
4Vol. 45 October, 1962 Number 10 

C O N T E N T S  

. . . . . . . . . . . . .  PEOPLE AND EVENTS 5 

GENERAL INTEREST: 
Instructions to Contributors . . . . . . . . . . .  2 

Symposium on Lactic Starter Cdturea. 2' 

E. B. Collins, W. E. Sandine, P. R Elliker, Lois K. AlIen, W. C. Brown, 
E. H. Marth, M. L. Speck, F. J. Babel, and E. M. Foster . 1262 

Research and Education in a Free Soeiety. 
B. T. Shaw . . . . . . . . . . . . . .  1295 

The Land Grant System and the American Society. 
R. L. Thaekrey . . . . . . . . . . . . .  1298 

Call for Papers for Fiftydghth Annual Meeting. 
S. D. Mosgrave . . . . . . .  1302 

Invitation for Nominations for O5cera of the American Dairy Menee 
Asmiation. 
R. E. Hodgson . . . . . . . . . . . . .  1304 

RESEARCH PAPERS: 
Some Changes in Cation Composition of Milk Caused by Ion Exchange 

Treatment. 
B. J. Demott, H. C. Holt, and R. G. Cragle . 1159 

Oxidation of Milk Fat Globnle Membrane Material. I. Thiobarbituric Acid 
Reaction as a Measure of Oxidized Flavor in Milk and Model Systems. 
R. L. King . . . . . . . . . . . .  1165 

Heat-Induced Changes in Milk Fat. 
W. W. Nawar, L. E. Cancel, and I. S. Fagerson . 1172 

Sensitivity of Milk Lipase to Antibiotics. 
K. M. Shahani and R. C. Chandan . . . . . . .  1178 

Effect of High-Level Grain Feeding on Milk Production Response of Lactat- 
ing Da& Cows. 
L. D. Brown, J. W. Thomas, R. S. Emery, L. D. MeGilliard, D. V. 
Armstrong, and C. A. Lassiter . . . . . .  1184 . 

Performance of Dairy Cows Fed Pelleted and Baled Coastal Bermudagrass 
and Alfalfa Hay. 
0. L. Brooks, W. J. Miller, E. R. Beaty, and C. M. Uifton . 1188 

Relation of Days Open and Days Dm to Lactation Milk and Fat Yields. 
J. W. Smith and J. E. Legates . . . .  1192 

Effect of Frequent Feeding on Weight !;air. Response in Y o n p ; ~ ~ w - ~  -- 
Heifers. &.rsaic=- 
B. Clark and H. A. Keener . _I_-,, v. . . . .  1199 

Effect of Level of Intake and Physical Form of the Die1 on Plasma Glncose 
Concentration and Volatile Fatty Atid Abe~rptiqn in Ruminrtnts. . . . . .  A. Bensadoun, 0. L. Paladimes, and J. 'F. Reid 1203 

(Continued on inside front cover) 



C O N T E N T S  

(Continued from front cover) 

Relation of Ration Composition to Rumen Development in Early-Weaned 
Dairy Calves with Observations on Rnminal Parakeratosis. . . . . . .  R. L. Gilliland, L. J. Bush, and J. D. Friend 

Reliability of Score-Card Judging of Hay. . . . . .  T. P. Fairehild, E. L. Corley, and G. M. Werner 

Heritability of Birth Weight and Its Relationship with Production in D a b  
Cattle. . . . . . . . .  C. R. Legault and R W. Touchberry 

Variation in Conception Rates of Guernsey Cattle. 
W. E. Collins, E. K. Inskeep, W. J. Tyler, and L. E. Casida . . 

Motility and Fertility of B d  Semen Extended s t  High Rates in Yolk Ex- 
tender Containing Catalase. . . . . . . . . .  R. H. Foote and H. 0. Dnnn 

Motility and Fertility During Post-Thawing Storage of Bovine Spermatozoa 
Frozen Concentrated, Thawed, and Re-extended. 
C. Desjardins and H. D. Hafs . . . . . . . . .  

Study of Successive Experimental Lactations in Dairy Cows. 
Ralph Williams and C. W. Turner . . . . . . . .  

Rate of Absorption of LThyroxine 1131 from the Gastrointestinal Traetlr of 
Dairy Cattle. . . . . .  G. W. Pipes, T. R. Bauman, and C. W. Turner 

Biological Assay of Thymprotein. . . . . . . . .  C. W. Turner and T. R. Bauman 

TECHNICAL NOTES: 
Simple Device for Obtaining Samples of Headspace Gas Directly from 

Sealed Containers for Analysis by Gas Chromatography. 
R. L. Bradley, Jr. and C. M. Stine . . . . . . . .  

Comparison of 305- and 365-Day Production Records Under Stratified 
Levels of Herd Production. 
B. J. Frieze and E. L. Corley . . . . . . . . .  

. . . . . . . . . .  Symposium : Lactic Starter Cultures 
See under General Interest 

ASSOCIATION AFFAIRS: 
See under General Interest 



JOURNAL OF DAIRY SCIENCE 
OFFICIAL PGRLICATION O F  TI IE  

AJIERICAN DAIRY SCIEXCE ASSOCIATION SINCE 1017  

E. 0. HERREID, Editor-in-Chief, University of Illinois 
Editorial Address: Station A, Box 250, Champaign, Illinois 

Pl lo~le  : 3 6 i - i 0 i 3  : I I I I~  333-0155 

EDITORIAL BOARD 

U. S. ASHWORTH IT. D. EATON R. E. ELY WILLIAM HANSEL 
I'ullman, W a s h ~ n g t ~ i ~ ~  Storrs, Connecticllt Reno, Bevada l thaca,  Xew York 

E. L. JACK ROBERT JENNESS C. K. JOHNS 0. W. KAUPMANN 
Davis, California St. Paul ,  I l innrsota  Ottawa, Canada East  Lansing, J l i ch~gan  

MARK KEENEY F. A. KUNNEROIV J. E. LEGATES DURWARD OLDS 
College Pa rk ,  Mary1:ind Urbana,  Illinois Raleigh, PIT. U. Lexington, Ky. 

E. P. REINEKE L. H. SCHULTZ, M. L. SPECK R. W. TOUCHBERRY 
Eas t  Lansing. Yichixan Iladison, \Trisoonsln Raleigh, N. C. Urbana, Illinois 

EVERT W A L L E N ~ L D T  G. M. WARD C. A. ZITTLE 
Ifadison, \Visrrrns;n bl ;in hattan, K a ~ ~ s u s  P l ~ ~ l i ~ ~ t ~ l l i l ~ i i ~ .  P a .  

COMMITTEE ON JOURNAL MANAGEMENT 
11 .  ;\. IIERICAN, C ~ I : L ~ L I I I : ~ I  

8 Sol-11) Ainth St.. Coluu~bia. No. 

. I .  K. IJxi ; . \ ' r~s  15'. .I. L)OAN, A ~ l \ - i h ~ i r  
E. 0. HERREID, ex o f i c i o  n. IT. WEBB 

11. 1.'. .T I -n i i l s s .  1,s otf i~. io 

OFFICERS O F  T H E  ASSOCIATION 
1. \V. I<ITI,I,:~,, l ' r t :s i~lc~l t ,  S. 'I1. COTTT.TEK. V i c ( ~ - l ' r t ~ > i ~ l c ~ l t  

I f i~l t i~~-tnlror  c i f  I ) ; f i ~ t . ~  S<.i(*n*-i, ] ) , ~ ~ , ; ~ Y ~ I I I ~ I I ~  l):tivy Ind~lhti.it% 
' i ' r ~ : ~ s  A L >I College. Collree Station, Texas 1:ltivcrxity of Minnesota. St. Paul ,  hIinn. 

IT. F. Jr:~rc~rs, Set.-'l'reas. E. 0. HERREID, Editor-in-Chief 
:<2 l< id<~~tv :~y  ('ivrlv, \Vl~itc, I'l:tin., S ,  Y. Champaign, 111. 

DIRECTORS 
~ ~ . \ ~ ' x o N D  ALBRECTSEN I<. TA. .J.\cIi S.  I,. .T.~COI~SON 14'. E. s v l > s o h -  

I m e s ,  Iowa l thaca.  N.Y. Davis, Calif. ' ~ I I V S O I I .  .\vi/o?l:c 

C. W. NIRLEB J. T. REID \V. M. I < o I ~ R ~ P S  
Lincoln, Xcl,~.. Ith;tra, Y . Y .  It:ilcigh, S.  C. 

E. 0. H E R R R ~ ,  ex 0ffi~i0 H. F. JUDKINS, ex officio 

~ \ U ~ ~ I S I S T I ~ I \ ' I ' I V E :  INFORhLATION 

G e r l e r a l  A\tlvcrtising Galden London W.C. 2, England. Subscril)tions for  AU% 
t1.tt1111 ihould b;? 8Wlt to our  agent: John  11. Bryant ,  

S I I ; I C ~  I rrilllc (i ~i~~~ T ~ , ~ ~ ~  1lcrL~e1.t Street, St. Leonards, N.S.W.. Australia. 

One I'age $150.00 $132.00 $108.00 Clianges of mailing addresses post oflice notices of un. 

iI:ilf I'agc !l!).00 87.00 72.00 ,,li,l 1111 ,ltlll!l. miltters pertaining to the mailing list for 
deliverable copies, inquiries ab&t copies lost in  the mail 

(Jonrter I1:ige .;2.20 46.20 39,00 nun~neml~er  s u l ~ s c r ~ b e t ~ s  should be sent  to The Journa l  of 
Uairy Sci8111.e in r a re  of The Gar r t~ rd  I'ress a t  the above 

~ , l ~ ~ ~ . t i ~ i ~ ~  gli,tea, i .uyy, iIlsertion ur,lel.s, ,.ontraets, adalrosa. C1;tims for  col~ies of tile Journal  of Dalry SCI- 

and I.equests fol. i,,jol .,,, i l t i U L ,  relilting to in ence Ivst in the n~itils must be receive<i within 30 days 

t11: Jou~n i t l  s110ul~I I,= to tile of D ~ ~ . ~  (90  days lorcign) of the date  of issue. ~ o t i c e  of change 

serence ill c;ll.e TI,(, ail rl.il l.d ,press ,  j l V - j 2 4  sOrtll of iltlilress n111st be received t\rro weeks I~efore date of issue. 

Hickory Srl.cer, Cl~iiml>:~ign. I l l iuo~s.  
bIen~berships 

S o l u ~ ~ c l l l b c r  Subscriptions 
Sonnirlnbex. ~ubsi.rll,tions a re  $20.00 per  volume in 

the United Stzitcs nnrl Canada ;  $20.50 in a11 other coun- 
tries, net itnd ~,ost l , ;~id.  Sen- subscriptions and  renewals 
begin \vltll tile first Issue of the current  vt~lume. Renewals 
should I>? cpnt in by December 1 of tllr c u r r m t  year for 
the fol lo\r~na c;1lentl:8v year to avoill ti hrei~l; in the series. 
Subscri))ti<~ns s l ~ o u l ~ l  Be sent to Clautlr Cruse. The Gurrard 
I'ress. 510-324 Sort11 Hickory Street. Champaign, Illinois. 

Subsrri1,tions for the Rritisb Isles and the nri t ish Em-  
pire slloul<l IN, or<lcred througlr our agents: l lessrs .  Bail- 
l i e r ~ ,  'l'inr1:tll and Con, 7 and 8 IIrnricttn Street, Corent 

3lcml,et~sliip dues in the Associ:~tion a re  $12.50 a year 
and sliould be sent  to H. F. Judkinu, Secretary-Treasurer. 
33 Itidxeivay Circle K h i t e  Plains, New York. Renewal 
sllouid he made not ' la ter  tban 1)er:ember 1 each year. 

Ch:~nges of mailinq addresses, inquiries about copim 
lost in the mail, leqursts  of back copies and ail other 
~ n ~ ~ t . t ~ v . s  nmtnininr  to l.l~e mnilinr list for  members of the ..... . ',-. . .-~. 
Amerirxn Dairy Science Assor.~ation should be sent to 
Dr .  Jnclkins a t  the above :iddress. Claims for  collies of 
the Journa l  of Dairy Sci<:nec lost in the mails must  be 
~ e t e i a e d  within 30 days (00  days foreign) of the date  of 
,.;sue. Botice of r l ~ i ~ n z e  of :lrldress must  be received two 

Form 3579 to  be returned to Garrard Press 
.- - -- - 

.To,irnaI of Dairy Science is ~~uh l i shed  monthly by the American Dairy Scienr .~ lcsociation and printall 1)y 
The Garral-d I'ress, 510-624 Kurt11 Hickory Street, Clrnrnp;iign, Illinois. 

Second class posL:lxr paid a t  Cllampaign, Illinois. 

Copyri:.ht. 196?, by the American Dairy Srience Aasocintiun. I'rinted in the U. S. .\ 



INSTRUCTIONS TO CONTRIBUTORS 

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

ORGANIZATION O r  PAPERS 

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

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

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

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

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

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

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

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

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

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

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

'American Institute for Biological Sciences, 
BOO0 P Street, N. W., Washington, D. C. Price 
$3. 
' J. Dairy Sci., 44: 1758. 1961. 

t! 

10. Manuscripts must be typed double-spaced' 
on 8%- by 11-inch bond paper. Lines on 
each page should be numbered from 1 to 
26 or 28, to make it  easier for the Editorial 
Board to review papers. The side margir 
should be one inch wide. Clipped-to, pastr 
on, and written insertions are not ac 
able. Do not staple pages together. 

11. Figures (graphs) should be made with black 
India ink on white drawing paper, tracing 
paper, or blue linen and the sheets should 
not exceed 8% by 11 inches. Graph papers 
with yellow, green, and red lines should 
not be used, because the lines cannot be 
filtered out. Curves should be identified 
with the symbols 0, 0, @, 0, W, A, A, V, 
+, or X, and they should be about 0.8 mm 
thick, for the axes about 0.5 mm thick, and 
for grid lines about 0.4 mm thick. Grid 
lines are necessary only if readings are to 
be made from the curves. Letters on the 
abscissae, ordinate, and the figure should 
be in upper case and be about 3 by 5 mm 
and about 0.5 mm thick, to be readable 
when graphs are reduced to column width. 
Titles for figures (graphs) must be on 
separate sheets. Following is a well-made 
figure reduced to size of the printed page: 

DAYS OF RIPENING AT 56.L 
PIG. 1. Acetic and butyric acids in raw and paa- 

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

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

Multilithing on bond paper is acceptable. 
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Titles should indicate the content of ta- 
bles and facilitate comparisons, show rela- 
tionships clearly, be self-explanatory, and 
save space. Label heading and subheadings 
accurately and concisely with the data cen- 
tered under them. Use correct abbreviated 
dimensions. Data should be referred to and 
discussed but not repeated in the text, and 
they should be presented in only significant 
digits within the accuracy of the methods. 
Use the metric system whenever possible. 
Do not use vertical lines and only a mini- 
mum of horizontal ones. 

Tables are  costly. Use graphs whenever 
possible. 

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

14. Abbreviations fo r  titles of periodicals and 

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

15. Terms - such as Cottage cheese, Cheddm 
cheese, Limburger cheese, etc., should be 
capitalized as indicated. Butteroil, skim- 
milk, buttermilk, etc., should be written act 

one word. Milk f a t  has replaced butterfat. 
16. Critical reading of papers, before they are 

submitted, by persons other than the au- 
t h o r ( ~ )  will help to clarify statements and 
eliminate errors. 

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

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

MEMORIALS 

Samuel A. Lear 
I ) H .  S. .\. J IWAH,  53, professor of dairy in- 

duqtry a t  the College of Agriculture, Rutgers 
Lnivt,rsitv. S e w  Rn~nswiek. New Jersey. died 
recently 'i; illiddlesex 
General Hospital after 
;I long illness. H e  leaves 
h i s  w i d o w ,  L u c i l l e  ; 
three children, Richwrd, 
14; Janet,  12, and 
Iiruce, 10;  one brother 
:111(1 t111.ee sisters. 

1)r. Lear won wide 
recognition in the ~n i lk  
industry for his re- 
scbaroh in ulilk enzyulrs 
:111d the bacteriology of 
lnilk. Hv taught courses 
in dtliry adnlinistration, S. A. Lear 
nlilk stmitation and 
11lilk testing, and i~ssisted in ;I short course in 
ice creanl ~nnking. 

FTo \!-as a native of Bucks County, Pmnsyl- 
v;lni;~, and earned the Barhelor of Science and 
Llortor of l'hilosophy degrees from Pennsyl- 
vi~lliil State University and a 1I;lster of Sci- 
nlcc? drg~.tle from the University of Minnc~sota. 
He W;IS ;~ppointrd to the Rutgers f:lculty in 
1946. 

I)r. TAe;n. \\,\.;IS l.ecently president of the Met- 
rol)olit;~n Dairy Soczicaty and w;is a. ~ucl~rlh(,r of 
severtll professional socic.tit.s :111d fraternities. 

