8 +2.2 

Acetate 4.5 0.6 -3.0 -3.1 ...... .... 
Acetate 4.6 0.6 -4.4 -4.1 92.7 7.3 
Acetate 4.7 0.6 -4.6 -4.7 ..... .... 
Acetate 5.1 0.6 -6.3 -6.5 ...... .... 
Acetate 5.3 0.6 -6.2 -6.6 ...... .... 
Acetate 5.5 0.6 -6.4 ~ 6 . 4 ~  96.2 3.8 

-5.9 ' 
Phosphate 6.0" 0.6 -6.8 -7.6' 95.1 4.9 

-7.1" 
Phosphate 6.5 0.6 -7.2 -7.4 92.5 7.5 
Phosphate 6.7 0.6 -7.7 -8.1 93.7 6.3 
Phosphate 7.0" 0.6 -8.2 -8.5 94.7 5.3 
Phosphate 7.1 0.6 -7.6 -8.1 97.7 2.3 
Phosphate 7.5 0.6 -8.6 -8.9 ...... .... 
Veronal: HCl 8.3 0.6 -7.5 -i.G 95.0 5.0 

Verona1 8.6 1.0 -6.7 -6.8 99.0 1.0 

'Measured from the descending patterns. 
%Electrophoretic patterns for these analyses are sho~vn in Figure 5. Higher coneentra- 

tions of protein are required at  pH 2.3 to give comparable refractive areas. 
' Mobility of the leading portion of the divided peak. 
'Mobility of the trailing portiion of the divided peak. 
'Combined area of divided peak. 

cotnpl(~s for~nation can be attrihuted to the 
1nannc.r in which the original casein was ob- 
tained. Our casein was collected by isoelectrie 
prchcipitation from skim~nilk, whereas Waugh's 
procedure employed ultracentrifugal fraction- 
ation in the presence of calcium ions. 

The data obtained from a detailed electro- 
phoretic study of Preparation No. 3 are pre- 
sented in Table 2. Descending and ascending 
patterns selected from these data are shown in 
Figure 5. A divided peak was ohserved in 
HC1:NaCl huffer at  p H  2.3 both in ascending 
and in descending patterns. To a lesser extent, 
and restricted to the ascending patterns, a 
similar phenomenon was observed in acetate 
huffers a t  p H  5.5 and in phosphate buffer a t  
p H  6.0. The nature of the split observed in 
the HC1:YaCl buffer was interesting from the 
standpoint that sedimentation-diagrams re- 
cordrd under the same conditions showed a 
similar split in the boundary attributed to 
K-casein. Although these observations seem to 
illustrate the heterogeneity of K-casein, the au- 
thors feel that they manifest the existence of 
a pol.vmeric species of K-casein induced hp the 
r~~peritnental  environment. 

The electrophoretic data showed that the 
principal peak, attributed to K-casein, moved as 
a single boundary. A closer inspection of the 
Rehlieren patterns revealed the presence of a 
s~nall  trailing peak with a mobility correspond- 
ing to that of B-casein. The refractive area of 
this peak varied from 7.5% in phosphate as p H  
6.5 to 1.0% in veronal a t  p H  8.6 (Table 2 ) .  
I n  HC1:NaCl a t  p H  2.3 the presence of a peak 
corresponding to free-migrating B-easein was 
not established, possibly because of the over- 
lapping of the divided, major peak area or the 
association of B-casein with K-casein. These 
ohservations form the basis fo r  the conjecture 
that small amounts of B-casein are capable of 
interacting or associating with K-casein in buffer 
solutions alkaline ( p H  5.0 to 8.6) or acidic to 
the isoelectric point of K-casein. The split-pealts 
observed in the ascending patterns of the tnildly 
alkaline buffers ( p H  5.5 and p H  6.0) could 
have heen a manifestation of a less stable pro- 
tein-protein associations. 

The descending mobilities for  the principal 
electrophoretic component recorrded in Table 2 
were plotted as  a function of the p I I  of the 
buffer, Figure 6. The solid line connects the 
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ELECTROPHORETIC PATTERNS 
DESCENDING ASCENDING 

JL;T:? 
5000 sec . :  F - 8.13 v .  cm.-' 

PHOSPHATE 

5000 sec.:  F = 8.24 v .  crn .-' 

PHOSPHATE I 

h VERONAL 
pH 8.6 d 

3800 se r . ;  10.96 v .  cm.-' 

FIG. 5. Electrophoretic patterns of K-casein 
Prep:~rntiol~ S o .  3 i l l  buffers ranging from pH 2.3 
t o  8.6, r/2 = 0.1 (see Table 2) .  

esperimental values and intercepts the point 
of zero mobility (isoelectric point) a t  approxi- 
mately p R  3.8. The increases in mobility under 
c.sperirnental conditions represented by both 
estremities of the curve were not proportionate 
to changes in the buffer pH. These results 
support the previously held conjecture that 
K- and p-caseins associate in alkaline or acidic 
~nedia. The broken line connecting mobility 

values of K-casein presumably unassociated with 
p-casein was extrapolated to an  isoelectric point 
at  p H  4.1. 

To identify further the isoelectric range of 
K-casein a t  0.1 ionic strength, the p H  of mini- 
mum solubility was determined. Ten milliliters 
of 0.04 M acetate buffers containing 0.16 M 
sodium chloride and ranging in pH values from 
3.6 to 4.5 were prepared. Five milliliters of 
each were added to  5-ml portions of a 2% 
K-casein solution a t  5 C. Following an equilibra- 
tion period of 24 hr, the solutions were centri- 
fuged a t  3,000 X G for  10 min. The quantity 
of protein remaining in the supernatant dem- 
onstrated a minilnu~n solubility in the range 
of from p H  3.8 to 4.2 ( p H  of mixture). 

Ultracentrifugal data for Preparation No. 3 
are recorded in Table 3. In  phosphate buffer 
a t  p H  7.0, r / 2  = 0.1, K-casein sedimented as an 
asytnmetric boundary comprising 92% of the 
refractive area of the Schlieren pattern. The 
observed sedimentation-coefficient of (S,) 12.9 
agreed well with previously reported values of 
13.3 (16), 13.0 (8) ,  and 13.2 (7). The slow 
boundary showed characteristics similar to those 
reported for  p- and A-casein. An SZ0 of 14.5 
was observed for  the K-casein houndary in an  

FIG. 6. A plot of the  descending e1ectrol)horetie 
mobilities of K-casein Preparation No. 3 at  various 
p l I  values (see Table 2).  



ultracentrifugally purified kappa preparation 
(96% K-casein). Whether the Sto would ap- 
proach the value (S, = 23) reported for a.- 
casein by Hipp et al. (5), if the purity of the 
preparation was increased further, remains an 
unanswered question. The increase in the S20 
that accompanied the increase in purity further 
supports the conjecture that K-casein tends to 
complex with p- or A-caseins if present in the 
same system. The formation of these complexes 
would preclude co~nplete kappa-kappa intor- 
polymerization and would result in lower val- 
ues for S,. Alternately, extended purification 
of K-casein preparations by high-speed centrifu- 
gation might possibly result in an elimination 
of less dense polymeric species. Possibly, K- 

casein exists in a continuous range of polymeric 
species a t  p H  values in the neighborhood of 
neutrality and as such could be separated by 
differential sedintentation into fractions char- 
acterized by the presence of a specific poly- 
meric species. Therefore, sedimentation-coeffi- 

cients may not be a criterion of qualitative 
homogeneity so much as an indicator of the 
polymeric species. 

Ultracentrifugal data for the monomeric spe- 
cies of K-casein were obtained in phosphate: 
ROH buffer a t  p H  12.2, r/% = 0.19. A single 
sedi~nenting boundary was observed for which 
the S, value decreased as the concentratioon of 
protein in solution was increased. This is an 
expected observation for a n~onomeric species 
in the absence of association-dissociation equi- 
libria. An extrapolation of these concentration- 
dependent S, values to zero protein concentra- 
tion resulted in a value for the SSoc=" of 1.43. 

Diffusion coefficients and weight-averaging 
rnolecular weight detennination for nlonomeric 
K-casein were made in phosphate buffer a t  p H  
12.2, r / 2  = 0.19. Diffusion coefficients (Dm) 
of 5.78 X lo-'  and 5.84 X lo-'  cm2/sec were 
determined, respectively, fro111 the Schlieren 
patterns recorded in the electrophoresis appa- 
ratus and from Ehrenberg's (2) interpretation 

TABLE 3 

Ultracentrifugal cl~m.aeteristics of K-casein Preparation No. 3 in neutral and alkalille 
buffer solutions 

Protein 
cone. 
I % )  

Buffer 
system 

Concen- 
tration " 

Sn (A)  Diagrams 
- 

0.6 Phosphate; pH 7.0, r / 2  = 0.1 12.92 92 

0.6 ' Phosphate; pH 7.0, r / 2  = 0.1 14.50 96 

2.7 Phosphate; p H  12.2, r / 2  = 0.19 0.77 .... 

1.7 Phosphate; pH 12.2, r / 2  = 0.19 1.00 

0.8 Phosphate; p H  12.2, r / 2  = 0.19 1.23 

-- - 

"Centrifugation was conducted a t  low tcmpcrnturcs (3 C ) ,  except for the analyses made 
s t  pH 12.2 (20 C). 

"Expressed as the relatirc perccntagc of refractive area. 
' Centrifu~allv aorified. 
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of ultracentrifugal data obtained in a synthetic 
boundary cell. A molecular weight of 22,800 
was calculated by the sedimentation-diffusion 
 neth hod. Calculations according to the Arehi- 
bald's approach-to-equilibrium method, employ- 
ing rrieasurements froin two frames of the sedi- 
mentation diagrams (60 and 92 min), as a 
check on homogeneity of particle size, resulted 
in molecular weight values of 23,900 and 
24,000, respectively. A value of 0.73 was as- 
sumed as the partial specific volume for K-ca- 
sein. These molecular weights fall within the 
range of values previously reported: 16,300 
(16) and 26,000 (8). 

To study the momeric species, many of these 
determinations were performed in highly alka- 
line buffer systems. Therefore, an exercise was 
undertaken to determine the effect, if any, of 
high pH treatment on the properties of K-casein 
when reexamined in a neutral buEer. Kappa- 
Preparation No. 3 was adjusted to p H  12.2, 
held for 1 hr  at  23 C, and returned to p H  7.0. 
The solution turned slightly turbid at  p H  12, 
but was clarified by low-speed centrifugation. 
Recent experiments in this laboratory have 
shown that A-casein is partially unstable and 
forms a fine precipitate in solutions adjusted 
to high p H  values. With much of the A-casein 
removed from the kappa preparation, the re- 
fractive area attributed to K-casein in the sedi- 
mentation-velocity diagrams was increased by 
1 %  to a value of 93%. Presumably, the bulk 
of the remaining 7% of the refractive area 
represented the 6-casein content of the prepara- 
tion. A corresponding increase in the sedi- 
mentation~oeffieient (S,) from 12.9 (un- 
treated) to 14.8 (alkaline-treated) was noted. 

An examination of sedimentation diagrams 
of the untreated preparation revealed asym- 
metry and convective disturbances suggestive 
of slow interconversion of various polymeric 
species. Following the alkaline treatment, the 
sedimenting boundary was more symmetrical 
and void of convective disturbances, an ob- 
servation indicating a greater uniformity in 
polymer size distribution. 

A 1% solution of a centrifugally purified, 
kappa preparation (96% K-casein) in phos- 
phate buffer ( p H  7.0) was treated with crys- 
talline rennin a t  26 C. After 30 min the reac- 
tion was stopped by heating the solution mo- 
mentarily to 80 C. The soluble and insoluble 
fractions, representing the scission products 
of the action of rennin on K-casein ( lo ) ,  were 
separated by centrifugation a t  100,000 X G 
for 3 hr at  4 C. The recovery of the soluble 
fraction amounted to 29% by weight of the 
K-casein substrate. Assuming that the soluble 

fraction contained 11.2% N ( lo) ,  25.7% of 
the total nitrogen was released by rennin, a 
ralue consistent with that reported by Wake 
(12). 

Although the data presented herein repre- 
sented single preparations, two to four isola- 
tions were made and characterized. In  gen- 
eral, these preparations showed properties char- 
acteristic of those reported. 

K-Casein-rich preparations were obtained by 
fractionation of isoelectric casein or crude-a- 
casein in a concentrated solution of urea 
(6.6 M )  and trichloroacetic acid (12%). K-Ca- 
sein could not be isolated by the same method 
from a-casein purified by the procedure of 
Hipp et al. (4). K-Rich preparations obtained 
from crude a-casein contained approximately 
92% K-casein, 7% @-casein, and 1% X-casein. 

Kappa-preparations obtained by the addi- 
tion of TCA to concentrated urea-casein solu- 
tions a t  3 C (Preparation KO. 1 )  and at  room 
teniperature (Preparation Xo. 2)  possessed dif- 
ferent electrophoretic and ultracentrifugal char- 
acteristics. Preparation No. 1 contained more 
K-casein characterized by an Sso of 12.9, whereas 
the K-casein component of Preparation NO. 2 
showed an Sz, of 20. 

The possibility of an interaction between 
K- and /3-caseins in b&er solutions a t  p H  values 
above and below the isoelectric points of the 
proteins was suggested. 

Properties for kappa-Preparation No. 3, frac- 
tionated at 4 C from crude a-casein, were as 
follows : S,, = 12.92 a t  p H  7.0, r /2  = 0.1; 
6,"'" (monomer), 1.43 a t  p H  12.2, r /2  = 0.19; 
D,, (monomer), 8.54 X 10." at  pH 12.2; ino- 
lecular weight of the monomer, ~ 2 4 , 0 0 0 ;  iso- 
electric point a t  p H  4.1; stabilized 90% of 
a*-casein in  a ~ j a .  ratio of 1 :lo; and contains 
approximately 26% of rennin-releasable nitro- 
gen. 
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DEPHOSPHORIZATION O F  CASEIN BY HEAT TREATMENT. 
I. I N  CASEINATE SOLUTIONS 

JOHN BELEC AND ROBERT JENNESS 
Department of Agricultural Biochemistry, University of Minnesota, St. Paul 

SUMMARY 

Heat treatment of 3% sodium a-, 8-, and unfractionated caseinate solutions 
at  110 to 140 C progressively released the casein phosphate as inorganic ortho- 
phosphate. Under the conditions studied, all of the samples conformed to 
first-order kinetics. The energy of activation E was calculated to be 28-29 kcal 
per mole of phosphate, the same as for the dephosphorization of 0-serine 
phosphate. Calculations of the entropy change AS* for the activated eom- 
plexes of casein phosphate and 0-serine phosphate gave a value of -5 cal per 
mole per degree. Structurally, the molecules are considered to have been altered 
very slightly from the original. The data indicate that the hydrolysis of phos- 
phorus from casein proceeds through an oxygen-phosphorus fission. 

The dephosphorization of caseinate sols by 
enzymes (7, 10, 12, 13, 17) and alkali (2, 14, 
15) has been investigated thoroughly; however, 
the hydrolysis of casein phosphorus by heating 
has received little attention. Howat and Wright 
(8) observed in 1934 that sodium whole ca- 
seinate solutions were completely dephospho- 
rized when heated a t  120 C for 5 h r  and that 
approximately 15% of the nitrogenous mate- 
rial was simultaneously released as small mole- 
cules. On the other hand, only 85% of the 
total phosphorus of calcium whole caseinate 

- - 

solutions was released by heating a t  120 C for 
5 hr; the nitrogen was released at  a rate simi- 
lar to that with the sodium preparation. The 
effect of cations on the rate of hydrolysis of 
casein phosphate has also been demonstrated 
by Bamann et al. (3) with caseinate systems 
containing cesium and lanthanuln salts. 

In  1936, Howat and Wright (9) provided 
evidence that the dephosphorization is related 
to heat coagulation of casein. They observed 
that for each 10-degree rise in temperature the 
rate of dephosphorization increased threefold. 
These same authors (8) suggested from titra- 
tion curves of dephosphorized caseins that the 
phosphorus cleavage proceeded in a fashion 

similar to the alkaline hydrolysis of casein phos- 
phorus. Anderson and Kelley (2) have shown 
by isotope studies that the hydrolysis of phos- 
phates by alkali is accomplished through the 
splitting of -C-0-bond (probably from serine 
or threonine phosphate) by means of a 8-elim- 
ination reaction. 

The present paper reports the rates of cleav- 
age of phosphate in a-, 8, and unfractionated 
caseins and in 0-serine phosphate solutions. 

MATERIALS AND METHODS 

Cnseinate solutions. Whole casein from skim- 
milk was isoelectrically precipitated a t  p H  4.6 
with HCl. The precipitate was washed twice 
with water and then freeze-dried. The a- and 
8-casein fractions were prepared from a single 
lot of casein by the urea method of Hipp et al. 
(6). By Tiselius electrophoresis the a-casein 
revealed only one peak at  p H  7.8 in veronal 
buffer of ionic strength 0.1, whereas the p-ca- 
sein preparation a t  p H  8.6 showed a small 
amount (3-574) of a-casein to be present. The 
3y0 sodium caseinate solutions were prepared 
as follows: Whole casein (7.5 g) was mixed 
with about 175 ml of water and approximately 
1.5 to 2.0 ml of 1.5 N NaOH. The mixture was 
ground in a Potter-Elvehjem homogenizer, the 

Reeeivcd for publication November 15, 1961. pH adjusted to 6.66 with 1.5 N NaOH, and the 
volume made to 250 ml with water. I n  a study 

IPaper No. 4685, Scientilie Journal Series, Min- of pH effect, the of sodiunl hydroxide 
nesota Agricultural Experiment Station. Data 
presented herein are taken from a thesis presented varied as obtain with pH ranging 
by John Beleo in partial fulfillment of the require- fro'n 7. The a- and &caseinate were 
ments for the degree of Master of Science, Uni- prepared in the same nmnner as the whole 
rersitp of Minnesota, April, 1961. caseinate sols. 
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0-serine phosphate solution. D L - O - S ~ I ' ~ ~  
phosphate' (100 mg) was dissolved in water, 
adjusted to p H  6.66 with sodium hydroxide, 
and made u p  to 100-ml volume. 

Deproteinization. Aliquots of approximately 
10 ml of easeinate solutions were sealed in 
16 x 150 mm Pyrex tubes and heated a t  tem- 
peratures ranging from 110 to 140 C ( C  0.5 C) 
in a silicone oil bath for predetermined periods 
of time up  to 1 hr. After heating, the samples 
were cooled, the sealed tubes opened, and 5-ml 
aliquots pipetted into 25-ml volumetric flasks 
and made to volume with 15% trichloroacetic 
acid (TCA). The solutions were then filtered 
through Whatman No. 1 filter paper. 

Aliquots (1.5 to 2.0 ml) of 0-serine phosphate 
solution were pipetted into 7- X 75-mm Pyrex 
tubes, sealed and heated at 120, 130, 135, and 
140 C for 10, 20, 30, and 60 min. The tubes 
were cooled immediately afterward, opened, 
and the contents analyzed directly for phos- 
phorus. 

Phosphorus determination. The filtrates were 
analyzed directly for phosphorus after i t  was 
found that the phosphorus released from casein 
was completely inorganic. The method of Sum- 
ner (16) was used throughout this investiga- 
tion. The concentration was obtained by refer- 
ence to known solutions (K,HPO.) containing 
0 to 0.2 mg of phosphorus per 50 ml of blue 
solution. The absorbance was measured with a 
Beckman Model B Spectrophotometer at  a 
wave length of 640 ma. 

Digestion with sulfuric acid and hydrogen 
peroxide. Whenever nitrogen analyses were 
sought, the TCA filtrate was first wet-digested 
with sulfuric acid and hydrogen peroxide (11). 
A measured volume of a sample was placed in 
a 30-ml Rjeldahl flask and digested on a uni- 
formly heated sand bath as follows: 1 ml of 
1 :1 H,SO, (equal volumes of water and con- 
centrated sulfuric acid) was added to the sam- 
ple and heated for 30 min. The flask was 
allowed to cool, 3 or 4 drops of 30% H202 
(Baker Analyzed Reagent) were introduced, 
and it  was heated for another 30 min. This 
step was repeated until the digest was clear. 
Then 2 ml of water were added to the digest 
and the flask heated until dense white fumes 
were evolved. This step destroyed excess H2O2 
which interferes in the phosphorus and nitrogen 
determinations. An additional 2 ml of water 
were added and heated to boiling to decompose 
all of the pyrophosphatcs formed during the 
digestion process. Finally, the flask was al- 

'Lot No. 090971, California Foundation for 
Biochemical Research, Los Angeles 63, California. 

lowed to cool and the digest transferred quan- 
titatively to a suitable volumetric flask. 

Nitrogen determination. The nitrogen was 
determined bv the Nessler's method (11) and 
the reagent prepared according to the'  ACS 
specifications (1). The absorbances of the sam- 
-&e and the blank were read in a Beckman 
Model B spectrophotometer a t  a wave length 
of 500 mp. The concentration was obtained by 
reference to standard solutions of ammonium 
sulfate containing 0 to 0.08 mg N per 25 ml of 
the colored solution. 

Calculations. The casein phosphorus was cal- 
culated by difference between total phosphorus 
(after a wet digestion) and the TCA soluble 
phosphorus. Similarly, the casein nitrogen was 
obtained by difference between total nitrogen 
and TCA soluble nitrogen. The volume of the 
protein preeipitated with TCA was neglected 
in all ealculations. 

RESULTS 

Dephosphorization of whole, a-, and B-ca- 
seins. The first point investigated was whether 
the phosphorus hydrolyzed from 3% sodium 
caseinate sols is inorganic. This was accom- 
plished by comparing the inorganic phosphate 
content of TCA filtrates with and without the 
H,SO,-H,On digestion. The experiment was 
performed on 3% sodium whole, a-, and B-ca- 
seins heated at 135 C for 10, 20, 30, and 60 

a-coseirmte 
a whole coseinate 
mp-coseinate 

I 

TIME, minutes 
FIG. 1. Hydrolysis of casein phosphorus 

nitrogen n t  1.35 C. 
Solid lineCasein P hydrolyzed 
Dotted 1inoCasein iY hydrolyzed. 

and 
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TABLE 1 

Comparison of inorganic phosphate content of TCA filtrates digested and undigested' 

Inorganic phosphates liberated from 

Whole casein a-casein @-casein 
-. 

Time of Undi- Undi- Undi- 
heating Digested gested Digested gested Digested gested 

(min) (1119/100 9111)--------------- 
10 6.5 6.4 8.7 8.9 4.5 4.0 
20 11.9 11.7 15.7 16.3 7.8 7.4 
30 15.9 15.9 21.2 22.5 10.7 10.2 
GO ... .. ...... 27.0 28.7 16.2 16.2 

"All heated as 376 sodium caseinate solutions a t  135 C. 

nlin. Results shown in Table 1 indicate that probably the phosphate of a-casein is more 
the phosphorus released during heating is com- labile than that of B-casein. 
pletely inorganic. This experiment also indi- 
cated that the light-tan color developing during 
heat treatment a t  135 C for  30 or 60 min does 0.8 - 

not cause suhsequent interference in the phos- 
phorus determination. 

The nitrogen rendered TCA-soluble during 
heating a t  135 C was also estimated and com- 
pared with the phosphorus rendered TCA-sol- 
uble (Figure 1 ) .  The data expressed in per - 
cent casein P and N hydrolyzed show that a t  d0.4- 
the end of 1 h r  whole and a-easeinate solutions 
have released approximately 95% of the total 
phosphorus and about 15% of the nitrogen. 
On the other hand, only 87% of the total phos- 
phorus and only 7% of the nitrogen were re- 
leased frorn p-caseinate in the same time. Of 
rourse, on an absolute basis two to three times 
as lnueh nitrogen as phosphorus is rendered 
soluble in TCA. On the basis of this experi- 
ment no wet digestion was used in suhsequent 
work to determine the phosphorus rendered 
TCA-soluble. 

The rates of dephosphorization a t  various 
tenlperatures were determined with 3% sodium 
a-, p-, and whole caseinate solutions contain- 
ing, respectively, 29.8, 18.4, and 22.5 mg of 
phosphol.us per 100 ml. As shown in Figure 2, 
the a-caseinate was colnpletely dephosphorized 
within 1 h r  a t  140 C. Whole casein behaved 
very silnilarly to a-casein in the rate of hy- 
drolysis of phosphate. The amount of hydroly- 
sis in 3% sodiun~ B-caseinate solution was com- 
paratively lower than that observed with whole 
and a-casein solutions. Approximately 95% of 
the total B-casein phosphorus was hydrolyzed 
a t  140 C for  1 hr. Even a t  110 C, 20% of the 
phosl~horus from a-casein was released in 1 hr. 
At that temperature about 15% of the total 0 20 40 60 
phosphorus of j3-casein was rendered TCA- TIME,minutes 
soluble. The differences in the rates of dephos- 2. Dephosphorization of 3% N~ a-caseinate 
phorization of a- and B-caseins indicate that solution, pH 6.68. 
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The original pH's of 6.63, 6.68, and 6.72 of 
whole, a-, and @-caseins were virtually un- 
altered by the heat treatment. At 140 C for 
1 hr the p H  in the three solutions had de- 
creased only by 0.2 p H  unit. The slightly 
turbid solutions of a- and unfractionated ca- 
seins ren~ained unchanged in appearance while 
heating at  the low temperature; however, a t  
120 C for 30 min a pronounced turbidity was 
observed. At 135 C within 20 min, a slightly 
tan color had developed and minuscule coagu- 
lation of the particles became noticeable. A 
temperature of 140 C for 30 min caused the 
solution to become definitely tan in color and 
caseinate mieelles had precipitated. On the 
other hand, the water-clear 8-caseinate solu- 
tions, upon heating, were transformed to a 
milky-white turbid solution which reversed to 

a water-clear solution upon cooling. Only sam- 
p!es heated at 135 C for 1 hr and at  140 C for 
30 and 60 min acquired irreversible turbidity. 

Effect  of p H .  Whole caseinate solutions con- 
taining 24.4, 24.6, and 24.8 mg of phosphorus 
per 100-ml solution were, respectively, adjusted 
with 1.5 N XaOH to p H  6.02, 6.46, and 6.97, 
and samples from each preparation were heat- 
treated a t  temperatures ranging from 110 to 
140 C for periods of time up  to 1 hr. In  
Table 2, the data on casein phosphorus revealed 
that the rate of hydrolysis is scarcely influ- 
enced by changes in acidity between p H  6 and 
7. However, one might suggest that the rate 
appears somewhat slower in the solution at  
p H  6.02. 

0-serine phosphate solution. Plots of per 
cent phosphorus hydrolyzed against time of 
heating showed that 0-serine phosphate, con- 
taining 16.2 mg of phosphorus per 100 ml of 
solution, is hydrolyzed extensively during high 
heat treatment a t  near neutral p H  (Figure 3) .  

Comparison of kinetic alzd thermodynamic 
data. The conformity to a first-order reaction 
is demonstrated by the linearity of the plot of 
log Co/C vs. time at  any given temperature. 
Plots of a-casein phosphorus in log Co/C 
against time showed such a linear relationship 
within the range of temperatures used (Figure 
3). This also applied for the 8- and unfrac- 
tionated caseins. Similarly, the 0-serine phos- 
phate solution conformed to the conditions of 
first-order reaction (Figure 3). 

From these plots the rate constant k' was 
calculated according to the equation (5) : 

100 
140" C I<" = 2.203 (log (Co/C)2  - log ( C O / C ) I )  

h - tl 
where Co = original phosphorus concentra- 

tion of the reactant 
C = concentration of phosphorus of 

the product a t  any stage of hy- 
drolysis 

1 = time in seconds 

As shown in Table 3, whole casein at  p H  6.02 
has a slower rate of hydrolysis; however, i t  

W appears that from p H  6.5 to 7.0 the rate of 
dephosphorization is practically uninfluenced 
by changes in acidity. Moreover, the a-caseinate 
solution dephosphorizes more readily at  a rate 
rompamble to that of whole casein at  p H  6.63. 
The 8-caseinate at p H  6.72 compares closely 

I I I I I I  

0 20 40 60 
to the rate of dephosphorization of whole ea- 
sein nt pH 6.02. At the same degree of acidity 

TIME, minutes the phosphate hydrolysis in p-caseinate is slower 
FIG. 3. Rates of hydrolysis of 0-swine phosphate. than that observed with whole or a-caseins. 

J 

uwunn''cfiyfi n r a h u l ~ l f f * ~  
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TABLE 2 

Hydrolysis of casein P in 3% sodium whole caseinate solutions heated a t  various pH's 

pH 6.02 pH 6.46 p H  6.97 
Heat treatment Casein P Casein P Casein P 

{mg/100 ml) 
None 24.4 24.8 24.6 

Heated 110 C for 1 0  min 
20 
30 
60 

TABLE 3 

Rate constants k* X sec-' for the casein dephosphorization in sodium caseinate solutions 

Whole casein O-Serine- 
a-casein 8-casein PO4 

PH 6.02 6.46 6.63 6.97 6.68 6.72 6.66 

Heated a t  110 C 0.43 0.58 0.67 0.86 0.71 0.44 . .... 
120 1.26 1.51 1.52 1.51 1.61 1.27 0.95 
130 3.24 3.22 4.33 3.59 4.08 2.90 2.51 
135 4.72 5.18 6.26 6.26 6.33 4.44 4.17 
140 8.52 9.40 9.63 9.98 9.60 7.78 6.31 

TABLE 4 

Thermodynamic data of the dephosphorization reaction of caseinate and 0-serine phosphate, 
values obtained a t  130 C 

n s *  
E A H* A I?* eal mole-' 

kcal mole-' kcal mole-' kcal mole" degree-' 

Na whole caseinate solution 28.7 27.9 30.0 -5.0 
Na a-caseinate solution 28.7 27.9 30.0 -5.0 
Na p-caseinate solution 28.7 27.9 30.1 -5.0 
Na 0-serine phosphate solution 29.2 28.3 30.3 -4.9 
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0-seriae phosphate is hydrolyzed more slowly 
than the caseinate solutions. I t  may be that 
in whole and a-caseins the phosphate is more 
labile than in @-casein and, in turn, more labile 
than in 0-serine phosphate. 

From.the slope of a plot of log k4 vs. 1/T 
(Arrhenius.plot) the energy of activation was 
ralculated according to the Equation (5) : 

E = 2.303 R S  
where R = 1.986 cal degree" mole-' 

S = slope of the plot. 

In  Figure 4, the log k* of the phosphate hy- 
drolysis of a-, 8-, and unfractionated caseins 
is plotted against the inverse of the absolute 
temperature. Although the same slope is ob- 
tained for the three caseinate solutions, the plot 
for 8-caseinate, due to its slower rate of hy- 
drolysis, is displaced slightly lower than those 
for whole and a-caseins. In  Figure 5, a similar 
graph relates the effect of p H  on whole ca- 
seinate solutions. Again, it is observed that a t  
pH 6.02 the plot, although of a slope identical 
to those of higher pH's, is displaced downward. 
The Arrhenius plot of the phosphate hydrolysis 
of 0-serine phosphate solution (Figure 6) 
shows a slight difference in slope from those 
of the caseinate solutions. This is probably 
within experimental error. 

The free energy change, the enthalpy change, 
and entropy change of the activated complex 
for the dephosphorization reaction were calcu- 
lated from the following equations (5) : 

- 2.303 R,T (log RzT - log k*) (a)  A F  - - 
Nh 

where k' = rate constant sec-' 
R1 = gas constant expressed as 

1.986 cal degree-' mole-' 
R2 = gas constant expressed as 

8.314 X lo7  erg degree-' mole-' 
ST = ahsolute temperature 
N = Avagadro's number 6.023 X 

l om mole-I 
h = Planck's constant 6.624 x 

erg see 
A F 4  = free energy change of the ac- 

tivated complex in calories 
per mole 

(b )  AH" = E -RT 

where AH" = enthalpy change of the acti- 
vated complex 

E = energy of activation 
AS* = entropy change of the acti- 

vated complex 

From Table 4, the energy of activation for 
the hydrolysis of phosphorus from sodium a-, 
8-, and unfractionated caseinate solutions, re- 
gardless of pH, was found to be 28.7 kcal per 
~nole. I n  the case of 0-serine phosphate, the 
energy of activation was 29.2 kcal per mole. 
These two values are in good agreement with 
literature data on the hydrolysis of simple 
phosphornonoesters. The free energy change 
AF" is approximately the same for all samples 
studied. The enthalpy change AH" varied ac- 
cording to the temperature of the reaction. The 
entropy change AS" of the activated complex 
was the same for all the systems studied. The 
low entropy change of -5 cal per mole per 
degree indicates that the activated complexes 
of sodium caseinate and 0-serine phosphate 
are slightly more organized than the original 
molecules. I t  is assumed that structurally the 
casein is altered very slightly, when one con- 
siders that the change in entropy is much 
s~naller than that of the heat denaturation of 
a typical globular protein as 8-lactoglobulin. 

DISCUSSION 

The liberation of casein phosphorus in  so- 
dium caseinate solutions occurs when such sys- 
tems are heated a t  high temperatures. Within 
1 hr a t  140 C, the casein in sodium caseinate is 
completely dephosphorized. This is in agree- 
ment with Howat and Wright's dephosphoriza- 
tion of sodium caseinate at  120 C for 5 hr. I t  
appears from the dephosphorization of a- and 
8-caseinate solutions that the phosphorus of 
a-casein is more labile than that of 8-casein. 

FIG. 4. Arrhenius plots for the dephosphoriza- 
tion of 3% Sa whole, a-, and 8-easeinate solu- 
tions. 

X-Na whole caseillate, pH 6.63. 
0-N:L a-easeinate, pH 6.68. 
@-Na p-caseinate, pH 6.72. 
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Whole casein dephosphorizes at  approximately 
the same rate as a-casein. It may be concluded 
from the curves of the per cent of hydrolysis 
of casein phosphate that a- and 8-caseins are 
hydrolyzed simultaneously when whole casein 
is heated. 

I I 

2.42 2.52 262 X to-' 
I /  T 

Fro. 5. Arrhenius plots for the dephosphoriza- 
tion of 3,0/0 Na whole caseinate solution at  various 
pH 's. 

0-pH 6.02; A-pH 6.46; .-pH 6.63; 
A-pH 6.97 

The phosphorus removed from a-, 8-, and 
unfractionated caseins is inorganic. In  sodium 
caseinate solutions, the phosphorus hydrolyzed 
appears as dissolved inorganic phosphates. Re- 
sults of Figure 1 on the release of nitrogen and 
phosphorus from heated caseinate solutions do 
not enable use to decide whether the phosphorus 
is hydrolyzed directly from casein in one step 
or is released first as a phosphopeptide or phos- 
phoamino acid which is subsequently hydro- 
lyzed. This might be ascertained by identify- 
ing serine and threonine in the TCA-soluble 
fraction and determining whether they are re- 
leased in molar concentration equal to that 
of phosphate. However, further investigations 
will be required to prove this assumption. 

The slightly lower rate of hydrolysis ob- 
served at  p H  6.02 as compared to p H  6.97 is 
opposite to the effect encountered with methyl 
phosphate or B-naphthol phosphate (19, 20). 
These two phosphomonoesters have been shown 
to hydrolyze most rapidly at  p H  near 4, the 
rate decreasing to a minimum rate of hydroly- 
sis a t  pH's 1 and 7. 

IIowat and Wright (8) suggested from titra- 
tion curves that the hydrolysis of casein phos- 
phate by heat is identical to that produced by 
alkali. Anderson et al. (2), in a study of the 

alkaline hydrolysis of casein, have proposed 
from isotopic studies that the dephosphoriza- 
tion of casein proceeds by a 8-elimination reac- 
tion with a cleavage of the -C-0-linkage. This 
appears contrary to our findings with heat-in- 
dnced dephosphorization. The energy of acti- 
vation on the phosphate hydrolysis of casein 
was 28.7 kcal per mole. This value is in good 
agreement with the data of Swoboda and Crook 
(IS) ,  obtained from glycerol-1-phosphate, glyc- 
erol-2-phosphate, and ethanolamine phosphate. 
All of these compounds and a number of others 
(20) have been found by isotopic studies to 
cleave between the oxygen and phosphorus 
rather than the carbon and oxygen. Butcher 
and Westheirner (4) support this theory by 
demonstrating the complete retention of con- 
figuration with the hydrolysis of phosphate 
from optically active 2-methoxypropyl-1-methyl 
ethyl phosphate a t  p H  4.0. Furthermore, Weil- 
Malherbe et al. (21) have shown that the energy 
of activation of hydrolysis of sodium pyro- 
phosphate is 29 kcal per mole and in this case 
only an oxygen-phosphorus fission could have 
been involved. I t  appears, therefore, from the 
fact that sodium caseinate and sodium 0-serine 
phosphate have about the same energy of acti- 
vation, that the hydrolysis of casein phosphate 
at  p H  6.6 also involves an oxygen-phosphorus 
fission. 

The energy of activation data do not enable 
us to distinguish whether the phosphate exists 
in casein as phosphomonoester, as phospho- 
diester of the type -0-P-0, or as pyrophos- 
phate. Phosphodiesters of the type -N-P-0-, 
as proposed by Perlmann (13), may be con- 
sidered absent in casein. A critical study of 
the rate of hydrolysis of these various phos- 

FIG. 6. Arrhenius plot of 0-serine-PO* hydrolysis. 
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phoesters might  enable us t o  decide whether  
Illore t h a n  one  t y p e  of phosphoesters is ae- 
tual ly present  i n  casein. 
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DEPHOSPHORIBATION OF CASEIN BY HEAT TREATMENT. 
11. I N  SI<IMMTLICS ' 
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SUMMARY 

Heating skirnlnilks a t  110 to 140 C caused extensive dephosphorization 
of the casein; the liberated phosphate acculnulated in the inorganic colloidal 
fraction. Concentration of skinlmilk to one-half of its original volume increased 
the rate of dephosphorization ant1 preheating a t  90 C fo r  10 min before eon- 
centrating tiecreased the rate in the 2 : l  concentrate. At  a given temperature, 
dephosphorization was slo~ver in slcin~nlillt than in sodiuln ezlseinate sols. The 
heat-induced dephosphorization of casein in slci~nmillc eonforlned to first-order 
kineties with an energy of activation of 2.5 to 27 kcal per ~nole.  The free 
cnergy change of the activated complcs wac: nhout 30 lies1 per nlole and the 
entropy change -11 to -13 pal per degree. 

The dephosphorization of casein by heat II:IS 
brrn known since 1931, n-hru Howat ant1 
Wright (3 )  showed that a t  120 C for  5 hr  a 
sodiuln casrinatc. solution was cotnpletely dc- 
])hosphorizecl iultl only 8.5% of the total phos- 
pllorus was r rn~ovrd  Pronl a calciutll caseinatr 
solution. These sanlr authors (4 )  suggrstrd 
ill 1936 t11a.t heat co; pulation of the protein is 
rorrelirtc'tl to the estrnt  of dephosphorizatiol~. 
They also reported th:~t the lihrrzition of easein 
phosphorus was scarc.c*ly detectahlc during stor- 
age of conlnlrreial rvaporateil nlillc for 6 to 9 
months a t  20 C. Hex-ever, they failed to ern- 
phasize possible depllosphorizatio~l during the 
steriliz;.tiotl treatnlc*nt, or the relation of pre- 
vious history of thr nlilk to the rate of drphos- 
phorization. 

l'orboli (10) rrported that he:tting lnilk at  
110, 120, and 130 C causes a progressive in- 
crc.:tse in nonprotein phosphorus and nitrogrrl. 
Of the total phosphorus in raw milk, 27 to 
29y6 was found to be nonprotrin phosphorus 
(NPP) ; the nonprotein nitrogen (NPN) was 
aplx-oxinlately 1% of the total. It was not 
stated holv the snnlples for  the phosphorus and 
~ ~ i t r o g e n  analyses were deproteinized ; neverthe- 
less, thc? per ecnt NPN is tnuch lower than 

uaa:~lly observed with norlnal Inilks ( 7 ) .  Tk 
phosphorus rontcwt reportrct for  ram milk en. 
rc.sl)(u~ds closely to the coneel~tmtion ol' di! 
solvecl inorganic. phosphorus and, therefore, 
would appear t l n~ t  the lnilk wits not deproteit 
izc.d with z111 acaitl treatlnc~nt. Torholi (10) sug 
gcbsted tirat the heat co;:gnlation of ~ni lk  rrsultr 
f r o ~ l ~  t lc~pt~ospl~or iz i~t io~~ of th(2 caseill. whir 
tnncle it Inore susceptible to precipitation h 
c~alciun~ salts. Heat tre:,tn~ents a t  110 C f r  
6 hr, 120 C for  2.5 hr, and 130 C for  1.95 11 
incrrastbcl the ~ ~ o n p r o t e i l ~  phosphorus to 67'; 
of the total ant1 caused coagulation. The 407 
increase in NPP in Ilcvited lnillc could not hav 
arisen solely from phosphate rclmsed fro1 
rasein, because casein accounts for only ahov 
20% of the total phosphorus of n~illi. I t  lna 
have hcen due in par t  to solubilization of co 
loidal phosphate by the increased acidity prc 
duced in heated milk. Berzluse it is not know 
how the nlilks were deproteinized, i t  is inlpoi 
sihle to deduce the significzlnce of the data. 

The results presented herein den~onstrate tha 
heat treatment of milk c;ruses casein drpho: 
phorization. The rate of the hydrolysis o 
casein phosphate is conll~ared in unroncrntrate 
anti concentrated raw and preheated sliin~milkr 

METHODS .4ND IIATERI.\LS 
Received for publirntion November 15, 1961. >[ilk Sn,,,plen. R~~ lvhole milk wRs ol,taine 

'Paper No. 4683, Scientific Journal Series, fro111 three different sources. An individua 

Agricult,lral Experil,lcllt Station. Data (.ow's (T-263) lllillr not stabilized against Ilea 
presented herein are taken from a thesis pre- cOa~ulation of the 2:1 ~olleelltrate a pr€  
sellte(1 by Jolln Belee in partial fulfillment of the heating treatnlellt and the mixed ~ni lk  of th 
rerluirements for the degree of Master of Srirnee, I'lliversity of Atinnesota Dairy Herd stabilize' 
Ulliversity of Minneuota, April, 1961. hy preheating (Table 1 )  were treiltrd accord 



DEPITOSI'HORIXATIOP; OF CASEIS. 11. 

TABLE 1 

Casein phosphate contents, heat coagulation times and per cent casein phosphorus liberated 
at  135 C 

-- 

Unconcentrated 
- 

Concentrated 2 : 1 

Coag. Casein Coag. Casein 
Casein time P liher- Casein time P liber- 

Skimmilk P 135 C ated' P 135 C ated" 

I % )  ("z:fW (win) (%) 
ml) 

A-Cow T-263 
Raw 
Preheated 90 G-10 min 

B-U. of M. herd 
Raw '73.4 26.8 49 46.9 6.5 17 
Preheated 90 C 1 0  mi11 23.1 8.7 22 46.2 20.7 40 

'Casein phosphorus liberated a t  the time of coagulation at  135 C, enlrolated from curves 
s~ieh as in Figures 3 and 4. 

ing to the srhclne presented in Figure 1. A 
third lot of n~ilk, acquired from a local plant, 
\\-:IS assulnc.d to he heat-stable on the basis of 
pr(.vious eslwrience with milk fro111 this sourre. 
The sutn~)les fro111 the individual cow, the Uni- 
versity Dairy Herd, and the eom~nercial plant 
:{re designatt.cl, respectively, as  A,  R, and C. 
.\I1 were septt~ated a t  35 C and the skin~n~ilks 
cooled to 25 C. Preheating a t  90 C for  10 I I I~ I I  

\\,as p~!rfonnrd in a laboratory stainless steel 
tubular recirculating heater. The heating tilne 
of 10 niin is esclusivr of a colne-up time of 
;tpprosinl;.tely 3 lnin and a cooling time of 
i ~ ~ n r o s i ~ n a t e l r  1 min. Concentration was ac- . . 
c+olnplished i;l a laboratory all-glass rotating 
rvanorator a t  a temperature of ahout 40 C. 
San~plrs  werr concentrated slightly more than 
2 : l  and diluted with water to exactly one-half 
their original volume. 

Drlvoteitzizatio~z of 1ni1L samples. The same 
trchrtique employed with caseinate solutions 
(2 )  \vas tentatively applied to unconcentrated 
and concentrsted milk samples, but met with 
little success hecause of variahility in the phos- 

Raw whole milk 

separated at 35-C 

I cooled to 25'C 

90°C for 10 min. 

concentrated 
I A 3 concentmted 

I : I  2 ~ 1  1:l 2:l 

FIG. 1. Treatment of milk. 

phorus analyses. It is presumed that this vari- 
ability arose from trapping of dissolved phos- 
phates in the protein eoagula formed by the 
precipitation with triehloroacetic acid (TCA) 
and in sonle cases by the heat treatment. 

The follo~ving tnethod was, therefore, adopted 
throughout this study : Five-milliliter aliquots 
of unconcentrated and concentrated milk sarn- 
ples were pipetted into 16- X 150-mm Pyrex 
test tubes, sealed, heated, and cooled in a 
fashion similar to that for the easeinate solu- 
tions (2).  The sealed tubes were then opened 
and the contents transferred quantitatively to 
glass-stoppered, graduated cylinders (25 ml for  
unconcentrated and 50 ml for  concentrated). 
The transfer was accomplished by pouring the 
contents of the tubes into the cylinders and 
rinsing the walls of the test tubes with 2 to 
5 ml of water. Small amounts of 20% TCA 
solution were used to rinse the last traces of 
sample from the tube. Finally, the mixture 
was made to volume with 20% TCA. 

I f  the milk had been coagulated by heat 
treatment, the TCA preparations were then 
ground in a Potter-Elvehjem homogenizer until 
the coagulated mass was dispersed. All sam- 
ples were filtered through Whatman No. 1 
paper and aliquots of the filtrate were wet- 
digested for the phosphorus analyses, because 
organic phosphoesters are present in the TCA 
filtrates of milks. 

METHODS 

The phosphorus and nitrogen determinations 
and the wet digestion with sulfuric acid and 
hydrogen peroxide have been described pre- 
viously (2). The casein phosphorus in milk 
was calculated as the difference between the 
total phosphorus and the sum of the TCA- 
soluble phosphorus and the lipide phosphorus. 
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The lipide phosphorus was extracted by the 
Roese-Gottlieb method (5). The ethereal layers 
of two extracts were con~bined in a 250-ml 
beaker and evaporated to dryness over a steam 
hath. The residue was transferred to a 100-ml 
Icjeldahl flask with about 20 ml of chlorofor~n 
and the solvent was evaporated again to dry- 
I I P ~ S .  Finally, the residue was submitted to the 
wet digestion. 

Inorganic dissolved phosphorus was deter- 
mined by analyzing without digestion ultra- 
filtrates obtained by the technique of Tessier 
and Rose (9).  Phosphorus in the form of dis- 
solved organic esters was calculated as the 
difference between the phosphorus analyses of 
digested and undigested aliquots of ultrafiltrate. 
Inorganic colloidal phosphorus was calculated 
as the difference between the phosphorus con- 
tents of the TCA filtrate and the digested ultra- 
filtrate. 

IIeat coagulation times were determined by 
rocking (19 see per period) a 1-n~l  sample in 
a sealed pyrex tube ( 7  x 75 mm) submerged 
in a silicone oil bath a t  the desired temperature 
until the first visual coagulation was observed. 

The kinetic and ther~nodynainic data were 
calculated from the equations presented in a 
previous paper (2). 

RESULTS 

Preliminary investigatiom. Initial studies were 
conducted to ascertain if dephosphorization of 
casein occurs in milk a t  a )  the temperature 
and the time of usual preheating treatment 
(90 C for 10  n ~ i n )  and b) during sterilization 
a t  120 C. Changes in the distribution of the 
other phosphorus-containing components in 
heated milk were also observed. 

Bulk milk from the University Dairy Herd 
was separated and the skimmilk heated to 
91 C for 10, 20, 40, and 60 min in the stainless 
steel tubular heater and the casein phosphorus 
determined. Table 2 shows that casein is not 
dephosphorized a t  91 C for  10 min. Even after 
1 h r  of heating a t  this temperature, there is 
only a slight decrease in casein phosphorus. 
When skimmilk purchased from a local com- 

nierci;~l plant was autoclaved a t  121-2 C for 
periods of tirrte u p  to 1 hr, the various phos- 
phorus fractions were altered greatly in the 
heated milk (Figure 2).  The inorganic dis- 
solved phosphorus decreased immediately in 
the first few minutes of heating and remained 
a t  a constant level thereafter. The organic 
phosphorus esters were hydrolyzed slightly as 
the time of heating progressed. Most inipor- 
tant in this study was the rapid hydrolysis of 
casein phosphorus. In  1 hr, about 40% of the 
casein P was released. 

Canein drphosphorizatio? in  skimmilk. Skim- 
111ilk satnple~ A, B, and C were heated a t  tem- 
peratures from 110 to 140 C for  times u p  to 
1 hr and analyzed for casein phosphorus. The 
data for  Skiln~nilk B are presented in Figures 
3 and 4 in tertns of per cent casein phosphorus 
released and also as log Co/C vs. time (Co = 
initial concentration and C = concentration at  
any time). The per cent of the casein phos- 
phorus liberated a t  the time of coagulation 
was determined from the rate curves and is in- 

- " - ~ o o  -. . 
& 30 Inorg. dissolved P 
E 

i ' O ~ ~ o ~ o ~ L o ~ , o  

'orq. ester P 

0 1 , l l i r t  

0 20 40 60 
TIME, minutes 

Fro. 2. Distribution of the pliosphorus frar- 
tions of bulk skimmilk autoclaved a t  121-2 C. 

TABLE 2 

Effect of preheating a t  91 G on dephosphorization of casein in bulk skimmilk 

Sample Total P TC,A-sol. P Lipide P Casein P 

(mg/lOO ml) 
Raw unconeentrated 109 85 1.5 22.5 
Heated to 91 C for 10 min 109 85 1.5 22.5 
Heated to 91 C for 20 min 109 83.3 1.5 23.3 
Heated to 91 C for 40 min 109 85.4 1.5 22.1 
Heated to 91 C for 60 min 109 85.8 1.5 21.7 
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TABLE 3 
Rate constants for dephosphorization of casein in skimmilk - 

Rate constant k* X see.' 

Sample 110 C) 120 C 130 C 135 C 140 C 

Skiamilk A- 
Raw unconc. 
Raw conc. 2 : 1 
Preheated unconc. 
Preheated cone. 2 : l 

Skimmilk B- 
Raw unconc. 
Raw cone. 2 : 1 
Preheated uncone. 
Preheated cone. 2 :I 

Skimmilk C 
Raw unconc. 

3% Na Caseinate pH 6.63 

eluded in Table 1. I n  all cases (concentrated 
or unconcentrated, raw or  preheated) the plots 
of log Co/C vs. time were linear, thus conform- 
ing to lrinetics of the first order. The rate con- 
stants calculated from these experiments are 
compiled in Table 3, together with constants 
for a sodiunl caseinate sol a t  p H  6.63 (2). 

The dephosphorization of casein in  skimmilk 
proceeds more slowly a t  any temperature than 
the dephosphorization of sodium caseinate. I n  
the unconcentrated milks, preheating was vir- 
tually without effect on the rate of dephos- 
phorization of casein in Milk A, but slightly 
increased the rate for Milk B. Twofold con- 
centration of raw skimmilk increased the rate 
of dephosphorization in both A and B. Pre- 
heating before concentration markedly inhib- 
ited the rate of dephosphorization in the con- 
centrated skimmilks. 

Arrhenius plots of log k" vs. 1/T are given 
in Figure 5 for  Milk B. The slopes are vir- 
tually identical for  all treatments. The plot 
for  the raw concentrated sample is displaced 

upward relative to that for the raw unconcen- 
trated sample. Likewise, the preheating treat- 
ment displaced the plot for  concentrated milk 
downward. Plots of nearly the same slope were 
obtained for  unconcentrated Skimmilks A, B, 
and C ;  the energies of activation calculated 
therefrom are, respectively, 25.7, 26.4, and 26.7 
lrcal per mole. 

Table 4 presents the values fo r  free energy 
change ( A F " ) ,  enthalpy change (AH") ,  and 
entropy change (AS') of the activated com- 
plex calculated from these data. These func- 
tions fo r  sodium caseinate a t  p H  6.63 (2) and 
for calcium caseinate [estimated from the data 
of Howat and Wright ( 4 ) ]  are also included 
in Table 4. 

Since these experiments showed that tempera- 
tures (115-120 C) such as might be used com- 
mercially for  sterilization of evaporated milk 
produce" dephosphorization of t i e  casein, a 
specimen of commercial evaporated milk was 
analyzed. It contained 242 &g of total phos- 
phorus and 42.3 mg of casein phosphorus per 

TABLE 4 

Thermodynamic data of the casein dephosphorization reaction, values obtained a t  130 C 

n s *  
E "  A H* A F* cal 

kcal kcal kcal mole-' 
mole-' mole-' mole-' degree-' 

-- 

Skimmilk A 25.7 25.0 30.3 -13.1 
Skimmilk B 26.4 25.6 30.3 -11.6 
Skimmilk C 26.7 25.8 30.4 -11.4 
Ca whole caseinate solution 26.6 26.2 30.5 -12.1 
Na whole caseinate solution 28.7 27.9 30.0 - 5.0 

a For milk samples calculated a t  temperatures ranging from 110 to 140 C. For calcium 
caseinate solution calculated a t  temperatures ranging from 95 to 115 C. 

Calculated from Howat and Wright's data a t  115 C (4). 
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100 1111. If one estimates that the casein phos- 
phorus should he at least 20% of the total in 
norn~al inilk ( 5 ) )  this milk should have con- 
tained originally about 48 ing of casein P per 
100 1111 and thus about 12% of the casein P 
had been released in sterilization. This value is 
within the range expected froin a sterilizing 
treatment (see Figure 4). 

The dephosphorization of casein in illilk has 
been shown to occur within 1 hr at  heating 
te~nperatures ranging froin 110 C to 140 C. 
Evc.n at  the sterilization te~uperatures cn~ployed 
by the inilk industry, 15 to 20% of the casein 
I' is released. However, complete reinoval of 

1*'1(:. 3. liatcs of hydrolysis of casein phosphorus 
in ul~co~leentrated skimnlilk of University Dairy 
Herd. Solid line-preheated to 90 C f o r  10 min. 
I)ottr(l liue-raw sample. 

the phosphorus from casein by heating milk is 
Inore difficult. This would also seem to be the 
case with the calciu~n caseinate solutions of 
1 Iowat and Wright ( 3 ) .  

Dephosphorization occurs only after pro- 
longed heating at  lower teiilperatures; there- 
fore, it is not surprising that preheating of 
milk at  90 C for 10 tnin does not produce any 
hignificant ainount of dephosphorization. 

Casein in milk is in the form of calcium 
vaseinate nticelles. The phosphorus renloved 
f'roni caesin during heating is inorganic and 
accumulates in the colloidal inorganic phos- 
phorus fraction (Figure 2),  probably comhin- 
ing with dissolved calcium in milk and calcium 
released from calciuin caseinate, as was sug- 
gested by Howat and Wright (3,  4). 

Under all conditions studied, the casein de- 
phosphorization reaction followed first-order 
kinetics. Three factors : concentration, preheat- 
ing, and nietallic ions appear to influence the 
rate of this reaction. Twofold concentration 
of a milk, whether or not it was stabilizable by 
preheating, invariably increased the rate. Since 
concentration should not influence the rate 
constant of a first-order reaction, the rate in- 
vrease observed upon concentration is probably 
clue to a structural rearrangement or aggrega- 
tion of the caseinate micelles. 

Raw unconcentrated samples of the three 
~nilks studied had comparable rate constant for 
casein dephosphorization. However, preheating 
uncoucentrated samples of Milk A caused little 
increase in the rate of hydrolysis of casein 
phosphate, but in PlIilk B the preheating defi- 
nitely increased the rate of hydrolysis (Figure 
3 ) .  In  concentrated samples, the preheating 
inhibited the rate of dephosphorization in both 
cases, although concentrated Milk B was sta- 
hilized by the preheating, whereas concentrated 
Milk A was not. The preheating appears to 
prevent or counteract the effect of concentra- 
tion; the raw unconcentrated and preheated 
concentrated samples were dephosphorized at  
nearly the same rates. Perhaps the preheating 
induces changes in the caseinate which prevent 
it from undergoing the structural rearrange- 
~nents or aggregation which cause the higher 
rate of dephosphorization in concentrated raw 
~nilk. I t  might be speculated, for example, that 
an interaction between one or more components 
of casein and the 8-lactoglobulin occurs during 
preheating. There is evidence for such an 
interaction and it has been suggested as the 
rmqon for the inhibition of rennet clottability 
by heat treatment (6).  

The presence of metallic ions affects the rate 
of dephosphorization of casein. Polyvalent ions 
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such as calcium (3) and lanthanuln (1) de- 
creased the rate of phosphorus hydrolysis when 
compared to caseinate solutions containing only 
sodium (2, 3). I n  inilk the rasein is in the 
form of calcium caseinate ~nicelles and, conse- 
quently, the rate is slower. I n  milk the rate 
constant k' increases roughly twofold for each 
10  C rise in temperature, whereas in sodium 
caseinate solution, it  increases about threefold. 
The data in the literature provide no informa- 
tion for a possible relationship between the 
rate decrease of dephosphorization of casein 
and the valence of ~netallic ions. Further in- 
vestigations with various metallic ions might 
prove interesting. 

The negative entropy change of the activated 
complex calculated for the hydrolysis of casein 

0 20 40 60 
TIME, minutes 

FIG. 4. Rates of hydrolysis of casein phosphorus 
in concentrated skimmilk of University Dairy 
Herd. Solid linepreheated to 90 C for 10 min. 
Dotted line-raw sample. 

phosphate in milk and in calcium caseinate 
solution is greater than in sodium caseinate 
solution (2). This would indicate that in milk 
the caseinate micelles apparently acquire a 
more orderly pattern when activated by heat. 

The present study does not provide a mech- 
anism for the phenomenon of heat coagulation 
or for the stabilizing effect of preheating. Cer- 
tainly, dephosphorization of the casein does not 
appear to play the key role in the coagulation 
phenomena. Dephosphorization proceeded at  
comparable rates in two milks which exhibited 
decidedly different coagulation behavior. Pre- 
heating inhibited the dephosphorization in the 
2 : l  concentrate of both samples, yet stabilized 
one concentrate against heat coagulation and 
did not stabilize the other. Dephosphorization 
of the casein may, indeed, be one of several 
factors which mutually influence the heat sta- 
bility of milk, but a t  present it does not appear 
that dephosphorization can be related to the 
well-known differences among milks in heat 
stability and in response to heat treatment. 
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PRODUCTION AND PROPERTIES OF SPRAY-DRIED 
WHOLE MILK FOAM 

F. P. HANRAHAN, A. TAMSMA, K. K. FOX, AND M. J. PALLANSCH 
Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 

Washington 25, D. C. 

SUMMARY 

Droplets of concentrated whole milk foam have been dried in a standard 
spray dryer. This has been done by incorporating nitrogen gas into the con- 
centrate at high pressure prior to atomization. The resultant powder has 
excellent dispersibility properties and can be produced a t  rates in excess of 
those obtained by conventional operation. The method of foam-spra.y drying 
employed and the physical properties of the resultant powders are given in 
detail. 

The dehydration of milk to a flavor-stable, 
easily reconstitutable powder is so obviously 
desirable that history extending back 500 yr 
records efforts to dry milk (3) .  I n  spite of 
repeated failures to obtain that ultimate prod- 
uct, a highly soluble powder reconstituting to 
a beverage virtually indistinguishable from 
fresh pasteurized milk, research has persisted 
ill striving towards this goal. Progress has 
been made to the extent that a t  the present 
time approximately two billion pounds of milk 
powder are produced annually in the United 
States (8). 

The bulk of this material is in the nonfat 
form, since dry whole milk produced by either 
roller or spray drying is difficult to disperse 
and has poor storage stability. Experiments 
reported in 1957 by Sinnamon et al. (5) indi- 
cated that drying foams of concentrated milk 
under high vacuum would produce a whole milk 
powder of excellent initial flavor and dispersi- 
bility. Morgan and his associates (4) demon- 
strated that this dispersibility could be main- 
tained in foamed products even during drying 
at  atmospheric pressure. Work carried out in 
our Laboratories has suggested that the unique 
feature of vacuum foam-dried milk, possibly 
contributing greatest to its high dispersibility, 
was the low density structure of the powder 
particles which allowed water uptake a t  rates 
which prevented destabilization of the protein 
systems during rehydration. To test this idea, 
and possibly produce an easily dispersible 
whole milk powder by modifications of a stand- 

trates in a conventional spray dryer. This 
paper describes the technique employed and 
some of the physical properties of the resultant 
powder. 

EXPERIMENTAL PROCEDURES 

All powders were made from milk obtained 
from a herd maintained under invariant hus- 
bandry at the Agricultural Research Center, 
Beltsville, Maryland. Milk was collected in 
bulk tanks over a three-day period before 
drying. 

The milk was standardized to 3.3% fat, 
heated to 165 F for 15 sec in a Mallory heater,' 
homogenized a t  2,500 1b and concentrated to 
50% solids in a Wiegandl falling film evapo- 
rator of 100-gal-per-hour capacity. 

The concentrate, held at  90 F, was dried 
using a modified 9-ft Swensen spray dryer' 
equipped with a pressure nozzle designed and 
manufactured by the Whiting Corporation.' 
The modification consisted of providing a means 
for injecting nitrogen gas under pressure into 
the feed line between pump and nozzle. This 
was accomplished by use of a stainless steel, 
modified T joint built as illustrated in Figure 1. 
This mixing device placed approximately 1% 
f t  from the outlet of a 100-gal/hr positive dis- 
placement pump, was supplied with nitrogen 
from standard pressure tanks. The nitrogen 
pressure was reduced to and held at  2,000 lb 
by a Victor regulator.' Rate of flow of nitro- 
gen into the mixing device was determined by 
use of a Brooke's high-pressure flow meter' 

ard commercial drying technique, attempts were 
The of trade names is for the purpose of 

lllade coneen- identification only, and does not imply endorse- 
ment of the product or its manufacturer by the 
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and manually eontrolled by a needle valve in 
the line after the flow meter. The positive dis- 
placement pump was equipped with a spring- 
loaded by-pass valve which allowed the utili- 
zation of various nitrogen/concentrate ratios 
while maintaining a constant pressure of 1,800 
lb on the spray head. The aniount of concen- 
trate dried per unit time was determined by 
subtracting the by-pass rate fro111 the rating 
of the pump. 

= >  
, g  

i*m = MIXING ZONE 
ALL PARTS MADE OF STAINLESS STEEL ' ' 

SCALE - H4LF SIZE 
;*D 

FIG. 1. Mixing device used for incorporation 
of nitrogen into milk concentrate prior to atomi- 
zation. 

Experimental powders were made by drying 
various nitrogen/concentrate mixtures using 
nozzles with orifice sizes ranging from .040 to 
.050 inch in diameter. A constant air inlet 
rate with an air temperature of 270 F was 
employed in all drying runs. 

The moisture content of the resultant pow- 
ders was determined by using the conventional 
toluene distillation technique. Bulk density was 
determined by measuring the volume occupied 
by a lightly tapped 10-g sample. Free fat  and 
dispersibility in 34 F water were measured 
as previously described (7 ) .  Diameters of 
individual particles and clumps were measured 
using a microscope equipped with a calibrated 
eyepiece scale and above-stage lighting. Par- 
ticle size distribution was ascertained by micro- 
scopic examination of random fields. Specific 
surface areas of the powder were determined 
using an adaptation of a standard permea- 
metric method ( I ) ,  which will be the subject 
of a later publication. 

RESULTS 

The blending of nitrogen gas and concen- 
trated whole milk under pressure just before 
atomization in a conventional spray dryer pro- 
duces material characterized by increased bulk 
and improved dispersibility. Viewed under a 
microscope the particles appear to be relatively 

large spheres of dried milk foam, as shown 
in Figure 2. During drying a considerable 
number of the spheres coalesce and fuse into 
aggregates. The individual spheres and aggre- 
gates do not break or crush on handling and 
packaging. A distribution of particle sizes in 
conventional spray dried and foamed spray- 
dried powders is shown in Figure 3. Large ag- 
gregates found in the conventional material 
were due to clumping caused by the high mois- 
ture wntent of the powder. 

The effects of incorporating increasing 
amounts of nitrogen in the concentrate before 
atomization on dryer operation and powder 
characteristics are tabulated in Table 1. From 
this it can be seen that as the amount of nitro- 
gen in the feed is increased, the amount of wn- 
centrate being dried decreases along with the 
bulk density and moisture contents of the re- 
sultant powders. Increasing amounts of nitro- 
gen in the concentrate increases the dispersi- 
bility, free fat, and particle diameters. 

The increase in dispersibility is nlost marked 
between samples produced using zero levels 
of nitrogen and those produced by lowest level 
of nitrogen incorporation. Even though re- 
sults from measuring the dispersibility of 
foamed samples are erratic, averages of all 
products produced by different-sized nozzles a t  
each nitrogen injection level indicate an increase 
in dispersibility with increased S2 incorpora- 
tion. At constant atomization pressure, increas- 
ing the diameter of the nozzle orifice neces- 
sarily increases the amount of material being 
dried. A serious loss in the ability of the dryer 
to produce acceptably dried powder as nozzles 
of increasing orifice size are used is noted if 
nitrogen is not incorporated into the concen- 
trate. This increase in moisture content of 
the powder with increasing nozzle orifice diam- 
eter is not so marked when nitrogen is blended 
into the dried feed. The increased efficiency 
of drying effected by the use of added nitrogen 
actually allows the dryer to successfully pro- 
duce milk powder in quantities in excess of its 
rated capacity for conventional spray drying. 
Adequate demonstration of this can be obtained 
from comparisons of data in Columns 2 and 4 
of Table 1. From the data therein, it can be 
seen that without gas incorporation none of 
the powders was dried to, or below, the accep- 
table 3.5% moisture level. Using the smallest 
nozzle, 669 lb of concentrate could he reduced 
to 3.6% moisture in 1 hr. By use of nitrogen 
incorporation, 793 lb of concentrate could be 
reduced to 3.2% moisture in a similar period 
of time. Part of this improved dryer perform- 
ance may result from the increased buoyancy 
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of the foamed particles, which may slightly 
increase the time they remain in the dryer. 

Since at  least part of the increased particle 
size is brought about by the expansion of gas 
trapped in the spheres of milk foam formed 
during atomization, an increase in the specific 
surface areas of the powders should accompany 
the increased nitrogen content of the feed ma- 
terial. 

Figure 4 graphically presents the relation- 
ships between surface area, nozzle orifice diam- 
eter, rate of nitrogen flow into the drier feed, 
and feed rate. From this it  can be seen that 

the greatest increase in specific surface area 
with increasing nitrogen content is obtained 
using the smallest nozzle opening. The amount 
of surface expansion per unit nitrogen flowing 
into the concentrate falls off as the amount of 
nitrogen increases. 

DISCUSSION 

Even though the drying technique described 
in this paper necessitates the use of a gas under 
pressure, this inconvenience and wst may be 
compensated by in~proved dryer efficiency. This 
observed increase in drying rate with nitrogen 
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incorporation stems from the increased surfaee 
areas available for mass and heat transfer in 
the foamed particles. Resistance to diffusion 
of water vapor to the surface of the powder 
particles is also reduced by decreasing the 
density of the powder particles by bubble pro- 
duction. 

Microscopic examination of powder particles 
suspended in glycerol reveals two types of buh- 
bles in the particles. One type, extremely 
small and profuse, is located throughout the 
milk solids; the other, relatively large and 
fewer in number, occupies the interiors of the 
particles and the spherical protuberances on 
,their surfaces. 

It is reasonable that these two types of bub- 
bles arise, respectively, from the dissolved gas 
and that dispersed in the liquid concentrate by 
the extreme turbulence in the mixing device 
and in the line to the atomizer. The pressure 
drop and temperature increase experienced on 
atomization may muse the dissolved gas to he 
released to form a fine-grained foam, trapping 
the larger bubbles of gas and some of the water 
vapor evolved during drying. 

Some of the increase in particle size ob- 
served in powders produeed by gas incorpora- 
tion certainly results frorr~ the expapsion of 

the trapped nitrogen gas. However, by use of 
a micro-balance and microscopic dimension 
measurements, it was found that the individual 
powder particles had densities varying between 
.5 and .6 g/cc, which is much higher than would 
be anticipated from a simple expansion of a 
standard-sized spray droplet by trapped gas. 
Theref ore, the increased numbers of large- 
sized particles observed in the foam-spray dried 

- -  - 

DIAMETER - MICRONS 

FIG. 3. Particle size distribution in spray-dried 
powders produced with and without gas incorpora- 
tion. Both samples produeed by spraying through 
.048-inch nozzle orifice. Foamed product made by 
introducing .15 standard cubic feet of N3 into 
each pound of 5070 concentrate before atomizing. 
Moisture content of powders: without gas, 4.9%; 
with gas, 3.2%. 

TABLE 1 

Physical properties of whole milk powder produeed by incorporating pressurized gas into the 
concentrate prior to drying 

Drying conditions Physical properties of milk powder 

Aver- 
age indi- 

Nitro- Resid- vidual Aver- 
Nozzle Dryer genin- ual Bulk Dis- sphere age 
orifice feed jection mois- den- Free persi- diam- clump 

diameter rate rate ture sity fat bility eter size 
-- 

(inches) 

,040 
.040 
.040 
.040 
.0465 
.0465 
.0465 
.0465 
.048 
.048 

( lb  50% (SCFNs/ 
conc/ lb ' 
hr) conc) 
538 .45 
581 .21 
634 .14 
669 0 
709 .34 
739 .16 
779 .la 
802 0 
743 .32 
780 .15 

" Standard cubic feet Nz/lb 50% concentrate. 
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product inust be due, i n  part, to a change in 
the atomization characteristics of the nozzle. 

On reconstitution, the gas trapped in the in- 
terior of the spray-dried foams is released and 
rises to the surface to form a fine-grained froth. 
The persisten'ee of this material has interfered 
with the dispersibility test used in this study. 
Even though the results are somewhat erratic, 
the improved dispersibility of the spraydried 
whole milk foam powders is clearly demon- 
strated. These data tend to give some credence 
to the idea that, i n  whole milk powders, high 
bulk density with good dispersibility is not 
obtainable through manipulation of the drying 
technique alone. 

The idea of changing the physical proper- 
ties of a spray-dried powder by incorporating 
gas into the feed material is certainly not 
unique. A patent issued in 1957 to Standard 
Brands (6) describes the spray drying of 
foamed coffee extracts. The application of this 
principle to milk drying has undoubtedly been 
attempted in a number of laboratories. How- 
ever, the methods and results of these experi- 
ments have never been published. 

0 1 I I I I I 

5 0 0  6 0 0  700 8 0 0  9 0 0  
RATE FLUID FEED TO DRIER 

LBS. 5 0 %  CONC. / HOUR 

The technique of producing spray-dried foams 
as presented in this paper is relatively simple, 
easy to control, and can possibly be carried 
out in most existing driers with only minor 
modifications. The increased drying efficiency 
observed during the development of this tech- 
nique has already been utilized to dry Cottage 
cheese whey (2).  From preliminary work with 
other food products, it can be stated that this 
drying method will be most applicable to mate- 
rials possessing high-foaming capacity and 
foam stability. 