James MacMillan Murphy 
1 ) ~ .  .I. A[. AIUKI~HI~, resei~rcll professor Yet- 

c1rin;lry SI(.dicaine a t  the University of Penn- 
sylvani;~, (lied I ) r ren~her  11, 1961, following 
111a.ior lnng surgery. IIe \\*:IS forty-nine yrars 
old. 

Dr. 3lurphy T V ; I ~  ~vidrly recdognizetl as an  
ontst;lntling authority on bovine 111astitis. 
11;ltive of Pllil;~tlelphi;l, hr ohtained his V.N.D. 
~lrlrreo Sron~ the University of Penns~.lv:~nia 
in'1935. The nest 2 yr  were spent ' ; ~ t  his 
.\IIII;I Jl:ltrr, \\her(. 11cb cond11c.tc.d reseal,ch in 
lwriodic~ ophth;~ln~i;r t ~ n d  bovine  nils st it is. He 
,loinrtl thr  f ;~rult>- : ~ t  Rutgcirs Univnsity as  an 
:~ssoc.i;ite professor of tlttiry hush;lndry in 1937 
: ~ n d  ~ . t~n l i~ in (~d  i ~ t  R~itg(\rs until It(, acceptetl a 
1)osition ;IS 1)1'oi'(~sso1. 01' veterinary nic.dicine ; ~ t  
("o~~ntbll  Irnivcrsity in 1946. IIr left C:ornclll 
to ~.e,ioin thta facwlty i ~ t  the llniversity of Penn- 
sylvani;l in 1059, \ ~ l ~ t ~ r ( .  he was thc: director of 
tho Univc~rsity's Iksic Mastitis Itest~arch 
Pro.j(.c.t. 

1)r. Mnrphy sl)ent his entire ]~rofrssion;ll 
lifv in the study of hovino m:~stitis. H e  ~ ~ n s  

contributions in 1n;lstitis resrarch. he served 
4 yr :IS tlditor of The Cornell Veterin;lri;~n. 
Hc! was a rnernher of the Alnrrie;~n Dairy Sci- 
enc2e -Issociation, the National .\c:~tle~ny of 
Scicmces, The New Tork r \ c a d t ~ ~ ~ t y  of Scienc(1, 
the N:ltional Institute of General St.~n;~ntics, 
Phi Zc~ta honorary frnternity, the Sorthe;lsterrl 
Mnstitis Council, Thc S:~tional Mastitis \\'ark- 
crs' Conference, and 'I'he N:~tion;~l 1I;lstitis 
Council. 

Tn :lddition to his sterling personal ch;lrac- 
ter, his colleagues credited Murphy with "one 
of the nlost hrilliclnt research ~nintls tho sci- 
entific com~nnnitp has ever kno11-11. He had 
the rare ability to think logically : ~ n d  inlag- 
inatively and he was willing to settle for  
nothing less than perfection. His  insistence 
upon factual data as  the basis of Itypothesix, 
the efiorts of his work, the ohjt.ctires that  he 
sct, ;lntl his syst(~111atic, ani~lytical approi~ch 
11;lve tni~de thrir  n ~ a r k s  on an  untold nnnrher 
of' othr,r rest.arch \vorkers." 

.is i~ token o f  the high estee111 in \vhich he 
W;IS held by his Alnla l la ter ,  thr  1ahor;ltories 
he direetc~d were dcdic:lted as  tht. .Jnll~es l I :~c-  
Millan Jlurphy liesc~~rc.h 1~t1horatoric.s on .June 
1, 19fi2. The inscription on the dediri~tory 
plaque is a fitting f:u~v\.rll to a belovetl (201- 
le;~gutb, tcacher and friend-"1)edicated to the 
rnrn1ol.y of onta who hrought 11ono1. to his 
school as an  111un1nus arid faculty ~nenlhe~* anti 
to his profession as a rescnrczh scientist and 
a gentlen~an." 

1Ie is survivetl by his widow, Helen, and 
their dt~ughters, Betsy (Mrs. Edward Keough). 
Martha (J l rs .  ; \ lfrrd G. Tottey. .Jr.), ant1 
Virginia. 

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

After 40 years of resetrrrh on t1iri1.y protl- 
ucts, Dlr. G. R.  C~HF,WKH,\SK, i~ CT. S. 1)epnrt- 
111er1t of =lgricultnre c l l e ~ ~ ~ i s t ,  h ; ~ s  rc.tirod. Dr. 

original ideas on tliliry 
procrssing ttdoptetl hy 
t,he industry, worked in 
TVashington, TI. C:., at 
t h e  I l a i r y  Producats  
1,nboratol-y of the I\X- 
r i c u l t u r a l  R e s e a r c h  
Servic.r's E:~stern Uti- 
liztl tion Researcah ;1nt1 
1)rvelopnlcmt S)ivision. 

1)r. Greenhank's rtl- 
sc.;~rcll establishetl that 
dried nlilk for  IISC in 
l~alting coultl he i n -  

the t ~ a t l ~ o r  01' (;vrr 40 1)apn.s devoted to his 1)rovetl f o r  this pnr- G ,  R, Greenbank 
spc,~ci:~lty. Hv also rtlitetl ; I I I ( ~  1)11l)lish(~d hlas- ]lose and could btr g iv r~ i  
t i t ~ s  .\hst,~.;rrts. 111 ;tdtlition to his 1)rilliallt g r r :~ t r r  stor;lgc s t ;~ l~i l i ty  by heat trvwt~llent, 

J 
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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,  lease send them to  the Garrard Press, 510 North Hickory Street, 
Champaign, Illinois. Seventy-five cents plus postage will be paid for each number. 

1919January, March, May, July, September, November 
1920January, March, May, July, September, November 
1921--January, March, May, July, September, November 
1922January, May 
1923-January, March, May, July, September, November 
1924--January, May, July, November 
1925-January, July, September 
1926January, March, May, July, November 
1928 J a n u a r y  
1930-November 
1931-January, March, May, November 
1932 J u l y ,  September, November 
1934--October 
1938-November, December 
1943January, February, March, April, August, December 
1946 J a n u a r y ,  March, Apri l  
1947January, February, March, April, May, June, December 

FOR TECHNICAL HELP a . a 

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

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

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

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

4. Conduct research on new ideas suggested 
by you. 0 • • BLUMENTHAL BROS. CHOCOLATE COD 

MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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a major interest in good dairying, you should 
plan to show these informative films. They 
are yours to use FREE for your specific 
meeting date. Just write and reserve the 
films of your choice a few weeks in ad- 
vance. We will be glad to mail them to you. 

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

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

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

@ Technical film dramatizing advantages of BREAKER 
Cup for herd health. (16 mm movie - sound; four- 
teen minutes.) 

TONGANOXIE ond BREAKER 
Yours to Use Free Without Obligation 

ore Babron Bros. Co. 
trademark 

BABSON BROS. DAIRY RESEARCH SERVICE 
OBabron Bror. CO., 1962 2843 West 19th Street Chicago 23, Illinois 



I~omogc*llie;~tio~~, : I I I~I  cI;~rifir;~tion. T l ~ e  ~ e t e r : ~ ~ ~  
srientist also carric.tl out c.xtensive work on 
t l ~ c  kec'pil~g cluality oI' n~ i lk  filt. H e  pioneertvl 
the tIlc.org t l ~ : ~ t  nlilk  quires certi~in off-flz~vors 
:IS t l ~ r  result of a n~il t l  o x i d i ~ t i n ~ ~  of one of its 
111i11or ronstituents. Other resr;~rc-h of Dr. 
Grc.enb;~nk's has cwntributed 11c2\v kno\vlctlge 
; ~ l ~ o n t  phosphaticlcs and enzylnes. 

.\ 11:1tivc. of IVoodsfield, Ohio, 1)r. (:reen- 
I);~nk is ;I graduate. of Ohio Stat(, Univcarsity. 
A\ftc.r doing grai1u:lte work a t  Ohio Statti, 
,Johns IIopkins University, and M;lssarhnsetts 
I~ ls t i tu t r  of' Tecahnology, Dr. C;rrenb;~nk re- 
cc.ivc.d his PI1.D. tlrgrt.ca fro111 . \n~c~ric:~n Uni- 
vcwit?- i l l  1930. 

In  1949, 1)r. Grc~enl);i~~k's resc,:1rPh w ; ~ s  rchc- 
ognizetl by the A n ~ e r i c . ; ~ ~ ~  C l~en~ i r a l  Society, 
\\.hen it 1)c.stowt.d on I I ~ I I I  the ( ~ ~ v e t e d  R O ~ ~ P I I  
.\\\-art1 i l l  the Clrc.~nistry of Milk. Tl~c. Sollow- 
ing yc1tlr )I(: recc~ivcd tl~c. IT. S. I )epar t~~~c.nt  of' 
. \ p r i c ~ ~ l t ~ ~ r e ' s  Superior Servicx? 11 w:~rtl. I )I.. 
( ; I Y ~ ~ I I ~ ; I I I ~  is :I I I I ( ~ I I I ~ ) ( * ~  of the, A111c>rie:1n C ~ P I I I -  
iral Socic.ty i ~ n d  II;IS served on ;I I I I I I I I ~ ) ~  01 '  
its i~lrportant co~~~n~ittc.c.s. fIc8 is i~lso ;I I I I ~ ~ I I I -  
I)er of t l ~ r  .\111(.ri(,:l11 I)airy S(2ienc.e ;\ssoc.i;~- 
tion ; t ~ ~ t l  hiis IIPCXII c.l(v.tcd to the \ V ; ~ s h i r ~ g t o ~ ~  
; \ r ad t s~~~y  of Sei(.~~c*c,s. His 1111111e ;~l)l)e:~rs in 
I\Tl~o's IVlio in C l ~ t ~ ~ t ~ i s t r y ,  IVl~o's 1Vl1o in Sei- 
cLnre i111c1 I I I (~IIS~PJ- ,  . \~ l~t . r ic ;~n Me11 of Seic.~~(v. 
JYho's \Vho i t )  t l i ~  So~~t l~ca;~s t ,  ; I I I ~  \Vho 1<11o\vs 
J\-ll;l t. 

Dr. (~r( f iaf i~~l) ;~ i~k is ;~ctiv(b in tli(h 13oy SI ,OII~S 
of l \ ~ ~ ~ e r i ( . ; ~  ; ~ n d  in t l ~ e  lLrtl~o(list ('l~urc.l~. 
;\ftc.r ;I ])lilllll~d 6-lll0lltll rolllld-tll(~-\vor1~1 tOlll., 
Dr. ; ~ n d  Nrs.  Gre(~nl);~nk 1)I:111 to enjoy their 
six grantlcl~ildrc~n ;111d 1)nrsne t l~ei r  11ol)t)ic.s 
of floricnlture ant1 ~) l~otogr ;~l )hy ; ~ t  thriv 11o111(, 
in - \ r I ingto~~.  I7irgi~~i;l .  l)r. (;r(-c~nb;1111< I I I ; I ~  

:~lso tl(brotc2 ronle 01' his ti111(> to tllore rc.s(~i1rc11. 

New Appointments a t  Missouri 
C'. 1'. ~I~:RII..\s, f o rn~e r  c l~ ;~ i r~ i i :~n  of t 1 1 ~  

tlz~irp I~r~sl);~ndry de l ) i l r t~~~en t  ; ~ t  the I.niver- 
sit>- of l l issomi,  h;cs ])(,en I I ; ~ I I I C ~  :lssoci:~t(~ 
tlirerto~. of tht, linivc~~.sity's A\gricultn~,;~l  Ex- 
l)rri111(*11t Stt1tio11. 

31eril;r11 snccc~c~ds S.\ar R. SIIIKKT, \vho rch- 
tiretl Svl)tc.~~~l)c.r 1 ; ~ t  ; y e  65, the University's 
I I I ; I I ~ ~ ; I ~ O I ' ~  ~'etir 'tn(~~lt age for  stitR I I I ~ I ~ ~ ) ~ ~ I * s  

ill 111i1,jor : ~ d ~ ~ ~ i n i s t ~ . ; ~ t i v e  positions. 
.l 11;1tire of I,estc~rville, I\lc?ril:~n i.orcivctl 

:L B.S. tlvg~,rt,  fro^^^ tl~c. Univc~rsity of klissorl~~i 
in 194s: :III .\.>I. ill 1949: :III(I his 1'11.1). (I(,- 
p e e  i t 1  I!).??. H e  II;IS speci;~lizctl ill te ;~cl~ing 
:111d I Y ~ s + ~ : I I ~ ~ I I  i l l  &airy e;xttle I)ree(ling ;III(I 1111- 
tr i t ior~,  nntl in r11111(~11 l~;ict~riology. H P  \\.:IS 
nnn~c.d e l ~ ; r i r ~ ~ ~ ; t n  oi' the d;liry liusl~anclry tle- 
~)nr t l l l~~l l t  :I ye;1r ;lgo. 

S ~ ~ ( w > c v l i ~ ~ g  11(.1.il:111 as ~ I I ; I ~ I . I I I ; I I I  of thc, ( l ;~ i ry  
1111sl1:111dry tlcqxirt~lrt.nt is . I .  El. K ~ ~ r o s n s o s ,  
~vllo II:I> 1)(~(,1i on the d ( ~ l ) : ~ ~ . t i ~ ~ ( ~ ~ i t  stafi' sinre 
19-40, 

I ';tl~~~ot~tlson, a 11;ltive ot' Springfield, rc.caeivetl 
11is 13,s. ; I I I ( I  - \ . l l .  (legrtv~s fro111 tlie I7nirer- 

C. P. Merilan J .  E. Edmondson 

sity ~ I I  1939 : ~ n d  1940, :111(l his 1'11.i). (legre(, 
fro111 Iowa S t ;~ t e  Irnivwsity in 195:i. Hc. h;~z 
(Ion(, ~vse;~rc.l~ in 111;1stitis :III(I in p ~ . o ( l ~ ~ c t  con- 
trol ; ~ n d  si~nitiltion. 

Dr. Serge N. Timasheff, USDA Scientist, 
Named 1963 Winner of Borden Award 

in Milk Chemistry 
.\ t-. S. 1)(~1);11~tnlent of' A \ g r i c ~ ~ l t ~ ~ r ( ~  sri- 

c ~ ~ ~ t i s t ,  \vho solvc,tl ;I ritltllc. ;11)ont onth of thcb 
])~.ott~ins of 111ilk that 11:ltl 1)al'tlc~tl rt.st~;~rclir~'s 
i'ol. 20 y~ . ,  is to I)e 11ono1.t.tl 1.01. his \vork nest 
yv;~ I. I)y t l ~ c  A\ ~ ~ ~ c s r i c a ~ ~  ( ' l~c-~~~ic.; t l  Socaichty. 

1 ) ~ .  SEK(;R TIJIASHEFF. of t l n~  Agricult~~rtll RV- 
st~:l~.cl~ S~rvic.1.'~ Enst (~r l~  Utilizi~tiol~ I<c*st.ar~I~ 
: I I I ~  ~ ) ( ~ ~ ( ~ I O ~ ) I I I ~ ~ I I ~  1)ivision ill \Yyndn~oor, Penn- 
sylv:~i~i:~,  \\.ill he thr l!)fi:% rc.c.il)irnt of' the Ror- 
tl(211 .4\v:1rd ill tl1c3 Chca~~~istry of llilk. The 2111- 
nouncrtl~ent W;IS ~n;ide 
S ( ~ p t c ~ ~ ~ ~ h r r  10 at  thv 
1+211tl Natio11;11 i\leet- 
ing o f  t11r . \n~er ie ;~n 
Chc&11iiv:11 Society in &\t- 
Inntic. ('it., Sc.w .Jrr- 
s'y. T h e  Hor t len  
. \ w ; I I . ~ ,  consisting of 
$1,000 ant1 :L goltl 
111tvl:11, will l)ta pre- 
stantc~l to I)r. 'l'i~n;lshrff 

i l ~ g  ~~cbst  ?Zpr:l in Los 
A1ng:.c.les, \v11~r(~ ;I sym- 
l)osin~n will I)(' con- S. N. Timasheff 
tluett~d in his honor. 

111.. Ti~rr;~shefl"s reseal.c.11 has I)(VIII co~~tlnctcatl 
on olle of' the p r i ~ ~ c i p a l  ~)isoteit~s of 111ilk ~ I ~ O W I I  

;IS l ) r t : ~ - l ; ~ c ~ t o g l o l ~ ~ ~ l i ~ ~ .  I:t~canscs this 1)rotei11 
cssists ill t\vo ; ~ l ~ n o s t  itlrntie:~l f'orn~s, callt.tl 
l )c~t;~-l:~( .toglol ,nl i~~ ant1 I)et~~-l;~c~toglol)trlii~ l i .  
it II:IS yic~ldetl i1111~orti1nt ('IIICS 011 the rel;~. 
t io~ls l~i l )  I)ct\v\.c~c~~~ n  rotth thin's c.hcln~ic.;~l struc- 
tmc. ; ~ n d  its I)iolopic:~l or ~ ) I~ys i c ;~ l  Itrl~avio~.. 
11y stntlying t l ~ v  .\ and B f0r111s of l~ t~t :~- l ;~cto-  
g lohu l i~~ ,  I)r. 'i'il~~;~sheff has I)ce~l ;il)l(> to c;u~c.t.l 
out tl~cbir fe;~turc~s th;~t. : ~ r r  c.xncstly ;~likc, :~nrl 
to rs l ) l ;~ in  tllcail. l ~ e l ~ ; ~ v i o r ; ~ l  tlifft.~.c~nces prc.- 
c.isc.ly on thc, I);lsis of t l ~ v  vtbl.y I ' c s \ r .  ;1111il1o 
:~c.itl ~.csidut.s tl111t tlistinguisll ant, 1'01.111 fro111 
tlie otl~cr.  