Studies of the stability of dried whole milks 
produced by this method are  under way a t  
present. 

ACKNOWLEDGMENT 
The authors acknowledge the contribution8 of 

the pilot plant workers, J. Vestal, W. Jones, and 
Q.  Kenley who, under the ~upervision of H. Vettel, 
aided in the production of the experimental sam- 
ples. Valuable technical assistance in the charac- 
terization of these powders was given by Allen 
Wilson, Mrs. M. K. Harper, Virginia Holsinger, 
and Linda Pryor. Equally important to the au- 
thors in the prosecution of this work and the 
preparation of the manuscript was the support, 
encouragement, and constructive criticisms of Dr. 
Byron H. Webb, Dr. W. I. Patterson, and Dr. 
Sam R. Hoover. 

REFEENCES 
(1,'  CARMAN, P. C. The Determination of the 

Specific Surface of Powders. I. J. Soc. 
Chem. Ind. (London), 57: 225-34. 1938. 

(2)  HANRAHAN, F. P., AND WEBB, B. H. USDA 
Develops Foam-Spray Drying. Food Eng., 
33:  (8 ) .  p. 37-38. 1961. 

(3) HUN~IKER, O m  FREDEEICK. Condensed Milk 
and Milk Powder. p. 377. Published by 
the author, LaGrange, Illinois. 1949. 

(4) MOEGAN, A. I., JR., GINNETTE, L. F., RANDALL, 
J. M., AND GRAHAN, R. P. Technique for 
Improving Instants (Foods). Food Eng., 
31: (9)  : 86-7. 1959. 

(5 )  SINNAMON, H. I., ACETO, N. C., ESKEW, R. K., 
AND SUHOPPBT, E. F. Dry Whole Milk. 
I. A New Physical Form. J. Dairy Sci., 
40:  1036. 1957. 

(6 )  STANDARD BRANDS, INC. U. S. Patent No. 
2,788,276. April 9, 1957. 

(7 )  TAMSMA, A., EDMONDSON, L. F., AND VETMCL, 
H. E. Free Fa t  in Foam-Dried Whole 
Milk. J. Dairy Sci., 48:  240. 1959. 

(8) UNITED STATES DEPARTMENT OF AORI~LTURE, 
FIG. 4. Relationships between some factors in- Agricultural Statistics 1960. pp. 404405. 

flueneing specific surface area of spray-dried whole U. 8. Government Printing Office, Wash- 
milk powder. ington, D. C. 1961. 



FAILURE IN T H E  PRODUCTION O F  CITRATE PERMEASE BY 
STREPTOCOCCUS DIACETILACTIS 

E. B. COLLIKS AND H .  J. HARVEY 
Department of Food Science and Technology, U~iiversity of California, Davis 

SUMMARY 

Five strains of Streptococcus diacetilactis contained variants unable to 
form acetoin and gas from citrate. The variants differed from parent-type 
bacteria by not producing citrate permease, required for transporting citrate 
through the cell pern~eability barrier. Production of citritase by the acetoin- 
less mutants distinguished them from cultures of Streptococcus lactis and 
Streptococcus cremoris. 

The biochemical and serological properties 
of 35 strains of lactic streptowcci producing 
acetoin, diacetyl, carbon dioxide, and acetic 
acid in milk, as well as large amounts of lactic 
acid, were studied by Swartling (11). He con- 
cluded that the name Streptococcus diacetilac- 
tis, originally given by Matuszewski et al. (9), 
should be applied. Sherman (10) suggested 
that decision regarding the giving of species 
distinction to S.  diacetilactis should await clari- 
fication of certain reports indicating that some 
cultures of this organism may contain variants 
indistinguishable from cultures of Streptococcus 
lactis (7, 9, 11). 

Recent reports clarify the initial steps in- 
volved in the formation of acetoin from citrate 
by cultures of S .  diacetilactis and Lez~conostoc 
citrovorum. Citrate is transported through the 
cell permeability barrier by a permease system 
(6) and split into acetate and oxalacetate by 
an enzyme citritase (5). Cultures of S .  lactis 
and S.  cremoris do not contain citritase (5). 

Variants not producing acetoin and gas from 
citrate have been isolated from cultures of 
S .  diacetilactis in this laboratory. Results re- 
ported here show that the variants contain 
citritase and differ from parent-type S .  diaceti- 
lactis cells by not containing citrate permease. 
The findings clarify the taxonolnic status of 
S. diacetilactis. 

METHODS 

Cultzwes. Five strains of S .  diacetilactis were 
studied. Strains DRC1, DRC2, and DRC3, and 
bacteriophages active against them, were ob- 
tained from the Dairy Research Section of the 
Conlmonwealth Scientific and Industrial Re- 
search organization, Australia. Strain NZ was 
obtained from the Dairy Research Institute of 
New Zealand, and Strain 957 from the Na- 

Received for publication July 31, 1961. 

tional Dairies Research Laboratories, England. 
One strain of 8. lactis (C2) and one of S.  cre- 
moris (HP) were used for comparative pur- 
poses. 

Cultural tests. Tests normally used for classi- 
fying streptococci and distinguishing S.  lactw 
from S. cremoris were applied to cultures puri- 
fied by colony isolation. Tests were run to 
determine: action on litmus milk at  22 C, 
growth in litmus milk at  40 and 45 C, growth 
in broth containing 4 and 6.5% sodium chlo- 
ride, production of ammonia from arginine, 
fermentation of maltose, and fermentation of 
dextrin. Acetoin production was determined 
by the Voges-Proskauer test, and gas produc- 
tion determined by heating ripened culture in 
a test tube and observing for curd flotation. 

Antibiotic production. Cultures were tested 
for the production of antibiotics by a method 
previously described (2) ,  with two modifica- 
tions. Lactic agar (3) replaced tryptone yeast 
phosphate agar and plates of agar were dried 
at  45 C. 

Cell suspensions. Cell suspensions for use 
in determining citrate utilization were prepared 
as follows: Cultures were grown 40 hr at 26 C 
in flasks of citrate medium (5), harvested by 
centrifugation, washed twice with cold 0.05 M 
trishydroxyamino~nethane chloride buffer a t  p H  
7.0, and resuspended in the same buffer a t  a 
cell density of 40 nig/ml. 

RESULTS 

Five strains of S. diacetilactis had been prop- 
agated routinely for several weeks when colony 
isolation and selection resulted in some cultures 
that did not produce acetoin and gas. Even- 
tually, one isolate that produced acetoin and 
gas and one that did not (subsequently re- 
ferred to as the acetoinless isolate) were se- 
lected from each of the five. Acetoinless col- 
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onies were rare in Strain DRC1. Acetoin- 
producing colonies were not found in Strains 
957 and NZ until after these strains had been 
grown a t  40 C. Accurate estimation of the 
relative numbers of parental and variant type 
colonies was not accomplished, since attempts 
to devise a convenient scoring method were 
unsuccessful. 

Action on litmus milk. Each of the five 
S. diacetilactis strains selected for study co- 
agulated skimmilk during overnight incubation 
a t  22 C. With regard to this characteristic, 
there was no detectable difference between aee- 
toin-producing and acetoinless isolates. 

Bacteriophage sensitivity. Strains DRC1, 
DRC2, and DRC3 had been found sensitive to 
their corresponding bacteriophages only. Strain 
957 had been found sensitive to bacteriophage 
DRC1, and NZ to each of the three. Exami- 
nation of the ten isolates revealed that each 
had the same bacteriophage sensitivity as its 
parent culture. 

Antibiotic production. DRCl and 957 pro- 
duced an antibiotic (2). A check on the iso- 
lates showed that only those from Strains 
DRCl and 957 produced the antibiotic. 

Cultural test reactiom. Table 1 shows the 
reactions of the ten isolates to the tests nor- 
mally used for distinguishing S. Eactis and 
S. cremoris. The acetoinless isolates reacted 
the same as corresponding normal isolates, ex- 
cept that they grew more slowly at  40 C. Grow- 
ing acetoinless isolates at  40 C did not cause 
them to produce acetoin and gas. 

Citrate utilization. Each of the cultures was 

tested for utilization of citrate with and without 
destruction of the cell permeability barrier 
with toluene (4). Two-tenths of a milliliter 
of intact-cell suspension or 0.2 ml of toluene- 
treated cells (removed from beneath the toluene 
layer with a pipette) was added to 0.8 ml of 
the following reaction mixture in a glass-stop- 
pered test tube: 0.01 M Na citrate, 2.0 ml; 
0.1 M MgS04, 1.0 ml; and 0.5 M phosphate 
buffer, 1 3  ml. The p H  of the buffer was pH 
6.5 (near the optimum for citritase) for  to- 
luene-treated cells and p H  5.0 (near the opti- 
mum for citrate pernlease) for  intact cells. 
Tube contents were mixed, incubated 30 nlin 
or 1 hr a t  30 C in a thermostatically controlled 
water bath, and tested for citrate by the pyri- 
dine acetic anhydride method of Marier and 
Boulet (8). 

Results were the same for each of the ace- 
toin-producing isolates. Intact and toluene- 
treated cells utilized all of the citrate in the 
reaction mixtures within the 30-min incubation 
period, indicating the presence of both citrate 
permease and citritase. Results were different 
for the acetoinless isolates. Toluene-treated 
cell suspensions utilized about 50% of the ci- 
trate in 30 min, and 100% in 1 hr, indicating 
the presence of citritase; but intact cells uti- 
lized none of the citrate, even after prolonged 
incubation, indicating absence of citrate per- 
mease. 

Acetoin production by cell-free extracts. That 
the acetoinless variants possessed a complete 
and competent intracellular enzyme system for 
converting citrate to acetoin was confirmed for 

TABLE 1 

Reactions of Streptococous dimetilaatis isolates to cultural tests 

Growth in Production 
Growth a t  presence of of acid 

4% 6.5% Dex- Hydrolysis 
Culture 40 C. 45) C Na61 NaCl Maltose trin of arginine 

DRCl + - + + + - - 
DRCIXa +b + + - + - - 
DRC2 + + + - + - - 
DROBX ' +" + + - + - - 
DRC3 + + + + - + - 

- DRC3Xa +' - + + + + 
957 + + + - + - - 
957X' +b  - + + + - - 
NZ + - + - - - - 
NZX' +b - + - - - - 
S. Iactis ((3%) + - + - + - + - + 
S. orernoris (HP) - - - - - 

" This isolate did not produce acetoin and gas from eitrate. 
Growth retarded. 
Growth slightly retarded. 







EFFECT OF CERTAIN VACUUM TREATMENTS ON FLAVOR AN11 
PHYSICAL CHARACTERISTICS OF FLUID MILK 

CARROLL E. GRAVES,". W. RUDNICK, JR., AND T. R. FREEMAN 
Department of Dairy Science, University of Kentucky, Lexington 

SUMMARY 

Milks with garlic, silage, feed, and cooked flavors were treated under various 
conditions in a two-stage vacuum treatment unit with and without added steani. 
Vacua at  four levels in the first chamber, with a constant rate of steam injec- 
tion, reduced intensity of the off-flavors to a significant degree in most cases 
when judged by expert and consumer flavor panels. The additive effect of 
steam injection was not significant, except for garlic flavor as judged by the 
expert panel. Composition of the milk was controlled by maintaining a suit- 
able temperature differential between the inlet of the milk to the equipment 
and discharge from it. Temperature a t  the discharge was regulated by 
controlling pressure (and thus boiling point) in  the second chamber. A slight 
increase in homogenization index was noted, but this was judged to he of 
little practical importance. 

Aeration as a method of removal of volatile METHODS 

off-flavors in milk has been used since 1897 The . ~ C U U ,  treatment equipment used is 
(14). The simplest form of the Process was well known con~mercially.~ After passing 
the opening of vat lids during agitation and through a commercial high-temperature short- 
~asteurization. More complex forms of this time unit, the milk flowed fro111 the flow-diver- 
ventilation of milk have developed to include ,ion valve through an ato~lrizing valve into the 
the vacuum pasteurizer (Vacreator) (11 9) and first, or atomizing, chamber. Vacuum levels 
the Illore recently developed vacuum units de- in this charnber were varied in four steps from 
signed to he used in conSunction with high- 0 to 15 inches of mercury and steam injection 
temperature short-time (HTST) pasteurizers- held constant a t  95 Ib per hour. Steam, vary- 
These latter methods lllay or not employ ing in amounts from 0 to 135 Ib/hr, was mixed 
steam injection as well as Vacuum for flavor with the milk in this chamber for the trials on 
removal. The value of the Vacreator for flavor effect of stearn injection. The treated milk then 
removal from cream and milk has been dis- flowed through a vacuum dBerential valve and 
cussed by several investigators (1, 4, 9, 131 16)-  tangentially entered a second chamber where 
Little has been done to evaluate the usefulness vacuum levels could be varied within the range 
of the newer equipment for flavor removal and of 18 to 26 inches of mercury. Milk was 
to learn whether such processing alters the pumped from the bottom of this chamber to 
physical characteristics of the milk. This study the hot (pasteurized milk) side of the regen- 
was designed to determine: 1) the effect of erator section of the HTST unit. Vapors re- 
various vacuum and steam injection levels on sulting at  this stage were pumped from the 
the flavor quality of niilk, 2) the effect of the top of this challlber by a vacuum pump and 
process on the total solids content of the milk, passed through a condenser and to the drain. 
and 3) the effect of the Process on fat  dis- I n  the second chamber, vacuum levels were 
persion in homogenized milk. not recorded as such. Instead, adjustments were 

made to reduce the temperature at  discharge 

Received for October 22,  1961. from this chamber to a level below that of the 
milk a t  the flow diversion valve. This is re- 

1 The investigation reported in this paper is in ferred to as temperature differential (TD). 
connection with a project of the Kentucky Agri- ~nasmuch as there is a known temperature- 
cultural Experiment Station and is published with 
approval of the Director. 'Vat-Heat is the trade name for this unit, 

'Present address, Fairmont Foods Company, manufactured by the Creamery Psckage Manu- 
Minneapolis, Minnesota. facturing Company. 
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pressure relationship at the boiling point of 
milk, temperature measurements in the second 
chamber could be used for estimating vacuum 
levels. Temperature differentials of 0 to 22 F 
were used and maintained by a Taylor ratio 
controller. Steam flow was regulated by a spe- 
cially calibrated valve. Curves furnished by 
the valve manufacturer were used to determine 
steam utilization, and took into consideration 
pressures on both sides of the valve. 

Control samples for the flavor and fa t  dis- 
persion studies were taken at  the flow diversion 
valve, except for comparisons of different steam 
levels. For these trials, control samples were 
vacuum-treated milk Fithout steam injection. 
Control samples for the total solids study were 
obtained from the raw milk holding tank. A 
period of at least 5 nlin was allowed for equip- 
ment and milk flow stabilization after each 
change in processing treatment. 

When racuuln levels in the first chamber 
were being studied, stea~n flow was kept con- 
stant at 95 Ih/hr (as reco~nmended by the 
mannfacturer), temperature differential main- 
tained at 10 to 12 F ,  and pasteurization at 
168 F for 19 see. For the trials in which steam 
injection was the variable, the vacuum in the 
first chamber was maintained at  10 inches and 
all other conditions were kept constant. Trials 
involving the effect of temperature differential 
were made by holding steam flow at  95 Ib/hr 
and vacuum in the first chamber at  10 inches. 
Cooked flavor was obtained by heating the milk 
to 175 F for 19 see. 

All samples were homogenized at  2,500-lb 
pressure by a two-stage homogenizer which 
also was used as a timing p u ~ n p  for the HTST 
unit. The holiiogenizer was located between 
the r a v  side of the regenerator section and 
the heating section of the pasteurizer. 

The Gibson and Herreid (6) rapid method 
of determining fat  emulsion stability was used 
as an index of homogenization. Fa t  dispersion 
also was studied by the mieroscopic method of 
Farrall, Walts, and Hanson (5). Total solids 
content was determined by the Mojonnier 
method (10). 

Samples were analyzed organoleptically by 
means of two panels-a consumer panel and 
an expert panel. The consumer panel consisted 
of ten men and five women, ranging in age from 
20 to 55. hiembers of this panel were selected 
from 35 individuals. Selection was based on 
the ability to detect varying intensities of off- 
flavors when presented in a triangular test 
pattern. A modified hedonic scale (11) was 
used for scoring purposes when the products 

were evaluated by this panel. Panelists were 
instructed to rate the product according to 
their likes and dislikes and to make compara- 
tive ratings among the samples. Samples could 
be scored from a high of eight to a low of one. 

The expert panel consisted of four experi- 
enced dairy products judges of the Dairy st&. 
The American Dairy Science Association stu- 
dent score-card was used in evaluation of the 
products. All samples were held 20-24 hr 
before judging. Both panels evaluated the 
products within a period of not over 2 hr. 

Milk for use in these experiments was mixed 
herd milk from the University herd. With the 
cooperation of the herdsman, feeding programs 
were instituted to produce the off-flavors de- 
sired. 

Because of a shortage of wild garlic during 
the 2 yr of this study, it was necessary to re- 
sort to special methods for obtaining garlic- 
flavored milk. A search of the literature (2, 
18) made it evident that the flavor constituents 
of wild garlic and garlic concentrate (powder) 
were essentially the same. I t  was found, in 
preliminary feeding trials, that there was no 
discernible difference between the flavor im- 
parted by the garlic Concentrate and that pro- 
duced by wild garlic. The addition of 2 lb of 
garlic concentrate to the feed concentrates of 
60 cows resulted in a highly flavored milk. 

RESULTS AND DISCUSSION 

In  preliminary trials, it was learned that only 
the vacuum level of the first or atomizing cham- 
ber could he varied without change in milk 
composition. For this reason effect of vacuum 
level on flavor removal was studied for this 
cha~riber alone. 

E,@ect of caclcztm level in first chamber on. 
flavor removal. Garlic. I t  must be recognized 
that varying degrees of steam-flash in the first 
chamber will result with variations in the 
vacuum level. For example, when a five-inch 
vacuum is used the flash point or boiling point 
of the milk in this chamber will be 203 F. The 
temperature of the milk resulting from the 
addition of 95 lb of steam per hour was 192 F ;  
therefore, under these conditions, boiling of 
the product in the first chamber did not take 
place. At 10 inches of vacuum the boiling point 
of the ~nilk is reduced to 192 F, the approximate 
temperature of the milk and steam mixture. 
At 1 5  inches of vacuum, the theoretical boiling 
point is 179 F, which is below the temperature 
of the milk and steam mixture. I t  was noted, 
in these experiments that the temperature did 
not fall to the theoretical level of 179 F, but 
dropped only five degrees to 187 F giving, in 
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TABLE 1 

Effect of vacuum treatments on off-flavored milk 

Change in score 

Consumer Expert 
' -inches. Type 

of vae- No. of of Maxi- Mini- Aver- Maxi- Mini- Aver- 
uum trials flavor muma mum @ 

age muma mumn age 

Garlic 
Garlic 
Garlic 
Garlic 
Silage 
Silage 
Silage 
Silage 
Feed 
Feed 
Feed 
Feed 
Cooked 
Cooked 
Cooked 
Cooked 

a Average of all judges for a single trial. 
bAverage of all judges for all trials. 

Expert panel examined only seven trials. 

effect, a superheating of the milk and steam 
mixture in the first chamber. 

The effect of vacuum level on flavor removal 
is shown in Table 1. Because of the variation 
in scores of the control samples, i t  was thought 
that differences in score between the control 
and the treated products should be considered 
as well as score of the treated product. Aver- 
age scores of the expert panel are shown in 
Figure 1. 

Data from both the consumer and expert 
panel indicate that vacuum treatment materially 
reduced the intensity of garlic flavor in milk. 
When treated statistically by analysis of vari- 
ance (17), the data thus obtained showed the 
results to be highly significant (P < 0.01). I t  
will be noted from the data that the maximum 
improvement according to both panels was ob- 
tained a t  the 10-inch vacuum level. This would 
indicate that the superheating treatment that 
occurs a t  15 inches of vacuum had little addi- 
tional effect on flavor removal. 

Greatest improvement in flavor was noted 
when the flavor defect was most pronounced. 
Since garlic-flavored milk automatically re- 
ceives a low score on the score-card, the degree 
of intensity was recorded according to an arbi- 
trary plan. The raw milks containing garlic 
flavor were divided into pronounced (35 or 
less) and slight (35.5 or above). Maximum 
improvement exhibited in the pronounced group 
was 4.75 points, the average being 3.23 points, 

compared with a maximum improvement of 
3.00 points and an average of 1.74 points in 
the slight group based on data from the expert 
panel. The trend of consumer scoring was in 
close agreement with that of the expert panel. 
Silage. Greatest improvement in  silage fla- 

vor was obtained a t  the 7.5-inch vacuum level, 
as judged by both panels. This would indicate 
that these flavors apparently are more volatile 
and that boiling is not essential for their re- 

0-0 GARLIC 

L A  SILAGE 

-0 FEED 

O--P COOKED 

1 I 
0 2.5 5 75 I0 12.5 15 

V A C U U M ( I N C H E S  OF MERCURY) I N  FIRST CHAMBER 

FIG. 1. Effect of vacuum treatment on flavor 
score of milk. 
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nloval. There was some disagreement between 
the panels as to the value of additional vacuum. 
While the expert panel reported a statistically 
significant (P < 0.05) improvement only be- 
tween the control and 7.5-inch level, the con- 
sumer panel reported a highly significant im- 
provement a t  all levels of treatment. 

Feed. Flavors resulting from grass, concen- 
trates, or hay were classed in this study as feed 
flavors. The expert panel reported flavor im- 
provement at  all levels of vacuum, but little 
additional increase beyond the 10-inch or boil- 
ing level. The improvement in scores was sta- 
tistically significant a t  the 5% level. The eon- 
sumer panel reported flavor improvement at  
all vacuum treatment levels, but the dzerences 
in scores were not statistically significant. In 
fact, their judgment indicated less improve- 
ment in flavor in treatments above 10 inches 
of vacuum. 

Cdoked. A study of cooked flavor was not 
included in the original objective of this in- 
vestigation. Observations made, principally by 
the expert panel, during the feed and weed 
flavor studies indicated that treatments affected 
the degree of cooked flavor. Trials were made, 
therefore, using raw milk of good flavor quality. 
It will be noted that in this case, because of 
the higher initial temperature at the flow di- 
version valve, the boiling occurred a t  a level 
between 7.5 and 10 inches of vacuum. From 
Table 1 and Figure 1 it will be noted that the 

expert panel found a highly significant im- 
provement as vacuum was increased up  to 10 
inches. The consumer panel, however, found 
maximum improvement to be at  the 7.5-inch 
level. I n  other words, boiling brought about 
no further improvement. 

Effect of steam injection on flavor removal. 
For these experiments, milk subjected to 10 
inches of vacuum alone (no steam injection) 
was used as the control sample. Results of 
these experiments are shown in Table 2 and 
Figure 2. 

.-. GARLIC 111 , , , , A  ;FE: 1 
a-m COOKED 

0 20 40 60 80 100 120 140 

POUNDS OF STEAM PER HOUR 

FIG. 2. Effect of eteam injection on flavor 
score of milk. 

TABLE 2 

Effect of steam treatment on off-flavored milk' 

Change in score 

Consumer Expert 
Pounds 
of steam No. of Type of Maxib Mini- Aver- Maxi- Mini- Aver- 
per hour trials flavor muan mum age' mumb mum age 

18.75 9 Garlic $1.50 4-0.18 4-0.31 $1.13 $0.13 $0.71 
57.00 9 Garlic -0.70 0.00 -0.02 i-1.83 +0.25 f0.78 
95.00 9 Garlic $0.60 0.00 +0.24 f2.33 0 . 2 5  $1.30 

132.50 9 Garlic $0.88 0.00 +0.15 i-2.33. -0.13. $1.26 
18.75 9 Silage 1 . 1  -0.19 +0.09 +1.16 0.00 +0.11 
57.00 9 Silage +1.64 0.00 $0.40 +2.16 -0.25 -0.04 
95.00 8 Silage -1.55 +0.33 -0.07 -2.42 0.00 -0.62 

132.50 7 Silage f1.60 +0.18 +0.01 -2.42 -0.67 -0.88 
18.75 8 Feed -0.83 i-0.18 +0.21 +1.17 0.00 +0.14 
57.00 8 Feed -I-1.85 0.00 4-0.36 $2.17 0.00 +0.38 
95.00 8 Feed -1.55 0.00 0.00 -1.25 0.00 -0.13 

132.50 8 Feed -1.64 0.00 -0.32 -1.75 0.00 -0.36 
18.75 6 Cooked -0.58 0.00 -0.04 4-1.50 0.00 f0.62 
57.00 6 Cooked -1.00 -0.05 -0.24 -1.50 4-0.13 +0.22 
95.00 6 Cooked -2.50 -0.55 -1.15 -2.00 -0.25 -0.81 

132.50 6 Cooked -2.33 -0.22 -1.13 -3.00 -0.25 -1.17 

'Milk treated with vacuum but no steam was used as control. 
Average of all judges for a single trial. 

'Average of all judges for all trials. 
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Garlic. There was little agreement between ment to be objectionable. On the other hand, 
the consumer panel and expert panel as to the if the original intensity of the off-flavor is 
benefit of steam injection. The expert panel slight, removal of the same amount or pro- 
found a significant average improvement in portion of off-flavor reduces its intensity below 
flavor at  the 95 Ib and 132.5 Ib per hour levels, the flavor threshold, and thus the defect is con- 
with an average increase in score of 1.30 and sidered to be completely eliminated. 
1.26 points, respectively. The higher level of It appears from these data that steam in- 
steam injection, 132.5 lb per hour, apparently jection is of questionable benefit except in the 
did not result in greater flavor improvement case of a strong flavor such as garlic. This is 
than did treatment a t  the 95-lb level. The con- a t  variance with Roberts (12) and with Cotner 
sumer panel recorded no significant changes in et al. (3). I t  must be noted, however, that the 
flavor score which could be attributed to steam work of Roberts is based on observations of 
effect. From these data the value of the appli- commercial samples from a number of plants 
cation of steam for garlic flavor removal would using various types of equipment. Cotner et al. 
seem questionable, except for the fact that the found that steam injection in laboratory ap- 
average improvement in expert panel score paratus was beneficial in reducing the intensity 
attributed to steam was from 36.23 to 37.53. of rye and alfalfa flavors, but added little to 
This probably is in the critical range of con- vacuum treatment in  dealing with silage flavor. 
sumer acceptance. The flavor from rye, and in some cases alfalfa, 

Silage and feed. Neither panel found that might well be classed with garlic. 
steam injection improved the flavor to any Hedrick and Trout (7) and Smith et al. 
significant degree when the raw milks contained (15) reported that vacuum alone is effective 
silage or feed flavors. Both panels found some in reducing off-flavors. The former speoifically 
slight improvement, on the average, a t  the 18.75 state that steam is of little additional benefit. 
to 57.00 Ib/hr rate of steam injection, but this !l?hree of these reports (3, 7, 15) were pub- 
improvement was not statistically significant. lished after work on this study was completed. 
There was an actual decrease in consumer panel e f e c t  o f  temperature diferential and steam 
acceptance when s t e m  treatments above these injection on total solids content of millc. Total 
levels were used. solids determinations were made in preliminary 

Cooked. ~h~~~ was disagreement between trials involving changes in the vacuum level 

the panels when steam treatment was applied the first chamber Changes in 
to cooked milk. ~t all levels of steam treat- position resulting from these vacuum level vari- 

merit, the consumer panel considered the treated ations were not and, on 

milk poorer than that subjected to vatu- 
the varied from -kO.ll% to -0.10% 

treatment alone. As seen from Table 2 and solids. As is pointed out by Lazar and 

Figure 2, the expert panel noted an improve- Hennineon variations of this order 

merit in score of milk at the lower levels of be found as a result of HTST treatment alone. 

steam injection. These were not statistically The change in content the 
significant, however. Further additions of steam 3, brought about by varying the 
above 18.75 lb per hour seemed to intensify temperature differential was highly significant. 
the cooked flavor. The drop in score of heated the and of equipment used, 
milk as steam injection rate increased is ob- and atmospheric conditions prevailing in this 
vious. ~h~ amount of heat to which milk was study, a temperature differential of 10 to 1 4  F 
subjected following pastew.ation was propor- produced the smallest changes i n  total solids. 
tional to the amount of steam injected in the 
first chamber. At high levels of steam injection TABLE 3 
the intensity of the resulting cooked flavor was Effect of temperature differential on the total 
too great to be removed completely by vacuum solids content of fluid milk 
treatment. Tempera- Change in per cent total solids 

General. While milks with the greatest off- igr. No. of Mini- Aver- 
flavor in the control samples were improved ential trials mum mum age 
most, many such milks were barely acceptable 

0 even after treatment. This is indicative of the 20 -0.42 -0.05 -0.21 
22 -0.72 -0.01 -0.11 

fact that not all of the volatile off-flavors are 1 0  22 -0.28 0.00 -0.04 
removed even with optimum treatment. I f  the 12 13 +0.10 0.00 -0.03 
original intensity of the flavor defect is suffi- 1 4  22 4-0.21 -0.01 +0.05 
ciently great, enough will remain after treat- 22 22 +1.10 $0.03 $0.22 
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Theoretically, the rate of steam injection TABLE 5 
should not influence composition of milk, pro- Effect of temperature differential on the fat  
vided temperature differential is held constant. dispersion of homogenized milk as measured 
I n  these experiments, however, i t  will be noted by the Gibson and Herreid method 

(Table 4) that increased amounts of steam Tempera- Change in fat dispersion 
caused some dilution of the milk. This is un- ture 
doubtedly due to the fact that higher steam differ- Maxi- Mini- Aver- 

ential trials mum mum age 
iniection rates increased radiation losses, re- 
quiring, therefore, a greater temperature dif- 
ferential to keep milk con~position uniform. 

TABLE 4 

Effect of steam injections on the total solids 
content of fluid milk 

Change in per cent total solids 
Pounds 
of steam No. of Maxi- Mini- Aver- 
per hour trials mum mum age 

In  the instruction manual accompanying the 
vacuum treatment unit, it is pointed out that 
a temperature differential is necessary to com- 
pensate for  heat loss due to radiation from the 
surfaces of the unit. No attempt was made to 
calculate such heat losses in this study; how- 
ever, i t  will be noted that a temperature differ- 
ential of 12-14 F was necessary to keep the 
composition of the milk constant a t  constant 
rate of steam injection. This is not a fixed 
value and is directly dependent on length of 
lines, room temperature, amount of steam 
added, etc. For  this reason, it  is recommended 
that the appropriate temperature differential 
be established for each installation according 
to the conditions under which it  is to be op- 
erated. 

Effect of temperature differential and steam 
injection on milk fat  dispersion. As can be 
seen in Tables 5 and 6, homogenization index 
apparently is increased by treatment within 
the equipment. The increase shown in Table 5 
is statistically significant a t  all levels of tem- 
perature differential used, but apparently is 
not related directly to various levels. On the 
other hand, as steam injection rate is increased, 
there is an increase in homogenization index 
as determined by the Gibson and Herreid 
method. I t  must be pointed out, however, that 
a t  no time was the index over 3.6, compared 
with a United States Public Health Service 
permissible index of 10. 

Microscopic examination of the samples by 

the method designed by Farrall et al. ( 5 )  indi- 
cated no globules or aggregation of globules 
of more than 2 p in diameter in the milk. For 
this reason, it  was impossible to establish a 
Farall index value. 

One of the reasons for study of the effect of 
fat  globule size and dispersion is that there 
have been several verbal reports that cream- 
line has been observed in some instances on 
homogenized-vacuumized milk. Indeed, some 
of these reports state that the use of a homoge- 
nizer as a timing pump for the HTST unit 
and vacuum unit was impossible because of 
this dehomogenizing effect. In  some plants, 
relocation of the homogenizer was deemed nec- 
essary. Results of the present study do not 
substantiate these reports. While there was a 
small increase in the homogenization index re- 
sulting from the vacuum treatment, there were 
no globules or clumps larger than 2 p. 

CONCLUSIONS 

The vacuum treatment equipment used re- 
duced the intensity of garlic, silage, feed, and 
cooked flavors in milk. Additional improve- 
ment resulting from steam injection appears 
to be of doubtful practical significance. By 
proper control of temperature differential, it 
was possible to prevent dilution or concentra- 
tion of the milk. While homogenization index 

TABLE 6 

Effect of steam injection on the fat dispersion of 
homogenized milk as determined by the 

Gibson and Herreid method 

Change in fat  dispersion 
Pounds 
of steam No. of Maxi- Yini- Aver- 
per hour trials mum mum age 
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was increased slightly, the indexes f o r  al l  milks 
were well below the limits established by 
U.S.P.H.S. 
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SIGNIFICANCE OF PLASMA ULTRAFILTRABLE CA45 AND P32 IN 
MILK SYNTHESIS 

T. H. KAMALa am R. G. CRAGLE 
University of TennesseeAtomic Energy Commission 

Agricultural Research Laboratory, Oak Ridge, Tennessee 

SUMMARY 

Three Jersey cows were injected intravenously with Cam and pdl simul- 
taneously, and the ultrafiltrable as well as total Ca4' and P" in milk and plasma 
were determined periodically to study the importance of these fractions in  the 
formation of milk calcium and phosphorus. While most of the plasma PZ 
(85%) was still ultrafiltrable 1 hr after dosing, the activity appeared in both 
fractions of milk, indicating that plasma ultrafiltrable phosphorus is the pre- 
cursor of milk phosphorus. After the first 5 hr post-dosing, the specific activity 
of plasma nonultrafiltrable PSa began to rise, whereas that of ultrafiltrable P" 
continued to decline, and 43 hr  were required for the ratio of plasma ultra- 
filtrable Pm/total P" to reach a value (0.40) close to that of stable phosphorus 
(0.34). 

One hour after dosing, 66% of the plasma total Ca" was nonultrafiltrable, 
presumably protein-bound. Partitioning of Ca* in milk took place also within 
1 hr after dosing and the maximum concentration of milk ultrafiltrable Ca4" 
coincided in time (3-5 hr)  with that of nonultrafiltrable Ca6, suggesting that 
plasma ultrafiltrable calcium is the precursor of milk Ca. Milk ultrafiltrablej 
total Ca* and P" fell to values close to those of stable Ca and P between the 
third and fifth hours after dosing, which is the time required for the complete 
conversion of plasma Ca and P into all fractions of milk Ca and P. 

Various approaches (1, 2, 6, 8, 11, 12) using 
radioactive tracer techniques showed that 
plasma inorganic phosphorus is rapidly uti- 
lized by t.he mammary gland for milk synthesis. 
Furthermore, some workers (6, 8, 11) concluded 
that the plasma inorganic phosphorus was the 
main precursor of milk phosphorus. On the 
other hand, limited information is available 
regarding the precursor-product relationship 
of milk calcium (3, 13, 15). 

The inorganic phosphorus as determined in 
the above studies includes all forms of soluble 
and colloidal inorganic phosphorus besides 
some organic phosphorus liberated from its 
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organic bonds by the acid treatment of plasma 
or milk during the analysis. Likewise, in the 
fractionation of plasma and milk calcium by 
electrophoretic technique, the direct current in- 
duced by electrophoresis is sufliciently strong 
to dissociate the calcium from the protein 
moiety. Ultrafiltration, however, does not en- 
counter such problems. 

The ultrafiltrable (UF)' fraction of plasma 
or milk contains calcium and phosphorus in 
ionized and soluble un-ionized forms. The 
amount of colloidal calcium and phosphorus, 
however, that passes through the cellulose tub- 
ing pores (< 4.8-mp diameter) is too small 
to be of significance. Since the exchange of 
these elements between tissues and body fluid 
appears to take place in the U F  form, the' 
relation between plasma and milk UF Ca* and 
Ps' has been investigated in this study, follow- 
ing intravenous administration of the radio- 
isotopes to dairy cows. The purpose was an 
attempt to clarify the significance of the 
plasma UF fraction in the secretion of milk 
calcium and phosphorus. 

'The abbreviations for ultrafiltrable and non- 
ultrafiltrable are UF and non-UP, respectively. 
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METHODS 

Two Jersey cows in a p re l in~ ina~y  erperi- 
merit and three in the main experiment were 
each injected intravenously into the jugulm 
vein with a simultaneous dose of approxi~nately 
3.5 and 3.0 nic of Ca4' and P3', respectively. 
Feed and water were provided twice a day. 

Blood, milk, urine, and feces samples were 
collected a t  1, 2, 3, 5, 7, 19, 27, and 43 h r  
after dosing. When milk-sampling periods were 
shorter than 5 hr, 10 I U  of oxytocin were in- 
jected intravenously 1 min before milking to 
stimulate milk let-down. Blood samples were 
collected in 50-ml heparinized test tubes from 
the jugular vein opposite to the side of dosing 
and were immediately centrifuged to obtain 
the plasma. 

Ultrafiltration of milk and plasma was car- 
ried out using the Prasad and Flink (10) 
method for  blood serum. The Cot in blood 
plasma was allowed to equilibrate with the 
atmosphere and the p H  was approxi~nately 8.2 
a t  the time of centrifugation. This p H  change 
was allowed to occur due to the qualitative na- 
ture of the measurelnents taken. Plasma and 
milk aliquots of 10 ml were pipetted into the 
cellulose tubings and centrifuged a t  about 1,000 
x g for  2 hr  a t  20 C. The concentration of 
the stable or radioactive element in the ultra- 
filtrate was ~nultiplied by the moisture content 
of the Inilk and plas~na to obtain the fraction 
of the U F  ele~nent in the milk or  plas~na. The 
estimation was bascd on the experimmtal data 
shown in Table 1, which indicate that the con- 
centration of the element in the ultrafiltrate is  
constant and independent of either ultrafiltrxte 
volu~ne, or  ultrafiltration time. This conclusion 
is in agreement with the work of others (9, 14, 
16 ) ,  using either ultrafiltration or  ultracen- 
trifugation techniques. 

Calcium was deter~nined according to the 
method of Icamal (7), using 2-ml aliquots of 
plasma or  milk ultrafiltrates. Phosphorus was 
determined hy the method of Fiske and Sub- 
baRow (5). Differential counting was used for 
determining Ca" and P3' activities, using 1.0 
ml milk, plasma, ultrafiltrate, urine, or  diluted 
HCI solution of feces ash, pipetted into stain- 
less steel planchets (2.5-lnm diameter, 2.0-1n1 
capacity) and dried slowly in  about 3 h r  under 
infrared heat. Reference standards were pre- 
pared by diluting aliquots of Ca4' and Pm 
standard solutions with milk, plasma, ultra- 
filtrates, urine, or  diluted HC1 solution of feces 
ash which contained no radioactivity. The cor- 
rection for  self-absorption in this method was, 
therefore, unnecessary. Samples were counted 
with and without a lu~n inu~n  absorber (55.2 
mg/cm2), using a Geiger-Muller counter. Pa' 
cpm were obtained by multiplying the cpm of 
the shielded sample bp the attenuation factor 
(1.51) of the absorber. Cas c p ~ n  were obtained 
by subtracting the P3' cpln from the unshielded 
epln of the sanlple. The individual variation 
in the chernical con~position within a particular 
fluid, such as milk, apparently had insignificant 
effect on the self-absorption, since the coeffi- 
cient of variations in san~ples obtained fro111 
different animals were 3.3 and 5.3% or less 
for  P" and Ca'" respectively. 

RESULTS I S D  DISCUSSIOS 

Only the results of the main experiment 
which are in close agreement with those of the 
preliminary experiment are rt,ported. The con- 
centration and the rate of decline of plasma 
U F  P" (Figure 1 )  were close to those of total 
plasma P"' during the first 5 h r  after dosing, 
indicating that during this period the injected 
P" was still mainly in the soluble inorganic 

TABLE 1 

Effect of increasing ultrafiltration time on the concentration of stable and radioactive calcium 
and phospllorus in milk and plasma ultrafiltrates 

Volume 
of ultra 
filtrate 

(Succeed- 
Ultra- ing 2-hr pr? Phos- 

Sanlple filtrate periods) Ca4' Calciu~n phorus 

f h r )  ( 1 1 1 2 )  (cpnz/ml) (mg/lOO ml )  
Milk 2 2.17 2,180 620 38.3 22.9 
Milk 4 1.45 1,990 600 42.8 02.8 
Milk 6 0.96 2,030 550 39.0 22.6 
Milk 8 0.68 2,140 550 43.0 23.0 
Blooil plasma 0 2.45 350 323 4.4 4.2 
Blood plasma 4 1.31 352 323 5.1 4.1 
Blood plasma 6 0.80 360 290 4.7 4.5 
Blood plasma 8 0.51 336 293 5.3 4.4 
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HOURS AFTER DOSING 
FIG. 1. Change in ultrafltrable and total CaU 

and F2 concentrations in plasma with time after 
dosing. 

form. It appears, however, that  a small frac- 
tion of the plasma non-UF pl~osphorus ex- 
changes with P3' 1 hr, or earlier, after  dosing 
as shown by the relatively low specific activity 
of the plasnla non-UF PS' (Figure 2) .  After 
the fifth hour post-dosing until the end of the 
experinlent (43 ltr) , the specific activity of 
plasma non-UF P"' (Figure 2) rose gradually, 
whereas the plas111a U F  P"' specific activity 
tleclined with a di~~linisliing rate. This change 
is at tr i l~utcd to thr  utilization of plasrna U F  
1':" by tissues, ~vitlt concomitant fced-back of 
P:" to the blood in v:irious fo~*nls  of U F  and 
non-UF forms. 

The concentration of p lasn~a U F  Ca" mas 
nluch lower than that of plas~na total Ca" 1 hr  
after dosing (Fignre l), implying an  in111ie- 
diate binding of the major par t  of the injected 

I 
0 10 20 3 0  40 5 0  

HOURS AFTER DOSING 

FIG. 2. Change in specific activities of Ca" and 
P32 ill milk and plasma with time after dosing. 

Ca" with plasn~a proteins and/or its transfor- 
111ntion to other non-UF forms. The Ca" eon- 
centration declined rapidly in both fractions 
during the first 5 to 7 h r  after dosing, then 
less rapidly thereafter, indicating a beginning 
of slow feed-back of Ca" f r o n ~  tissues to blood. 
The injected Ca'" apparently exchanged with 
stable calciun~ a t  the same rate in both plasma 
frartions, since the specific activity of U F  
C;I" was c l o s ~  to that of non-UF Ca'"Figure 
2) .  

The apparent large utilization of P" and Ca" 
by tissues is confirnled by the fact  that only 
20 and 40% of the dosed P" and Ca", respec- 
tively, were eliminated outside the body in  
milk, urine, and feces during 43 h r  of the ex- 
periment, leaving the great tnajority of the 
activity remaining in the body with very little 
activity in the plasma (0.7 and 0.8% of dose 
f o r  P" and Ca", respectively), as indicated in 
Table 3 and Figure 3. The P" was being uti- 

01 0 A d 10 20 30 40 50 

HOURS AFTER DOSING 

FIG. 3. Cumulative excretion of Ca46 and P3' 
in milk, urine, m ~ d  feces. 

lized a t  a faster rate by tissues and excreted 
a t  a slower rate in urine, feces, and milk during 
the first few hours after dosing, whel.ms thc 
opposite was true after\\-;~~.tls where P:" began 
to Tred back fl.oln tissuc~s to p lasn~a and con- 
sequently to urine, fecc,s, and milk a t  n faster 
1.ntc1 than C:t'" Such a n  i~~tcrprc ta t ion  is  sub- 
stanti:itcd 1)y thr  declining segn~cnts in the 
curves of y/Cn" of plasma, urine, I'cbccs, and 
~nilli during the first few 11om.s after tlosing 



TABLE 2 
Plasma and cumulative values of Ca4' and Pq2 

Cumulative Caa Cumulative Pa2 
Plasma % of dose Plasma 

P" 70 of dose 
Cap" 7' - 
of dose Milk TJrinc Feces of dose Milk Urine Feces 

43hrafterdosing 0.8 35.98 1.13 4.07 0.7 4 . 1  0.3(i 5.24 
St.D. 0.14 6.70 0.18 1.20 0.07 3.90 0 . 3 2 l . 1 0  

and by the subsequent rising of the ratio after- 
wards (Figure 4 ) .  

While most of the plasma Pa2 was in the 
U F  form during the first 5 h r  after dosing, 
a s  previously indicated, milk P3' (Figure 5 )  
was almost immediately partitioned to U F  and 
non-UF fractions. The relationship between 
the two fractions remained relatively constant 
throughout the period. This indicates that  the 
plaslna U F  phosphorus is the main precursor 
of both the U F  and non-UF fractions of milk 
phosphorus. 

The partition of milk Ca'", similar to milk 
P", took place within 1 hr  after dosing and 
thereafter (Figure 5 ) .  The time of attaining 
111asi111u1n concentration of milk U F  Ca" coin- 
cided with that  of total Ca" ( 3  to  5 h r  after 
dosing), indicating that both U F  and non-UF 
nrilk c~;llciun~ are derived from a single fraction 
of p l ; ~ s n ~ a  c:llciu~r~, apparently the plasma U F  
cnlciu~n. The maxin~um concentrations of total 
and U F  P"' in milk were also attained in 3 h r  
af ter  dosing. These results inlply that the 

, 0 1 1  I 
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Fro. 4. Ratio of PYA t o  CnJG ill milk, plasma, 
111-iiie, : I I IC~  feces. 
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FIG. 5. Change in ultrafiltrahlc aud total Cn'" 
and Pq2 co~~ee~itrntiol~s ill lnilk wit11 ti111c :~ftcr 
(losing. 

tinle rcvluired f o r  incorporation of plasma cal- 
c iu~n ; ~ n d  phosphorus into all calciurn and phos- 
phorus containing phases of lnilk is from 3 
to 5 hr,  which agrees with earlier work (8, 15)  
in intact anin~als,  but not with in vitro experi- 
n ~ r n t s  (6)  where .5 to 8 h r  were required. 

The ratio of U F  P2/total  PZ in plasma ails  
0.85 a t  1 hr  after dosing (Figure G ) ,  indicating 
that  inost of the injected PS2 33-as still in the 
U F  inorganic form. The rapid decline after- 
wards, which reached a value close to that  of 
stable phosphorus in 43 h r  (0.40 vs. 0.34), as 
shown in Figure 5, indicates that  a t  least 43 hr 
arc required by the tissue to distribute the 
plasma P' in proportion similar to that of 
stable phosphorus in U F  and non-UF fo1111s. 
The close agreement betuleen the values of the 
r;~dio:~c.tive and stahle ratios of U F  C;~/total 
Cn in p las~na 1 h r  after dosing, which u7as 
id(hr1tica1 a t  43 h r  (0.28 vs. 0.28), indicates a 
l.apitl tbsch;ulge of Ca'"wit1r stable C:L of th(' 
lsl;~sl~la U F  and non-1;F fractions. The ratios 
of UF,/tot:tl P:" ; ~ n d  C;l1?in n~ i lk  were high for  
the first 3 hr  after closing and fell to values 
close to those of stnhle pl~ospliorus (0.35 vs. 
0.35) and calri11111 (0.32 vs. 0.24) in 5 11r after 
dosing, as  shown in Tahlc 3. These results 
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TABLE 3 

Plasma and milk averages of total anrl ultrafiltrable calcium aud phospl~orus 

Blood plasma 
C.V. 

Milk 
C.V. 

Total U F  
ralrium calcium 

(mg/lOO m l )  
10.4 2.9 

2.4 13.0 

Total 
Ca 

Total 
Ca4' 
( 3  11r Total U F  - 
after  phos- phos- 

dosing) pl~orus pl~orus 

Total 
IJF P P3' 

( 5  hr 
Total af ter  

P dosing) 
- - 

indicate aga in  t h a t  t h e  complete conversion 
of plasma calcium a n d  phosphorus to  those of 
111ilk requires f ro in  3 to  5 hr. 
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SUMMARY 

T s o  experin~ents n c r r  conducted to conipnre feeding dry cows fo r  6 wk 
before calving ad  llb. roughage alone or ad lib. roughage plus 8 lb of concen- 
trates daily. I n  one cxperimmt, an  equal a~nount  of extra concentrates had 
been fed in the last par t  of the preliminary lactation to the cows not fed con- 
centrates during the dry period. The cons used were pnircd on the basis of their 
previous lactation. A total of 75 pairs of cows was used in the two experiments. 
Feeding extra concentrates during thc dry period caused a highly s~gnificant in- 
crease of 302 lb of FCDf in the first 15 wk of the next lactation. Extra  con- 
crntrates fed during the last of the lactation did not change body condition 
before calving and did not stimulate lactation after calving. Cows fed concen- 
trates in  the dry period gained 30.5 lb more in 35 days than pair- nates not 
fed grain. They also lost 20.3 lb Inore in 35 days after calving. These differ- 
ences in weight change were highly significnt. I t  is postulated that providing 
extra nutrients to the preparturn dry cow stimulates metabolism, resulting in 
high initial lactation levels, and that the high lactation levcl is  partly main- 
tained a t  the expense of the accumulated r e sene  body tissue. 

The feed re(~uirelllellts of the dry cow for result in good condition of cows when they are 
2 months beforc calving have been established turned dry, and would require less labor and 
by a committee of the National Research Coun- attention during the dry period. Dry cows are 
cil ( 1 )  a t  from 60 to 100% above maintenance. usually separated from the milking herd and 
This requirement ]nay be nlet by ad  lib. con- fed on pasture or other ad lib. roughage in 
sumption of good quahty roughage alone. Feed- such a way that concentrate feeding is not 
illg grain in addition to ad lib. roughage to dry convenient. Because of these factors the rela- 
cows will result in greater weight gains and tive values of feeding extra gmin a t  different 
fattening, and it has been proposed as a lllethod prepartum periods was deternlined under com- 
of increasing milk production in the next lac- nlercial herd management conditions. 
tation (2-4, 9, 1 0 ) .  Results of some experi- 
inents in  which a roughage ration equal to or  EXPERIMENTAL PROCEDURE 
slightly above maintenance was supplen~ented 

concentrates during the dry  period have TWO separate experiments mere collducted. 

sholvn benefits in the succeeding lac- I n  Ex~eri'"c"t I the cows were treated alike 

tation (3, 9 ) .  other colnpal.isons of high con- in the lactation previous to the espeiimental 

centrate and low concentrate or only roughage periods. In Experiment 'I paired cows 

feeding in the dry period have not shown a were fed equal amounts of extra concentrates 

significant differellre in lactation due to dry in  the ~ r e ~ a r t u n l  period. One of e;lch pair 

period treatment (6, 5, 1 1 ) .  In the latter ex- "as fed concentrates in the dry period and the 

periments high-quality roughage was fed and other was fed the same amount in  addition to 

*he con.s were in ve13, goocl bodp condition, be- the regular concentrate ration in latc lactation. 

tween Inoderatply fle.;hc,j and fat, when the The experiments were essentially alike in other 

different dry period trcatnlents began. respects. 

The question of the relative efficiency of feed- Animals. Holstein and Jersey cows which 
ing x certain amount of additional concentrate had co~npleted one or n~ore  lactations were 
ill late lactation cornpared to feeding i t  in the selected from the University of Tennessee dairy 
dry period has heen raised. Presumably, feed- herd. Cows mere paired ac: closely as possible 
~ n g  extra grain during late lactation should on the basis of breed, age, time of calving, and 

milk p~odnction characteristics (total yield for  
Received for publication November 4, 1961. 30 n.1~ and the lactation curve or  persistency) 
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as c,sl)t~~ssrd in previous lactations. The paired 
c20ws were :~ssigncd to two groups to give rssen- 
ti:rlly rqual f':~t-corrected-111i1li (FCJI) yields 
in tile lwrlin~inary lactations. Sonte colvs \\-ere 
usecl i11 more than 1 yr's trial, but pairs were 
re-evaluated each year on the basis of the pre- 
~ i o u s  year's production. 

R.z~~evi~neozfnl periocls. Each e spe t . i~~~ t~ t l t  mas 
conductrd wit11 several pairs each y m r  for three 
consecutive years. The n u ~ n l ~ c r s  of col~~plcted 
pairs by years were 15, 14, and 11 in Expcri- 
ment I, and 8, 9. and 1 8  in I~:xl)eri~llc:nt 11. I n  
addition to the prrl i~ninary Lctation and dry 
period, each cow was under experin~ental ob- 
servation fo r  30 ~ v k  of the succeeding lactation. 
L:~ctation yields were not used l~eyond 30 wk 
hecause of thc possil~ility of varying stages of 
grstatinn or rnv i ron~~~cn ta l  effects other than 
the treatments 21ltering the production respon- 
srs in the later stages of lactation. 

Frec7in.q. Thr norl~~:il feeding of milking cows 
a t  the University of Tennessee during this 
period \vas a variety of roughages fed ad lib., 
along with liberal nllowanres of concentrates, 
about 1 Ib pcr 2.5 It) of FCJI.  The concentrate 
~ t~ ix tu re  was about 18% crude protein, com- 
posed of corn, oats, wheat I ran ,  soybean oil 
~neal,  and cotton-seed meal, plus salt and a 
phosphate supplement. Roughages fed con- 
sisted of a limited amount of grass-legume pas- 
ture, green chopped millet or Sudan grass, corn 
silage, oat silage, alfalfa sila.ge, and a variety 
of hays. Most of the hay was of avrrage qual- 
ity, purchased locally, and consisted of alfalfa, 
lespedeza, red clover, orchard grass, and silni- 
lar mixtures. Roughage was fed to hoth ~ililk- 
ing and d1-y cows in racks ancl bunks in an~ounts 
so that eonsidcra1)lc refuse al~\,ays rcsulted. 
Under these feeding conditions cows were usu- 
ally in good hodp condition a t  the rnd of the 
lactation. 

I n  Espe r i~~ tc~n t  1 one of each pair  of cows 
\\-:IS fed only ad  lib. roughage during the dry  
pet.iod. Thr other row of each pair was fed 
ronghagc~ in tllr smnr way and, in addition, was 
:tlso frd S 11) of eoncrntmtes daily, beginning 
$2 days hrforc~ cspcctrd parturition. I n  Es- 
lx~t~il~lcwt 11 one: of each pair  was fed 3 111 per 
clay 1 1 1 0 1 . ~  co i~rent ra te~ than the pair-mate fro111 
I70 d:lys brfore rxpected parturition to the 
drying-off date, 60 days before expected par- 
turition. Thesc cows, vhieh had reccivrtl 330 
11) cstra grain during the last 110 days of lac- 
tation. were fed only ad  lib. roughagr 1~11ile 
c11-y. Their pair-mates were fed roughngr ad 
lib. and, in addition, were earh fed 8 Ih of ron- 
centrates daily, beginning 42 days before es- 
pected parturition. 

*4ftrr parturition the cows in each pair  were 
fed alike. The eoncentrate feeding schednle 
~ v a s  prrparcd in advance on the basis of a 
lil)er:tl allowance f o r  the expected production 
of (~:1(211 pair. The concentrate ration was in- 
creased a t  2,  3, and 4 xvk of lactation and then 
krpt  a t  the sanie level through 24 wk. F r o n ~  
25 to 30 wk, inclusive, the concentrate ration 
for  rnrh co~v was adjusted on the basis of FCJ I  
production in the 21- to 24-mlr period. Cows 
in E:speriment I1 which had not been f rd  cstra 
concentrates in the dry  period were fed a1)out 
3 lh per day more concentrates than thrir pa.ir- 
n~ates  after 24 wk, ~vhich apprositnatc.ly dupli- 
cated the late laetation feeding of the pre- 
liminary lactation. This inethod of rqualizing 
concentrate feeding was used to eliminate the 
possibility of the current lactation feeding orrr-  
riding the possible effects of thc dry period 
feeding. Roughages were fed ad  lib. during 
lactation in the s:ltne manner as in the dry 
period and the anlount fed was large enough 
to allow 10 to 15% refus:tl. 

7Vci.qkts. All cows were weighed a t  weekly 
intervals from 8 wk before expected parturi- 
tion through 30 wlc of lactation. Also, the 
rows of Espe r i~n rn t  I1 mere weighed f o r  the 
two consecutive wcleks nearest to each 24, 15, 
and 12  wk before rxpected parturition. 

Jfilli vccords. Cows were milked twice daily 
a t  12-lir intervals. All milk weights were re- 
caorded. Lactation records were started on the 
fourth day after calving. One day earh week 
a ro~nposite sample of the AM and PM tnilkings 
of each con- n a s  collected and tested fo r  milk 
fat. These f a t  tests mere used to construct 
3-~vk moving averages of tests, frotn which the 
weekly yields of FC3I and nlilk f a t  mere calcn- 
lated. Occasional short periods of disturbed 
milk produetion due to n~i ld  n~astitis or o t l ~ r r  
sickness were corrected mhen possible by inter- 
polation or extrapolation from the normal 
weekly yields of each c o ~ \ ~ .  TV11en the sickness 
was of long duration or correction TVCW not 
reasonable the entirr data, fo r  the affected pair  
werr rliminated. 

~l~inl?/sr,s. Since the rows were carefully 
paired on the basis of production, the experi- 
r ~ ~ r n t a l  data were treated as paired data, and 
significance of thc treatlnrnt effects determined 
1)y analysis of variance (12). 

RESULTS 

Rrsults of Experiments I and I1 are pre- 
c;entrd together in Tables 1 and 2. 

Dr!/ pwiods. I t  was planned that  each cow 
have a 60-day dry period. I n  Esperitnent I. 
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TABLE 1 
Dry pcriods, d ~ y  periotl trcatmellt, anil body 1reig11t cllangcs of paired colrs in two experiments 

- 
comparing grain wit11 no-grnilr fre~ling ill tlle dry periods 

Espcriment I Experilnent TI 

Cuncen- Concen- 
trate and Only trate and Only 
rorlghage roughage roughage roughage 

i l l  dr:- ill dry ill dry in  dry 
Iten1 
-- 

~ w r i o ~ l  pt~riotl period 
~ 

period 
-- 

No. of cows 4 0 10 35 35 
Dry period (days )  65.0 72.3 50.3 5i.G 
Col~cc~ntrate fctl (i lays) 38.4 I I 37.1; 0 
(70ncc11tr:~te ill tlry period ( l b )  307. 0 301. 0 " 
Concelltrate fed in 30 xvk lactation (171) 2,561 2,567 3,016 3,003 
Botly wt~ight cllmlges 

-24 to -6 ~ v k  ( I h )  . . . . . . . . . . . . . . . . 9 S 92 
- (i to - 1 ~ v k  [ I b )  rS1" 23 (ili ' 3 1 
Part,nrition, -1 to +1 wk (171) -1 29 -1 -. 0.3 -101) -120 
I~artntion, 1 to (i wk (11)) - 34" - 20 - :< 2 " - li 

- - -  

" E:lrh cow in this group was fed 330 11) more concentrates t11a11 its pair-mate ill the last 
110 (lays of 1:lct:ltion. 

%ignificantly greatcr tllan paired group average, P = < .05. 
' Highly sigllificantly greater t l ~ s n  p:lirccl group, P = < .nl .  

TABLE 9 
Production of milk, fat, and FCM ill ~)rcliminary a11t1 experimental lactatio~ls of paired co\vs 

in two experimelltn eomp:rri~lg gr:rin wit11 no-grain feeding in the dry period 

Esl)t~rinicnt I 
-- 

Experiment I1 

('OIICCII- Concen- 
trate :111t1 0111y trate an(1 Only 
roug11:lgr rortgl~agc roughage rougliage 

ill tlr>- ill ~Iry i l l  tlry in dry 
Item ~>criod pc~rioil period period 

No. of cows 40 40 35 35 
Preliminary lart,ation 

30-wk milk (12)) i,417 7,396 i,(i(l(i 7,449 
30-wk f a t  ( l b )  298 301 30(i 303 
Avg f a t  test (YO) 4.02 4.06 4.00 4.11 
30-wk FCM ( l b )  7,451 7,170 7,63!l 7,5S5 

Experimental lactation 
30-wk milk ( l b )  7,900 7,574 H,O4X 7,461) 
30-wk f a t  ( l b )  313 300 3 25 302 
Arg f a t  test (rJc) 3.96 3.96 4.04 4.08 
30-wk FCM ( I b )  7,860 7,531 8,096 7,523 
1-15 wk FCM [ l b )  

-- 
4,626" 4,374 4,707'' 4,344 

" Significantly higher than paired group, P = < .08. 
" Significa~ltly higher than paired group, P = < .05. 

several c201\s were uwd that  were d r y  longer 
than this. I n  hot11 euper in~mts ,  several r o w  
freihened earlier than expected. This resulted 
111 les.; than the planned d r y  period grain feed- 
Inp time. The average difference in  d r y  periotl 
length hetween paired groups was not  slg- 
n~ficant ,  and the difference., in d r y  period grain 
feeding between experiments were not  signifi- 
cant  (Table 1). 

l i7e ight  changes. The average weight change 
fro111 24 to 6 wk prepartum was calculated f o r  
co\i7s in F:sprrinlent 11, because the colrs fed 

only roughage in the d r y  period had received 
estm. concentrates in lactation during nlost of 
this period. This e s t r a  feed failed to  protluce 
any  hody weight advantage, a s  this g roup  
gained 6 Ib less than their paired n ~ a t e s  (Tahle 
1). \\.hich was a nonsignificant difference. Con- 
crntrate feeding in  the d r y  period of one of 
~ a c h  pa i r  produced significant differences in 
 eight gains f rom 6 to 1 wk prepartunl  in  both 
rsperinlents. The gains i n  this period were no t  
a s  large a s  rspectcd i n  any  of the groups. 
This nray hare  h r r n  because al l  c o ~ ~ s  were 
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turned dry in relatively good hody condition, 
and medium-quality roughage was fed. The 
weight gained by the cows fed only roughage 

..... FED G R A I N  I N  D R Y  PERIOD 

-NOT FED G R A I N  I N  D R Y  PERIOD 1 
~J',"';"','",";2"'ia'-';o"';4"';,"1 

I 

LACTATION PERIOD. WK. 

FIG. 1. Avcl.:igc> I1o11y \v\.rigllt cllnl~ges  fro^^^ G 
rvk heforc to 30 rvlc :1ft18r c ; ~ l v i ~ ~ g  of i 5  pairs of 
c.o\rrs, con11,:iring tllr fcclii~lg of ro~~c . e~~ t r :~ t ru  :~nd 
roughage \\,it11 fcctlilig O I I I ?  ro11gll:lgc' in tllr dry 
periotl. 

was about equal to the expected increase in 
weight of the fetus and uterus, so that prac- 
tically no net gain in hody weight resulted in 
this group during the last 5 wk of the dry  
period. The losses in weight during the week 
of parturition were nearly the salne fo r  both 
paired groups and the difference in loss he- 
tween groups was not significant. During the 
first G to 10  wk of lactation, further \veight 
losses usually occurred. I t  was noted that  the 
groups fed only roughage while dry began to 
gain weight consistently a t  5 to 6 mk of laeta- 
tion, hut those fed grain in the d1-y period lost 
wc,ight or failed to gain fo r  ahout 10  wk. This 
rc~sultrii in n significantly greater weight loss 
(luring early lactation for the cows fed extra 
grain ~vhile dry. 

.Ifill; o11r7 fat prot l~tc t io~a.  The average pro- 
duction (lat:~ fo r  the first 30 wk of the pre- 
l i l~~innry  and csperi111c.nta1 lactations are  pre- 
sented in Tahle 2. Since the cows were care- 
fully paired, thcrc. \v\.clre only very slight and 
insignifir:int production differences hetwcen 
paired groups in the prelin~inary lactations. 
111 the first 1 5  wlr ;tftt.r the differing dry period 
feeding, the cows which had been fed extra 
concentrates during the dry period produced 
252 and 359 Ih more FCM than their paired 
 nates in Experiments I and 11, respectively. 
These differences approached statistical signifi- 
c:~nce. Although in each experinlent this differ- 
ence was maintained and increased slightly fo r  
:inother 15 wk, the average differences of ~ni lk ,  
fat ,  and FCM for  30-~vk due to dry period 
trcwtnlt.rtt were not statistically significant. This 

occurred because of the variability in responses 
between pairs. I n  both experiments the f a t  
tests of the groups fed grain in the dry period 
\vtarr ~ ~ ~ i ~ i n t a i n e d  slightly hetter than were those 
of the cows fed only roughage in the dry 
period; however, the differences were not sig- 
nificant. 

I t  is of special interest to note the compari- 
sons hetween Experiment I and Experinlent 11, 
as  an evaluation of feeding extra grain in late 
lactation rather than in the dry period. There 
is no indication that  this treatment has altered 
the differential response to dry period treat- 
ment in any way. Also, the late lactation cunes  
of the group fed extra gmin in late lactation 
were not altered by this treatment in either the 
preli~ninary o r  experi~nental lactations (see Fig- 
ure 2) .  This practice would seen1 to he rela- 

6 0  I I I '  

1 

m 'e*-'. 
i 
d 4 0 -  
A -: 0 . .  

W -. 
- 0 .  '.I:. * : .  .. . -.>. - . Q 

* . . Z P R E L I M I N A R Y  L A C T A T I O N  

- 
. . FED G R A I N  I N  D R Y  PERIOD -)--- - -. -- NOT F E D  G R A I N  I N  D R Y  PERIOD 

I .  . I . , , , , . . , ,  , , I  

10 15 20 25 30 
L A C T A T I O N  P E R I O D .  W K .  

FIG. 2 .  Avcragr prelimi~lary n11d expcrimentnl 
l:~et:~tlon rurvcs of 75 pails of corns, comparil~g 
t l ~ r  frrding of cotlrcntratcn and rougll:~ge n-it11 
fcr~llllg orlly ro11gll:lge ill tllc 11ry perio~l. 

tivcly unimportant as a st i~nulus to niilli pro- 
duction under the conditions of these trials. 
Gomhined rrslt1t.q. Since the responses in 

Exprrinients I and I1 were so sin~ilar, and the 
dry period and early lactation treatnients were 
identical, the data fo r  all 75 pairs in the two 
experi~nents were combined. The weekly hody 
weight changes are presented in Figure 1. 
The weekly FCJ I  production curves in the pre- 
liniinary and esperimental lactations a.rr shown 
in Figure 2. These charts show that the groups 
were \\*ell paired on the basis of the prchlilninary 
laetation curve, and that the responses in both 
weight changes and production differed accord- 
ing to the dry  period treatment. Those fed 
extra grain in the d ly  period gained weight 
fast(b~. hefore calving and lost more weight after 
cbalving, during lactation, than their mates. A t  
the snnie time, they started milk production a t  
:I higher I(,vel and maintained i t  well above 
t11c.i~ I I I : I ~ ( > S  for  the first 10  \\-k of lactation, \vith 
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a lrsser difference maintained f o r  the nes t  20 
wk. A sti~nulus to produce extra milk and to 
use body tissue in the process seeined to have 
been prompted by the extra dry  period feeding. 

A sulnmary of the combined data is presented 
in Table 3. The 30.5-lb difference in body weight 
gain in the 5 n k  before calving was highly 
significant, as  mas also the 20.3-lb difference 
in body ~veight loss in the first 5 wk after 
calving. I n  the combined data the 302-lh FChI 
difference in the first 1 5  wk of Iactntion was 
highly significant statistically, and tlir differ- 
ences in milk, fnt, and F C M  f o r  the first 30 
1x-k of lactation were statistically significant. 
I t  should he noted that thr  niran differences in 
response were not large, heing only 5.9% fo r  
the 30-wk period, and 6.9% f o r  the 15-wk pe- 
riod. Holvrrrr ,  hy using cows paired on the 
basis of prcvious Iactntions, i t  was possible to 
show that t11r response to dry period treatnlent 
was consistrnt rnough to he significant. 

Additional cvidencr of the lactation-stin~ulat- 
ing effert of dry  period feeding was the con- 
srcutive records of nine cows in each group 
used in thr  same treatment group two or more 
consrcutivc years. Those fed  grain in the dry  
period avrmged in 30 wk of lactation 8,074, 
8.503, and 8,936 lb FCAI, respectively, f o r  the 

first prelilrlinary, and the first and second ex- 
perilnental lactations. Similar averages f o r  
the nine repeating cows which were not fed 
r s t r : ~  grain during the dry  period mere 7,974, 
8,121, and 8,144 Ib FCM. 

The data presented are f o r  only the 75 pairs 
~vliich con~pleted the cxperilnents in nornial 
condition. Seven additional pairs were cancelled 
because of death, serious illness, o r  other de- 
cided ahnormality of one o r  both ~ncrnhers of 
the pair. From the eolnplete health records 
kept, i t  was recognizrd that  other health diffi- 
culties undoubtedly did affect the responses of 
soine of the remaining pairs. It is the opinion 
of the authors, ho~vrrcr ,  that these effects did 
not measurably favor hctter lactations in either 
group. Exaniples of incidences in the concen- 
trate and roughage groups, respectively, were: 
retained placenta, four  and tlirrc ; milk fever 
three and thrcr;  rnrly calving (14 days o r  
inore), six and thrcr ; seriously congrsted udder 
after parturition, two and thrre;  and serious 
digrstive upsrts, two and two. 

DISCUSSION 

Prrviously rrportrd studies of the effect of 
prep:irtun~ feeding on the subsequent lactation 
have brrn revirwcd hg Bur t  (4) and Schmidt 

TABLE 3 
Dry period feeding, body weight changes, and milk and fa t  production of cows fed extra 

concentrates in the dry period compared to paired cows fed only roughage while dry a 
- - 

Dry period feeding 

8 lh ron- 
rrntrate/day Only Meall 
and acl lib. ad lib. differ- 

I t  en1 roughage roughage ence 

NO. of COWS 75 
Length of dry period (<7n?ys) 60.9 
Cone. feil in ilry period ( d a y s )  38.1 
Cone. fed in dry period ( I b )  304. 
Body weight ehangc,s 

-6 wk to -1 wk (dry) ( I b )  57.5 
-1 wk to 1 wk (parturition) ( l b )  -119.4 

1 wk to R w k  (lactation) ( l b )  -33.4 
Preliminary Inrtation 

30-wk milk ( l b )  7,505 
30-wk fnt ( l b )  302.1 
Avg f a t  tcst (%) 4.03 
30-wk FCM ( l b )  i,539 

Experimental lactation 
30-wk milk ( l b )  i,969 
30-wk f a t  ( l b )  320.1 
Avg fa t  test (%) 4.02 
30-wk FCM ( l b )  7,970 
15-wk FCM ( I b )  4,664 

Cone. fed 30-wk ( l b )  2,773 

" Data from Experiments I and 11. 
Highly significant statistically, P = < 0.01. 

" Statistically signifirant, P = < 0.05. 
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and Scllultz (11). Most such studies have 
shown a lactation increase due to better dry 
period freding, especially a h r n  concentrates 
were fed. 3Iany of the differences, Ilo~vc~rer, 
hare  hern so small that thrg 11-ere not statis- 
ticmlly significant. 