"Tuffy" is the plastic 1/2 gallon milk con- 
tainer formed a t  the dairy only seconds 
before it's filled with milk. Both operations 
a r e  done by a fully automatic, completely 
sanitary machine. . . American Can Com- 
pany's exclusive new "Tuffy" 1/2 Gallon 
Machine. Together, the "Tuffy" container 
and Form n' Fill machine will advance side of containers seconds before they a re  
sanitary milk handling and packaging filled with milk. Unique bottom filling de- 
procedures. sign eliminates foaming. (No need for  a 
The "TUFFY CONTAINER" is  plastic-laminated defoamer! ) 
and plastic-coated inside and out for  supe- And a i r  heated from 650" to  700" is dis- 
r icr  strength. Both bottom and platform tributed over container tops and bottoms 
top resist leaks even under severe abuse. to  provide leakproof heat seals. Result: 
The platform top is  absolutely tight, yet is The strongest, most sanitary closures of 
easily opened. The unique "Flexispout" any 1/2 gallon on the market! 
delivers milk which remains uncontami- 
nated when poured. And the plastic-coated A REVOLUT1ONARY CONCEPT 
construction eliminates wax flake-off. Nothing ever touches a "Tuffy" container 

but sterile equipment, filtered qp, and 
T h e  "TUFFY MA- fresh, clean milk. That's why a Tuffy" 
CHINE" achieves milk container, formed and filled a t  any 
sterility r ight on dairy, by a "Tuffy" Form n' Fill 1/2 Gal- 
thedairyproduc- lon Machine is a SUPER-sanitary milk 
t i  0 n 1 i n e .  I t package, another advance from 
forms, sterilizes, 
f i l ls  and  seals MILK CONTAINER containers auto- 
matically. High 
efficiency ultra- 
v i o l e t  l a m p s  
sterilize the  in- AMERICAN CAN COMPANY 
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Biologically, beta-lactoglobulin is a signifi- 
cant protein, since genetics determines whether 
the A form, the B form, or a conibination of 
the two, will be found in the milk produced 
by a given cow. Dr. Timasheff discovered that 
the molecules of beta-lactoglobulin A, a t  low 
temperatures and within a certain acidity 
range, clump together in loose aggregates with 
four times the nor~nal moleculnr weight. No 
such aggregation of the B molecules occurs. 

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

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

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

Dr. Timasheff's wife, Dr. Marina Timasheff, 
is also a scientist a t  the Eastern Utilization 
Research and Development Division. The 
Timasheffs live at  705 E. Hartwell Lane, Wynd- 
moor, Pennsylvania. 

New Appointments a t  North Carolina 
State College 

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

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

THE SEMEN OF ANIMALS AND 
ARTIFICIAL INSEMINATION 

Edited by J. P. Maule 

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

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

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

xx + 420 pp. 33 illz~strations Price: E3 or $9.00 

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

Orders m a y  Be placed with any  major bookseller or sent to  

Commonwealth Agricultural Bureaux 
Central Sales Branch 

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

J. F. Wiles V. A. Jones - - 
Dr. Waldern Appointed a t  Washington State 

A Canadian dairy nutritionist, DR. D. E. 
WALDERN, has just joined the staff of WSU's 
De~artlnent of Dairy Science. He will hold 
a joint research-teach- 
ing appointment with 
the rank of assistant 
professor and his prin- 
cipal assignment will 
involve teaching and 
research in nutrition. 

He has been a staff 
member of the Cana- 
dian Department of Ag- 
riculture's experimental 
farm at  Prince George, 
British Columbia, for 
the ~ a s t  several vears. 

D;. ~ a l d e r n "  was D. E. Waldern 
awarded a Ph.D. de- 
gree in Dairy Science by Washington State 
University this past June. Subject of his 
doctoral research and thesis was the effect of 
diet on volatile fatty acid production and 
absorption in the bovine. 

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

Professor King Lectures a t  Iowa State 
PROFESSOR N. KING, Division of Dairy Re- 

search, C.S.I.R.O., Highett, Victoria, Aus- 
tralia, was a guest of the Department of Dairy 
and Food Industry, Iowa State University, 
on August 2, 3, and 4. Professor King pre- 
sented two seminars concerning his concept of 
the nature of the orientation of surface-active 
materials a t  the milk fat  globule interface and 
his hypothesis of the inechanisnl of churning. 
In  addition, he conferred with the members 
of the Department concerning topics of lnu- 
tual interest. 
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I'rol't~hs~r I<ing has been :I 111enlher of the 
I>airy Technology st:~ff : ~ t  thtb University of 
Illinois since Fehrunry 1, lR(i2. He rc.turned 
to A\nstr;~lia on August 1 5  by way of Copen- 
I ~ ~ g e n ,  I)ennrark, where he ~>articipatc.d in the 
progri1111 of the Intc.~.nation:~I 1);iil.y (Jongress 
\rliich W:IS held Septem1)t.r :i to 7. 

David Wieckert Appointed to Southern 
Illinois University 

I ) . \ I - I I )  I \-IB;CK~;RT, -\lq>Ieton, TITisconsin, is :I, 

II(,\V ;tssist:rnt profrssor of : ~ n i n ~ a l  industries 
:rt Sontllner~~ Illinois rniversity,  cffr~c'tivc Sep- 
te11111er 15, 1962. IIe is a tloetorwl candidntr~ 
(1963) at the University of '\lTisconsin. IIe 
rt.c.eivcvl his R:rchclor's :rnd ;\lirstc~'s cltbgrees 
SI.OII~ J\-isco~~sin in 19,52 :111(1 1956, rtsspertively. 

IIis tloctort~l pl.ohlen~ II:IS heen a, gc~netia 
stntlg of the \ \~t~ll-kno~rii  P i ~ h s t  Far111 I l ~ r d  of 
Jlolstchin c.:rttle in \Visconsir~. IVieckert's spe- 
c,i:rliz:rtion is cliriry breeding. I Ie  l ~ r l d  :I Fnl- 
1)right rc~sclareh grant in 1957-58 for  ten 
111o11ths of stutly in Xc\r Z(~al:rncl in the ficld 
ol' t1:riry ctrttle l~l~ysiology. F o r  1 yr, 195(i-5'7, 
1 1 t b  rtsrrcd R S  :L 4-EI t~stension agtlnt in IVis- 
c o ~ i s i ~ ~ .  1Ie is n n ) t - ~ ~ ~ h e r  of t l ~ v  A111eric.an 
I):~iry Seicnct, Associ:~tion and the .\~nericnn 
Socitht>- of A \ ~ ~ i u ~ : ~ l  l '~~odnc*t io~~.  

Professor E. O. Anderson Assumes New 
Position in Connecticut 

F:. 0. A\ NL)ERSON, Etnt~ritns Prof'(lssor 01' 
])air)- 11:11mf;rctnre, U ~ ~ i r e r s i t y  of Connecti- 
cut. \\*as reec~ntly appointed to the 11c?w1y ere- 
;~ ted  post of' Food Quality Control Speci:~list. 

l'~.oft.ssor A \ ~ ~ t l c r s o ~ ~ ,  who rctiretl : ~ f t c r  30 
yr  of serviecb a t  the I*niversity of Connecticut, 
\rill ~vorl; with the tlniry industry in the stirtct 
to help nlainti~in ant1 protect t l ~ v  n:rtnr:~l fl:r- 
r o r  of nlilk fro111 the (#ow to the consuuic81.. 
'I'lrc? United St:ttes l ) e p ; ~ r t n ~ e ~ i t  o f  J \grict~lturo 
ant1 the. Univc~.sity of Conncctit.ut will coop- 
t.~,:~te with tht! d e p n r t ~ ~ ~ e n t  in this rntleavo~.. 
I'rofessor A \ n d c r s o ~ ~  will also :~ssist  dairy or- 
g:.:~niz:ttions in tht! setting 1111 of n~ilk-tc.sting 
1):111els, and will orgilnl~ixe ~nillc flavor clinirs 
1'01. plirnt e1111)1oyc~s and f:rr~nc.rs. 

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

3'. S. . \ s r ) ~ i ~ \ v s ,  H(s:td of t l ~ c  Aninl:~l Sci- 
ctnc.cs U ( ~ l ) n r t ~ ~ ~ e n t  a t  Purdne University, :rnd 
17. .J. I~.\I<E!., proi'csssor in c.ht1rgc1 of tlrc Dniry 
.\lirrmf;rcturing Secation, 11:1vc. :rnnouncrd two, 
oiic~-tl:~y 111ct8tings to be l~cltl in Soven~her ,  
1!162, in the Men~ori:rl Ct~nt(1r : ~ t  l'urdae Uni- 
vc~rsity. Thtt I>airy Fic~ldnrt~n's Conferc.ncc will 
I)e hrld on Xovt.~nbcr 13  :rnd the 1)ail.y I'l:~iit 
Op t~ rn to~~s '  ( 'onft~renct~ on Soren~ l ) e r  14. Thc! 
( ~ ~ I I S ~ ~ I - ~ I I C P R  :Ire :In :tnnn:~l i~fl':rir spo~~sor r i l  in 
c.ool)c'ration \\it11 thc. 1n(li:111:1 D:riry Prot l~l r t s  
.\ssoci:rtion. 

'I'he h i r y  I~'iel~1111en's Conft~rent~t~ \rill in- 
clude papers on Il igh Corn Silage. Ii;~tions. 
Recent Drvclop~nrnts in Milking Systen~s,  COIII- 
p:~risons of D:tily Fresh Milk Tests :uld Strati-  
ficd R;lnndoni Fresh Milk Tt!sts, 'L'he Illilk FIa- 
vor l'rohlen~, tlnti Solids Testing fro111 tht. 
1'1.odnce~'s Point. Tht. progr:1111 \vill allso in- 
clndt. :t tliscussion of The C'ool)er:~tirc. Nxtc.11- 
sion S(1rvic.e :rnd :I re1)ort on thc TVol.ltl's 1):rir)- 
(hngress :~ntl hhrope:rn 1)airyiag. 

TIIV 1):riry l'l:~nt O l ) e ~ ~ ; ~ t o ~ , s '  C!ont '(~~~t~~ic(~ is 
to inclutlt* tliscussion on Qn;llity 1'rogr:rnls 
for 1lunnfactnring (1rndc Milk, The 1):riry In- 
tlustry : I I I ~ ~  Govthrnn~ent:~l Policies, NlTect 01' 
the F ~ I I ~ . ~ ~ ) ~ : I I I  ( l o~nn~on  l larl tct  on AIidwest 
I)ai~.ying. 1'1.ocessing Stclrile l'rotlncts, Iy:rri:~- 
tions in Tot:ll Solids and P1.otein C o n t c ~ ~ t  oi' 
Bulk Tank I'roilucer AIilk, ; ~ n d  :l tliscnssio~~ 
on I(cc.c~nt I )er t~lo l )~~tc~i ts  i l l  1):lil.y 1'1~odnc~t 
1'ac.ktrging. 

Short Course at Wisconsin 
I\ sl)ecii~l 3-wli ~ r i n t r r  c12ri1.y c~ou~.sc, ill 

c l ~ c ~ c ~ ~ e - ~ ~ ~ a k i n g  \rill he offertat1 1)y tht. Unive~.. 
sity of TViseonsin dep :~ r tn~ t~n t  of tliriry ilntl 
foot1 int1ust1,ies S o r e ~ ~ ~ l ~ t t r  2fi to I)eczcw~l)rr 14. 

The. It.cturc l~or t ion  o f  tl~t. c.o~ursc~ will f(8:1- 
tnre l)~'i~lc.iples of e l~ec . sc~ -~~~ :~ l i i~~g ,  n ~ i l k  coi111)o- 
sition :rnd tcsting, d :~i ry  aritlin~c.tic, dairy 
n~reh:tnics, (lair!. l~ :~r t t~~. io logy,  st:rrter cnlturrs. 
i111t1 (litiry szrnitation. Using the Lnivt1~'sity's 
I':~cilitic,s in 13;thcoc~k Ilnll, thc~ students will 
g:~in t~s.\p(~rirnc+c in the. :rc.tr~nl ~ ~ ~ a n n f a e t u r c  of 
I I I : L I I ~  v;~rieti(bs 01' d o ~ ~ ~ e s t i ( .  ~ I I I ~  f o r e i g ~ ~  type 
clirest~, 11s \rt.11 :IS (:ott:~gc. : I I I ~  ot11t.l. ~ ( ~ t ' t  
types of cheese. 

i \ ~ ~  es;~~nin;rt ion for  :I TVisc~onsin cl~c.t~st~- 
111:rker's licbenst? will be givc.11 1)y the T\Tisco~isin 
Stat(, l ) c .pa r t~~~en t  of ilgrieulture for  clualified 
stutlc,nts : ~ t  the end of the courst2. 

7 ,  111(, coarstL is open to both rc.side~its : ~ n d  
nonresidents of Wisronsin \vho have t.0111- 

p1etc.d high scl~ool or its (.quivaleiit. E'er 
1:wther details write H. F:. (::llbnt, chu i r~ )~nn ,  
Ilepartinent of Dairy :rnd B'ood Indnstries, 
University of Wisconsin, Mildison, Wiscons i~~ .  

Completed Theses 
M.S. Degree: 

IZOBB:RT 1t . i~ T \ 7 ~ ~ . ~ o s .  Weight a i ~ d  volum~c~ 
rel:~tionships in fluitl dairy products. .\. 
and 31. Collegcx of Tes:rs. 

.\STOX S. WOOD. y i t ro fu r i~ns  in inf'inlt cl:~i~'y 
c:~lF diets. University of Jlinnt~sottr. 

Ph.D. Degree : 



8.K 50th Anniversay News.. . 

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

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

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

V i s i t  u s  a t  b o o t h  B-29 DZSA Show 
6-K Department 

PENNSALT CHEMICALS CORPORATION 
3 Penn Center, Philadelphia 2, Pa. 
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American Association fo r  the Advancement of 
Science to  Sponsor Symposium 

* Bacteriological evaluation by swab tech- 
niques of equipment cleaned by Klenzma- 
t i on  Systems reveals p roduc t  contact 
surfaces to be far below required standards 
- even after cleaning and before sanitiz- 
ing. Klenzmation Cleaning Systems com- 
bined with Klenzade Engineered P ip ing  
Systems insure highest quality products. 

Backed by years of de- 
ve lopment  wo rk  i n  
spray des ign and ap- 

This compact  "pack- 
age" recirculation unit 
' p re -assemb l  e d ,  

red, air-piped, ready 
r connection to utili- 
s. Includes tempera- 

tu re  reco rd ing  a n d  
control equipment and 
C.I.P. supply pump. 

Programming 
Trouble-free Program- 
ming provides precision 
con t ro l  of time, and 

I Automatic 

w a t e r  and  s t e a m  
usage. Components  
a re  carefully selected 
a n d  assembled f a r  
plant requirements. 

Chemical Feeding 
b, These air-operated tri- 

trol assure reliable per- 
formance and accurate 
control o f  de te rgen t  

ple-barrel piston pumps 
with positive flow-con- 

utilization. Completely 
assembled. readv for 

I wall mounting. 

KLENZADE PRODUCTS, Dept. 20 K Beloit, Wis. / 

A symposium on food quality as affected 
by production practices and processing will 
1)c sponsored by the AAAR in  Phil:~delphia, 
Pennsylvania, on December 27,1962. DR. R. E .  
H o ~ c s o x ,  Director, Animal Hushandry Re- 
search Service, USDA, Beltsville, RIaryland, 
will preside over the section concerned with 
])airy Products. The program is  a s  follows: 

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

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

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

E f f e ~ t s  of Processing Factors on Quality of 
Dairy Produrts. STUART PATTON, Professor of 
Dairy Science, Pennsylvania State University, 
University Park,  Pennsylvania. 