Results of this stady agree with tllosr of 
Blaxtor (3) ,  in sho~ving a significant increase 
in  early lactation FCAI dne to grain ferding in  
the d l y  period. Failure to agree eo~npletely 
with the reports of Grcenlialgh and Gardner 
(8) and Schnlidt and Srhultz (11) is probably 
duc to two factors. I n  the f o n n r r  study, only 
36 coas and heifers were used and they were 
not paired on the basis of lactation potrntial. 
I n  the latter study, the level of feeding of the 
con-s fed only roughage. TVRS high cnough to 
make them eqnal in  body condition to the me- 
diuln-grain group, and i t  w i ~ s  stated that all 
cows wcre in high body condition when dried 
off. I t  is snspectrd that the quality of the 
roughage used in thc Illinois and Xen, York 
studies was superior to that  of this experiment 
and to that found on most good dairy ik r~ns .  
The benefit from grain feeding in the dry pe- 
riod may depmd largely upon the quality of 
roughage, which also affects the total nutrient 
intake under a d  lih. feeding. With mediunl- 
quality roughage, a s  used here, benefits from 
dry  period grain feeding inay hc slight; 
whereas, with poorer roughage dry period grain 
feeding may htr even Inore beneficial th;m in 
this experiment. 

I t  is also necrssary to hare  large nutnbers of 
coxvs paired well on the basis of production to 
show statistical significance of short-term ef- 
frctq of no greater magnitude than that  pro- 
dnced hy different d i y  period treatments. Nine 
pairs ( 8 )  o r  21 pair5 (11) o r  40 pairs (Experi- 
tilent I )  did not show significance, yet 75 pairs 
with about the salne difference in production 
euhihited significant values. There a re  many 
factors could affect a cow sufficiently to 
cause a 200- to 400-lb difference in nlilk yield, 
which would be large enough to n ~ a s k  thr  
average differenre observed in this study. 

The body weight chnnges ohqervcd in this 
study agree with those of other similar studies 
from which weights were reported (5, 8, 9, 11, 
13). I t  scenrs ohvious that  some stimulating 
changc in lactational physiology results from 
liberal feeding of the colv in the 6 \vk hefore 
calving. This may be due prinlarily to the in- 
crease in  general nietabolism, which may be 
expected when energy intake is  elevated. I t  ic: 
difficult to explain what thr  relationship of 
n-eight loss and milk yield (Figures 1 and 2)  
may be in  early lactation. I f  i t  is  assu~ned 

that thr  Iiigh body condition stilnulaten a higher 
rate of genrral mrt:~holisni and high lactation, 
the resulting energy losses may cause the weight 
loss observc~d. This ~vould Incan that  the better 
condition a cow a r r e  in  a t  calvinr, the surer 
\voulcl she lose n large :tmount of weight during 
Inctation. These ~veight  data seem to support 
this hypothrsis. Assun~ing that this is true, the 
purpose of high precalving condition would he 
prilnarily to stinlulate lactation, and second- 
arily to furnish a, resrrve of nutrients to sup- 
port  partially the stinlnlated lactation. Good 
freding after  calving nlag support  established 
lactation, but  i t  cannot stilnulate initial lactn- 
tion Irvels in the same way :IS cxtrn prrpartuln 
feeding. 

From econon~ic considerations, thrse espcri- 
ments have indicated that i t  is Inore important 
to feed a fiivrn alnount (about 300 Ih) of extra 
concentrates in  the c11y period than in late lac- 
tation. Ko harnrful effects on the udders or  
health of the coas were indicated from such 
pmctice, nhich confirlns the similar report of 
Fountaine et al. (7) .  The 300 Ih of concrn- 
tmteq ~ m d r r  the ronditionq of these cxperimentq 
returned ahout 400 11) of FCM. To the value of 
the extra milk, less thc cost of the concentrates, 
lnust also 11e added the cost of feeding the dry 
cow individually for  6 n ~ k  before calving. I t  
is cstimntcd that  this may average 3 h r  per  
row; therefore, where lahor costs arc high, the 
econoniic 11enefit fro111 extra dry period feeding 
?nay be doubtful o r  borderlinr. 
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VALVE O F  STERILE FORAGE SORGIITJM IIYBRIDS AS SILAGES 
FOR IlACTATISG COIITS 

F. G. OWES, J. R. KUIKES,' .\sn 0. J. WEBSTER:' 
Dairy Husbandry Departilient and i l g ~ ~ o i ~ o m ~  Dcpartn~rnt, U~~ivcrsity of Nebraska, Lincoln 

SUMnIART 

Two sterile forage s o r g l ~ u ~ ~ i  hyhrids (11s 303F and R S  301F) have been 
evaluated as roughagcbs for  I;~ctating cows. These hybrids were inale sterile and 
produced very few sred. Two csperi~nents were conducted. I n  each experi~nent 
silage was fed ad libitum :IS the only roughage to 12 cows in a switch-back 
design. I n  the first expcri~nent, using Jersey eolvs, RS 303F was eo~npared 
~ r i t h  corn and Astell sorgo. Corn silage was significantly superior in FCYI 
produced and in an~ount  consunrrd; however, consumption of silage dry  111:ltter 
was highest for  Astell. RS  303F and Axtell were found not to diffrr in other 
respects. Body weight change and nlilk f a t  percentage did not diffrr significantly 
alnnng trratnlrnts. I n  the second experiment, using I-Iolstein and Brov-n Swiss 
colvs, RS 301F was rompm.ed with Tracy silage harvested a t  the early-dough 
stage and ahc.11 the grain ~ v a s  mature. The silage from R S  301F was sig- 
nificantly superior to that of Tracy harvested a t  early-dough in silagc consu~ned. 
F C N  produced, and ~n i lk  f a t  percentage. Silages from R S  303F :ind mature 
Tmey were not different in any respect. Dry ~iiatter  consumption and weight 
changes were not measurably different for  these treatments. Sterile sorghum 
silages were not inferior to other sorghnm silages, which suggests that the seed 
content of these silages should not be used as  a criterion fo r  judging their 
quality. 

Forage sorghums are an ilnportant silage 
crop in the Great Plains. A inajor reason for 
this popularity is  the yield advant,age of sor- 
ghums as compared with corn, especially under 
drought conditions (1, 10) .  Owen et al. (10) 
found that Sal t ,  Tmcv, and Texas seeded rib- 
bon silages produced consistently higher yields 
t,han corn; however, cows fed corn silage pro- 
duced Inore milk, consun~ed morc silage, and 
gained Inore weight. Other reports (4, 9)  also 
shou- rorn silage to ha.ve a slightly greater 
ralue fo r  milk production than sorghum silage. 
Howevrr, one esperi~nent (11) resulted in simi- 
lar  milk yields fo r  corn and sweet sorghum 
silage. A li~nitation of using sorghu~n for  silage 
is thr relative indigestibility of the seed. Fitch 
and Wolhrrg ( 5 )  reported that  42% of the 
seed in l i ans i~s  Orange silage and 36% of the 
seed in Atlas silage trarersed the gastro-in- 
trstinal tract intact. 
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There appear to have been no reports on 
the frrding value of sterile forms of sorghums. 
3feycr et al. (7) compared a sorghum silage 
having a low grain-to-stalk ratio (Rex) and 
one with a higher ratio (Hegan) .  Weight gains 
of beef steers were practically equal fo r  the 
two silages. Huffman and Duncan (5) com- 
pared a n  early-maturing corn variety contain- 
Ing about 17% grain with a later-maturing 
variety with about 1% grain. Since milk pro- 
duction was practically equal fo r  cows fed the 
two different silages, ther eoncludrd that most 
of the grain-equlvalent In immature corn silage 
was present in thr rrgc.tative parts of the 
plant. 

The purpose of thiq investigation was to 
detcr~ninr the relative nutritive value fo r  lac- 
tating rows of silages made from recently 
developed sterile hyhrid forage sorghums, com- 
pared to other conlrnon forage varieties and 
corn. I t  appeared desirnhle to learn whether 
a sorghu~n plant practically devoid of seed 
would he of higher nutrient quality than wn-  
ventionnl sorghum having grain which is poorly 
util~zt,tl. 

EXPERIMEXTAL PROCEDURE 

E.rl)rrin~ctzt I. The silages compared in this 
rxp(.ri~nent were Astell, R S  303F, and rorn. 



Astell is a reconlmended sorgo variety for  
eastern Nebraska and R S  303F is a male strrilc 
forage sorghum hyhrid which is  sterile xvhen 
grown in isolation from other sorghunls. The 
silage crops were seeded in the s a n ~ e  field, \vith 
the corn between the R S  303F and Astrll to 
~nini~nizc  fertilization of the stcrile sorghnn~. 
The corn crop was lost because of flooding fol- 
lowing l~eavy rains, hut the sorghntns appeared 
and;>~nagcd. Corn from a nearhy field was 
snhstituted. All silages produced good yields 
and were cut in the late-dough stage and stored 
in separate upright silos. There  as approsi- 
111;1tt.1y 5% seed set in the RS  303F field. 

Twelve Jersey cows \$-ere selected for  the 
esperin~cnt using two replications of a double- 
reversal for  three treatments in a con~plete 
design (6) .  All sows user1 had been lactating 
a t  least 6 \vk a t  the start  of the first csperi- 
mental period and none u-ns Inore than four 
nlonths pregnant a t  t.he conclusion of the es- 
periment. The roxx-s w r e  maint:linrtl in stan- 
chion stalls equipped with nl;mgor dividers 
and individual waterem. Cows \vcLrcx turned 
out daily fo r  about 1. h r  in a conc.t.c>te lot for 
exercise. 

During the first seven days of ;i 14-day prr-  
liminary period the cows werr gradually 
changed from the usual herd feeding program 
(hay, silage, beet pulp, and concentrate mix- 
ture) to a ration consisting of a n~ i s tu re  of 
equal pa.rts of the three experimental silages 
plus a concentrate ~n ix tu re .~  Fo r  the last seven 
days of the preliminary period this silage was 
fed as  the sole roughage. The concentrate 
fceding levcl f'or each cow was held constant 
fro111 the start  of the prelitninary period 
throughout the csperi~nrnt.  The l e ~ e l s  fed were 

'T l~c  concentrate mixture contained: ground 
ycllo~v corn, 700 11); ground oats, 600 Ib; wheat 
bran, 300 lb; soyl~can oil meal, 150 Ib; bone meal, 
17.5 lb; and tmre-mineralized salt, 17.5 lb. 

those of Jlorrison (8) fo r  usual roughage con- 
sun11)tion and were hased on average milk pro- 
duct,ion and a one-day composite f a t  test dur- 
ing the week preceding the prelituinary period. 
Cows were offered silage ad  libitum three times 
daily ( G  . n r ,  11 Anr, and 5 PM) and all silage 
rcfusc.d Tvas weighed back and discarded prior 
to c:~cdl~ suhsecluent feeding. 

T11c feeding proccdurc described above -*as 
also followcd during three 21-day esperinlental 
periods when the individuill silages were fed. 
Milk weights were recorded daily and f a t  tests 
werr ~ n a d e  wcekly on a one-day con~posite 
sa~nple.  ill1 coxvs were ~veiglled on the 1;lr;t two 
days of the preliminary i ~ n d  the csperi~nent:~l 
periods. Si1;lg.e and conc.c.ntl.ate consun~ption 
were recorded a t  each feeding. Pros in~ate  anal- 
yses of the iilages u5ed hotll in Ksperin~c~nt I 
and in Espt>ritnent I1 arc1 preiented 111 Tahle 1. 

Elrperime)lt I I .  I n  1958, another stcrile for- 
age sorghum hyhrid. R S  :JOIF, way con~parc.cl 
with Tracy sorghun~ at  hot11 the early-dougli 
and niature-seed stage as  si1agc.s for  lactating 
cows. The Tracy was planted a t  two different 
dates, pcrn~itt ing the harvest of the two stages 
during the same week (just  following the first 
light frost of the year).  The R S  301F was 
fro111 a separate field in the same area and was 
harvested in the mid-dough stage. Growing 
conditions wchre favorable and crop production 
was considered good from both fields. The de- 
sign and 1)rocedurt.s for  conducting this es- 
periment werr generally the same as  fo r  Ex- 
peri~ncnt I. In this experiment, however, nine 
Holstein and three Broxvn Swiss coxvs were 
used. A11 ec1ualizetl feeding plan ~ v a s  used u-it11 
conecntrato '' reductions maclc ~veekly. 

The concentrate n~ixturc contained: ground 
yellow corn, 700 l b ;  ground oatfi, G O O  11); wheat 
bran, 300 lb;  soybm~l oil meal, 100 Ih; linseed 
oil meal, 100 lb;  11o11e meal, 18 lb; and trace-min- 
eralized salt, 18 111. 

TABLE 1 
Proximate analysis of silages 

- - 

Dry matter constitnents 

Experinlent I 
RS 303F (sterile) 
Axtell 
Con1 

Experiment I1 
RS 3013' (sterile) 
Tracy, mature 
Tracy, early-doug11 

Dry Crude Ether X-free Crude 
111:lttrr protein extract extract fiber As11 
-- - 
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TABLE 2 

Comparison of RS 3031F and Axtell sorghum with corn as silages for lactating cows 

Consumption of silage Bo(ly Avg 
weight FCM ' milk 

Silage As fed" D. M." g;un (4%) fa t  

(czz9g l b /day )  (%) 
RS 303F (sterile) 41.5 10.3 0.17 29.2 5.34 
Axtell 42.9 11.7 0.90 29.6 5.30 
Oorn 46.2 10.9 0.29 31.7 5.26 
Standard error f 1.60 -C0.35 f 0.65 e0 .093  

a Significantly different, P < 5%. 
Measured for Periods I and I1 only. 
' Significantly different, P < 1%. 
"ot significantly different. 

RESIJLTS AKD DISCUSSION 

Experimelzt I .  Data on milk production, 
silage consumption, and weight changes are 
shown in Table 2. The production of fat-cor- 
rected-milk (FCM) fo r  the three silages was 
significantly (P  < 1 % )  different. The supe- 
riority of corn in stimulating production of 
milk coinpared to the two sorghums is in agree- 
ment with previous worlc (4, 9, 10).  Though 
there was a trend toward a higher percentage 
of f a t  for  the silages producing the lower 
amounts of milk, these differences were not sig- 
nificant. The total intake of silage was greatest 
fo r  corn, whereas the difference between Axtell 
and sterile silage was not significant. When 
the silage intakes were calculated on a dry 
n~a t t e r  basis Axtell consumption was signifi- 
cantly higher than the other silages. 

On the tenth day of the final experimental 
period the supply of R S  303F silage was ex- 
hausted; therefore, data fo r  the final period 
on RS 303F sorghum were based on inilk pro- 
duction of thc eighth, ninth, and tenth days 
and the f a t  test a t  the seventh day of this 
final 21-day period. The validity of using these 
three day$ for  cotnputing inilk production data - 

was tested by another analysis of the entire 
production data, using the same three days' 
production for  each period on all cows. Very 
similar results were obtained, although the 
standard error of the means was son~ewhat 
higher. 

Average body weight changes were positive; 
however, several of the cows, especially thc 
first-calf heifers, appeared to be in poor to 
fair  condition a t  the conclusion of the experi- 
ment. The rate of weight changes fo r  the full  
21-day periods is presented in Table 2. Due 
to the variation in  weight changes among cows 
and periods no conclusion on the effect of ra- 
tions seems justified. 

Exper i~ , i rn t  IT. Performance data are pre- 
sented in  Table 3. Silages from the R S  301F 
and 111ature Tracy were significantly superior 
(P  < 1%) in ~nilk-stimulating effects (FCM) 
to the early-dough Tracy. Silage from Tracy 
harvested a t  the carly-dough stage appeared 
to be partially shredded and unevenly cut, i n  
contrast to the other silages, which were much 
more uniformly clean-cut. The reason (s) fo r  
this difference is not known; however, i t  seems 
possible that this physical difference may have 

TABLE 3 

Comparison of silages from HS 3018  (sterile) and Tracy harrested a t  two stages of miturity 
as roughages for lactating cows 

Consnlilptio~~ of silnge Body *?IF neight nlil k 
Silage Ax fril ' D. M." cl~nnge " FCM " fat  ' 

(arc/ l h /da ! / )  ( % )  
RS 301F (sterile) 60.7 14.7 +0.42 32.6 4.05 
Tracy, early-dough 52.1 13.2 -0.0:) 31.1 3.82 
Tracy, mature 56.7 14.4 + 0.27 33.8 3.97 
Standard error 22.12 k 0.66 kn.ci4 20.50 20 .077  

" Significantly different, P < 1%. 
" Not significantly different. 
' Significantly different, P < 5%. 



dctmcted fro111 the palatability of this silage. 
The difference ill dry matter intake fo r  the 
c,a~.ly-dough silage and the other silages is 
sufficient to account f o r  the disparity in milk 
yields. The reason fo r  the higher inilk f a t  test 
fo r  the sterile coniparcd to early-dough Tracy 
is unknown. Body weight changc~s ~ 1 ~ e r c  highly 
~ a r i a b l e  and, though favoring the R 8  301F, 
were not significantly different among silage 
t,reatluents. H e l n ~  and Lcighton (3)  reported 
that soft-dongh Tracy sil:~g(! was a1)out 25% 
higher in T D S  than ~naturo  Tr;~cy. 

These studies indicatc~ tlmt si1:igen froin the 
hyhrids (sterile) a1.r of ap lwox i~~~a te ly  equal 
nntritional m l u r  to co111111on sorghu111 varieties 
f o r  lactilting co\l-s. Thchsc ~ w u l t s  suggest that 
anlong grnetically diff'carcwt s o ~ ~ g h n ~ ~ i s  the grain 
contrlnt slioultl not I)(' used as :I criterion of 
silage clu;~lity. The prarticality of using sterile 
i ' o r ~ ~ ~ s  of s o r g h u ~ ~ ~ s  appears to depend pri- 
~nar i ly  on acreage yiclds and other agronon~ic 
clnir1itit.s. Additional rc~search is needed to 
clarify tlir contribution of sorghuin seed to 
sil:~g:.c! clu;~lity. 
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ETTAT~UATTON OF FORAGES I N  THE LABORATORY. 
I. COMPARATI\'E ACCURACIr OF SEVERAL METHODS '9 ' 
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Eleven forages of known digestibility, as  d(~tc~r111ir1t~d in conventional di- 
gestibility trials with aninlals, were used to co1llparc sevc,r:1.1 lnhoratory methods 
fo r  the nutritive evaluation of forages. 

An artificial runlen method, in which the fel-~nentation of f'oragt. carbohydrate 
was measured, yielded esti~llates of TDX significantly correlated with the animal 
digestihility data. However, these TIIN esti~natcts wrre eonsistcntly low. 

The values f o r  digestible laboratory nutrients (DLN) were not significar~tly 
correlated with any of the aninla1 data studied. 

T D S  ralues esti~natcd from partial regression coefficients used in connection 
with thc chc~nical con~position of forages were significantly correlated with 
aninla1 digestion coefficients fo r  dry  matter, organic matter, m ~ i l  energy, hut 
were not significantly corre1:rtecl with animal TDN. 

Forage cellulose cligestion in thc artificial rumen xras closely related to the 
in vivo digestihility, ht:ing significantly correlated with T D S  as  well as diges- 
tion coefficients f o r  dry  matter, organic ~nat ter ,  and energy. 

During the past  several years there h;15 heen 
an  ever-increasing interest in the ev:~lu;~tion of 
forages with respect to quality. Fro111 this ~ ( . I I -  
era1 interest, another line of endeavor 11ns 
arisen; na~nely, the estimation of nutri t irr  v;~lne 
fro111 relativrly s i r ~ ~ p l e  i n  vitro techniclucs. Pig- 
tl(~11 nntl Re11 (5) n~casured the p r r  cent ca.r- 
/)ohytlr:~tc. of forage f e r ~ ~ ~ e n t c d  by rumen micro- . . 
OI. , ! :~~II~-I I~S 111 tin :~rtiiicaial runlen. This in vitro 
digc~stihility v;llne was used to lsredict TDS.  
A s l~o r t  I;~horatory  neth hod fo r  detern1ining di- 
~c'stihlc nutric~nts was reported h~ Tl~urman 
ant1 TIrehunt (8) .  The ~ ~ r o c r d n r e  involved auto- 
clnring f~)r:~gcl S ~ I I I P I ~ S  in dilute hydrochloric 
:ic.itl :1n11 \I-c~iphir~g the dried i n s o l ~ ~ l ~ l e  residue. 
Th(. wcbigl~t loss, t,sp~~.sst.d ;IS :i pear cent, a a s  
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rrfrlrred to as digestible laboratory nutrients 
(I)J,S).  These I I L S  values were reportedly 
1~.1;1tc~d to lmhlished and determined TDN 
v;~lncss for  s i ~ ~ ~ i l a r  feeclstuffs. 

Tho inforn~:~tion usually obtained fo r  a given 
I'or;lge is its p ros in~a t r  ehcn~ical co~nposition. 
F,uc.l~ i ~ ~ f o ~ . ~ ~ ~ : i t i o n  is frrcluently obtained in  
frl-tiliz;~tion nnd o t h c ~  agronolnic studies. 
1I:nly : i t tc l~~pts  I~:~vcb hcc~n ~~lacle  to correlate a 
c*ert:~in c l ~ ( ~ ~ ~ ~ i c ~ : ~ l l y  ( i ( ~ t ( ~ ~ ~ ~ ~ ~ i ~ i e ( i  nutrient with 
th(1 orrr-rill nutritive, v;~lucl of forages. I n  inost 
instancc.~, tl~c,sc. c~o~.rc~l;~tio~rs h:~ve not heen r e l y  
satisfactory, I)c~c;~usc~ thc. ; I I I I O L I I I ~ ~  and propor- 
tions of s(1vc~a.l nn t r i ( ,~~ t s  in tht' forage affect 
its tligestihility and nntritivch v:~lucl. This linli- 
tation was recognizt~d hy Schneider et a1. (6, 7), 
who dcvelo1,ed partial regressinn equ:ltinns fo r  
estimating either T D S  or the (1igt.stibility of 
any specific nutrient from the prosin~nte conl- 
position of the forage in question. 

,The p~ul ,ose  of the prcsmt  study was to  
conlpare the relative accuracy of sevcrnl in 
r i tro trchniclues f o r  use in estimating the nu- 
ti.itire 1-;11ne of forages. 

1)luing Il)56-58, conventional digestibility 
trials \\-err c*onducted using sheep and dairy 
I~c.if(xrs frtl rill-h;~y rations (1, 3 ) .  From these 
tvi:~ls, 11 hays oi' known nutritive value were 
av;~il :~hlr  for. I :~ho~~ :~ to ry  ev;~luatinn ~ ~ o r k ,  in- 
c lu t l i~~g tl~l.och :~lf:~lf':~, three hron~egrass, t ~ v o  
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orchardgrass, and three reed canarygrass hays. 
These hays ranged in crude protein content 
from 7.12 to 22.90% and in TDN from 52.23 
to 64.66% on a dry matter basis. For the sake 
of brevity in this paper, these forages will 
subsequently be referred to as test forages. 

The artificial rumen procedure of Pigden 
and Bell (5), for measuring carbohydrate fer- 
mentation, was used as proposed, except that 
the amounts of all constituents were double 
and the anthrone coloril~~etric reaction was 
measured at  a wave-length of 625 my. 

DLK was determined on the test forages, 
using the method of Thurman and Wehunt (8). 

The second set of equations published by 
Schneider et al. (6 ) ,  in 1952, based only on 
proximate colnposition, were used to estimate 
TDN on the test forages. Correlation analyses 
were perforlned according to Ostle (4). 

RESULTS AND DISCUSSION 

Carbohydrate ferm,entation. The method of 
Pigden and Bell (5) involved the determina- 
tion of carbohydrate fermentation in vitro by 
rurnen microorganisms. Regression equations, 
incorporating the per cent digestion of carbo- 
hydrate, were used to predict TDN. These 
workers found a close relationship between the 
predicted T D S  and actual TDK determined 
by conventional digestion trials. However, the 
forages used to test the accuracy of their esti- 
mate were the same forages used to develop 
the in vitro-in vivo mathematical relationship. 

It  seemed desirable, therefore, to test this 
method, using other forages of known nutritive 
value. This was done with the 11 test forages. 

Estimated TDN values calculated from in 
vitro digestibility data, using the original re- 
gression equations ( 5 ) ,  were significantly cor- 

related with the several in vivo values selected 
(Table 1 ) .  However, these estimated TDN 
values were found to be considerably lower 
than the actual TDN values. Several factors 
tend to reduce the usefulness of the method. 
First of all, it was necessary to develop new 
prediction equations, using the same forages 
used to test the reliability of the estimate. 
When this was not the case, the estimates were 
lower than the actual TDN. Secondly, the 
carbohydrate analysis procedures are rather 
tedious and somewhat deficient in reproduci- 
bility, so that wide acceptance by those wishing 
a routine test is doubtful. 

Digestible laboratory nutrients. Another lab- 
oratory method proposed for forage evaIuation 
is the determination of DLN (8). Four deter- 
minations were made on each of the 11 test 
forages using this technique. As is shown in 
Table 1, the DLX values were not significantly 
correlated with TDN or any of the other ani- 
mal digestibility data. These results are in 
agreement with a recent report by Johnson 
et al. (2). Studying 15 assorted feedstuffs, they 
found differences between TDX and DLN rang- 
ing from +3.55 to -20.23%, with an average 
difference of -8.95%. Although the DLN 
method is very simple, it lacks the necessary 
accuracy to be used as a reliable means of esti- 
mating nutritive value. 

Chemicnl composition. Several mathematical 
relationships have been developed for the esti- 
mation of TDK from proximate chemical com- 
position of forages. The equations of Schneider 
et al. (6)  were used to estimate TDN of the 11 
test forages. I t  is of interest to note in Table 1 
that these TDN estimates were not significantly 
correlated with animal TDP;. On the other 
hand, there was a significant correlation with 

TABLE 1 

Relationship between in vivo and in vit,ro measures of forage nutritive value 
(Correlation coefficients, r) 

In vitro measure 

In vivo 
measure 

TDN " 
TDN ' from from 
carbohydrate proximate Cellulose 
fermentation DLN analysis r1ipcstibilit-v 

TDN (.%I 0.725* -0.124 0.494 0.669' 
Digestible organic matter (YO) O.79lY* 0.145 0.726* 0:844** 
Digestible dry matter (TO) 0.738** 0.150 0.747'" 0.811" 
Digestible energy (%) 0.750"" 0.1 89 0.695* 0.8OlX* 

" Statistically significant at P < 0.05. ": Statistically significant at P < 0.01. 
Method of Pigden and Bell (5). 
Method of Thurman and Wehunt (8). 
Method of Schneider et al. (6). 
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each of the other in  vivo values used in the 
comparison. 

Artificial rumem. Since none of the above 
methods was consistent in its ability to esti- 
mate the nutritive value of forages, an  alter- 
native approach was tested. Numerous studies 
have been carried out on the in vitro digestion 
of cellulose by rumen microorganisms. Realiz- 
ing that digestibility is  an  important charac- 
teristic controlling the nutritive value of feeds 
in general, i t  was postulated that the measure- 
ment of in vitro cellulose digestion of roughages 
would give an  indication of the nutritive value 
of that roughage. The validity of this postu- 
late was tested, using the 11 test forages. Re- 
sults of preliminary studies are  shown in Ta- 
ble 1, where in vitro cellulose digestion is com- 
pared to certain in vivo digestibility data. The 
per  cent cellulose digestion in the artificial ru- 
men was significantly correlated with each of 
the in vivo values. The further development 
of an  artificial rumen system, patterned after 
that used by Pigden and Bell (5), is described 
in detail i n  the following paper. 
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EVALUATION OF FORAGES I N  THE LABORATORY. 11. SIMPLIFIED 
ARTIFICIAL RUMEX PROCEDURE FOR OBTAINING REPEATABLE 

ESTIMATES OF FORAGE NUTRITIVE VALUE ' 
B. li. BAI'MGARDT,' 31. W. TAYLOR: Awn J. L. CASOS" 

Department of Dairy Science, Rutgers-the State University, Xew Brunswick, New .Trrsr.i. 

and 
Department of Dairy Husbandry, University of TVisconsin, hl:~(lison 

SUMMARY 

The usual artificial runien procedure has been sin~plified and adapted to  
give repeatable estimates of forage nutritive v:llue. A 1-g sanlple of the ground 
forage was fermented in a 125-1111 Erlernn(>yer flask containing 30 n11 of 
MeDougall's artificial sheep saliva adjusted to pH 6.7 and 25 ml of strained 
rurnen fluid obtained from a fistulated cow fed and managed in a standardized 
manner. Itntnediately after the addition of all contents the flask was flushed 
with CO?, capped with a. Bunseri valve, arid incuhated a t  39 C f o r  24 hr. 

The per cent forage cellulose digested in this lnailiier was significantly 
correlated with TDN, D1)3I, D E  (calories per grain), and the digestion coeffi- 
cient of energy detern~ined in con~c.ntiona1 animal digestibility trials. The 
artificial runlen iiiethod and prediction equation given in this paper yielded DR 
estimates on 19 forages which, when compared with the animal D E  values, 
showed a coefficirnt of variation of 5.27;. The inclnsion of a standard folxge in 
each trial allowed adjustn~ents to be niade so that  cellulose digestion obtained on 
two different days had a coefficient of variation of only 1.59%. 

I t  was found that  the crude protein and digestible proteiu content of h i~ys  
are  highly correlated (r = 0.999) and that  the l a t t ~ r  csould 1)e rstilnnted fro111 
the former with :L resultant standard error of 0.25 and coefficient of variation 
of 2.26%. 

A sinlple, accurate, and rrpeatahle tl~cthod sit(,\ of a routin(. n~ethod it1 terms of accuracy, 
f o r  estiinating the nutritive value of tor:tges ~~l,c.:~t;ihility, o r  qiinplicity. Pre l iminaq evi- 
would be a valuable tool f o r  those conerrned dri~c.r was presented which indicated that  per 
with forage production and utilization. I n  the cent forage cellulose digestion in thc arti- 
preceding paper  (a), several inrthods were corn- ficiill runien could be used to estimate nutritive 
pared, but no one of them satisfied all rcqui- ralue of forages. 

r w  of the artifieid rumen specifically f o r  

Received for publication August 26, 1961. the quantitative rst i~nation of nutritive value 
was first reported by Pigden and Bell in 1955 

Published with the approval of the Directors (18). ilt about the sanle tiine, Baumgardt and 
of the New Jersey and Wisconsin ,4gricultural 11ill ( 5 )  reported of the dry matter 
Experiment Stations. digestion of various forages in the artificial 'Data presented are taken, in part, fro111 a 
thesis submitted by the senior to rumen. Forages of known animal digestibility 

Graduate F~~~~~~ of R~~~~~~ University in partial were not available for  the study, but the oh- 
fulfillment of the requirements for the degree of loqq of d~ lllatter during the in vitr.0 
Doctor of Philosophy, June, 1959. Certain of the fernlentation appearrd to be related to the 
later results were obtained by the senior author quality of thr  forages. This work \\.as extended 
working a t  the University of Wisconsin. by Clark and JIott (7) ,  using forages of known 

Present address: DePartnlellt of Dairy Hus- nutritive mluc. Uigec;tihility es t i~ l~ates  obtained 
bandry, University of Wisconsin, Marlison, Wis- ,,.ith the artificial rulllen proredure during the 
consin. \pring of thr  year were significantly corre- Department of Agricultural Biochemistry, Rut- 
gers University. 1atc.d (1-  = 0.77) with data obtained on the 

6prcsent addrcss: D ~ ~ ~ ~ . ~ ~ ~ ~ , ~ ~  of R ~ ~ -  yan~e forages in convention:ll digestion trials. 
bandry, University of &faryland, college park, EIO\\.rver, Tl'h~11 the artificial rulnen digestion 
Marylaiid. trials were repeated in the fall, the estimates 
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were low and no longer significantly correlated 
with the animal trial data. Variations in the 
diet of the fistulated, inoru1un1-donor cow could 
possibly account for  these differences. Using 
a similar artificial rumen technique, Asplund 
et al. (1) reported a close correlation between 
dry matter digestib~lity in vivo and both dry 
matter loss and fa t ty  acid production in vitro. 

Recently, inany ~vorkers have found forage 
cellulose digestion in vitro to he highly corre- 
lated the d~grstihility of various forage 
constituc>nts in rivo (2, 9, 11, 14, 19) .  There 
is little doubt that the art~ficial ruinen or in 
vitro r u ~ ~ i e n  fermentation technique offers a 
inethod of studying thc digcstihility of forages 
and, in fact, a method fo r  estimating nutritive 
value. 

Research presented in this paper deals with 
the development of an  artificial ruinen pro- 
cedure specifically designed for  evaluating for- 
age quality. Special emphaiis has been placed 
on simplicity, st:indardizatioa, and repeatabil- 
ity. Hnch of these factors is highly important 
if a routine method is to givr consistently re- 
lii~ble c~stim:ltes of nutritire value. 

Fori~{jrs. For  th(> development of the arti- 
ficial rumen (.valuation proecdure i t  mas im- 
portant to hare sa~nples of forages on which 
thc nutriti\-e value had bee11 determined in eon- 
veritional digestion trials. Through research 
conducted a t  the Sew Jersey Agricultural Ex- 
periment Station (3,  15) ,  11 such forages were 
available fo r  preliminary work. After tenta- 
tive procedures were developed, sereral addi- 
tional forages with known animal digestibility 
were obtained froni other laboratories0 and 
four additional samples became available from 
~ o r l \ :  a t  the New Jersey Station (6) .  Included 
were samples of alfalfa, birdsfoot trefoil, or- 
chardgrass, bro~nrgrass, timothy, and reed ca- 
nary grass. 

Artificial rztmeu systevl. Although the arti- 
ficial rumen systein itself was one of the vari- 
ables in sorne of the experiments, the basic pro- 
cedure used was as follows: A 1-g sample of 
the ground (40-mesh), air-dry forage was fer- 
mented for  24 hr  a t  39 C, using 30 1111 of buffer- 
~nineral  solution and 25 1111 of rumen fluid. The 
caontair~i,r used was either a 100-nll tall-form 

'Forage samples were made arnilable from the 
Pasture Research Laboratory, University Park, 
Pa., through the courtesy of Dr. J. T. Sullivan, 
ancl from the Pennsylvania State University, Uni- 
versity Park, through the courtesy of Dr. J. W. 
Rratzler. 

Pyrex beaker or, more generally, a 125-ml 
Erlenmeyer flask. Either system was satis- 
factory, but use of the flask resulted in a 
larger surface a r m  and less splashing on the 
sides. Immediately after placing all compo- 
nents in the flask (or beaker), CO, was flushed 
through for  about 1 5  sec and the flask was 
immediately capped with a rubber stopper 
equipped with a Bunsen valve. When this all- 
glass system was compared to the semiperme- 
able membrane, no appreciable differences were 
found in cellulose digestion or  volatile fa t ty  
acid patterns. This is  in agreement with a 
more comprehensive study by El-Shazly et al. 
(10). 

A t  the end of the fmnentation period, mi- 
crohial activity was stopped by the addition 
of 1 ml of 4 N H2S0, .  The contents were quan- 
titatively transferred into a 100-ml Pyrex 
beaker (in the case of the flask inethod) with 
the aid of a wash bottle. The fermentation 
residue was dried in a forced-draft oven and 
the entire salnple was analyzed fo r  cellulose 
hy the method of Crampton and Maynard (8),  
as modified by Matrone (16). With this modi- 
fication, no further transfers were involved, 
since the acid digestion, washing, and ashing 
are all carried out i n  the Pyrex beaker. 

Rfrmrn fluid inoculz~m. Rumen fluid was col- 
lected from a cow fitted with a permanent m- 
men cannula. This cow was mainhined on a 
uniforn~, all-hay diet, supplemented only with 
trace-mineralized salt, bonemeal, and water. 
On the day of collection, hay and water were 
removed a t  8 A M  and the rumen fluid was col- 
lected a t  1 PM, placed in a previously warmed 
vacuum jug, and taken to the laboratory. A3 
soon as possible the fluid was squeezed through 
four  layers of cheese cloth and 25.0 ml of the 
strained rumen fluid used directly to inoculate 
each flask. 

BmfSer-n?inertrl solutiotz. A solution was pre- 
pared siniilar to the composition of ruminant 
saliva as given by McDougall (17), and had 
the following con~position in grams per liter: 
SaHCO,, 9.8; Sa2HP0 , -7  H20 ,  7.0; KCI, 0.57; 
NaC1, 0.47; CaC12, 0.04; and MgS0,-7 R,O, 
0.12. This solution was bubbled vigorously with 
CO, until the p H  was approximately 6.7 and 
the bubbling was then continued more slowly 
while the solution was being added to the fer- 
mentation flasks. To avoid excessive loss of 
CO, and resultant rise in pH,  12 flasks were 
assembled a t  one time, capped with Bunsen 
valves, and placed in the incubator. The process 
was repeated until the total experiment was 
assembled. With this buffering system the p H  
in  the fernientation flasks usually was still 
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above 6.6 a t  the end of 24 hr of fermentation. 
The latest modification was the addition of 

urea and glucose solutions in an amount to 
supply 0.05% of each in the total volume in 
the fermentation flask. 

Calculatilzg per cent cellulose digestion in 
vitro. The usual method of calculating diges- 
tion coefficients is applied to the in vitro sys- 
tem by equating the starting and ending fer- 
mentation media to the feed and feces, respec- 
tively. Since the rumen fluid inoculum used 
in this study also contributed a small amount 
of cellulose, the equation used to calculate per 
cent cellulose digestion in vitro was: 

(amount of cellulose in hay and 
inoculum) - (amount of cellulose 

a t  end) 
(amount of cellulose in hay and X 100 

inoculum) 

Between 5 and 35 mg of cellulose was usually 
present in 25.0 ml of the strained rumen fluid 
inoculum. 

In  addition to the hays to be tested in each 
artificial m e n  trial, several flasks containing 
a standard or known value forage(s) were 
also fermented. This provided a lricans of 
correcting for any day-to-day variation due 
to different lots of inoculurn. In  any one trial 
the values for  the unknown hays were adjusted 
on a unit basis in accord with that day's result 
with the standard forage. 

RESULTS AND DISCUSSIOh' 

Amoulzt of substrate. The method used for 
the determination of cellulose (8, 16) was 
simple, highly reproducible, and adaptable to 
routine analysis. However, the method was de- 
signed for cellulose estimations on 1.0-g sarn- 
ples of forage. Although the starting satnple 
in the artificial rumen studies was 1.0 g, there 
was only a fraction of this ainount remaining 
for analysis after fermentation. To determine 
the effect of varying amounts of substrate on 
cellulose recovery, analyses were carried out 
on 0.50, 0.75, 1.00, and 1.25 g of forage. By 
comparing the per cent cellulose in Tahle 1, it 
can be noted that there was a slight increase 
in the amount of cellulose recovered as the 
sample size increased from 0.5 to 1.25 g. How- 
ever, the difference was so slight that it would 
have a negligible edect upon the accuracy of 
artificial rumen studies in which cellulose was 
being determined on sanlples within this range. 

While the above data indicate that the amount 
of cellulose or forage substrate did not sig- 
nificantly affect the cellulose determination, 
there was still the possibility that the per cent 

TABLE 1 

Effect of forage sample size on the accuracy of 
the cellulose determination 

Forage 
sample 

size Cellulose 

cellulose digested by rumen microorganisms 
might be altered. This is important, since for- 
ages may vary in cellulose content frorn 15 to 
35% or more. Thus, if a constant amount of 
forage is supplied to each artificial rumen 
without regard to the cellulose content, there 
would be a wide difference in the actual amount 
of cellulose supplied as substrate for rumen 
microorganisms. 

To test the effect of forage and cellulose con- 
centration, a high-quality alfalfa hay (low 
c.ellulose) and a low-quality orchardgrass hay 
(high cellulose) were digested in vitro, each 
at  forage substrate levels of 0.5, 1.0, and 1.5 g. 
The amount of cellulose digested increased in 
proportion to the amount added, so that the 
per cent digested remained nearly the same 
(Table 2) .  Similar results have been reported 
hy ICamstra et al. (13), with forage levels sup- 
plying 0.30 to 0.80 g of cellulose per flask. 
Also, Quicke et al. (19) found nearly the same 
per cent cellulose digestion for forage levels 
from 0.44 to 2.50 g (c~c.llulose levels from 0.08 
to 0.48 g) .  

It was concluded that 1.0 g of forage would 
offer a suitable substrate concentration since, 
even with extrelnes in cellulose content, this 
would supply from 0.16 to 0.35 g of cellulose. 

Day-to-day variation. In using the artificial 
rurnen procedure to estiinde forage quality, 
it is necessary that the method yield repeatable 
results from day to day. Since any variation 

Effect of amount of forage substrate 011 

rellulose digcstio~l 

Forage substratr 
Cellulose tligested 

Kii~d Amount in 24 11r 

(9) Is) (%) 
0.5 .065 48.2 

Alf alf n 1.0 .I36 50.4 
1.5 .210 50.4 

0.5 .052 27.1 
Orchnrdgrass 1.0 .I085 27.3 

1.5 .I56 27.7 
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in the rulncn fluid inoculuni could cause varia- 
tion in the in vitro fernlentation, careful at- 
tention was given to controlling the timing of 
feed and water intake and to provide the ani- 
m a l ( ~ )  with a uniform diet. 

A fistulated Holstein cow in the Rutgers 
University herd was maintained on an all- 
alfalfa hay ration. Rumen fluid was collected 
a t  8 AM after feed and water had been with- 
held for 12 hr. In  vitro cellulose digestion was 
~neasured with a single forage substrate and 
sainplcs of inoculun~ collected on four days 
during a 2-month period. The resultant di- 
gestion values had a standard deviatiou(s) of 
0.713 and a coefficient of variation (CV) of 
1.68%. 

At the Wisconsin Station, a fistulated, ovari- 
ectomized Jersey cow was maintained on an 
all-alfalfa hay ration and given uniform care 
and management. Sufficient first-cutting Vernal 
alfalfa hay to feed this cow for 1 yr was har- 
vested on June 7, 1960, in the late-bud stage, 
and artificially dried. Fasting and collection 
were carried out as described in the Procedures. 
Typical results are presented in Table 3. The 
within-day, within-forage repeatability can best 
be appreciated by noting the standard devia- 
tions and coefficients of variation for the stand- 
ard forage. 

The in vitro cellulose digestibility of the 
standard forage was assumed to be 46.0%, the 
average of many trials. Cellulose digestibilities 
of the test forages (alfalfa and Ladino clover) 
were adjusted by the number of percentage 
units that the standard forage digestibility 
differed from 46.0%. To compare the day-to- 
day repeatability, the average adjusted values 
were compared by the method of intra-class 
correlation, with a resultant correlation coeffi- 
cient (rr) of 0.991. From this eornparison the 
between-day standard deviation and coefficient 
of variation were 1.02 and 1.59%, respectively. 

Although this might be considered acceptable 
repeatability for this type of worrk, studies 
are continuing to improve methods of stand- 
ardization so as to obtain still greater precision. 
Forages to be evaluated are routinely digested 
in duplicate on each of two days and, after 
adjustment in relation to the standard forage, 
the average value is used for comparison. 

Length of fermentation period. To determine 
the optimum time for the in vitro fermentation, 
the digestion of forage cellulose was determined 
over a 48-hr period. Since rates might be ex- 
pected to vary with forage quality, a high- 
quality alfalfa hay and a low-nitrogen, more 
mature orchardgrass hap were used as sub- 
strates. Fro111 Figure 1 it can be seen that the 

TABLE 3 
Typical results and repeatability of the artificial rumen proredure 

Per cent cellulose digestion 

Forage 

September 8, 1960 September 22, 1960 

As is Adjusted" Avg As is Adjusted" Avg 

Alfalfa 

Ladino clover 

Standarc1 forngc 

a Adjusted to the long-time average cellulose digestion of the standard forage, 46.0q0. 
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12 24 36 48 
HOURS OF FERMENTATION 

FIG. 1. Rate of in vitro digestion of the cellu- 
lose of alfalfa and low-nitrogen orchardgrass hays. 

initial rate of digestion of the alfalfa was 
greater and the maximum was obtained sooner 
(42 hr) than for  the grass. Apparently, the 
maximum cellulose digestion of the grass had 
not yet been obtained a t  48 hr. This is in 
agreement with the results reported by Quicke 
et al. (1959), in which a longer fermentation 
period was necessary to obtain maximum cellu- 
lose digestion of more rnature forages. 

I n  further work, 31 forages with known ani 
lnal digestibility data were fermented in vitrc 
for 24 and 48 hr. The average cellulose diges 
tion values were 47.6 and 60.0%, respectively 
Thus, the increase in  digestion of cellulose, ar 
average of 12.4 percentage points, was due tc 
the longer fermentation period. The correla 
tion between in vitro cellulose digestion anc 
in vivo digestible energy (DE) was highl) 
significant for both fermentation times ( r  = 
0.854, 24 hr ;  r = 0.748, 48 hr) .  It was con 
eluded that there is 110 advantage in extendin& 
the fermentation period to 48 hr, insofar a: 
the estimation of DE is concerned. 

Predict ing mctritive value. The efficacy oj 
the previously described artificial m e n  pro 
cedure as a predictor of forage nutritive valuc 
was tested, using samples of 31 hays of know] 
nutritive value. Of the 31 hays, TDN had beel 
determined on 15, aninla1 digestible dry matte] 
(DDM) on 27, and animal DE (per cent anc 
calories per gram) values on all 31. The re. 
liability (SE, CV) of the regression equatioi 
for predicting DE is quite similar to that re. 
ported by IIershberger et al. (11). 

I f  urea and glucose are added to the fer 
mentation media, the in vitro cellulose digestiol~ 
values are increased. In  this case, the equation: 
in Table 4 were found acceptable if the inter- 
cept values or constants were changed to : TDN 
20.8; DDM, 29.0; D E ( % ) ,  26.5; DE: (calorie: 
per gram), 1,162. Sinee conditions will var? 
from laboratory to laboratory, each should de- 
velop its own in vitro-in vivo relationship, us- 
ing forages of known aninla1 digestibility. 

When checking the accuracy of prediction 
equations, it  has beer1 common to use the satlle 
forages as were used to derive the equations in 

TABLE 4 

Regression equations and reliability for estimating forage nutritive ralue from per cent 
forage cellulose digestion in vitro (X) 

Corre- 
lation Coeffi- 
cocffi- Standard cient of 

In vivo value So. of cient ??egression error of varia- 
(y) samples ( r )  cquatioli estimate tion 

Total digestible ( % I  
nutrients (%) 15 +0.F21a P = 23.9 + 0.782X 2.89 4.85 

Digestible dry 
matter (%) 27 +0.77Bb P = 31.8 + 0.711X 3.41 5.13 

Energy digest- 
ibility (70) 31 +0.777b P = 20.3 + 0 .7115  3.30 5.28 

Digestible energy 
(calories per gram) 31 +O.S54P Y = 1 2 9 5 + 3 3 . l 6 X  - 1 1 6  4.20 

* Sigl~ifica~tt at the 5% lerrl of prol~nbility. 
bSigl~ifirnnt at t l ~ c  1% 1crc.l of pl.ol)nl)ilit.v. 
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Arrur:~c.y of :I predic.tio11 equation for rstinlating 
the t1igrstil)le energy conte~it of tliffercut 

f o ~ a g ~ ~ s  fro111 per cent eelltllose 
digestion in vitro 

- -- -- 

I ligrstil~lcs currgy 

For -  PI.(,- Dcvi- 
a PC tlic.trt1 i\etu:~l :I tion 

a statistical con~pi~rison of the concentrations 
of crude protein and apparently digestible 
protrin. On 11 such forages the correlation 
het\vc~c>n crude and digestible protein was highly 
hignilicant (r = +O.999). The equation best 
fitting these data was Y = 0.931 X - 3.619, 
where T is t h t~  predicted digestible protein and 
-X is the crude protein, each expressed as  a 

- per cent of the dry  matter. The eloseness of - 
this r(.lationship (*:in clrilrly br seen in Table 6, 
where the predicted and actual digestible pro- 
tein values are  c.otnpart.d. These data lend 
further support to the roncept that  digestible 
protein can he predicted as accurately as i t  
can be experi~nentally detertilined in a con- 
ventional digestion trial. I t  is suggested that 

the first pl:~cdc.. I t  st.c~n~ed   no re logi&11 to test 
this artificial ru111e11 l ~ r o ( ~ ~ d u r e ,  especially the 
applicability of the rt~grclssion ec~uations in 
Tnhle 1, by using for:~ges other than those used 
to develop the rrlationship. Salnples of 19  
forages fro111 the Pennsylrania Station were 
fe~inrnted,  using the artificial runlrrl proredure 
desc,ribed, inrluding the urea and glucose addi- 
tions. The DE cstinlates ohtained are conlpared 
with the aninial values in Table 5. There was 
a tendenc>- f fo  the prediction equation to 
slightly orerestinlate the actual DE (average 
= 79 calories per gram). IIo~vever, this ac- 
curacy was considered acceptable, particularly 
in light of the standard error and coefficient 
of variation, whirh are only slightly larger 
than those for  the origin:ll espr(~ssion (Table 
4). 

I? 's l i t r~tr t io~a of  r l i g c ~ s t i b l ~  protrils. Although 
i l v ~ i l ~ h l ~  energy is the ~ i s ~ i i ~ l  lililiting nutritive 
factor of a forage for  iuni~l~al production, i t  is 
:~lso ili~portilnt to know t11r avnili~hlc~ or ap- 
1):wcntly digc.stihlr protrill. ;\C:III~ (~~ lu i~ t ions  
linve hclcan offrrc~I for  estil~~;ition of' t11p :~vail- 
i~hle  protein fro111 the, crud(. protc.in contcwt of 
foriigc~s, and thes(~ \\.('re i . ( ~ ( ~ n t l y  r ~ v i ( ~ w ( ~ d  hy 
Iloltrr  and Rrid (12) .  

I n f o r l ~ ~ i ~ t i o i ~  xt7:ls :~v;~i l :~ l~l r  fro111 the forages 
studic.tl a t  the Sew .Jersc~y St:ltion to allow 

equations based on a large nudber  of ob- 
servations, such as those of Holter and Reid 
(12),  be used. 
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FOIt  FORll(:E EI'AIJTI\TIOS 

.T. 12'. I,USK, C. B. BROWSING, nNn J. T. MII,RS2 

Slnall sanlplrs of forage in nylon s:lclts were suspended in thc rumen of 
fistul:itc.tl co\vs to dc.ter~ilinr, ho\v the rorl'ficients of c.c.llulose tligestibility 01)- 
tainckd by this n~c!thod colnp:i~.rd with tlrosr obtained hy convention:rl digestion 
trials. 

The ccllulose diprstion corffirirnt of G:3.77& detertninrd for  Coast:~l Bermuda 
in a convrntional digrstion trial was not significantly diffc!rent fro111 the coeffi- 
cient of G1.0% a t  the end of 72 hr hy the s~nall-snl~~l)lo   net hod. Crllulose di- 
gestibility of average-quality alfalfa hay ~ 1 s  .',6..5% lly conventional methods. 
This was not signifir:tntly different fro111 the digestion cocflioient (55.2%) deter- 
mined by the s~nall-salnple ~nrtltotl. 

Threr fistulated cows were fetl Co:~stal Rer~nuda hay and eight different hay 
san~ples were subjectrtl to digestion hy the sn~all-samplr niethod. A correlation 
of +0.83 was obtained when the 48-hr legunre and 72-hr grass hay digestion 
coefficients were compared with results fro111 ronrentional trials. 

Significant positive correlations between cellulose digestion measured l)y the 
two methods indicate t11:it the snlall-sample technique usetl with a regression 
equation might provide a valid estimate of crllulose digestion. 

The yield and che~nicnl analysis of a forage 
will give sollie infortnation concerning its use- 
fulness. However, the final rvalu:~tion of any 
forage must he based on its nutritive value. 
Conventional digestion trials with large ani- 
nlals are prohibitive fo r  screening a nurnher of 
forages or for routine forage-testing programs, 
because of the time and expense involved. 

I n  recent years, a nulnher of research workers 
have investigated Ineans of obtaining an esti- 
mate of forage frediag va1uc.s by small-sa~rlple 
~nethods. The majority of these small-satnple 
procrdures are I~ased on thn use of in vitro 
techniques (2-4, 7, 9, 10, 14, 18)  ; however, 
several ~vorkers Ilavch studied thc. use of slnall- 
SRIIIPIP in vivo tt~c.l~niques. 

Quin (19) ,  in l9:39, suspended silk bags in 
the ru111(~11 of fistulatrd sheep and observed rate 
of disintrgration of feed. h1cAnally (15) 
studied the digestion of wheat :ind oat straw 
hy placing the salnples in silk squitres and sus- 
pending thrln in thr rmtlrn of fistulated sheep. 
Erwin (11) placrd nylon hags containing for- 
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age in typo11 tubing and suspended them in 
the anterior dorsal s:~c: of the ruulen of cattle 
znd was ahle to deteet weight loss of forage. 
Cotton threads were suspended in the runlen 
of co1r.s 11. Baleh and .Johnson ( I ) ,  \vho found 
that the cotton was digested much faster in 
the ventral than in the dorsal area. Miles (16), 
using 20-g samples of forage in silk sacks, also 
o11t:lined a significant increase in cellulose di- 
grstion in the ventral area ns compared to the 
tlorsal area of the rumen. EIe also washed silk 
s:tcks containing feed with water and failed to 
force out particles of matcri:~l from within the 
saclts. Lainbcrt and Jacohson (13) suspended 
clnpty nylon slat-ks in the rulrlen and got no 
apprccial)le passage of cellulose from the ru- 
n ~ e n  into the sacks. 

In an attempt to Illore nearly approach con- 
ditions that esist in the rulrien of cattle, and 
to redurc, sonle of the inhercnt limitations of 
an artificial rumcw as repol-trd by Burroughs 
et al. (G), studies a t  the Mississippi Station 
have been eoncentr:tted on the i~nprovelnent of 
a small-sample in vivo digestion procedure us- 
ing rumru-fistnlated c20\vs as outlined by Miles - 

' .Toun~al Article S o .  964, Mississippi Agricul- (16). 
EYPERI>IEU'PAL PRFCEDURE 

tur:~l Eupcrilr~cnt Station. 
'Present n<lrlress: Dairy Department, Univer- Conventional total collection digrstion trials 

sity of Tenllrssee, Knoxville. \vclrr conduc.trd. using seren-day prrlinlinary 



and seven-day collection prriods with ad lib. 
feeding. Staples and Dinusson (21) found that 
eotl~parable digc~stion eoefficicrlts could be ob- 
tained by either seven- or ten-day collections. 
Fecal material was collected, using the harness 
trchniclue as  tllodified by (;orski et al. (12). 
Collection sacks were eluptied two times a day 
and a well-111ixed fecal saluple rctnoved and 
refrigerated. 1)uplicate :~licluot sa~nples were 
colnposited d:l.ily fo r  lnoisture and che~uical 
analysis. The daily portions for  chemical anal- 
ysis were frozen until the end of the collection 
period and tlirn dried :lt 80 C in a forced-draft 
oven. Daily ~lioisture determinations were made 
on the second portion of feces by oven-drying 
for  20 hr a t  105 C (17). All foragrs were dried 
a t  80 C to a constant weight in a forced-draft 
forage dryer. 

A representative san~ple  of forage \\-as ground 
through a ten-mesh screen and triplicate 3-g 
samplrs of each forage wen? weighed into 2- 
by 4-inch nylon sacks fo r  the small-sa~nple in 
vivo procedure. The sacks \rere made from 
nylon parachute material with approxintately 
80 by 130 threads per inch. The pores hrtween 
the threads averaged 6 by 11 p. The tops of 
the sacks \rercb tied ~ r i t h  nylon linc and an- 
chored with I I I C ~ : L ~  \rashers to hold the111 down 
in the ventral portion of the rumen. Kylon 
cords about 2 f't long wrre used to attach the 
suspended sacks to the pl:istic! fistula cap (Fig- 
urc 1). Tllr si~clts \rrrC pl:lccd in the rulnen 
for  the various digestion periods. When the 
sitclrs were rc.nloved, tl~cly wcbre plnrrd in 75% 
ethanol to stop ~r~icrobi:ll activity. 

111 the laboratory, the. sacks a e r e  washed free 
of rumen ingestu~ particles and each placed in 
a 150-1111 I)c:~kt~r, to \rl~ieh 45 1111 of' a ~n i s tu re  
of nitric :mtl glacial i~retic acids was added. 
Cellulost~ :inalyscs wrrr made hy the Crampton 
and JIayn:~rd procedurr (S),  with the following 

modifications. The beakers a e r e  heated on a 
hot plate and the contents gently boiled fo r  
20 inin. The samples were stirred occasionally 
with a glass rod. The material was rinsed from 
each beaker with 95% ethanol and transferred 
quantitatively to a No. 4 Gooch crucible, using 
suction flasks. The residue was washed with 
hot 95% ethanol. 

The difference in the amount of cellulose a t  
the start  and that remaining after the period 
of digestion was considered to be the a~nount  
digested. To determine the amount of cellulose 
a t  the start, triplicate sa~ilples of each forage 
used in the digestion trials were placed in ny- 
lon sacks and analyzed fo r  cellulose. 

RESULTS A S D  DISCUSSIOS 

The early studies conducted a t  the Mississippi 
Station used the procedure of suspending 20-g 
samp1c.s of forage in the rutnen in silk sacks, as  
outlinrd by Jliles (16) .  However, the use of 
smaller sa~liples in nylon si~cks, as  suggested by 
Lamhert and Jacobson (13) ,  \ras found to re- 
duce the amount of work a t ~ d  error anti, there- 
fore, this procedure was adopted. The trials 
reported herein were conducted, using 3-g sam- 
ples of forage suspended in the rumell in nylon 
sacks. 

Trial 1. Trial 1 consistrd of studying the 
effect of nylon residues on the percentage cellu- 
lose obtained hy the modifird Cra~npton-May- 
nard technique and of tlc~terniining the quan- 
tity of ~nat r r ia l  lost through the nylou sacks. 
Cellulose contents wrrt! drter~llinrd on four 
rlnpty nylon sacks, rrsulting in an  averagr 
residue of 2.9 111g indicv~trd as  cc~llulose. This 
would add ahout 0.1% to the rc~llulose values 
ohtainrcl on foragr \vhrn analyzrd in the sacks. 

Elevcn diflPrent grass foragrs and six le- 
gumes were ground through a ten-mesh scree11 
and placed in nylon sacks. Thv samples wr1.e 
suspcndcd in beakers of water and azitatrcl 
rigorously with a shaking ~nachine fo r  18 hr. 
Cellulose. analyses wrre 1uadt1 on the water. The 
results indicated an average loss of 0.21% of 
the cv~llnlose through the porchs of nylon s:lcks. 
TVhtw Solka Floc materials 11-rre usrd, cellu- 
lost, losses were from 15 to 30% with RIIr 40, 
and 3 to 6% ~ r i t h  RTIT 20, indir:~ting thrse tna- 
tcri:~ls were unsatisfilctory for  use in this s~nall- 
satnplr in r i ro  trclunique. 

Trinl .?. Thr ohirct of this trial \\-as to deter- 
~ninc. the period of digestioll necessary with the 
s~nall-salnplr digestion t~tethod to oht:~in re- 
sults comparable to those ohtained hy conven- 
tional methods. Three rumen-fistulated cows 
were fed average-quality Coastal Bernlnda hay, 

t~.:il ])art of the rume~i. and an  avcrnge digestion coefficient of 63.7% 
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TABLE 1 

Co~nparison of cellulose digestioi~ of Coastal Bermuda grass hay by simulta~~eous small-sample 
in viro and conventional methods 

Avg Hours digested in IIJ.~OII sack " 
cellulose 

Method in forage 36 48 GO 72 

Small-saml)le ill rivo ' 51.F1* 55.4** (i0.1* 61.0 
36.0 

Total collertion (avg three cows) G3.7 63.7 63.7 -- 63.7 -- - - 
Difference 12.1 8.3 3.6 2.7 
- - 

In all tables conventional refers to a seven-day total collection trial with ad lib. feeding. 
Significal~tly differei~t from other treatment lneail by Stu~lent's "t"-test: ** .O1 level, 

* .O5 level. 
'Average of two series of tripliratc samples digested in three rumen-fistulated cows. 

was obtained by conventional methods. Repre- 
sentative sainples of the same hay were di- 
gested, using the small-sample in vivo technique 
in two series of 36-, 48-, 60-, and 72-hr periods 
in the fistulated cows during the conventional 
trial. Average cellulose digestion coefficients 
of 51.6, 55.4, 60.1, and 61.0% were obtained 
for  the respective hours. The cellulose digestion 
coefficient obtained a t  the 72-hr digestion pe- 
riod was not significantly different from that 
ohtained in the conventional digestion trial 
\rl-hen compared by Student's "t" test (20). Re- 
sults of this study are shown in Table 1. 

A similar series was ronducted using average- 
quality alfalfa hay. These data are presented 
in Table 2. The coefficient of digestibility for  
alfalfa hay cellulose in the total collection trial 
\\-as 56.5%. The percentages obtained using 
the small-sample technique were 55.2, 54.9, 55.2, 
and 56.4 for  36-, 45-, 60-, and 72-hr digestion 
periods, respectively. There was no significant 
difference between the percentage digestion oh- 
tained by the conventional and small-sample 
methods. A correlation of +0.656 (significant 
a t  .05) was obtained when the small-san~ple di- 
gestion coclfficients fo r  Coastal Bermuda a t  72 

h r  and alfalfa a t  48 h r  were compared with 
the coefficients from the total collection trials 
in this study. 

Trial 3. To test the small-sample digestion 
technique as a screening tool, three fistulated 
cows were fed a standard ration of Coastal 
Bermuda hay and 3-g sa~nples of eight differ- 
ent hays were digested for 48- and 72-hr pe- 
riods. The s~nall-sample cellulose digestion per- 
centages were compared to the digestion coeffi- 
cients obtained during other studies (5) with 
similar hays fed ad lib. in total collection di- 
gestion trials. The results of Trial 3 are pre- 
sented in Tahlr 3. All of the haps studied es- 
cept alfalfa were lower in cellulose digestion 
by the sni;~ll-smnple technique a t  the 72-hr 
period than the digestion coefficients deter- 
lnined in the conventional digestion trials. 
Pa r t  of the difference in eellulose digestion, 
between the two n~ethods, might be attrib- 
uted to the fact that the cows were al- 
lowed to refuse a portion of the hay in the 
conventional digestion trials. Cellulose diges- 
tion obtained with the ad  lib. feeding system in 
the convention:~l trials was on that portion eon- 
su~necl, whereas ;I c o ~ ~ ~ p o s i t e  of the colnplete 

TABLE 2 

Comparison of cellulose digestion of alfalfa hay by sin~ultaneous small-sample in viro ant1 
conventional methods 

Avg Hours digested ill nylon sack 
eellulose 

hlrtliod in forage 36 48 GO 7'7 
- 

(%! 
Small-sample in vivo " 55.2 54.9 55.2 56.4 

32.0 
Total collcrtion (avg two cows) 56.5 56.5 56.5 56.5 - - - - 

Differrnrc 1.3 1.6 1.3 0.1 

" Areragc of two series of triplicate samples digested in two rumen-fistulated cows. 
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TABLE 3 

Cellulose digestion of forages by small-sample in  vivo technique and by unrelated conventional 
digestion trials 

Small-sample Total collection 
technique " digestion 
Cellulose trials 
digestion (seven-day) 

Avg Hay 
cellulose Cellulose refused 
in forage 48 Irr 72 hr digestion dailv 

Alfalfa 
Oat 
Johnsongrass 
Soybean 
Coastal Bermuda-1st 

cutting high f e k d  
Coastal Bermuda-1st 

cutting low 
Coastal Bermuda-2nd 

cutting high fert." 
Coastal Bermuila-2nd 

cutting low ferLe 

'Average of triplicate samples digested in three rumen-fistulated cows. 
bData  from other digestion trials a t  the Mississippi Station (5). 
' These digestion coefficients from unpublished data a t  the Mississippi Station. 
dHigh fertility-300 lb N, 150 lb PzOs, and 300 lb K,O/acre. 
"Low fertility-50 lb N, 25 lb P205, and 50 11) K20/acre. 

hay  s a n i ~ l e  was used in the smal l - sam~le  I i 
~riethod. The conventional digestion trials were 
conducted to determine the rnaximuni nutrient 
intake of the various forages and, a s  shown in 
Table 3, relatively large aniounts of the stemmy 
portions of the hays were refused. A correla- 
tion of +0.83 (significant a t  .O5) was obtained 
when the 48-hr legume and  72-hr grass hay  
small-sample cellulose digestion coefficients 
shown i n  Table 3 n e r e  compared to the conven- 
tional digestion figures. 

A significant positive regression of P = 4.86 
+ 0.7947 X was calculated between cellulose 
digestion b y  the two methods. This regression 
is shown in  F igure  2. 

- - 
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METHOD FOR DETERMINING FLUORINE INTAKE O F  DAIRY COWS 
UNDER FIELD CONDITIONS 

Agricultural Divisiot~-Genrr:~ FYorks-Colun~l~ix-Geneva Steel Division 
Unitctl States Steel Corpor~tiotl, Prove, Trt:lh 

This field tnethod rnahles nr l  i11vestig:itor to drtertiiinc. if the fluorine intake 
of a herd is within siif'r lintits for  dairy cows. I t  consists of detrrtilinin: aver- 
age weights hy heart-girth tiir:~surenients, average milk production, and eon- 
suiiiption of hay, eoticc~ntrates, and silage frotii Dairy Herd Iuiprovement Asso- 
ciation recortls, or hy weighing a t  the farm. Pasture consumption is calculated 
by differenre hetween the total digestihle nutric~nts required ant1 those supplied 
by other ferds. Water intake is hased on Jlorrison's standard. The fluorinr 
content of freds i.nd water is deterrtiined, anti the atiiount of fluorine ingested 
is ealculat~d in tliilligratns per kilogranl of body weight. I t  is possible 
to determine fluorine ingestion for  rows within an ac#cauracy of &30% a t  the? 
96% confidence limits. 1)uring 5 yr, 321 fluorine detc~rtninations were tilade in 
GO herds. 

The controlled freding experiments of Newel1 JIETIIOII OF PROCEDURE 

and Schtnidt (G), Suttie, Miller, and Phillips This lnethod of llleasuring the fluorine ill- 
( l o ) ,  and a research tea111 a t  Utah State Uni- gestion rate of a herd involves the deterlllina- 
rersity ( l l ) ,  have provided information fro111 tion of the average body nc.ight of cows in 
which tolerance limits for  fluorine ingestion the herd, the anlount of fluorine ingested ill 
have been established. An Advisory Comn~ittee, water and each type of feed in the ration, and 
appointed by the xational Research Council, the total alllount of fluorine ingested per unit 
revie~r-cad the findings on this suhject through of body 
1960 and concluded that the tolerance level for  (1) Body weight of rlriir,t/ cotc3s. Body weights 
fluorine froin a soluhle source for  lactating were determined frolll heart+th ,,leasure- 
dairy corns, over an indefinite period of titlie, Illents, as descrihrd by I'rterson (7 ) .  To mini- 
lies het~veen 30 and 50 Pllm in the total ration, ~tlixe the prohlelll of in;tdrrluate far111 facilities, 
depending upon the level of tliilk production :llld the of sollle owners to alloR. 
(8).  The Advisov Committee also shou~ed that handling of rvrry cow in the herd, the :iverage 
fo r  lactating rows, 30 pp~ l l  in the feed is weight per cow \vas ohtztined by ~ ~ ~ e a s u r i n g  a 
equivalent to 0.82 111g/kg of XVeight for representative nu~uber  of cows, usually a t  least 
a 1,200-lh cow, and 1.00 mg/kg for a 900-11) onr-third of the anilnals in the herd. 
eo\l-. F i f ty  (50) PPlll is equivalent to 1.40 To test the reliability of this procedure, five 
ing/kg and 1.70 n~g/kg, respectively. herds were selected and henrt-girth tueasure- 

 he litrrature dors not report tiny method 111ents 111ade on all cows in the herds. The mean 
for  deterlnining the rate of ingestion of fluorine ,veight ,r-as detemlilled for tile entire Ilcrd. In 
under field conditiotts. Herein deserihed is n addition, tilt, llleall alld its 
111t.thod tlrvrloped to obtain the fluorine intake ,,.,.,,,. calculatrd frolll (~ctcrnlinatiolls llladr 
of dairy herds under field conditions. Using on tile number of a t  
this metlioii, 321 d(~trrtninations of fluorine in- mrl~lom.  ~ ~ h l ~  1 sho,vs a colnpafisOn of these 
grstion rates havr heen iliade in 60 dairy herds 
over a 5-yr period. These data show that the standard error for 

I t  is thr purpose of this report to descrihe th, variecl by frolll 3 to 6% 
the proc~c.dnrrs follo\rTed and show the reliahil- of the mean dctrrlnined Inensuring tile en- 
ity esprcted with this method. tire herd. They further shorn that the inran 

weight obtained froiu the randotrl sarnple 
Reccived for puhlicxtion August 10, 1961. va.ried on the :~rr rnge  l)y ahout 3% and, a t  

Supcnrvisor of Plant Sciences, Stanford Re- the most, by ahout 9% from that detertilined 
searell I~ t~ t i t u t c ,  Southern California Laboratories, hy tneasuring crc'ry aninl:~l in the herd. The 
Sontll P:~sadenn, California. s l i gh t l~  increased accuracy obtained hy ~neas- 
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DYTTCRSIINING F L C O R I X E  IST.\KE O F  COWS 

TABLE 1 

Average weight per eo\v in f i r e  hertls according to 11eart-girth measurements of all cows 
versus a raildon1 san~plc " 

No. of Mean Standard Mean weight of 
cows weight error for randoni sample 

in entire entire random 
Herd herd herd sample 1 2 3 

" The random-sampled portion varied with the size of t l ~ c  herd. When the herd consisted 
of 30 or more cows, a t  least one-third of the cows were measured. If  the herd consisted of 
less than 30 cows, at  least 50% of the cotvs were measnretl. 

uring the entirr herd i~ not worth the addi- 
tional disturhanrcl of thr cows. 

When drtermi11;rtions of fluorine intake were 
made periodically on a herd, i t  was not always 
possible to make ~ndividual heart-girth meas- 
urements earh t i n ~ r  ; howevrr, the average heart- 
glrth measurement of a herd docs not vary to 
any lrrarked extent from time to time, unless 
a conslderahlc nu~nbcr of animals has been re- 
placed. When this replace~ncnt ocrurred, new 
heart-girth measuretnents were made. Exam- 
ples of avrrage cow-weights calculated from 
heart-girth ~neasurrtnents a t  intervals over a 
2-yr period are shown in  Table 2. These weights 
did not change appr rc i ab l~  over a 2-yr period 
of time ; therefore, new n~easurements were not 
essential every time the rate of fluorine in- 
gestion was determined. 

(2 )  Milligrams o f  flztorinr ingested from each 
tqlpe of feed alzd water .  The determination of 
~~ril l igrams of fluorine ingested from each type 
of feed requires two values: (1) the average 
number of pounds of c;~ch feed consumed by 

Average \veight prr caw in five herds according 
to heart-girt11 measurc~nents taken a t  

interrals over a 2-yr prriod a 

-- 

a The random-sampled portion varied with the 
size of the hcrd. Whcn the herd consisted of 30 
or more cows, a t  least one-third of the cows were 
measure(1. I f  the herd consisted of less than 30 
cows, a t  least 50% of the cows wero measured. 

the cows and (2)  the fluorine content on a 
dv-weight-basis of the feed material. To get 
thr  total fluorine intake, i t  is also necessary to 
measure the amount obtained from water. 

(A) Hay. The amount of hay fed was oh- 
tained from records of the Dairy Herd Im-  
provement Association (DFIIA) when avail- 
able. These records were compiled under the 
supervision of the Extension Service, Utah 
State University, in cooperation with the U. S. 
Ilepartment of Agriculture. I f  DHTA records 
were not available, thr herd operator estah- 
liqhed thc type of hay and number of hales, or 
the amount of hag out of the stack consumed 
hy the entire herd each day. A representative 
anlount hring ingrsted on that day was weighed. 
FI.O~II thi.: value, the total weight ingested by 
th(. hrrd daily and, henre, the average amount 
p r r  cow, was determined. 

Fluorine content of the hay was determined 
each time a herd study was made. From the 
alnount of hay consumed and its fluorine con- 
tent, the milligrams of fluorine contributed by 
the hay to the diet was calculated. Fluorine 
content of the samples of f r rd  and water was 
determined arcording to standard analytical 
procrdures of Willard and Wintr r  (12),  as 
modified by Remmrrt et al. (9) .  

(R)  Silagr. The anlount of silage heinc fed 
to the herd wa.: takrn from D H I A  records, if 
available. I f  not, thr amount heing ronsumrd 
was weighed and the average amount per  ani- 
mal ralculated. The fluorine added to the dirt 
hy  silage was determinrd in  a manner qimilar 
to that drscribrd for hay. 

(C) Concentrate. Thr amount of concrntmte 
f rd  to thr herd, its fluorine content, and the 
average amount of fluorine added to the ration 
of the hcrd were determined in the qmnr man- 
ner as for  hay and qilagr. 
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( I ) )  Pasture. Tllc an~ount  of forage con- 
S U I I I C ~  by animals on pasture cannot be Ineas- 
ureil directly as  cml the other types of feeds. 
I t  is possihlc, howcvrr, hy k n o ~ v ~ n g  the total 
digest~hle nutrient (TDN) requirements fo r  
a herd of dairy cows, and the anlou~lt of TDN 
in other feeds ingrsted, to eitinlate the anlount 
of forage ol~tained from pasture. 

The T I I S  reqnlrelnents of dairy co~vs and 
the TDN supplied hy each indiv~dual feed were 
deter~ni~l rd  fro111 the s tm~dard  t:~bles of Mor- 
rison (3 ) .  31ill; yield wtls o11t:lined a t  the tillte 
eiich hrrtl was studied, either hy weight records 
a t  the far111 or from DHIA records when avail- 
able. I n  each instance, the higher an~ount  in 
the mngr  of n ~ ~ t r i e n t s  recon~lnended in 31or- 
risen', standard for ~ n a i n t m m ~ c r  and milk pro- 
(1urtio11 was used in e s t ah l~~h ing  the herd TI)?: 
requi~c>lnc,nt. 

The difference hctwren thr  ralculated TDN 
requirrd hy the herd and tllr TD?: supplied 
hy known anlounts of other Sreds such as  hay, 
silage, and concentrates was a s s u ~ ~ ~ e d  to come 
from l>asturr. The quantity of pasture forage 
required to furnish this a111ou11t of T D S  was 
calculated from thr  JIorrison standards (4). 
F o r  example, if it was shown that 2 Ih of TDN 
daily (dry  weight) was recluirrd from pasture 
forage, r:lch aninla1 u~o~ i ld  havr to eollsullle 

:~l)out 11 to 14 Ib of fresh nlaterial per day, 
rlepending on whether the pasture consisted 
of grass in poor to fa i r  condition and closely 
grazed, o r  a fertile pasture with soine legumes. 
I f  the pasture was co~nposed entirely of one 
species, the factor for  that particul:~r species 
was used in calculating the consu~~~p t ion .  

To deternline the level of fluorine in pasture 
forage, a representative sa~nple  was taken fro111 
rach pasture and analyzed in the salne manner 
as other feed.;. Fro111 the amount of pasture 
forage consu~ned and its fluorine content, the 
contribution of this feed to the total fluorine 
int:~kr was ralculnted. 

( R )  Ifinera1 mix. Mineral  nix fed free- 
choice was estimated to be 1% of the total con- 
ccwtrate frd,  according to the rate suggested 
hy IIenderson and Reeves ( 2 ) .  The fluorine 
contribution of n~inerals to the dirt was deter- 

. n~ined as for  other feed.. EIo\i.ever, n~inerals 
\vclre generally premixed with the concentrates 
and  in that evc~l t  t l ~ r i r  fluorine contribution 
\v:ls included in that of the concentrxtrs. 

( F )  Water. The anlount of water consulneci 
hy each animal per day undrr field conditions 
is impossible to Inensure. Therefore, a stand- 
ard  water intalce of 110 Ih daily was used ac- 
cording to l lor r i so~l  ( 5 ) .  Samples of water 

TABLE 3 

Representative data shect l~sed ill (letermining the average fluorine col~snrnptiol~ of a 
dairy herd 

Name: John Doe 
Date feeds sampled: 6-25-57 
Avcra.ge weight per tlead: 1,285 lb or 581 kg 
Average yield of milk per 11cad pcr day: 40.9 Ih testing 3.8% f a t  
Pounds TDN requirecl for maintenance: 10.0 
Pounds TDN reqllirerl for production: 13.7 

Total TDN required: 23.7 
- -. 

Amount TD,N Dry Dry Dry Flno- Flno- 
I"(~or1 fed TDN frd matter matter matter rine rinc~ 

- 

(lb) (C/o) (lb) (C/o) (lbl fk.9) (ppn1) (nlg) 
TTn y 10.0 50.3 5.0 92.0 9.2 4.2 22 92 
Sil:~ge 26.0 18.1 4.5 22.1 5.5 2.5 17 43 
Conrentrate 10.3 74.0 7.6 X9.0  9.2 4.2 4 1 7  
Pasture 44.3 14.9 6.6 21.5 9.5 4.3 16 69 

. . .  .... .... . . .  ...... Mineral  nix ...... . . . . .  . . 

...... ...... .... Total in fcccl 89.6 93.7 33.4 15.2 221 

...... .... Wnter 110 . , .  . .... 50.0 0.10 20 
Total milligrnms of F 241 

241 Ing F 
- 
.TH+ k g  of l ~ o ~ l y  weight 

= 0.41 mg F/kg 1,od.v weight prr Ileal1 per day (arrmge ppnl F = 16)' 
- - .- - - - - -- - -- - -. - - 

a Average pnrts per million of flnorine in the total ration are cnlculntc(1 by dividing the 
011 

total milligrmns of F 11- the kilograms of ilrg matter, i.e., -= 16. 
15.2 
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availnhlr to the herd on  the date of s tudy were 
t;rkrn ; ~ n d  the fluorine contc.nt determined. 

(3 )  Totnl a tno t~~l t  of' flrtovijl(, i?zgestrcl p e r  
?/?zit of' Oorl!/ ~c.ei,glbt. The tn t ;~ l  amount of fluo- 
rine ingcstc~d p r r  unit  of body weight was ob- 
tained by tottrlirig the n ~ i l l i g r a ~ n s  of fluorine 
supl~lir t l  b y  water and  o t i ~ r r  conlponents of 
the ration, a s  shown in Tahle 3. 

Rk:SVI.TS ASD DIS('1.SSION 
To ascertain the reliability of herd intake 

deternrinations, triplicate drternlin:~tions were 
nrade in  one (lay on each of fivc dairy herds. 
The entire pronrclure a s  o u t l i ~ ~ e d  above mas 
carefully repc!ated three times, assuring tha t  
vach sampling was :L t rue replicate. The total 
fluorine ingestion rate per unit  of body weight 
for  the triplicv~tc dr t t~r~nina t ion  is sho\vn i n  
'l'ablr 4. These results s l i o ~ ~  tha t  n t  the 95% 
ronfidrnce limit the v:llucs deternrined will be 
within 20% of the t rur  Illcan, indicating tha t  
the ~nc.thod outlineti ;~hovc provides a fair ly 
accurate and reliable r s t in~nte  of the total ~nil l i -  
grants of fluorine ingrstrd per  kilogram of 
body wright of dairy an in~als  under field con- 
ditions. 

This ~nc>thod enablcs a n  invrstigator to deter- 
111ine \vhcthrr the average fluorine intake of a 
particular herd is above o r  below that  ron- 
siderecl safe for  dairy rows, o r  is a borderline 
case. E a r h  dc~trrnrination requires about one 
~rran-d:ly of effort to collect the ~na te r ia l  and  
necessary infortnation, prepare the saniples f o r  
analysis, and  111a1ir the necessary calculations. 
To the cost or this ~nan-day  nlust be added the 
'ost of a l ~ o u t  four fluorine ana1ysc.s. I n  actual 
practice, it h:rs l>(,cbn found Inore praeticzzl to 
have two loen work ;IS a team in gathering the 
material and pr rpar ing  the samples. Two Inen 
can cover two to thvce herds a day, depending 
on the type of frc.ding operation. 

A rrf ine~nent  of this method allows increased 
n u t ~ i e n t  requirenicwts f o r  an i~na ls  in  their last 
two to three ~ ~ ~ o n t l r s  of pregnancy and f o r  

TABLE 4 

l'riplic.atr determinations of the milligralns of 
fll~orine ingested per kilogram of 1)otly 

nvrigl~t of fire clifferrnt dairy I~erds 

1)rtrrniinntion number 

growth of heifers in their first and second lac- 
tations, as  suggested in  the most recent edition 
of illorrison's Feeds and  Feeding ( 3 ) .  This 
slightly incrc,ases the total nutrient allo\vance 
of herds in those instances where feet1 c:onsurnp- 
tion is based partially or  wholly on  calculated 
T I I S  require~nents, c.g., those herds on  pasturc. 
I t  in no  way affects those herds where the total 
intaltc is deterlnincd by \vrighing t h ~  f r rd .  

The procedure just  described was d c ~ i s e d  to 
fit a given set of conditions in  a particular 
locality, i1nc1 the results h :~ve  been accrptcd a s  
rritl(,nc.cl in litigation involving fluorosis in  dairy 
rattlv. I':rrlison e t  al. vs. United States Steel 
Corporation (1). It i s  helittvc?d the ~nc thod  is 
adaptal)lc to any  set of renditions where licld 
detcbrn~inations of fluorinr intake a r e  desired, 
provid(d the typcs of fcrd and  inrthod of 
feeding, which differ fro111 location to loeation, 
a r e  given 1,ropt.r consitleratior~. 1':111ploying 
this ~nethotl, the level of fluorine ingestion 
hy dairy co\\*s can he deterniincd on any  given 
day. The ;~vc~ri~gc. level of fluorinr ingestion 
orer a prriod of nlonths o r  yr:lrs can also 11e 
ascertained, if a determination is nlaile when 
there is a ~ n ; ~ j o r  change in  the source of feed, 
such a s  changing froni dry-lot to pasture? and  
thr  irngtll of tinlc on each feed regitnc is prop- 
(>rly xveightrd. 

To  date, 321 such fluorifie intake determina- 
tions have been rnade on 60 differrnt herds. 
Thrsr  results have provided excellrnt hack- 
groand for  eraln:~ting individual cases of pos- 
sihlr fluorine effrrts on dairy cox7s. 
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SECRETIOS OF IIE~'TACIETAOR EPOXIDE IN THE AIILI< OF COWS FED 
FIELD-CURED HAY FROM SOILS TREATED TVITII IIEI'T,%CIILOlZ 

Alfalfa hays containing high, medium, and low residuc.~ of h(y)tachlor ant1 
l~eptachlor epoxide n7ere fed to dairy cows fo r  a petiod of 30 days. R(.siclue 
detertninations v7erc? made on lnilli. san~ples prior to feeding the co~~ tan~ inn ted  
hay. and a t  i~ltervals during the treatment and post-trent~iient periods. The 
residues on the hay resulted fro111 treating the alfalfa in the early spring \\-it11 
lieptachlor either in granulated form o r  rnixed with fertilizer. 

Heptachlor eposide n-as detected in the nlillc of COWS fed on hay containing 
significant residues. The residues in the milk rose rapidly during the first ten 
days of feeding, aud changed verp little during the remainder of the 30-day 
feeding period. The magnitude of residues in the lnilk \vas generally propor- 
tioilal to that in the hay. 

Residues in the trlilk returned to pretreatulent levels a t  15, 30, and 45 days 
after treatment stopped in the low, medium, and high treatment groups, re- 
spectively. 

The consutnption of the insecticide a t  the levels en~ployed in this study lint1 
no nl3l)arent rffect on millt production, weight, or grnrral  11ralth of the animals. 

Hrp t :~ r l~ lo r  has 1,een reconimendrtl for  con- 
trol of the a l f ;~ l fa  ~v\-clevil in Inany ; w a s  of the 
rountry. The conversion of this ~nntr r i :~ l  to its 
c.l)oxidr for111 on nlfalt':~ \v;~s rrportrcl by Gan- 
11011 and Drcl<c.r (4 ) .  Heptarhlor ckl)oxitl(! has 
1)rrn sl1o1v11 to 1)e escreted in 111il1c o f  d a i l ~  cou-s 
f rd  Iiel)t:~c.hlor ( 2 )  or alfalfa sprayed with 
hrptarhlor ( S ) .  The c,poside 11;~s also been 
found in ~ n i l l ~  11-he11 t(vhtlici~l I~eptnchlor o r  the 
rposide was introduced into the conceutrate 
portion of dairy cox r;~tions (1, 3 ) .  

The objectives of this investigation n-ere ( a )  
to detern~ine if hcptarhlor epoxide was excreted 
in milk of dairy COII-s fed hay produced on soil 
treated with granulated heptarhlor, ( h )  to study 
the accumulittion of the eposide resictues in 
n~illi fro111 co\vs fed 1 1 2 1 ~  eont:~ining Itnomn resi- 
ilnes for :III rstc~ndcd l)cbriod, and ( r )  to ohservo 
the. ~x~rs is t rncc  of t l~v  epoxidr in 111ilIi after  
c~ontan1in;1trt1 11:1y W;IS rrlilovrtl fro111 tlic mtion. 

T11rcacb gradrd t r t ~ i i t ~ t ~ r ~ l t  Iovels \v\.c8rc sclcctc?tl 
on t110 I)asis of total I~cpt:lrl~lor ant1 heptixcl~lor 
r.l)nsid(~ residurs fo~uncl in field-carrd, haled 
i~lf'i~lfa 1i:~ys (Table I ) .  These rrsidurs rrsultcd 

Itrc.oir.c~~l for ])ubliention July 15, 1961. 

from t~pplication of heptacl~lor either :I.; gr:111- 
illrq or niisrtl in fertilizer to young alfalfa in 
the spring. cherlc involving untrrated h;ty 
was included in the experinlent. 

Eight lactating ITolstci11 corns mere divided 
into four groups, duplicating c>:~ch trratment 
levrl ;ind the check or ~u~ t r ea t r t l  lot. .\I1 cow5 
receiveci n ration of 30 Ih of titnothy 11ixp 
(grown on soil ncvrr trc.:~ted with heptachlor) 
and 14 lh ,f conec~~tra t r  per day for a 30-day 
pretrratment period. During thr 30-day treat- 

TABLE 1 

Resitlues of I~cptnel~lor m ~ d  heptnel~lor epoxide on 
11nys (1)plll) 

-- 

Treatment Ha7 IIeptn- El)os- 
group Lot elllor itle Tot:)] 

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

Cant rol 1 "  0.045 0.~li5 0.11 
T,OIV 2 ' '  0.11 0.17 0.28 
Mct1il1111 :{ " 0.1 8 0.28 0.46 
IIigll 4 ' I  11.45 

-- - 
o.50 

-- 
".35 -- 

"Fronl coll(1gc d:~ir.v f:rr111 on soil nevrr trcntctl 
with I~(>pt:i(.l~lor. 

" A  1:1 n~isturr  of Ilny T d s  1 3. 
'From collc,ge 11:tit.y f:trm treated wit11 2 111 of 

I~cq~t:~cl~lor pc,r ncrc' ill frrtilizrr misturc on Fell- 
rt~nry ?, l!)tin. 

" O l ~ t : ~ i ~ ~ c ( l  t11r011gll the (sor~rtesy of t l~c  Tirgi~tin 
~ > ~ ] ) : I I . ~ I I I C I I ~  of Agri~ltlture. 
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TABLE 2 

Summary of feeding espe~i~ncnt  using alfalfa hays with l tnow~~ residues of heptachlor and 
heptachlor epoxide 

Hcptaehlor epoxide ill milk (ppm)" 
- 

Days after feeding Days post- r/o intake 
Pre- started treatment serreted 

Treatment Ani- FCM/ trcnt- - into 
group ma1 tlnr ment 10 20 30 15 30 45 milkb 

( l b )  
Control 1 28.3 0.020 .024 0 .026 

1 A  43.2 0.024 .020 .028 .036 

Low 2 32.9 0.038 .065 .042 .088 .035 22.1 
2 A  32.6 0.040 .060 .054 .082 .037 20.0 

Medium 3 31.3 0.026 .092 .080 .I08 .050 .037 22.8 
3A 35.6 0.050 .075 .I12 .I38 .058 .033 29.0 

High 4 36.0 0.036 .210 2 3 0  .234 .10 .064 .040 28.6 
4 A  36.8 0.047 .210 .I85 2 4 6  . l a  .087 .054 28.3 

"Values are adjusted to a 4% FCM basis. 
bCaleulations made on the averages of the figures given for ten, 20, and 30 days after 

feeding started, and corrected by subtracting values for control animals. 

ment period each cow was offered a daily allot- 
ment of 30 lb of alfalfa-orchardgrass hay and 
1 4  lh of concentrate, H a y  was fed to cows 
twice d;~ily and refused hay was weighed hack 
and discarded just before th? nest  feeding. A 
post-treatment period of 60 days followed in 
which the cows received timothy hay, corn 
sil:,ge, and concentrate. Cows were weighed fo r  
three consecutive days a t  the heginrnng and 
again a t  the end of the treatn~ent period, and 
a t  weekly intervals throughout the treatlnent 
period. 

Milk from ench cow was ~nechanically srpa- 
rated and the cream ( t~pproxi~nate ly  50% rnilk 
f a t )  was frozen until subrequent analysis. 
Treatment groups were milked in the following 
order: control, lo\\?, medium, high; and the 
separator mas rinsed between cows and flushed 
with detergent between treatments. Cream sam- 
ples collected six days prior to treatment; ten, 
20, and 30 days after treatment started; and 
15, 30, and 45 days post-treatment were ana- 
lyzed for  content of heptachlor cpoxide accord- 
ing to the method of 3Ieyer et al. (5).' 

Heptachlor and heptachlor epoxide residues 
on hay Lots 1, 3, and 4 (Table 1 )  were deter- 
~ninecl by a revision of the method of Polen 
and Silvenn:~n (7, 9). '  I n  addition, hay Lot 4 
was analyzed in two 1:rhoratories by the method 
of 3lills (6): The iigurci given in Table 1 

' A ~ ~ a l ~ s c s  made by the Vrlsicol Cl~cmical Corp., 
Chic:~go, Ill .  

'A~~:tlgscs n~ntle I)y Englan(1 Labo~atory, Wash- 
ingtou, D. C., and by the Division of Cl~cmistry 
anll Foods, De;~nrtment of Agriculture and Imn~i- 
gr:~tion, Hiclnnon(1, Virginin. 

fo r  Lot 4 are averages of figures reported from 
the three laboratories. 

RESULTS AND DISCUSSION 

A summary of the results of the feeding ex- 
pr r in~ent  is presented in Table 2. Hept:~chlor 
cpoxido was prosrnt in the milk ten days zfter 
feeding of the insect,iride-conta~l~inated hay. 
Levels of epoxide residues in milk increased 
slightly brtween the tenth and 30th days of 
t rea t~~lent .  Residues had returned to pretreat- 
rl~cnt levels a t  15, 30, and 45 days af ter  treat- 
ment stopped in the low, medium, and high 
treatment groups, respectively. Amounts of 
heptachlor eposide secreted in the milk were 
generally proportional to the content of resi- 
dues in hays, regardless of level of intake. The 
ratio of heptachlor epoxide secreted in the 
milk of treated animals (corrected for  controls) 
to the total residue taken in ranged from 20 to 
29%. These figures are  considerably higher 
than those reported by other workers (1, 3).  
A possible explanation of these higher per- 
centages is that naturill residues in cured hay 
resulting fro111 treatment with granulated hepta- 
chlor wcXrc used in this investigation, whereas 
in other studies the insecticide was either added 
directly to the concentratc or sprayed upon 
the forage. 

There was little refusal of hay during the 
trc.ittlrrent period, with daily intakes of hay for  
the high, mediuni, low, and control groups 
:~veraging 28.8, 28.7, 27.3, and 29.5 Ib, respec- 
tivctly. hIilk prodnctiol~ (4% FCM)  was main- 
t:~inc.tl a t  a, fairly constant level during the 
entire period. There mere no marltrd changes 
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in appet i te ,  hody weight, o r  general  health of  
the test animals. 

The authors arc  grateful to the Virginia State  
Department of Agricnlturc and the Velsicol Cliem- 
ical Corporation for  coopcration throngliout the 
study; to J. F. Yatcls for  rare  and feeding of 
animals; and to J. L). H a r t  for  preparing the 
milk samplrs. 
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,\(+I3 ,-\XI) IIEIZT) I<I~'FE('TS IN SE\V %E,\TIIZSD 
D A I R Y  ('Ol\T RRE('0RDS 

Age-correction factors related to tlle levc~l of Ilertl production 11:1v(s recently 
l)(vn sho~vn to differ little fro111 ~llnltiplicative factors in rc.tlucitlg the, 11c.rtl-hy- 
:tgcB intcb~.:~ction vari;ulc~c! eonipollcnt in age-corrected records. Tllr herds ini- 
tinlly availal~le fo r  studying these variance components were fl.0111 Sew Tork 
data, ax-eraging eight colvs per herd. Larger herds than these arca 111orc suit:~hlc 
f o r  such a study and results are reported here of investigating the same vnri- 
ances anlong S e w  Zealand herds, averaging 58 cows each. Variance con~pone~lts 
\vc2rr estil~latetl 11- tl1rc.c different ~nethods, and in all annly~es  thr. interaction 
component ~vhen using herd-level factors was approximately equal to that of the 
actual records, n-l~ercas that  f o r  the multiplicatively corrected records Tvas larger. 
This suggests that lnultiplicative factors perhaps introduce interaction effects. 
or magnify thore already present in uncorrected records, ~vhrre:ls herd-level 
factors nlay not. 

-- 

Herd-level age corrcc+tion f:trtnl,s, developed 
t)y Stwrle and IIentl(~rson (4).  apprnrrtl by 
their design to take account of :tny inter:~c.tion 
that nlay esist I)rt~\-\-c.c~n herd enrironn~c~nt :~nd  
the effect of age on production. Rrcorcls :ire 
corrected hy atlditlg to t11et11 ;I prolmrtion of 
thc. agc.-cort~csctc~(l hcartl aver;lgcB. the esact pro- 
portion hc.ing de])c~ntlrnt on thr  individual COW'S 

:~gc'. Thus, all 11c.rtl-111ates of the. s:lnle age rc- 
ec'ive the same cort,clction to their rcrords. This 
: ~ s s u ~ ~ ~ c ~ s  t11;1t co~vs of diffrring grnt~tic: ntc'rit 
in thr  snnle herd incrcwse in 111'0(1n~tion hy the 
salnc alnount as they grow older, an  assunlp- 
tion which is not necessarily trur.  On the other 
hand, thcl use of mnltiplicativr factors assumes 
that cows of the sanlc age in different herds 
increase in production in direct p r o p o r t i o ~ ~  to 
their own records, independently of the differ- 
ent herd effects, esrcbpt as  th(1se have affected 
the records. This assu~l~pt ion  is not necessarily 
true, either, and 1)ossihly thc hest proc(~d11re 
for  age-correcting rcc*orda lies somemhcrt~ he- 
tween these t ~ v o  111c~t11ods. T'arious ways of 
co~nparing the111 n1.t. disrussed 11y St~:trl(> :tnd 
ITcndnhon (5). on(, I)c.ing a stndy of hercl-hy- 
ngca intc,r;tc.tion c+Trcts in records corrcctetl l)y 
110th 11lc.tlloc1s. I t  \v;ts found t1111t thr v:nnianccx 
colnponc.~~t due to tl~c~scb effcvts \vns I(.ss when 
recortl.: \\.('re corrcv.tc.tl I,!. the. Ilc.l~tl-l(.vc*I f';l(,- 
tom tll:in 11y the ~~~nltiplicativc. fi~ctors. This 
was ~ I . ~ I I I  ;I stutly of S v ~ v  Yo14c hrrds \vhc~ro, 
for :~n:~lysis of vari:~rlc*r pnrl)osc,s, th(1 Ilc~rd 

l<rreivc(l fo r  puhlicntion Al~grlst 05, 1901. 

c~1:tssific;ttion was t:tkt>~l :I.; l ~ c ~ r t l - s ~ ~ a s o ~ ~ ,  divid- 
ing cnch 11c.1.tl into cows t11:lt frc~shc~n in the 
f:~ll  : I I I ~  t h o s ~  t11:lt ft~c~s11cfi11 in th(3 spring. There 
was 1111 :tvcSr;lgca of 8.1 co\vx per Ii(~rd in the 
st,utly with t l t ~  :tvc2rag:.r uut l~l~cr  11vr herd-sen- 
son I(*ss thittt this, ant1 thc. :Ivchrage 11111111)rr p12r 
l~~ .~ . t l - s t . :~so~~- :~g(~  gt'oup 1t.s~ still. Sill(.(! 1:lrger 
groups :rrr Illol.c suit:thlr fc)r investig:~ting these 
vnri:tnccs, a farther study hiis been n~adc  using 
New Zealand data \\-here the herd size is greater, 
a l )p ros i~~~a te ly  (iO co~i--s per herd. 

P~~oduction i.c~orrls (1)ounds of n~i lk  f a t )  
arrc. nvailahlr fo r  15,12:3 c.ov-s in 293 pedigree 
.Jersc.y hrrds in the 1959-19GO dairying year. 
Only cows aged 2, 3. 4 , and 5-9 y r  were used 
(the nlajority of   no st cows in the herds) and 
only herds ~v i th  a t  least txvo cows in each of 
tlwsr age groups were included in the study. 
Very few herds ~vere  esclac~ed on this aceount. 
The number of e o ~ s  in each age group and 
their nlean p~.oduction arc, shown in Table 1. 
Agrs : ~ r r  rc.cortl(.d to the 11e;irest yrar  in Sr\v 
Zra1:111cl, hec.:~nsc of tllr sc~asonal pattern of 
c.:~Ivi~~g, :~nd  r ( ~ c ~ ~ t . d s  of colvs aged less than 5 
y r  wc>rcx co~~rectrtl u p  to thc level of maturo 
cows (thos(1 :~g(hd 5-9 y r ) .  T\vo sets of corrc.eted 
rc~corcls n.rrca ol)t:~itlc~d. on(, using ~~~ul t ip l ica t~ive  
f:lctors for  ~ ~ ~ u l t i p l y i n x  the :>ctual rc.cord hy 
1.:10, 1 .I:',, 0r  1.0:). ncc.o~.ding to \vl1(411rr it was 
of ;I 5-, :I-, 01. 4-y1*-oltl c20\v. : ~ n d  the other nsing 
l~rrtl-l(~vc~l t';~c.to~,s 1v11ic.h ;~tltl to the ;~ctual reo- 
ord :I p1.0110rtio11 of tho :~g:.c.-eorrc~rtrd 11rrrl av- 



'I'rIBLE I 
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(?!I3 prc1igrc.c. Jersey Ilcrds, 105!)-GO dairying year) 

3lran no. Mean 
No. of of eo\vs pro1lue- 

Age ~ O \ K S  r)er herd tion 

(YI-) fib fat) 
2 4,018 1-1 3IlG 
3 3,157 11 3 :3 :3 
4 2,611 !I 371 

5-9 7,337 25 R 83 

Total 17,123 59 :?.Ti 
- - .  

thrsc factors the sanitl anlonnt is added to the 
records of si~nilarly tiged rows n-ithin a herd. 
I t  is larger, ho~vrvc~r, for  the multiplicatively 
corrected records. The sampling variances of 
the vxriancae c,omponc~~~t estinlates ~vc~re  not oh- 
tainrd, hut the data wrrr divided into two 
groups of apprositnately c.clual size and analy- 
ses nlade of each group srpnrately. The groups 
were of 8.847 co\rs in 144 I~crds and 8,636 co~vs 
in 149 otl~chr herds. 

RESUT.TS A N D  DISCTSSIOS 

Results :Ire s1~o~~~1.n in Table 2. fro111 which it 
is inritlrdiatrly noticeable that the error vari- 33, 1:3. and 3%. Thcsc are the factors 
anccs are sinlilar fo r  the tm-o groups of herds: 

$vet1 in ( 3 ) ,  which illso shows the rnethod of 
the agc, variances are also sinlilar, wit11 con- ~ l ~ t a i n i n g  the age-corrc~cted herd average. 
sidelnhly s ~ ~ ~ a l l e r  values for  thr correc~ted rec- 

A11 records \{-ere corrected hy 110th sets of ords tllan tllr records. lralf  of tllc See- 
factors and variance comlmnmts rstit~lated fo r  oll(l gronp of herds ;,re frolll of the 
:hv tn-o s ~ t s  of corrcv.trd rc.cords and the actual eo l l l l t l . ~  ahovc. aver;lgc. in l,rotluctioll, the re- 
rc,cords. T l ~ r r e  1llc.thotls of v;~riance component m ~ l i l l t ~ r r  anti first gron,, being frolll 
ksti~~lntion ware  nsc~tl: ( i )  II(.nderson's n~etllod , , i o n  ~ l ~ i ~  acconllts for  the llerci 

( I ) ,  ~ ~ \ . J I ( ' L . P  th(l (sf'f'('cts dm8 to age, herd, :~r(.- vari;lllee estilllates i l l  tllr secOn(l group of llcrlls 
ly-herd intemctions, and c>istsor arc: ;)I1 cnnsid- rscc,c,(ling tlltrse ill tile first. 
,red randonl. ( i i )  Jletliotl 111 of TIellderson Conlparisons witllill eac.ll .<(,t of (lnta nnn- 
(I),  using the cottlputing ~ m c e d u r e s  given in lyxc.(1 revrnl that I ) ~ ~ I I  sets of age correctiolls 
(6 ) .  Thr age effects are Itchre considered fixed r.c.tluce tll(. ;lge val.i;lnce cOlllpo,lent to allnost 
rnd the \-ariance components due to the othrr  .,,,.,, colrl,)a,red to its i n  till, ;Ictual I.c, c- 
:hree (ritndon~) effects arc, estin~atcd free of ords. ~h~ Illultil,licative f;,(.tors incrrasr tllc 
rge effc~cats; and (iii) the analysis of suhclnss ,,,.,.,, allcl ller.d collll,ollents, colllpllrr~ to tllose 
)leans, n direct 1\Iethod T analysis of the age- actual rrcol~tls, hut tllcb llerd-l(~vP1 fn1*tol.s 
lerd su1)class tnenns, all of \vIiich were nonzero ; ,,,, ,. the ~ ~ ~ , ~ a  collll,ollent. 
wenuse all herds in the study hat1 some co~vs ~h~ illtc,l.action v;lri;lncc, c:onlponrnts for the 
n a11 age groups. Ilc~rd-lc~vrl corrcctc.tl recortls are, in all analg- 

The. c.l.ror v;~riance oht;rinrd :IS the Inmn scbs, a p p ~ ~ o s i ~ l ~ a t c l y  TOY: of those fo r  the multi- 
iclu;~w within the agc~-herd sul~clwsses is the ~)licatircly corrcctccl rreortls. The difference is 
;tlnlr f o r  all three an;~lyses. Tts value for  the sinlilar in hoth groups of herds and indicates 
,-rcords cor~.c~cted hy the herd-level factors is that linrl-level fn(2t1n.s correct records so as  
.h(. S ; I I I I ~  as  for thf. ;~c.tnal rc~cords, hrcause \\-it11 to contnin l(.ss 11t.rtl-I)?--age intmaction effects 

'11AJ3LE 2 
\-ari;~t~cc, ro~ t~ l )o~~cn t s  ill :I hcr<l-it?.-age :111:1lysis of ;tg,rc.-c.orr(~~t(>l rcronls 

- - - - - - - - - 

8,487 ~o\vs  in 144 I~c.r(ls 8,fi:tfi V O ~ Y S  i11 146) l~e~ , ( l s  
- - - - - - --- - - - 

Co~~t r i -  ('orrrvtc~tl r eeo~~ l s  C"orr~>ctrtl rccorlls 
11uti011 --  - - - - -  

to t 1 1  1l11lti- EIc>r11 A~t1:nl Multi- TIcrtl 
rarianrc rtvords ~>lic~ativ(~ I V V I ~ I  rc~or(ls  plic:~tivct Irvcl 

-- - ~p - - - -- -- 

Error 4,SZl .5,ilIl; 4,S21 4,817 5,fi.54 4,817 
Age c~fT'ct.ts con~i~l~~recl  I : I I I (~OI ) I  (lli4l1od 1 )  

Age 1,400 57 :<4 1,490 34 17 
Herd 1,913 2,294 2,311 2,736 3,237 3,231 
Ago X 11crd -- 003 324 246 190 2!l!) 3 93 

Agc cffccts co~~sidereil Iisrd (lfctl~od 3 )  
Herd 2,844 3,454 3,413 3,964 4,743 4,667 
Agc X 11eril 16:) 238 166 1-19 228 150 

Agc rffcrts ro~~sidcrr(l fixed (mrnlysis of suhrlnss 1ncnn4) 
IIerd 1,937 2,40(i 0,401 2,679 3,323 3,292 
Age X I1er11 176 452 160 168 264 154 



than ~nultiplicatively corrected records. But  
-\\-hat appears to  he more important is that in 
all an:~lyses the interaction component for  herd- 
level corrected records is very close to its value 
fo r  the, actual records. The higher value fo r  the 
~~lultiplicatively corrected records may, there- 
fore, suggest that multiplicative factors intro- 
duce intrmction effects or magnify those that 
:Ire prrsent, whereas herd-level factors do not. 
If so, i t  could he a good reason fo r  favoring 
the use of herd-level factors over n~ultiplieative 
factors. One cannot sap if the difference oh- 
srrved in Tahle 2 is significantly different from 
z n o ,  hut it occurs in all thc analyses. Possibly, 
the general increase in the error and herd co~n- 
ponents of the multiplicatively corrected records 
accounts for  the incrrase in tlnr interaction coln- 
ponrnt, hut the lo~ver values in the records 
corrected 1)y the herd-l(3vel filrtors suggest that 
thest! may hc the 1rror.c prefcrahle factors. On 
the other hand, the ohserved tlifferences, while 
consist~nt an~ong  all the an:~lyses, arc sn~all ,  
and the ease with whic.11 multiplicative factors 
can he used in practicr prohahly outweighs the 
111erits of the - herd-l(~v~~1 factors with their 
slightly Inore colnplir:~ted calculations. I I r rd-  
level fnetors shall continue to he used in S e w  
Zealand, however, one of their added advantages 
being that  they t~void thc~ over-inflationary ef- 
fects of' ~nultiplic~:~tive f:~etors on recorcls of 
young stock givrn preferential f(~eding, cases 
of ~vhicI1 occasion;llly occur and can give rise 
to mislt~atling progeny-trst results in natnml 
1'roofs. 

The different ;ulalyses presrnt results of in- 
trrc~st. Thc 3Iethod I analysis treats the age 
rffects a.s random, whereas in the two other 
:tnalyses thc,y are t:~krn as fisrd. The herd coin- 

pnnents a1.r geiierally greater and the intrrac- 
tion v:lrinnce less in the latter case. Among 
thc~ two agr-cffects-fisr(1 analyses, lio\vcver, the 
herd c o n ~ p o ~ ~ r n t s  arcL lt~ss in the subclass Inems 
analysis tl1il11 when using thr  Mrthod 3 analy- 
sis, hut the interaction conlponrnts are slightly 
greater. The suhclass lneans analysis ran only 
he n ~ a d c  -ivhcn all suhc~l;lsses have ohservntions 
in them, as  was the ca.scl in t11rsc. data. 

The correction factors nscd in this study ve re  
caleulatctl from data collected son~e 10 71. ago 
:tnd since then there has heen a trend in New 
Zealand to\\-arc1 rnrlier calving of 2 - ~ ~ - o l d s .  A 
study ( 2 )  ~ n a d r  hp the S e w  Zealand Jrrsey 
C';~ttle Rrc.eders' i\ssociation of 4S.868 reeords 
111ac1e in thr 19,iS-1 959 dairying yrnr shows that 
the aver:lpc2 ~~rodnc t ion  of 2-yr-olds is  80% of 
the mature. cow protluc~tion. This is in keeping 

with the averagcss shown in Tahle 1, tlie 2-yr- 
old average there, 306, heing 80% of the ma- 
ture cow averagr, 383. The multiplicative age- 
correction factor based on this result is 1.25 
and the corresponding herd-level factor is  20%. 
The effects of these changrs in the factors fo r  
2-yr-olds were investigated by repeating the 
Irfethod I analysis on tlie first group of herds 
(S,1S7 cox\-s in 144 herds), using the changed 
factors. Results are shown in Tahle 3. There 

TABLE 3 
T-arinncc components using agc-correction factors 

atl.justed for cnrlirr calving 
of 2-yr-0111s 

(8,487 cows in 144 herds) 

Corrected rccords 

Variance Actual Multi- Herd- 
due to : rrcords plicative level 

Error 4,821 5,601 4,821 
Age 1,400 -9 -7 
ITcrd 1,913 2,250 2,274 
Age X lieril 223 307 225 

is, of course, no change in the conrponelits fo r  
the actual records, nor in the error eo~nponent 
fo r  records corrected hp  the herd-level factors. 
The error component ~vheti w ing  n~nltiplicatlve 
f:~ctorc: 15 \lightly reduced ( f  rom 5,706 to 5,601), 
:I\ xvould hc eupc,cted if tlir new factors correct 
for  age Inore satisfactorily than the old ones. 
Sltn~lnrly, the age components i n  Tahle 3 are 
less than their counterparts in T:~hle 2, the 
herd conlponrnts are also slightly lo\rer (by  
only a small an~omnt), and the interaction coln- 
pnnent i i  changed fro111 322 to 307 with the 
n~ultiplicative factors, and Fronn 226 to 225 
w ~ t h  the herd-level fartor\. I n  gennal ,  then, 
the new agr-correction factors fo r  2-yr-olds 
lead to small changes in the vnrianec. mmpo- 
nents which arc insignificant in magnitude, hut 
thev are all rrductions, indicating that the new 
factors prohahly correct fo r  age marc, qatis- 
faetorily than thr old. 
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IIERITABILTTP AND REI'EATABILITY O F  COiYCEPTIOiY RATE OF 
BTjfJlS I S  ARTIFIC'IAL RREEDISG 

P. STT.2SSOS ISD S. R. SEART,IC 
New Zrnlantl ])airy 13onrd, J V r l l i ~ ~ g t o ~ ~  

The conception rate f o r  bulls used in artifici;~l 11rc.rding is  c1efint.d :IS thc. 
proportion of co\vs not  returning to first setviccr within 49 d ; ~ s  of i r ~ s e n ~ i n ; ~ -  
tion. EIrr.it;~l)ility of  eoncrl~tion r:~tc is  est i~nntrd a s  0.5.5 F 0.2(j frorn 75 sire-so11 
pairs  in :i y r  of l)reeding. the sires avc!lnging 1,T!)2 insc~~ninntions ant1 the s o ~ ~ s  
376. Repc~atal~il i ty is  e s t i ~ ~ i a t e d  f rom 314 sirrs  usrd in  2 y r  as 0.09 '-c 0.05, 
h;~sc.d on :In ti.vc.t.:1ge of 1,314 insc,n~inxtions p r r  sire per  year. Theso cstill~;~tc,s 
;Irr ohtnincd aftc.~. c ~ l i ~ ~ ~ i n a t i n g  from the lneiln S C ~ I I : I ~ ( ~ S  the i~l l ierrnt  s a m p l i ~ ~ g  
variat io~i  that ariscss fro111 the I)inon~i:~l tlistrihntion in r s t in~nt ing  thr  caonceytion 
r:lte of :I hull. The ~ ~ ~ ; r t l ~ c ~ ~ n n t i r a l  ~ ~ ~ c . t l ~ o d  of tloing this is p~.csscbntt.tl. 

l.;fficirnvy of rt~l)roductioii in  dairy cattle is 
pi~rt irularly i1111)ortant in  S e w  Zealand, where 
x~.:iss is  the 1n;1i11 (:11111ost sole) item of f r r d  
: ~ n d  c:~lvingii a lp  li1rgc4y restr i~t( :d to  th(> spring 
~~rontl ls .  Tllns, the pc,riocl of m a s i n ~ u m  mill< 
l)~'odnc.tion eoinviclrs with the ~)(srind 01' greatost 
~ ) ; i s t n r ~  pro\\.tli and ,  in  co~~sc~ciurncc~, late-cnlv- 
ing eo\vs linvc. shortel  I : ~ v t a t i o ~ ~ s  antl lo\ver p1.o- 
tluction, :IS shown in ( 5 ) ,  I I I I ~ I  :Ire Irss raln;~l)lc 
to t h r  far111c.1.. Fc~rtility 01' the I I I ~ I I ~ ,  is illso 
i n ~ l ~ ) l . t : ~ n t ,  c~slwci:~Ily in artitic.ia1 111.c~cding or- 
paniz;~tions, \v11c~rr :I t11inil11n111 I ~ I I I I I ~ ) ~ ~  01' in- 
s r l l~ i l~ :~ t inns  1)er cu\v i l l  call' is highly tlesi~,:~l)lt.. 
Thc, ]u.odu(.tivit>- 01' :I sirr's dangl~tclrs is the 
111ost i ~ n p o ~ t : ~ . u t  f;~c.to~. atYcsc.ti~~g his ~ a l n ?  but, 
ot11c.r things ljeing ociu:~l, tl~c! sir(, with a I ~ i g h  
roncc.ption t.:lte is 111ore dc~si1~:11~1~ tl1:111 on(1 wit11 
R low e n ~ ~ c c ~ ] ) t i o ~ i  ~.:~tcx. T<no\vledgc. of thr  I ~ r r i -  
tal~i l i ty of czonceptio~~ r:itcb is, thc~rc~l'orr, 11sc~f~1l 
a s  :II I  indic:ition oL' t l ~ c  c~ft'cvtivc.~~c~ss of s(~1rcdting 
1'01. this c.h:~lnctrr n h r n  l ~ ~ ~ o c l i ~ . i ~ ~ g  nc,w 1)ulls 
f o r  nsc in  :~rtific.i;~l hrc>c.di~tg, t h ; ~  t : I I . ~ ~  s o ~ l s  oi' 
si~.css alrc.:~tly i n  t l ~ r  stutl. 

1ic.portc.tl c~st i~~~;l t tks ol' the. h(a~,it:~l)ilit>- of con- 
vc.l)tioil r:~tc, :11'1x~:1r to I)? S(~R i l l  nl1111l)c>r. D ~ I I -  
II;II. and  1lc~ndc.rson ( 2 )  c~st i~n:~tc~tl  thc, 11rritnl)iI- 
i ty of the propo~.t ion of' nonrrtnrns to first 
scb~.vice ;IS 0.001, nsing the valnc, 0 f o r  ;I ret1u.11 
: I I I ~  1 f o r  n nonrc.tn~.n. l?oho~.tson (4 )  quotcls 
:111 r s t i ~ ~ ~ ; ~ t c  of 0.01, I)nt givcls no d(.linition 01' 
vo11ccq)tion r:~tc., antl T3nyley (1) ~'c>ports thsti- 
111a,tc>s o1)tainc.d 1,- Cnrnrll n ~ l d  Sor t l i  Carolina 
\\-o~.kc.~.s of 0.07 ant1 0.03 f o r  the h c ~ r i t a h i l i t ~  
of n n ~ ~ ~ l ) c ~  of sc~rvivc,s per  c.oneeptiot~. Tl~cnsc, 
reports rclnttr to f(hrti1it.y of t l ~ r  cow nnd thore 
npprai'  to  I)(, none rc~l:~tive to the I~nll .  Tlic1rc.- 
fort, i t  seerlls of intc,rest t o  reeortl c ,s t i~~~:~tc*s 

o1)t;iined  fro^^^ i n s c ~ ~ ~ ~ i n a t i o n  i l i~t i~,  c,ollectrd ~ I , ~ I I I  

sirchs and  sons nscltl a t  ; I I I  ;~rtific.i;~l 1)rec.tling 
stutl. 

il!) tln.ys, {'or rixc.11 sire uscstl a t  the. S e w  Zralantl 
1);lirq Ro:~~.t l  22rt,itic.ial Iir(.c-ding Centre* in 195S, 
1!)5!), :~ntl  1960. Sonic? of' t l ~ r  si~.cls hat1 sons ill 

sc.t~vic~c,, thus p ~ ~ ~ v i t l i n g  tlnta snit:~l)lr f o r  esti- 
~ ~ ~ i ~ t i n g  the sir(,-son rcfiprrssion of n o ~ ~ r e t u r n ~  
to service ( l ~ r r r : ~ f t r r  rc.fc~rrrcl to a s  conception 
~ x t e )  and,  hencr, the. Ilc-rital~ility of c.oncel)tion 
r ;~ tc .  1):lta wrre av:~il ;~hlc ill :111 :3 y r  f o r  ill- 
sc~r~~ina t ions  111ac1e on the tl:~y the scLlllcn \\.;IS 

c.ollc.vtt~d : ~ n d  on t11c tl:~y :iftc.r cwllrction. Tl~cksc. 
tlntn n.c.1.e kcq,t sep:~t.:~te ill thtr an:~lpst~s, sit~c*e 
I~nlls in S e w  %c~alan(l :Ire cl:~ssilied OII  the licvp- 
i ~ ~ g  :.111:1lity of' tl~c.i~. smlcxll, a s  tlisvnssrtl 11y 
I'roI)i11(1 (4 :)I. (:3), : I I I ~  tliosch wit11 I~ctter  I<(V,I)- 
ing :.lu:~lity :IIT usc~tl  ore ~vitlvly in  tl~cl regions 
~ ; I I .  tlisti~nt t '~r)nl the- Crntrr ,  \\-lirrc~ transport  
d r l ;~ys  resnlt i11 srlr1c.n bring u s c ~ l  ~ ~ r o s t l y  on 
thr  tl:~y a f t c ~ ~ ,  rollrc~tion. Sc.vc~ral hnlls had Illor(. 
t l ~ i ~ t l  one son in  sc.l.vicr in  tlir salllcx year. ant1 
sin(.(. repr ;~ t ing  snc41 I)nlls wit11 rach son \vonltl 
givcx a n  untrne 1) iv tnr~  ol' the 1)1111 v:~~ianccl 
(there h e i u ~  only :I, small s:i~rll)lr of l1111ls-12 
ill tilost instances), the rc.gression nnalysis \\-as 
n~atlc. of th r  averagr concrption r : ~ t r  of ;I sire's 
s o l ~ s  on  t l ~ r  sire's own roncc.l>tion r i~ to .  Th(. 
;ivc2~.:~ge f o r  the SOIIS \\';IS nhtainc(l a s  the pro- 
portion o f  nonrrtnrns :Illlong all inscb~~~in:~tions 
of all so t~s ,  so t l r ;~t  all i ~ ~ s r ~ ~ ~ i n : ~ t i o n s  of the sons 
of' a. hull \vrl.c, :~nnlyxrd togrthrr  and  the 
itl(.ntity of the. indivitln;~l sons not  retained. 

Rrc.rived for public,ntion i \ ~ ~ g u s t  95,  1DG1.  
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Bulls 11avi11g sons i l l  serricbc. were only par t  
of the data. These and many others had in- 
senlinations in 2 yr, thus allo\ving estin~:ltion 
of the repeatability of eoncc.ption rate. Al- 
though sonie bulls l~atl  inse~~~innt ions  in all 
3 xr,  esti~nates were ol)tained from the rc3gres- 
sion of 1 yr's rrsults on those of the prcpc.ding 
year, and not fro111 a vt~riance c o ~ ~ ~ p o n e n t  anal- 
ysis of the 3 yrs' records. Again, the data fo r  
the two types of scLlllen usngc (day of, ant1 day 
after, collrction) \vrre kcl)t srl):~rnte. Pooled 
cbstin~atrs were also oI,tained, hy pooling the 
Illran sclnnres and Illean products over gcl:lrs 
i ~ n d  tinies of usngcL. 

Itegression esti111;1tc3s of 11c~ritaI)ility and re- 
peatability of inilli l~roducation are f r r c  of the 
effects of tlie selrction that h:is takrn place on 
the production rerortls. Th(.sc: srlection effects 
do not arise in analyzing siro conccption rates, 
because there is little or no selection practiced 
on this tmdt. There is certainly selection against 
l~ulls  hnriiiji daughtclrs with lo\\, inilk i ~ n d  f a t  
prudu(.tion, hut i t  is assumed these traits are 
independent of conception rat(,. 

SlMPLITG TARIATION 

The ohserved conception r:~tc. of a, sire is 
the nulnber of nonreturns to first servirr within 
49 days, ilivided by the total ~ ~ u l n b e r  of first 
insel~~inntions. Tliis v ;~lur  is :III r s t i l~~a te  of 
the p;ttxn~pter of a I~iilo~ni:il distribution, as- 
s u ~ n i ~ ~ x  that the, I I U I I I ~ ~ ~  of nonr(.tnrns (i.r., sue- 
c.essful i~~sc ,n~i i l :~ t io~~s)  is hino~l~i:llly distributed, 
tlie trur conception r :~ t r  1)ring thr pro1)al)ility 
that any inseu~inntion is successful. Thr oh- 
srrved c*o~~ception mtr ,  t h c ~ ~ ~ f o r r ,  has a S:IIII- 

]>ling r:iri:~nce :irising f r o n ~  this binoniial dis- 
tribution :md d(q)c,ndent. OII thc total nul~ll)rr 
of insr~ninations 011 11-11ic.h i t  is 11:tsrd. This 
s ;~~np l ing  variancca contril~utes to the n~r i ln  
scluare between t l ~ c  ohservt~tl conc.c>ption rates 
and must be renlovc*cI before the nlean square is 
used for  rst i~nating heritability and rcpm.bi- 
hility. This effect oecurs only in thr  nlean 
square and not in the mean product, 1)eranse 
t t ~ r  sa~nples of co~vs on which are based the 
concrption r:rtes usrd in the product are indt,- 
pentlrnt of each otl~c~r.  TTT(., therefore, nerd 
only ronsidrr how to eliminntc. the salr~pling 
ra.rinncr fro111 the Illran squarrs. 

TJet p~ he the truth conception rate of the it" 
bull ill thr  study and let ;i I)(' the oI )s r~~-ed 
concrl)tion rat(, 1)asrd on 17i  i n s r ~ ~ ~ i n a t i o ~ ~ s .  F o r  
a san111lc of B hulls chosen f r o n ~  the mliole 
population of hulls, the rariancr n-r wish to 
estimate is  

The espec.tetl v:~lue of 1- ovrr rrpe;~trt l  saln- 
pling of R bulls fro111 thc. bull population is 
UP, the true v,viance alllong bull conception 
rates. The ii1(?:111 square ;~ltrong t l ~ c  ohselred 
co~~cep t io~ i  rates is 

Tl~c. 'spc~ctcfitl valuc~ of this over rcy)c~titions of 
tlrt~ H b i n o ~ ~ ~ i a l  populatio~ls, using the same 
11tu11hers ut' i n se~~~ inn t io~ i s  )hi, is nut l', as \ve 
\v:111t l)ut, writing y j  = 1 - l i , ,  is 

T11;it is, ill is a biaseil esti~~l:tte of I/, biased 
np\v;~~ 'd  by tllc llieau value of ttic s;r l~~pling 
1-arinnre of tile individual observed c,oncrption 
ratcls, p i y i / ~ l i  I~eing the s i ~ ~ l ~ p l i n g  v:~ri;~nce of 
l ; i .  

T l ~ r  bias in 31 can bc. ~.c.~novc.il 1)y noting that 
the rspected v;~lne ot' j;;iit ( 1 1 :  - 1) over re- 
peatrtl sanipling in tl1c8 hinon~ial population 
(krc>])i~~g 928 lischtl) is pi(/!; 1 1 ; .  Thus, it' we write 

\ve find that the rspectt~tl value of ill' i i  

I I : I I I I ~ ~ ~ ,  that ill' is an es t in~;~tor  of 1- unhiased 
by the rflcvts of' thr h i ~ ~ o ~ ~ ~ i i i l  sil~llpling. TTe 

1 11, q +  
shall refer to the term - 2: --- as  the adjust- 

B , 1 1 , - 1  

~ n r n t  fo r  s :~ .~~~pl i i ig ,  whir11 h:ts to br sul)tractrd 
fro111 the nlth:tn squarr of thr  obsei-vrd concrp- 
t.iol~ rates to ol~tain a n  unbiased rst i~uate of 
thr v;irianrr :Ilnong the sire conception ratrs. 
This has hrrn done ~vhen rst i~nating thr rari-  
ancc! c~ompo~~rn t s  usrd in the esti~natrs which 
follo\v, of Iic~.itability and and 
thrir standartl errors. 

TVta Inay notr ilt this stage that rorrrctions 
of this naturr 11ave also 1)een dcveloprtl for  a 
l~(~twc~c~~~-and-within an:llysis ~vhthre, fo r  ex- 
n~nplcb, we wish to m~nlyze hatch rrsnlts for  
I)atcl~cis of s~111(~11 r i t h in  bulls. Tn both cases, 
it. is ;~lso possi1)le to find the vnriance of the 
c.sti~~~:rtt>s oht:linrd f r o n ~  expressions likr 31' 
: I I I ( ~  to find unhi:ieed t~stin~ators of these vari- 
:Inct1s. This ~vorlc is l)rc~cecding and will be 
rcy)~ ' t r i l  in due course. 

Tt niijil~t be suggested that :L Illore appro- 
1)ri:ltr I I I ( I : I I ~  sr lu;~r(~ t11a11 ;lf ~vouI(1 he one where 
t 11~  ohsrrvecl conception rates ~ v r r e  x-eighted 
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TABLE 1 

Summsrv of data for heritabilitv studv 

Data Sires Avg no. of insems. 

Avg no. Per 
Anal- Time of of Avg Per %-sib Avg 
ysis insemitlating Year No. insems. c.r." No. son group c.r." 

(%) (%) 
1 Dayofcollection 1958 1 2  1,220 65 17 442 627 65 
2 1959 12 1,633 62 23 343 657 61 
3 l!IiiO 27 3 62 54 456 902 63 
4 Dayaftereollectionl959 12 1,917 55 27 364 818 52 
5 l!XO 1 2  1,663 61 25 213 444 62 

Pooled 75 1,792 61 146 376 732 61 

" c.r. = Conception rate, the percelitage of no~~rrturns to first servire 4!) days after 
it~sctninntion. 

hy the nutnher of inse~ninations on which they 
:Ire based. Such a tilean square, however, has 
an espcrted value which incorporates V in no 
siniple manner. If  we were interested in a 
weighted variance anlong the true conception 
tntes, thrn the xvrighted tnran sqnnre woulii he 
suitahle, hut sincc: we are interested in the 
un\veigl~tt~tl variance nlnong thr  pi's V is ap- 
propri:ltc> :ind -If, acljust,cd to  A!', Inore suitable. 

Tahlr 1 s n n ~ ~ ~ ~ : i r i z e s  t l ~ e  data used for  the 
lieritahility study. The. niost noticeable differ- 
ence hetween the sircs and the sons is the 
greatrr  nunihcr of insrtrtinatioris per sire, Itlore 
than four titnes as 111:iny as fo r  the sons. This 
is hecause thtr majority of t.he sons are  u11- 
provrn hulls used in srrvice just suffit~irntly to  
obtain enough daughtrrs fo r  :I rrliable progeny- 
test. The conception rate for  semen used the 
day after collrction is higher in 1960 than 1959, 
thr  increasc in 1960 coincitlir~g a lrss 
\vidcspreafl use of (1:ly-aftt,r-collection semcbn 

and correspondingly a more intense selection 
of hulls according to semen-keeping qualities, 
f o r  use i n  areas having to  use the older semen. 
In~provemrnts in the setnen extendcr in 1960 
also contribute to this increase in conception 
rat('. The average nun~her  of inseminntions are 
shown fo r  the sons and also for  the half-sih 
groups of each sirr, the latter being the aver- 
age nulnhrr of sons' inseti~inations per sire. 

The data in the rcpeat:~hility study are sum- 
~narized in Tahle ?. The nu~nher  of inscmina- 
tions per hull are simil:ir from yrar  to gear, 
there being a mixture of proven and unproven 
hulls. The eonc~t~ption rate fo r  inseminntions 
niade the day after collc~ction shows the same 
low tendency in 19.59 as in the lieritahilitp data, 
although the figure 1 yr  rarlirr, f o r  the same 
hulls, is  higher, namely 61%. This is accounted 
for  hy region:tl differcnrcs in conception rates 
that ha.ve oc~c~urrcd rc.gularly throughout the 
country. Onr particular region has consistently 
had rates lo~vcr than elsewhere and in 1959 
this rrgion was forcrtl to use ahnost predom- 

TABLE 2 

AII:II- 
ysis 
- 

- -- 

Summary of (1:ltn for rcpcntability st,~idy 
-- - 

First year Sccontl ytS:l r - 
Tinie of No. of Avg no. Avg A\-g no. Avg 

it~sc-minnting Years sircs illsc~ns. c.r.B insems. '.r.' 
-- 

( % I  ('%) 
Dny of roll(sc*tion 1958antl1959 77 1,51(i 6.5 1,194 62 

1959 and 1!)60 99 1,223 63 1,413 (i? 
Day after collection 1958 ant1 1959 82 1,038 61 1,286 57 

1959 :111d 1960 56 1,781 57 1,499 61 
314 1,346 62 1,341 61 

" c.r. = Conception rate, tile percentage of nonrctnrns to first service 49 days after 
iasr~ninntiotl. 



HERITABILITY AND REPEATABILITP OF CONCEPTION RATE 

Anal- 
ysis 

1 
2 
3 
4 
5 

Pooled 

TABLE 3 
Estimating heritability of conception rate (measured as a percentage) 

Heritability 
Observed mean Adjusted mean 

squares squares Mean Stand- 
No. of prod- Esti- ar d 
sires Sires Sons Sires Sons uct mate error 

inantly day-after-collection semen. I n  conse- 
quence, the conception rate for that semen is 
lower than in other years. This factor is addi- 
tional to those given above in discussing the 
heritability data. 

Results of the two studies are given in Tables 
3 and 4, showing the observed mean squares 
and the adjusted values after allowing for 
binomial sampling. Pooled estimates, pooled 
within years and ages of semen, also are shown. 
The heritability and repeatability estimates 
are based on the adjusted values, using ob- 
served covariances calculated without adjust- 
ment. Values in the tables are in terms of per- 
centage units, i.e., 11.2 is the variance (after 
adjustment) of the sire conception rate in the 
first analysis of the heritability study (from 
Table 1, a mean value of 61%), the standard 
error of the individual rate being $1.2 = 
3.4%. 

The pooled estimate of the heritability of 
conception rate is 0.55, with a standard error 
of 0.26. This is significantly greater than zero 
a t  the 5% level, based on 74 degrees of free- 
do111. But with only 75 sire-son pairs and a 
resultant standard error of 0.26 a satisfactory 
estimate of the true value can scarcely be given. 
Nore data are needed and were some three to 
four hundred sire-son records available the 

standard error of the estimate of heritability 
would be in the order of 0.10, a f a r  more satis- 
factory situation. 

I t  is of interest to note that the difference 
between the observed and adjusted mean squares 
in the heritability study (Table 3) is more 
than twice as large for the sons as for the sires, 
corresponding to the lesser number of sons' 
inseminations as shown in Table 1. On the 
other hand, in the repeatability study the dif- 
ference between observed and adjusted mean 
squares is similar for both first and second 
years, corresponding to the similar number of 
inse~ninations per sire each year (Table 2) .  
These results are, of course, as one would ex- 
pect, from the nature of the adjustment that 
is made to the mean squares. They emphasize 
the need for eaution when interpreting esti- 
mates of heritability and repeatability of wn- 
ception rate based on records obtained from 
only small numbers of inseminations. The esti- 
mated (i.e., observed) conception rates will 
have high sampling errors about their true 
values and, although the adjustments to the 
mean squares will be relatively large, the re- 
gression estimates will still have large standard 
errors. This must also apply to heritability 
estimates obtained from daughter-dam pairs, 
using the (0, 1 )  variate for returns and nonre- 

TABLE 4 

Estimating repeatability of conception rate (measured as a percentage) 

Repeatability 
Observed mean Adjusted mean 

squares squares Mean Stand- 
Anal- So. of prod- Esti- ard 
ysis sires 1st year 2nd year 1st year 2nd year uct mate error 

1 7 1 17.9 34.9 12.3 28.1 10.5 .85 .I5 
2 99 21.4 15.6 13.3 10.0 9.5 .71 .05 
3 82 44.5 56.9 35.7 49.0 33.6 .94 .08 
4 56 50.8 36.3 46.4 29.7 15.8 .34 .10 

Pooled 314 31.8 34.8 24.8 28.1 17.2 .69 .05 
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turns to service. Such a ~ a r i a t e ,  used as  an  
estinlate of the f'cniale's conception rate, has 
a high standard rrror, as  i t  is based, i n  effect, 
on one insenlination only. It is, of course, im- 
possible to estinlate a cow's conception rate 
from a large nunrber of inse~ninations, brcause 
she receives no further servicrs once shc is in 
calf and, in many instances, only one insr~nina- 
tion is made. I f  this restriction on the binonlial 
situation did not exist, estimates of the heri- 
tability of female conception rate 11right be 
larger than the values reporteil in the literature. 

The 11erital)ility estimate ol~taincd here is 
consitlerably greater than p~~c~r ious ly  reported 
es t i~ l~ates  ( for  female eoncq>tion rate) and al- 
t l~ongh i t  has a high stand:~~.tl error the indi- 
c:ltion is that the true valucl is probably greater 
t l i i~n zero. This suggests that i t  may he ~ o r t h  
while discriminating against sons of a sire 
known to have a lolv conreption rate, when 
procuring new hulls f o r  an artifiri;tl breeding 
stud. Srlcction of this natnre coul(1 be prac- 
tired quite easily, 11c~causo the bulls with higher 
conception rates will usu:llly h a w  ]nore sons 
ava.ilablc than t l~ose ~ ~ i t l i  low eo~lcc~ptioa mtes. 
Too much selection in this direction, ho~i-ever, 
could lead to an  over-concrntration of thc sons 
of only n few sirrs in t l ~ r  stucl. those with high 
conception rates and hig11-producing daughters. 

The estimates of repcvttebility arc shown in 
Table 1, the pooled estinlate being 0.69, with a 
stand:rrd error of 0.05. This indicates that  the 
repeatability of sire conception rates from year 
to year is undoubtedly high, and very likely 
somrthing exceeding 0.60. The standard errors 
of the various estinlates arc  noticeably s~naller 
than in the heritability study, due to there 
being considcrably more bulls in the analyses. 
The estimate 0.34 for Analysis -4 (setncn used 
the day after collection, 1959 and 1960) is 
considerably lo~i-er than the three othrr  values. 
This arises fro111 the large ~nean  square in 
1959, which is brought about by the same far -  
tors that  led to  low conception rates in this 
year fo r  day-after-collection sernrn (Table 2 ) .  
One region of the country which has had con- 
sistently lower conception rates than elsewhere 
used this semen estensivcly in 1959, thus in- 
creasing the bet\\-r~n-bull variation (49.0 in 
Analysis 3 and 46.4 in Analysis 4, con~pared 
to  35.7 fo r  195s in Analysis 3 ) .  The reduction 
in 1960 to 20.7 is prol):~hly due to the new 
diluents, which increased the conception rates 
of hulls wit11 othenvisr low values more than 
it  did fo r  the bulls with high values. 

A high repeatability value of conception rate 
has two useful i~nplications in the managing 
of a n  artificial breeding stud. The first con- 
cerns estimating the conception rate of un- 
proven bulls being used to obtain sufficient 
daughters for  a progeny-test. These bulls will 
ha.ve relatively f rw  insenlinations initially, per- 
haps only two or three hundred, depending in 
large nrrasure on the proportion of farmers 
using artificial breeding who also herd-test. 
Apar t  frorll the sampling variation, this first 
est i~nate of an unproven bull's conception rate 
\\-ill be a rel:~tively reliable estimate of his 
futurct conception rate assuming, as  this study 
suggests, that  the repeatability of sire con- 
ception rate is high. The second implication 
of a high repeatability concerns arranging the 
daily roster of bulls, which is especially im- 
portant in A-ew Zenland, where the breeding 
season is  short and the daily output of proc- 
essed semen over the main two-month season 
is high, rising to over 15,000 cc per day. I f  
prior estimates of conception rates are a re- 
liable guide to future values, the roster can be 
designed so that  the use of bulls with Ion- con- 
ccption rates is minimized. The high estimate 
of repeatability might also suggest, perhaps, 
that  the heritability of conception rate is greater 
than hitherto thought from daughter-dam stud- 
ies. The sire study reported here yields a n  
cstimate of 0.55 f 0.2G, and xvit.11 the repeata- 
bility esti~natc being 0.69 k 0.05 i t  seems rea- 
sonable to thinlc that  the true heritability value 
might be in the neiglihorhood of 0.30. This 
conjecture will he substantiated or rejected as  
further sire-son data l~ecome available. 
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SUMMARY 

Forty-eight male I-Iolstein calves, averaging 79 C 6 days of age :und 7.2 
* 1.8 y of vitamin A per 100 1n1 of plasnla, were fed one of two int:lkes of a 
vitan~in A depletion ration, loo%, estimated to provide an anticipated weekly 
gain of approximately 10 Ib, or 60%, which was six-tenths of the ration allow- 
ance of the 100% intake group, for one of two durations, 12-wk or 24-wk, and 
one of six carotene intakes from artificially dehydrated alfalfa, lo-, 20-, 30-, 
40-, 50-, or 60-7 per pound of live weight per day. 3Iarked differences between 
the 60% and 100% intake groups were observed in daily rate of live weight 
gain, 1.36 vs. 2.08 lb, in heart rate, 74 vs. 88 beats per minute, in the QT elec- 
trocardiographic interval, 0.364 vs. 0.314 sec, and in the systolic index, 0.400 
vs. 0.378. These differences in the calves fed the 60% level of ration intake were 
acconlpanied by higher concentrations of plasma and liver vitamin A, by slightly 
lower cerebrospinal fluid pressures, and by an alteration in the protein distri- 
bution of serum and cerebrospinal fluid. The latter changes were prilnarily 
attributable to decreases in the beta-globulin fraction. Also, slightly lower 
concentrations of chloride in seruni and of sodium and potassium in cerebro- 
spinal fluid occurred in the 60% level of ration intake calves. To n~aintain 
equivalent cc.rebrospina1 fluid pressures, calves fed the 60% level of ration 
intake rerluired 0.74 as much carotene as  calves fed the 100% level of ration 
intake, and to maintain equivalent liver vitamin A stores per unit of live 
weight, 0.86 as inuch carotene. 

Duration of deficiency, either 12-m~k or 24-wk, had an inappreciable effect 
on niost of the criteria studied. There mas some indication of greater cerebro- 
spinal fluid pressures in the calves fed the three lowest carotene intakes for 
the 24-wk duration than in comparable calves of the 12-wk grouping, as well as 
higher serum magnesium and cerebrospinal fluid sodiuni concentrations. 

Calves fed the three lowest carotene inta.kes, deficient as evidenced by ele- 
vated cerebrospinal fluid pressures, exhibited greater protein concentrations in 
scrunl and cerebrospinal fluid (also slightly greater in aqueous humor but not 
statistically significant) than did calves fed the highest three carotene intakes, 
adequate as evidenced by no elevation in cerebrospinal fluid pressures. These 
increased total protein concentrations mere attributable, prin~nrily, to increa.ses 
in the beta-globulin fraction and to a lesser degree in the gn~~~ma-globulin 
fraction. 



Reduced feed intake of cattle occurs in acute 
(9)  and chronic (25) hypovitaminosis A, espe- 
cially in the terminal stages of the deficiency. 
I n  addition, the higher the level of ration in- 
take, the more rapid has been the rate of vita- 
min A depletion from the liver (6, 14 ) .  A 
greater oceurrcwec of squnlnous nletaplasia of 
the interlobular ducts of the ptirotid gland mas 
observed in calves fed the higher of t\vo intakes 
of a vitamin A depletion ration (27).  Siinilar 
findings have hrrn observed in other species, 
as rerir~ved by Moore (24).  

Cattle can tolerate vitamin A deficiency of 
short duration without apparent ill effect, as 
t.videnced by the lack of outward signs charac- 
teristic of this dcliciency in either co\vs or their 
c:~lves (29) and in calves by no elev~ttion of 
cerebrospinal fluid pressure or decrease in suh- 
sequent ability to convert carotene to vitamin 
A (13).  I n  contrast, relittively long periods of 
vitamin A deficiency result in a variety of 
anatonlical (3 ) ,  c1inic:ll (5, I S ) ,  histological 
(17) ,  and physiological changes. Aniong the 
latter, night blindness ( I s ) ,  papillary e d r n ~ : ~  
(30),  and increased cerebrospinal fluid pressurc 
(22, 23) are well-defined changes characteristic 
of the deficiency. Alterations in the conceutra- 
tion of several hiochen~ical constituents of sc- 
rum (11, 12, 20), as well as  decreased ability 
to  convert carotene to vitamin A (13))  also 
have been reported. While incre:lsed cerebro- 
spinal fluid pressure appears to be the first 
discernible c11:lnge to occur in vitan~in A de- 
ficiency of cattle (8 ) ,  the nuinl~cr of criteria 
exhibiting change, as well as  cach criterion's 
incidence, increases not only as  the level of 
carotene intaltc is  decreased but also with longer 
durations of deficiency (5, 18 ) .  

I n  possible contrast to the many changes ob- 
served in prolonged vitamin A deficiency, as  
just cited, calves fed graded levels of carotene 
(16-, 24-, 32.) and 40-y per pound of live 
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weight per d ; ~ ) ) ,  such that nlarked, s l~ght ,  or 
no increases in cerebrospinal fluid pressures 
were produced a t  the termination of 16  wk of 
supplementation, exhibited no outward signs 
~nclicative of vitamin A deficiency (8). Also, 
cb\;c~cl)t possibly a t  the lowest carotene intake 
\v111c.h resulted in n~arkcd elevation in cerehro- 
s1)in;il fluid pressures, small differences -\\-ere 
o1)srrvc.d with respect to protein and mineral 
concctntr:itions of s e ru~n  and cerebrospinal fluid. 
'Iowc~vc~r, slight differences existed in sorne of 
thc nrinrral constituents of aqueous humor be- 
t~r-ren ealvcs fed the 40-y intake, and calves fed 
the I&, 24-, and 32-y intakes. 

12(>c.:iuse of the apparent importance of level 
of frcltl intnkc upon the vitanlin A economy of 
cattlo, and of the numerous changes occurring 
in r i t a~n in  A deficiency of prolonged duration, 
as contri~stcd to the few of early deficiency, the 
present invcstigation was undertaken to ascer- 
tain the eflrct of these two variables, level of 
ration intake and duration of deficiency, upon 
some of the biochemical constituents in serum, 
cerebrospinal fluid, and aqueous hunior of call-es 
fed a range of carotene intakes sufficient to 
produce marked to no elevation in cerebrospinal 
fluid pressurrs. 