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

Forage Symposium Program 
d sylnposium program on The Economics 

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

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



J O U R S S L  OF DAIRY SCIESCE 

S T U D E N T  NEWS S E C T I O N  
TtT. W. SNYDER, Editor 

Section Devoted to News of Student Members 

A.D.S.A. Invests in the  Future 4. To work with the National Student 
The American Dairy Science Association is  Eranch, encourage strong local affiliate 

very much interested i n  dairy students-the chapters, and coordinate the student ac- 
future leaders of our Association. An example tivities with those of the parent associa- 
of this interest can be shown by outlining the tion. 
purposes and activities of one of the com- The Student Committee sponsors 

~ ~ ~ ~ ~ U ~ ~ ~ ~ h ~ ~ ~ $ ~ ~ o ~ ~ t ~ $  ~6,~;~e,","fP many these objectives. activities in  One an  important effort to activity accomplish is 
nine members of the American Dairy Science the promotion of the Student Chapter News 
Association, is  appointed by the President of the JOURNAL, which serves to keep 
the Association. The prime function of this dairy students and bind them closer committee is t o  create student interest in the together. Other activities activities of the Association. I t s  objectives 
may be stated a s  follows: 1. To promote student affiliate memberships. 

1. To develop student appreciation of the 2. To conduct the student chapter activity 
contest during the annual meeting. 

lnagnitude the Industry, the 3. To the Graduate Student Sci- opportunity i t  offers, and the training 
required fo r  success in the field. entific Paper  Presentation Contests. 

2. To acquaint students with the American 4. To advise the National Student Branch 

Dairy Science Association, i ts  scope and officers and aid in planning and conduct 

purposes and the role of student affiliate of the annual convention. 

nlembers in  this over-all progranl. d series of articles giving additional infor- 
3. To encourage closer relationships be- nlation on the chapter activity contests, the 

tween students, faculty, industry, and National Student Branch, and the Graduate 
other educational institutions. Student contests will appear in  future issues 

-. . 
R A M S N  

S H E R B E T  F L A V O R S  
Ramsey MI!& Sherbet flavors are exactly what the name implies-FRESH. The 

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

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

compelling your brand name or how forceful your rner~handising, '~our sherbets must 

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

with Ramsey -I!& flavors and formulas especially created for full compliance 

vith the new Federal Standards. You can nof get a more complete sherbet Program,from 

n t t ~  a//ter source. Now, from one single source you are able to procure flavors with 

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

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

PROVEN. FORMULAS to LABORATORIES, I N C -  lithography and three sizes. 
insure you of quality. 2 7 4 2  Grond 4-r C' - r l - lnnd  4 O h a  

PHONE SWEETBRIAR 1 2 7  2  7 
LABELS for plastic containers. 



of the Jor;~ssr,. The officer. of each ;iffiliitte 
clu11 are enronragrd to read these articles and 
diwus. tlicn~ a t  a clnh ~neeting.  

L. .J. noun, Cliair~nan 
Student ,\ffili;itr Conimitter 

SPOTLIGHT 
[Tliis is the first in a series of feature 

articles to :~l)pc.;~r under this heading. The 
1,urp)se of thesc articles is to help all cluhs 
i n~pro re  their activities. The officrrs iul t l  ad- 
visors shoul(l br willing to study these re l~or ts  
in order to  achieve this purpose. 

Thr  1)airy Seiencr Club of the r u i v c l r s i t ~  
of Georgia was srlertcd ns the first ;~ffiliato 
cluh to he honored, because of i ts  outstanding 
record in the clnh acliieve~rrc~nt a n ; ~ r d  pro- 
granl. Thr sl~otl ight cluh ~ v o n  the A.T).S.A. 
tro1,liy a t  the annual meeting fo r  two suc- 
cessive years, 1961. mid 1962. W r  s i~lu t r  the 
Dairy Sciencc Cllib of the University of 
Georgia f o r  a ,;oh nell done.-TTT .TI7. Snydrr]  

The University of Georgia's 
Dairy Science Club 

The D21iry Scirnce Club : ~ t  the University 
of Georgi:~ had i t s  heginning in 1946 ~vl-hrn 
enroll~nent hcgan the post-war surge. Since 
the Dairy Drpartment hnd been offici;tlly or- 
ganizcbd just .', 71- earlier, i ~ l n ~ o s t  a t  the he- 
ginning of the war, 1916 reallv was the be- 
ginning of i ts  student program. Olin C. 
Rhodes, currc~ntly district sales manager fo r  
Sopco Chemical Colnpany, was the first presi- 
dent of the cluh. H r  was follo~ved 1137 Richard 
Sendelhnch, \vho today is a district sales n ~ a n -  
ager fo r  Forenlost Dairies. Thirty-five stu- 
dents were charter ~ i ~ r ~ n h e r s .  

Tllr purpose of the Club fro111 i ts  bcginning 
I ~ n s  heen threefold : 

1. To lwo~iiott~ n n d ( ~ ~ . s t a ~ ~ d i r ~ g  alnong dairy 
students alld other students interested in 
itny phase of dairying. 

2. To promote fcllo~vship alllong dairy stu- 
dents and between the dairy department 
staff and the students. 

3. To be of service to  the Dairy D r p a r t ~ ~ l e ~ ~ t  
and to  the dairy industry. 

7'0 say tha t  the Cluh has been successful in 
the above ailns woultl be a n  unilerstatc~ment. 
Thr U i~ i ry  Cluh is a11 essential piirt of the 
- -- -- -~ - 

LABORATORY SERVICES 
Applied Research m ~ d  Development 

Testing and Consultstioll 
Food, Fced, Drug and Cl~elnicnl Analyses, 
Aninial Stu~lies, Pesticide Screelling, Pesti- 
cidc and Atlditive Residue Analyses. 

For pricc scl~edule and specific 
work proposals, write 

WISCONSIN ALUMNI RESEARCH 
FOUNDATION 

P. 0. Box 2217, Madison 5, Wisconsin 

1):liry Department, and prohably no other de- 
pa r tn~en t  in the University has such a cos- 
mopolitan groupgeographica l ly  as  nell as  
field of interest-and a t  tho same time. enjoys 
such a close working relationship anlong i ts  
students. Likewise, the interest and support 
of industry in the activities of the drl)nrtmrnt. 
:Ire commendable, nlost of ~vhicli can I)(. a t-  
tribnted to  the Dairy Science Club. 

I n  the current orgi~nisation several staff 
~neinbers serve as  advisors, thus dividing the 
areas of responsibility. Prof.  H. B. Hender- 
son serves as  general advisor and lvorks with 
all of the committees. Dr. Olin T. Fosgate 
works with the progranl comn~itter  ant1 as- 
sists in scheduling events during tlie year. 
IPr. Robert E. Roherts works with tlir staff 
of the Georgia. Dairyman, the scrap1)ook com- 
mitter, and coordinates the social activities of 
t h r  Club. Dr. Carl Clifton works closely ~v i th  
the Dairy Day rorn~ilittc~e. 

The ~nn,jor activitirs of the Cluh ilrc8 Iinn- 
dled through eonlnlittees. These colnlllittres 
\vork with the advisors in ( I r~eloping the 
pro,jert fo r  which each colrrniittee is respon- 
sible. At  the sen~inlonthly nieeting of thr  
Club, thr  prc~sid(3nt calls for ;I report fro111 
raah corninittee. The vice-president is ; I I I  

ex-officio tnc~nlher of all co~nmittees. 
Thr social progr;lln of the Cluh is r i ~ ~ . i e d  

enough to lteep the students interested, hut 
not so extensive as  to he too time-consun~ing 
or espensivr to the average student. The yeais 
is started each fall with :I chickt~n 1)arl)rcut~ 
sponsored by a local dairy. Tliis is the t i n ~ e  
when students can get acquainted with rac.11 
other. the faculty, University adniinistr;~tors, 
etc. This is  followed by the fall  haiiquet just 
hefore the conelusion of the fall clui~rter. At  
this time, scholarship awards arc  nladc and 
;I large nunlher of industry peoplv art. present. 
'Thr spring banc1uc.t coneludes the year's :I(*- 
tivity. At  this time the Creorgi:~ Dairy Prin- 
cess and the Anierican Dairy Princess nre al- 
ways present. I t  is  the tilne, too, for   present:^- 
tion of the Honoriiry RIenlher of tlir. Tc.:~r, and 
the drc1ic:ltion of tho annual. 

Parents and students enjoy the fellowship of the 
Dairy Science Club banquets. 



~ C E S ,  a more pronounced f ru i t  flavor without 
altering the desired sweetness level. Prove all 
these things to yourself in your own plant-mail 
us the coupon for facts and a generous sample! 
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Miss Louise Knolle, American Dairy Princess, and 
Miss Marlyn Smith, Georgia Dairy Princess, with 
the President of the Dairy Science Club, Mr. David 
Hoyer. 

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

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

An important aspect of the student-industry 
relationship has been the Honorary Member 
program. One lnenlber fro111 the industry is 
elected to honorary membership each year. 
Generally, this is a person who has shown 
soirle special interest in the Club and the ac- 
tivities of the Dairy Department. The 1961-62 
honorary member, for example, was X r .  George 
Farrar,  an  outstanding livestock auctioneer, 

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

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

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

One of the early projects of the Club was 
the establishment of a scholarship fund. This 
was proposed by Mr. George Griffin, for  sev- 
eral years now in public health work in Doug- 
las, Arizona. From a meager beginning with 
Mr. Griffin's $3 contribution, the fund has 
grown to more than $1,700. It was the intent 
of Mr. Griffin and the other members of the 
Club a t  tha t  time, that  this fund be used only 
for emergencies, such as when some student 
was going to drop out because of financial 
difficulties but who could be kept in school 
by a contribution of a small sum of money. 
It has been used only twice, but for  two very 
deserving young men. 

The Club has several money-making projects. 
The major one is the Dairy Day program held 
annually the last Saturday in April. As a 
par t  of this program 36 dairy heifers are 
auctioned to certified 4-H and FFA members. 
The aninlals are consigned by breeders in  the 
Southeast and represent the three major 
breeds in this area. The Dairy Scicnce Club 
rcaceives a commission of 10% of the gross. 
The net profit from the sale has been approxi- 
n~ate ly  $500 each year. The publication of 
The Georgia Dairynlan also nets a small 
a~noun t  of profit. A concession stand a t  
I)airy Day generally nets a nice profit. Re- 
cently, the Club took on a project of selling 
subscriptions to dairy magazines, which prove11 
rather profitable. Cluh dues are $1.50 per 
year. The total receipts fo r  last year were 
approximately $12,000 ; expenditurcs amounted 
to more than $11,000. 

The Dairy Science Club meets twice each 
nionth during the school year. Variety in the 
type of program is intended, to create interest. 
Programs range from talks by dairy industry 



JOUR-VAL O F  DAIRY SCIBXCB 

M a n u f a c t u r a r s  o f  t i n e  c h o c o l a t e  and  c o c o a  s i n c e  1894 



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. 

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

prGpioni bacterium ~ h e r ~ a n i  
Standard "Flake" makes 1 quart  starter. 
"Flake 40" bottle makes 40 quarts culture. 
"40" is unique in the  industry, proved in use 
for 23 years. F i rs t  propagation produces 40 
quarts culture . . . no additional incubation, no 
special treatment involved. 
Also available: * Roquefort and Camembert 

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

Dariloid XL@ for  your white mixes 1 It,;~tlcrs, University officinls, ~ ~ ~ o v i t . s  (csvcr~ ill- 
Sherbelizet-8 for  your chocolate mixes I vluding cartoons), to tours of o t h n  (lt.l,;~~.t- 

program. 

THE DAIRY LABORATORIES 
2300 Locust Street 

Philadelphia 3 ,  Pennsylvania 

Prodztcts of KELCO COMPANY 

Ready to board the bus for the biennial tour of 
dairy plants and farms in the Southeast. More than 
30 Juniors and Seniors made the trip. 

111c.1its in the University. it11 ilnportant t'c8;r- 
t1u.e of all prograins is that  the students ru11 
thcx sho\v, and tha t  no longer than the allottetl 
1 11r is  used for  a meeting. Refreshn~ents are 

r n ~ ~ ~ 0 - i ~ ~  FLAKES ; I I W ; I ~ S  served, which provides opportunity 
f'or l'c,llow7ship follo~ving the progrnlll. 

I'rrhnps the high light of the over-all pro- ' j .1~111 oi: the CIuh is the biennial t r ip  for  and FLAKES 40 I .I~iniors an(i Stmiors.  he major portion of 

Now A vailable: the c.sl)rnse is  borne by the Cluh fro111 the 
1)rofits oP the d:riry heifer s i~ l r .  With a profit 
of :~hout $600 :~nnunlly, this provides nhout 

, , 7 i , , ,  , 1 $1,111111 fi*. rv~(-ll trip. This y e l r  the tour was 

Butter #1, 2, 3.4, 5 held (laring the h r t ~ k  hetwt.c.11 t h e  winter and 
Sour Cream #1, 2, 3,4,5 s p r i ~ ~ g  cju;~rtcrs ;rnd iuc.ludc.tl visits to solile 
Streptococcus therrnophilus 1.5 d;~ir,v e s t ; ~ l ~ l i s h ~ ~ ~ e n t s  in Georgi;~, Tennessee, 
Streptococcus faecalis (D-K) iind North carol in;^. More t l ~ ; ~ n  30 stutlcnts 
Streptococcus durans (S.D.A.) 111:lde the 1,200-lr~ile tril) hy cl~artc~rtvl bus 
Lactobacillus bulgaricus during the five-day pcr.iotl. Seniors who 111adc2 
Lactobacillus acidoph~lus 
Lactobacillus helveticus i the t r ip  ac~clain~cd it the high light of' tlleil. 

Yonhurt culture (3 strains) college prograln. 



FROM THE SECRETARY'S DESK 
Classification of New 1962 Affiliate 

Membership 
I t  is ot' illte~.est t l l ;~ t  of 255 nrw 1962 affil- 

iate 111(11111)(~rs. fjOU/O are gr ;~du:~te  stud(snts ; ~ n d  
40:; ~ ~ ~ ~ ( l c ~ r g ~ ~ ; ~ c l ~ l ; ~ t e .  'I'l~is is (liff '(~re~~t fro111 
~ ~ . r r i o u . :  >.(.;II,S. F'I*OIII l05(i t l~~*ough  19tiO gr ;~d -  
ni~tch stutlc.nts r :~r ied  fro111 34.8 to 54%. T l ~ e  
106" tip.u~,c.s rrs111t fro111 a ~.t ,r t>l~t S I I I . V ( ~ ~  lnatle 
1)y your S~,c,rc.t;~ry, \vl~erc~by it \\.;IS found t11c.l-c 
u.cxrc. tricr1.c. pratluete stnd(.l~ts in dairy tcc.11- 
~ ~ o l o g y  getting ; ~ t l v ; ~ ~ ~ c e t l  tlegrees in 1961 than 
tlic.rc8 \v(.1.ct ~ u l t l r ~ ~ p r : ~ t l u ; ~ t r  stutl(.nts getting 
E.S. deg~.rc.s. 

01' t l~v  IMfi:! ~ ~ c ~ w  ~ ~ r ~ t i c r p r : ~ d u ; ~ t ~  stud(.nt :~ffil- 
i:~tcas, t)rt.rc> \\.care sc,niors, 18%;  jnniors In%.;  
* o l ) h o ~ ~ ~ o ~ ~ r e .  45L ; freshn~en, 2%. 

OI' thca 275 Ilr\v I962 ~nenlbers ;IS of ;\apust 
21 , I!)fi2. Mi. 01. :!4%,, \vcrcb stntlc~nt ; ~ f i l i ; ~ t t ~ s  ill 
1 R ( i 1 .  

VOLUMES OF THE JOURNAL OF DAIRY 
SCIENCE FOR SALE 

1 .  ('Olllr~lcte scat start ing with 1928, T'olu~t~es 
1 1  tl11~~np.11 T'olut~~e 34 (1951). Thestt ;Ira 

1111l)cru1111 \\.it11 tllr c.xc.eptio~~ of  1931 tllrougl~ 
19:15. w11ic.h arc 1)oand. ('ontact 1)r. R. V. 
l l u s s o ~ ~ p .  Reseirrcl~ :tnd l)c~vc.lol)~i~cnt Ilivi- 
s io~l ,  S i ~ t i o n i ~ l  I)airy Products ("orl)or;~tion, 
SO1 \V;~uh-eg;~n R O I I ~ ,  Glrnvit.w, Ill. 