EXPERIBIENTAL PROCEDURE 

. I i r 1 1 1 i n 1 ~  anr7 feediqzq. Forty-eight one-day- 
old IIolstein male calves purchased from vari- 
ous State institution herds, during the period 
No\~rn~hcr ,  1959-January, 1960, m7ere trans- 
ported to the Animal Kutrition research barn 
and placed in individual, sawdust-bedded tie 
stalls in a portion of the barn in which the 
nin1)ient temperature was nlaintained a t  a iiiini- 
niuin of 50 F. Thereafter, each calf was raised 
to approxiniately the 63rd day of age on a 
r:ltlon consisting of limited whole milk, limited 
calf startctr, and ad  libitum chopped alfalfa 
hiiy, essentially as previously cited (8).  

On approxi~nately the 64th day of age, each 
calf was fed a vitamin A depletion ration (8 ) ,  
such that its anticipated increase in live weight 
f o r  each sevrn-day period was 1 0  lh. When 
the plasma vi ta~nin  A concentration, based on 
analyses of hlootl smnples obtained a t  successix~e 
seven-day periods, fo r  each calf h;ld clecreased 
to or less than 12.0 y per 100 1111, i t  was placed, 
after the next s c ~ r n - d a y  period, on one of 24 
t i-mt~nents fo r  a 24-wk eolnparison period. The 
trc:i t~r~rnts,  consisting of n 2 X 2 X 6 factorial 
dr\i:n were: two lr\els of ration intake, l o o % ,  
\vliich \\-as the vitaillin A depletion ration al- 
lo\v:~nc*c as cited ahovc and provided ml esti- 
niated sever-day i11crr:ise in live re ight  of 10 
111 and, GO%, six-tenths of the ration :~llo~\-- 
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ance of the 100yo intake group; two durations, 
12- and 2-1-wk; an(1 six carotene intakes, lo-,  
2%. 30-, 40-, 50-, and 60-y of rarotvne from 
artificially dehydrated alfalfa ~nea l  p r r  pound 
of llve we~gh t  per day. I n  order that nlmsure- 
111ents would be obtained a t  an  essentii~llp cqu~v-  
:rlont age, the calves allotted to the 12-wk dura- 
t ~ o n  groupings received the 100% depletion 
~x t ion  allowance plus 36 y of carotene per 
pound of live weight per day fo r  the first 
twelve seven-day periods and, thereafter to the 
cvilnplrtion of the comparison period, their re- 
hl)('ctive levels of ration intake and carotene 
intake. 

The 100% levcl of rittion intake was expected 
(8, 26) to be alnlost c o ~ ~ ~ p l e t e l y  consunled by 
thc ci~lvrs. The 60% level of ration intake was 
;~nticipated (27) to result in live weight in- 
cdreasrs of slightly grc>ater than 50% of those 
for  the animals receiving the 100% level of 
ration intake. JTThile insufficient data. esisted 
to make a fimm decision as  to the minirnunr dura- 
tion of vitamin A deficiency of ci~lves in which 
to expect elevated cerebrospinal fluid pressure, 
n period of as  few as  4 wk was definitely too 
short (13) in calves depleted to equ:il to or 
less than 12  y of vitamin A per  100 1111 of 
plas~na and subsequently fed 12  y of carotrnc 
intake per pound of live weight per day. A 
period of 8 w k  appeared to be sufficient a f t r r  
c~ssentiallg silnilar vitamin A depletion and suh- 
seqi~cnt Seeding of carotene intakes u p  to ap-  
prosilnatrly 20 y, whereas a period of 12  11-k 
of c:~rott,ne supplementation a t  a 30 y intake 
rcsultrd in inrreases in pressure iunpubl~shed 
data) .  Therefore, the latter period, 12-mk, was 
c*lloscn for  the shorteqt duration. The longest 
duration, 24-wk, w:~.; hnsed on the observatloas 
of others (12, 20),  in which outward changes 
(.hameteristic. of the latter stnges of v ~ t a n ~ i n  A 
deficiency were produced in cattle. The lo- ,  
20-, and 30-y carotene intakes, deficient, were 
expected (8, 26) to result in ~nnrkcrl to slight 
elevation in cc,rehrospinal fluid pressures, 
whereas the 40-. 50-, and intakeq, adequate, 
mere e s ~ ~ e r t e d  to re\illt 111 innppreeiable change. 
The 36-y carote11e intake, (~11osen to feed the 
cnlres of the l2-n-k dnmtion grouping? durinq 
the initial 12 TI-k of the con~pariqon period, 
\\-as anticipated to result in no increase.: in 
]x7eSsure. 

The first 31 ci~lrcs, first replicate, to arrivr 
nt the research barn were aqsigned to our of 
thr 21  trmt~neii ts  according to n previous rail- 

donl allotlnent. Thic: procedure IT-a.: repeated 
for  an  additional 2 1  calves, second replicate. 
Avrrage agr  a t  the start  of the conlparison 
pcrioil and its standard deriatioa Trere 79 and 

r i s  days, respectively. Comparable values fo r  
live weight TI-ere 195 and 21 Ib, and for  plasrna 
vitamin A concentration, 7.2 and 1.8 y per 
100 1111. Calves were slaughtered either one or 
three days following the termination of the 
eonlparison period, during which time each calf 
c.ontinuc.d to receive its designated levels of 
r:ltion and carotene intake. 

Calculation of the amount of artificially de- 
11ydr:ltrd alfalfa to supply the fixed carotene 
int;rkc.s, and thr  trtlatrncnt fo r  scours, were 
rssrntially identical to those reported fo r  pre- 
vious studies from this Station (26).  How- 
rver, the incorporation of the alfalfa into the 
vitamin A depletion ration was slightly modi- 
fied (13),  to ensure cornplete consumption of 
the carotene supplen~ent. 

Obsercations and nnal?jses. With a few ex- 
ceptions as listed below, these mere identical to  
a previous study ( 8 ) .  I n  addition to trrlninal 
cerebrospinal fluid pressures, this ~neasnrernent 
was taken the 12th wk of the co~nparison pe- 
riod also, for the purpose of ascertaining 
\vhether those calves in the 12-wk duration 
,qrouping had elevated pressures. No intraocu- 
Iar pressure measure~nents were made. Nu- 
111erous other tissues in addition to the eye were 
t:~kcln fo r  histological examination, results of 
\vhic.h viill he published subsequently. 

Total protein concentration of the aqueous 
hunlor was clc>termined by the Lowry procedure 
(19) ,  and the chloride content of all fluids, 
instc.ad of bring analyzed calorimetrically as  
prr~-iouslp, wns determined by the Cotlove pro- 
( . e d ~ ~ r e  ( 7 ) ,  e~nploying an  automatic titrator 
iAn~inro-Cotlovr, Arnericnn Instrument Com- 
paup catalog Xo. 4-4420). 

I n  addition, glyro-protein distribution was 
determined with a Spinco (Model R ,  Series D )  
paper eleetrophoresis system (1) .  Seruni mag- 
nesium was calculated from the comhined cal- 
rium-n~ngnesiuni concentrations deter~nincd by 
~ompl (~son~e t r i c  titration, using a. Snrgent 
( l lodel SE) autoniatic spectropl~otolnetric ti- 
trator (21) and subtracting the concentration 
of calciun~ as  determined hp fla.ine photon~etry 
(8 ) .  Also, sermn alkaline phosphatase (16) 
and glntamic-osalacetic transaminase (2) ac- 
tivities  re deterlnined ; the former, hccau~e  
of its reported reduction in hypovitaminosis A 
of c:lttle (20) and the latter because of i ts  
,111ility to detc~ct the possible effects of treat- 
111c1nt on tissnr integrity. 

Thc arn.njic ~ninimum and maximum daily 
I):~rn ~ C I I I ~ > C ~ ~ I I I ~ C S  during the comparison pe- 
1.1otl. fot. all calvcls, January  through Sep- 
tt~n11)c.r. 1960, ~ v i t h  their st:indarrl errors, were 
60.8 i 0.2 F and 71.7 =k 0.1 F, respectively. 
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Average artificial light intensity to  which the 34-wk duration plus the 50-y carotene intake, 
calves were exposed daily from 6 AM to 6 PM, developed a prolapsed rectum during the term- 
measured a t  28-day periods (26),  during the inal weeks of the comparison period. While 
comparison period, was 6.2 k 0.4 ft-c. Proxi-   no st criteria fo r  this calf were within the ex- 
mate analysis and carotene concentrations of pected range of values, cerebrospinal fluid 
the feeds fed are  contained in Table 1. pressure was extremely elevated, particularly 

TABLE 1 

Avcrage chcmicnl composition of feeds 
-. 

Per cent of tlr- matter 

dry Crude Ether Crude 
Feed inattcr protein extract fiber X.F.E. .\sl~ 

Milk replacer ' 92.9 
ir 0.7& 

Calf starter " 89.7 
t- 0.7 

Chopped alfalfa hay a 91.0 
f 0.5 

Vitamin A-ilepletion 88.8 
ration " & 0.5 

Artificially dehydrated 00.9 
nlfalf:~ meal ' +. 0.6 

Average of six samples. 
"Avrrage of nine samples. 
" Average of 14 samples. 

The analysis of variance consisted of  sola at- 
ing vnriahility attributed to replieatc,~ of c.alvc.5. 
levcls of ration intake, durations of v ~ t a n ~ i n  ,2 
deficiency, and carotene intakes, as x~ r l l  ns 
first- and second-order intemc~tions of the 1;~5t 
three named sources of variation. As tlcc~drd 
before the esperilncnt, the carotenc. intakes 
variability was separated into linear and quail- 
ratie trends (pluc: residual) across all mrotenc 
intakes, l~ r tneen  the 10- plus 20- plus 30-y in- 
takes vs. the 40- plus 50- plus 60-y intakes, 
the linear trend (plus residual) acrosc: the three 
lowest intakes, and the interactions of level of 
r a t ~ o n  intake and duration with the ahove- 
~nent~oried Yourccs of mnahili ty.  The biological 
reason5 fo r  these co~nparisons mere that a 
trend might exist in the various criteria across 
all cnrotcane intakes hut, more possibly, such a 
trend might he expected to  exist only a t  the 
three lowest carotene intakes, 10- throuoh 30-y, 
in mhieh marked to slight elevations in cere- 
hrosp~nal  fluid pressures \\ere anticipated (8. 
26). 

One calf in the first replicate fed the 100% 
lrvel of ration intake f o r  the 21-wk duration 
plus the carotene intake, died from stran- 
gulation during a coiivulsion the 16th wk of 
the comparison period. Miwing vnl~xrs fo r  all 
criteria f o r  this calf were calculated. Another 

c.:~lf fc.d thr (iOC/, Iebel of ration intake fo r  the 
34-~vk tlu~,ation plus the  50--y carotene intnke. 
developed a pro1:ipsed r ec tu~n  during the t r r -  
~ n i n a l  weelis of the comparison pcriod. While 
  no st criteria fo r  this calf mere wi t l~ iu  t h ~  
expected range of values, cerebrospin;il fluid 
pressure was extremely elevated, p ;~r t ic~ul ;~r lv  
during defecation. I11 addition, thrrc was a 
rrlatlvely lnarkctl increair in the gn~~~~r l a -g lob -  
uhn fraction of serum. Thcreforr, the tcrlninal 
cerebrospinal fluid prcssure mlnr ,  protein dis- 
tributions, and tlic concentrations of the four 
serum protein frartions I\-err c:tlculntcd. I n  
addition, a few mlvci ncre  c,\tren~clp excited 
during ccrebrosp~nal flmd presiure Ineasure- 
inents, a cond~tion known to ten~porarily cause 
elevated pre\sarcas (29 ) .  Rcpeat punctures 011 

soine of t h c ~  c.;~lvci were attempted within a 
three- to  sc.vc~~~-tl;~y period, hut were rejected 
1)rcnusr of thc c~ontinued eucitability. Missing 
valucs wrro calmlatrd fo r  these calves, as indl- 
rated in T;lhlr 2. 

RESTJLTS 

Frm7 r o ~ z ~ ~ r ~ i i ~ ~ t i n ~ z ,  q ~ o u ~ t h ,  a n d  hea7th (Tnhle 
2) .  Thr average percentage of the total days 
durinq thr  roniparison period in which each 
calf c~oniumrd its ration alloaanre was greater - 
(P < 0.0.5 fo r  the arcsin -\I%) in those, calvc~s 
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TABLE 2 

Effects of level of ration intake and duration of vitamin A deficiency upon feed coiisumption, 
liveweight, and corebrospirlal fluid pressure of Eolstch~ calvcs fed fixed carotene intakes " 

- . - ~- 

Live weight C:c~rcl~~.ospi~ial 
Il~iitl prrssrlre 

Increase 
to the At 12-wk At 23-wlc 

Trcatme~~ts Avg days 
-- - -  - 

termination 
consuming of 24-wk (:om- Corn- 

Caro- r:ltion 111011 mon 
I?ation 1)ura- tene allo~r- A t  Ac- Ad- Ac- a A c -  loga- 
level tion i11t:lkc ance 12-wk tun1 .jrlsted " tn:~l rit11111 tnal ritlim 

-. 

(56) (wk) (Y)" (76) ( l b )  ( lb /da?~J ( 7 1 1 1 ) ~  saline)- 

100 12 10 99.1(86) 356 2.24 2.23 116 2.06 344 2.51 
100 12 80 99.7(87) 348 2.08 2.09 92 1.95 172 2.10 
100 12  30 99.7(87) 351 1.94 1.94 116 2.06 100 2.00 
100 12  40 97.9(84) 340 2.04 2.08 80e 1.85* 109 2.03 
100 12 50 99.4(87) 414 2.40 2.29 78 1.89 5 1  1.71 
100 12 G O  97.9(84) 335 1.97 2.00 63 1.78 94 1.97 

60 24 10  99.1(84) 253 1.19 1.27 181 2.26 346 2.54 
GO 24 20 09.1(84) 264 1.25 1.30 86 1.93 150 2.17 
60 24 30 98.8(84) 264 1.26 1.31 78 1.89 106 2.02 
60 24 40 99.7(87) 872 1.19 1.19 95 1.95 98 1.99 
60 24 50 100.0(90) 296 1.15 1.12 80 1.90 l O z e  1.96' 
60 24 60 100.0(90) 264 1.26 1.28 78 1.89 95 1.98 

100 24 1 0  97.6C(80) '  311' 1.88' 1.97' 335' 2.48' 320e 2.46' 
100 24 20 9 8 . 2 ( 8 2 )  331 1 .  1.98 1 2.13 160 2.18 
100 24 30 1 0 0 . 0 ( 9 0 )  340 1.93 1.96 160 2.20 207 2.32 
100 24 40 95.5 (78) 371 2.05 2.02 120 2.08 68' 1.79' 
100 24 50 96.7 (80) 385 2.21 2.15 94 1.97 318 2.06 
100 24 60 90.2 (77) 355 2.20 2.19 108' 2.08' 75" 1.83' 

Standard deviation 
per calf ( 5 )  29 0.13 0.12 0.11 0.15 

' Valnes represent ave~ages based on t\vo calves per treatment group, except as otherwise 
iloterl. 

" y/lb lire meight/da.i.. 
' Arc sin ~ 3 .  
"Value atl.justed for initial lire weights by covariance. 
' Value represents data from one calf per treatment group. 
'Value represents data from one calf plus a calculated missing valuc. 

fed the 60% level of vitamin 9 depletion ra- 
tion intake than in those fed the 100% level. 
The 12-wk duration resulted in a slightly higher 
average percentage of days consuming the ra- 
tion allowance, 99.2%, than the 24-wk duration, 
97.9 %. 

Growth, \ ~ h l l e  not significantly influenced by 
carotene intalce was, as expectcbd, altered by 
level of ration intake and cluration of vitamin 
12 deficiency. Average daily inertairs in pounds 
of live weight adjusted hy  corariancc fo r  the 
initi:~l value the day before the, it:irt of the 
co~iipari.;on period were for  thosr calves re- 
wiving the 60% ration allowance for  the 12-wk 
duration. 1.48, fo r  the 100% ration-12-wk dura- 
tion, 2.10, fo r  the 60% ration-24-wk dnmtion, 

1.24, and fo r  the 100% ra t ion-24-~~k duration, 
2.04. Increases i n  height a t  withers f o r  the 
comparison period (unadjusted) were, respec- 
tively, 8.5, 9.9, 8.4, and 9.8 inches; in heart  
girth, 13.8, 17.0, 12.2, and 16.5 inches; and in  
girth of paunch, 14.7, 20.3, 12.4, and 18.2 
inches. The respective standard deviations per 
calf of these three l i n t ~ ~ r  growth increases 
were 0.5, 0.8, and 2.5 inchcs. 

Scours was not a prohlrnl in this esperiment, 
since the average percentage of comparison- 
period days free of scour., per calf was 99.7% 
(these percentages transfortned to the arcsin 
dx, averaged 44.4 with a standard deviation 
of 2.5) and only two calrrs of the 48 exhibited 
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scours, accoinpanied by a n  elevated roctal tem- 
perature of 103 F or greater. 

Outward changes characteristic of hypovita- 
ininosis A of cattle (6,  IS ) ,  with the exception 
of convulsions, wcre nhsc,nt in the calvcs of 
this experiment. Convulsions occurred during 
the 21th wk of the coltll);~rison period in one 
calf fed the 100% level of ration intake fo r  
the 12-wk duration and the 20-y carotene in- 
take. After the 20th wk of the comparison 
period, convulsions occurred in another calf 
fed the 100% ra t ion-12-~k duration-10-y caro- 
tene intake, and after the 14th wk of the corn- 
parison period, in both calves fed  the 100% 

ration-24-wk duration-10-y c.m.ott~ne intake. One 
of these. two c:llvcs died in c~onvulsion during 
the 16th wlc of the con~p:~rison period. 

Cevel)rns/~intrl f luid I ) I . ( 'SSILTPS, elec.tvncarc7io- 
groms, and cavntenoitls nnd v i t o ~ n i n  A concem- 
tvationa (Il'trl~lcs ;L? onrl .?). At the 111id-point of 
the c~oinp:~rison period, those calves in the 12-wk 
duration grouping, previously fed the 100% 
level of ration intake and 36-y carotene intake 
before sul)jecting then1 to their respective levels 
of ration (either 60% or 100%) and carotene 
intalre (one of the s i s  cmoteae intakes from 
10- to GO-y), had all arithmetic average cere- 
brospinal fluid pressure of 96 nml of saline 

TABLE 3 

Effects of level of ration intake and duration of vitamin A deficicllcy upon cnrotelloids and 
vitamin A corlcentratio~ls in plasma and liver of Holstcin cnlvcs fed fixed c:rrotene intakes :' 

- - -  

1.ivt.r at terlninntion of 24-IT~ 
- -- ~ -- - 

T-itn~~lil~ LL 
- 

Conl- 
111011 

l 'r(.:llt~tc~~ts I'~:ISIII:I C:~rotc,~~oi(ls log:&- -- -- - - - ~ - -  -. rit1111~ 
C:lro- V;crotr~~oi,Is Irit:1~t~i~t it ('0111- ('0111- ]x3r 

Ikl- tcllc - - -- . p~ - 111011 11101~ 1111it 
ti011 J)unn- ill- .r.t At At I? t A v -  l o :  \  log:^- livl, 
1rvc.l tion tnkc I2-\vk 2-!-\\.It l ? - \ \ -k  ?-t-\\.Ii Woigl~t t11:tl ritllltl t11:1l 1.itl1111 \vt'igl~t 
- - - - - - - - - . - - -  

(?/'I;</ 
live 

(y?) ( ? ~ ~ l c )  (y)" - (y / lo{ /  1 1 1 1  j-- (/;{I ) f?/ 7 0 1 )  ~7- wci{111 I )  

GO 12 10 :ii 18 13.8 5.5 2.7 28 1 . 4  10 1.00 O.f)!) 
60 12 20 34 43 14.3 8.5 2.4 58 S . i l i  131 2.11 1.21 
GO 12 30 30 43 13.4 11.0 2.8 72 1.8(i I 2.02 1.12 
60 12 40 30 68 13.7 15.4 2.7 88 4 407 2 1.7.5 
60 12 50 38 82 14.4 16.2 2.4 110 5 547 2.72 1.78 
60 12  60 26 76 15.9 20.1 2.7 115 2.06 497 2.70 1.80 

100 24 10 
100 24 00 
100 24 30 
100 24 40 
100 24 50 
100 24 GO 

Stanilnr(1 dcvia- 
tion per calf 

"Values rcprcscnt averages based on two calves per t~c;rt~llc~nt group, cxcrpt as othrrwisc 
11otcd. 

" yllh live .rvcigI~t/ilny. 
cValuc rcprese~lts data from one calf per trcatmc~lt gronp. 
" Vnlnc rcprescnts data from one calf plus a ralcnlatctl missing mlnc. 
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(logarithmic average ol' 1.96 log units of 111i1li- 
nleters of saline equiva.lent to a goonletric mean 
pressure of 91 nun of saline,). Thus, these 
calves c.shibited nornlal to slightly elevated 
pressurcLs (10, 2 s ) .  At the salne time, the 
2 4 - ~ k  tlu~.;~tion c.:~lves f rd  the lowest three c;lro- 
tcnr int:~kc,s, 10.. 20-, ant1 30-y, for the pre- 
vious part  of the co~nparison pc~.iod h:~d rlc- 
v:~trd Ix'c2ssures, ~rhich  decreased ~ r l ~ r n  esprrssrd 
;IS the c.onllnon logarithin of n~illimeters of 
saline, 0 . F  f 0.16 unit per unit log inicrogran~ 
increasc, in caarotrnc. intake. Slight, but sta- 
tistically insignifirant, decreases in pressurr 
orc+nrred in the 60'3 level of ration intake 
grouping as carotenc, intake mas increased from 
the 40-y to the 60-y level. Ko statistically sig- 
nificant diffrrenee in the ratrs of decrease he- 
tween the 60 and 100% level of ration intake 
groupings was found fo r  the data a t  the three 
lowest carotene intakes (-0.80 t 0.22 vs. 
-0.64 2 0.22); however, the 60% level of 

-.-. . 

ration int:lke ca1vc.s maintained lower pressures 
on the average t11:in did the 100% calves, 2.02 
VY. 2.27 for  the three lowest carotene intakes 
(1' < 0.01) and 1.97 vs. 2.16 f o r  all carotene 
intakes (P < 0.001). 

Tcrniinal cerebrospinal fluid pressures, meas- 
u~,c,d during the 23rd wk of the comparison 
pcsrioct, decrrnsed 0.75 f 0.15 log unit of milli- 
~r~ctc.rs of saline per log unit increase in micro- 
~ ~ ~ I I I I S  of carotene intake fo r  those calves re- 
ceiving the three lowest carotene intakes, but 
\vc~.c~ not appreciably influenced in those calves 
fotl thr thrrc highest carotene intakes. At the 
thrcbr lowest intakes, the 60% level calves had 
1owc.r nveraga pressures than the 100% level 
ealrcs, 2.16 vs. 2.26, and the 12-wk duration 
call-cs lower values than the 24-wk (lnration 
ealvc.s, 2.14 vs. 2.28. 

Thr average heart rate in beats per ~ninute,  
for  all calves in the experiment during the 24th 
wk of the co~nparison period, was 81 with a 

TABLE 4 

Effccts of lerel of r:ction i11t:lke and durntion of vitamin A deficici~cy upon protein distribution 
w ~ d  concentration in serum of IIolstei~i calves fed fisc.11 earotellc intakes" 

Trentlncnts 
Protc111 distribntion Protein co~~centratlon Ratio 

Caro -- of albu- 
11:i - tene Alplln Beta- Gamma Alpha- Beta- O:imma- min to 
tion Dura- in- Albu- glol~u- globu- globu- Alhu- glohn- globu- globu- globu- 
level tion take n ~ i n  lin lin 1111 Total ~n in  lin lin lin 1111 

(54) ( ~ k )  (7jh (%) (g/100 nrl)------ 
60 12 1 0  8 . 2  8.2 11.6 12.0 7.0 4.74 0.57 0.80 0.33 2.14 
(ill 12 20 3 8.3 9.4 11.3 7.2 4.8Y 0.61 0.68 1.03 2.10 
(ill 12 :20 fi!l.O 6.,5 1 . 2  14.4 7.0 4.81 0.45 0.71 1.00 2.22 
(i0 12 40 69.4 8.3 10.9 11.3 6.5 4.53 0.54 0.71 0.74 2.23 
(iO 12 50 66.6 8.3 10.0 13.1 7.0 4.70 0.58 0 . 7  1.06 2.00 
60 12 ( iO 68.8 6.8 8.8 15.6 7 . 2 4 . 9 3  0.48 0.63 1.12 2.22 

100 12 i n  63.0 8.1 12.1 16.8 7.4 4.65 0.60 0.89 1 . 4  1.70 
100 12 20 68.6 7.4 11.0 12.9 7.4 5.08 0.55 0.81 0 . 6  2.1!) 
100 12 30 67.4 7.7 12.1 12.7 6.8 4.58 0.52 0.82 0.86 2.07 
100 12 40 68.0 7.6 13.5 10.8 7.0 4.77 0.54 0.!)5 0.75 2.13 
100 12 50 70.2 7.5 9.6 12.6 6.9 4.82 0.52 O.ci6 n.87 2.40 
100 12 (iO 64.8 7.5 12.1 15.7 7.2 4.64 0.53 0.87 I .  1.35 

60 24 10 67.7 8.7 10.1 13.5 6.8 4.61 0.60 0.69 0.93 2.13 
60 24 20 64.9 7.9 10.5 16.6 7.6 4.91 0.60 0.80 1.26 1.86 
60 24 30 65.9 7.0 11.3 15.8 7.6 5.00 0.53 0.86 1.20 1.93 
(50 24 40 67.4 7.2 10.9 14.5 7.2 4.86 0.52 0.7!) 1.05 2.07 
60 24 50 67.4' 7.7' 11.5' 13.3' 6.7 4.23' 0.48' 0.7'" 0.83' 2.08" 
60 24 60 70.2 8.1 8.8 12.8 7.1 5.02 0.54 0.63 0.92 2.39 

100 24 10 64.8' 7.1' 12.2' 15.9" 7.4" 4.80" 0.53' 0.!lIf 1.17" 1.83' 
I n n  24 20 66.2 7.6 12.0 14.2 7.2 4.74 0.54 0.8(; 1.02 1.96 
100 24 30 63.9 8.6 10.5 16.9 7.4 4.71 0.64 0.77 1.26 1.78 
100 24 40 69.4 8.3 10.8 11.5 7.0 4.89 0.58 0.76 0.81 2.27 
100 24 50 66.0 8.2 11.9 13.9 6.9 4.54 0.N; 0.82 0.96 1.94 
I 0 0  24 60 67.3 7.ii 10.4 14.7 7.4 4.94 0.5(i 0.77 1.08 2.06 

Stnildnrd dcrl:~- 
ti011 per calf 0.0 0 .  1.1 2.2 0.3 0.20 0.07 0.08 0.18 n.22 
- -- 

"Values represent averages cletermi~~rd on serum obtained the 24th wk of the con~pmison 
period and from two calves pcr treatn?c>nt group, exrept as othermisc noted. 

y/lb live weight/day. 
'Value represents clata from one calf plus a ealeulated missing value. 



TABLE 6 

Effects of level of ration intake and duration of vitamin A defieicncy upon some it~organic 
constituents, osmotic pressure (osmolality), and enzymatic activity in serum of 

EIolstci~l calves fed fixed carotene int:~kes " 

Glu- 
tamir- 

Alka- oxnln- 
Treat~~lexlts lint cetic 

phos- t r a m  
C:IYO- Inor- phn- nn~i- 

Ila- trne ganic taso n:lsc5 
tion Dura- I -  Cnl- pl~os- So- Potas- Chlo- Osmol- nrtiv- nrtiv- 
level tion take cium phorus dium sinm ~ i ~ l c  :)lit?. i ty  ' i t y  'I 

(70) ( w k )  (Y)" ( I I I ~ / I U O  9111) ( I I I / I I ~ -  { ~ I I I ~ I . S /  ( ~ t , n i t s /  
o.s~rrols/ 100 n ~ l )  7111) 
k g  TIeO) 

60 12 10 10.2 9.5 346 17.2 359 286 8 . 2 3 4  
60 12 20 11.1 9.6 345 18.5 5 290 6.2 2!) 
(ill 12 30 9.8 9.5 345 17.5 358 48!1 4.6 35 
60 12 40 10.0 9.9 355 17.6 RC,? 293 6.6 3:i 
60 12 50 10.0 9.7 346 17.7 364 290 5.2 11 
60 12 60 10.0 9.2 349 16.8 363 286 6 33 

100 12 10 10.0 10.2 354 19.4 376 297 5.7 41 
100 12 20 10.4 9.0 349 16.6 X i8  4 6  7.0 42 
100 14 30 111.5 9.5 349 17.1 371 2!)li 5.6 411 
l o o  14 40 10.0 9.8 352 15.3 3(i9 290 7.6 35 
100 12 50 10.2 10.1 354 17.6 3liS 2 7.4 :<fi 
100 12 60 10.2 9.8 344 17.0 361 285 5.6 36 

60 2 1  1 0  10.6 9.5 356 18.3 363 287 6.4 5 1  
fin 4 1  20 10.0 10.5 346 18.5 365 290 5.9 42 
fi0 24 30 10." 10.3 352 18.2 3 1  296 6.6 34 
60 24 40 10.0 9.5 342 17.8 361 288 7.5 36 
60 24 50 8 9.3 352 17.8 364 292 5.0 39 
fi0 24 fi0 9.8 9.4 355 17.6 358 290 7.6. 36 

100 44 I 0  1 9 .  342" 19.5' 363" 294' 8.8" 43' 
100 24 4 O l I n . 4  9.2 353 17.0 360 292 6.1 32 
100 24 :{O !.I 8 .  354 17.3 36.7 288 6.8 4 1  
100 24 40 10.0 8.9 349 16.8 368 287 7.0 39 
100 24 50 10.4 9.1 350 17.7 :WI 2x6 5.6 39 
100 04 fi0 10.1 9.7 344 17.9 367 295 6.1 45 

Stnndnrcl drrin- 
tion per calf 0.0 0.9 6 1.2 7 4 1.9 !I 

a Vnlnes represent averages determined on serum obtained t l~e  24th mk of the co~np:~~.ison 
period from two calves per treatment group, except as other~visc noted. 

" 7/11> live ~~eight /dny.  
' Roilansky nrlits. 
"Sigma-Frankrl units. 
"Value represents data from one calf plus a calculated missing value. 

standard deviation of 12. The average electro- 
cardiogra1)hic intclrvals in seconds obtained 
from the tracings of Lead 11, with their stand- 
a.rd deviations in parentheses were, for  the PR 
in t e r~x l  0.17 (0.02), fo r  the QRS interval 
0.06 (0.01). and fo r  the QT interval 0.34 (0.03) ; 
whereas, the systolic index averaged 0.389 
(0.021). The 60% level of ration intake re- 
sulted in significantly slower (P < 0.001) heart  
rates, 73.9, than did the 100% level, 88.3. These 
slower hrar t  rates were accompanied by longer 
average QT intervals, 0.364 vs. 0.314 ( P  < 
0.001), and greater average systolic indexes, 
0.400 vs. 0.378 (P < 0.01). Body temperature 
ohtained by inserting a clinical thermometer 

four  inches into the rectum fo r  4 ~ n i n  i n ~ n ~ r -  
dintely before recording electrocardiographic 
intc~rvals, averaged fo r  all calves 101.5 F, with 
a standard deviation of 0.6. The 60% level 
calves had a lower average value of 101.3 F, 
vs. 101.7 F f o r  the 100% level c:llves ( P  < 
0.10). 

Calves fed the 60% level of ration intake had 
greater concentrations of carotenoids and vita- 
min A in their plasma and liver, a t  the t r rn~ i -  
nation of the comparison period, than did 
ralves fed the 100% level ration intake. The 
respective averages of these two treatment cate- 
gories were, for  plasma carotenoids, 50 vs. 
36 y per 100 ml, for  plasma vitamin A, 12.2 
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vs. ll.!) y per 100 1111, for  liver carotenoid~~ 
1.83 vs. 1.70 eonmlon logarithn~ of micrograms 
of carotrnc1 per 100 g of liver, and fo r  liver 
vitamin A, 2.09 vs. 1.86 co111111on logarithln of 
n~icrogranis of vitamin A per 100 g of liver. 
The diffprcwee still existed if the liver vitamin 
A was exprc?ssed as per unit of live  eight, 
1.20 vs. 1.04 eonllllon logarith111 of total liver 
vitamin A in ~nicrogmms per kilograln of live 
weight. Thc Intter calculation n:is necessary 
hecause the 1ivc.r~ of the 607'-lrvel calves av- 
eraged 12.9 g per kilogram of live weight vs. 
15.5 g per ki1ogr:lni of live weight fo r  the 
1001, level calves. 1)uration of vitamin A de- 
ficiency did not sigl~iticantly affect these con- 
centrations; honevc~r, the differences between 
the 60 and 10076 calres were more pronounced 
for  the 12-mk du r :~ t i~ )n  calves than fo r  the 
24-wk duration cnlrchs, resulting in significant 
itltcraetioas I~etwern lrvel of ration intake and 
diir:ition for log 1irc.r vitamin A concentration 

(per  100 g of liver) and log liver vitalnin A 
concentration per unit of live weight (per kilo- 
gram). P l a sn~a  carotenoids concentration in- 
creased 62 k 7 y per 100 1111 fo r  each log micro- 
gram increase in carotene intake, plasma 
vitaniin A concentration, 15.4 f 1.7 y per 100 
ml, liver carotenoids concentration 0.88 & 0.04 
log ~nicrograms per 100 g of liver, liver vitamin 
A conre~ltration 2.45 i- 0.12 log micrograms 
per 100 g of liver, and 11vrr vitamin A eoncen- 
tr:ltion per unit of live nc,ight, 2.42 * 0.11 log 
n1icrogr:ilns per kilogram o i  live weight. These 
linear regression coefficients were not signifi- 
cantly ( a t  I' < 0.05) affected by either level 
of rixtion intalce or duration. 

S e ~ u n z  cor~st i tz~ents  (Tab les  4 and 5). Calves 
fed the 60% level of ration intake exhibited 
a higher average percentage of serum albumin 
(P < 0.10), and a lower percentage and con- 
centration of beta-gdobulin (P  < 0.01), than 
calres fed the 10076 ration intake. As a result 

TABLE 6 

Effects of level of rntion int:~kc and dura t io~~ of vitamin A deficic~~cy upon protein distril)ution 
and concentration in ccrc,l)rospinal fluid of Holstein calves fe(l fiscd carotene intakes" 

- -  

'I'rrntments Protein distributior~ Protein co~iccntration 
-. - - Ratio 

Caro- Al- Gam- Gam- of albn- 
R:I - tcne pha Beta- ma Alpha-  bet:^- ma min to 
ti011 Dnm- in- AII)II- glob- glob- glob- Alhu- globu- glol)n- globu- glo1)u- 
Iex-el tion take 111i1i ~ilin ulin ulin Total mi11 lin 1i11 lin lin 

- - 

('lo) (wk) (7Ib ( % I  (mg/100 m1l)------- 
60 1'2 10 55 17 16 12  37 20 6.0 6.1 4.5 1.24 
60 12 20 57 l l i  17 10 35 20 5.4 5 3.4 1.38 
60 12 30 52 17 20 11 34 18 5.:) 6.6 3.8 1.12 
60 12 40 56 17 1 5  11 40 22 6.6 6.2 4.5 1.32 
60 12 50 56 18 16  10  37 21 6.6 5 .  3.7 1.28 
60 12  60 40 22 21 16  30 12  6.8 6.3 4.9 0.70 

100 12 10  62 13 14 11 55 35 6.8 8.0 5.8 1.67 
100 12  20 5 1  I 9  19 11 53 26 10.3 10.1 5.8 1.04 
100 12  30 52 17  20 10  37 19 6.4 7.4 3.8 1.10 
100 12 40 61 14 16  9 43 26 5.8 7.0 3.9 1.57 
100 12 50 52 18 17 1 3  41 22 7.1 7.2 4.8 1.12 
100 12 60 50 16 22 12  42 21 6.8 8.8 5.0 1.02 

- - 
60 24 50 52 i 8  18 1 3  32 16  5.6 5.6 4.1 1.1(i 
GO 24 GO 62 16 1'2 10 42 27 6.6 4.9 4.3 1.66 

100 24 10 46" I G =  22" 16' 44' 20" 7 . 2  9.9. 7.0" 0.83' 
100 24 20 .i.5 16 1 8  11 40 22 Ci.5 7.1 4.2 1.22 
100 24 30 48 21 17  14  34 16  7.1 5.9 4.8 0.!)4 
100 24 40 42 1 6  24 1 8  44 19 6.X 10.3 7.9 0.77 
100 24 50 61  1 4  17  9 36 20 4.9 6.3 3.1 1.56 
l0n  24 60 46 20 20 1 4  35 1 6  7.0 7.0 4.9 0.88 

Stan(lnrt1 clcria- 
tion per calf R 3 3 3 10  7 1.6 1.8 1.3 0.33 

- 

" Values rcprcscnt aIcragrs tlctcrmined on cerchro\piiial fluid ohtainc~l tllr 04th wk of the 
coml'arlsnn perlo(1 ant1 from two ralxes per trentmci~t group, excrpt as otllcinise noted. 

" 7/11> live xveight/clny. 
' l'nlue represents dntn fro111 one calf plus a calculate(1 mi-sing -iall~c. 



TABLE 7 

Effects of level of ration intake and duration of vitamin A deficinlry upon some inorgmlic 
colistituents and osmotic p~essnre (osmolality) in cerebrospinal fluid of IIolstein calres 

fed fixcd rarotrnr i~~ta l tes  " 
- -- 

Treatments 
Inor- 

Caro- ganic 
1<:1tion Dnra- tene Cal- phos- So- Potas- Chlo- Osmol- 
level tion intake cium pl~orus tlluril silnn ride ality 

(%) (wk) (?')I' (mg/lOO ml)  -- ( ~ 7 ~ 2 1 1 2 -  

o~~nols /  
kg H*O) 

60 12 10 4.8 1.8 339 7 1.8 433 2 84 
60 12 20 4.7 2.0 340 12.0 431 285 
60 12 30 4.6 2.1 334 12.2 422 284 
60 12 40 4.7 2.0 337 11.9 432 288 
60 12 50 4.7 1.8 350 12.4 438 290 
60 12 60 4.6 1.6 342 12.3 430 288 

- - 
700 24 50 4.9 1.8 352 12.4 432 288 
100 24 60 5.0 1.6 350 12.4 430 286 

Standard deviation per calf 0.3 0.2 6 0.4 9 4 
-- 

a Values repr~sent averages determined on cerebrospinal flr~id obtained the 24th wk of the 
comparison period and from two calves per treatment group, except as otherwise notrd. 

y/lb live weight/day. 
'Value represrnts data from one calf plus a calrulated missing value. 

of these differences, the albunlin to globulin 
ratio was slightly higher in the calves fed thc 
60% ration. With increasing carotene intake, 
the percentage of serum albumin increased 
( P  < 0.10), and the gamma-globulin percent- 
age was higher a t  the three lowest carotene in- 
takes, 10- plus 20- plus 30-y, than a t  the three 
highest carotene intakes, 40- plus 50- plus 60-y 
( P  < 0.10). Concentrations of total protein, 
beta-globulin, and gamma-globulin were greater 
( P  < 0.05, P < 0.10, and P < 0.05, respec- 
tively) i n  those calves fed the three lowest 
carotene intakes than in calves fed the highest 
carotene intakes. The increase.; of the two 
globulin fractions were rc~fiectrd in l o ~ e r  al- 
bn~ilin to globulin ratios (P < 0.05) fo r  the 
calves fed the three lowest carotene intakes, as 
well a-, a linear increase in tl~rscx values as  caro- 
tene intalte was increased (P < 0.10). Herdan'i 
index (8) averaged 1.41 fo r  all calves, with a 
star1d:ird deviation of 0.06. The indev reflected 

the influcnc.~ of the 60% ration intake on the 
di5trihution of the four protein fractions, since 
the average value fo r  these calves was 1.40 vs. 
1.43 fo r  the calves fed the 100% intake (P < 
0.10). Also, the index decrckased from a value 
of 1.45 fo r  the lowest carotene intake, 10  y, to 
1.39 for  the 60-y carotene intake, P < 0.05 f o r  
the linear trend of the indexes on carotene 
intake. 

Avrrage percentages of the various glyco- 
protrin fractions fo r  all calves, with their re- 
ipcvtlvr standard deviations in parentheses, 
wcbrc. 9.7(3.5) f o r  the A-fraction, 43(5) fo r  
tlie nlpha, 21(3) fo r  the heta, and 26(4) f o r  
the gnmnia. Herdan's index, derived f rom the 
ralues of the four  fractions f o r  each calf, av- 
(>raged l .Sl(0.07).  Possihly due to the rela- 
tively large variahilitp in the glycoprotein frac- 
tioni;, the only t rea tn~ent  effect which exhibited 
itatistical significance \\-as a lower beta-frac- 
tion percentage for  the 60% intake calves, 19.6, 
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TABLE 8 

Effects of 1crc.l of ration intake and duration of v~tamin A tleficiencsy upon protein conce~~tra- 
tion, some inorga~~ic constituents, and os~notic pressure (osnlolality) in aqueous 

11111nor of TIolstein calves fed fixed carotene intakes" 
- 

Trcatnlents 
Inor- 

C:~ro- ganic 
llntio~l Durn- tene Pro- phos- So- Potns- Chlo- Osn~ol- 
level tion intake tein llhorlls dium hlulll ride nlity 

(r/o) (11.1;) (11~g/1110 (111 0/100 WIT) (n~tlli- 
ml) O S ~ O I . S /  

k g  H2O) 
60 12 10 65 3.5 337 17.0 416 293 
60 12 20 66 3.11 33.2 18.6 412 290 
60 12 30 61 3.7 340 16.8 411 293 

60 
60 
60 
60 
60 
60 

7 00 
100 
100 
100 
I n n  
100 

Standard 11e1 

24 50 70 4.0 
24 60 73 3.8 
24 10 79 4.2 ' 
24 20 71" 4.2 
24 30 54 3.7 
24 40 56 3 .9 
24 50 6 1  3.8 
24 60 58 4.0 

liation per calf 11 0.3 

" Values represent averages determined on aqueous humor obtained at  slaughter upon the 
completion of the 24th mk of the comparison period from two calves per treatment group, 
except an otherwise notril. 

"r/ll* live weight/dny. 
" Vnlue rcprenrnts datn from one calf plus n cnlrulated miwing value. 

as  contrasted to 2'1.5 for  the 100% calves 
(P  < 0.01). 

Of thc inorganic constituents of serum, po- 
tnssium concentrations decreased linearly with 
increasing carotene intake (P < 0.10) and 
chloride content of those calves fed the 60% 
level of ration intake was slightly less than 
that for  the 100% calves (P < 0.10). The 
latter rffcct was Inore apparent in the 12-wk 
tlurntion calvrs thnn in the 24-wk duration 
c.iilvc~.; ( P  < 0.10 for the intrrartion of Irvel 
of r ; l t i o~~  intakr timrs tluration). llagnrsium 
c o n c c ~ ~ ~ t ~ ~ : l t i o ~ ~  avc~raged 3.51 I I I ~  per 100 1111 of 
sern111 for all c:~lvcs, with a standard deviation 
per calf of 0.37. Thr cnlvcs in the 24-\vk dura- 
tion grouping hnd a I~igIic~r (P  < 0.01) arcmar  
FPPUIII ~ ~ l n g n t ~ s i u n ~  concorntration, 3.69, thnn did 
the 1'1-\vk dnration calves. 3.34. Xcithrr os- 
111ol;ility of scBruni not. alkalinr phosph:~tnsr 
gluta~~~ic-osalncetic tr:lnsan~inase enzy~l~at i r  at,- 

tivitirs were ~naterially influenced by level of 
ration intake, duration, or carotene intake. 

Cerebrospinal fluid eonstit?cents (Tables  6 
and 7). The average percentage of bcta-glohu- 
lin, as  well as  the average concentrations of 
beta- and ga~nma-globulin in cerebrospinal fluid 
of those calves fed the 60% ration intake, were 
lower than comparable values for  the 100% 
ration calves (P < 0.05, P < 0.01, and P < 
0.05, respectively). While colnparisons of the 
12- and 24-wk duration average percentages 
or conrentrations indicated little effect between 
the two, the effects of level of ration intake 
60% vs. 100% were not consistent a t  the two 
durations, as indicated by the presence of sig- 
nificant interactions between thcse two treat- 
ment categorirs ( P  < 0.05 fo r  albumin and 
ga~nlna-glohulin percentages and for  albumin 
concrntration). As carotene intake was in- 
crcascld, there w r e  linear drrreases fo r  the 



albu~nin percrntages (P  < 0.10) and concen- 
trations ( P  < 0.05), as well as fo r  the total 
protein concentrations (I' < 0.06). The changes 
in the various protein fractions were largely 
reflected in the albun~in to globulin ratios, 
which tended to (1ecre:~se as c:~rotene intake 
was inc~vased (P  < 0.10). ,\lso, an  inter:iction 
between level of ration intake and dur:ttion 
(P  < 0.05) was present. This was dur to 
smaller ratios for  the 6074 grouping a t  the 
12-wk duration than for  the 100yo grouping; 
whereas, the opposite held at  the 21-\vk durn- 
tion. Herdan's index, calculated frotn the four 
6eparate pi-ntein fraction percentages for me11 
calf, ave~mgrtl 1.70, with a stzlndard deviation 
of 0.11. As carotene intake increased fro111 10 
to 60 y, thc indexes increased from 1.61 to 
1.75 ( P  < 0.10 fo r  the positive linear trend). 
Also, an  in t r r ac t io~~  betwcen level of ration 
intake and duration existed (P  < 0.05) since, 
in the case of the 12-wk duration grouping, 
the 60% calvrs had a greater average index 
whereas, in contrast, this was reversed fo r  the 
24-mk duration. 

Socliu~~l and potnssiu~n were found in slightly 
lower c~oncentrations in the cerrl~rospinal fluid 
of ca1vc.s fed the 60% level of ration intake 
than of calves fed the 100% level intake (1' < 
0.01 ant1 P < 0.05, respectively). Calves sul)- 
jected to the 12-wk duration h:~d lower ccre- 
brospinal fluid calcium than the 24-wk duration 
calves ( P  < 0.10). The same effect of duration 
was present for  sodiu111 ( I '  < 0.05), as ~vell 
as  lower concentr:~tions for calves f rd  the tl~rcc, 
lo~vest rarotene int:tkes (P  < 0.01). Osnlolal- 
ity appeared to bc lulaffectc,d hy trc:rtrnent. 

A q ? ~ e o v s  humor constitltelits (Tab lc  8 ) .  For  
all calves, the average volunnc of aquc,ous I-iu- 
nlor obtained fro111 both eyes a t  slaughter and 
pooled was 2.9 ml, with a standard tleriation 
of 0.4. While total protein ant1 os~notic pres- 
sure appeared to he greatrr :~nd potassium 
eoncc.ntration less in those calvcbs 011 the threc 
lowest carotcnr intakes, in co~npii~~ison to com- 
parahlr values for the c:rlves on the three high- 
est ct~rotone intaltes, none of thrse diffcrrnces 
approached st:ltistical significance at  P < 0.10. 

DISCUSSION 

This study confirms previous observations 
(6, 14 )  with respect to the inverse relationship 
I)rt\vern fred intttke and vitamin A econonly 
of the nnimal :lnd alIo\vs qua~~tit : l t ive rsti- 
~ ~ l a t r s  of t l ~ r  effect of feed intake on the c:l~.o- 
tcnc recluirctnent of calves. Fo r  c~sa~r~p le ,  1i11- 
ear ~.rgi.c~ssio~~s of liver vit:1111in A stores per 
unit of livch weight across all carotene intakes 

and cerehrospin:il fluid pressures across the 
three lowest carotene intaltes, respectively, for  
the 60 and 100yu levels of feed intake are 
graphically presented in Figure 1. From these 
functions, the an~ount  of carotene to maintain 
rqniralcnt responses f o r  either criterion can 
I,(: determined by obtaining the antilogarithnl 
ol' the horizontal distance bet~veen the regres- 
sion lines representing the two 1evc.l~ of feed 
intilke (4). Based upon liver stor:~ge of vita- 
lnin A, the 60% ca1rc.s required 0.86 as  much 
r:~l.otrnc as the 100% level calves. A similar 
value based upon ct~~.ebrospinal fluid pressure 
\vt-as 0.74. 

Duration of supplr~nentation, either 12- or 
2-1-wk, had inappreciat)lc effect on   no st of the 
criteria studied. Ilowcver, the effects of level 
of feed intake, 60% vs. loo%, were greater 
with tho longer duration, as evidenced by the 
presence in sevrrrll of the criteria of significant 
interactions betwcen duration and level of feed 
intake. This was not r o ~ ~ ~ p l e t r l y  unexpected, 
due to the conduct of the experinlent with the 
12-wk duration calves frtl the 1007u level of 
ration intake for  the first half of the com- 
parison period. 

The findings with regard to alteration of the 
sc>rum proteins, wit11 a decrease in carotene in- 
t:tlte fro111 an adecluatc to a deficient level, con- 
firm the work of Jl:~dsen and Earlo (20),  as 
well as more reccwt studies (11, 12) ,  and ex- 

CAROTENE INTAKE IN MICROGRAMS PER 
POUND OF LlVE WEIGHT PER DAY 
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8 %  CC+!tAON LOQARITHM OF CAROTENE INTAKE 
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PER DAY ( X I  

1.'1(:. 1. I i ~ ~ ~ r c s s i t r ~ ~  of cer('ljrospinnl fluid prcs- 
~ t . 1 1 ,  :111(l Iinbr vit:1111i11 .% v n ~ ~ w ~ ~ t r a t i o ~ ~  per unit 
liltL lrcigl~t ~ I I  earotc~~cs in tnkc  for  calvcs fed tl~v 
60% (- ) and 100% (- - -) levels 
of ration int:~l<c. 



tc>11(1 thcsc ol)servations to cerebrospinal fluid 
:rnd possihly :lqueous hulllor. I t  is of interest 
t11at the c l~angrs  in  protc.iri due to  involuntarily 
rc.tlueed fort1 intake, that  is, the effects of the 
(i05; r r r sus  the 100% level of rat ion intake, 
\\-(.re in  111ost cases opposite to  those obserrecl 
(lilt. to  delicicnt carotei~e intake. 

111 this study, inapprecinble change was oh- 
srrved ill the os l~~ola l i ty  of s c r u ~ ~ l  due to  caro- 
t m e  illtake. Tl~crcfore, the previous conclusions 
of AIoore and  Sykes (23) ,  Madsen and b::rrle 
( " O ) ,  ; u ~ d  1)chority e t  ai. (S ) ,  that  the c11:rnges 
ill tlic conce~itrntions of the bioellei~iiral con- 
s t i t u ( ~ ~ ~ t s  ill S ~ ~ U I I I  due to deficient carotc~nc in- 
take arc, appareutly not  rel:rted to either the 
elevated c.crebrospi11a1 fluid pressure or  rdr111a 
(a~~asarc : r )  char:~ctcristic of l ~ o r i ~ ~ e  hypovit :~-  
~ ~ ~ i u o s i s  12, are  supported. 

\i71iy there n-cire no statistically signil ic:~l~t  
alterations in  the cor~st i tuer~ts  of aclueous h n n ~ o r  
in  the  present study, :IS co~~trastcad to those of 
previous ones, (8) is. a t  this t i ~ ~ ~ e ,  i~~csplic:tl)lr. 
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EFFECT O F  DIET pH ON FECAII COKSTSTENCY OF YOUNG CALVES1.' 

Fifteen young n~a le  d;liry c.;~lvc.s of diflerrnt breeds mere fed, in various 
secjuences, noriii:ll nlilli p11 ((j.8) i ~ t ~ d  lliilli with pH's adjusted to 5.0 with 1 N 

HCl, and 8.0 with 1 N SaOl l .  The! fec~ding of acidified and alkalized niilk did 
not significantly afrrct dry  111:lttc:r c~ontt>nt of the feces, daily fecal escretion, 
or inc.itlmce ol' scours. 

Incide~icc of scorns is ol:tcn high in young 
dairy ca1vc.s. IYithers (19) found that 33% 
of the deaths in c;~lrcs could I)(, attributed to 
infantile di;ul~hra,  either due to colifornl in- 
fection or associ:lted improper feeding. 
Altl~ougli it is difficult to establish the exact 
cansc fo r  ;I lx~rticular case of diarrhea, there 
is a gc,nc!ral agree~nent among workers that the 
Icind of ration, its nianner of feeding, and 
~l~;~ringc!:~~(!nt 11i:ry be factors contributing to 
attacks of diarrhea in calves. Such dietary 
factors as  abnorn~ally high levels of lactose, 
it~iuc:rals, o r  f a t  have been postulated as inl- 
portant factors in the etiology of calf scours 
(1-7, 9-15). Although fecal consistency has 
often heen mentioned in experimental observa- 
tions, very few studies have been planned spe- 
cifically f o r  studying the incidence of calf 
diarrhea as associated with diet pI I .  Wiese 
et  al. ( IS ) ,  in synthetic milk feeding studies 
~v i th  calres, emphasized the i~nportancc of a 
diet between 6.5 and 6.8. Jlorrison (8 )  recom- 
mends that sour milk should not he fed to 
young calres. Little evidrnce has hem reported 
concerning the effect of p I I  of the diet on the 
consistency of feces of the young calves, except 
f o r  the report by Blaxter and Wood (2)  and 
as  suggested by Velu et  al. (17). 

Since the advent of whole milk replacers for  
calf feeding, the influence of various constitu- 
ents, as well as  certain properties of the milk 
replacer such as  consistency and p H ,  as related 
to diarrhea incidence, has beconle of funda- 
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nlental as  ~vell  as  of greater practical impor- 
tance. The present esperilnent, therefore, was 
planned to study tht, effects of the p I I  of a 
diet per se on the consistencby of the feces in 
young calves. 

EXT'ERIMENTAI, PROCEDURE 

E'il'teen 111:~lc dairy calves, four to eight days 
of age, housed in individual pens, and randoluly 
asiigiied as shown in Table 1, were fed freshly 
dra\vn iiiillr with a p H  of 6.8 or milk adjusted 
to a 1111 of 5.0 with 1 N HC1 and a p H  of 8.0 
wit11 1 x NaOII. The calves were fed  the milk 
diets twice daily from nipple pails. The rate 
of feeding per day was equal to 10% of the 
hody weight of the calves. 

Fecal consistency was measured by deter- 
ininiag the moisture content of collected feces. 
F o r  collecting the feces, a harness as  designed 
by Grinies and Gardner (5) was used. A clean 
harness was attached to the animal the same 
day a different diet was fed. The feres collected 
during the first 24 hr  a-ere discarded, after 
which collections were made and weighed daily 
fo r  each of the four-day diet feeding periods. 
After weighing, the feces were well mixed and 
aliquoted and placed in stoppered bottles. The 
samples were refrigerated a t  0 F until analyses 
could be made. 

I n  instances where calves scoured severely, 
the collection period was rcduced to three days. 
The next diet in the sequence was not given 
in such cases, until 24 h r  after the feces had 
returned to normal appearance. I n  cases of 
wvrre diarrhea, Terramix (mixture of terra- 
li~ycin and vitamins A and D) was added to 
the whole milk f o r  two or three feedings to 
prevent secondary infections. 

The dry  lnatter content of each fecal sample 
was determined individually, under nitrogen, 
in a vacuum oven a t  a temperature of 65 C. 
Eight to ten days were required fo r  dlying 
~ a ~ l i p l e s  to reach constant weight. 



TABLE 1 

Feeding scqucnecs of norm:~l, alkalizctl, and acidified ~ ~ l i o l e  niilk 

Inter- Inter- 
First 111(-(1i:1te Second l~icdiate Third 

Scrlucn- No. of 1)criorl pcriotl period period period 
ccs calvcs ( 5  t1:1,~s) ( 3  (lays) ( 5  d:~ys) ( 3  days) ( 5  days) 

I 5 -keidifietl Sor111:ll ;\lkalizetl Normal Xormal 
11 3 Normal . . .  A lk:~Iiz(vl So r~na l  Acidified 

T T I  2 Sormal . . . . . . . Aeiilific(l Normal Alkalized 
T V 5 Alkalizecl Sorn~:tl Aeitlifictl Norn1:tl 

- - 
Sormal 

Rc~sults of the csperi~nent are  suininarized 
in Tahlc 2, which slion-s that sonle calves on 
each t rea t~ncnt  sul'l'rrc~tl to varying degrees from 
scours. The i1lc.itlc~11c.c of diarrhea observed 
could not be attrihutotl to any specific dietary 
factor or eo~iil)i~l:ltion of factors. 

The ranges in per w i t  of dry  matter content 
of the feces as associ;~tcd with diet fed were a s  
follo~vs: 10.6 to 27.(i(i', for  ~llilk, 7.6 to 37.2% 
fo r  acidifictl lililk, and 5.0 to 27.9% for  alka- 
lized niilk. The average fc~c.sl dry  nlattcr levels 
for  all calrrs fed nornial, acidified, and alka- 
lized illilk mere 21.4, 21.5, and 20.8%, respee- 
tively; whereas, the dry inattcr values for  ap-  
parently norlnal feces averaged 23.6, 24.1, and 
24.0%, respectively. 

The daily fecal output ranged fro111 61 to 
524 g fo r  normal ~ l ~ i l k ,  52 to 588 g f o r  acidified 
milk, and 79 to 1,123 g for  alkalized milk. The 
average daily fecal csc.ri,tion per calf fo r  these 
treatments was 161,192, and 251 g, respectively. 
The daily fecal escretion for  the calves without 
diarrhea ranged from 61  to 182 g, 52 to 214 g, 
and 79 to 310 g when fed nor~nal,  acidified, 
and alkalized lnilk wit11 average outputs of 104, 
120, and 131 g,  respectively. 

The average daily fecal output in the scour- 
ing calves varied from 302 to 1,123 g, whereas 
tht, dry  inatter content of these feces ranged 
fro111 5.0 to 1.5.1%. The dry matter excretion 
per pound of milk ingested ranged from 2.7 to 
1S g .  Thc>c~ findings, suggesting that  the dry  
111atter tligr\tihility is  variously affected in 

TABLE 2 

Dry matter percentages and daily fecal outputs of all the c.:llrcs wllen fc(l lnilk at  d~fferelit 
pH levels 

- . - 

Sorlnal .4cidificrl ~nilk i2lkalized milk 
-- 

Per  cent Daily Per cent Daily l'rr c.cl~t Daily 
Calf r11.y fecal tlry fthcal (11 y feed 
no. lnattcr ol~tput matter output nl;~ttcr output 

Is) (9) (9) 
1315 25.7 74 28.1 195 5.0" i i l "  
243 11.0 a 302 a 21.1 79 25.4 !) 0 
197 21.1 95 1O.Ba 549 ' 25.0 132 
003 21.5 61  7.6 588 a 24.8 'i 9 

1662 27.6 73 28.3 214 ll.ln 1123" 
JT.5 10.0" 524' 18.4 134 20.9 148 
6 3  25.7 88 15.1 305' 19.0 198 
0 4  13.2* 336" 37.2 84 21.1 

r - a  
150 

M6 1!).3 151 20.1 153 1 . 1  354' 
290 24.0 75 28.6 80 25.2 SO 
089 25.6 148 00.1 107 27.9 1 01) 
210 23.5 142 l i . O  lli0 25.0 !) 5 

1553 26.4 116 29.6 52 24.5 88 
1624 23.2 SH 21.3 5 2  22.4 310 
1608 0n.n 73 19.7 1'7s 26.9 9 7 

Average 21.4 161 21.5 192 20.8 251 

Averagc 23.6 104 24.1 120 24.0 131 
- 

" Feces condition, loose. 
Average for all calves. 
Average for nonscouring calve?. 



TABLE 3 

Analysis of variance in the daily fecal outputs as related to treatment 
- 

Degrees 
of Sum of Mean 

.- . 
Source of variations f rcedom squares square F 

-- 
1. Total groups 44 1,895,52(i.00 
2. Between means of individuals 14 446,277.33 
3. Between means of treatments 2 62,530.13 31,265.0G 2.26 
4. Error 
- - -  

28 386,718.57 
-- - -  .- - 

scours, are in agree~nent with those of Sezresky 
et  al. (Q) ,  Blaxter and Wootl (2 ) ,  and Grimes 
and Gardner (5 ) .  

The average daily intake per callf was 10.0, 
8.9, and 9.0 lb, respectively, fo r  the normal, 
acidified, and alkalized milk diets. I t  would 
seem, therefore, that differences in the average 
fecal excretion values could not be attrihnted 
to th(. difference in levels of diet intali(.. These 
values suggest that  when the pTI of the milk 
is shifted towards either acidity or alkalinity, 
the level of fecal excretion may be affected. 
The analysis of variance (16),  however, shows 
that  these variations were not significant a t  
P = .05, as  shown in Table 3. 

I t  was further observed that  the calves did 
not pass feces regularly each day, which sup- 
ports the earlier findings of Blaxter and Wood 
(2)  and Grimes and Gardner (5). Also, the 
scouring calves lost hair from the rear legs, 
with the extent of loss depending upon severity 
of diarrhea. S i~ni lar  ohst~rvations have been 
reported hy Blaster and JJTood (2 ) .  

Variations in tht, consistency of the feces 
arc. a continuous change; therefore, i t  was 
difficult to establish the exact time a t  which 
feces may have b e c o ~ ~ ~ e  ahnor~r~a l  or the condi- 
tion considered diarrhea. Blaster and Wood 
(2 )  have indicated the mean dry  matter con- 
tent of nor~nal,  loose.. and watery feces to be 
19.(i. 1.3, and 9.1%. Tf  these va.lues arc  applied 
to tho presrrit studit~s, three calves out of 1 5  
s c o u ~ ~ , d  in each of thr  three treatments. 

The findings reported here are not in agree- 
ment with those of Blaxter and Wood (2 ) ,  
who rcported that addition of an  acid to the 
milk produces a curd of 10x7 tension and that 
feeding of such milk tended to  cause calves to 
scour. These results, however, are in agreement 
with those of Owen et a1. ( l l ) ,  who found that  
rcdueinq curd tension by adding sodium eitrate 
d1d not induce scouring. Blaxter and Wood (2 )  
ind~catcd that  the addition of salts of the 
:~lhali iitctals to the milk interfere$ with the 
1.c.11ni11 artion upon curd formation in milk and 
tlrn5 prodnres scours. 

During the entire 5-wk study, nine of the 15 
calves (60%) scoured a t  one time or another. 
This incidence is in agreelnent with the inci- 
dence of 56% reported by Pounden et al. (14) 
and of 64% reported by Norton ct  al. (10).  
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FATE O F  LACTIC ACID IS RUMEN INGESTA 

C. F. BRUNO AND W. E. C .  MOORE 
Departments of Biochemistry and Nutrition and of Veterinary Science 

Virginia Polytechnic Institute, Blacksburg 

SUMMARY 

The production of lactic acid in rulninal ingesta in vitro was sti~nulated by 
commercial alfalfa meal, heated and unheated alfalfa, glucose, and heated starch. 
The heating of starch and alfalfa increased production although no substrate, 
a t  levels co~nparable to the amounts of silnilar material in com~~lercial alfalfa 
meal, caused as much lactic acid to be produced as did alfalfa meal. Propionate 
production was stimulated by ~nirtures of peptone and glucose in the absence 
of lactic acid accumulation or by alfalfa meal in the presence of lactic acid. 
Product con~position varied with fermentation pH. At p H  6.3, 35% of added 
unifornlly labeled C-14 lactic acid was converted to acetic acid, whereas 33% 
was recovered in the ether-extracted aqueous residues and 9% in the propionate. 
The remainder was distributed in other fatty acids and fermentation gases. 

Bau~nan and Foster (3),  Briggs et al. (4), 
Elsden (8) ,  Waldo and Schultz (20), and 
Reid et al. (16), among others, have demon- 
strated that detectable quantities of lactic acid 
accun~ulate in the rumen under special condi- 
tions, and many authors have isolated cultures 
of bacteria from the rumen which produce 
lactic arid (5) .  The low levels of lactate usu- 
ally present in the rumen have led investigators 
to study the pathways by which lactate may 
disappear. The work of Waldo and Schultz 

tion was recovered as acetate. Only 14% of 
the activity was found in propionate and 5% 
in butyrate. Differences between manometric 
and isotopic results suggested that the use of 
uniformly labeled substrate would be desirable. 
The present studies were designed to extend 
the above observations and follow the forma- 
tion of lactic acid and the conversion of uni- 
f o r ~ r ~ l y  labeled lactate in ruminal ingesta. 

MATERIALS AND METHODS 
(20 f , -~ l sden  ( 8 ~  and ~ n e k r  et  al. (11) sug- TO deterlnine the optimunl for gests that lactate 'nay be converted '0 0th'' lactic acid in ruminal ingesta, Sam- 
fatty acids, especially propionate. Johns (13) ples of ingests were taken froln 2-yr-old fistu- 
demonstrated this conversion with Veillonella lated steers fed poor-quality mixed hay ad 
gazogencs and and Ladd libitunl and 4 lb of 12% protein concentrate 
and IfTalker (15) investigated i t  with Pepto- pel. day. The Inaterial was taken from the 
streptococc?c.~ elsdenii. e e n t ~ r  of the rumen about 20 min after feeding. 

With special rations, usually including cooked T , ~  hulldred and twenty-five milliliters of 
starch, heat-processed ground roughage, or  high ruminal ingesta was strained through two layers 
starch, an  increase in propionate has been ob- of cheese cloth into 250-1111 Erlenmeyer flasks. 
tained in the ruminal fermentation (11 8-10, Each flask contained 1 5  g of commercial al- 
17, 18) -  It has been suggested that the Pro- falfa meal or ground alfalfa, or 5.73 g of heat- 
duction of propionate with special rations is treated or untreated carbohydrate (calculated 
related to the rapid conversion of lactate pro- to be equivalent to a maximunl of 38.2% 
duced when glucose or other readily available Y.F.E.), or 2.43 g of each protein source 
carhohydrntes are fed. (cquivslent to a ~naximum value of 16.1% 

The work of Jayasuriya and Hungate (12) protein) or both. Control flasks contained no 
demonstrated that under their conditions an  added suhstrate I n  the experiments concern- 
average of 81% of the C-14 from that portion ing the effect of heat (autoclaved a t  121 C 
of the two-laheled lactate converted to steam- for 30 min) upon the suhstrate, the unheated 
distillahle material during in vitro fertnenta- salnples served as controls. To determine the 

effects of p H  upon lactic acid production, 200 
Received for publication July 20, 1961. 1111 of rumen fluid was added to flasks contain- 
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ing buffer solutions of I<H,PO, and K,HPO,, 
which were calculated to give a final concentra- 
tion of 0.2 M phosphate ions in each case. The 
measured p H  values of the resulting buffered 
rumen fluid san~ples werc 6.9, 6.5, 6.05, and 5.5. 
Ten grarns of commercial alfalfa meal served 
as substrate in each flask. Flasks in all experi- 
ments were incubated in  water baths a t  39 C 
under a nitrogen atmosphere. 

Fermentation acids were determined by a 
modification of the silicic acid column chroma- 
tography method of Smith et al. (19). One 
hundred-mesh silicic acid (Ylallinckrodt) was 
sized by repeated suspension in water, the sus- 
pended fine particles decanted from the settled 
material and discarded. The acid was then 
dried a t  55 C. Four grams of the dry acid 
were suspended in  excess chloroform. The acid 
was then slurried to a fine suspension by 
stirring and grinding in 3 1111 of 0.1 N H2S0, .  
The slurry was poured into a one-half inch 
i.d. column approximately 16 inches long, which 
had been drawn to a tip a t  the lower end. The 
t ip  contained glass wool covered by a filter 
paper disk. Additional thin layers of asbestos 
fiber and Celite prevented leaching of the 
column and erratic results during later use of 
the column. The silicic acid slurry was pressed 
into the column with an  additional filter paper 
disk, using a glass tube. One gram of dry 
silicic acid was then added to the top of the 
colu~nn and mixed with a small amount of 
chloroform to remove the trapped air. This 
top layer was compressed with a final filter 
paper disk. A 1-ml acidified aqueous sample 
( p H  2.0 or  less with 50% cone H2S0,/50% 
H,O) was forced into the dry silicic acid cap 
under air  or nitrogen pressure. The column 
was then developed with approxilnately 75 ml 
of benzene integrated with 75 ml of ether or 
with 25% butanol in benzene as the second 
solvent. The solvents were saturated with 0.1 N 

H,SO,. The air  or nitrogen pressure was regu- 
lated to give a solvent flow rate of 30 to 60 
drops per minute. The integrator reservoirs 
for the solvents were lnade f r o n ~  two 50-rnl 
Erlcn~neyer flaslis placed side by side and con- 
nected by a stopcock. The first flask was pro- 
vided with an opening in the hottom and placed 
upside down, as shown in Figure 1. 

This arrangement allowed minimal addition 
of the second solvent during the initial stages 
of development and minimti1 addition of the 
first solvent later. Forty-drop fractions were 
eluted and titrated to the phenolphthalein or 
hrom-cresol-purple end point with 0.01 K 

C,.H,O Na or 0.01 N NaOH in absolute ethanol. 
The top I g of the column was removed with 

FIG. 1. Equipment for chromatographic separa- 
tion of fcrnmentation acids. 

a glass tube for  reuse of the column, which 
does not begin to leach for nine or  ten uses. 

.4 8 8 
ROOM TEMPERATURE -b 

2 . 3  ML. FRACTIONS 

-45. '&*-ICE WATER- 

+ .  
10 30 40 50 60 70 
2.3 ML. FRACTIONS 

FIG. 2. CE~romatograms of a standard mixture 
of fermentation acids run under different tempera- 
tures. Peaks, from lcft to right arc: v:ileric, bu- 
tyric, propionic, ncetie, fol.lnic., succinic, and lactic 
:irids. liccovery hncc(1 011 eale~ilated amount in 
tli- snmplc is sl1,)rnll fa]. ~nc.11 ~wak. 
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ICnown sa~nples of valeric, butyric, propionic, 
acetic, formic, succinic, and lactic acids were 
recovered satisfactorily, as illustrated in Figure 
2. Isobutyric and butyric acids were separated 
if the solvent flow was less than 30 drops per 
minute and if 20-drop fractions were collected. 
Five- and six-carbon acids eluted within the 
first 1 0  1111 were overlooked unless titration con- 
tinued beyond the first false end point. This 
precaution was not necessary with the other 
acids. A colul~~n thinner than one-half inch 
i.d. allowed more rapid development with equal 
separation. Resolution of five-carbon acids 
could be increased even further by enclosing 
the colu~nn in a jacket a t  approxilnately 45 C. 
Resolution of succinic and lactic acids is im- 
proved a t  lower temperatures. The entire pack- 
ing and development of the column can be ac- 
complished in 30 to 50 min. 

For  the biosynthesis of uniformly C-24 la- 
beled lactic acid, 0.4 g of glucose was added to 
25 ml of rumen fluid, together with a trace of 
uniformly labeled glucose. The mixture was 
incubated for  18  n ~ i n  a t  39 C, after which the 
fermentation was stopped by the addition of 
0.5 ml of 50% H,SO,. The CO? evolved was 
trapped in aqueous SaOH. Several such fer- 
mentations were carried out, to obtain required 
amounts of labeled lactic acid. Lactic acid was 
separated fro111 the aqueous centrifugal super- 
natant hy the anion exchange method of Busch 
et al. (6).  The lactic acid was identified by 
the method of Eegriwe (7 )  and purity was 
determined with paper chromatography, using 
the method of Jones (14). The chromatograms 
were counted in a chromatogram strip counter. 

For  the in vitro fermentation of purified 
unifor~nly labeled lactic acid, the substrate was 
incubated a t  39 C with 25 ml of fresh rumen 
fluid under a mixture of 65% CO,, 34% CH,, 
and 1% H, in a closed system connected to a 
burette for  the collection of gas over mercury. 
The incubation flask was agitated continuously 
for  1.5 hr, when the reaction was stopped with 
II,SO,. The gas was transferred quantitatively 
to the collection burette for  analysis, in a, pre- 
cision mine air apparatus. The COI was trapped 
as carhonate for direct plating and the CH, 
was converted to C0, and trapped separately. 
An unfermented control sample of labeled lac- 
tate was added to preacidified rumen fluid. 
Both acidified salnples (fermented and unfer- 
mented control) were divided in half for plat- 
ing and for duplicate fractionation by con- 
tinuous liquid-liquid ether extraction and col- 
umn chromatography. Subsamples were ad- 
justed to the appropriate p H  and direct-plated 
in triplicate on stainless steel planchets fo r  

counting in a gas-flow Geiger system. The outer 
edge of each planchet was ringed with a thin 
layer of vaseline, and a drop of 5% Sparkleen 
solution added to each sample to facilitate 
plating. Triplicate subsamples containing an 
internal C-14 standard were also plated, to 
allow direct corrections for  self-absorption, 
geometry, and efficiency. 

RESULTS AND DISCUSSION 

The production of lactic acid and its sub- 
sequent disappearance during in vitro incuba- 
tion of commercial alfalfa meal with rumen 
fluids is illustrated in Figure 3. During the 
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FIG. 3. Concentration of fermentation acids 
during in vitro incubation of commercial alfalfa 
meal. 

incubation, lactic acid reached a peak value 
of 8.2% of the total acids within the first hour. 
A t  the end of 3 hr  the total concentration of 
fermentation acids increased from 14.0 to 19.3 
nieq/100 ml. The concentration of butyric in- 
creased 38%, propionic 50%, and acetic 38% 
of their original concentrations. 

I t  is evident from the data in Figure 4 that 
fermentation rates were greatest during the 
first hour of incubation in vitro. Substrates 
producing the greatest increase in lactic acid 
also caused the largest increases in acetic and 
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FIG. 4. Comparison of thc concentrations of fer- 

mentation acitls during the in vitro incubation of 
cornniercial alfalfa meal (I),  hmt-trcatcd ground 
alfalfa hap (0), unheatc,d ground alfalfa hay (3 ) ,  
glnrosc (4), poptone (5), glucose and prptone 
(G) ,  and rumen fluid alone (7) .  

propionic acid. A notable exception was the 
prc~duc.tion of proportionately larger quanti- 
ties of propionate with the glucose-peptone 
~~ l i s tu rc .  This chxception may result fro111 the 
opchration of a different pathn-ay fo r  the con- 
vcr\ion of mrbohydrate to fa t ty  acids, possibly 
In response to a different p H  as  the result of 
peptone dealnillation, or ill response to the 
sti~~tu!;rtion of ;I different segn~ent of the micro- 
bl:il population. 

Tht, production of butyrate was not well- 
correlated with the production of any other 
acid. T'aleric acid productioll was stilnulated 
only I)y peptone alone. Sone of the substrates 
\v;ls rqual to alfalfa llleal as a precursor of 
laetic acid. The comparison of heated and un- 
hrated ground alfalfa supports the observation 
of Shaw et al. ( I T ) ,  that heat treatn~ent of 
substrate is itnportant in the production of 
runlinal propionate. Heat-treated glucose, su- 
crow, ar.d unheated sucrose gave responses 
sitnilar to glucose alone. ?\To lactic acid was 
produced with heat-treated o r  unheated casein 
or with unheated starch, whereas heated starch 
produced approxiruately one-half as lr~uch lactic 
acid as did glucose. Microscopic observation 
of the heated starch granules revealed a change 
in the physical structure of the granulrs, which 
may account for  the change in fermentation 
activity. After heating, much of the granular 
Illaterial was reduced to an amorphous form, 
which undoubtedly providcd more surface area 
and ~ e r h a ~ s  made the starch more readily 

A 

available to microorganisms. 
The transitory accunlulation of lactic acid 

which occurs with glucose, heated starch, or 
heat-treated alfalfa supports the observation 
that large amounts of readily available earbo- 
hydrate are  necessary fo r  the accumulation of 
lactate in vivo. This might only reflect the re- 
sistance of the lactic fernlentation pathways to 
low p1-I values. Such a rnechanisin is suggested 
by the data of Figure 5. Here, the response 
in laetic, acetic, and propionic acid production 
to changes in p H  was immediate, indicating 
that  a 111ajor shift in microbial population is 
not essential. I n  this experiment lactic acid 
reached its maximunl concentration a t  lower 
p H  values after 2 hr, whereas a t  the higher 
p H  values it had decreased slightly after 2 hr. 
Essentinlly thc same results were obtained with 
heat-treated finely ground alfalfa hay. 

Uniformly C-14 labeled laetic acid was pre- 
pared by fermentation of uniformly C-14 la- 
beled glucose in ruminal ingesta. Table 1 con- 
tains the data obtained from the fermentation 
of approximately 0.85 ineq of purified labeled 
lactic acid u-ith 25 ml of ruminal ingesta for  
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5 6 7 
P H 

FIG. Z. Effrct of buffered pI-I upon the in vitro 
protluetion of fermentation acids by ruminal in- 
gesta during the fermentatio~~ of commercial al- 
falfa mral. 1':acli point represents the illcrease 
in eoi~cel~tration of enell of the fatty acids after 
9 lir of i~~cubation. 

of the unbuffered rurnen fluid in which the 
uniforn~ly labeled lactic acid was incubated 
was 6.3. At that p H  value, lactic acid does 
not nornlally accurnulate in the rumen. The 
esp(lrin~ent delnonstrates that lactic acid is 
rapidly metabolized a t  p H  6.3. However, the 
esprrinlent cannot indicate the importance of 
lactic acid as an  intermediate in rumen fer- 
tnentation, since its nonnal absence a t  p H  6.3 
map reflect either the rapid ~netabolisln or a 
derroased rate of production. A t  lower p H  
values, where lactate often accumulates, it 
might he lnetabolized much more slowly and 
lnay be converted to lnueh different products. 
The results support the observation of Jaya- 
suriya and IIungate (12). The carbohydrate 
converted to lactic acid as an  intermediate a t  
the pTI of this experiincnt is ultimately con- 
verted primarily to acetic acid. The presence 
of activity in thc four- and five-carbon acids 
suggests either carbosyl exchange, or the con- 
densation of two- and three-carbon acids, as 
reported by Barlicr (2 ) .  

The presence of inore than one hnportant 
pathway for  the production of propionate in 
~ ~ u i l ~ i n a l  ingesta ntight be inferred from some 

1.5 hr, as deqcribed previously. Results of of the data. V i t h  comtnercial alfalfa meal, 
analysis of the 11re:leidified unfernlented control where lactic acid accmnulated, propionate in- 
s a t~~p le  are shown in Table 2. The initial p H  creased proportionately inore than acetate and 

TABLE 1 
Distribution of (2-14 followillg the fermentation of uniforully C-14 labeled lactic acid bg 

ruminal ingesta in ritro 
- - - - - - - - - -- -~ - 

Per cent Avg 
of total Avcmge Per cent per cent 
in sub- per ccnt of ctt11-r of ethcr 

d/ma sample of total cstract extract 
-- ~ - 

( i a  thousands) 
Radioactivity ad(led 3,983 ( 4 )  100 
Ethrr estracterl a 'I 636 31.9 32.6 

aqueous residue (b) 666 33.4 
Ether extract (a)  1,150 57.7 55.8 

(b) 1,0i2 53.8 
COz 94(+2) 2.4 2.4 
CHI 104(f 2) 2.6 2.6 
Total recovery (a)  1,885 94.6 03.4 

(b)  1,837 $!0.2 
Ether extract. 
5-Carbon Acid (8) 48 2.4 0.2 4.2 4.0 

Acetic 

Lactic 
(1)) 103 .5.2 9.6 

Recovery from columm~ (a)  1,102 55.3 53.5 !15.8 99.6 
(1)) 1,110 55.7 1113.5 

-- - - - -- - - - - 

" d/m-disintegrations per minl~te. 
"a) and (b) are duplicate subsamples. 



TABLE 2 
Distril)utioii of C-14 l:~beleil lactic acid in  a n  ~ i r ~ f ( . r n ~ e ~ ~ t c t l  control sample of r u ~ l ~ i n a l  ingesta 
-- - - - - - - - -- 

P r r  cent -\vg 
of tot:tl A\.cr;~gc, P e r  c m t  1>er cc\nt 
I I PI-r ecknt of 1.t11:~r of c t l~c r  

d/m snnr]>lc of total c~xtr:lrt cxtr:~c.t 
- - - - - -- - - - - - 

l?ndioactivity :~ililerl 
Ether cxtracterl 

aqueous residue 
Ether extract 

Total recovery 

( b )  14 
Propionic ( a )  0 

( b )  10 
.icetic ( a )  9 

(b )  8 
Lactic ( a )  1,188 

( h )  1,458 
Reeovny froin colnni~i ( a )  1,214 

(1)) 1,497 
- - -- 

a d/m-disintcgmtioiis per minute. 
"a) and ( b )  are  e l ~ ~ p l ~ c a t c  sul~s:~niples. 
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drr ivod f r o m  lactate is delnonstrated hy the  Cllen~., Inti: 717. 1952. 
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Z. Anal. C l ~ r n ~ . ,  95: 304. 1933. 

( S )  ICLSDICS, S. Ii. Ti](. l ' c . rn~rn t :~ t i (~~~  of C:~rl,o- 
used a s  substrate. E i the r  lacta te  was  convrxrted llyrlrates in  tllc Rumen of the Shoep. J. Es- 
to  propionate  so r ap id ly  a t  t h i s  pFI  t h a t  i t  ptl. Biol., 22: 51. 1945. 
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TECHNICAL NOTE 

SOME FACTORS INFLUENCING INTAKE O F  DIRECT-CUT SILAGE 
BY DATRY CO\TTS 

The current interest in forage-testing pro- 
grams as a ~neans of i ~ ~ ~ p r o v i n g  dairy-feecting 
programs has resulted in a search for suitable 
methods for predicting forage intake by dairy 
cows. Due to animal variation, there is little 
current information to indicate that the indi- 
vidual cow consumption can hc accun~tely esti- 
mated. This is not necessarily a major prob- 
lem, since predictions of intake on a herd basis 
would be a useful tool in providing improved 
feeding information to dairy fanners. 

Data from feeding trials with 34 silages, fed 
as the only roughage, were available for anal- 
ysis. The silages represented a wide variety 
of forages including summer grasses, alfalfa, 
small grains and corn, and silages made with 
and without additives. The silages were all 
fed free-choice and supplernented with grain 
according to milk production. The data Tverc, 
analyzed by least-squares multiple regression. 
Factors included in the study as independent 
variables were: body weight of cows, level of 
milk production, dry ~natter digestibility, silage 
dry matter, silage pH, silage crude protein, 
silage crude fiber, and calculated TDN required 
by the cows. Of thc variables studied, only 
dry matter digestibility, crude protein, crude 
fiber, and calculated TDK required yielded sig- 
nificant influences on dry matter intake. The 
regression coefficients are shorn in Table 1. 
The four factors accounted for 93% of the 
variation in average silage dry miittcr intake 
(R,' = .928). The standard error of estiniate 
was -1- 1.28 lb dry matter. The resulting equa- 
tion for predicting silage dry n~;ltter intake 
was Y = 17.60 -t .209 X I  - .477 2Y2 - .239 X ,  + .346 X4, where Y is dry matter intake, XI is 
dry matter digestibility, X ,  is crude protein, 
X,  is crude fiber, and X, is calculated TDN 
required. Of the variables, only the negative 
value for crude protein would appear to rrrluire 
explanation. This value probably reflects the 
intake problem frequently encountered on high- 
protein silages due to con~pounds formed din- 
ing fermentation. As yet, this factor is not 
understood, although frequently encountered 
(1). In terms of a 1,200-lb cow producing 50 
lb of 4% milk, the formula estimates a daily 
intake of 1 7  lb TDN on an early-cut forage and 
13 lh on a mature silage. This mean value and 
the resulting grain requirement fit well with 
data reported from this and other experinlent 
stations (3, 4). Despite the excellcnt success 
of the forrnula in accounting for variations in 
intake, the formula is suggested only as a basis 
for developing similar information in specific 

' Georgia Experiment Station, Journal Series 
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TABLE 1 

Influe~lec of variables on silage dry matter intake 
( Y , )  and nutritive value index (Y2) 

Dry S.V.I. 
matter of 
intake silage 

Variable ( P I )  ( Y z )  

Constants 
KO preservatirc .... 
100 lb per ton ...... 
ZOO lb per ton ... . 

Set Partial Regressions 
Crude fibcr of silage (9'0) 
Silage dry matter (%) 
Dry matter loss in 

silo (YO) 
Dry matter digest- 

lbility (%) .209" 
Crude protein of 

silage (YO) -.477** 
Crude fiber of 

silage ( O J o )  -.239** 
Calculated TDN 

required (%) .346** 
R ' .928 

34 

* Sigiiifirant at the 5vo level. 
* '  Significant at the 1% level. 

feeding situations and not as a universal nlethod 
for calculating intake. 

I n  addition to the analysis of factors influ- 
encing intake, data from 29 direet-cut silages 
mere studied for the factors influencing nutri- 
tive value index (NVI)  (2 ) .  The results shown 
in Table 1 are of interest in evaluating the rela- 
tive influence of several items on the feeding 
value of silage. The influence of adding 100 
lb of a feed such as ground snap corn or citrus 
pulp per ton of silage is of particular interest. 
Thc use of this rate of additive increased the 
NVI by 15.5 points, an equivalent influence to 
increasing silage dry matter by 6.2 percentage 
points. The fact that adding a second 100 lb 
resulted in only a 6.7-point increase in NVI 
indicates that the effect of feed additives is 
nutritional as well as merely adding dry matter 
to the silage. The significant effect of dry 
matter loss in the silo is of interest and indi- 
cates the importance of keeping this factor a t  
a mini~num. The relative influence of adding 
100 lb of grain, vs. the loss of dry matter in 
the silo, indicates that many of the effects of 
loss of dry matter can be overcome by additives. 

31. E. MCCULLOUGH 
Ani~iial Industry Department 
Georgia Experiment Station, Experiment 
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SYMPOSIUM: Changes Which May Be Forced Upon Us 

by Trends in College Enrollment1 

PROBLEJIS FACTNC: COT~IJEC+II: ADJILNISTRrZTIOSS 

A. E. JIiar.o\r 
Vire-Prc-iident in Chuge  of Agricultur:~l Scirncc~s 

Oklahonla State Un~rcars~ty, Still\r:>ter 

I have been asked to discuss colloge adminis- 
tration prohle~ns, prohlcms brought about l)y 
il~creascd enrolln~ents and relatively decreased 
appropriations. 

1 know that people in dairying are con- 
cclrned with these problems, also, hut i t  has 
1)ren n ~ y  ilnpression that n e  in departments 
1i:rre sonleti~nes rc.sistcct change, : ~ t  least changes 
of nia.jor proportion. Too, college and uni- 
versity adnlinistrations a t  times may not have 
lnoved rapidly enough to meet cllanging con- 
tlitions. So, in some instances, changes in intli- 
ridual institutions have hern originated hy 
I)o:~rds of regents, or by state legislaturrs. 

I ht~lirvr that if ~v\.c're going to continue to 
I)e t,l~t. leaders in ajiriculturnl cduc:~tion, and 
in rda~at ion:~l  policy in :~griculture, we must 
Irntl. At Okl:lho~~la State Lnivrrsity, 111a1ly of 
t h ~  changes I\-e in agricultnrr hare 111ade ncre  
:IS n rt?sl~lt of pl~rssurcX f r n ~ l ~  tlic atl~l~inistration, 
c:li:~ngt's t11:lt slionld 11:lrc. hc~en ~nade I\-ithin the 
structure of intliritlunl r lel~lrt~nents.  I t  is 
c~nc~onraginji intlec'd t h :~ t  you in tlairying are 
takillg :I (.lose look : ~ t  tho s i t~~a t ion  as it np- 
plirs to firltl. It' ch;~cll dep:~rtlnc~nt, in each 
collt,gr of :~gl.iculturc~. \\ill do lil;a\risc, prrhaps 
\I-(, c:111 Ic:~d : ~ r ~ t l  st :~y nli(~:~d ol' the layn~an in 
tho cl~:~ligc>s t11:1t arc ~natlc. 

O(wcai.al lign1,rs ol' (a~l ro l l l~~r l~t  ~ ~ ~ ~ o s p r c t s  are 
uic.ful to state g o r c ~ ~ i ~ ~ ~ ~ c ~ ~ ~ t s ,  to unirersity ad- 
~ ~ l i n i s t r : ~ t i o ~ ~ s  nntl, u p  to a point, to collcjics 
of' :ig~.ic.ultnl.c. Rut :~lw;~ys, rc~gnrtllrss of tlic 
~ i z r ~  t ~ f  thc, gcwc~r:~l incl.ease, thcrc ~vil l  I)c arcas 
v:itl~in ~u~ircsrsitic~s that will have few studrnts 
a l~ t l  will not sl~:uc in the increased enrolllnrnt. 

The conrtansns is that state-supported cal- 
lrgc and nnivcrsity enrolllncnts will very likely 
incrrasc   no re r:~pirlly than will total cnroll- 
111e11ts in :111 institntions of higher learning. 
3[n11y priv:itc institutions restrict enrolllnent, 
bnt should this po1it.y he changed sufficirnt re- 
sources are not :~vailal)lc to cxpand scrviccs a t  
the rate tlir stndrnt I)ody in thc entire Unitrd 
States is expanding. 

i \ s  a ITSI I I~ .  s t : ~ t c ~ - s ~ ~ p p o r t e  institutions mill 
11a\v? an estr:~-hvavy land. Do the statrs have 
suflicicwt rrsoul~ces {'or this trell~endous, gi- 
g:~ntic c~ducatiol~:il ~~rsponsihility and, if so, 
I IOW ~vil l  these I.c.sources 11e used? 

.\t Oklalioll~a Stat(. University, shortages in 
f:lcnlty :1i1(1 in l)hysi(,al f:~ciliti(bs, particularly 

' P:I]II,~S pl.rsrlltc(l :ct Gcncrnl Scssion a t  the 
5.itl1 . \ I I I I U : I ~  3lrvti11g of tll(, Am(.rican Dairy Sei- 
<,nrr, .\ssoci:~tio~~. I't~ivrl.sity of \Viseonsin, Madi- 
roll, Ju~lc  12, 1961. 

1 

l;iboratories, hare I~een our main prohlen~s. If  
there is any shortage of classroonls, it is br- 
cause our classrooni spare is distrihutcid among 
roonis of sizes that do not quite fit our prcwnt 
enrolllnent and schrduling practices. 

There is sollrc tliscussion these days of a 
trimester plan of study which n c  helirrc, xvould 
result in no more c~ffiricnt usc of our f;~cilities 
than a t  present. JIany institutiol~s, including 
our omn, have Saturday tnorning cl:~sses. but 
we brlieve students, faculty, and parcnts of 
students would loolc with disfavor on i'ull-day 
Saturday classes. 

I t  is disconcerting that alnong the depart- 
n~ents which represent the least inll)ortant arcsas 
of agriculture we find clepartlnents ~rhose in- 
struction is by far  the 111ost exp r~~s i r e .  

I t  is in~portant th:~t we t:~ke a talosr look a t  
the nunlhrr and kinds of coursrs we offer, with 
the airn of bringing our cnrricu1i1111 n~ort, newly 
in line with training nretlecl by our gratlnntes 
and of lowering costs it: l~ossil)le. 

I'rcssurcl to offer ~ultlri~pr:~tln:~tr courses \\-it11 
less than ten stutlcnts will continue and will 
inero:~sr. If  \v(, pc>rsist in offering sucah high- 
cost c.ourstbs 1vr ar r ,  in a very real scLnscb, :lsking 
the, c'nti~*ct staff to snhsitlixe the l o \ v - c ~ ~ r o l l ~ l ~ o ~ ~ t ,  
high-cost :Ire:is. 

Low-en~.oll~iic~nt tlcp:~rt~ncwts on the Okla- 
holil:~ State Cnirersity c:nnpus have made two 
ildjust~l~cnts to Io\vrr costs. 1111 departmmts 
hare rrrised their c.urricnla, and in 111anp of 
the upper-division (,lasses a stxrlut.nc.o of' upl~cr-  
dirision c.ourscls is offrrc~il in :llternate ys:lrs. 
Fortunately fo r  us in agriculture, clna1ific.d 1 1 1 ~ ~ 1 1  

can hc transferred fro111 tc:~ching into nec~tlcd 
areas of research. 

TVe've also increased the size of frrshlnan 
and sopliolnore sections in those tlepaltnlrnts 
with large enrollments. 

I t  is disconcerting that these chanprs in indi- 
vidual drpartnients have resultrd fro111 prczs- 
sure hy tho Dcan's office, and hy the nnirrrsity 
:~dniinistration itself. These changes (lid not 
originate in the drpartlnents. 

If  \ve in collrges of agriculture can consoli- 
(late courscLs. offer courses in nltcirnate ymrs, 
: ~ n d  111akr othrr ad,justmcnts. we will strrngtlim 
s o ~ ~ l c  of our \reak spots. Then, when the pres- 
sure vonles arid the question of interunircrsity 
c.oopr~,ation to lowrr tc~nel~ing costs is raiscsd, 
we shall hc brttcr able to ans~\,cr that question 
realistically. 

Such arrmlget~lents are now in effect. 3Iaine 
and IT(~ r1~~on t  Iiarc an  exchange projiraln in 
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forestrr  and dairying. Dairy technology can 
111, studied a t  Vern~ont or AIassachusetts by stu- 
drnts fro111 3laine or KCTT I-Iampshire or Rhode 
Tsl:~ttd by the payment of in-state tuition. I 
nndcrstand that 3lassachusrtts is the accepted 
school of landscape architecture for  all of 
Seu- England. 1Iassachusetts and Maine have 
:an rscl~:~ngch plan that involves food technol- 
ogy :ind agricultural engineering students. And, 
anlong Southern states, there is a working ar- 
rangement for  training of students in dentistry 
and in vrterinary ~nrdicine. 

The details are not important. What I mi1 
trying to call to your attention is that there 
are interstate and regional arm.ngentents 
~vhrrehy students nlay transfer to another state 
~vithout financial penalty and with the hope 
of increasing thrir educational responsibilities. 

I ratller feel that college and university ad- 
nrinistrntions shonld explore these possibilities, 
particularly in those areas 11-here cost of in- 
strnction is very high. 

IAet us raise a fe\v questions about dairying. 
Jus t  what is required in a dairy herd to tcach 

dairy judging and dairy production? This is, 
of course, aside fro111 research work. Four 
breeds of daily cattle, in sufficient nutubers to 
justify a breeding progmin, can hardly be 
justified for  the prupose of teaching cattle 
judging to fresh~nen or sopholnores, pnrticu- 
larlp it' the coursr has only 20 to 30 students, 
and for  the purpose of te:tching fire to eight 
dairy innjors. 

I raisc: serious questions as to what is re- 
quired fo r  teaching dairy processing. >lust 
we have a costly dairy inanufacturing plant, 
particularly since i t  is dificnlt, if not impos- 
sible, for the average university to keep its 
processing ~nachinery rurrent with that heing 
used in coinll~ercial plants? 

One possible alternative is an anango~nent 
for apprenticing dairy students to onc of thct 
university's graduates who is a succc~ssful 
crramery operator. If  this citn not he done 
during the regular school year, perhaps the 
students could arrange to get sum1nc.r rlnploy- 
mcnt a t  on(: of the very successful, up-to-date 

crean~cries. Perhaps these 111:tjors could be 
tllorou~lily trninthd in the acndrmic areas of 
dairy processing, and after gratluation get their 
practic-ill espericmce in a training program 
where they are e~uplnyed. 
3Ip approach to teaching is not entirely on 

a "what docs i t  cost?" 1)asis. but I bt~lic~vr we 
should never forget that we do not opeixtc in 
a. vacuum. Agriculture is not isolatc~l fro111 
other seginmts of thv university, nor is the 
university isolr~ted fro111 thc general public. 
TTvhether xve will it or not. ~ v e  tnust n~alie rer- 
tnin adjust~ncnts and justific:ttions from tinre 
to tinie. This we must do in order to continue 
an on-going prograla. 

I re:~lize, as yon do. that Jve must insist on 
a good general education. May I quote froin 
mr article hy Dr. Stanley Plusgrave, head of 
thc dairy departn~ent a t  Oklahoma State: "It 
could be stated that research funds, both public 
and private, have not bren puinped into spe- 
ci:llizecl arens on an  cqual basis. State, federal, 
and private grants have been e~nployed in the 
arras of expected greatest retnrns. As these 
interests increase, wc should talre special care 
to s r r  that thcse special interrsts do not cause 
us to Irt our basic responsibility, that of good 
tenching a t  all levels, in all areas, be side- 
tracked." 

11-c :Ire preparing to celebrate the 100th an- 
i i iversar~  of the cstablish~nent of the land-grant 
c*ollege systetn in the United States. As we 
look hack over the past century, we sr r  what 
innovations have been accol~~plisl~etl. My plea 
to you is not that ~ v c  go I~oine and say that no 
course that costs more tll;ul a certain number 
of dollars per credit horu ~vill be offered, but 
that \ve take a nexv look, a fresh look, a t  what 
we are doing. Let us lteep this cntirct land-grant 
concept, par t icular l~  the agricultural part  of 
it, alive and moving. Jf \yo arr  content to stay 
where Tve are, if a e  resist rhange, then what- 
ever is moving will prevail and i t  will not he 
agriculture. If all of us togctl~rr keep \\-orking 
a t  this joh, ag~icul tu~,e  ~vill continne to be in 
the forefront ot' our econollry antl, I 111ay even 
s:~y. of' or~r  rdncntic~nal syste~n. 

B. I,. I~ERRIXGTOV 
Jlepnrt~nrnt of Dairy and Food Science 

Cornell University. Jth:~ca. Ii(.\v lTorlr 

The I3duc:ition Coinmittre is responsible for  in the next few years, and by the possible 
watching developments in the field of edum- effect that such an increase inay have upon our 
tion, and for  calling the attention of the Asso- own trnching progmlns. I n  my own state, for 
ciation to changes of major importance. Pour  c.sa~liple, the state uiiiversity is preparing to 
Coinmittre has been concrrned by predictions expand fro111 42,000 students to 145,000 within 
of an  enortnous increase in college enrollment a decade. I n  inany states, college enrollment 
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is c~xl>ectetl to double. Tt seenied to your C o w  
n~ittec th:tt this flood of students will strain 
the financial resources of all our colleges. Much 
111ore money will br needrd for t eac l~~ng  staff, 
f ' o ~  rquipn~c.nt, and for floor space. TVe innst 
soon expect very tight budgets and intense 
conll,etition between tlepnrtnlents for financial 
sul)port. There seen~s to he storlily 11-rather 
:i hrad. 

C lnd (~  tl~esc. conditions, your Co~n~ l~ i t t ce  
thought i t  wise to svek :I long-rang(! \\-rather 
forecast for  the educational ~vorltl. 1)ean Dm- 
low was asked to give as that. Thrn, it s t~rn~ed 
wise for us to exiumine our own houses, to see 
how wrll we are prepared for stormy ~ve:itl~e~.. 
Tf we :ur vul~icral)le, if we have loose shingles 
on om. roof, \vcl should take steps a t  once to 
fastcbn tlicni dow~i. If  we ]nay he floodrd by 
high water, 11-c. should look no\\- for safer 
ground, i1nd 111aI<e pl:ins to nlove in an ordrrly 
fashion whenevc>r n nlove hcteomcs necess:lry. 

I t  is not the responsibility of the 1':duration 
Con~n~ittee to provide answers, hut it is our 
rcsponsi1)ility to hring prohl(~111s to the atten- 
tion of the Association. I'rofrssor I 1y:ltt of 
Sorth Carolina will disciiss the prohlrm fro111 
the viewpoint of D:~iry P~.otluction. I :~grecbtl 
to talk :tbout the possihlc effects of this flood 
of studonts upon ctluc:~tioa in Dairy Altlnu- 
f:~ctnring. 

The prepa~.ation of this t:~lk was r e rp  tlifli- 
cult. \That 1 have to s:iy reprrsc~nts only one 
inan's opinion. Should that fact he revraltd 
hy th(. IISP of the singu1:ir pt.onoun, T, or con- 
cealed hy the use oC the etlito~.inl \vc? The 
clucastion arises I)ec~ausc thrse spolic,~~ wortls 
will 1)rohahly appe:~r in p r i ~ ~ t .  

I\-e argued this cluestion alllong 111ysc1f. I 
I told 11s that if TIT \\-err singul:~r, the Editor 
\voultl I~lue-1)'ncil 111~' and ~vr i tc  us. On tlic. 
othrr I~:und, we toltl nle t11:lt our ooic.e nits 

singular; thrrt, C:III hc no douhle-talking h(aforr 
this :issc~n~bly. -411 (.:II~ see that \x-r arc not 
plural. 1 rc~nind(~cl o~~rselves that on a forn~er  
occasion the E:ditor 11:1d ~nultiplied us I)y so~nc~ 
factor to u~nke nlr schc.~rl n~ore  i~nportant than 
we are. We argnetl :ui~ong ~ ~ ~ y s r l f  for a long 
tinlc. Finally, I pcrs~~atletl us to let the Editor 
do his dnrnctcst. If I look like we, you havc 
had 1nor1. than 111i1li to drink. 

Drnn I)arlow h:ls givcn us a, general fore- 
cast of \ve:~thcr contlitions in the educational 
\vorld during the next few years. We must all 
in terpat  it in tc>rnls of our own local situation. 
A forecast of a eolcl wavo does not have quite 
the sanle meaning in J\7isronsin tha t  i t  docs 
in Florida, but i t  should bc: taken seriously in 
110th plac.es. Likc~\visr, you nlust interpret \vh:lt 
I have to say in ternrs of your own loc:~l cir- 
cumstanccs, ren~t~nrl)ering, also, that I gire 
you only one man's opinion. 

As I see it. Dc~a r t~ i i en t s  of Dairy hIanufac- 
turing live in three houses: Teaching, Exten- 
sion, and Research. All three are parts of one 

hon~c?stmtl, hut it is quite possible that one 
house 111ig11t he hlomn away without disturbing 
the others. 

We nlust consitler the danaer of each house 
separately. llesrareh and Extension should he 
in little danger from the flood of stndents. 
They arcb organizrd to serve the needs of the 
d:iiry industry and the general public, not the 
ncetls of a ellanging student hody. The i~npor- 
t:lnre of Rescarcl~ and IGxtension is increasing 
r:~ther than dinlinishing. As processing opera- 
tions and ~naehinery hrco~nc   no re co~nples, 
there is an increasing de~nand for technical aid 
i~nd  advice ~ I . O I I I  the collc~grs. The eost of these 
srrvicrs is not part  of the tei~ching hudget 
ilnd they should escape n~ost  of the economic 
lwessure mhic~li ~vil l  i':~ll on the teaching pro- 
gram. 

I\-c sl~onld he 1r1uc.11 nlorc conct.rnc~d ahout 
the future of our teaching program. The flood 
of studcnts will greatly inerease the total cost 
of tr;~rhing. I4;ac.h itenl of that cost \vill 11e 
scrutinieetl, to sre where cuts can be ~nade. 
I\-e shoul(1 hcgin now to examine the efficiency 
of our own te:~ching operation, and to inlprore 
it \vlicrcvcr we can. 

Arc. wc cl'ficaient? 1'2 we arc not, what c:un 
11.e do to inrrense our efficiency? Thesr nrr 
the questions I hring to you. 

To gnitle our thinking, I sent a questionnairc~ 
to tlw :igricultur:~l collcgcs of 50 states. I re- 
cbrivrtl -44 rrglics which tleserve cn.reful ntten- 
tion. I :islietl for an opinion: I-To\\, niany 
g rxd~~a te s  :rrc needed per ye:ir to justify thr 
canst of tc~nching sl,ecializcd progmnis in I):~ir>- 
Jlm~nt'netmingi~? 'I'hcre W:IS a very wide differ- 
chncp ol' opinion. The estinl:ltes ~xnged  fro111 
four per year to 35. The arerage estimate ~ v a s  
11.5. IIowc.vrr, the average n1um1)er \rho did 
co~nplote thrse sl)ec:inlized progranls du~.ing 
the [):]st t11rc.c: ytS:1rs \\-as only 5.4; ICSS than 
h:~lf the I I ~ I I I ~ ~ I .  c~)nsidrrcd necessary to jnstify 
the t~sistc~nce of tlirsr coursrs. By their or\-11 
estin~:~tes,  only seven of tliescb xvho replied had 
rnongh studrnts to jnstify sl~rcitllized enurses 
in 1)airy 3Innufnc.turing. 

A f c ~  days  go, I ~.ecc~ivetl thr results of x 
clnestionnnire scnt to tiairy d e p a r t ~ ~ ~ e n t s  1)y 
I'rol'rssor >;:. 0. ~~-2nderson. IIr nsltcd ho\v nlnnp 
stutlents ~vould rc~rc.ivc. tht,ir Bachelor's drgrc,e 
in Ilairy 31:1nat':1ctnring this June. Thirty- 
t l~rce collcgrs rspcctc~cl to give such degrees, 
hut 10 ~vill g~.aduntc three or Icss. Clrarly, the 
tc~aching o f  I):~iry JI:~nuf:~rturing is inefficient 
if' c.l:~ssc~s :Irr so very s~nnll. 

If' instrnction in D:liry 3I:tnufacturing were 
:I s111:111 ol)rr:~tion, it nliglit escape the notice 
ot' (.olleye atln~inistrators, hut i t  is not a snlall 
ol)oration. 1 asked, how many hours of in- 
ht~.nrtio~l \vel.e ofl'ered in courses designed spe- 
eilieally for stndrnts ~nnjoring in Dairy >lanu- 
f':ictu~.i~~gY Some. states, such as Hawaii, do 
]lot c~l't'rr such training. Those that do rrported 
I'~.o~ii 16 scbi~lester 11ou1-s (or their equivnlrnt in 
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quarter hours) up  to 50. One state reported 
87 seuiester hours of specialized courses, but 
that seems incredible; I think that there is 
sotlie misunderstanding. The average number 
of semester credit hours in courses designed 
specifically for  Dairy Manufacturing majors 
was 20. I t  seems clear that our teaching pro- 
grams are not only inefficient; they are in- 
efficient on a large scale. 

That is the situation today. I s  i t  likely to 
grow better or worse? To answer that qucs- 
tion, Ive need a crystal ball of the very largest 
size, and of the highest quality. Such balls are 
very scarce, and I found a great difference of 
opinion among those who answered my ques- 
tionnaire. Seventeen of those who replied 
thought that our classes would grow larger; 
14  thought they would grow smaller. Seventeen 
thought that i t  would brcon~r easier to get 
money for  Dairy 3Iatlufncturing when our 
colleges are flooded with students; but 12  be- 
lieved it would be liiore difficult. 

I do not believe that we can expect a gen- 
eral increase in the size of our 1):liry Mnnu- 
f:teturing classes. They haoe been growing 
s ~ ~ ~ a l l r r  fo r  some time. Years ago, many stu- 
dents chose manufacturing courscs as electives; 
so~netitnes heeausc there were fe\r other courses 
availnhlc, so~~~ct i ines  because they had a real 
interest in milk. 13nt t in~es have. cl~:lnged, and 
I do not I)elictvc that tiir~c will tur11 hack~v:xrd. 
Son-, fewer students from ot11c.r clcp:lrtmrnts 
choosc manufacturing coursrs as elrc~tivcs. The 
nnmhrr of alternative! coursrs has increased. 
Fu~~ t l~ i t rn~ore ,  :IS our courses have boeon~c illore 
and inorc technical, and the numl)er of pre- 
requisites has increased, it has bccome nlore 
difficult for  nonelairy majors to take these 
specialized courses as electives. 

TTe should note, also, that the character of 
our student body is changing. The f ami  boy 
of yesteryear was familiar with milk and ap- 
preciated its i~nportance. I t  was natural that 
some of the111 should elcct courses in ir~ilk 
processing, even though their 111:ljor interest 
was elsewhere. But s t u d c ~ ~ t s  of todny come 
increasingly froin urban areas; and they have 
little lrnowledgc of, or intorrst in 111i1k. This 
is shown l ~ y  our experic.net. a t  Corncll. D11ring 
the past 25 yenrs, the nu~nhiar of stutlents in 
the general introductory course has droppctl 
from 11io1.c than 200 pcr year to about 50. Our 
collcgc now oflrrs training in 55 fields of spi>- 
cia1iz:ition. As the nut111)er of cbo~~~peting pro- 
grams incre:lses, we ~ ~ ~ u s t  cxpect onr own 
classc~s to beeon~c s~nnllcal.. 

I sce no reason to brlicvo that thesc tl-rtids 
mill reverse the~llselrc,  nntl that c ~ ~ ~ ~ o l l ~ n e l ~ t  in 
~nanufact~lring will inc~tcasi! :~ppri.ci:tl)ly. I t  
can only increase if the n r n n l ~ c ~  of i~~anufae -  
tnring ma,jors ~ I I C ~ P : I X ~ S ,  ilnd I cni~sidc~r that 
unlikely. Thc nlunl~c~t. oC tlt~iry plants is de- 
crrnsing. The nn111bc.1 oC c~nploprc~s in c1:liry 
p1:1nts is eler~.c.asing 21s operations are i~~rc l i -  

anizecl. I t  is true that these larger plants need 
better-trained men, but they are hiring chem- 
ists, engineers, bacteriologists, and accountants, 
as well as dairymen. Some dairy departnients 
are seeking to train these other specialists, 
also; but I do not believe that we can improve 
our tcaching efficiency by greater diversifica- 
tion of our product. The reverse is likely to 
be true. 

Some departments have tried to strengthen 
themselves by becoming departments of dairy 
and food science. Replies to my questionnaire 
show that eight institutions have made such a 
change, and ten others expect a change in the 
next decade. 

This consolidation will brine some economies. 
You can get rid of one depirtment head, for 
example, and that may be very desirable. How- 
ever, the consolidation of departments does 
not increase teaching efficiency unless thc total 
number of class hours is reduced by combining 
two courses into one. In  general, that has not 
happened. rl large majority of those who 
answered my question said that instruction 
adequate for the needs of the dairy industry 
could not he given if courses in milk proeess- 
ing w7erc combined with conmrs in other foods. 
TVc  nus st seek other w:~ys to incrc:~se the avcr- 
age size of our classes. 

I t  is possible to increase thc size of classes 
by offering coursrs only in ;iltcrnatc years. 
Somc drpart~ncnts are doinx that nolv. I fear, 
I~o\vcvc!r, that those who ten.ch only in alternate 
yckars mill find it difficult to n~aintnin the in- 
trnsc interest in their course that is needed to 
tcnch i t  well. If  our courses arc not well- 
taught, t l ~ e  enrollment inay decline still more. 

I h a w  painted a dreary picture, 1)ut I think 
we sl~ould face it. Our teaching operations in 
Dairy J1nnuf:lcturing are inellicicant hecause 
wr 11:tre f a r  more tcaching capacity in this 
country than we need, or are likely to need. 
Sr:xrly cvcry state has thought it 1ic:cessary to 
offer instruction in the snh,ject. That is non- 
sense. It is an cstravagnl~cc. than Illany states 
can not af'ford much 1ongc.r. 

JTTe have too many men teaching very small 
classes. T h a t  can wo do about i t?  Thc New 
England stntrs are trying one solution. By 
intc!rst:xte agrc~cmmt, thcy have decided that 
each st t~te should not trach ercly sul),ject. Stu- 
dents in Mztinc., Ncw IIa~npsl~ire,  and Rhode 
Isl:~nil \vho ~vish t,o n~a jo r  in Dairy AIanufac- 
turing are sent to TTc~.~nont or At:~ssnehusetts. 
Stuelc~nts f'ronl Vr~.r~iont are sent to Jfaine to 
study fort~stry, etr. 1:ndelr their cooperative 
plan, tl~c~sc stnele~lts do not pay out of state 
tuition. 

If  adoptril generally, such interstate coop- 
nat ion  to concentrate thc teaching of Daily 
Jlnnufacturing in a fcw states might increase 
our tc,acl~ing efficiency a great ileal, and release 
I I I : I I ~ ~  111rl1 llow trachi~lg very s ~ r ~ a l l  classes 
for lllorr prolitn1)lc worlr in extension and in 
rc,sea~.ch. 
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I n  111y questionnaire. I asked if they thought 
n single dairy d(,part~nent, supported coop- 
eratively by st~ver:~l states. could do a better 
.job of tracl~ing, at. sul)stantially less cost, than 
was being done hy the srparate states under 
our prrscnt sys t c ,~~~ .  Thirty-three said yes. 
Only srven said no. The opinion mas nearly 
five to one that  a single department supported 
by the joint effort of several states could do 
a hettrr joh, a t  less cost. 

I asked if' thry thought such a program 
~vould i~npose inuch I~ardship upon those stu- 
dents \vho nlust go to a neighl~oring state for 
training. T~vcnty-seven said no; only nine said 
yes. I asked if any cooperative plan had been 
consitlrrecl a t  t,hrir institution. Eight states, 
outside of Nc!w E:ngland, said that it had been 
discussed. How seriously it had been discussed, 
I do not know. 

I bclirve that ninny states will hare to con- 
sider such a plan in the years ahead. I do not 
I~rlieve wo can afford the luxury of very sn~al l  
cl;tsscs ~ ~ ~ u c h  longer. I t  makes eeononlic sense 
to con~hine very s111:lll classc,s into larger ones, 
it' wcb c;111. I\-e 111ust not curtail the subject 
111attcr taught; \re ~ n u s t  not deprive the stu- 
dent of an  opportunity to ~ n a j o r  in Dairy 
hIanufacturing; but I l~elieve we can reduce 
the nmnher of Inen required to trach, with no 
loss of rffrctiveness. 

Therc will be Illany difficult proble~ns to 
solve. but econo~nic necessity is a very powerful 
solvent. We shonltl plan no\\- for  adjustn~ents, 
and not \wi t  until t h ~ y  are forccd upon us. 

The cooperative plan h : ~ s  not worked as \veil 
in New Englnnd as solne had expcctc!d, and we 
should profit 11y their esprrience. Thc' students 
arc. .;upposrcl to spend the first two years i11 
thrir l ~ o n ~ c  states in basic studies hefore going 
rlsrmhc~re for specializetl training. However, 
a f t r r  spending two years in one school, ~naking 
nlany frirnds, prrhaps joining a fraternity, 
t11r studrnts arck reluctant to leave. Many 
changr t,ltrir ~na jo r  rather than nlove to an- 
other school. That is 1mn1:in nature, and we 
sl~oultl talie it into account in any plans we 
~n:~kc.  Studruts \rho niust go to another state 
shoultl go as frc~shn~rn,  or else wait until their 
four yenrs of undergraduate vo rk  is finished. 
I'c~rliaps Dairy Alannfacturing should be taught 
only a t  the gr;tduate Icvcl. Alternately, the 
I):tiry 3lanuf~acturing curriculun~ inight be- 
con~c. a five-year program leading to a special 
l)acc:~lanreatc. (1rgrc:c. E'irr-year programs are 
not unconin~on in engineering schools. 

I t  is not ~ u y  pnrposc! to answer thrse ques- 
tions, but to provoke discussion. II'e \rho are 
rc~sponsil)le for  teaching have the added re- 
sponsihility of seeing that it is done efficiently 
and \rrll. Nost of the decisions must he made 
11. :~dnlinist,ration, but we who teach should be 
prrpnred wit11 plans \rliich are sound econoln- 
ically and edur:~tioaaIly. Unless we plan care- 
fully, i t  is possible that both extension and re- 
search may be swc3pt away along with some of 
our inefficient teaching programs. We should 
p ~ . ( ~ p a r r  now, hefore the stornl breaks, or \ve 
Inay all I)r s\vrpt away a t  a time when we can 
do little ahout it. 

CHAXGES IK DAIRY PRODUCTION EDUCATION 

GEORGE IIYATT, JR. 
Departn~ent of -\ni~n;tl I n d ~ ~ s t r y ,  Sort11 C:>rolina State College, Raleigh 

I t  has l~een readily recognized by the public 
tha t  scie~ice per se has made great strides in 
recent ycbars; howrver, agriculture has not 
nl~vays been grner:~lly closely identified with 
other adv;~nces. An an;~lysis has revealed the 
view that  a nc\v concept of agriculture is 
emerging. I n  tliis new concept, agriculture 
is  drtinc.tl to inclutl(~ three iniportnnt segments 
of our econonly. 'I'hc first sc~gment includes 
the f : ~ r ~ ~ ~ c , r x  thr~nsolres,  engaged in the pro- 
tluction of crops : ~ n d  lirestock. The srcond 
scg~nent i11cludt.s tllosr intlnstries which fur-  
nish supplic~s and service to ;lgiculture. The 
third sc~glncbnt inelnilc~s those industries mhich 
ltrocess, store, h:~ndlr,  ant1 ~~~crc l i and i sc  the 
pro(1uc.t~ ol' agricnlt111~~. Tilk(511 together, these 

three groups en~ploy apl)roxi~natrly 37% of 
the tot111 en~ployed people in the United States. 
Thesc~ changes in what we know as  modern 
;~griculture, coupled with the skyrocketing en- 
rolln~elits \rithin our land-grant institutions, 
are giving rise to coinplrx and nrlv problems 
ant1 opportunities. Fro111 tliis genc*ral back- 
gronntl enlrrgrs srver:~l 1)asic qurstions relat- 
ing to tlaii~y production eclucation. 

(1) TVl~ercl dot+ tlairy production tr:~ining, a5 
cu~.rcntly pre\ented, fit into the picture? 

( 2 )  1- tthcrc going to  he n need for  dairy pro- 
tluc@tion c,tluc:ltior~ in the fu ture?  

( 3 )  11' training ih continued, \\-11;1t changes in 
( ~ I I I ~ ~ I : I ~ I \  arc2 intlic:~ted :' 
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I n  suggesting answers to these and other 
questions, i t  is well to remember that condi- 
tions in this great empire of ours vary greatly; 
therefore, what may be the answer to the 
problem in Maine may not be the solution in 
Sew Mexico. I n  some states there are six to 
right institutions offering the full four-year 
course in agricultural training. This places 
the land-grant institution in a much different 
lwsition than in states where only one insti- 
tution is involved. Moreover, the industry is 
lrluch more developed in  some states than i t  
is in others, rnaking wide differences in train- 
ing needs. At such a gathering as this, i t  is 
possible to talk only in terms of generalities. 

Let us begin our discussion with Question 
No. (1). Certnialy developments in industry 
and on the f:irln have revealed the obsoles- 
cence of conventional dairy production train- 
ing. Science stimulation and training in sec- 
ondary schools have raised the challenge 
threshold; hence, conventional dairy produc- 
tion offerings present little appeal. 

One of the nlost encouraging developments 
of recent years has heen the willingness of 
distinguished scholars and eminent scientists 
to give up for a time their research investi- 
gations and devote their hest efforts to the 
problems of education. We see, for example, 
sonle of the ablest minds in physics in An~erica 
(Soble Prize winners among them), mernbers 
of the faculties of our leading universities, 
giving their attention to the study of what 
should be taught in the field of physics in the 
srcondary schools. Working cooperatively 
with experienced high school teachers for sev- 
el-:il years, they have produced a totally new 
nnd in~aginative approach to this discipline. 
Scw testboolrs, new laboratory experinlents 
ant1 ~nanuals, new guides for teachers, 50 or 
Inore ruotion pictures prepared to demonstrate 
critical esperilnents, and inore than a hundred 
papcrbacked monographs on specific subjects 
written hy world authorities for the high 
school student have resulted. Si~nilarly, the 
niathematicians, chemists, biologists, geologists, 
and others have dcvelopecl new and effective 
treatlnruts of their tlisci11linc.s for the sec- 
ondary schools. Xever I~rfore in the history 
of edncation has so nluch high competence 
been focused upon the quality of instruction 
in the sciences. 

I t  is true that much of this effffort has been 
directed to the second:~ry schools, but its 
inlpact upon college education will he consid- 
erahle and pro~npt.  We who are responsible 
for what is taught in collcgcs and universities 
 nus st nlso take hold and iinagiriative steps to 
improve the quality of instructional progralns. 
TI-e can no longer afford the lusury of con- 
pl:~ccnc;v. The cooperation which has had such 
dr:~n~atic rc,sults in improving the quality of 
scirnce instruction in secondary schools can 
11:lvc ec!unlly heneficial results a t  the college 
:~nrl ull~vc~rsity lcvcls. 

011 a nunlber of occasions the Provoat a t  
the University of Sorth Carolina suggested, 
facetiously, an exercise that might contribute 
to the significance of the Commencelnent ac- 
tivities. The idea mas that i t  might be appro- 
priate to follow the awarding of degrees by 
a cc.lrhmtion in which all who taught would 
hurn their lecture notes. We all find the 
preparation of lectures a time-consuming task 
:11ld, once we have done i t  well, it is hard to 
resist the temptation to use the results of 
our lahors a socond time. 

Colleges ant1 universities have been slow 
to diagnose the difficulty and more reluctant 
to use therapy. It seems that inany of our 
institutions lament the continued decreasing 
enrollnients in dairy production departments, 
but have failed to materially change the at- 
tractiveness of the goods offered to those they 
wish to interest. Professors are usually the 
first to observe that students and dairymen 
must change their ways to keep up with this 
dynanlic age, hut when it is suggested that 
one of their courses is obsolete and- their 
teaching nlethods do not attract and hold 
student interest, the intelligence of those pos- 
ing such possibilities is questioned, and there 
are grave douhts that the holy sanctuary of 
acade~nic freed0111 may longer exist. We have 
hnd solne recent experiences at  Xorth Caro- 
lina State relative to student enrollment and 
changes in the curriculum which bear on our 
snhjc.ct. 

I n  1958, I bccarne Head of the Department 
of i\nin~:ll Industry at  North Carolina State 
(lollege. I3efore I was permitted to leave the 
111ain :~d~ninistmtive office, I was instructed 
hq. the 1)irector of Instruction that our costs 
per student wcre a t  such a high level in our 
tlepartlnent that any vacancies which might 
occur on the staff involving College funds 
could not he filled hy use of these funds. I n  
other words, we lrlust give up some of our 
College budget as rapitlly as possible. The 
freshman enrollnlent in i\griculture, which 
prior to 1955 had heen constantly above 200, 
had dropped to 89 in 1958. Our whole pro- 
gram faced a nlost serious crisis. The conse- 
quences were, of course, few and mediocre 
stuclents. 

Now, let us exanline Question No. (2).  Do 
present trends in the dairy industry and in 
education indicate a need for dairy produc- 
tion training in the future? The answer to 
this question lnust he hased on several assump- 
tions. If \r-e assume that dairy production 
t1cp:~rtments esist only to train dairynien re- 
turning to farn~s,  the need for such depart- 
~ l ~ r n t s  \\-ill he limited and numbers of studcllts 
sl~~:ill. If I\-c ncct~l~t the hroader concept of 
;~#ril~nsiness, thcn dairy production training, 
:it I(s:lst in :I ~notlifictl fo rn~ ,  has a much ~vider 
us:~g(~. \Tithin this hrontler concept, students 
will I)r t r : ~ i l i ~ d  t'or positions in sales, related 
schr\.ic?s, ~.osr:~rch, forcigil service, and the 
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numerous other opportunities in the dairy 
production orbit. Within the broader concept, 
the future demands a redirected and up-to- 
date curriculum in dairy production. 

The indicated need for talent that c;11 11e 
developed in  dairy production education is 
for basic understanding and appreciation of 
science, literature, humanities, and so forth, 
linked to a strong and sustained interest in 
the "foster mother of the human race." 

Our third question, No. ( 3 ) ,  should then 
seek answers to changes in emphasis that are 
indicated if dairy production training is to 
be continued. Esperience at  Korth Carolina 
State College and a t  a few other institutions 
demonstrates that iin;~giiiative, carefully 
planned, and exceuted changes do bring about 
desira1)lt: results. I t  was previously pointed 
out that the frcshnl;~n enrollnlent in Agri- 
culture a t  North Carolina State, which prior 
to 1055 had been const:~ntly a.bove 200, had 
dropped to 89 in 1953. Fortunately, much 
worlc and thought had been given the problem. 
Vast cl~nngcs in the curriculum and course 
content hat1 bern accomplished and a complete 
new :~pproach to the recruitment of students 
had been developed. The school was now ahle 
to offer three curricula : agricultural science, 
agricultural business, and agricultural tech- 
nology. Students now enrolled in the dairy 
produetion department could select either tlie 
science, business, or tchnology option for ma- 
jor emphasis. 

1. The curriculun~ in Agricultural Science 
places much greater einphasis upon science 
and its applications to agriculture. I t  pro- 
vides excellent training for employment op- 
portunities, including research for public 
institutions and industry. I t  was developed 
to help meet the shortage of well-trained 
scientists. 

2. Agricultural Bnsinrss trains young Inen in 
business and agriculture. This program 
brings into existcncc a new co~nbination of 
husiiiess, science, and teclinical agriculture. 
Men in this curricaluiu are trained to work 
in ag~ieul t~lral  industries closely related to 
dairying. Thcre is a great denland for men 
with tlie unique combination of training 
in science, business, and technical agri- 
culture. 

3. Agriculturnl Technology emphasizes applied 
science and techno log^. I n  this curriculum 
nien are trained in dairy prodnction and 
i11 the technical processes inrolved in the 
inilustry. There is a shortage of well-trt~ined 
technologists. 

This reorganized approach, clnpli:~si~iiig 
these three new curricula, is offering 111;uny 
n e x  opuortunities to tht: nrl)an as well as the 
rural I~oys of our stntr. Our frcshnlml cnroll- 
inent juinped to 111 new stndorits in 1959, 

174 in 1960, and the present estimate for fall, 
1961, is more than 200. The dairy production 
departnient will share in this increase. This 
new package of goods, combined with a vig- 
orous recruitment program, is interesting many 
urban and rural youths in this area of train- 
ing. TTre can not sit idly by and expect the 
students to come to us any more. They iuust 
be recruited. 

I am firmly persuaded that if there is a 
place for dairy production curriculu~n within 
the future educational structure of our sicirty, 
presu~nably i t  must be fount1 somewhere bc- 
tween tmo alternatives. If we continually 
press fully in the direction of the fnndnnlental 
principles, we could easily define ourselves 
out of business, as fa r  as a dairy production 
or an agricultural curriculu~n is concerned. 
On the other hand, if the curriculuni does not 
change with advances in knowledge and with 
changes in our society, the declining enroll- 
ment in the past ilecade nrould suggest that 
we could find ourselves without students. 
TVhnt should be thr chamctcristics of such a 
eurriculunl? This is a question I can not 
answrr; however, I do believe the steps taken 
at  North Carolina State College have brought 
a better blending of the basic sciences, tech- 
nology, and humanities than was to be found 
in the dairy curriculuin of the past. 

I n  making changes in the curriculu~n, I 
hope we won't forget that our enormous in- 
dustry hinges on the dairy cow. The nnder- 
graduate student in  dairy production n ~ u s t  
still learn soine husbandry. This wortl, hns- 
bandry, has been abused and nlaligned in re- 
cent years to such an extent that it is often 
difficult to find a prospective staff n~crnhcr 
willing to teach dairy hushandry or to conduct 
research with dairy cows. The training in 
hasic sciences is highly i~nport;rnt, h11t there 
is still the great need to provide the tlairy 
production student wit11 the necessary pro- 
fessional training to successfully 111ilkt~ a be- 
ginning in his chosen profession. 

The objectives for profossion;ll curricula, 
in general, were well stnted by a special com- 
mittee of the University of California2 ap- 
pointed to study how to appraise professional 
and vocational educations : 

(1) To provide the student with the necessary 
professional training, to successfully make 
a beginning in his chosen profession. 

(2)  To provide him with a basic understand- 
ing of the place of his profession in, and 
its rel;~tion to, society. 

(3) To ,prepare the student for  intelleetual, 
polltical, and cultural citizenship and 
leadership. 

' Proceedings University of California, pp. 28-29. 
Sintli All-University Faculty Conference. 1952. 



(4) To instill in the student a respect and 
desire for knowledge and truth, which 
shall continue throughout his lifetiine. 

I n  preparing a curriculuin to reach these 
stated objectives, Dr. H. H. Cole, Departinmt 
of Anj~nal Husbandry, University of Cali- 
fornia, suggests it would seem essential to 
do the following : 

(1) Give sufficient sciences, in order that stu- 
dents can comprehend biological processes. 

(2)  Givc detailed information on the manage- 
ment of dairy cattle, using ~nanagen~ent 
in n broad sense, to include not only 
knowledge of genetics, physiology, and 
nutrition of the animal hut :dso the pro- 
ducing of feeds for the animal, and mar- 
keting. 

(3)  Provide sufficient cultur:~l courses to pre- 
pare the students for intellectual, politi- 
cal, and cultural citizcnqhip and leader- 
ship. 

Tn preparation for lily re~n i~rks  today, I did 
not plan to spent1 :ls much time as I have on 
curricululn content; however, curriculum con- 
tent represents the goods offeretl for s:llc. I t  
111ust carry a guarantee of escellcncc, be mod- 
ern and attractive, and come alive in the hands 
of the teacher. The comlsetition is enornious 
for the sinall pool of students interested in 
the various scientific areas. The group that 
does nothing will degenerate. The proper cur- 
riculum put in the hands of good teachers, 
untlcrgirdetl hy a. 11ard-hitting recruitment pro- 
gri1111, ilini~d at  high-school 1)rincip:lls and 
counselors will, in illany instances, keep dairy 
production departments open ant1 ~ ~ ~ a i n t a i n e d  
with adequate budgets. 

Sow, what about region;ll schools in the 
future? I ail1 sure I do not have an ansiver 
to this question; however, let us ponder a 
few possibilities. IVould i t  malre economic 
sense to organiza regional associations of 
state colleges which would coiisolid:~te their 
snlaller d e p a r t ~ ~ ~ e n t s  on a regional hasis? A11 
students nlajtrring in dairy protl~lction might 
be sent to State X for s1)et~i;rlizctl training; 
all ~aajoring in another subject might be sent 
to State T. Under such a coopcri~tive ngree- 
meat, studcnts in these special lsrogrnnls 
should he esc~upt  fro111 out-of-state tuition 
Sees if they were rc~sidants of ono of the coop- 
crating st;~tc,s. 

This :rrl.a~lgemei~t is \vorliitlg exceedingly 
~v\-c,ll in Veterinary Sciei~ee at  Xort l~ Cilrolina 
S t ;~ te  Collcge. Th(b Coll~gtx h:~s :In :irr:lnge- 
111(>nt ~ i ~ i t l i  the l i~~ivcrs i ty  of Georgia, and 
Okl:1ho111:1 State University to take a certain 
quota of prt:vetei.inary studt!uts froill North 
carol in:^ State each year Cor their final years 

" o u n ~ n l  of Dniry Science, Vol. 40, p. 1370. 
1987. 1 

of training. The out-of-state tuition fees for 
each student are paid by North Carolina State 
College. Personally, I have been extremely 
pleased with thc arrangement. A Veterinary 
College is costly to set up and operate. \Ve 
can, through such a cooperat,ive agreement, 
n~obilize our resources for a better prograln 
of prevvterinary training and research much 
illore effectivelv than if our resources wcre 
Inore outsprea;. Most of the young 111en 
trained in this area are returning to the state 
upon their graduation from the cooperating 
institutions. 

I t  would appear that i t  might he difficult 
to have a strong production dcpartnlent with- 
out strong supporting disciplines in other 
areas. This may mean that prolser training 
in the future can be offered only in the larger 
colleges. 

Such nlutual cooperation can be realized; 
however, i t  is nluch easier to initiate in such 
a manner than to change presently active de- 
partments vhich have served a given state 
for many years into regional working rela- 
tionships. Keverthclcss. I a111 convinced that 
such arrangeinents n~us t  1)e developed in ccr- 
tain areas of tlie country or the result will 
be slow death through z~ttrition for some dairy 
production departnients. Wouldn't i t  be a 
whole lot better for those of us interested in 
perpetuating coinpetent training in this field, 
to come up ~v i th  some sl~ecifie su~gestions for 
cooperative, regional orgtlnizat~ons, rather 
than to slomly disintegrate through lack of 
budgetary support? This has been talked about 
for several years in certain areas of the 
countrg, hut t:~lking is not enough. I believe 
the only way suvh moves will hecoa~e reality 
is for those ~nost vitally interested in the fielcl 
of dairy production to develop so~ne plans 
that ran be considered hy :~dn~inistrators. The 
adnlii~istrators will, no tlouht, be forced hy 
piiblic pressures to 111:1lre c.ti:~nges. 1't:rhaps 
such cllanges, when they conle, niay fit thc 
nretls hetter for dairy production training if 
we take some initiative to solve our problen~s. 

I wonld like to 1n:lke one other observation. 
Yon 75-ill note fro111 my re~narks that I have 
said nothing about graduate training in t l ~ o  
area of d:~iry production. This olilission is 
not through oversight, but rather so that I 
might en~phasize anil re-cmpl~asizc one poii~t. 
The point is, simply, if me don't make change.; 
in the dairy protluct~on education at  the cil- 
tiergr:~dunte Irvel now, TIT will not have :111y 
graduate studcnts in this area. There is noiv 
:I great shortilge of graduate tinlber. Ti12 
situ:~tion is indeed critical. \Ye are failing 
to rep1:rce thc. supply of ivt~ll-tr:~i~~c~d dairy 
scientists ant1 to  hart^ a 1)nc.klog oC these sci- 
entists for the ever-esp:rnding needs of edn- 
cation:ll institutions. g o r c ~ r i ~ ~ i ~ c ~ n t ; ~ l  agencit:s, 
foreign service, :~nd  tht. food industries. Sinc.2 
~ic:lrly all gradu:tte trzlining has become higlliy 
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specialized in a functional area, seemingly (2) Effective selling of opportunities. 
the  con~n~od i ty  elenlent rnust be planted a t  
the undergraduate level, to  establish a real If "e fail  to  vig"l"-'usly recruit bright young 

and anchorage to the dairy cow. men, and condition and develop their minds 
throurh contact with outstanding teachers. " - 

COX~CLUSIONS who draw on subject matter contained in a 
lnodern, dynamic, purposeful dairy produc- There are t~~ primary goals t~ which change tion curriculum, designed to prepare the stu- 

must be directed: dent fo r  occupation and improvement of the 
(1) Quality training harmonious with changes world i n  which we live, we will soon be out 

in the field of science. of business. 

SYMPOSIUM: Problems in Dairy Cattle Identification1 

IMPORTANCE O F  PROPER IDENTIFICATION TO TEE? 
DEIIA ST?C'ERVISORS 

KEITH FISCEI 
D.H.I. Supervisor 

Winnebago, Wisconsin 

1. The first question a supc~rvisor should ;IS!< 

is, "IIow can I best sc2rve Iny D H I  n1ern- 
her?" 

One of the best ways a supervisor 
srrve his DHIA n~e~nhe r s  is in thr area 
of animal identification. Con~pl(>tc. ill- 
formation ( ospec i  a l l  y idrntiiit.ation) 
helps the suprrvisor in provitlinp th? 
DIIIA ~ n t ~ n ~ h ( ~ r  wit11 a ust.ful h::o!i a t  the 
start  of his trsting progmlll, an:l is u.i<.:l 
es basic inforn~ation for  scler~ting brcbetl- 
ing stock and c.ulling poor cow fmi~ilics. 
Consequently, i t  is important to teach 
the principle that  each cow is different 
and that, therefore, correct appraisal of 
carh cow dcpel~ds up011 individu:ll it1e11- 
tity. I n  sonic cnsrs, an entirely ncXw 
lrerd identification s ~ s t ~ 1 1 1  will nerd to 
he c>l~cour;~getl, so th:lt the t l a i r ~ - t ~ ~ : u ~  
knows his individual caows. (Syste111s 
which 1:lhel daughters with sninc ~~nrnhc?~ 
as  dani often 1e:~d to confusion.) 

2. What are sotne of the prol)l(~~ns of early 
identification for  the supervisor? 
The first ~~roh len l  is to g r t  tho 111r111l)er 
to identify his calvrs 1,y sonrc. nlc>tl~od 
soon after they :i?e horn. A good n~ethotl 
of individual stalls is to put infor~n:ltion 
on each calf on a card on the sttill, so 
that  tlie supervisor can easily idvntify 
the calf. Solue use s~nal l  ncvk chi~ins 
with a nurr~her cod(, r e f e r~~ iny  to the. tla.111. 
Tlicbst: c l~a i~ i s  can be usrd ovcLr ant1 over 
i~gain as soon :rs c:rlrrs are l>crn~anc~ntly 
idrl~titietl. 

3. TVhat  neth hod of early idrntiiic:ltion is 

' Papers prcscnted at, joint llrecti~lg of Estension 
a11d Pl.odurtio~l Srctio~rs at  t l ~ c  56th Alln~~al Xeet- 
ing of thc Ainr~icnn Dairy Scicrl~ac Associatioll, 
U l~ i~ r r s i t y  of TZTisrol~sin, J u n e  14, 1061. 

lnost widely usrd by our DHI Standard 
and O w l ~ e r - S ~ ~ ~ ~ ~ p l r r  nien~bers in TT7in~le- 
bago County? 

S u ~ e ~ ~ i s o r s  a t t r ~ r ~ p t  to ear-t,ag ill1 cn1vc.s 
raised in botll Slanrlard and O~vner- 
San~p!er l~erds.  Kew ca1vc.s are tagged 
and identificaation records are  kept every 
111ontI1 as  tho supc~rrisor ciills a t  tlie f a r n ~ .  

3. Arr  thrre other ~nrthods of early identifi- 
ciltion usrd in oul. couuty? 

Wherc car-tagging beco~nrs a prohlet~l, 
slrrtrhing is used, and is prectiretl es-  
tensively in sever:ll grade herds in addi- 
tion to the registc'red I~erds. A f e x  of 
our n~e~nhc>rs hare taken snapshots or 
slides of the c a l ~ e s  fo r  future records. 
Tattooing is done on offspril~g in certain 
hrreds of cattl(. wli(.rc, it is necessary fo r  
re gist ratio^^. So~nc, s111al1 neck chains are 
used on calves until ear-tagging or  
sketching can be done. 

5. \YIig should :I sunervisor hare positive 
identification for  all cows in the nlilking 
herd? 

I t  is necessaq to 11are positive identifi- 
cation, so each cow can receive her  com- 
plete credits and riot the production of 
: ~ n o t l ~ n  c:)w that I I I ; I ~  look like her, 
even if she is  a twin. This gives addi- 
tional reliability to standard and official 
rc~cords. X systt~ilr nretls t o  he worketl 
out t l ~ i ~ t  is fast :ind relatively easy. I\ 
good spstrnr grcntl>- aids thr  suprrvisol' 
in 11is IV:)I.~. 

6. TIow are  neck chains used as identification? 
A neck chain (sealed f o r  St;undard 
D H I A  and official herds) is u'ied in 
large I~errls, o r  herds in a 111ilking parlor 
or p(>ti-tppe I~arn.  The numbers sl~ould 
be easy to rc~nd i111d on both side.; o f  
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the tag, and of a material that won't 
break or crack in cold weather. This 
neck chain and number can be perma- 
nently assigned to this animal as long 
ixs i t  is in the herd. I t  will also aid 
hired help that may not know the cows, 
to record information necessary for the 
owner or  herdsman. 

What lnethod of identification is used in 
herds on official test? 

Herds on official test have registration 
papers with sketches or tattoo numbers. 
The papers should he in order and in a 
handy binder, to facilitate rapid and 
accurate use. If  a permanent neck chain 
is uscd, the number can be written on 
the border of the registration paper, to 
facilitate rapid location. Numbering the 
cow with marking-crayon can also help 
to locate registration papers more rap- 
idly. One difficulty I encounter in my 
largest herd on DI-1IA is having an  indi- 
vidual envelope with a folded registra- 
tion paper in each one. It takes a lot 
of tinle to properly identify this herd. 

S. How can supplementary identification be 
of value to the melnbers? 

Some supplementary identifications that 
are of value and greatly add to h o w l -  
edge of the herd by the owner and others, 
is the use of some type of name plate and 
production information. This is con- 
venient for the owner, as well as for  
buyers and visitors, if i t  is current. The 
use of cov7 names is better than nu~nbers, 
tulless the numbers are a pernianent 

number for that cow. The use of stall 
numbers is confusing and is not re- 
liable for  identification use. 

9. T h a t  is the need and value of tagging and 
to what extent is it used in our county? 

An Owner-Sampler member, as well as 
thc Standard member, needs complete 
information to improve his herd, and 
will be a more permanent member than 
those who have records inadequately 
identified. I t  is through positive identi- 
fication that a member becomes inter- 
ested and progresses in  building his herd. 
We attempt to tag all calves, if for  no 
other reason than to provide the mem- 
ber with records. 

10.  How does positive identification promote 
sales ? 

Good records with positive identification 
informe.tion nearly always add to the 
sale of animals. The buyer has more 
confidence in  t.he breeder and his ani- 
~na l s  when this information is in order. 
A new Blue Tag calf law in Wisconsin 
is designed to further improve the sales 
value of animals identified in tested 
herds. 

11. What are some proble~ns of adequate iden- 
tification by the supervisor? 

The problem of adequate identification 
by the supervisor is helping dairymen 
understand the real value of proper 
identification and time involved, if a 
convenient system is not used. Above 
all is the loss of valuable information 
which a dairyman needs to build a high- 
producing herd of cattle. 

IMI'ORTANCE O F  PROI'ER IDENTIFICATION TO T H E  BREED 
ASSOCIATIONS 

CHARLES H. Born 
American Jersey Cattle Club, Columbus, Ohio 

Positive idri~tifici~tion is the basis of all 
Purebred Societies today. All breed progralns 
such ;is registration, testing, showing, sales, 
and classification are foundcd on positive iden- 
tificatioll. We  have always thought of positive 
identifiration as being able to identify the 
animi~l 1)y llieitns of t:lttoos or color descrip- 
tions with n liegistration Certificate. I f  the 
mlin~al checked with the certificate, this was 
positive identitication, because the Breed Asso- 
cintion hilt1 a con~plete record of the sire, dam, 
correct registmtion n~unber,  and date of birth. 
The full registration names were reported, so 
that cross-cl~c~clis could be complete. 