ADVERTISERS' INDEX 
12111hrosi;1 ('ho(<oli~tt. ('0. . . . . . . . . . . . .  . . , I9  
A~l~n , i can  ('an Co. . . . . . . . . . . . . . . . . . . . .  9 
. ~ I I I P Y ~ ~ ; I I I  C ~ : I I I : I I I I ~ ( ~  Co. . . . . . .  42 

I3al)son Hros. Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'i 
13111111(~nthi11 131.0s. Cll~ocolatc~ Co. . . . . . .  (i 

( ' o ~ ~ ~ ~ ~ ~ c r n \ v c : ~ l t l ~  Apric.nlh~r;~I I~UI~~. : I I IX . . 10 

1):lil.y 1,:tl)orittoric~s . .  20 
. . .  I )ife.o JJal)or.;~toric.s . ..4tll Corer 

. . .  l"orc.~r~ost r):~iric.s, Tnc.. . . 17 

Iir lro ~ I :~nuf i~c tu r ing  i:o. . . .... 20 
I i l e ~ ~ x a d r  I'rodurts, 111c.. . . . . . . . . . . . . .  14 

I ~ ; ~ e ; ~ r u s  J~:~hort~toric~s,  11tc. "1 

N;~tion;tl Prctin 1'1-odurt:: Co. . . . . . . . . . . . . . . .  11 
T l ~ e  NestlG Co., 111~. . . . . .  3rd C0vc.r 

. . . . .  Owens-Tllinois Glnss Clo. ( T < i ~ ~ ~ b l e  Crl;~ss) -1 

I'c~~rnsalt ( : l~e~~~ic . ;~ ls  Curl?. . . .  1 :I 

. . .  R.;t~nsc.y I,aI)or;~toric.s, Tne. . . .  15 

\\-cast C l ~ r ~ ~ ~ i r n l  l'rodurts . . . . . . . . . . .  2L 
\\-isconsin r2l11111ni H(.sc.;ncl~ l ~ ' o n n d ; ~ t i o ~ ~  . 16  

- - - - - - - - 

BACTERIA COUNTS ARE KEPT LOW 

when pipelines are kept germ-free 
with DY NEB foamless cleaner- sanitizer 
As i t  cleans, DYNE loosens and washes away milkstone. Pipe- 
lines are left spotless and germ-free because DYNE contains 
"Tamed lodine"@, most effective germicide known t o  science. 

For consistent lows in  bacteria count, raw and pasturized, use 
DYNE foamless cleaner-sanitizer 
daily. DYNE dilutes i n  cool or 
lukewarm water - saving you 
plenty on hot water bills. And i ts  
action is not affected by hard 
water.You get the job done easier, 
faster, and at  lower cost. Avail- 
able from your dairy supplier or 
write to the address below. 

LAZARUS 
L A B O R A T O R I E S  I N C .  

Division, West Chemical Products, Inc. 42-16 West Street, Long Island City 1, New York 
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COORDINATES 
FACILITIES TO 

SERVE AGRICULTURE 
BETTER 

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

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

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

and universities of the country. 
We constantly review your papers 

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

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

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



SOME CHASGE'S I N  CATlON COAIPOSITION O F  MILK CAUSED BY 
TON EXCHANGE TREATMENT 

B. J. DEMOTT, 11. C. HOLT, AND R. G. CRAGLE 
Universit). of f ennessecAtornic Energy Commission, Agricultural Research Laborator) 

Oak Ridge, Tennessee 

SUMMARY 

Solutions containing various concentrations of calcium, magnesium, sodium, 
and potassium have been used fo r  the conditioning of ion exchange resins. 
the resins then being used fo r  the removal of radiostrontium and/or radio- 
cesium from milk. Using the batch technique a t  a tnilk : resin ratio of 20, resins 
in the calcium for111 caused a n  increase in calcium concentration in the milk of 
about 22 meq/liter balanced by losses i n  sodium, magnesium, and potassium. 
Likewise, sodium resin treatment increased the sodium concentration about 59 
rneq/liter of milk, balanced by losses in calcium, magnesium, and potassium. 
Resins conditioned with solutions containing mixtures of these four  elements 
caused changes in the composition of milk which reflected largely the con- 
centration of that element in the regenerant. I n  general, the changes were 
~nir~imized when the resin regenerant composition, on the basis of meq-frac- 
tion, approached that of milk. The concentration of regenerant, between 
1,200 and 1,700 meq/liter had but little influence. Approximately 50% of the 
radiostrontium and 60% of the radiocesium were removed by this method. By the 
use of a colurnn technique the strontium removal was shown to be more constant 
than the cesiutn removal. The concentration of Ca, Mg, Na, and K in the milk 
changed as the mill; continued to flow through the column. 

The exposure of milk to ion exchange resins 
in the calciunl form has been shown to be effec- 
tive in the removal of radiostrontium from 
milk (3, 4 , l l ) .  Resins in the sodium form have 
been uwd to decrease the calciunl content of 
milk for  .tehilization of evaporated milk (6 ) .  
Servik et al. (11) used a sodium resin for  re- 
moval of radiostrontium fro111 milk and found 
an  acron~panying decrease in the calcium con- 
centration. Easterly et a1. ( 3 )  found an  in- 
crease of ahout 22% in thc calcium concentril- 
tion of ~nilk by trratment of milk with a cal- 
cium-resin at  a n~~lk: res in  ratio of 20. Nigi- 
covsky (I)) found no changc in the concentra- 
tion of c.aI(.tum, sodium, or potassiun~ in tuilli 
after ion rx(3ha11ge treatment when the resit1 
was rr:ener;~tc~d with a solution containing thew 

Rrceive~l f o r  publication May I, 1962. 

c4ements in the sillne ratio as  present in 111i1k. 
Landgrebe et al. ( a ) ,  however, state that be- 
cause the cations in milk exist in the for111 of 
several complexes, one cannot use the con- 
cbrntration in the ~r~il lr  as the most effective con- 
rrntration to use on the resin. By lowering the 
p H  of Inilk to 5.2, followed by treatment of 
the n~i lk  with a resin conditioned with a mix- 
turc. of Ca, Mg, Iia, and K ions, Murthy et al. 
(10) were able to remove larger amounts of 
radiostrontium and radiocesiu~n than when the 
lnilk, a t  its normal pH,  was treated with a 
rrsin. The present study drals with son~e of 
the effects upon milk of ca.lciurn-resin treat- 
~nent ,  sodiut~l-resin treatment, and treatment 
to a resin co~lditioned with solutions containing 
various concrntrations of calcium, magnrsiun~, 
sodi11111, and potassium ions. No attet l~pt was 
made to alter the p H  of the milk. 

' fllis nta1111~nipt is published with the per- CALCITTM RESIN TREATMENT 

missioll of the 1)irector of the IJniversit? of Tell- ProcPdurc. Five grallls of Dowex 50 w-S12, 
nessec .igricriltural Esperimellt Statioll, Knox- ill the llgdrogen fonll iLs received, was washed 
rille, Tcnnesscr. The mdioactive materials used st.veral tillles Tvith 100-1111 portions of 
in the work were obtainccl from the United States 
Atomir Energy Commission. The \$,ark was rom- (':iCI,, then with water until the wash water 

pleted lnlder ~~~~~~~~t N ~ .  A T - ~ ~ . I . G E N . Z ~ ~  be. was negative to the chloride test using AgSO,. 
tween tile rnivcrsity of T e n n e s s ~  College of A ~ .  Otle hundred ~nillilitcrs of l>asteuri;sed, h o ~ ~ ~ o f i -  
ricultnre anrl thc Atomic Energy Commission. cwized, vitninin 1)-fortifird ~ni lk  was agitated 



1160 15 .I ,  l)~:~1OrlT, 11, ('. 1301,'1', . \ K l )  I i .  (;, CltA<31,1*; 

with this 1.t.si11 I'or 15 I I I ~ I I  a t  ;il)l)roxil~~;~tc.ly 
1.5 C. ,ll'tt!r iillowii~g thr  rtsilr to sc,ttlth, the 
Illilk w;ls filterc.ti and i t ~ ~ t ~ l y z e d  O I L  a H( '( ' I~IIIRI~ 
I)U fl;1111e sprc. trol)hoto~~~rter  for  sodia~ll  illid 
~)ot,;~ssiul~l, ilsirlg \\-avc, l c ~ ~ ~ g t h s  of .?XI) i111d 763 
I I I ~ ,  r(~sr)ectiv(*Iy. S R I I I ~ I P S  p~,cbl);trcd 1)y tho 
111ethod of l.'iskc~ a11t1 Sl~hh;lro\v (T,) wcbl.ca aria- 

Iyzc~tl fo r  ~)hosl)horus 1)y t h ~  us(, of ;I cwlor- 
i ~ l ~ ( ~ t ( > r .  CILIC~I~II I  and I I I ~ ~ I I P S ~ I I I I I  \VPI.I~ ( I (~~cI . -  
111inc.tl by tllc. ~ l ~ e t h o d  tl(.sc.rih(~d by Tii~~llill ( 7 ) .  
S : I I I I ~ I ~ ( ~ S  of thc, 1111t1~~:1tc~d 111ill< \\.(,I.(, :~II;II~ZC,(I 
also. 

Nr.vrrlts. I) ;~ta in 7';lhIr 1 h o w  tll;~t the, ion 
c~sc.hange ~ I . ( ~ ~ I ~ I I I ~ I I ~  :IS ust'(1 ill thtls(8 tl.iills ill- 
c*rc.;rsod thc, c.tr1cin111 e o n c ~ c ~ ~ l t ~ ~ r ~ t i o n  21.6 f 3.3 
111(,(~/1iter 01 '  111iili, o r  ;11)o11t :<i?;. This ~ I I ~ ~ ( , ; I S I ,  
\\as halai~(.(~d by doc.rc.:~sc~s ill I I ~ ~ I ~ I I ~ S ~ I I I I I ,  so- 
tliunl, and ~ ) o t a s s i n l ~ ~ .  TIIP ~ ) l ~ o s p l ~ o r ~ ~ s  colltca~~t 
of the c~ol~trol  111illi \\.;IS e s s r ~ ~ t i a l l y  thv san1c1 :IS 

tll;lt of tllr t.rei~tcbtl : 95(i :I: 34 : I I I ~  94-4 + 27 
11p111, r (y ) (~(~t ive ly .  

P J ~ ~ C I J ~ ~ I I I ~ I ~ .  F o u r  l a c * t ; ~ t i ~ ~ g  Jrrsoy rows \r(si~(' 
vaeh g ivc~~l  a s i ~ ~ g l e  or.;rl tlosr of 1 I I I ~  01' ('s':" 
:~nd  six I I I C  of I<" at. ; ~ p p r o s i ~ ~ ~ ; ~ t r l > -  2 r v r .  
Seven t.onsecntivt~ ~ i l i l k i ~ ~ g s ,  hegil l l l i~~g \\.it11 th r  
111i1li ohtaiaed thc~ I I I ~ ~ I I ~ I I ~  t'ollowing tlosillg, 
\\*err ~lsr t l  f o r  thrst. tl.ials. Milk from tht. four 
caows \v;ls 111ixrt1 topcth1.1 i111t1 il (~1)1111)osit(~ t;~Ict,l~. 
Trial 1 \\.;IS c.o~~clactt.tl in Ort,oho~. and 'I'l.i;~l IT, 
11si11g foul- o t h ~ r  ; I I I ~ I I I ; I ~ S .  \\.;IS roi1(111rto(i i11 
.Tanni~ry. .\ss11111ing ;I 35% rolultilig ~c'fficicncy 
for rs1:11 t ~ n d  .50(r, f o r  R", ; I I I ~  \\.it!l :I I);l~li- 

g rou~l t l  count of 550 1)rr I I I ~ I I I I ~ I , ,  t l ~ o  l ( ~ ~ ( ~ 1  of 
CsT3' in the 111ilk raltg(v1 fro111 i111o11t 0.24 to 6.4 
p(a/ l i t~r  o f  111ilk ai1(1 ~ ; I I I ~ I Y I  fro111 0.16 to 
0.62 pe/litt.r. Theso I I I ~ I I ~ I I I I I I I I S  R ~ P  th(' i~pproxi -  
I I I ; I ~ ~  lowrr lill~its oI' reliahlv drtc,ctio~~ 11y thc, 
i ~ ~ s t r l i ~ ~ ~ e r ~ t s  11s(v1 I I I I ( I I L ~  tllc, I ~ X ] ) C ~ I ~ ~ I I I ( ~ I I ~ ; I ~  VOII- 
( l i t i o ~ ~ s .  

l'hc 1);rtc.h proccttl~~~.c. nscstl 1%-a,. :.- rl~~sc.~.il~c~rl 
; ~ l ~ o v e ,  c.sc.c.l)t 10%, SRCI  \\.;IS usc.(l il~stcfi;ltl ol' 
(':1("1,. I)nl~lic.;~tc~ 3-1111 S ; I I I I ~ ) ~ ( ' S  0 1 '  ~ ~ ~ i l l i  01)- 
t;1i11(v1 l x ~ f ' o ~ ~ ~  :III(I t~f ' t rr  tr(~1t111e11t I V P I Y ~  ;111;11yzo(l 
I'or ~ ~ I I I I I I ~ I  zetivity by 1lsci of ;I ..c.intill;~tio~l 
conlltc~r.. Thr  S ; I I I I ~ ) ~ ( ' s  \vcSl,cB tl1(.11 -tr~rt'tl i ~ t  ill)- 
1)1,osi111;1t(>ly 40 F ;III(I ~ O I I I I ~ I . ( I  I \\.I< I ; I ~ I ~ V .  'I'hr 
origi l~al  e o u l ~ t  \\-;IS till(. to 110th ('-':" i111t1 I<". 
l'ht. schro~~tl r o u ~ l t  w:rs d i ~ c  to  ('s'"' 0111y; the, T<" 
I ~ a r i i ~ g  tlc~rtryc~tl to ;I st;rl)l(, s t ; ~ t c ~  (half-lil'cl o r  
1 < ' Y s  12.5 111.; that 01' ['s':" i. 2.9 !.I.). Tht. 
I<" (.o1111t W:IS ~ I I ( > I I  e o 1 ~ 1 ~ 1 ~ c t ( ~ 1  to ( Y ) I I I ~ J ( - I I S ; I ~ ( ,  for  
tltxc;~y t lnri~lg t t h ~  co1111ti11g 0 1 '  t11c s ; t ~ ~ l l ~ l c e .  
Frcxsl~ 1.c~si11 \\.;IS 11sc.tl i'or c~ttrl~ si1111l)i(5 01' 111i1li. 
Thct c~ff(hrts o I' snch ~.c>sil~ t ~ v : ~  ~ I I I I ~ I I ~  I I ~ ) O I I  t l ~ v  
S;I. I<, C;I, ; I I I ( ~  31g ( . O I I ~ ( % I I ~  01' tl113 111iI lc  \ i - t 3 ~ ~ ( s  

~ ( ~ ~ ( ~ I . I I I ~ I I : ~ ~ .  11si11g ; , I I O ~ ~ I ( X I .  s ~ I I I I ~ ) ~ ( *  of ~ ~ ~ i l l c .  F o r  
~ntliologic;~l s;~f'tlty I .~~ ; ISOIIS  Ilo - : I I I I J ~ I I ,  ( . o ~ l t : ~ i ~ ~ -  
illg :~tl(lt.tl ~,;~tlio;~rtivity \\.;IS ;111;ilyz1.(1 011 thc~ 

'I'AET,E 1 
Cl~rn~pos i l l  coi~~l)ositiol~ of milk trc*:~tr(l to n c*;llcir~~l~ 1,rsi11 :' 

-- - - -- - -- 

licsfore Aftc-r ( ' I I : I I I ~ ( .  
t1.(2:1 t111e11t trent111ch11t 

- - - - ~ -  -- - -- - - - - - - 

- - --. - - - ( l l ~ ~ ~ l / / / i l l ~ ~ ) -  - 

N:I 24.4 :k ?.I)'* 21.0 ?I 1 .!) - 3.4 & 11.4 
K : ~ . 2  k (1.1; 2:3.11 & 11.5 -I:$.? 2 n.3 
(':I 58.6 k 3.1 SO.? f 3.2 .l-21.6 & 3.3 
JIg 1 O . f i  -+. 1 .S i .4  ir 2.6 - 3 .2  ? 1 .!I 
S c t  129,s 131.f: I- 1.S 
- ~ - - -- - -- - - 

" Srvc11 t ~ i : ~ l s  O I I  N:I, TZ, ; I I I I ~  C:I: s i x  011 Alg. 



I<cnge~~v~.;ttior~ \\.:IS ac~cdo111l)lish(~"1 hy r i ~ ~ s i ~ l g  
tl~c. ~ . ~ I U I I I I I  lvith tlistillrtl wi~te r  u ~ t t i l  all traces 
of 111i1k \vv~.(. ~ ( , I I I O V ( ~ ~ ,  t'ollowetl hy the NuCl 
sol11tio11 a ~ ~ t l  \\-tttc.r a s  tl(.sc.rihrtl :~l)ovc,. The 
S : I I I I ( ~  ( W ~ I I I I I I I - :  \~1,1.(~ I I S ( ~ ~  i'or S ~ ~ V O I I  eo~~s(~c.lltivc 
~ u i l l ; i ~ ~ g s  fl.0111 t h ~  ( I O S C ~  eo\vs. 

H o . v ~ c l t . ~ .  The. dat:~. ill T i~hlc  2 show that  ;tl)out 
7474 ol '  tl~c. (IsT3' : L I I ~  ahont '709; of th(5 I<'-' 
p r e ~ ~ ~ t  i i ~  r~lilk is I Y . I I I ~ Y ( . ( ~  hy the, 1):ltc.h ion 
c*sc11:111pt. tc.ch~~ic~uc,s used in these c.sperit~lc.nts. 
r 7 1 he l ) ( . ~ . c . w ~ t i ~ ~ c ~  rt1111ovi1ls \v(.I.(. rou~~tlt.tl  to the 
11c1arost n.11olr. I I I I I I I ~ ( ~ I . ,  (ix~tll)t \VIICPC t h i ~ t  would 
11:lrc. ~.c..ultc~tl in ;t tignro of 100% rc.~l~ovi~l. 