Todily \re find ourselves in  a new world, a 
\vorld of electronics wherc reports and sta- 

tistical inforniation can be completed in days 
or hours, tha t  fornierly required months. With 
1)rogress therc are some drawbacks, a s  only 
registration ilu~nbers can he reported because 
of lilnitetl space. A mistake in copying n 
nu~tihcr can change the entire identity of an  
ani1n;ll. 

In  this new era we find that positive iden- 
tification not only nieans checking the animal 
against the Registration Certificate; i t  nec- 
essitates accuracy in reporting the registra- 
t i o~ l  nun~ber ,  th(, sire, the dam, and the date 
01: birth. 

Gtutlic~s colnpletcd by all breeds show that  
11.57, of all DI l I l t  records received are in- 
correct, either in registr:ltion number, sire 



128 J O U R N A L  O F  DAIRY S C I E N C E  

nu~nber ,  dam number, or date of birth. This 
nic,?ns tha t  if there was no checking, cows 
could be reported wrong, sires' averages would 
include wrong daughters, daughter-dam coiu- 
pixl.isons would be inaccurate, and 11.5% of 
thc information reported from the Breed As- 
sociations and Washington could be incorrect. 
Ally prograni tha t  has 11.5% error would be 
difcicult to sell to breeders and research men. 

The Brred Associations are greatly con- 
cerned over the large per cent of error being 
encountered. It is  imperative tha t  this situa- 
tion be corrected immediately. Those persons 
assunling the responsibility f o r  the DHIA, 
DHIR, and H I R  programs in each state must 
have the responsibility to  see tha t  cows are 
correctly identified and the inforn~ntion cor- 
rrctly reported. 

PROCEDURES AND &IETIIODS USED IN IDENTIFYING 
COWS I N  LARGE HERDS 

C. L. PELISSIER 
Agricultural Estension, University of California, Davis 

Tdcntification in large herds is difficult, hut 
not a serious problen~ in L)HIB. I t  is I(ass of :L 

problerl~ with large herds than with 111ediu111- 
sized or sinall herds. Why? Because in large 
herds reliable identification is recognized as  n 
necessity f o r  proper ni:~nagenlent. Tl~el,c:forc, 
the inajor responsibility fo r  identification is as- 
sul!~ed hy the herd nlanagcr. I n  grncml, the 
Dl1 ZA supervisor receivrs excellent cooperation 
and this is a niajor factor influencing :~cc~ur:~c.y. 
Cooperation is escellent I~ecause relia1)lr itlrrl- 
tification is  necessary for  proper fec~ding, c ~ ~ ! l -  
ing, breeding a.nd, pzr l~aps  even more inlpor- 
tant, for  t~reeding efl~ciency control and I~nsi- 
ness n~anagernent. 

Eartags are still the niost coninloll 1nc.ans of 
idc~itifying cows in our dairy herds, hut they 
are not foolproof. Fo r  reliable identi(icntion 
the tag should be as pernianent as possil~le. 
This requirenlcnt governs the choice of t a p  in 
n~os t  cases. The nu111l)ers should he large, so 
that  they can be easily and accurately rend. 
Alany dairymen double-tag their cows, so that  
if the tag  in one ear is lost a new one can bo 
s t a ~ l ~ p e d  and inserted before the second t ag  is 
lost. These requirements of a reliable t agg~ng  
prograln eliminate the possibility of using 
L)ElIA unifornl series tags f o r  herd Inanage- 
~ n e n t  purposes. 

Number brands provide com~ncrcial clairy- 
nirn with a positive and reliable identification 
system. I f  the branding is done properly, and 
the hair around the brand is clipped occnsion- 
ally, this nunlbering system is satisfactory and 
quite accurate. 

Xeck chains are being uscd illore and more. 
Though they are costly, the dairymen like 
th~111 because the number tags can be read 
easily without confining the cow. Innnediate 
reassignn~ent of nccli-chain nu1111~ers from culled 

co\vs can cw~~fnsc. rrcords, 1)nt a six-n~ontli rc,- 
srrrc, (if n ~ u l ~ h o r  tags helps to elinlinate this 
probleln. 

A[:n.l;ing crayons are  widely used by D H I A  
sulwr~isors  f'm supl>lcnlentary identification on 
test day, pi~rtic:ul:n.lg in the co~lveutional stan- 
c~llion 1)iii.n~ usc~d in Calil'ornia. Bold nu~nhers 
or1 thr  ru i l~p  are e;r.sily rclad and reduce idcnti- 
fic.atio11 t.r~.o~.s, partic:ularly when rartags are 
nscd l'or ~ i e ~ ~ n i i ~ n e n t  idrntitication in the herd. 
T':iriatinr~s in ortler of  nilk king are  not a pro11- 
1c11i whvn thrse tcnlporary iiu~nbers :xrc uscd. 
Cr:lyon 11nnil)c~rs 111ust t)c cross-indesrd 011 the, 
supt~rrisor's harn shecat with the eartag number. 
To rc.tlnc.r rlistnrlx~nc.cs. this (,all I)r. tle)nc> after 
a stri11g cf c.o\vs ]):IS 1)c~~n 111il1c(ad. 

A good, reli:~l~lc, and pern~nncwt indvidual 
cow 1.ecoi.d is a valual)lo :lid to identification. 
Sucah rclcortls  re Illore p~~evalent  in large herds 
I)ec:uisc they :Ire a n l a~~agen~en t  nc~cessity. These 
records a1.e Inorc likely to be lrrpt u p  to date in 
Inrge 11rrds and this increases their reliability. 
lncler c.artls :Ire extensively used fo r  this pui.- 
pose in large herds and are readily avail:~l)le 
from screr;~l  sources. A few dairyn~en p rc fw  
to have record cards printed to fit their specific 
needs. 

The use of these cards fo r  herd ~nanngenient 
is facilitated by colored tabs that  indicate thc 
cow's status. Cows to be l)rc,d, turned dry. clue 
to calf, c~tc., can he flaggrd with thew colored 
tal)s, so t11:lt they xi11 not he overlooked. 

Sonre of our doiryn~en do not a t t en~p t  to 
identify the calf with the dnln and sire for  
proving sire.;. They 1e:lvc the rcsponsibil~tv of 
providing good sires to the stud or purebred 
breeclcr of their choice. Herd size is not an  
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i~llportilnt fnctor in this ~ni~t tcr .  I t  is difficult 
to critivizt. this attitude when the escellcnt rc:- 
sults ill so ninny large herds are considered. 
Accurate calf identification recluires 13r0111pt 
acttion when a calf is horn. This is no n~ore 
tlifficult in large herds than in sl~lall herds, ant1 
r~c.gligcncc is not as likely. We have no unique 
procc~lul.c~s in this regard; our ~llrthods :Ire 
rather standard. 

SUMMARY 

I t  is not lily intent to leave you with the 
impression that we are doing a perfect job of 
identification. Scrcrtlieless, we are less con- 
cerned with the accuracy of identification in 
largc herds than in others. Effective ideniifi- 
cat~on, like public relations, is not something 
that is aceonlplish(~c1 once and for all; it n:nst 
be worked at constantly. 

I'ROCEDURES AND METHODS USED TO I D E S T I F P  COWS 
I N  FARM HERDS 

J. D. BURKE 
Department of Animal Husbandry, Cornell University, Ithaca, Xew York 

Positive and complete identification of all 
anin~als on test is essential if the National 
Cooperative Dairy Herd Iinprovement Pro- 
gram is to fulfill its purpose. Let's look a t  the 
problerns fro111 the standpoint of the dairymen, 
the DHIA supervisor, the Dairy Records Proc- 
essing Laboratories, and the Breed Associations. 

First, take the dairymen's problem. A calf 
is born. Chances are that i t  is placed in a pen 
with several other mlves. The question now is, 
which calf is which? When was each calf 
horn? Who were the sire and dam? The only 
logical answer is to register the calf i~nme- 
diately after birth if purebred, or to attach 
a number to the calf and record the essential 
information in a herd record book. This is 
si~nply good herd management, whether or  not 
the herd is on test. These numbers can be tat- 
toos, neck chains, or straps, ear tags, or regis- 
tration nu~nbers. Recorded pictures or a sketch 
of color markings also can be used as tempo- 
rary identification. The important point is that 
the animal be positively identified as quickly 
as possible after birth. 

Kext, let's look at the DHIA supervisor's 
problem. He must know without question which 
cows he is testing. Obviously, a number that 
is easily seen from behind the cow or from the 
milking parlor is best. Xeck chains or straps, 
ankle straps, or hip brands are first choice. 
Ear  tags and registration certificates work well 
in stanehions if they can be supplenlented with 
stall cards or cattle,-marking crayons. 

The Ilairy Records Processing Laboratory 
 nus st have positive identification nunlbers that 
can bc handled on punch cards or tape. Regis- 
tration nuu~bers or the uniform series DIIIA, 
AB, or Disease Control tags (two-digit state 
code, three-letter prefix, fonr-digit, i.e., 31- 
WAB-1234) are the only pcr~nnnent identi- 
fications that will work. In  addition, a. cow 
index numher (four digits) is assigned to each 
cow in the herd to keep cows and records in 

proper sequence. This number is usually as- 
signc~d by the Dairy Records Processing Lab- 
oratories. 

The respective Breed Associations, likewise, 
need nnd dellland positive identification, date 
of birth, sire and dam. Disease control officials 
also nre interested and need positive and perlna- 
newt i ~ n i ~ n i ~ l  identification. 

Thcrc will be no problems if we understand 
the. requirements of each prog,raln and work 
toward a coordinated identif~cation system that 
will nlect the needs of all concerned. This will 
include the following steps : 

1. Ear-tag calves within 30 days (first test 
after birth) with uniform series tags. 

2. Tattoo Jerseys and Brown Swiss immedi- 
ately after birth. 

3. Register purchreds as soon as possible, pref- 
erably before 6 no. of age. 

4. Transfer sold cows on date of sale. Provide 
buyer with transcript of identification, breed- 
ing record, and lactation to date. 

5. Record all identification data in herd book. 
6. Provide neck chains or strap number, ankle 

strap, or stall cards for quick supplemental 
identification. 

I t  is best if the last three digits of the ear 
tag, tattoo, neck chain, or ankle nulnber are 
the same as the central processing cow index 
numher. These numbers also can be used to 
identify sample jars. This coordination re- 
quires : 

1. The assignment to a herd, a block of car 
tags to be used in sequence. 

2. That the neck chain or strap numbers must 
n1:ltc.h thc last three digits of the ear tag ni~d 
tattoo I I U I I I ~ C T .  

3. 'I'h:~t the DIIIA supervisor and herd owncsr 
ayilgn cow index nunlhers to match chain 
or strap numbers without duplication. 

4. That a complete herd register he maintained 
hy the DFIIA supe~visor. 
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ECOXOMIC ANALYSIS AND OBSERVATIOSS OF AUTOMATED 
CLEANING IN SMALL PLANTS 

S. J .  Cnvnr,1..4rto 
Ileparttnent of Agricultural and Food Economics, University of Massachusetts, Amherst 

Since hand cleaning and setup operations 
may require up  to 5U% of the work-day in 
Inany small plants, and are unproductive in 
ternis of labor and equiplnent usage, manage- 
ment is interested in a means to nlake more 
efficient use of labor and equipment and to 
improve sanitation as well. Auto111ated C I P  
appeared to  offer some possibilities of achiev- 
ing these features. 

A portable automated C I P  unit was devel- 
oped by the Department of Dairy and Animal 
Szience, University of hlassachusetts. The cost 
was $2,500. This unit, equipped with time, 
temperature, liquid level, solution flow, and 
pump controls, mas installed and operated in 
four Massachusetts dairy plants ranging in 
size fro111 a volunle of 6,000 qt. to 17,000 qt. 
of nlilk processed daily. A prelitninary survey 
was ulade in  each plant to determine the usual 
plant operation as to scheduling, cleaning labor, 
and potential CTP installation. The C I P  equip- 
l~lent was then installed and cleaning circuits 
and an  operating schedule 1t7ere developed. In-  
st~.u:tion was given on the operation of the 
cyuipn~ent and, after a period of operation, a 
sc.cond survey nrade to detern~ine changes in 
plant operation due to C I P  ec~uipnlcnt. I n  two 
of the plants, autolnatcd C I P  appeared to be 
feasible. (See Table 1, Costs and Savings 
Bases in Plants B and I).) 

Both of the indicated time savings can be 
considered as a tninimum. I n  Plant B, where 
circunlstances allowed two surveys to be con- 
ducted, one after 5 v-k. and the second after 
1 5  wk. of operation, the first survey indicated 

TABLE 1 

Costs and savings bases in Plants B and D 

Plant Plant 
B D 

Labor per hour $1.45 $1.80 
Hours saved daily 1.62 2.22 
Equipment cost $1,600 $1,700 
Yearly depreciation (salvage 

value after 3 yr., $500) $ 367 P$ 400 
Yearly repairs, taxes, insurance, 

etc. (use cost) $ 80 $ 85 
Yearly additional cleaner expense S 132 $ 183 
Yearly power and water (esti- 

mate, $10 per month) $ 120 $ 120 
Sl~lntnary 

1,abor savings (52 six-day weeks) $ 733 
Labor savings (52 five-day weeks) $1,040 
Total a(1ditional costs S 699 $ 788 

-- 
S e t  annual savings (minimum) $ 34 $ 252 

:I savings of 1 3  niin. per cleanup lnan per  day 
a.nd the stv3ond indicated a n  increase to a total 
of 24 luin. per cleiulup nlan per day. As the 
plant rncri l~ecoriie more fanliliar with operating 
the caquiplnent and adjusting their work habits, 
and as plant volume increases over a period 
of time so that the men gradually becolue more 
pmductive, the full benefits of automated C I P  
Till be realized. I t  is not reasonable to expect 
a, new system such as autonlated C I P  to be 
operated a t  the nlost efficient level immediately. 
Furthemlore, it lnust be pointed out that time 
savings can not be capitalized unless overtilne 
is reduced, a lnan eliminated from the work 
force, or  the time used more productively. 

I n  Plant B, ~vhere there n-as a manager and 
only four plant men, the only current savings 
cnould be in a reduction of overtime. It would 
be in~possible to eliminate a man. A t  Plant I), 
where there usually were 12  full-time and two 
part-time Inen, no innnediate lahor savings ap- 
peared possible. I-Iowever, since the analysis 
was ~tladc, one rnan has retired and will not he 
replacrtl and another lllan is now ahlr to spend 
solnc!  tin^(? on nlaintenancc. The general Illan- 
ager could not detenuine how I I I U C ~ I  of this 
savings in plant labor was due to in-plarc, 
cleaning, hut he felt that the use of C I P  equip- 
rnent was a contributing factor. This ;~dditional 
savings in lahor is  only slightly represented in 
Table 1. 

Added e.rpenses. An increased cleaner es- 
pense was noted in all plants due to CIP. Since 
the wash tank \$-as still used for  some pipeline 
and equipment in each plant, the only de:rease 
in  hand-cleaner cost was in Plant  D, which 
could eliminate one of tx-o tanks of washing 
solution. This resulted in a savings of about 
$67 per year. However, C I P  cleaner costs 
were increased in  all plants, due to the larger 
amount of cleaners needed fo r  the larger sys- 
tems C I P  cleaned. The capacity of the makeup 
tank and the volume of the additional pipeline 
must also be added to any system previously 
cleaned in place. 

An increase of $10 per nlonth was esti~nated 
to cover any increase in water, steam, and 
power costs. There was a definite increase in 
the consnn~ption of water estinlatcd a t  $1 a 
rrionth. Increased power and steam costs were 
not nteasured, hut i t  appears that a total of 
$10 n month is reasonahlo when the added stress 
on t h ~  stt~alll-grneratinb.~-ertg equipment is consid- 
c.1.c.d. 

Invest?ne*zt atzrl opertrting rosts of C I P  ~ q ~ t i p -  
nae91,t. The denlonstration unit used in this study 
was built tit an c>sti~~lated cost of $2,.i00. Each 
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plant has since installed ecluipnieiit based on 
the de~nonstration unit, but a t  a lower cost. A t  
Plant R. the cost was estitnated a t  $1,200 and 
a t  Plant D, $1,600. A11 additional iuvest~nent 
in pipeline was necessary to complete the clean- 
ing circwits-ahout $400 in Plant B, which had 
to purchase most of the extra pipe and fittings 
needed, and $100 in Plant D, which had a large 
supply in stork. The cost will vary consider- 
aldy ~vitli the individunl dairy plant, depending 
on the length of pipeline circuits. Another 
cost to be consideretl is installation of C I P  
cc~uiplnent. Utilities nlnst be brought to the 
c~rluipment and the ti111e spent designing and 
1;tying out the circuits could be included. S o  
a t t r n ~ p t  was 111:1dc to drtertnine these costs. 

The total annual cost to m:ike an investment 
in C I P  cquiptnent was detcnnined, to help 
~ r l a n a g e ~ n n ~ t  decide whether to make the addi- 
tional investment. This cost was hased on de- 
preciation and a. use cost (see Cost Su~nrnary 
Ta hle) . 

This analysis was made using a conservative 
estinlate of the aliiount of tinle saved and the 
installation of a ~ninin~unl  of equipment. While 
autonrated CIP  was feasible in l'lants B and 
D, it is conceivable that many dairies will not 
be :ible to construct a unit a t  a siniilar cost, 
since outside labor is needed. However, soiile 
plants will be able to devise a. 1c.s~ expc~nsive 
cleaning unit if certain parts arc, available. 
The greatest expense is fo r  an  adrquate-sized 
p u i ~ ~ p  and, if one is available, the cost can be 
lowered substantially. 

1<'1(;. I .  l'ovt:~I~lt~ :1uti1111:1tt~l c l c l : ~ ~ ~ i ~ ~ g - i ~ ~ - ~ > l a c e  
unit. A. Control 11;rnrl. l'hirty-ininutc adjustable 
timcrs control: ( I .  to r.) prrrinsr, mash, rinse, 
wasl~, rinse. B. Liqniil acid dispenser. Opens on 
second wash. C. Thcrmometcr and temperature 
eontrol. D. Three-way air-operated valve. E. 
Makcup tank. I". Connections: (1. to r.) pump 
disrharge, st,ennl, 11-atcr, air. 

O p r ~ ~ t i o n :  After n prerinse, the operator need 
o111y ntltl alkali c lca~~cr  to the makeup tank and 
licluiil :~cid t,o thc disprnser. The unit mill nuto- 
maticnll? heat, tile wash solutions and operate a 
prrti~ncltl ~vas l~ ,  rinse, wash, rinse cycle that takes 
approxinlately 1 hr. 

I n  Plant B, the $1,600 pipeline and equip- 
n~ent  was estin~a.ted to have a salvage value of 
$500 a t  the end of 3 yr. A 3-yr. depreciation 
period was used! primarily due to obsolescence. 
This would ind~cate a yearly depreciation of 
$367. When a use cost of $80 for  insurance, 
repairs, taxes, and interest is added, the t o t 1  
annual cost will he $447.' The estimated an- 
nual net savings potential available in this 
plant after additional cleaner, steam, and water 
expenses and the annual CIP  equipment cost 
were deducted, ranged from $34, if wages could 
be reduced, to $1,653 if processing facilities 
could he used during the time saved? 

I n  Plant I), a total cost of $1,700 was needed 
for  the piprline and equipment, estiinated to 
have t i  salvage value of $500. The total annual 
cost would be $485-$400 for  depreciation and 
$S5 for  use cost. The estimated annual savings 
potential, less additional expenses, ranged fro111 
$252 to $1,848, depending on whether wage 
savings o r  the use of processing facilities are 
consiclcred. I n  both instances, some nleans 
would have to be found to make productive 
use of the titlie savc.d. 

I n  both plants, the greatest potential bene- 
fits appear to be in the fonn  of increased plant 
capacity to process nlilk with the same size 
work force, providing storage facilities are 
adequate and sales can be increased. Auto- 
mated CIP, I>?. reducing nonproductive cleaning 
time, will enable a plant to be operated on the 
same fixed hour schedule but with an  increased 
processing capacity. I n  Plant B an additional 
610 qt. of n~i lk  could be processed daily, with 
no increase in Iahor or t ~ ~ u i p m e n t  costs. I f  a 
dairy plant has experienced a pattern of steadily 
increasing sales and volulne, the increased plant 
capacity made available by automated CIP  will 
be highly clesirablr. 

SOME OBSERVATIONS OF PLANT ORGANIZATION 
ANI) M.4Sd(;E?SEST 

During the conduction of this project, dis- 
tinct differences were found in  organizations 
and in the ability of managers and employees 
within these organizations. These differences 
and their itnplieations have had and mill con- 
tinue to  have a more profound effect on these 
dairies than the use of automated C I P  or any 
other innowtion. 

Management sets the tone of any organiza- 
tion and a plant manager's decisions over the 
years definitely affect the current status of that 
plant. The complexity of automated C I P  
c~cpip~ncnt, e1r:~ning circuits, and the scl~cduling 

' Frnlrh, C. E., The Dirty Five, American Milk 
Ilrview. p. 44. May, 1957. 

'To olltnin this figure, the additional numhrr 
of quarts that roi~ld be processed during the time 
~1vc(1  was multiplied by $0.0117, the average nrt  
~n;ugin for 1954-59 as derived from t l ~ c  USDA, 
.\grlrnltur;rl Marketing Service pnblicat~on, Milk 
T)~~tributors Sales and Costs. 
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of cleaning operations to make the most de- 
sirable use of the equipment, requires a well- 
designed organization and capable employees. 

The successful installations in this study were 
in the better organized and managed plants. 
The employees were fairly well chosen and 
trained and, in general, were conscientious and 
resourceful. I n  the other plants this was not 
as true. There appeared to be an over-all lack 
of planning that led to inany plant and em- 
ployee proble~ns. The frequent operating de- 
lags in these plants confirmed this observation. 

The managers of Plants B and D were of 
ahove-average calihcr. One manager personally 
assu~ned responsihility for the operation of the 
erjuip~ilent until an operi~tor could be trained 
to continue this operation. He has continually 
directed all plant activities in such a manner 
that his enlployees are adequately trained and 
perform their work well at all times. 

Management of the second plant was con- 
cerned with older and more experienced plant 
men. The inen had originally heen trained arid 
organized so that the rrlanager was relieved of 
1110st recurring activities and able to deal niore 
with unusual circumstances. When the CIP 
unit was installed, the manager inmiediately 
delegated the responsibility for operating it to 
one of his employees, who wa.s then instructcd 
in its operation. 

I n  the remaining plants nurnerous difficulties 
arose. Employees were less capable and less 
\\-ell trained and found i t  more difficult to ad- 
just to the complexity of operating CIP sys- 
tems. I t  was often difficult to schedule and 
coordinate cleaning activities successfully, if 
a t  all. Operating delays were frequent and 
nlany delays were not properly or thoroughly 
attended to and would often recur. Some of 
tlie difficulties were a result of the abilities of 
individual employees, but basically manage~nent 
had some involvement, especially since it was 
responsible for selecting and training the men 
and coordinating over-all plant operation. 

The important factor in achieving successful 
results is to have employees capable of and 
willing to operate the equipment. Both of these 
factors originally stem from tlic nature of the 
organization, but in every CI1' installation re- 
sults are directly related to employees. If they 
want CIP to work, and are encouraged to make 
it work, then it will. Conversely, the e~nployees 
can add niany probleins to an already complex 
installation, especially if nlanage~nent has built 
and sanctioned this type of an organization. 
Automation of in-place-cleaning procedures is 
not and will never be a subst~tute for good 
iiianagernent and employees. In fact, automated 
CIP equipment requires more effective Inan- 
agenlent and Inore capable c~mployecs. 

Automated in-place cleaning offers Illany po- 
tential benefits, but will also cause solne new 
problems, which will take a capable and alert 
dairy plant management to solve. I t  appears 
from this study that automated CIP will first 

appear in the Inore efficient dairy plants, and 
will be introduced less rapidly in the less 
efficient plants. This is due to the co~llplexity 
of the new equipment and procedures and the 
ability of the better managers to incorporate 
CIP systems or any other new innovations into 
the plant routine. This inanagement ability 
has had and will continue to have a great effect 
on the size of the dairy industry and, in par- 
ticular, the future of the smaller plants. The 
survival of these plants depends on the ca- 
pacity of their management and how well they 
can adjust their organizations to current and 
future econornic conditions. 

COSCLL-SIOXS 

The following coriclusions are based on in- 
fornration gathered from and observation of 
the four installations : 
1. The use of automated CIP erluip~nent was 

feasible in two of the four dairy plants 
studied. 

2. A savings in time from tlie use of automated 
CIP equipment can riot be capitalized on 
until that titne can be employed to make 
more productive use of the plant and proc- 
essing facilities or to reduce litbor costs. 

3. The niajor difficulties in obtaining desirable 
results from automated CIP equipn~ent are 
directly related to the ability and interest 
of managenlent and the plant men. 
a. Automated C I P  will not work in a poorly 

managed plant or if en~ployecs are not 
capable of operating the equip~~rent. 

b. Nanagenient and the employees must be 
interested in automated CIP, since the 
first results are often discouraging and 
t in~e and patience arc necessary to get 
drsirahle results. 

FEATURES OF PORTABLE AUTOMATION 
CLEANING U N I T  

1. Made of co~iirnercially available components 
a t  much lower cost than ready-assembled or 
custom-engineered installations. 

2. Adjustable time periods of up to 30 min. 
each for  prerinse, first wash, rinse, second 
wash, and final rinse. 

3. Automatic water make-up. A level control 
switch opens and closes a solenoid valve in 
the water line to maintain level. 

4. P m i ~ p  c:in not start unless water level con- 
trol is satisfied. 

5 .  Auto~natic diversion to waste. A three-way 
valve opens to divert to waste or closes to 
pennit recirculation, as called for by the 
timers. 

6. Steal11 injector system will not function un- 
less putnp is operating. (This part of the 
equiptnent can be hy-passed and the solu- 
tions heated in the press, if desired.) 

7. Ten~pcbrature of solutions is thermostatically 
cotitt~olled if stearn injection system is used. 

S. Unit caa.pable of delivering circulating solu- 
t i o ~ ~ s  at vc,locity of -5 ft .  per second. 



ASSOCIATION AFFAIRS 

TJSIVERSITP O F  MARYLAND 
COLLEGE PARK 

To the J Ien~bers  of the American Dairy 
Science Alssocintion : 

Tht. Cuiversity of Xiaryland is honored to 
join with the United States Departinrnt of 
i\eric.ulture as  host to the 57th Annual Meet- ', 

ing of the Amrriran 
D:~iry Science Associa- 
tion scheduled to  be 
hrltl on this cnnlpus 
Jnne  1S to 21, 1962. 

Both the production 
and processing aspects 
of (1:iirying are ~ I I I -  
portant segnients of the 
economy of Jlaryland. 
IVe shall loolr Eorwartl, 
\\-it11 interest, to  thc 
scientific information 
i ~ n d  review of current 
prohlen~s xvhich this 
n~ceting nrill 1)ring to 

our campus. This year is  of special signific.imcc? 
to all those associated ~v i th  scirntific agrirul- 
ture, since i t  marks the Centrnni;~l of estahlis11- 
nlent of the Land-Grant College Sys t rn~  and 
the United States Department of .\griculturcb. 
W e  are pleased t o  note tha t  pour Association 
is giving special recognition to this historical 
event. 

U7e hope you will find the facilities of our 
campus \\-ell adapted to your needs, and \vc 
nrgv yon to join us for this importililt event. 
Our staff and eanlpus xvill be a t  your disposal. 

Sincerrly yours, 
w ~ ~ , ~ ~ ~  H. &;LKIXS 

President 

O F F I C E  O F  THE SECRETARY 

TVA SIIISGTON 

October 6, 1901 

TO : X r ~ n h e r s  of the i ln~erican Dairy Science 
,lssoc~ation 

The Unitc.d States Department of Agricul- 
ture is honored to be joint hosts with the 
Ynivcbr.;ity of JIaryland to the 57th annual 

meeting of the Ameri- 
can Dairy Science As- 
sociation, June  18-81, 
1962. 

I t  is  significant that  
you r  hshocia t ion  i s  
holdinr its annual meet- 
iug in-the Washington, 
D. C. area on the beau- 
tiful c.ruupus of the 
University of Maryland 
in 1902 because i t  i s  
the centennial year of 
the founding of the 

0. L. Freeman Land-Cirant College 
Systeil~ ant1 the United 

States L)cp:~rtnlent of .\griculture. I ain 
ple:~setl to note that  you plan to recognize the 
c.entennial during your ~nrrt ing.  

The I)el)artn~ent is plei~srd to join with the 
Lniversit>r oC Alaryli~nil in welconling you. 
I-ou nlay he assured thnt you will receive a 
rordial recc.ption a t  the ilgriculturnl Research 
Center and a t  the several units of the De- 
partnrent conccrned with the dairy industry. 
Our staff will he pleased to assist in any way 
possihlc in u~ilking your stay with us  pleasant 
; ~ n d  ~rofitnhlr .  IVe anticipate that  these as- 
socit~tions will he of mutual benefit. 

Sincerely yours, 
ORVILI~E L. FREEMAN 
Secretary 

OFFICERS, COMMITTEES, AND REPRESEKTATIVES O F  
T H E  AMERICAN DAIRY SCIENCE ASSOCIATION 

OVFICERS 
Presiilent-E. L. JACK, Univcrbity of California, 

Davis, California 
Vice-President-I. W. RUPEL, Texas A b M, COS- 

lrge Stntion, Texas 
Secrctarj7-Treasurer-11. I". JUDI<INS, 32 Ridgeway 

Circlo, White Plains, Nem Yorlc 
Editor-ill-Chief-E. 0 .  I ~ R R E I D ,  Station A, Box 

530, Cl~nmp:iigl~, Illinois 

DIRECTORS 
RAYEIIOND ALBRECTSE~N, Cor11c11 University, Itllaca, 

Sew Tork 
S. T. COUI,TEH, University of Minnesota, St. Paul 1 
1'. J .  DOIN, Pennsylval~ia State University, Uni- 

rcrsity Park 
R. E. I Io~c , so~ .  7006 Wake Forest Drive. College - 

Park, Naryland 
C. W. NIIILER, University of Nebraska, Lincoln 



J. T. REID, Coii~rll r n i v e s ~ i t y ,  Itlraca, New York 
G. 11. \VISE, S o l  t l ~  G~rol ina State College, Ralcigl~ 
H. I". . l r rn~ i~xs ,  ex oficio, 32 Ridgeway Circle, 

\Vliitc, Plain\, Yew VorB 
E.  0. IIERREID, ex officio, Station A, Box 250, 

Champaign, Illinois 

CO&l&IIT'L'EES 
'ROGRA3I 

3f.zltv1s E. SENGEK, Chairmall, Xorth carol in:^ 
Statc College., Releigh 

I. W A L K E I ~  RIII'EL, Vice-President, Tesas .4 fi- I!, 
Collcge Station 

R. 1''. DAVIS, Ul~ircrsity of Maryland, College Park 
TV. K. V.\s SIST, (Extension), University of 

Arizon:~, Turson 
MABVIN 1,. SPIWIC, ( l f a l n ~ f a r t u r i ~ ~ g ) ,  North Caro- 

linn State Collcge, Raleigh 
J. (!. TIIONFSON, (Production), Ralston Purina 

Co., St. Louis 2 ,  Missouri 
E. 0. EIEILREID, Station A, Box 718, Champaign, 

Illinois 
MEMBERSIIIP 

P. M. I t a , \ v ~ s ,  Cl~airman, nept,. Dairy Science, 
Tirgini:~ Polytecl~llie Institute, Blacksburg 

TV. E'. SIIIPE, (St~d(:iit  Affiliate Chairman), Dairy 
I l~(lustry Dept., Cornell University, Ithaea, 
S r \ r  York 

Rcgioilal CI~:lirnicl~ : 
J. G. LEEDIIR, (Eastern) Department of Dairy 

S(.iencc>. Ilut,gcrs University, S r w  Bmnmvick, 
Sr\v .I erscy 

D. J .  H~NI;INSON, (Eastern-Assistnnt), Dairy 
I)(~partment, University of Massachusetts, 
A11111crst 

B. lJ. L,\RSOX, (Central), Department of Dairy 
Science, University of Illinois, Urhana 

V. IT. NIIGLSEN, (Central-Assistant), Department 
of h i r y  and Food Industry, Iowa State  Uni- 
versity, A1nc.s 

G .  14:. S w n n ~ m ,  (Western), Dairy Department, 
T'tah State University, Logan 

B. TS. 111-I%I(ELL, (\Vest(~r~~-Assistm~t), Dairy De- 
l~artlnent, Vnivcrsity of California, Ilavis 

Rogvr 11. (;IIL(II-S, (Eastcxrn Canada), Ecolc de 
r ,n~trr ie  Provinrialr, St. IIyacintl~c, Quebee 

D. M. JRVINE, (Ci~i~tral  C a ~ ~ a d a ) ,  Department of 
l)air>ing, Oiitario ~2gricultural Collegc, Guclph, 
Ontario 

JOIIN D ~ ~ A N ,  (TVestern Canada), Department of 
1 )a i r -  Srie~ive, ITnivrrsity of Alberta, 13tlmonton 

NOMTSATT KG 

A. C. FAY, Chairn~an, 12458 N. Bay Shore Drive, 
I<c~ystonc Po i~ l t ,  S. 3Zinlni. Florida 

R. E:. I[OIK;SON, 7006 Wake Forest Drive, College 
I'ark, IIarylan(1 

I f .  I,. SI-I,.CI~, ( M a n ~ ~ f a r t l i r i ~ ~ g ) ,  Department of 
D:lirv mlil Food Processing, North Carolina 
~ t : ~ t e  co~it>ge, Raleigh 

J. C. T r r o ~ r l ~ s o ~ ,  (Production), Ralston-Punna 
Co~npany, St. 1,ouis 4, hlissol~ri 

W. R. VAN SANT. (Extension), Department of , ~ . - 
Dairy Science, Utlirersity of Arizona, Tueson 

EDUCATION 
I. E. P \ ~ r i r s ,  Cl~airiiim~), Dairy Science Depart- 

mrnt. Pennsvlvm~in Statc University, Univer- 
sity Park 

F. IT. ITERZER, ( lknufncturing) ,  Dairy Depart 

nlcnt, Mississippi State Cniversity, Statc 
College 

A. R. PORTER, (Produetion), Dept. of Animal 
l l ~ t s l ~ : ~ i ~ ~ l ~ y ,  Iowa State University, Amcs 

F. B. WOLBERG, (Produetion), Dairy Husbandry 
l)rpt., Oregon State College, Corvallis 

IT. S. AI:uI.('KT.R, (Mai~~i fa r tn r ing) ,  Dairy Depmt- 
nlent, Univcrsity of 3farylm11l. Collcge Park 

11. JC. Pon KLL, (11:111ufact1iri1lp), K I I ~ I ~ S ( ~ I L  Creain- 
Co., 1975 Santce St., Los Augeles, Calif. 

JtESOLCTIONS 
I). 11. .T . \ c .~~ns~s ,  Chairman, Americ:~n Dairy As- 

strci;~tio~i, 211 A'. W:lcker l)rivcl, (;, Ill. 
FKI.:I) , \TLIKICRST~,\( :AN, D:~iry Dept., Univcrsity of 

Jlisscl~ri,  L'oli111111i:i 
P. 1,. T<P;I.LY, L):~iry Drpartment, University of 

S(~ l~raskn ,  J,incoln 
J. C. W n ~ m .  Dept. of Dairy and Food Science, 

Cornell University, Ithac:~, N. P. 
D. E .  MWK, The Bor~len Colnpany, 600 N. Frank- 

lin Strcet, Syracuse 3, S. T. 

STUDENT AFFILIATE 
W. F. SIIIPE, Chairman, Dept. Dairy Industrx, 

Cornrll Uiiivcrsity, Itl~m.:~, N. Y. 
E. I{. BICILOI:SEK, Dairy I)epartment, Unirersity 

of Rllo~lr Isl:ind, Kii~gstoil 
T. EI. BLOSSER, Dairy Science Dept., Statc  College 

of IV:rsl~ington, Pul l~nan 
LOUIS BOYD, Drpartment of Dairying, University 

of Tcl~nc~see,  Knosville 
.T. T. LAZAR, JR., Department of Dairying, Clem- 

son Collcge, Clemson, South Carolina 
A. V. MOORE, Dept. of Dairy Science, Texas 

A & M, College Station 
J. hl. JESSEN, Dept. of Dairy, Michigan State 

University, 1Sast Lansing 
J. B. MICKI.F,, Studcnt Advisor, Drpt. of Dairying, 

Oklnlio~~ia State University, Stillwater 
J. L. BARN~ART, Student Advisor, Dairy Depart- 

n~ent ,  University of Idaho, Moscow 
W. N. P A ~ I ~ R S O N ,  Student Advisor, Dept. of 

Dairy Science, T-irginin Polytechnic Institute, 
J3lacksljurg 

PUBLIC HEALTI1 
J. C. OLSON, Chairm:ln, Dairy Industries Dept., 

tTnirersity of Minnesota, St. Paul 1 
C. K .  .TOHNS, Dairy 1'eclinolopy Buil~ling, Cnnatla 

Dept. of Agriculture, Ottawa, Ontario 
R. I-I. WRRB, Eastern Utilization Research and 

Derclopment Division, ARS, Washington 25, 
D. C. 

E. B. C o ~ r a x s ,  Department of Food Seienee and 
Terlinology, University of California, Davis 

R. B.  RE^, U. S. Public Health Service, Cincin- 
nati, Ohio 

M. 1,. SPFCIZ, Dept. of Dairy and Food Process- 
ing, Sort11 Carolina Statr  College, Raleigh 

C. E .  l I ~ . z ~ o w s ,  Dept. of Dairy, Michigan State 
TJniversity, East  Lansing 

J. Ifr. STIJLL, Department of Dairy Seienee, Uni- 
versity of Arizona, Tucson 

IJ. L. R.\arsm, Div. of I'ooil & Drug Administra- 
tion, T'SPII, Washington 25, D. C. 

EVERT IT 11.1 EXFICLDT, Dept. of Dairy and Food 
I1111ustri(~s, University of Wiseoi~sin, Madison 

AUDITING 
P. X. IIOYNAK, Chairman, Refined S y r u p  & Sug- 

ars, Kcm York 
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I). W. M.\TIIER, Seilltest Foods, 260 3lailison Are- 
~ I I I ~ ,  S e w  Pork, N. Y. 

J IAI~VIS  \VEI)EEY, 3.5 Coralyn Avenue, TVhite Plains, 
Kr\v Pork 

BALLOT TABULATING 
.\. 11. AIIRESS, Chair~nan, 51-40 39th Street, Wood- 

77, New York 
11. 1.'. I)ISPF.\\., $10 Bryant AVrnue, White Plains, 

Srrv Yorlc 
.TOFIN GII..\IIXIIER, Chas. Pfizrr & Co., 630 Flnsl~ing 

i \ \ e n ~ ~ c ,  1:rooklyn 6, New York 

AZIEI\'IC.\S F E E D  AIASUFACTURERS' 
i\\TAIIU 

H. A. KI~ENRR,  i:11:1irm:111, Dept. of Dairy Rus- 
I)andry, T7nivt,rsity of Selv H:~~npsl~ire ,  Dur- 
ham 

BORDEN MANUFACTURING AWARD 
ROI~EKT JRSXRSS, Cllairm:ln, Dept. of Agricultural 

Biochr~nistry, Ullirersity of Mi~mcsota, St. 
Pan1 1 

BOltDEN PRODUCTION AWARD 
C. 1,. Sort.l*os, CI~:rirrn:ln, Dept. of Dairy Science, 

Kansas State Universitv. Manhattan 

1". J. UO.\N, Dairy Science Dept., Pe~~nsylvania 
Statc University, University Park 

11. A. I l ~ n i t c n ~ ,  N:itional Association of Artificial 
Ilreedcrs, 111 Sort11 9th Street, Columbia, Ma. 

E. 0. HEILKEII), ex oficio, St:~ti(i~i A, Iiox 250, 
Cllnn~paign, Ill. 

I[. I.'. .Jr!nw~ss, ctx officio, 32 Ri(1geway Circle, 
\\:liitc, Plnii~s, N. Y. 

AWAIiD KOhITNA'J'IONS STUDY COMMITTEE 
G. W. SALISIN~I~Y,  Chairmm~, Dairy Science De- 

p:\rtlncnt, TJ~livcrsity of I l l i~~ois ,  Urbana 
G. 11. TILOUT, D(q)art111(811t of Food Seimlce, llichi- 

g:111 Rtatc University, East  Lansing 
W. 11. VAN BAST, Agrie~lltnral Extr11sio11 Service, 

U~~iversi ty  of Arizona, Tucson 
B. 11. \\'EBI<, E::cstcrti Vtilization Ilcscarel~ and 

Dcvelopnle~~t L)ivision, ARS, USIIA, Urashing- 
ton, D. C. 

G. IT. WISE, Drpartme~lt  of Aninla1 Industry, 
Sort11 carol in:^ State Collegc, llaleigh 

C. E. WYLIE, A11in1:~l 111dnstr.v D ~ p t . ,  Southern 
Illi~lois Unirersity, Carbo~~tl:tlc, 111. 

ISTERSATIONAL RELATIONS . . 
DeLAVAL EXTENSION AWARD 

R. E. HVDGSOX, CIi:~iriiia.n, 7006 !brake Forest 
Drive, Collrge Park, &fnryln1111 

R A Y  ALHRFICIITSEN, Cl~airn~an,  Dairy Extension, S. T. C O L L ~ ~ R ,  uept. of ~ ) : ~ i ~ ~  ~ ~ ~ ~ l ~ ~ t ~ i ~ ~ ,  uni .  
('ornell University, Ithaca, New Pork vcrsity of Mi~~nesota,  St. P:lul 

I)AIRP sCIESCE TEACITING AWARD F. V. I<OSIKO~SKI, I ) e p : ~ r t n ~ e ~ ~ t  of Dairy ancl 
l%ood Scie~~ce,  Cornell University, Ithaca, N. Y. 

RRIT('E POI.I.TON, Chairnu~n, Dairy Department, 11. C. TI~ELOOAN, Marketing Rescarell, AMS, 
I'nivrrsity of Maii~c, Orono 'IJSDA. \V:rsliineto~~ 25. D. C. 

P A ~ T ,  LEWIS AWARD v01( RESEARCH I N  11. 'J'UILTG l ~ t .  of Ailimal Industry, C o r ~ ~ e l l  
CIIEESE University, Itllnca, ?i. y. 

.T. IZ. STTNE. Cl~nirman, ICmft Foods, 500 Peshtigo CEXTENXIAL COMMEMORATIVE 
Court. Chicago, Ill. PROGRAI\L 

HOSORS AWARD 
K. I,. TI.RK, Cl~airman, Dept. of Animal Industry, 

Corr~rll University, Ithaca, N. Y. 

DISTINGUISEIEl3 SERVICE AWARD 
IV. M. I~OBRILTS, CI~:~ir~nan,  D e p a r t m e ~ t  of Dairy 

n11c1 l<'oo(l Procc.ssing, Korth Carolina Statc  
College, Raleigh 

CON~IITTEES APPOII\;TEI) BY 
THE BOARD 

POLICY 
K. L. TrXK, Chninnan, Dept. of Al~imal Industry, 

Cornell I'uivrl.sity, Itllara, N. Y. 
J. TI. E R T ~ ,  The Bordrn Company, 165 N. Washing- 

ton Avr., Columbus 10, Ohio 
G. M. ~VEI<SEK, 1)airy EI~~sh:l~idry Dept., Univer- 

s ~ t y  of Wiscor~sin, Madison 
11. I3. HESDFI~SOS, Dniry De~)art~i le~i t ,  University 

of Georgia, Athens 
G. >I. TI<OT-T, 1)epartment of Foot1 Science, Miehi- 

gar1 State U~~iversi ty ,  East  Lansing 
S. L. .T.\consos. D c n a r t n ~ ~ n t  of Animal Hus- . . 

I):ln(lry, Iowa Statc  U~liversity, Ames 
H. F. .I[-nrc~lcs, cx-offieio, 32 Ridgc~vay Circle, 

XVhite Plains, S. 71. 

11. F. D.IVIS, Dairy I)ep:~rtmmt, University of 
l l a~y l :u~( l ,  Collrge Park 

11. C.  RELO LOG AN, Marketing Research, AMS, USDA, 
I!'ashington 25, D. C. 

M. 1';. SICSGE~, Extcnsio~~-i\ni~r~:~l Industry Dcpt., 
Sort11 C:troll~~a State College, Raleigh 

11. 15. Ilonc:sox, 7006 \Vakc Forest Dnve, Collegc 
Park, Mnryla~id 

ADVISOIlY COMMITTEE TO DAIRY SOCIETY 
ISTERSATIONAL 

It. F. 1 I o r , ~ . \ s ~ ,  C l~a i r~nn~i ,  Drpt. of Dairy and 
I'ootl Science, Cornell Uuiverrity, Itllaca, N. Y. 

F. J .  B~IIFJ., Dairy Department, Purilue Univer- 
sity, Lafayette, Ind. 

H. E. C \ ra~ l tT ,  Ilept. of Dairy and Foocl Indus- 
tries, IJnivc~sity of Wisconsin, Madison 

C. D. NIGK'II~, Dept. of Dairy Science, Ohio 
State ITniversity, Columbus 

Dl\ IGTIT SE~TII, 1)ept. of Dairy Science, Univer- 
sity of Kentucky, Lexington 

A. 0. S H ~ I V ,  Ijept. of Dairy Sciencr, Washington 
State University, Pullman 

IIISTORIm 
G. M. TT<OUT, Dept. of Food Science, Miclliga~l 

State University, East  Lansing 

JOURXAL MASAOEMENT .\JIERTCAS DATItY SCIENCE ASSOCIATION 
.T. T". C ~ V A N A V ~ , ~ ~ ,  Chairman, American Jersey REPRESESTATIVES TO: 

Cattlr Clnl), 1321 E. Itron(1 Street, Colrlmbns An~oric:cr~ Associatio~~ for  the Advancement of 
5 ,  Ohio Scicncr : 
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R. F. DAVIS, Dairy Department, University of 
Maryland, College Park 

National Research Co1111eil : 
W. E.  KFLAUSS, Ohio Agricultural Experiment 

Station, Woostcr, Ol~io 
Ralston Purina A ~ v a r ~ l :  

N. L. JACORSON, I>epar tmn~t  of Animal Rus- 
 band^, Iowa State Univ., Ames 

3-A Standards Committee: 
D. H. W~r.r,~.z\rs, Chairman, 4113 Everett 

Street, Kensington, Maryland 
.T. F. MATTICI~. Dairy Department, Univcrsity . - 

of ~llarylan<'l, coliege &rk 
National Association of Artificial Breeders: 

J. 0. ALnrgclscll, Depn~ tment of Dairy Scienre, 
Pennsylvani:~ Statc Univcrsity, Univcrsity 
Park 

U. S. Llrcstock S:~nitmy Associ:ition: 
JESSE WII,I,I&~IS, 17ni \rrh~ty of .\Iinnrsot:~, St. 

P:IIII, Jfinit. 
American Gr:rsslands Council Reprrsentatire: 

M. E. M c C u ~ r , o u c ~ ~ ,  Agrieultuml Station, Ex- 
periment, Georgia 

National M a ~ t i t i s  Connril : 
A. C. F ~ Y ,  12455 Sort11 Bay Shore Drive, 

Kcystone Point, North Miami, Fla. 
Milk anil JIilk Prodncts La1)elling Committee: 

W. 11. E. REID, Dairy Dc~partmcnt, University 
of Missouri, Colnmbin 

MAf\'UFACTTJRING SECTION 
OFFICERS 

M. I,. SPECIC, Chairmml, North Carolina Statc 
Collcgc, I(alcigli 

D. 111. GFL~TII~I, Vice-Cl~airma~~,  P e t  Milk Com- 
pany, Grcenvillr, Illinois 

E. I,. TIIOX.\S, Sceretary, Unirersity of Minnc- 
sota, St. Paul 

NOMENC1,ATT:RIC AND METHODOLOGY O F  
NII,K PROTEINS 

C. 11'. GEIIKKR, Chairinan, University of Missouri, 
Columbia 

ROEERT JESSESS. Uni~ers i ty  of Minnesota, St. 
Paul 1 

H. A. LII . I .E~II~,  Jfichigm~ State Unirersity, East  
Lansing 

N. P. T\n\ssrrr<, Vniversity of California, Davis 
C. A. ICRSSTRO?~, TTniv~rsity of Wisconsin, Rtadison 
U. S. ASR\VORTLTH, \V:\sl~ington State ITni~-rrsity, 

Pullman 

JUDGIKG DAIRY PRODTTCTS 
E. L. Trr0314s, Cl~airmml, University of Rfinne- 

sota, St. Paul 1 
L. H. BL.RGW\LI>, Dairy and Ponltry Division, 

T'SDA. \Vashin~ton 23. 'D. C. 
F. J. D o t s ,  Pennsylvm~ia Statc University, Uni- 

versity P:rrk 
I,. R. DOWD, University of Connecticut, Storrs 

C'OMMITTEE TO DI*:VEI,OP A SCORE-CARD 
J.'011 STERILE AiYD COXCEXTIIATED 

MILK 
.T. C. FLAKE, Chairman, Evaporated Milk Assoeia- 

tion, Cl~ieago, Ill. 
14'. R. FEXTON, Agrieultnral Marketing Serriee, 

Dairy Division, USDA, Washington, D. C. 
D. ill. G R A H , ~ ~ ~ ,  P e t  Milk Company, Greenville, 

Illinois 
0. 11. H.ZRT~IAN, White House Milk Company, 

M~~nitowoc, Wisconsin 
J~. \RI< KEESEY, Unircrsity of Maryland, College 

I'a r k 
E. B. O ~ E W ,  Carnation Research Laboratories, 

\ r : ~ ~ ~  Nnys, California 
T1.\rarohx POWERS, The Borden Food Products 

Colnpany, 350 Madison Ave., New York, N: Y. 
A .  M. S w ~ s s o x ,  Univcrsity of Wisconsin, Mad~son 

XOIZISATIONS 
n. IT. WEBB, Cl~nirinmi, USDA, Washington 25, 

r). C - .  

I:I.RTII~T ~~I~:IsEJ~ANs, Producers Creamery Co., 
Sl~ringfielil, Rlissoori 

S. I V .  ~'.\TTos, P~ii i isylrai~ia  State Unirersity, 
I'nivisrsity I'ark 

RESOTJUTIONS 
.T. C. WIIITE, Cl~airii~aii, Cornell University, Ithaca, - -  -- 

L\. 1 .  
11. I:. HFBFERS, North Carolina State College, 

Rnleigl~ 
.T. J. Jrzas1i1, ITnivrrsity of Minnesota, St. Paul 1 

PltOl)U( 'TIOS SECTIOX 
OFFICERS 

.T. C. THOJIPSOS, Chairman, Purina Mills, St. 
I~onis ,  Mo. 

1,. TI. SCHI~I.TZ, Vice-Chairman, University of Wis- 
roilsin, hfadi~oil 

V. I<. SJIITR, Sec.rctnry, University of ilrizona, .. I nr\oil 

COMMITTEES 
RESOLUTIONS 

P. Ti. T<EI.I.Y, Clinirmnn, University of Nebraska, 
Lincoln 

11. S. EMERY, ItZ~rhigan State University, East  
1,:111~ing 

E. 1:. ~ I ; . I < o I ' ~ F I < ,  Univcrsity of Rhodc Island, 
Tilllgstoll 

DATRY CATTLE JUDGING 
C. F. F O I ~ E ~ I ~ N ,  Chairman, Iowa State University, 

A I I I ~ S  
J .  T. Mrr .~s,  University of Tennessee, Knoxville 
0. TY. TIII\II$EKGER, Cornell University, Ithaca, 

N. Y. 

.JOIST COJIMTTTET3S WIT11 
E S T E S S T O N  

DAIRY CATTLE BREEDING 
J. J. WIT.LIXGH.~~~,  Texas Technological Collcge, (Chairnl:ln in Extension each Year) 

Lnbhock 
L. J. J l ~ x u s ,  Wasl~ington State University, Pnll- PRODUCTIOhT 

m:~n 11 \Rlty A.  IIEI<\I \ s ,  Nn tional Association of Arti- 
\V. 8. R O ~ E Y ~ E U G E R ,  IOIVR Stat? University, Ames ficial Brrr~lc-m. Colninhia, Mo. 
.TOSRPII TOBI~S,  University of Illinois, Urbann 11. I\'. TOuc r11tERR17, Unirersit? of Illinois, Urbana 
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J. R. NICHOLS, Pennsylvania State University, EXTENSION 
University Park G E O R G ~  M. WERNER. University of Wisconsin. 

EXTENSION Madison 

J. R. SCHhBMGER, Chairman, of M ~ ~ ~ -  GUY S. PARSONS, North Carolina State College, 

land, College Park 
Raleigh 

B. E w l ~ a ,  Agricultural Extension R A L P ~  BONEWITZ, lcansas State University, Man- 

P .  0. BOX 391, Little Rork, Ark. hattan 

CLARENCE C. OLSON, University of Wisconsin, Mad- 
ison EXTENSION SECTION 

TYPE W. R. VAN SANT, Chairman, University of Ari- 
(Chairman Alternates from Production in 1962) 

PRODUCTION 
I. D. PORTERFIELD, Chairman, University of West 

Virginia, Morgantown 
HAROLD KAESER, Ohio State University, Columbus 
TV. R. MURW, N.orth Carolina State College, 

Raleigh 
EXTENSION 

RALPH WAYNE, University of Minnesota, St. Paul  1 
HILTON BOYNTON, University of New Hampshire, 

Durham 
A. M. MEEKMA, Texas A & M, College Station 

DAIRY CATTLE HEALTH 
(Chairman Alternates from Extension in 1962) 

PRODUCTION 
W. D. POUNDEN, Ohio Agricultural Experiment 

Station, Wooster 
WILLIAM HANSEL, Cornell University, Ithaca, 

N. Y. 
T. H. BLOSSER, Washington State University, 

Pullman 
EXTENSION 

G. E .  PARSONS, Chairman, Michigan State Uni- 
versity, East  Lansing 

JOHN J. BARNARD, Utah State University, Logan 
M. P. ELLMORE, Virginia Polytechnic Institute, 

Blacksburg 

FEEDING AND MANAGEMENT 
(Chairman from Production each Year) 

PRODUCTION 
G. H. PORTER, Chairman, Beacon Milling Company, 

Cayuga, New York 
D. R. JACOBSON, University of Kentucky, Lexing- 

ton 
S. D. M U S G R A ~ ,  Oklahoma State University, Still- 

water 

zona, Tucson 
C. D. MCGREW, Vice-Chairman, Ohio State Uni- 

versity, Columbus 
DONALD VOELKER, Secretary, Iowa State Univer- 

sity, Ames 

COMMITTEES 
DAIRY RECORDS 

J. D. BURKE, Chairman, Cornell University, Ithaca, 
N Y -.. A. 

J. D. AUSNAN, University of Wisconsin, Madison 
R. SAM JONES, Auburn University, Auburn, Ala. 
WILLARD WINTERS, Washington State University, . . 

Pullman 
E. T. ITSCHNEIR, University of Missouri, Columbia 
JAMES CAVANAUGH, Chairman, PDCA Records 

Committee, American Jersey Cattle Club, 
Columbus, Ohio 

J. F. KE~NDRICK, USDA, Beltsville, Maryland 

TEACHING METHODS 
JOHN MORRIS, Chairman, University of Maryland, 

College Park 
ROBERT PINCHAM, Iowa State University, Ames 
~ t 0 B E R l 1  D. APPLENAN, University of California, 

Davis 
CLYDE K. CIIAPPELL, University of Tennessee, 

Knoxville 
RESOLUTIONS 

FRFD MEINERSHAGEN, Chairman, University of 
Missouri, Columbia, 

L. A. JOHNSON, Michigan State University, East  
Lansing 

P. H. COLE, University of Nebraska, Lincoln 

4-H CLUB 
GARLAND M. BASTIN, Chairman, University of 

Kentucky, Lexington 
N. J. MOELLER, Purdue University, Lafayette, Ind. 
T. W. SPARKS, University of Florida, Gainesville 
D. A. HARTMIW, Cornell University, Ithaea, N. Y. 

T H E  AMER,ICAN DAZBY SCIENCE ASSOCIATION 
CONSTITUTION AND BY-LAWS 

REVISED 1961 

A R T I C L E  I-NAME stimulating scientific resrarch, improving edu- 
Section 1. The nalne of this rational methods, enrouraging worthy intra-  

shall be The Alllerican DRirv Science nssoci- industry and  in te r - lndu5t r~  coopc~rativr en- 
ation. dravori ,  a n d  by p u h l ~ s h i n g  the . T O T ~ R X A I .  OF 

I)AIRY Scrr~;wce and  other. offirial prr.iotlirals. 
A R T I C L E  11-OBJECT 

Section 1. The obiect of the Association is  to  A\RTTCL15 111-J4P:MRERSTTTP 
pronlote the  welfare of the  dairy industry b y  Section 1. Any person shall he eligible to  



~l~enlht~rship who has had college training in 
dztirying or  who is in :I position of rrsl>~;lsi~,lii.y 
that requites a technical knowlerlgc of (1a:i.y 
seiener. 

Section 2. Any pcsrson sh:tll he eligihle to 
 onvo voting ~~~en lhe r sh ip  :LS :I studrnt :~ffilial-e 
who is t~ rc~gul:~rly ~ ~ ~ r o l l ~ d  collegtl studrnt nlltl 
who tlocs not hold a r:lnlr of instrucdtor or 
high(>). or the equivalent thereof. 

Srction 3. Any fin11 mg:r~ed in thc dai1.y 
industry or in a Rusiness h:~vlng an intcarest in 
the tlniry industry shall he eligible for sustain- 
ing ~~re~nher sh ip  upon the payment of annual 
tiurs estahlishcd by the Executive Board. 

ARTICLK IV-OFFICERS 

Section 1. The officers of the Associati011 
shall be President, Vice-President, Secretary- 
Treasurer, JOL-RSAL Editor, and seven Direc- 
tors, one of who111 shi1.11 be the ilnn~ediate Past- 
l'rrsidcnt. 

The Vice-President shall be elected by the 
vote of t h t ~  ~l~rulhership  for  a t e r ~ n  of one 
vear I~eginning : ~ t  the t i ~ n e  of his installation 
dliring the first :lnnual ~nc,c!ting of the Associ- 
a.tion following his election. I f  an  annual 
~neeting cannot he held, his term of office 
shall hegin on July first. On the completion 
of his term as Vie('-lJresident, he shall auto- 
n~atically heco~ne President for  one ye:ir he- 
ginning a t  the tinre of his installation during 
the annual ineeting, or, in the absence of such 
;L ~nthcting, on .Ju19. fir-t. 

The Secretary-Treasurer and the JOURNAL 
Editor shall be elected annually by the Execu- 
tive Board. 

Two directors shall be elected by the mein- 
hership each year to hold office for a tern1 of 
thrre years, heginning either a t  the time of the 
installation of offirers a t  the first annual meet- 
ing following their election or on July  first 
if :In annual rrleeting is not held. 

Section 2. The Execntive Board shall con- 
sist of the President, Vice-President, seven 
Directors, and with the Secretary-Treasurer 
and the Jorr~vnr, Editor as ex-officio members. 
Thr Board shall he responseible for  the husi- 
ness of the zlssociatioll. 

ARTICLE IT-NEETINGS 
Section 1. Meetings of the Association shall 

hr held a t  lrnst once during each calendar year. 
The exact date and place of each meeting shall 
he fixed hy the Exrcutive Board. Notice of 
the tittle and place of meetings of the Associa- 
tlon shall hr  given to all memhers not less than 
four week5 prior to the date of the ~neetlng. 
Tn an ernc.rgency thr annual meeting may be 
t.nncolt~d hy action of the Executive Board. 

ARTTCLE VI-AMENDMENTS 
Srction I. The Constitution and By-Laws 

may be amcndrd a t  any meeting of the Asso- 
-intion hy an ttffirn~ativc vote of three-fourths 

of those ~nenlbers present, provided not less 
than five pc:r cent (5%) of the voting member- 
ship is present a t  the meeting. A11 alr~end- 
lnents niust be suht~litted fo r  approval only 
after they have been presented in writing to 
the ~nelnhrrship a t  the previous regular busi- 
ness meeting or have been published in the 
.Jor!~h-a~~ OF DAIRY SCIESCE a t  least 30 days 
hefortr thr regular meeting a t  which the n~nend- 
n~ents  art. oflrred for :~pproval. All amend- 
111ents nlust have heen :tcted upon hy the Ex- 
t>cutive I3oartl prior to final action by the 
Assocaiation. 

Srrtion 2. The E:xecutive Board may suh~ni t  
proposetl ~ ~ n ( ~ r i d ~ ~ ~ c n t s ,  approved by thc Board, 
to the n~rmhers of the Association fo r  vote by 
 nail. I n  such a case, a ~ninilrlum of twenty-five 
per cent (25%) of the membership must vote 
on the 1)roposrd all~entlment and an affim1:ltive 
vote by two-thirds of a11 voting shall be nrces- 
sary for  its approval. 

ARTICTAE I-DUTIES O F  OFFTCERS 

Section 1. The President of the Association 
shall presitle a t  all lllretings of the Association 
and t11c ~rlertings of the Executive Board, and 
shall perform such other duties as pertain to 
that officc. The President shall call lneetings 
of the E:xecutive Board, and notices of such 
~neetings shall he srnt to each ~nelnher of the 
I3oard not less than ten days before the mect- 
ings. As chairman of the Executive Board, 
the President shall suhtl~it to the Executive 
Board for  approval his notninations of inem- 
hers to fill vncancies that may occur among 
elective offices of the Association. The Prrsi- 
dent shall appoint without the approval of the 
Executive Board the standing, nonelective corn- 
tnittees of the Associa.tion. 

Section 2. The Vice-President shall perform 
the duties of the President in the absence, ill- 
ness, resignation, or death of the President. 

Section 3. 

( a )  The Secretary-Treaqurer shall manage 
the husinesq of the Association in accordance 
with the polleieq established by the Execu t i~~e  
Board. 

( b )  H e  shall have custody of the books and 
reeordi; of the Associat~on, keep the minutes 
of all meet~ngs of the Association and thr Ex- 
ecutive Board, maintain a list of all inenibers 
and suhscr~hers, keep the funds of the Asso- 
clation, maintain in current condition an offi- 
caial Procedural Handbook of the Association, 
\nbrrr~t an anuual hudget for  consideration by 
the Executive Board, make disbursements as 
authorized in the hudget approved by the Ex- 
rcut~ve Board, and cause an  annual audit of 
the hooks to he lnade hy a certified puhlic ac- 
countant. 
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( c )  H e  shall receive applications f o r  mem- 
bership which are submitted in writing and 
endorsed by one member. I I e  shall refer to 
the Executive Board applications of doubtful 
eligibility. H e  shall, upon receiving the an- 
nual dues of the successful applicant, enroll 
him as  a me~nber of the Association, and shall 
plaec his name upon the list of those to receive 
the JOURNAL OF DAIRY SCIENCE. 

((1) H e  shall remove fro111 the roll of members 
those individuals who have failed to pay the 
annual dues on or before January first. H e  
shall restore these individuals to membership 
upon receiving their payinent of current dues. 

Section 4. The Editor of the JOURNAL OF 
D A I R ~  SCIENCE shall have direct charge of all 
editorial details of the Journal and of other 
official regular publications of the Association 
under the general supervision of the Journal 
Management Comniittee and shall assume such 
other rnanagelnent responsibilities as may be 
designated by the Executive Board upon the 
recomincndation or with the approval of the 
Journal Management Committee. 

Section 5. 

( a )  The Flxecutive Board shall have full con- 
trol of the business of the Association and 
shall report its official actions to the members 
of the Association a t  the annual business meet- 
ing, or, if such a meeting is not held, through 
the Jorrnxar, OF DAIRY SCIEXCE. 

( b )  The Executive Board shall hold the title 
to all property and funds of the Association 
and shall have all the rights and powers vested 
in the Association by the laws of the District 
of Columbia under which i t  was incorporated. 

( c )  The Executive Board shall pass upon 
all app1ic:~tions fo r  the establishn~ent of divi- 
sions, sections, and student branches of the 
Association. 

( d )  The Executive Board shall fix the amount 
of annual dues to be paid by members and 
student affiliate members, and the amount to 
hr paid by nonmember subscribers to the 
JOURSAL OF DAIRY SCIENCE. 

(e)  The Executive Board shall adopt the 
annual budget under which expenditures of 
Association funds will be authorized by the 
Bo:trd. 

( f )  The Executive Board annually shall elect 
thc Secretary-Treasurer and the Editor of the 
Jo r r~sn r ,  OF DAIRY SCIENCE. 

( g )  The Executive Board shall elect three 
~nen~her s  of the Association, who, with the 
Se~rctary-Treasurer and Editor of the JOURNAL 
OF I)AIRY SC'TENCE as ex-offirio members, shall 
conititutr thc Journal PIIanagement Committee. 
Thi5 Committee .;hall be responsible to the Ex- 
rcutive Board and shall have general super- 
vision of the Jormxnr. OF DAIRY SCIENCE and 
other official periodicals of the Association. The 
I~~xecutivc Board shall elect to the Journal 

Management Committee one niember each year 
for  a tern1 of three years. Members may be 
elected to succeed themselves for  one term only. 
The elected member having seniority of service 
shall be the chairman of the Journal Manage- 
ment Committee. A member reelected fo r  a 
second term shall become the junior member 
of the committee. 

(h )  The Executive Board niay appoint or  
cause to be appointed such committees of the 
Association as i t  deenis necessnry. 

( i )  The Executive Board shall have the 
authority to approve or disapprove nomina- 
tions made by the President to fill vacancies 
in unexpired terms of office that may occur 
aniong the elective officers of the Association. 

(.j) The Executive Board shall have the au- 
thority to present to the Association a resolu- 
tion asking the expulsion of any inember whose 
conduct has been shown to be damaging to the 
Association, or  its reputation, or  to the ob- 
jects of the Association after:  (1) the indi- 
vidual has appeared before the Board; (2)  
the individual has heard reasons fo r  his ex- 
pulsion presented by his accuser; and (3)  the 
individual has had o p ~ o r t u n i t v  to vresent his 
witnesses and to pleas h i s  case; withLor without 
the henefit of counsel, who must be a member 
of tho Association. 

(k) The Executive Board shall have the 
authority to define and establish awards and 
to grant life memberships according to condi- 
tions described in  Article 111 of the By-Laws. 

ARTICLE 11-ELECTION O F  OFFICERS 

Section 1. Nominations for  the offices to be 
filled by membership voting shall be by a 
Noniinating Colnmittee appointed by the Presi- 
dent. 

Section 2. The noininating committee shall 
consist of five members, including the imme- 
diate past-president, one representative each 
f r o ~ n  the extension, manufacturing, and pro- 
durtion sections and one representing commer- 
cial interests. The JOURNAL OF DAIRY SCIENCE 
for October shall contain the names of the 
nolriinating committee and a statement fro111 
the chairman, inviting members to suggest 
narrlrs of randidates for  office. These sug- 
gestlons  nus st be in the hands of the com- 
nlittee by January first. 

Section 3. The No~ninating Committee shall 
select two candidates for  each office to be filled. 
The selections shall be made preferably to 
permit yearly alternation of the office of Vice- 
President between the two broad fields of in- 
twests of production and processing of milk. 
Selection of candidates for  the offices of Di- 
rretors shall be chosen to provide equal repre- 
sentation of the production, manufacturing, 
and estension sections. 

Section 4. The chairman of the Kominating 
Coinmittee shall scnd the names of the nomi- 
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nees for each office with their photographs and 
biographical sketches to the Editor by March 
1st for publication in the JOURNAL OF DAIRY 
SCIEXCE for April. Also, the chairman shall 
send duplicate copies of the biographies to 
the Secretary-Treasurer. 

Section 5 .  The official ballot, containing the 
noluinations of the Nominating Committee and 
pertinent biographical information regarding 
each candidate, shall he mailed by the Secre- 
tary-Treasurer to each member of the Asso- 
ciation on or hefore May 1. Ballots shall be 
returned within 30 days of mailing to the 
office of the Secretary-Treasurer by the mern- 
hers voting. 

Section 6. The ballots shall be opened and 
counted by a three-inemher Balloting Com- 
mittee appointed hy the President, one of whom 
may be the Secretary-Treasurer, and the re- 
sults certified to the President. A tie vote shall 
be broken by the Executive Board. 

Section 7. The elected officers shall be so 
informed by the President prior to the annual 
meeting at which the election results will be 
announced publicly. New officers will begin 
their term of office 011 July first if the annual 
meeting is not held. 

ARTICLE ITI-AWARDS AND 
RECOGNITIONS 

Scction 1. 
( a )  An Award of Honor may he bestoved 

by the Association upon any person who has 
been a inember of the Association for not less 
than 25 years. and xvho has made a distin- 
guished contribution to the Association. 

(b)  Award of Honor members shall he cn- 
titled to all rights and privileges of inc~nhcr- 
ship and shall receive the J o u n s ~ r ,  OF DAIRY 
SCIENCE without the payment of annual dues. 

(c) The citation and Award of IIonor nleni- 
ber shall be presented at  a suitable function of 
the Association during the annual meeting. 

(d )  No more than one Award of Honor niay 
be awarded during any one year. 

Scction 2. Upon application by, or on be- 
half of the individual concerned, the Associa- 
tion, through action of the Executive Board, 
may grant the title of Life Member to: 

( a )  Active metnbers who retire after having 
belonged to the Association for 25 years or 
more. Retirement is understood to mean with- 
drawal fro111 full time employment in dairy 
science or in the dairy industry. 

(b) To any active rnemher who has paid 
rnenibership dues, to include those of a stu- 
dent affiliate, for 40 years. The status of Life 
Rieinbership shall entitle the holder to all the 
rights and privileges of regular members with- 
out the payment of annual dues. 

Section 3. The American Dairy Science 
Association li~ny honor chosen individuals for 

distinguished services or achievements. The 
Executive Board shall be charged with the 
responsibility of defining and establishing, or 
causing to be defined and established, suitable 
awards or recognitions to accomplish this pur- 
pose. The Executive Board may accept the 
cooperation, financial or otherwise, of organi- 
zations or individuals who may wish to par- 
ticipate in honoring the individuals chosen to 
recrive such awards or rccognitions. 

ARTICLE IV-ORGANIZATION O F  
DIVISIONS, SECTIONS, AND 

STUDEXT BRANCIIES 

Section 1. 

(a) Divisions of the Association, organized 
by mclnhers of the Association on the basis of 
grographical location, limy be authorized hy 
thr E~ecutive Board upon petition of not less 
than 25 rncmbers of the As5ociation. 

(b)  Membership in Divisions is open only 
to those who are members of the Association. 

(c) The Divisions shall select officers, one 
of whom will be the chairnlan, and shall govern 
themqelves in a manner consistent with the 
Charter, the Constitution, and the By-La.rvs of 
the Association. 

(d )  Divisions may collect funds and/or dues, 
and in addition, the Association shall grant a 
subsidy of $25 per annum, unless this sum is 
modified by the Executive Board. These monies 
iriay be espcndcd by the divisions for their 
own purposes. 

Scction 2. 

(a)  Professional groups organized by mem- 
bers within the Association on the basis of 
spwialized interests and to he known as sec- 
tions, may be authorized hy the Executive 
Board upon petition of not less than twenty- 
five mcnlbers. 