An:~lysi-: of' ttlt, eight s : I I I I~)~( ' s  of 111ilk sho\vod 
:III ~ I I ( ~ I . ( ~ ; I +  i11  S;I c.o11t(311t of' 59.2 & 4.6 III(V]/  

1itc.r :111tl lo*h(.s in Cn, AIg, ;u~tl  I< of' 31.1 f 1.3, 
4.S f 1.4, autl 22.9 ir 1.3, rc.spc.ctivchly. Thc~ 
(.ol~c.o~tr.:~tion of' :In c.lc~~~cwt ill the nr~trr i~tccl  
111ilk :111(1 t.hr loss of the. e l t . ~ t ~ c ~ l ~ t  duct to thc~ 
~ I Y ~ ; I ~ I I I ~ . I I ~  \vcJrcJ S I I O I V I ~  to I I : I Y ~  v o ~ . r e I i ~ t i o ~ ~  cocff- 
c . ic~~~ts of It.*; for  C'a, 0.9s for  l l g ,  and 0.68 f o r  
1;. ' r h ~  1)Il of the 111il1c \V:IS il~c.re;ts(vl fro111 
(i.S to ;thout 7.3, tluc. to tl1c1 tre:rt~~~c.nt. 

( ' ( I I L I ~ : I I ~ . I ) I I  of' t l ~ v  two 111et11ods shows the 
cwlull~n trr I ~ I O I . ( ~  (47ic.i(>11t ill isotol~e r(~111ova1 
I I  I t i  t ~ i ~  ( I  2 ) .  TIIV re- 
n~ov:~ls  of' I\" in tl~c. sec.outl triirl were slightly 
1 ~ s  th;111 t.l~osc~ i r ~  thc. first trial, which 111ight he 
:~tt~,it)ut:ihl(~ to tlifT'(.~~cwcc~s in thtx Illilk (III(~ to 
s l i ~ h t l y  ( l i f t ' ( ~ ~ , ( ~ ~ ~ t  f(~(~(li11g v o ~ ~ d i t i o ~ ~ s  or (IitT(1r- 
( 3 ~ ~ c ~ 2 s  I~c.t\vc.c~~~ the : I I I ~ I I I ~ ~ S .  

. \ I I I E l l  I O S  RESTS RRGEXER:\STS 

hy t r e : ~ t ~ ~ i e ~ ~ t  \vith rv\i115 either i11 t 1 1 ~  C:L for111, 
;IS shown ~,rcviously ( 3 ) ,  o r  the S:L for111, ;IS 

S ~ O T T I I  i~hove, ( lx l )e r~~~~( . t l t s  \ v ~ r ( ~  co~iduc*ted u5i11:: 
~.rgenc.l.:t~~t solutions I I I ; I ~ ~  u p  of 111istures of 
the fo111. 111ost ; ~ h u i i d : ~ ~ ~ t  cations in  111ilk. 

I'vocc~tlr~vo. l<'our schric.s of solutions for  resin 
rc.genn;ltio~l \\.(.re f o r ~ ~ ~ u l a t e c t  using thc experi- 
I I I ~ ~ I I ~ ~ I ~  d ( . s i g ~ ~  drscdrihcd hy  Box (1). Twenty- 
live diff'(brtl~~t so l l l t io~~s  c.olllpris(d each series. 
'i'l~c first sc.ritbs c.ontai~~c.d IICI, ndded to keep 
t l ~ v  tot:~l ionic. st~,c.ngth of' all s o l u t i o ~ ~ s  constant 
:rt 1,-100 ~~~(y/ l i t (h r .  sill(.(, the work of Strelow 
~ I ~ o \ v r d  th:~t t 1 1 ~  : I I I I O U I I ~  of a. sprcaific iou take11 
111) by :I rcasi~~ is ~);u.ti;illy depenclent upon the 
iot~icd st1~~11gtl1 of the rt.gt211era11t solution (12) .  
The. I I H  of' the solat io~ls  in St.ricls I was ap-  
p ~ , o s i ~ ~ ~ : ~ t ( * l y  1.0, (bs(~ept in the o11e s o l u t i o ~ ~  
whic.11 recluirrd 1113 lTCl to 111iri11titi11 (w11stnnt 
ionic. s t r c . ~ ~ g t l ~ .  

Milk nsc~ti throughout the, l . e l ~ ~ i ~ i ~ ~ ( l e r  of the 
study was 1~t~c.onstit11tc~t1 I I O I I ~ R ~  d ry  111i1k solids 
I I I : I~( ,  UP to 9%) total solids i ~ p p r o s i l ~ ~ a t r l y  20 
111. ltc,forr resill exllosure. The use of the s;une 
111ilk so~u.c.c. t4i111i1i:lt(ld var i i i t io~~s  ill the r:~tio 
of thca c ~ l r l ~ ~ c . ~ ~ t s  ill tht, 111ilk h ( ~ f o r t ~  resin treat- 
I I I P I I ~ .  The h;~teh proc.tldurr a s  described nhove 
wils ustbd. \YII(~II r : ~ d i o ~ i u c l i d ~ ~ s  I T ~ ~ C  used they 
\vert3 ;~dtled ; ~ t  the ti111e the. 111ilk was recoilsti- 
tuted. Kr"' wils addcld a t  the ra te  of ahout 
0.6 p./litcr, SI." a t  tl~ch r:~tc, of 12.4 EL~/ l i t (~r ,  
:111tl C's'"' :lt thcs r i ~ t e  ol' 1.S p~/lit(br. Srm TV:IS 

tlrtertr~i~~c.d hy the ox:~l:~te 111ot11od ( 2 )  ; Cs'"' 
: I I I ( ~  Sr" by c o u ~ ~ t i ~ ~ : :  :1-1111 l i ( l t~ id  S ; I I I I ~ ) ~ C ~ S  ill :I 

s c i ~ ~ t i l l i ~ t i o i ~  \\-(.I1 e o n ~ ~ t c * ~ , .  

75 (is 
75 i 7  
74 i:! 
74 SR 



1162 B. J .  DEMOTT, H. C. HOLT. .\SD X. G .  CRAC;I.I': 

Resttlts. Thc low p H  of the first series of 
regenerant solutions caused the p H  of the 
treated milk to be reduced from t.he original 
6.7 to as low as 5.85 a.nd increased the titratable 
acidity from 0.16 to as  high as  0.23%. Thus, 
the use of acid to maintain constant ionic 
strength was not considered advisable, and the 
ionic strength of the other series of solutions 
was not constant. The range of each of the 
elements in each series i s  shown in Table 3. 

The removal of Sr" from milk by resins 
conditioned with solutions in Series I ranged 
from 55 to 70% and Cs'" relnoval was 54 to 
69%. 

The p H  of regenerant solutions i n  Series 2 
ranged from 6.0 to 7.8 and the milk treated 
with resins conditioned with these solutions was 
lowered not more than 0.1 p H  unit. All solu- 
tions in this series, however, caused a n  increase 
of 2.0 to 7.5 ~neq/liter in the calciuln content 
of the milk. Removal of Sr"j was 49-56%. and 
removal of Cs'" was 56-60%. 

Milk treated with resins ronditioned with 
solutions in Series 3 had virtually the same p H  
as before treatment, but lnost samples lost S a  
and I< and gained Ca and Mg. The removal 
of Sr'" ranged from 34-51%, and the removal 
of Cs'"' ranged from 59-67%. The standard 
deviation fo r  within treatrnent variation for 
st.rontiurn rcnroval was 3.89 and for  cesiuln re- 
~noval was 1.71. 

Solutions in Series 4 were forniulated to 
rover a wider range of each of the four  ele- 
~nents. The p H  of 111ilk treated with resins 
conditioned with any solution in this series was 

~ i o t  lo~vewd lnore than 0.1 pH unit. Sr" re- 
n~oval ranged from 48-54%, and Cs'" removal 
was 59-63%. The standard deviation fo r  within 
treatment variation fo r  strontium relnoval was 
1.14 and fo r  cesium re~noval was 0.66. 

,4 least-squares fit was made for  the data 
from Series 4, using a model containing all 
linear, quadratic, and intera.ction terms fo r  the 
four variables in the regenerant solution. Using 
only those terms with whic.h statistically sig- 
nificant contributions are associated, the rela- 
tionships are : 
P, = 2.05 +1.46.r, -0.58.rl -0.51:~~ -1.23.r, 
Y, == 0.014 +0.114.r, +0.03.5,~, -0.045.r, 

-0.1342, -0.007~,' 
P, = -2.02 -0.42:~~ +0.53x3 
Y, = -1.29 -0 .72 .~~  +1 .30~ ,  

 here Y,, Y,, Y,, and Y, are the changes noted 
in the conlposition of milk in nieq from pre- 
resin to post-resin t r e a t ~ ~ ~ e n t  fo r  Ca, Mg, Na, 
and K,  respectively, and z,, g:?, 2 ,  and 2, are the 
coded values fo r  l(,vels of Ca, Mg, Na, and K ,  
respectively (Table 4)  in the regenerant solu- 
tion. The standard errors f o r  the estimation 
of the partia.1 regression coefficients in these 
esperinlents for  Y,, Y,, Y,, and Y, were 0.078, 
0.006, 0.135, and 0.17'2, respectively, for  the 
linear terms and 0.379, 0.029, 0.662, and 0.842, 
rc>spectivcly, fo r  the intercept,. The quadratic 
coefficic!nt fo r  IT2 had a standard error of 0.009. 

The use of these equations might be illus- 
trated by calrulating the espeeted change in I< 
concentration in milk hy asan~ning a resin to 
he conditioned v-ith a solntio~l containing 420 
11ieq <':I ( - 2  Iewl of' Tal>lca 41, 610 1ne11 I< 

TARLF: 3 
Range in conlposition of miscil regcnrval~ts 

-. - 
Ser~rh Ca M g  K n  K IICl Total 

- 

TABLE 4 

Concentration of io~ls i~scd in resin rcsgc>ncratiot~ solutions in Serieh 4 

Iiitervnl Coded valac 
betmrcn 

Ion 
-- - 

levels -2 -1 0 1 2 
-- - 

- I  r~c~q/lr 11.r)--------- 
Ca 100 420 5211 620 720 820 
Mg 40 5 45 85 125 165 
Na 50 200 250 300 350 400 
K 80 290 3711 450 530 610 
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($8  level), 5 to 16.5 meq Mg, and 200 to 400 
rneq Nn. The concentration between these 
ranges of Mg and Xa in the regenerant solu- 
tion did not influence the an~ount of I< gained 
or  lost from the milk; therrfore, it doe5 not 
enter into the raleulation. 

Y ,  = -1.29 - 0 . 7 2 ~ ~  + 1 . 3 0 ~ ~  
= -1.29 -0.72 (-2) + 1.30 (2) 

Y, = 2.75 ~neq  T i  ehange 
The standard deviations based on the milk- 

treatruent internetion for  Ca, Mg, Na, or I< 
change (meq/liter) in milk were * 0.64, * 0.08, 
+- 0.86, and * 0.67, respectively. 

Interactions of ion5 were not statistically 
significant in these experiments. Most of tht. 
changes noted in inilk co~nposition had a l inea~, 
relationship with the concentration of that ion 
in the regenerant solution. The correlation 
coefficients between the rneq fraction of the 
regenerant made up  by a particular elelllent and 
the change in concentration of that element in 
milk due to resin treatment was: for  calcium, 
0.86; for  Mg, 0.11; for  Na, 0.83; and for  K, 
0.78. 

The conc~ntrtitioi~ of total ions in the re- 
generant between the limits of 1,200 and 1,700 

meq/liter did not influenee to any great extent 
the change in milk composition or  rer~~oval of 
radiostrontiutn or  radiocesium. The correlation 
coefficients between the total ionic strength of 
the regenerant on the one hand and changes in  
milk composition on the other hand were: Ca 
-0.006; 3Ig -0.037; S a  -0.31; I< +0.07; 
total ionic change -0.17; % /or" removal, 
+ 0.018 and % Cs'" removal, -0.394. Al- 
though slightly different concentrations of Ca, 
JIg, Xa, and Ii in different milks exist, the 
general relationships expressed in these equa- 
tions would he expected to apply. 

A column technique was employed to deter- 
mine changes in milk composition as the quan- 
tity of effluent increased. Twenty grams of 
Dowex 50 W X-12 in the hydrogen f o r ~ n  was 
conditioned with two liters of regenerant solu- 
tion passed downward through the column a t  a 
rate of 2 n11 per min, followed by two liters 
of distilled water. The milk effluent was eol- 
lected in 100-n11 portions and analyzed for  
changes in composition and removal of Srffi and 
Csl". Two different regcnerants were tested in 
this manner; Regenerant A, the same as + 1 
Level in Table 4, contained 720 meq Ca, 125 

TABLE 5 
Effect of ion exchange resin column treatment upon composition of milk and the removal of 

SI." and Cs':" 

Srs C S ' ~  Ca Mg Nn K 
Regcnerant A 

Effluent No. of trials 
from 

column 4 4 12 11 3 3 

% Removed 

Regenerant B 

No. of trials - 
2 1 7 7 4 4 

70 Removed 

2nd 50.9 99.9 +2.79 
3rd 50.7 99.9 +2.71 
4th 51.1 98.9 + 2.71 
5th 50.7 94.3 +2.21 
6th 50.2 84.6 +1.93 
7th 49.5 62.4 + 1.86 
8th 49.8 37.7 +1.71 
9th 48.7 19.7 +1.29 

10th 49.2 9.9 i0 .86  

meq/liter change 

-0.04 +I .30 
0 -0.20 

+0.04 -0.20 
+0.10 -0.10 + 0.16 -0.10 
+0.18 0 + 0.17 -0.20 
+0.12 +0.01 
+0.08 +0.01 



111eq AIg, 350 I I I C ~  Kil, : I I I ~  530 I I I ( ~ ( ~  T</liter, 
;tnd R e p e t ~ e r a n t  R ,  less conc r~r t rn ted ,  c o r ~ t a i ~ ~ r c l  
644 tneq C;I, 88 nlccl JIg, 300 Ineq Kn,  i111d 4:35 
111eq Ti/litrr. ;\ftchr pilssagcJ of  the  l ~ ~ i l k ,  t he  
c>olulnns w c r r  f lush(d wi th  distillvd ~ v n t r r ,  fol- 
1o~vl.c.d h y  500 1111 of 0.1 s 1IC1, : ~ g : ~ i t ~  flush(ld 
with  ~ v i ~ t c ~ ,  ;ind r rcondi t ionrd with  thtl regchtl- 
r r a l ~ t  solution. 

Hrsul ts  listcbtl ill 'Fable 5 s l ~ o w  the stl.ontinin 
~ ~ I I I O V R I  t o  h r  I o I ~ ( ~ I ~ ~  0111y s l ight ly  a s  t h r  Illilk 
11nssestt1rougl1 thc, eol lul~n.  T h e  c c . s i u ~ ~ ~  re111ova1, 
ho~vevc~ t~ ,  is i11ac11 less c,fficicwt ;IS th(> clni~lltity 
of' illilk  ASS(^ t l ~ r o u g h  a co1u111t1 ili(~rri1srs. 

I?eg:.c>~~eralit R c o l ~ t : ~ i l ~ ~ d  less ('i1lei11111 tl1:31l 
I-icbgener:tnt A .  ycst tl~cs c.al(2i11111 :~ t ld i t io t~  t o  t h r  
111ilk is grt, :~tcr xvitll resill r (bg (~~ i r r ;~ t r ( l  wit11 
Solut ion I3 t11a11 wit11 S o l l ~ t i o ~ i  A.  'l:11(, sug-  
gt ' s t io l~ i s  ~ l i ad (>  t11:lt l,rcnnir Reg,.cl~er:i~~t R 
c+ontailicd x Im-gc~r pc.~.cvntage of' thcl totill 111c~rl 
ill t he  for111 of ci11clu111 (4:i.S) thali  d id  K r g r n -  
c31~wt1t r\ (41.7), 111or(~ v n l r i n ~ ~ ~  I V R ~  taIcr11 u p  
l ~ y  t h r  r(lhiii f1.0111 So111tio11 B ~ I I : I I I  fro111 Solu- 
t ion  -i. 

T l ~ r  :tutliors rsprcss tlroir a111)reci:ltioll to D. G. 
I.:astc~rly for  n portioli of t l ~ c  I:~ltor:~tory ;~lt:llysis 
i.cpo~.trd ill this ~):ll,cr, 

(1 )  nos, (;. I.:. P. TIIC Esl11or:ctioll : I I I ~  Ex- 
1?loit:itic111 of Rcs l )o~~scs  Slirfaecs: Snnle 
( :c~~~cr:~l  C"onsirler:~tions nlrd I':snnrl~l~~s. 1:io- 
1111~tri(~?, l o  : I(;. 1054. 

( 2 )  Co~r.\rr, C. I,. l?:ltlioisotol)c~s in Gic~logy au(1 
Agric-~tlturc. J l c ( : r :~~~- I I i l l  13clolc Comj)m~:-, 
IIIV., Sv\r- York. l!),il?. 

( 3 )  I<:.IS,~KRI,Y, D. G., J)EIIO~YI', 1:. .J., .\xi> (:~-%(;i,l<, 
I?. (:. Strontillm ill Milk. I. Henlovnl I)!. 
.M~; I I IS  of Kovc~rsc-Flow Iorl Exrl1:rligr C'ol- 
IIIIIIIS. .l. Dairy Sri., 43: 137'. lP(ill. 

(4)  E A S ~ I R K L ~ ,  1). (:., DEIIOTT, T3. .J., .\SII ('R.u:I.E, 
I?.. (:. Strol~t i r rn~ ill Milk. TI. RCI I IOVR~ 11:- 
B;~tcli  T I I I I  E x r h a ~ ~ g c  Mctholl-. .J. D:~ir:- 
Sei., 43 : 146. 19f;O. 

( ! 5 )  ~ I S I < E ,  ('. TI., . \XD si~F%~.Al{<l\~, 1.. 'r111, C"O1Ol'- 
inrc~tric. l)c.tc.rlni~~:~tiorl of ~ ' I I O S ~ I I I O ~ I I S .  
.T. 13iol. ( 'II~~III. ,  fifi: 375. 192.i. 

(fi) .JO'SI~:I~FI~ON, I). V., .kxn I~EEI-I.;~, ('. T3. ' ~ I I P  
T:tiIiz:rtioi~ of tllc, h l i ~ i e r ; ~ l - l o ~ ~  I ~ ~ ~ ~ I I : I I I ~ P  
P r i ~ ~ c i l l l c  in S t n l ~ i l i s i ~ ~ p  Rv;~l,or:~tr~rl Jlilli. 
.J. 1):iir.v Svi., 30: 737. 1047. 

( 7 )  K.\.\I.\I,, 1'. 11. Co~~r l~ loso~ i~c~ t I . i c  T i t r i ~ t i o ~ ~  of 
(':ilci11111 i1111l - I I : I ~ I ~ c H ~ ~ I I ~ ~  ill t111. Pr(~s(511r11 
of PI~osl)l~:rt(* ill Jlilli :IIIII l3loocl E'~;I~II~:I. 
Agr. :IIICI 1~'ood ('IICIII., 8 :  l.ili. l!lliO. 

(8 )  ~,.\XD(>I<F.I~F,, 11. It,, ~ ~ l ~ ~ l O ~ l l ~ l l ~ .  1.. v., .\XI) 

I)or-c:~..\s, 1''. W., .TK. O ~ I ~ ~ I ~ I I I I I I  R:~tio of 
 tioils oils oil ('11:lrgcd Itcsi~i for  I:cmov:~l of 
H : ~ r l i o - s t r o ~ ~ t i ~ ~ i ~ ~  fro111 ;LIilk. .T. 1):iiry Sci.. 
44:  I 1 f<7. 1MI.  

(!I) .\.lrc;rc~ovsriv, 13. I:. Il':~dic~isotolzt,> : I I I I ~  Ell- 
~ ~ ~ O I I I I I C I I ~ : I ~  C~I. (+IIII IS~:II~C(,S;  I?or111~~tio11 of 
t l ~ c  TI:IZ;II~II ill the Iq'ood (:li:~ii~. X:tdioiso- 
toprs ill t l ~ r  I : i n s~ l~ r r r .  (;\ S?.rnposinlr~.) 
11. ?!I:!. I'~~iv'rsity c~f J l i i~ i~cso t :~ .  l!I(N. 

(10) JIVWIYIY, (:. K., M.\S{II<OVSI<S, b:. I;., (-!.\NI>- 
liEI.T,, ,l. I<:., . \XI)  ~ I I ~ I O S ~ S O S ,  I,. F. .\let11011 
for  lie~niovil~g C'atio~iic R:ll~iOllll~li~lt~S froln 
Milk. J. 1)airy Sci., 44,: O 1 S R .  1061. 

(11) NEU\TII<, LV. I<:., T < l \ ~ ~ r i s ~ ~ ~ s ,  Jr.  I., . \ s n  
Lrlrltv, \V. I". P~ i l . i f i~ :~ t io l~  of Jlilk for 
C:llriulll ; i t~d  Strolitill~ll wit11 I ) o ~ v f ~ s  .511\V 
lfc~sii~. [ ' i~ivrrsity of (::iliforiii;t l : : id i :~t io~~ 
l ~ ~ l ) o r : i t ( ~ r y ,  IrC'l<rA-2674. 1!1.?4. 

(1 2 )  S,I-I{KI.~II+-, P. LV. I<;. A I I  ro l l  I ~ : ~ ~ ~ I ~ ; ~ ~ ~ ~ ~ ~  se- 
I ( ~ t i ~ - i t y  SC:IIV of ( ' : ~ t i ( ~ i ~ b  E;~..i,(l O I I  E1111ilil)- 
~ ~ I I I I I  I ) i s t r i l~ i i t i n~~  ('ocflivic~~it.. .111;il. ( ' I I~~III . ,  
:42 (!I ) : 1 I S5.  l!liiil. 
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T I I I O R L I R R I T 1 ' R I C  ACIT) R E A C T I O S  AS A JIEASTTRE O F  

R. 1,. KTSG 

I ) t y a r t ~ ~ ~ e ~ ~ t  of 1);lir.v Sric.llc.(%, 1'11irorsity of 1\1:1r.v1:111~I, ColIt~g(- P;~r!i 

The thiohitrhituric. :leitl (TI{;\) r twct io~~ ~ v i ~ s  ustd for  investigating osidized 
flavor ill ~nodcl systt.111~ containi~lg fat  glohule nielllhriu~e ni:~teri:il ant1 :~srorl)ic 
:~cid. Trichloronretir acid was nstbd to florculate the protc*ins imd thr  TBrI 
1.rtrrtio11 was carried out iind de te r~ni~ l rd  in the filtrate. Thc ~nrnthod is highly 
s a t i s i ' a c t o ~ ~  in rt.protlucing and ~nefisuring r a l ~ i d  oxiclatio~l rates in thv motlel 
s ~ s t e ~ n .  

TVh(.n applietl to ~ n i l l ~ ,  Inctosc was found to eontrihute co~~sid(~rahl( l  intc~r- 
I'erenrc ill the TRA renc t io~~.  This x7as s h o ~ v ~ i  hy chro~natographic. separatioii 
; ~ n d  spectlaphoto~~letric a11a1ysc.s of TBA ~)ignirnts. 12 satisfactory applicatiol~ 
for 111i1lc IISCS trichloroaretic avid to rcbnlorr Eat and p r o t e i ~ ~  ;ultl ctlianolir-TR;\ 
to inrreasr the rntr  of color f o n ~ l a t i o ~ l  a t  60 C, a temptv-ature a t  \rhieh lactosr 
degradation is n~ininlized. Rtlsnlts artx presentc~d showing clnantiti~tive rc.covc3ry 
of osidizc.tl 111i1lc fro111 111i~turc~s 011 oxidiz~(1 nonosidizetl 111il1e. Eff(1rt of vs- 
posing holnogcniz~d milk to dirrct sm~light  for  20-mia i ~ l t e ~ ~ v a l s  is readily 
(1ett.cted 1))- the metl~otl. Reli~tioli hc.t\vec.n org:~noleptic and TR.1 analyses 
is i~ltliri~tchd. 

l )c*tc.c.tioli of lil)itl osiilation in foods orgallo- 
It*l>tic;illy is co~isid(.rcstl thv 111ost scv~sitiv(, ant1 
~,cali;~hle 111c.tl1ot1, though it does not lend itself 
well to clu:intitative ~ i ~ r a s u l ~ e ~ ~ l e l ~ t s .  The natural 
c .o~~~l)lrsi ty of 111ilk ilnd t h ~  relatively s~na l l  
; ~ n i o u ~ ~ t s  of 111atrrin1 or  ch:~nges thereill rcspon- 
sihlc for  osidizcd fl;!vor 1i:1ve l i ~ ~ ~ i t e d    no st 
stutlies to organol('ptic2 evaluiitions. The use of 
ir nlodel systcb~l~ will overroalo so111c~ of the in- 
11c.rc.11t proh11.111~ :~ssoriatcbd with the colr~pl(.sity 
of ~ ~ l i l k ,  hut 111ay i~~trodiic.c~ others such as the 
c o ~ l l p i ~ r i s o ~ ~  of orga11oIrl)ti~   no  sat ions htt\vecn 
111ilk ilnd si111pl~r syst(~111s. 

Olson >uid R ~ O P V I I  ( 4 )  rcl~ortcarl tl~ilt s11ia11 
cluantiticis of :lscorl)ic :~citl i~dtlrtl to ro l ) lx~- (~on-  
t:~~ni~~:ltt.tl \viishrd cr(~ai11 resultc.tl in il~tcwsc? 
osidizrd flavor. ]<'at glohnle 111cwhra11e ~ n i ~ t c -  
1.ii11 ohteint,d hy chuvlliog 11-ashetl C ~ ( > H I I I  reacts 
i l l  :I s i~nilar  IIIRIIII (T.  ('VPII without the ad(1ition 
of cGor~ptbr (3).  Thc, rrbartio~l p~.oc.(.c.tls very 
~,ill)idly i111d the i~~t ( lnse  Ili~rors i11.(, tliffieult to 
t.va111atc. o ~ i ~ ~ ~ o l t ~ l ) t i c i ~ l l y .  Th(> 'I-tltiol)i~rl)itaric~ 
:ici(l ('l113.\ ) 1,e;1(2tin11 has 1)oc~11 \vi(l(>ly al)pIie(l 

I<c~rei\.(vl for ])~~l~li( . :~t ioi~ .JIIII(. 4, I9(i?. 

for the. tl(4ec.tion of' lipid o s i d a t i o ~ ~  in foods 
i~~cluding  dairy ~ ~ r o d n c t s  ( I ,  7. 1). 10. 13). 
Ottol(,~lgl~i (5) used the TRA rraction to Iilras- 
11rr tht, l.e;tction he t~rc~e~r  ~l~itoc.ho~ldri:~l lipids 
~ I I I ~  :~scorI)ir i~cid. 

This study v7:is u~~tl(hrtalee~~ to rraluatcl t h ~  
TliA rcwctin~~ as :I ~~~c.ilsurc. of lipid o x i d ~ t i o ~ l  
i l l  rsi~lrl)litied systel~ls containing il~ilk fat  gloh- 
11112 111t.ln11rane ~iratrr i i~l  (FGAIII) t h i ~ t  sin~ulatc~ 
t l ( . rc . lop~~~(.~~t  of osidizcd fli~ror. 1-arions fac- 
tors inflnmc.i~lg the ~ .c~; i r t io~~ ; ~ n d  ~~~thtlloils for 
;~l)l)lici~tiol~ to nlillc o r  ~nodrl  s>-stc~~~is :~rc. pre- 
sc~l1tc.d. 

P;SI'L.:RIJI E>KT.\L 1'ROCODT.RE 

: l / o r / c , l  c , t /sto~ns. F a t  glohnlr I I I ~ ~ I I I I ) ~ ; I I ~ ( .  111a- 
torial W;IS pi~el,arc~tl hy c h n r ~ ~ i ~ ~ g  ~vr~shrt l  ~.I.C>:II~I. 
'I'hc \\-:lsllc.d (.l.eillll W:ls ~"."p;Ir"l f'roIl1 f rc.sI1. 
ullcooletl ~l~illc s(lpa~.i~ted i ~ t  40 ('. 1isi11g a 
l)c~I,:~r:~l IIotl(bl 51s l l ~ i ~ ~ . l ~ i ~ i e .  Tho cl,ranl was 
\rashc~d four til11c.s \\-it11 four vo lu~~les  of 40 C' 
t ; ~ p  \v;itc~. F :spe i . i~~le~~ts  using P" inciici~tc~d that 
:at I~:.st SOY; of th(1 orgallie phosphorus is re- 
t:1i11(2(1 l)y t l ~ v  ~vasl~cd fat  glohnles 1)- this pro- 
cc~tl11i.c~. The I I I ( ~ I I I ~ ) ~ ' ~ I I ( ~   l late rial ~vtls scv l i~ l~c~~~t r t l  
t'l.0111 th(b huttc.r~~~ill; hy ce~~trifug:rtion : ~ t  ;~hout  
1,000 X (1 in 'I.')0-1ill glass ho t t l~s ,  al't(51' ildjust- 
ing the. 1'11 to 3.9 \vith 1 s 11('1. Tho sotli~~lcwt;~- 
ti011 is fkc.ilit:itrcl if' tht. I~n t t r~~l i~ i l lc  i. rcbscbpa- 
riitvrl to I Y ~ I I I O V C ~  I I I I ~ ~ ~ L ~ I ~ I I ( ~ ( ~  f:<t ~101)11l(~s ;III(~ 
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free fat. The clear supernatant was discarded 
and the sedin~ent redispersed in phosphate huf- 
fer, p H  6.6, containing 4.4 g S a  H,PO, and 
2.6 g Na,IIPOI per liter. The solids content of 
the redispersetl menlhriiile preparation was 
about 6%. The hasic   nod el system contained 
various a~rlounts of the 6% ~nen~brane  prepara- 
tion, L-ascorbic acid, ; ~ n d  additional buffer. 
These memhrane preparations can he stored 
under refrigeration for  several ~vrcks without 
oxidative dt.teriol.ation. 

TB.\ TEST FOR MILK 

Pipet 17.6 1111 ~nilli into a. flasli fitted with 
glass stopper, warn1 to 30C, atld 1.0 1111 tri- 
chloroacetic acid solution eontailling 1 granl 
per milliliter, followed hg 2.0 1111 95% ethanol, 
stopper, and shake vigorously for 10 sec. After 
5 min, filter the ro~~ ten t s  t,hrough no. 42 What- 
man paper. To -2.0 ~ n l  of the clear filtrate add 
1.0 n ~ l  of TRA solution made by dissolving 
1.4 g 2-thiobarhitul.ic acid in 9504 ethanol to 
100 ml. Stopper container, nlis contents, and 
place in 60 C water hath for 60 ~nin .  Cool, 
determine optical dvnsity of 532 I I I ~  with a 
Beckman T)U sl)ectropl~oton~ctc.r, using dis- 
tilled water as a reference. 

Preparation of the T B h  reagent is facili- 
tated by heating in a, 60 C wa.tcr hath. The 
reagent undergoes deterioration (12) and should 
not he stored longer than about three days. 

The TBA test for the model sgstern is carried 
out in a sitnilar Inannrr, except that the adcli- 
tion of ethanol to the siimple is not requircvl. 
The quantity of trichloroacetic acid will de- 
pend on the coml)osition of the model syste~rl, 
hut should not he more than that needed to 
lower p H  to 1.4 ( 1 ) .  An iiltc>rnativc. procedure 
requires 2.0 ml aqueous T B d  (0.05 ;\I) to 4.0 
~ n l  filtrate and the rvaction is carrirtl out at  
100 C! for 15 min. Tnterference causetl hy high 
heat treatment is not n prohlcm in thr motlel 
system descrihcd. 

Chromato,qrcrpltic a ~ ~ ) a r n t i o ~ c  o f  l'B-4 pig- 
mrtats. The trirhloroaretic acid filtrate-TRA 
n~ixture is poured on to a cellulose rolu~nn pre- 
pared from an aqueous slurry of powdered 
cellulose packed under 5 Ih of nitrogrn to a 
height of 10 CIII  in a ?-em diameter eolurnn. 
From acid solution the pigments are strongly 
absorbed a t  the top of the packing. The colu~un 
is then rinsed with 0.1 s HCI until the effluc,nt 
is clear and eluted with 5 ml 0.1 N Su,HPO,, 
followed hy 0.1 x NaOH. This results in two 
distinctly stapnrated bands, both of which ~novc! 
rapidly down the column. Tho first fraction 
emerging from the eolu~nn consists of a hrown 
pigment and the st.cond the red l>igtnent. 

RESULTS 

I n  evaluating the possible usefulness of the 
TRA rcaction for  the study of oxidizing milk 
f a t  globule membrane systems, the following 
criteria were considered : relation to organo- 
leptic sensations; reproducibility; definite end 
point of the reaction; si~nplicity and rapidity. 
Other applications of the TBA reaction to milk 
or nlilk fa t  (1, 6)  do not satisfy one or more 
of these criteria and suggest that the TBA 
rcaction should not he carried out in the pres- 
ence of the oxidized or oxidizing lipids, since 
further oxidation may occur during the reac- 
tion with TBA. 

The  l let hod initially adopted for  use in the 
present study is similar to that proposed by 
Iceeney and Bassrttt. for detection of the 
hrowning reaction (2) .  Some results ohtained 
nsing this method are shown in Figure 1. Rates 
of oxidation for model systems of two different 
eon~positions are shown. Each curve contains 
two sets of data representing separate experi- 
~nents, thus illustrating the reproducibility of 
the model system and the TBA reaction. The 
rapid rate a t  which the osidative reaction pro- 
ceeds is apparent when compared to a badly 
oxidized milk which will yield an optical den- 
sity in the range of 0.06-0.10, a value reached 
in these n~odel systems in ahout 10 min. This 
:ilso indicates the futility of organoleptic meth- 
ods for measuring these changes accur:ltelg. 