(b )  The Sections shall elect thcir own officers 
and make rules for their own guidance con- 
sistent with the Constitution and By-Laws of 
the Association. 

(c) Sections shall conduct their official busi- 
ness during the annual meeting of the Asso- 
cia tion. 

Scction 3. Student Branches of the Associa- 
tion, organized by college and university groups 
with interests in the dairy industry, may be 
authorized by the Executive Board on petition 
from a majority of the local group's ineinbers 
and on reco~n~nendation by two faculty repre- 
sentatives who are regular members of the 
i\ssociation. Annually, not later than June ls t ,  
the secretary of each student branch shall sub- 
mit a hrief report of its activities to the Sec- 
retnrjr-Treasurer of the Association. Vpon 
affirmative vote of a t  least two-thirds of the 
existing student branches a National Student 
Branch of the Association may be formed. 



I'ROGRAM 

ANNUrZI, M E E T I N G  S O U T H E R N  DIVISION,  

AMERICAX D A I R Y  S C I E N C E  ASSOCIATIOX 

JACI iSONVILLE,  F L O R I D A  

February 5-7, 1962 

Monday AM 
JOIST SESSION DAIRY PRODUCTION, 

L),\TRT MANUFACTURING, AND 
11BIRT EXTESSIOS 

I'rcsiding: J. B. FRYE, JR. 

North Ballroom, Hotel Roosevelt 

Historical review of Florida's contribution to 
dairying. R. B. Becker, Florida Agricul- 
tural Experiment Station. 

Comparison of the  neth hods for determining 
thyroid function in dairy cattle in Lou- 
isiana. A. J. Guidry and E. J. Stone, Lou- 
isiana Agricultural Experiment Station. 

Within-cow variability of milk constituents in 
samples taken at  daily intervals. C. J. 
Wilcox and W. A. Icrienke, Florida Agri- 
cultural Experiment Station. 

Palatability studies within dairy animals of 
volatile fatty acids usually found in grass 
silage. L. L. Rusoff and Paul Randel, 
Louisiana Agricultural Experiment Station. 

Physiological characteristics of some stapliylo- 
cocci isolated from aseptically drawn cows' 
milk. I<. L. Smith, Florida Agricultural 
Experiment Station. 

Uptake of strontium and calciulii by Strepto- 
cocczcs lactis. B. J .  Demott and H. C. Holt, 
University of Tennessee. 

11 :00 A3E 

General Convention Session, ASAIV 
George TI':~shington Hotel 

Monday PM 
DAIRY A/[AKUFAC'l'URIXG 

Presiding: 13. E. GOODALE 

2 :00 PM 

E~uerald Room, Hotel Roosevelt 

Develop~nent of a test for predicting the shelf- 
life of Cottage cheese. R. .J. JIacDonald, 
J. J. Willinghmn, and &f. L. Pceples, Texas 
Technological Collegr. 

I.;ITect of preservatives on the shelf life of 
Cottagc. clier.;r. R. Y. Cannon, ilubnrn 
Univc.r\it;v. 

Determination of the polypeptide content of 
Cottage cheese. David N. Naff and W. K. 
Stone, Virginia Polytechnic Institute. 

Chloride content of fortified skimmilk. IV. A. 
Icrienke, Florida Agricultural Esperiment 
Station. 

Sutritional characteristics of Pseudomomas 
f/~torescelzs. C. Vanderzant and T. J. Ous- 
ley, Texas Agricultural Experi~nelit Station. 

Changes in cation composition of niilli caused 
I)$ ion exchange treatment. B. J. Demott, 
11. C. Holt, and R. G. Cragle, University 
of Tennessee. 

Monday PM 
JOIKT SESSION, DAIRY PRODUCTIOX, 

DAIRY EXTESSION, ANIMAL 
IIUSBSNDRY, AND AGROnTOJI'IT 

Presiding: U. S. JOKES 
3 :00 PM 

Sen~inole Room, Seminole Hotel 
1Cffcct.i of fertility levels and stage of maturity 

on forage nutritive value. R. E. Blaser, 
Virginia. 

Pilot or laboratory methods of estimating for- 
age nutritive value. W. B. Anthony, Ala- 
1)ama. 

Nutritive value of forage as affected by phys- 
ical form and harvesting and preserving 
~llcthods. L. A. Moore, I). W. Be:lrdsley, 
USDA, and Georgizt. 

Esample of inter-tl~bciplinnry pasture re- 
sr:~rch-anin~al. apronomic. economic. and 
other aspcvts. T.-J. ~ u n h h ,  univers<ty of 
Florida. 

Monday PM 
SOUTHERN DATItP STUDENTS' 

~lssocI.i~rIos 
2 : 00 I 3 r  

Attend Dairy Sessions of Your Choice 

4 :30 I,nr 
Presiding : .JAMES l i .  CAUGIIMAN 
Directors' IZoom, IIotrl Rooserelt 

Student Session 

'7 :00 PM 

Student Mixer 
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Tuesday AM 
JOINT SESSION, DAIRY PRODUCTION, 

DAIRY JIANUFACTURING, AND 
DAIRY EXTEXSION 

Presiding: J. B. FRYE, JR. 
8 :30 AM 

North 13allroom, Hotel Roosevelt 

Seasonal variations in the fertility of dairy 
cattle. H. C. ICellgren, T. E. Patrick, J. 0. 
Shelwick, and J. U. Roussel, Louisiana Ag- 
ricultural Experiment Station. 

Value of feed additives in storing and feeding 
grass silage. Lee It. Sisk and M. E. McCul- 
lough, Georgia Experiment Station. 

Effccts of injecting testosterone into pregnant 
cows on the reproductive organs of their 
heifer calves. Victor Hurst, South Carolina 
Agricultural Experiment Station. 

Effect of feeding low-level rates of pheno- 
thiazine and diethystilbestrol to young dairy 
heifers. 0. T. Fosgate and K. S. Hegde, 
IJniversity of Georgia. 

Dry lot feeding vs. supplemented pasture for 
lactating cows. W. R. 34urley, North Caro- 
lina Agricultural Experiment Station, and 
J. R. Edwards, Mountain Research Station. 

Results of selection for production in a Hol- 
stein herd. Robert E. Walton, University 
of Kentucky. 

9 :45 AM 

Southern Division, ADSA, Business Meeting 
North Ballroom, Hotel Roosevelt 

11 :no A M  

General Convention Session, ASAW 
George Jvashington Hotel 

Tuesday PM 
DATRY MANUFACTURING 
Presiding : J .  J. WILLI~GHAM 

a :oo pnz 

E~nemld Room, Hotel Roosevelt 

Conibined effects of agitation and temperature 
treat~ncnts on the lipolytic activity in milk. 
P. E. Johnson and R. L. Von Gunten, Okla- 
homa Agricultural Experiment Station. 

Quality study on rc,tail n~arket creams. W. W. 
Overcanst and J. D. Skean, University of 
Tennrssee. 

Effect of certain steam infusion deodorizer 
treatnlcnts on some physical and chemical 
properties of chocolntt. niilk. Joe T. Card- 
well and T. J. Ouslcy, Mississippi State 
University. 

Milk solids-not-fat values detennined by evap- 
ortrtion and by co~nputation using specific 
gravity mmsuremc~nts. R. W. Henningson, 
C!rnison Agricultural College. 

Si~nplified nusselt's-type equation of describing 
some of the heat transter characteristics of 
several fluid dairy products. M. L. Peeples 
and J. Eastha~rl, Texas Technological Col- 
lege. 

Consumcr preference for sugar levels in ice 
cream and frozen desserts. 11. Vanilla 
levels in ice cream. J .  J. Shewing and 
Eugene Finnrgan, Vniversity of Georgia. 

Annual Banquet and Honors Program 
Speaker : P. I-I. T R ~ C Y ,  Past-President A.D.S.A. 

Tuesday PM 
DAIRY PRODUCTION 

Presiding: W. E. THOMAS 
2 : 00 PIL 

North Ballroon~, Hotel Roosevelt 
Palatability and digestibility of corn and grass 

silages fed alone and in combination to 
young dairy heifers. J. T. Huber, G. C. 
Graf, and R. W. Engel, Virginia Polytech- 
nic Institute. 

Ad libituin consun~ption of ground corn or 
corn silage by lactating dairy cows on 
pasture. J. T. EIuber, R. W. Engel, and 
G. C. Graf, Virginia Polytechnic Institute. 

Perfor~lla~lce of tia~ry cows on snrt sorghunl 
silage cut a t  different stages of maturity. 
George E. Hawklns, Aubrey Smith, Harold 
Grimes, and Joe Little, Auburn University. 

Relationship between several laboratory evalu- 
ations of frozen semen and its fertility level. 
J. JY. Kelly and Victor Hurst, ~ o u t 6  Caro- 
lina Agricultural Experiment Station. 

Methylene bluc reduction test for frozen semen. 
S. R. Hayes and Vietor Hurst, South Caro- 
lina Agricultural Experiment Station. 

Effeets of nitrogen and argon gases on metabo- 
lisni freezal~ility and livability of bovine 
sper~natozoa. T. E. Patrick, J. D. Roussel, 
H. C. I<ellgren, and J. 0. Shelwick, Lou- 
isiana Agricultural Experiment Station. 

Conlparison of cold shock and sperm longevity 
at 38 C as methods for evaluating frozen 
semen. B. C. Pass and Victor Hurst, 
South Carolina Agricultural Experiment 
Station. 

Effect of method of semen collection and tran- 
quilization on semen quality. M. E. Wells, 
S. D. Musgrave, W. N. Philpot, E. W. 
Brock, and E. W. Joncs, Oklahoma Agri- 
cultural Experiment Sta.tion. 

Coconut water as an extender in bovine semen 
at  rooni temperature. Fernando Luis Oli- 
ver, Puerto Rico Agricultural Extension 
Service. 

Effect of (~lectroejnculation and tranquilization 
on other than semen characteristics. M. E. 
Wells, 8. D. Musgrave, W. N. Philpot, 
Tlr. I;:. Brock, and E. W. Jones, Oklahoma 
Agricultural Experi~nent Station, Stillwater. 



6 :30 PM 

Anual Banquet and Honors Progra~n 
Speaker : P. H. TRACY, Past-President A.D.S.A. 

Tuesday PM 
DAIRY EXTENSION 

Presiding: V. L. BALDWIN 

3 :oo PM 

Directors' Roo~n, IIotel Roosevelt 

2 :OO-2 :30 PM 

Team approach for building effective daily ex- 
tension programs. R. E. Burleson, Federal 
Extension Dairyman, Washington, D. C. 

2 :30-3 :10 PM 

Inlpact milk ~narketing quotas might have on 
the dairy industry. TV. H. Alexander, Lou- 
isiana State University. 

3 :lo-3 :20 PM 

illilk Break 

3 :20-3 :50 PM 

Approach to improved milking machine inain- 
tenance, operation, and use. J. D. George, 
Sorth Carolilia State College. 

3 50-4 :20 PM 

Using dairy farm husiness analyses to deter- 
mine changes needed. 1%. W. Anderson, 
Louisiana State University. 

4 :30-5 :00 PM 

Business Session 

6 :30 pnr 
Annual Banquet and Honors Progranl 

Speaker: P. EI. TRACY, Past-President A.D.S.A. 

Tuesday AM 
SOUTHERN DAIRY STUDENTS' 

ASSOCIATION 
Presiding: RALPH L. HILL 

8 :00 AM 

Tour of Dairy Plant or Far111 

11 :00 Anr 

General Convention Session, ASAW 
George Washington Hotel 

Tuesday PM 
SOUTHERN DAIRY STUDESTS' 

ASSOCIATION 
Presiding : JAMES K. C a v c ~ n r a s  

2 :00 PM 

Roosevelt Hotel 

Tnforlnation on gradute progranls offered in 
the dairy departments of the southern col- 
leges and universities, Heads of Depart- 
111ents. 

4 :30 PM 

Student Businoss Session 
Iloosevelt I-Iotel 

Annual Banquet and Honors Progranl 
Speaker : P. IT. TRACY, Past-President A.D.S.A. 

Wednesday AM 
JOIYT SESSION. DAIRY PRODUCTIOX. 

UAIIZY AIANUFACTURING, AXD 
DAIRY EXTENSION 

Presiding: L. J .  BOYD 

Sorth Ballroom, Hotel Roosevelt 

Effect of stilbestrol on the development and 
reproductive perforr~~ance of dairy cattle. 
L. .J. Rush and H. TV. Reuber, Oklahonia 
Agricultural Experinient Station. 

Sesarrie meal vs. soybean oil nieal as a source 
of protein in calf starters. J. K. Miller, 
TV. d. Jliller. and C. M. Clifton. University 
of Georgia. 

Effect of roughages on the calf's stonlach de- 
velopment- S. P .  Marshall and R. B. 
Beckcr, Florida Agricultural Experiment 
Station. 

Digestibility of certain plant fractions from 
animals on bloat-producing and bloat-inhib- 
iting diets. E. J. Stone, A. J. Guidry, and 
J. B. Frye, Jr., Louisiana Agricultural Ex- 
periment Station. 

Relative value of corn and sorghu~ri silages for 
dairy cattle. T. A. Taylor, B. F. Hollon, 
and R. D. Mochrie, North Carolina Agri- 
cultural Experiment Station and Coastal 
Plain Research Station. 

Apr~licability of the chromogen inethod to de- 
tern~ination of digestibility by forages when 
concentrate is fed. Georze E. Hawkins. Au- ', 
burn University. 

Comparison of irrigated Coastal Berlnuda. La- 
dino clover, and a Coastal-Ladino mikture 
for summer grazing. C. B. Browning, Xis- 
sissippi State University. 

Effect of the physical state of hay on the rate 
of passage through the digestive tract of 
dairy heifers. G. D. O'Dell, TV. A. Icing, 
an$ S. L. Moore, South Carolina Agricul- 
tural Experiment Station. 

Wednesday AM 
SOUTIIERN DAIRY STUDENTS' 

ASSOCIATION 
New Officers in Charge 

8 :30 AM 

Directors' Room, Hotel Roosevelt 
Student Business Session 

9 :30 AM 

Attend Dairy Sessions 



ABSTRACTS O F  PAPERS 

PRESENTED AT MEETING O F  EASTERN 

DIVISION O F  THE AMERICAN DAIRY SCIENCE ASSOCIATION 

Protein testing in  the United States and the 
Netherlands. ,\. R. CORWIX, F. E:. I'OTTER, AND 

R. N. GAUNT, University of 3Ia~sacl1nset t~ .  
i \~irl~erst .  

Reports from the Ketherlands reveal a well- 
establislietl protein-testing program. This is 
carried on under the supervision of the Central 
XIilk Recording Organization. The program 
was initiitted in 1955, with 153,000 cows tested. 
For  1960, the nulnbrr of cows had increased 
to 310,000. A11 testing is done in  ten central 
laboratories, xvith fire doing 80% of the 
samples. Protein determinations have been 
nlade by different incthods, hut by the end 
of 1961 i t  is  expectcd that all will be per- 
fo rn~ed  by the A~nido Black technique. 111 the 
larger 1:~horatories special mass production 
techniques have been employed so that  15,000 
samples per day can be handled. 

I n  the United States the Orange G dye 
method has been used with only a limited 
number of studies on the Amido Black method. 
At the present time there are approximately 
56,000 cows being tested in  20 states. I n  some 
states, dye samples are supplied to the DHIA 
tester, who adds the inilk and returns the 
sample to :I central laboratory fo r  testing. I n  
Iiassi~chusctts, approximately 1,000 samples 
are tested per month. Milk samples are taken 
hy thc DIIIA testers and are brought to the 
1abor;ltory fo r  analysis. Slides showing some 
of the techniques used in the Netherlands, New 
1-orli, ant1 J1;lssachusrtts will be presented. 

Considerations in pricing milk on protein 
content. S. N. GAUNT, D. J. HANKINSON, A. R. 
CORWIN, Axn J. H. BRAGG, University of 
IIassnclrnsctts, Amherst. 

Criteria used to decide the component or 
components of nlilk on which milk should be 
pricotl ought to include: (1)  relative nutritive 
im11ortaac.e to hu~nalis, (2 )  i ts  appeal to con- 
sunicrs, (3) relative cost to consumers, and 
(4) ability to increase its percentage, (5) sim- 
plicity of the system, and (6 )  ease of shifting 
to it. Protein rates high on all six. 

Pricing systc~ins based on the price per  
pound of protein s l ~ o ~ v  that  with high milk 
prices, protlucers of high protein lriilk would 
gain over the present system, whereas with 
low prices they would receive less. Data used 
n-cre from 14  farlns and average breed values. 
Since therc is  a smaller range percentagewise 

for S N F  than for  protthin or  fat ,  pricing milk 
on S S F  on its  pound value would underpay 
Inilny producers, conlparrd to the present sys- 
ten1 or  to protein. Three systems were com- 
pi~red (1) pricing Class 1 on protein and Class 
I1 on fat ,  (2)  a s~ ign ing  values $0.75 per pound 
of f a t  and $0.92 for  protein co~npared to 
$0.40 and $1.34, respectively, and (3 )  giving 
\vc~iglits, using differentiills to f a t  and protein 
as 50-50, 33% f a t  to 67% protein, and 25% 
fa t  to 75% protein. 

Some interrelationships between the  percent- 
ages of SNF, protein, and f a t  in Holstein milk. 
x. H. SLAPK, R. e. M,~TIIER, AND I<. 0 .  PFAU, 
S e w  Jersey Agric.nltura1 Expcr in~rnt  Station, 
Susses. 

The first ten monthly samples form 56 in- 
dividual lactations were analyzed fo r  fa t ,  total 
protein (form01 ti tration),  and S N F  (lactom- 
eter).  Season (2-mo. periods) and stage of 
I:lct;~tion effects were evalnated by the method 
of un~veighted means. Means with standard 
deviations within and among lactations, re- 
spectively, were for  protein, 3.48, 0.42, and 
0.21; SNF, S.72, 0.47, and 0.36; fat ,  4.15, 0.57, 
and 0.35; and the ratio of protein to fat ,  0.85, 
0.10, and 0.14. Reason, stage of lactation, their 
interaction, and cow effects were highly sig- 
nificant sources of variation for  all nleasnres. 
Avtbrage lactation curvchs for  the three con- 
stituents were s i~ni lar  with high valnes in the 
first month, low values around the second, 
followed by gmdual increases beconiing nlore 
pronouncetl near the end of the lartt~tion. Sea- 
sonnl values were lowest in late winter and 
~ilitlsunnner, and highest in early summer and 
fi~ll .  The ani~nals  were grouped hy lartation 
~ n o n t l ~ s  in ~vhich they conceived; after about 
thr  fifth nionth of gestation, sharp increases oc- 
curred in these constituc.nts. Increases through- 
out Ii~ctation werc less marked in aninlals con- 
ceiving late in lactation. Correlations within 
1:rctations between f a t  and protein mere 0.63; 
f a t  and S S F ,  0.63; and protein and SNF, 0.69. 

The nature of the solids-not-fat curve dur- 
ing lactation. A. I\. Rrnrar, R. E. J ~ A T ~ I E R ,  ASD 
Ti-. P. - \ P G ~ R ,  S r \v  Jersey Agricultrunl Es- 
pcriment Station, Suwes. 

Earh  of 16  rows (12 Holsteins and four 
Guernseys) received onr of four levels of 
grain (0, 7, 14, and 21 Ib. n~ax in~nn i )  fo r  
two lartations. Solids-not-fat ( S S F )  tleter- 
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~ilinntions were ~nade  every 2 wk. There was 
a sharp decline in SS14' i~nmediatc.ly after 
calving, which leveled off about the sixth 
week. Froni 6 wk. after calving to 15 wk. 
after conception cli:~nges in SNF mere small 
and linear. Changes f'or this period per week 
hy ration gronps were : 0.0084, 0.0132, -0.0096, 
and -0.0026% for  zero, low, medium, and 
high levels, respectively. Differences among 
these values mere significant (P < 0.01). Vnr- 
iahlcs (total energy intake, change in w igh t ,  
and weeks to lowest weight) reprcsentative of 
plane of nutrition were used to dett>rmine 
their effects on: (1) regression coefficients 
from the middle period of lactation and, (2) 
SNF level. There were no significant relation- 
ships. Froni the period from conception to 
30 wk. after conception a second-degree poly- 
nomial curve fit the data better than an ex- 
ponential cnrve. Correlation between f a t  and 
SSF percentt~gcs among lactations was 0.84."'" 

Fertility and motility of bovine spermatozoa 
frozen with liquid nitrogen. R. C. 31 ~ R T I G ,  
R. 11'. P I C I ~ T T ,  nxn JV. )I. COWAS, University 
of Connecticut, Storrs. 

A total of 43 eiacnlates f ron~  2.5 ITolstein, 
Guernsey, Jersey, Ayrshire, and Angus bulls 
were extended in egg yolk-citrattl, to a final 
concentration of 30 n~illion progressively   no tile 
sperm per milliliter of estclnder, and frozen 
to -SO0 C. \\,it11 a Liade (;\Iotlel RF-1) litluid 
nitrogen (LN)  senirn freezer. Im~nediately 
after freez~ng, the ejaculates were divided 
equally and one-half tmnsferrcd directly to 
dry ice-alcohol (DI) storage a t  -79' C., and 
the remaining one-half was transferrrd to 
L S  storage a t  -196' C. 

Motility esti~nations made after 3 wk. post- 
freeze averaged 40.4 and 25.70J,, indic:iting a 
sperm survival of 19.2 ant1 12.2 inillion cells 
per ~ililliliter of estender in LX and DI  stor- 
age, respectively. The tlifferer~ce in survival 
between storage telnperatures was statisticnlly 
significant (1'<0.001). 

Sen~en s:~lnples from nine Holstc'in bulls, 
f r o l ~ ~  the lal)or:~tory study, ~verc used to breed 
unscalected first-service c~)\vs. A total of 299 
cows was hred x i th  stLnlcw stored in LS, 
nliere:~s 330 \rc.rta bred ~vi th  scnien stored in 
DI, for a 60- to 90-(lay nonreturn rate of 73.21 
and 67.58%: rt.spertivcl~~. The 5.25% weighted 
diffcrt1nc.r in nonrt~turn rate in Earor of L S  
\v:~s not signifieilnt (1' = 0.05). 

Comparison of a high-milk and a low-milk 
method of raising calves. I\-. S. ( ;au~r . \ ,  Uni- 
verhity of' C'onnc.c.tic.ut, Storrs. 

12 2 X 2 X 2 f:~cto~.ial t~xpc~rimc~nt, utilizing 
tho gro\vth res l )o~~st~s  of 43 cs:~lrc,s, \i-:~s con- 
tluetctl. Thr t r c ~ : i t ~ ~ ~ c n t  rnri:~l)lt~s were Guc~r11- 
sey rs .  IIolstein I~eifer c:~lves, tilnotliy rs .  
:~ll'alfa 11:1y, and n Ilig11-nlilk systeln which 
l)rovitlcd 111ilk : ~ t  thc i.:lte of 105; ot' hotly 
\veight to a ~naxilnun~ of 9 11). for C+nt~rnst~ys 

and 11 Ib. for Holsteins to 63 days of age, 
vs. a low-milk system, which allowed u p  to 
170 Ib. of milk fed over 35 days. Limited 
starter and unlimited hay mas fed to the 112th 
day, follo~rcd by a period of uniform pen 
feeding to 200 days of age. The mean gain? 
of calves fed high-milk were 158.4 lb. to 112 
days, 271.3 Ib. to 200 days, and 7.09 in. in 
stature to 112 days. These values for low- 
lnilk calves were 128.5 Ih., 240.2 Ib., and 5.96 
in., respectively. Xean gains for alfalfa-fed 
calves were 143.6 Ib. to 112 days, 260.5 lh. to 
200 day<, and 6.87 in. in stature to 112 days. 
These valnes for timothy-fed calves were 141.3 
Ib., 251.0 Ib., and 6.18 In., respectively. 

Inherent appetite differences among milking 
cows. R. E. ~ [ A T I I E R  AND A. A. RTJIX, Yew 
Jersey hgricultnml Experiment Station, Sns- 
sex. 

Appetite for forage was estimated in 2-wk. 
trials following 1-mk. adjustment in milking 
cows about 100 days after calving in three 
successive years. Excellent alfalfa hay mas 
fetl ad libituln t~vice daily, with limited alfalfa 
sil:~gr, and conc~entmtes fed a t  about standard. 
.\ total nf 120 trinls on 79 danzhters of IS  - 
sircss was conducted. i\tIjustments were made 
for lot of li:~y, nmonnt of concrntmtcs, days 
fresh, lact:~tion number, condition score, and 
weight I)y least-squares ~nc.thods. Condition 
score, as well as body weight, ~vns  an important 
source of variability in forage dry nlatter in- 
t:~kc. Conlponrnts of variance froln the ad- 
jiisted nleau squares 1t.d to a within-cow cor- 
relation hetn-ecn records in different lactations 
(repentnhility) of 0.19; an intmcl:~ss correla- 
tion het\vecn paternal sisters n7:is also 0.10. 
Repeatability estimates Sro~n the s:llnc1 exper- 
i~nent  in previous petirs vere ~ ~ ~ u c h  higher. 

Soilage vs. silage as  a summer maintenance 
program for dairy cattle. 13. I\-. IIESDERSOS, 
Jri., .\sn IT. 31. KTGES, Rliode Island Agricul- 
tural Experin~ent Stntion, Iiingston. 

For  ench of three smnnler feeding periods 
of l G t  10! and 15 wk., grass-leginne soilage 
and grass-legume silngc! were eo~upared as the 
sole forage for 1:ictating dairy co~vs. Twelve 
coivs v r r e  assigner1 to (,:~(.h f e ~ d i n g  regime. 
Soilage was cut :lnd frtl twice daily. Direct- 
cut silage, \\-it11 prc~scl.vative, was fed twice 
daily. -1 16% crude protein concentrate was 
fed a t  the rate of 1 11). for each 5 Ih. of F C N  
producetl the prcvious \vec~l<. A1e:tn dnily pro- 
d11ctio11 of 1"CJI on soil:~gc iv:ts 35.9, 41.1, and 
37.2 11). for c ~ c h  of the three periods. Pro- 
tluction on silt~ge for tlir tliree respc~ctive years 
W:IS 36.3, 36.0, : ~ n d  39.7 11). Thcse yearly dif- 
I'el.~nces \vtlrc not signiAc.nnt a t  the .05 levcl 
of proh:~l~ilitg. 1)aily tlry mntter intake for 
the thrcte ti.i:rls IV:IS 32.7, 30.4, and 31.7 for 
the soil:ige-fctl cows, :IS contrasted to 23.3, 
31.0, ant1 30.4 I'or the, silnge-fetl corns. Although 
c.11:ingvs in hotly ~veiglits varied from one :.car 



to the iiest, no significant changes occurred 
hetwren groups in any given year. 

Effect of feeding chlortetracycline to lactat- 
ing dairy cattle-a summarization of field 
experiments. r\. I,. SIIOR, .J. J. D R ~ I N ,  AND 
R. A. L a a r ~ ,  Al~nerican Cyan,nnid Company, 
Princeton, Kc\\- Jeriey. 

The effert of feeding chlortetrarvcline (0.1 
mg/lh hody weight) to lactating d a ~ r y  rows 
\\-as studied in 14 cupcri~nents conducted under 
practical conditions thronghout the United 
States. Control and ~upplemmted groups in 
an experiment were i~~ i t i a l l y  halanred accord- 
ing to accepted procedures. Duration of ex- 
periments rnnged from 60 to 399 days. Due 
to the low incidence of rlinicnl disease, i t  
was not possihle to evaluate rhlortctracycline 
against infections conditions. 

Covariance analyses were perfomled on all 
herd data, adjusting production during the es- 
periinental period for differenceq in pretrial 
produrtion. Kine out of 14 esperi~nents s h o n ~ d  
a henefieial response in milk production at- 
trihutahle to feeding ch1ortctr:irgrline. The 
over-all average increase for 14 euperinients 
was 0.620 & 0.600 11). per head per day. 

Data fro111 33 Jlichigm~ esperi~nents (J .  
Dairy Sci., 43:S90. 1960) were collected and 
proressetl in n similar manner as the 14 es- 
perinicnts reported ahove; thrrcforr, all 47 
(~xperirnc~nts (552 control and 558 treated cows) 
may he pooled and cuni~narized. Sixty-right 
per cent of the herds rclsponded positively to 
chlortetracycline supplenientation. The nver- 
age increasr in mill< produrtion due to chlor- 
tetracycline, over all euperimrnts, was 0.591 * 0.356 Ih. per cow per day (prohahility of 
no increase = 5%) .  

Effect of a plant growth regulator upon in 
vitro cellulose digestion. A'f. C. STII~LIONS, 
J .  L. ]':VANS, \IT. V. CIIALTJPA. AND J .  L. C ~ S O N ,  
Rntgchrs-The State Uniorrsity, Nelv Jersey. 

I<inetin I (6-fnrfuryla~iiii~opurine), a plant 
growth reg~ilator, was einployrd in the artifi- 
aial ~ G I I I C ~ I  on thrcle difrerent crllulose suh- 
str:itc~s - alfalfa, lroor-quality tin~othy, and 
orcliardgrass. r\lso, liinetin nni~logs I<, (6  
hcnzyl adenine), I i ,  (P-methosy henzyl atl- 
rninr)  . 1G (R-diplicnyl ethyl adenine). I<, 
(nnphthyl irietl~gl ndri~ine), and I<, (B-naph- 
thy1 ethyl adenine) ~verc stutliecl, using alfalfa 
hay as thr cellulose sonrcr. Preliii~inary stndics 
sllo~vrd that either 0.01 ,~g,'n11 or 0.2 l>.p.111. 
of liny tlry niiitter wiis the o l ) t i ~ i ~ u ~ ~ i  level. 
(:ellnlose digestion \\,\.;IS incre:~secl Inore and 
with more consistent results for the poorer- 
clutility I~ays  tlinn for tli(b alfalfa hay. Or- 
ch:~rdgrass crllulose tligestion increase was 
5.3S:b oTer thr  controls, P<.05. Timothy was 
5.74 % inc*rt~;ise, I'< .O5. .\lfalf;t results sl~o\ved 
c~rl!nlose d iges t io~~ to he significant a t  either 
1'< .10 or P < .05. Cellulose digestion was 

significant a t  P<.01 for the analogs, with the 
range being 1<2>1<,>1<1> C > I<, >I-. 

Iniluence of the addition of a plant growth 
regulator upon in vivo ruminant digestion and 
rat growth. &I. C. STII,LIOSS, J. L. EVANS, 
14;. 1:. CHALUPA, AND J. L. CASON, R,utgers- 
The Sttite University, K(.w Jersey. 

Four levels (20, 2.0, 0.2, 0 p.11.m.) of Kinetin 
I (6-furfurylnminopurine) were sprayed on 
seeond-cutting nlfnlfa hay to detrrinine its 
influenre upon in vivo rm~iinant digestion. A 
tot:~l collec~tion tligestion trial (4  X 4 Latin- 
square) \vas usc.tl. 1)igestion coefficirnts for  
protein and prude fi1)c.r w r e  74.7, 51.7-20 
p.p.111.; 77.1, 55.3-2.0 p.11.111.; 75.1, 53.3-0.2 
p.p.m.; 75.9, 53.1-0 p.p.in. TDN and coeffi- 
caients for ethrr estmct, cellulose, and 9 F E  
i'ollo~vcd similar trcnds. Although, in some 
rases, a degree of biological significance tilay 
he i~nplied, t h t ~  slight iiicreasrs did not es- 
liihit statistical signifi~ance. Two triiils mere 
eonducatetl using 21-day-old Hooded-Norway 
rats injcctetl suhcutan~ously with Kinetin I 
(corn oil carrier). 111 Trial I, rats were in- 
jected daily ~vi th  0,10, or SO pg/g 11ody \\-eight. 
l\Teiglit gitins \ver(h 115, 116. 114 g. (fen~iile!;) 
:~nd 131, 132, 127 g. (inales), respectively. In 
'I'rial 11, 32 111ales T\-ere injected with 0, 5, 
20, or '200 pg/g body weight. Gains \rere 136, 
136, 1'2s: 129 g., res]>ertively. Fifteen parts 
per nlillinn dirttlry T<inc>tin for 6 wk. did not 
influelice weight gains. S o  significant effcrt 
on grolr-th rate of' thrse rats \ras found, nor 
\\*as any deteriorative effect noted. 

Effect of varying regrowth intervals and 
initial harvest dates in the nutritive value of 
aftermath timothy hay. R. C. I-Iaver, B. R. 
POUI~TON, AND AI. J. ,IXDERSOS, Universitr of 
A[:~ine, Orono. 

r \ f ' t ( ~ r ~ ~ ~ i ~ t l ~  tilllothy for:~ge was harvested a t  
4-, 6- ,  S-, :11i(1 10-\vIc. i t i t (~v:~Is  fro111 t J u ~ ~ e  3, 
.Jnnr 10, .June 24, :~nd  J111y 9 initial cutting 
tl;~tcbs. iIl~alyses of thr forage sho\ved, on a 
dry 111:ittrr bi~sis, a deelinc in cruclo protein 
con11x)sition with each increase in length of 
rcsgro\vtl~ ii~trrval. The apparent digestibility 
oI' l)rotc.il~ clecalint~d sigi~ifirantly ( P  < .O5) ht,- 
twecm the 6- or 8-wk. intc~rvals and the 10-\vk. 
rc,g~.o\vth interval; and he tmee~~  the June 10 
ai'tert~iatli cuttings and the July 9 aftrraiath 
cuttings. 

The digestibility of the dry 111attt.r escertlecl 
65%, in o ~ ~ l y  one illstance and never Sell belo\\. 
5Syh,. A signilic:lnt dccrcasc in dry matter 
digcbstil)ility (1' < .05) occurred between tho 
6- and the 10-wk. regronth intervals. Ilry 
nlattrr digrstihility of the aftermath forages 
froln the plots initially h:irvrsted early (June 
3 and June 10) \vas found to be signific.antlp 
higher (I '  < .05) than those of the 1:iter 
lii~rvestetl plots (June 24 and Jnlj- 9) .  Di- 
grstihlt. cbnergy coi~tcnt lvas higl~ly eorrrli~ted 
( v  = +0.9:3) ~vitli the digestihlc dry ~riattc~r 
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content in these aftcwnath forages. Highly 
significi~rit (P  < .01) intt,ractions for  the di- 
gestibility of dry matter and energy occurred 
bet~veen 6- ant1 8-wk. regrowth intervals and 
the June  10 initial cutting date. 

Comparison of the  results of several i n  vitro 
forage evaluation techniques with i n  vivo 
values. 13. It. POULTON, R. C. IIAVEX, H.  E. 
Foss,  A N D  T. E. XELLIN, University of Maine, 
Orono. 

Three in vitro techniquc.~ for  evaluating the 
nutritive worth of a forage were cotnpared 
with in viro values. Dry nrntter digestibility 
w:~s used as  the criteria of nutritive value. 
Climas timothy for;~gc. grown in pure stands 
under carefully controlled conditions was used 
in all studies. To tilake i t  possible to  study 
the effects of forage niaturity on the relia- 
bility of these in vitro techniques, the forages 
mere l~arvestctd a t  11 stages of their growth 
eycle. 

The in vitro techniques used involved pre- 
dicting dry tnatter digestibility from : (1) 
the ct~llulose digestion rate,  (2)  the acid- 
insoluble lignin content, and (3) the eontent 
of crutle filler antl digestible protein. The 
in vivo r1:lta were ohtained by feeding each 
forage to Tour wcthcr sheep in standard total 
collection tligestion trials. 

The preiiicted dry n ~ n t t e r  digestibility val- 
ues For each of the in vitro techniques mas 
found to he liiglily correlatcd ( P  < .01) with 
the in vivo tlry matter digestibility values. 
Correlation coefficients we].(: 0.96, 0.94, and 
0.88 for the cellulose digestibility, :~cid-in- 
soluble lignin, ancl crude fiber-digestible pro- 
tcsin tt~chniques, respectively. h prediction 
equation has heen dcvelol>rd fo r  pretlicting 
thy ~nattc.r tligestihility from in vitro cellu- 
lose tligrstion : Y = 23.43 + 0.671 X where 
Y = tlry tnatter d i~es t ih i l i tp  ;und S = in vitro 
cc.llulose tligestibility in pcr eent. 

Studies on the  hay evaluation. I. Correla- 
tion coefficients between appearance and nu- 
tritive value of alfalfa hay. Xonrro TAI<AXO' 
A N D  ~ ~ . $ S . \ T O S H I  J~ITSI.JI.\~C.\, Hokk;~ido Ka- 
tional i\gricultaral I~:sperinie~~t Station, Sap- 
poro, IIolikaitlo, Japan. 

Twenty-six pure hay san~ples were collected 
fro111 tlnirj- i':irlns in IIokkaiclo to deter~nine 
the corrcl:~tion coefiieients 1)etwern ;appe;trance 
(green color, leafitless, :tnd stein di:~nreter) antl 
nutritive ralnt.. 

, \ ln~ost ;rll 11;iy \I-:IS liarvctsted by field-cured 
 neth hod \vithout 11sillfi nlecl~:~riic;~l conditioners. 
(Ircchn color in h;iy \v:ts ohsrrvetl I)p a sprcinl 
color c*onvc~sion tahle 1v1iic.h has 11 gr;~des  
f'roi~i 100 to 0%. I'c~rccr~t:~gc, of lez~finess indi- 
c;~ted o l~ly  Ic;if I)latlo r e~ i~oved  froin st en^ by 
11;rntl sc.l);~r;rtion. St(bin dii~iiletclr \\,as drter- 
i11inw1 I I ~  I ~ I ~ : I I I S  of :I c :~ l i~wr  I I I ~ : I S I I ~ P I I I ~ I I ~  2 
i l l .  I'roil~ thc. (.lit ond of tlic steir~. 

The correlation coefficients between leafiness 
and nutritive value were 0.72, -0.75, 0.69, 
and 0.50 for  crude protein, crude fiber, calcu- 
lated I)CP and TIIK, respectively, green color 
and nutritive value sho\\,ed 0.67, -0.59, 0.67, 
and 0.70. Also, stem diameter and nutritive 
valuc. were shown to  be -0.57, 0.52, -0.59, 
and -0.63. 

The n~nltiple regression equation wa5 calcu- 
lated: 1' (IICP) = 9.90 + 0.09 X, + 0.02 XI 
- 0.75 &; Y ( T I I S )  = 47.97 + 0.11 X, + 
0.01 X, - 0.84 X, (X,  = percentage of leafi- 
ness, X2 = percentage of green color, and X, 
= n~illilnetcbr of stern dianieter). 

The corrclation between appearance and 
nutritive value of red clover, timothy, and 
orchardgrass hay also was observed. 

'Presently an Exchange Professor a t  the Uni- 
versity of Mnssaehusctts. 

A critical analysis of New York DHIA 
feeding records. D. G. I)AVENPORT, J. T. REID, 
-isn J .  L). BURKE, Corncll University, I thaci~ ,  
S e w  l'ork. 

Lactation records of ENlil! intakes and FCJI  
production for  6,020 cows of various breeds 
represc.nting 205 herds in five S e w  Tork 
Counties were annlyzed. The precedural as- 
suliiptions thnt levels o f  roughage consuml3- 
tion within herds vary linearly with the indi- 
vidurtl cows' body weights and are not affeetetl 
hy variation in the ainounts of concentrates 
fed or n~ i lk  produced \wre  investigatetl. Gross 
efficiency [I00 (0.340 FCJI )  + (therlns ENE 
intake)]  antl net efficiency [I00 (0.340 FCM) 
+ (therms ESE intake - JIorrison's main- 
tenance and growth allowances)], wrre usetl as  
indices of thr  agrernient hct~veen the calculatetl 
$;XI<: intakes and the net energy requirenients 
for  individual cows. Gross and net  efficiency 
both decreased with increasing n~eiglit; b = 
-l.O2%jcwt and -3.04%/cwt, respertivelg. 
TVheri gross efficic.ncy = Y, the EKE: from 
roughage = X,, the ENE froln concentrates 
= S,, and FCXI prodnetion =_&, by 1.23 
= -5.02%/500 thrrnrs, I)y 2.13 = -.5.02%/ 
,500 tl~ernis, nnd by 3.12 = 5.G4%/1.000 111. 
When net  efficiency = Y, by 1.23 = -9.64%/ 
500 thrnns,  by 2.13 = -11.13%/500 tlierlns, 
ancl hy 3.12 = S.2(jC.'c/l.000 Ih. 

Transmission of some flavor components of 
sil2ge to  cow's milk. TV. F. 8 1 1 1 1 1 ~  ASI) It. W. 
I)or.ntrl~:RTr, ('ornell University, Ithaca, S. y., 
:~ntl  31. E. M o ~ c n s ,  University of Connecticnt, 
S t O l ~ l ~ ~ .  

r 7 1 IVO colvs having runiin;~l and tracheal fis- 
tul:~s were used to d(.terinine wh ;~ t  con~ponents 
conltl I)(: tr;~nsnlitted to nlillc through the lungs 
or the rulilrn or 110th. ISthyl propion;~te, and 
the ~ i ~ c t h p l ,  ethyl, propyl, and hutyl :~cetxtcxs 
~verc~ t r n n s ~ ~ ~ i t t e d  11y hot11 rontes; nnil they 
i~irl):~rtrtl ;I s~vc.~t,, fruity-like flavor t,o iiiilli. 
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Ethanol and 91-propanol imparted a swret, va- 
nilla or alcohol-like flavor. Secondary l~utanol  
gave a more unpleasant flavor drscribecl a s  
ester-like or che~iiic:~l. Neither I~utyric nor 
propionic acid produced an off-flavor. 

Attempts to study the effect of aldehydes 
had to 11e ter~ninatetl I~ecanse thry  had toxic 
c,ffcets. I-Tomever, enough %-butanal was ad- 
~ninistrred to impart n uialty o r  eheniical fl:~- 
ror .  Acetone imparted a flavor described as  
feedy, silage, cow$, or sweet. A siniilnr effect 
was noted with 2-hutanone. Grnssy, weedy, 
or niusty  ere the t r r ~ n s  used to descrihe the 
flavor in~par ted  by cis-3-lirsen-1-01. A simil:~r 
flavor was notrtl when the cows a te  grern 
gmss. Dimetllyl sulfide produced a strong 
flavor rlescrihed as  onion, weedy, feecly, or 
u~~c lean .  

Some problems in the  determination of milk 
solids. R. L. HERRISGTOS, J .  M. A. PALMER, 
G. TV. ROM, AND A. ~ A I . D : ~ ~ I U R I N I ,  Cornell 
University, I thaca,  New Torlr. 

Payment fo r  milk on a solids basis mould 
nc~cessitate adoption of a standartl n~ethod fo r  
analysis, and the esnli~in:ltion, licensing, and 
supervision of the trsters. We arc not pre- 
paretl to do this. TTe ran not g r t  close agree- 
n ~ e n t  on solids tests ~ n a d e  in different labora- 
torirs. Son~t. of the causes are  n~ech:~niral  : 
tliffrrenrcs in te~nper :~ture  of hot plates and 
ovens, in prrtlrying, in ventilation of ovens, 
in tl(,siccaators used for  cooling, in 11-eight of 
s :~~nple  per square rt2nti111etc.r of dish. Some 
are due to ch:~nges ill tho s:l~nple during dry- 
ing. There is  a xveiplit loss dur  to protein- 
lactose interaction whose n~agnitntle tleprnds 
upon tJhe temperaturr, and upon the t i n ~ c  re- 
quired to remove the mater; hence, upon sam- 
pic size. The pliysic:~l state oC thr  lactosr is 
i t  vnriablc. I t  niay remain as  noncryst:~llinc 
I~ygroscopic glass. I t   nay I)e prc,sent :is the 
vrry  I~pgroscopic drsiccatcd a-lactosr, or a s  
the nonliygroscopic forlns, a-liydrnte, and 
P-:~nhydride, xvhich difl'cr in xx-:~ter content. 
\17hicl~ of tl~t~scn is  forn~etl  t l ~ u i i ~ p  drying is  
part ly :I n~nttc>r of cl~:~l~cc%. In  gca~~cr:rl, we do 
not know ~ - I I : I ~  :Ire \reiqhing. There is not 
ercn : ~ p r ( ~ r n ~ ( . n t  xv l~ t~ t l~ (~ r  the 1:rctose should 1)e 
\vcligl~c~(l :IS I~ytlratc. 

Comp3rison of Orange G dye and Buffalo 
Black methods fo r  milk protein determination. 
11'. Ii. a l ~ , ~ , . \ ~ ~ < ~ ~ .  .I. I{. COI{T~IY,  14'. ~ ' O T T E R ,  
A S I )  S. S. ( ; . \ I .XT,  I-nivrrsity of 3lns:icl111sctts, 
i l ~ ~ ~ h ( v s t .  

Tht. 0r:inpc. ( 1  a ~ ~ t l  I%ufT:~lo B1:lck dye ~rrcth- 
otls 11-erc con~p:~retl \vit11 t l ~ r  I \ j t~lt l :~I~l 111et11otl 
for  d ( ~ t ( ~ ~ ~ ~ ~ ~ i ~ ~ : i t i o ~ ~ s  ot' t t ~ t i ~ l  nii l l~ protrill in 
indivi(I11:11 cow niillr s:~nlplt~s. -111 s : ~ ~ n p l ( ~ s  \vercL 
tlonc in duplic:~te. 

Rt~l~r :~ta l ) i l i ty  e s t i ~ ~ ~ : ~ t c s  I)(h-een dup1ic:ltes 
were .99X for  Ornngr (;, ,990 fo r  Bubalo Blaclc 
(filtrretl), .9ST for Rnfa lo  l3larl; (crntri- 
f '~~fi .rd),  and .9S7 for Iijcld:111l. T l ~ o  111u111)ers 

of sa~uples  used fo r  the above esti~iiates were 
144, 84, 96, and 144, respectively. 

Correlations with the Kjeldahl mere .966 
fo r  Orange G, .965 fo r  Buffalo Black (filtered), 
and .9S9 for  Buffalo Black (centrifuged). 
The. standard error of rstiniate fo r  per cent 
protein f o r  the above correlations Ycre .109, 
.OW, and .062%, respectively. The correla- 
tions l~etween dye binding niethods Orange G 
and Buffalo Blaclc (centrifuged) mas ,928. The 
correlation coeffic.ients were nlore un i fo rn~  by 
hrreds for  the Rnbalo Black (centrifuged) 
and Iijeldahl. 

Thr  average protein percentages using all 
brreds fo r  144 san~ples ve re  3.51% by Kjel- 
d:111l and 3.50% hy Orange G dyc. On 84 
s:unplrs, thc avrr:lge protein percentages by 
111rthtri1s \\-ere 3.51. 3.53, 3.54, and 3.56% f o r  
Rjeldahl, Orange G, Buffalo Black (centri- 
fuged),  and Buffalo Blarlc (filtered), respec- 
tively. The average protein p r r  cent by breeds 
for  the Ayrshire, Gnernsry, Holstein, Jersey, 
and Rrown S\viss Irere 3.33, 3.68, 3.26, 3.84, 
and 3.56%, respectively. 

The f a t t y  acid composition of pooled milk. 
R. (>. JESSES, G .  TV. (~.\NDF:R. AND J. SAM- 
ruasn ,  University of Connrctirut, Storrs. 

One huntlred s :~~np l r s  of pooled raw milk 
~x-erc ohtained a t  tlir r a t r  of a l~ou t  eight per 
month during tlie 11rriotl of June  10, 1960, to  
.June 12, 1961. The lipitls mercl estracted by 
the silica gel method and the f a t t y  acid com- 
position dtttern~ined hy gas-liqnid chrouiatog- 
raphy. Tlic f a t t y  acids were convertetl to  both 
methyl and butgl esters l p  refluxing with 
acidic nletl~anol or butanol. Tli(~ methyl esters 
~ r e r c  separated on a column of dictliylene 
glgrol suecin:~te and the hutyl estrrs I\-ere 
sep:~rnted \vitli a eolu~nn of Apiezon L on glass 
hratls and t r l ~ ~ p r r a t u r e  programing. Distinct 
sc.:~so~i:~l tliffc.rent~rs ~x-crc. notrtl; f o r  esample, 
nlcic acid \\-:IS pl~c~scnt in preatc~r concrutration 
in tlic smnlller t h i ~ n  in the winter, and the 
trc~ntl xvas rcsversetl fo? 1):111nitic acid. 

Gas chromatographic analyses of cheese vol- 
a t i l e ~ .  TI7. IT-. X.ITV.\R ASD 1. S. FAGERSOS, Uni- 
rcarsity of illassachnsetts, An~hrrs t .  

Mc:thods fo r  the recovery of cl~eesc volatiles, 
in a for111 suitable fo r  injection into the gas 
chromatograph, are  describetl. Evidence is  
presrnted for  the presence of the folloxving 
co~iil)ounds in Hocl~~cfort  ('herre : 2-prntanone, 
2-lirl)tnnonc~, 2-no~~:inonr. arrt :~ldel~ytlr ,  pro- 
~)ion:~ltlehytle, ac t to~ic~,  isol)~~tyraltlt~liy(le, 2- 
11nt:111onc. ?-1)r111):111ol, tli:~cetyl, 2-li(~sanone, 2- 
pent:t~iol, 2-oc.t:unone, ant1 2-lieptanol. 

Tl~tx signilic:~nce of these con~l~onents  f r o ~ n  
tlie 11:1\.or s t n ~ ~ d p o i n t  is disct~ss(~d. 

Ultra high temperature pasteurization- 
high f a t  versus low f a t  milk. 12. R. GLAZIER, 
17nivcrsity o i  Co~~ncct icut ,  Storrs. 

I"ivc replicntr tri:115 115ing mxv mill+ of ap- 



prosiinately 3.G and 4.6% fa t ,  ~vit l i  flavor 
scores as  nearly identical as  possible, were 
p:lsteurizrd in a plate-type pnstt.urizer a t  
193.3" F. for  1 see. I t  was necessary a t  tinies 
to  stand:~rdize tlie high-fat milk slightly with 
ct3ram. The nlilks r ( lc ;~i~ed 5' F. of' t rc i l t~ l~ent  
in a T'aeuthrrnl C1i:nnher af ter  loaving the 
raw rcgener:~tor and were then Iioniogenized. 

All san~ples were scored by the sairlc two 
tr:lined judges one (lay. seven days, :~nd  1 4  
dnys af ter  processing. The flavor scores of 
thc day-old high-fat mi lks  averaged very 
slightly higher than the low-fat, ~ ~ 1 i e r c . n ~  the 
reverse ~ r n s  true a t  the entl of sevtrn and 14 
dnys. The fl:~vor score of the low-fat milks 
iml,roved apl,rosimatcly 0.9 point fro111 the 
first tn the 14th day, whereas tha t  o f  the 
I~igli-fat 1~1ilk remninctl static. Thc. IITST con- 
trol nlilli scorctl slightly higher than the UHT 
111illi or1 the first and seventh days, but slightly 
l o~vr r  :rt the end of 14 days of storage. 

C'c~nsu~ner cnn~pl:~ints xcxre not rc.ccsived fro111 
either n~illis when included raiido1111y in liome 
tleliverics or in the University s:11esroo111. 

Effect of ice cream packaging material on 
ice cream quality. .\. C. SXITI I  AXD T,. R. 
I)oJ \ - I ) ,  Storrs i\gricultur:~l I':spc~riine11t Stn- 
tion, Co~~nc~cticnt.  

Icc c1.c~t1111 in ten types of half-g:~llon p:~cli- 
:~g:.es \\-:IS co1np;lred in three replicate trials 
with 6 IIIO. oC storage a t  -20 and 0" F. Pacli- 
aging n1:lterials stutlied inclnded solid hlenched 
I)o:~rtl foil-lined inside, foil lined ontsitle, plas- 
tic: co:~tetl, w:~sed both sidw, v-liite paper 11un1- 
in:ltetl ontsitle, protective coated, TI.;IS lam- 
in:lted to hoard, ~ v a s  laininatcd to c~zl~eri~nc?ntal 
I)o:~rd, ant1 with grii\rure printing on the last 
t ~ v o  n~entionctl pacli:~ging 111:~terials. Package 
c o r ~ ~ l x ~ ~ ~ i s o n s  inclndetl hnrd(aning mte ,  insi~l:lt- 
iug v : l l~~r ,  intlucctl :~nil nor111a1 stor:~ge shrink- 
:~g:.(~, snr~l':~ee tlrhydr:~tion and huttc~rincss, ad- 
11cbsion to th(2 l):rclr:~ge, f1:1rc1r, i111d 11ody :lnd 
t c ~ s t ~ ~ r c ~  of' the ice crct:~ni. 

St:~tistic.nl :~l~:llysis faileil to d~~t(nct a differ- 
C ~ I ( . ( ~  :1111ong t l ~ o  p:~clc:~ging n1:1teri:11s in i1ic111red 
: I I I ~  I I O I Y I I : I ~  shrinl<:~g(~, fl:ivor, : I I I ~  holly and 
tc.stm~l~ of thr  ice crc3:lln tlnrilig stor:lge. Ho\x-- 
V\-(,I., tl~c, 11i1:11.11 foil lined outside hat1 tho least 
: ~ n ~ o n n t  of iiltl~~cetl ivc. CI.~>:IIII slirinlc:~ge. Sig- 
nilic.nnt tlifl'erc~ncc~s nrc!re ~iotchd I)c~tn.ce~i sonle 
of' t 1 1 ~  ( . : I Y ~ O I I ~  in :111 of th11 re111:1i11ing conl- 
1):11.ison.;, but ivc.  ei,cs:unl ilu:~lity n-;rs 11ot al'fecteil 
or the tlil'l'erc.l~~~c~s \V(,I.(, not c o i ~ s i t l ( ~ ~ ~ ~ t l  01' sufli- 
cicnt 111:1gnitutl(. to (.:lllse r .~~ht~)ni(sr  (.onll~l:~iilts. 

Flavor and physical characteristics of a 
hot-pack dairy product called sweet cultured 
cream. I*'. T7. I<osII~o\\.s~<I, ,\XI) H. I<'. GEEICI~EK,  
Cornell Univc~rsity, 1tl1:1c:1. S c \ r  1-orli. 

A satisf;~ctory hot-paclc product, c:~lled 
sweet ci~lturrt l  crennl, was ;ctt:~inetl fro111 regu- 
lar ,  liiglt-visc.osit,v so~ur crc:tlu. 

Spr:ty-t>-1~, tl~.ietl sl i i~nn~ill i  a ~ ~ d  tlric~(1 swect 
cl.c,aln l ) ~ ~ t e r l ~ ~ i l l <  solids ~ r i t h  n s1n:lll colleen- 

tration of a gootl quality foot1 gun1 were 
stirred into cliilleil regul;~r sour cre:llii. The 
i n i s t ~ ~ r c  wns then heatrd to nhont I7OoF.  in 
:L v:lt pasttaurizer, puinpetl to :In holnogcnizer 
tlouhle stagc a t  2,500-500 11.s.i.. ant1 pack- 
:laell hot. 

Thct atldition of solids ::Ire :I s~veetc,r fl:lror 
rluality to the product by decrcb:~sing acid ant1 
inerc:~sing I:~ctosc and l)n.~nit t ing di:lc.etyl in 
the natnral sour wean1 to l)retlo~uin:lte. A 
1'1% 4.0-1.7 apl~car(v1 opt imnrn. 

Agitation during heating of the sour creaill 
destroyed colnp1etel.v the body of the natur:~l 
sour cream, hut initial stifrness and smooth- 
ness were restorc~tl by propclr homogenization. 
Ho~vcrer ,  l~as ic  viscosity of sweet cultured 
cream, as  distinguished f ' ro~n initial viscosity, 
never fully erjualled tha t  of' the control regu- 
la r  s011r crea111. 

I n  keeping-qu:~lity esperilnents s~vect  cul- 
tul.cd cre:lm shows no rh;lngc in fl:~vor a t  
1 wli. of 40" F. and no ~i-; i l) le yrast  ant1 mold. 
Resc.:~rch is continuing on prohlrnls of holding 
I T - I I I L ~  pocketing to a i n i l~ i l~ inn~  : ~ n d  attaining 
liigl~c~r basic viscosity. 

Diacetyl formation in creamed cottage 
cheese and butter by the  use of citrated whey 
cultures of S. diacetilactis. F,. LUSDSTEDT .\ND 

I\'. I< .  I"oor;, H. P. Hood LC Sons, Inc., Boston, 
Jr:lss:leI1usl~tts. 

*\ ~ll(xthod has h e n  dereloped \ r . l~ere l )~  
c.l.e:l~~~cfitl cott;~gc ellcesr, (*real11 cheesc, butter, 
nnd 111argarine can o l ~ t : ~ i n  any desircsd degree 
of arornx. 

TIIV addition to tlie finished cre:imetl cottage 
cliec~sc of Sl.oii~ 0.25 to 1% of' an  1s-hr.-olti 
ci tr :~tcd cottage cheese whey cnlturt? of S. 
tlinrr,/iltrc.tis ~vi l l  produce, in :I f c ~ \ ~  days, a 
incdilun to :I, very high aroriia :it teml>cratures 
l~et\\.c~en 32 rind 35" F. without changing the 
pTI ol' the cheese. F i r e  per cent of such a 
cu!tnre c:~lci~lntctl on thc, s c run~  of the creanl 
or 111:1rgarinc3 will i ~ n p a r t  Trithin 3 wk. a high 
aroiii:1, provided tlie sorum hils a pI-I of 
3.0 and the seruni is aolnted hofore it is  in- 
corpor:~tetl into tlie f a t  phase. 

Sue11 cultures can p r o t l ~ ~ r c  up to 1,000 p.p.m. 
of potential diarctyl in thc form of nll)l~a- 
accto-lactic acid within IS  hr. : ~ t  72" F. a t  or 
ne:rr :I pI I  of 6.0. No :lt,oina c :~n  l ~ e  tletectc~l 
in the culturrs. Ro\\-evc>r. tllc, nonarom:itic 
prwursnr 1nateri:lls ~5-ill 1)r c~onvc~rtetl into 
h~ittcbr : ~ r o ~ n a  (di:~cv,tyl, ctc.) in :I se(+on~l effect 
or tlrl:~yetl :Iroin:l I'or111:r tioa in eott;lge chcc~se 
or 1)nttc.r 1)y : I ~ I  oxid;~tivcx dec:rrI)osyl:ltion. 

r .  J 11r l ) ~ o ~ ' ( ~ s s '  is a l~ou t  60 ti111c.s Inore eff(1t.- 

ti\-(, in : I~OI I I : I  l)ro(I~~ctioii  t11ai1 : ~ n y  other Icuo~rn 
lllc~tllotl. 

Growth patterns of some aroma bacteria 
v h e n  cultivated in citrated rennet whey and 
citrated Cottage cheese whey. I.:. LI Y D I T E I ) ' ~ ,  

11. I ) .  I ~ ~ ~ ~ ) ~ I  C\ slIl15, rill>., I ~ o ~ ~ ~ ~ ~ ~ ,  II;I.S, 
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A method has been proposed for the identi- 
fication of aroma bacteria associated with 
dairy starters. 

Isolated species and variants can be differ- 
entiated from each other by determining the 
daily pH values of the carbon dioxide-free 
cultures growing in Cottage cheese whey con- 
taining the addition of 5% sodium citrate, 
pentahydrate. 

By plotting the pH values and correspond- 
ing time intervals in a coordinate system, a 
series of well defined growth patterns can be 
produced which differentiate and classify the 
varlous aroma bacteria found in starters. 

S. diacetilactis bacteria initiate growth on 

citrate, and finish growth on lactose. All leu- 
conostocs initiate growth on lactose. L. citro- 
vorum finishes growth on citrate, whereas 
other leuconostocs finish growth on lactose. 
S. lccctis var. aromaticus initiates growth on 
lactose, then ferments citrate and lactose si- 
multaneously. The p H  varies from 7.8 to 5.2. 
The method is valid only for aroma bacteria 
which have developed their citrate-metaboliz- 
ing syste~ns to an optimum by repeated trans- 
fer in citrated Cottage cheese whey. 

Gassy diacetilactis starters and nongassy 
leuconostic-lactic starters can be classified in 
18 hr. in citrated rennet whey and citrated 
Cottage cheese whey. 

PRICE SCHEDULE FOR REPRINTS OF PAPERS THAT APPEAR IN 
T H E  JOUR,NAL OF DAIRY SCIENCE 

H. F. JUDKINS, Secretary-Treasurer 
32 Ridgeway Circle, White Plains, ?\'em York 

The Executive Board, a t  the time of the published in the JOURNAL; otherwise, the type 
Annual Meeting of the American Dairy Science will have been destroyed. 
Association at  the University of Wisconsin, in- I n  case the original type has been destroyed, 
creased the price of reprints 25%, 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 bc 

- 

Number of pages 
No. of 

reprints 2 4 8 12 16 20 24 28 32 
-- -. 

- (Cost in dollars) 
50 17.50 20.00 36.25 51.25 67.50 78.75 97.50 115.00 125.00 

100 20.00 22.50 41.25 61.25 77.50 92.50 112.50 132.50 145.00 
200 22.50 28.75 51.25 76.25 97.50 117.50 143.75 162.75 185.00 
300 28.00 33.75 62.50 91.25 117.50 143.75 173.75 205.00 226.25 
400 30.00 40.00 72.50 107.50 137.50 170.00 205.00 241.25 266.25 

If covers for reprints are desired, the cost of 
50 covers will be $21.18, and for each addi- 
tional 100 covers, the cost will be $8.75. Back 
copies of the JOURNAL will cost $2 each. 

The reprints are ~nade  from standing type 
within 30 days after the papers appear in the 
JOURXAI,. Requests for a few reprints of a 
paper should be sent to the authors, whose 
names and addresses appear with the title. The 
Secretary and the Editor's office do not keep 
supplies of the various reprints. Orders for 
large nu~nbers of reprints should be sent to 
The Garrard Press, 510 Korth Hiclrory Street, 
Champaign, Illinois. These orders must be re- 
ceived within 30 days after the papers are 

50% more than the regular ones. For example, 
100 reprints of 32 pages mill cost $227.50. 

I t  is hoped that the publication of this re- 
print schedule will make i t  easier for inter- 
ested people to obtain reprints in any number 
desired and, a t  the same time, aid in dissemi- 
nating useful information to the dairy and 
related industries. 

The JOURNAL OF DAIRY SCIENCE is copy- 
righted. Reproduction of complete papers 
from this JOURNAL by any organization is not 
permitted. The reproduction of graphs, tables, 
and illustrations for books and other periodi- 
cals lnRy be authorized by the Editor-in-Chief. 



ASSOCIATION AFFAIRS 

CALL FOR PAPERS FOR T H E  1962 ANNUAL MEETING O F  
T H E  AMERICAN DAIRY SCIENCE ASSOCIATION 

M. E. SENGER, Chairman, Program Committee, A.D.S.A. 
Department of Animal Industry, North Carolina State College, Raleigh 

The 57th Annual Meeting of the American 
Dairy Science Association will be held June 
18-21 a t  the University of Maryland, College 
Park. Members who wish to present papers 
must submit titles and abstracts not later than 
March 1. This deadline must be met to permit 
publication of titles with the complete program 
in the April, and abstracts in the June, 
JOURNAL. 

All members of the Association, including 
graduate student d l i a t e s ,  are entitled to pre- 
sent papers. Participation by members of the 
industry and by senior members of the Asso- 
ciation is especially encouraged. The Program 
Committee favors the general policy that an 
individual present only one paper and that 
his name appear as author on no more than 
two. This Committee, together with the Asso- 
ciation membership, wishes to stimulate vig- 
orous, sound research and realizes that these 
restrictions may penalize some members en- 
gaged in full-time research. Therefore, the 
Committee has liberalized this policy so that 
a member may exceed these limits, but only if 
he or his department rates the abstracts in 
order of preference for oral presentation. 

Papers submitted for the annual meeting 
should be confined to research that has not been 
reported. Abstracts of papers accepted for 
publication by a scientific journal before the 
annual meeting are not eligible, as this consti- 
tutes duplication. If the total number of pa- 
pers submitted by the membership is too great 
to include in the program, the Committee will 
assign some papers to be read by title only. 
I n  this event, consideration will be given to 
quality of research to be reported, number of 
abstracts per author and department, and im- 
portance of the research. Abstracts arriving 
late will be rejected. 

Attention is called to the Dairy Manufactur- 
ing Extension Section program and members 
are urged to participate. This is a subsection 
of the Manufacturing Section. 

Mimeographed copies of pertinent data are 
desirable for distribution when the paper is 
presented. At least 250 copies should be made 
available. This can be supplemented by slides 
for projection on screens, provided the author 
can adhere to the assigned time of 12 to 14 
minutes for  presentation of each paper. 

PREPARING ABSTRACTS 

The Program Committee encourages contin- 
ued improvement in quality of papers and in 

oral presentation. Careful design of experi- 
ments and proper interpretation of results are 
necessary. Strict compliance with the instruc- 
tions for preparation of abstracts will simplify 
the task of the Program Committee, and will 
improve the program. Careful editing of ab- 
stracts before submission is essential. Eaeh 
year a number of abstracts must be returned 
due to incomplete details. Please follow in- 
structions for preparing abstracts carefully. 
1. All abstracts must be submitted on regular 

8%- by 11-inch paper. 
2. Abstracts must not exceed 200 words by 

actual count. Those exceeding 200 words 
will be returned to the author for revision. 

3. An original (on bond paper) and three 
copies of each abstract should be typed 
double-spaced. The original and one copy 
should be mailed to the Chairman, another 
copy to the Vice-Chairman, and the fourth 
to the Secretary of the Section where the 
paper will be presented. The original copy 
will be used for publication in the JOURNAL. 

4. The style and abbreviations of the JOURNAL 
or  DAIRY SCIENCE must be used. Please 
refer to abstracts in the June, 1961, JOUR- 
NAL for guidance. 

5. Only initials of authors should be used, 
except in unusual cases where i t  may be 
necessary to use the complete name. 

6. When Inore than one author is listed, indi- 
cate who will present the paper by an 
asterisk after his name. 

7. The title should indicate clearly the nature 
of the research. I t  should not be repeated 
again in the text. The abstract should in- 
clude, insofar as possible, the design and 
major results of the investigation. Only 
complete research should be reported. 
Brief, essential statistics will make the 
data more meaningful. 

8. The following form with no caps for the 
title is correct : Utilization of carbohy- 
drates posterior to the rumen-reticulum of 
the bovine. J. T. Huber and N. L. Jacob- 
son, Iowa State University. 

9. I f  the author lists an address for an ex- 
periment station other than the University, 
such as a USDA research branch or a 
commercial company, the complete address 
should be provided, as in the following ex- 
ample: A study of dye reduction methods 
as platform tests for the detection of nnti- 
biotics. Burdet Heinemnnn, Producers 
Creamery Co., Springfielcl, Riissouri. 
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10. A11 symposium papers should be typed 
double-spaced and organized according to 
the style used in the JOURNAL OF DAIRY 
SCIENCE. The author should send the first 
copy direct to the JOURNAL Editor, E. 0. 
Herreid, brforc or immediately following 
the Annual Meeting. 

GRADUATE STUDENT PRESENTATION CONTEST 

This contest will be conducted in both the 
Production and Xanufacturing Sections. Each 
institution is entitled to enter one participant 
in each contest. They must be student affiliate 
members. Complete rules for the contest are 
being sent to departnlent heads. Those wishing 
to enter the contest must submit copies of their 
abstraot to the Section Officers as outlined 
above. They should also include a letter indi- 
cating their desire to enter the contest. This 
letter should also be signed by the major Pro- 
fessor and the Department Head. A carbon 
copy of the letter and four additional copies 
of the abstract should be mailed to the contest 
re~resentative. 

of Dairy Science, Ohio State University, 
Columbus 10. 

Secretary: D. E. Voelker, Department of Ani- 
mal Husbandry, Iowa State University, 
Ames. 

PRODUCTION SECTION 

Chair~nan: J. C. Thompson, Ralston Purina 
Co., St. Louis, Missouri. 

Vice-chairman : L. H. Schultz, Department of 
Dairy Husbandry, University of Wisconsin, 
Madison. 

Secretary: V. R. Smith, Department of Dairy 
Science, University of Arizona, Tucson. 

MANUFACTFRING SECTION 

Chairman: M. L. Speck, Department of Food 
Science and Processing, Sorth Carolina 
State College, Raleigh. 

Vice-Chairman: D. M. Graham, Pet Milk Co., 
Research and Develowluent Center. Green- 
ville, Illinois. 

Secretary: E. L. Thomas, Department of Dairy 
Industries, University of Minnesota, St. 

Fo'r Production Section Award : Louis Boyd, 
Dairy Ilepartnlent, University of Tennessee, ( T F ~  ~~i~~ ; \ ~ ~ ~ ~ ~ f ~ ~ t ~ ~ i ~ ~ ~  ~ ~ t ~ ~ ~ i ~ ~  set- 
ICnosville tion 1s a subsection of the Jlanufacturing Sec- For  Manufacturing Section Award: A. V. tion. W. 8. ~ ~ b ~ ~ l ~ l ~ ,  ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ t  of ~~i~~ 
JIool:, Departnlent of Dairy Scicnce, Texas ~ ~ ~ ~ b ~ ~ d ~ ~ ,  university of ~ l ~ ~ ~ l ~ ~ ~ d ,  college 
A&M College, College Station l'ark. is chair~nan. and A. L. Rinnen. Denart- 
Knllles ntldresses of officers of sections to lncnt'of Food Sci&lcc, l\Iicl~igan ;';tat;!  aver- 

l,-~lolrl titles ;Ind al,stmcts sllould he arc: sity, East Lansing, is secrrt;~ry. ~i11 abstracts 
for naners in this subsection should be sub- 
- L L  

EXTKSSIOS SECTION lnitted through tlic reg11l:lr cl~annelq of the 
M:lnuPacturing Section, b u t  should be iden- 

C h a ~ r ~ n n n :  W. R. Van Sant, Departlnent of tified for  presentation a t  the Dairy PvIanufac- 
Dairy Science, University of Arieonn, Tucson. turing Extension Section meeting and n cour- 

Pice-Chairman: C. I). JicGrew, Department tesy copy sent to W. S. Arbuckle.) 



BRUCELLA 
Isoliztion, Cultivation 
and Dzyerentiatio~ 

is the peptone of choice in the 
preparation of both liquid and solid media for culturing Bru~clla ' 
abortus, melitensis and mis and supplies the nutriments required by 
these organisms for rapid and abundant growth. 

BACTO-TRYPTOSE BROTH 

is a complete liquid 
medium for culturing the Brucella and is especially adapted to the 
isolation techniques recommended by Huddleson and Castaneda. 

D BACTO-TRYPTOSE AGAR 

supersedes media previ- 
ously employed for the isolation and cultivation of the Brucella. 
This medium serves ideally for the primary or secondary isolation 
of Brucella, for the differentiation of species and for vaccine or 
antigen production. It is also recommended for use as the solid 
phase in the Castaneda technique. 

THE DIPCO MANUAL, NINTH EDITION, 
including descriptions of these media and their rrro, 

a3 available on reqsest.. 

Specify DIFCO -the trade name of the pioneers in the research 
and development of Bacto-Peptone and Dehydrated Culture Media. 

1 

D E T R O I T  1 ,  M I C H I G A N  

, '  
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