Trichloroacctic acid serves several functions 
in this  neth hod. I t  effectively flocculates the 

TIME-MINUTES 
F I ~ .  1. Ratc of osidntio~i of FGMM at 25 C as 

measured by the TBA reaction. Two compositions 
of the model system and two sets of rate data for 
cnch are represented. 
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FIG. 2.  Comparison of TBA pigments formed 
a t  100 and 60 C for . . . . . oxidized FGMM, --- 
5% lactose, ---- fresh milk, and --- oxi- 
d~zed milk. 

~nenlbrane material, thus facilitating its re- 
moval by simple filtration. At the same time, 
i t  provides the acidity necessary to carry out 
the subsequent reaction with TBA. The addi- 
tion of trichloroacetic acid effectively stops the 
lipid oxidation which is particularly important 
with such a rapid reaction. The filtrates are 
suitably clear after reaction with TBA to allow 
direct determination of absorption, thus elim- 
inating the need fo r  extraction and simplifying 
the entire procedure. Sampling frequencies of 
2-min intervals have been successfully used in 
nleasuring reaction rates. 

The method developed for the lnodel sys- 
tems could not he applied directly to milk. 
When tricltloroacetic acid filtrates from milk 
are heated with TBA a t  100 C a reddish-hrown 
color develops, the intensity of which is re- 
lated to the degree of heat treatment rather 
than the flavor of the original inilk. The red 
pigment associated with oxidized lipids will 
form a t  temperatures less than 100 C, but a t  a 
slower rate. At  temperatures below 60 C forma- 
tion of the brown pigment is markedly reduced 
and interference with red pigrr~ent absorption 
is essentially eliniinated. A 5% lactose solution 
in phosphate buffer, when treated in n similar 

il~anner to inilk, also produces a brownish-red 
color when heated with T B d  a t  100 C. The 
absorption characteristics of the TBA pigments 
formed in trichloroacetic acid filtrates of fresh 
milk, oxidized milk, oxidized FGNM, and 5% 
lactose solution, as  affected by the temperature 
a t  which the TBA reaction is  carried out, are 
shown in Figure 2. Fresh milk and lactose 
yield very similar curves a t  100 C and both 
show considerable absorption in the region of 
maximum absorption of the red pigment. The 
curve representing FGMh'l is relatively un- 
affected by the different heat treatments re- 
flecting the absence of lactose. The difference 
in absorption a t  532 inp between fresh nlilk 
and oxidized milk (same milk after 36 h r  of 
storage) is similar for  both temperatures; how- 
ever, the relative difference is lnuch greater a t  
60 C. 

The 100 C reaction ~nixtures (represented in 
Figure 2)  were passed through cellulose col- 
umns and the adsorbed pigments from 100 ml 
were eluted with 0.1 N NaOH into a final vol- 
ume of 15  ml adjusted to p H  1.5. The absorp- 
tion spectra fo r  these unresolved TBA pigments 
are shown in Figure 3. The original reaction 
mixtures show considerable absorption a t  443 
alp (Figure 2) which passes through the cellu- 
lose column. The pigments retained by the 
column show two ~ n a j o r  peaks a t  450 and 532 
mp. The curves representing fresh milk and 
lactose are quite iiinilar. The oxidized milk 
shows the saine two p e a k  hut a t  lnuch greater 

FIG. 3. TRA p~gr i ie~~ts  from 100-ml reaction 
~nisture carrie(1 out a t  100 C', 13 mill, atluorhed on 
cellulose, and clntc~l into final volrrme of 16 ml, 
pII 1.5. 37% lactose solution; ---- fresh 
11ii1k ; - oxiclize~l milk. 



400 430 460 490 520 5 0  580 
WAVELENGTH -MILLIMICRONS 

FIG. 1. S(yaratio11 011 cclli~lose of crude TRA 
])ign~rnts (Figure A )  illto l ~ r o ~ r n  (Fr:lctic~i~ 1 )  
:111d red (Fraction 2 )  c o n ~ l ~ o ~ l c ~ ~ ~ t s .  P i~ ia l  volu~i~c 
(i ml, pH I.,?. l;~ctostx; ----  frrsli ~ n i l l i ;  
-- oritlizcd ~ ~ ~ i l k .  

c o ~ ~ c ~ r i i t l ~ a t i o ~ ~  ; h o ~ v c ~ v c ~ ,  thr  rctl pignic.nt i i  
~>rl~~lolllillill1t. 

Thc~ p i g ~ ~ ~ r ~ ~ t s  s l ~ o ~ v n  ill Fijiurc 3 ~v1~1.e I.(.- 
solvc~tl into t\vo c*o~nl)onc~~~ts iis drscrihrri 1)rt3- 
viously. Thc,scj ~.c,sults arca sl~o\t-~l  ill Fiylria 4. 
Tllr lo\\-(.r curves ~ ~ e p ~ ~ c ~ s r ~ ~ ~ t  Fraction 1 (hl.o\rn) 
an(] tl~cl nl)l)(.l'. 1''1xc.tio11 2 (red).  Thr brown 
l ) ig~i i ( l~~t  s11ows two I>(X:I~CS a t  450 and 550 undei. 
acxid c o ~ ~ d i t i o ~ ~ s .  I n  I): sic. solution the peak at  
450 fli~ttta~ls out and thv ol~c, :it 550 shifts to 
510. This fr:lc.tiori is timeh Irss solnhle in acid 
t l~nn  1)nrc~. Fraction 2, the ~ c d  p i g ~ ~ ~ e n t ,  1111s :I 
I I I ~ I I O I .  l)cv~k : ~ t  150 \vhicdh prohahly rcq)resc~ntx 
:I slight contal~~ination wit11 Fracatio~~ 1. Thc~ 
I I I ~ ~ O I .  1)(1:1k ahsorhs ::t 5312 11ip in acid eondi- 
tions clntl at  545 I I I ~  ill hasir solution. Th(, ah-  
s o r p t i o ~ ~  I I I ( J ; I S I ~ ~ I J ~  at. 5:?2 I I I ~  of th r  originiil 
~ c ~ a ~ t i o l i  ~llisturc. ix co~~t r ihn ted  to by hoth of 
theses f ' ~ , : ~ ( . t i o ~ ~ s .  

-1 sou1.t.e of the, i~~terl'c>rc.llcat. caused l)y C~E)I)( 'Y 
c * o n t ; ~ ~ ~ r i ~ r ; ~ t i o ~ i  is t l e ~ l ~ o n s t ~ . a t c ~ l  in Figure 5. 
I"rt,sl~ 1 1 1 i l l i  i111d 5C; l : ~ ~ t o s ( >  sol~ltions w e r ~  pre- 
11a1~~1 col~t::ining ii~crc~ilsing ~ ~ I I ~ O I I I ~ ~ S  of' Cu.., 
:iftcbv 1rhic.11 tl~cs T E A i  r.eactiol~ \v:ls c:lrric.(I o l ~ t  
a t  100 ( '  foi, 15 111in. 'I'hr TH.\ ~ ) i g ~ ~ i c w t s  fro111 

, i O  1111 0:' t l ~ ( ~   action niixtur(~s were adsorbed 
onto ccfillulose i ~ n d  eluted with 0.1 x SttOH into 
;r final v o l u ~ l ~ r  of 15 1111, p H  1.5. Both lactose 
ant1 n~illi produced s i ~ ~ ~ i l t ~ r  pigments ; however, 
the clufintity was gre:rter in  nlilk. The pigments 
fol.111etl a s  :I rc.sult of copper contan~ination a rc  
s i ~ i ~ i l a r  it' not identical to those represented by 
Fraction 1 in Figure 4. 

A portion of the reaction 111ixture repre- 
senting R 5% Ii~rtost) solution containing 1.0 
pprn Cu" was extracted a n  equal volu~nt, 
of pyridine-isoan~yl :~lcol~ol and the a b s o r p t i o ~ ~  
c o ~ ~ i p a r e d  with the original mixture. These re- 
sults a r c  shown in  Figure ti and indicate that 
interference caused hy copper contan~ination 
a s  rt:ported hy  Dunk1t.y and .Jennings ( 1 )  is  
part ly if not wholly due to lactose degradatioi~. 

To oht:rin additional iriforn~irtion c o n c e r ~ ~ i n g  
the ol-igi~l of substances reacting with TBl\, 
the followi~lg expt.ri~r~ents were conducted: 
Salllplrs of f r c ~ s l ~  inilk (~ontaining 0.1 p p n ~  
:~d(l('cl c o l ~ l ) ( ~ r  \\-ere stored in quart  containers 
illto whic.11 tvcrc. snspended dialysis tuhing con- 
taining 20 1111 water. l \ f ter  intt~rv;ils of storage 
:it :( C, \\-it11 infreclurl~t n~ixing,  the ~ n i l l ~  and 

5% LACTOSE 
03 O - ' 4  

O l l 1 1 1 1 l l 1 1 1 l l l 1 1 1 I l  
400 430 460 490 520 5 0  580 

WAVELENGTH-MILLIMICRONS 

I'lo. 5. Effcet of eoppcr on TBA ~caction at 
1011(' for 15 ~ i i i i ~  i l l  fres11 111ilk  lid I:~ctose SOIU-  
lio~ls. 'I'RA p i g m r ~ ~ t s  :idsorhe(l froin 50.1111 rr:ic- 
t i o ~ ~  niisturr i l l  fillill v(1Iii111(~ 15 1111, PIT 1.5. .I- 
colltrol, R-0.5 p])111 1'11~~. c:-1.0 ])I>111 ('11.-, 1)- 
1.5 ])])I l l  ( ' ( 1  - ' .  
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0 l I I I I I 1 
400 430  4 6 0  4 9 0  5 2 0  !5!50 5 8 0  

WAVELENGT H-MILLIMICRONS 

FIG. ( 5 .  TRA pigments from lactose containing 
I ppm Cu" after heating at  lOOC for 15 min. 
-- reaction mixture ; - - - - pyriiline-isonmy1 
alcohol extract of reaction mixture. 

the contents of thr  bag were subjected to the 
TBA reaction as herein described. Similar ex- 
periments were carried out on thc inodel sys- 
te~n.  Some of these results artL shown in Table 
1 and indicate that the amount of TRA pig- 
nient formed is not related to the addition of 
trichloroacetic acid to thr ~nilk.  

TABLE 1 

Compariso~~ of TRA v:~lues for illtact san~plea ant1 
their dialysatea 

l)cscrintio~~ Sn mpl(> 
-- 

1)ialysate 
. 

Mi k 1 11.072 0.052 
Milk 2 0.111 O.10:3 
Mi'k 3 0.217 0.203 
l.-(;>f &I 0.305 (1.275 

- - -. -- 

To elin~inate the interferc~nce due to lactose 
degradation other reaction conditions were in- 
vestigated. I t  was found that ethanol as  a sol- 
vent for  TEA allows an  increase in the concen- 
tration of the reagent and also has an apparent 
catalytic effect on the color reaction. The quan- 
tity of trichloroacetic acid needed to yield a 
p H  of 1.4 does not consistently yield complete 
protein precipitation, as evid(,nced by a slight 
turbidity when the c.thanolic T B S  is added to 
the filtrate. To overcome this, a sn~al l  amount 
of etha~iol is added to the milk before filtration. 
h tetnperature of 60 C was found to cause 

nii~iinial lactobe deg~.adatlon :nld the color reac- 
tion proceeds a t  a reasonable rate. The rate of 
for~nation of the red pigment fo r  several sanl- 
ples is shown in Figure 7. The upper curve 
represents a FGhIJI filtrate produced by the 
original procedure a t  100 C. The reaction is 
essentially con~plett. in about 15 min. The 
other curves represent pigment developed using 
ethanolic-TBd a t  60 C and the reaction is co111- 
plete in about 45 ~n in .  In  all cases a definite 
end point is in(1icatt.d which is contrary to re- 
sults reported using different procedures (1, 
7 ) .  The rcllative flatness of the curves a t  60 
n ~ i n  indicates that plus o r  ~ninus  a few ~ninutes 
will have little effect on the result. 

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

The observed relation between orgaiioleptic 
evaluation and optical density is shown in 
Table 2. Multiple determinations have been 

TIME-MINUTES 

*'I(;. 7. Rate of formation of TBA pigment in 
tricl~loroacetie acid filtrates. The curves repre- 
seii t i~~g F(3MM nre not related. 

V- V oxi(lizrt1 FGMM, 100 C 
7- V oxidizetl FGMM, BO C 
0--- 0 oxiilizetl milk, BO C 
0 - 4  5% lactose solutio~~, f i O  C 



TARLE 2 

I<elatiol~ tlt.trnee~~ org;~~~olel,tic and TRA values 

Range of 
optical 

Flavor density 
scort, Descril)tio~t (532 mfi) 

0 No oxidized fl:tvor 0.010-0.023 
1 Questionable to r r r j  digllt 0.024-0.02!) 
2 Slight but eonsistrntl> 

tletertablc 0.030-0.040 
3 Distinct or s t r o ~ ~ g  0.041-0.0.75 
4 Very strong >0.056 

found to agree withill 2 0.003 optical density 
units. Contamination of the mill< with copper 
u p  to about 0.5 ppm does not alter the result. 

A further test of sensitivity of the method 
was demonstrated by measuriug changes in 
honlogenized milk during exposure to direct 
sunlight. These results are shown in Figure 9. 
The lower curve represents milk exposed in a 
quart glass milk bottle on a cold day. The 
point outside the figure represents the valuc 
obtained f o r  this 140-min-exposed milk after 
24 h r  of cold storage, indicating the re:iction 
did not proceed rnucll after  the exposure was 
discontinued. This was consistent with the 
organoleptic evaluation. The upper curve in 
Figure 9 represents 17.6-1111 samples exposed in 
50-ml Erlemeyer flasks on a mild day. When 
conlpared with the lower curve, the influence 
of degree of exposure and, prohahly, heat are 
indicated. These data are prt>sentcd as  a test 
of sensitivity; howchver, the  neth hod would ap- 
pear to have some value in the study of flavor 
change5 induced hy light exposure. 

0 1 1 1 1 1 1 1 1 1  

0 2 0  40 60 80 100 
CONC.OXIDIZED MILK 

FIG. 8. Recovery of k~~clxrnl rrlativr a~nounts of 
oxiilized milk as mrnsured by the TBA reaction. 

- 
- 
- 

- 
0 - 24 
HOURS 

- 

FIG. 9. Exposure of I~omogenized milk to direct 
s11111ight as ~neas~~rcd  by TRA reaction. Point 
outside figure reprrncnts milk in lo\ver rnrre after 
24 11r of refrigerated storage. 

DISCUSSION 

The suhstance(s) reacting with T B h  to pro- 
duce the red pigment as  well as  the composi- 
tion of the pigment have heen rather thoroughly 
investigated (6, 4, 11) .  Thc origin of the total 
TBA-reactive material is not so nell  under- 
stood. Results reported ill this paper show that 
this material can be derived from lactose as  
nell as  oxidized lipids. When the reaction is 
carried out in whole Inilk or in the presence of 
tt~ilk fat ,  the pigments derived prohrrhly do 
uot entirely reflect the organoleptic property 
of the intact sample, hut rnust include material 
produced by the reaction conditions. This is 
cvidc.nt from the lack of a definite endpoint. 
Such procedures rnay indicate the susceptibility 
of the lipids to undergo oxidation under ac- 
celerated conditions. Other sources of inter- 
fercwce in this reaction arc reported by Tar- 
lndgis ct al. (1'2). 

111 t11r present study, it was found that the 
aclditioli of trichloroacetie :~cid to the sample 
did not affect the amount of TRA pigment 
formed. Dialysates fro111 osidized milk or 
FQl13I yielded approximately the sarne amount 
of TI3A pig~nent as  did the intact samples. 
The ~naterial  reacting with TBA in this pro- 
cedurc! is not bound to the: f a t  globules or the 
F'GIIIil, hut is freely dialyzable. 

I t  is concluded that the proredure as pre- 
sented produces results that closely reflect the 
organoleptic condition of the intact sample and 
t.mhodies the srnsitivity, reproducibility, and 
simplicity to I)(? useful in studying t,he kinetics 
of the reaction in modc.1 systen~s as well :IS 

Ravor c11:lngc.s in milk. 
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St;JIY:lRY 

A study on the rffect of heat on niilk f a t  shows that ;~c*etone, prnti~nonr-2, 
heptanone-2, nonanone-4, and undec.i1none-2 are formed in the ahsc~ncc. of ox- 
ygen and ~noisture. The use of gas chromi~tograph with capillilry colu~nt~s  
and flame ionization detection illso revc~ills the prest2nce of 111any other com- 
ponents. Anlong these, and prescwt in rc,latively small yuilntities, are the even- 
numbered cdarhon ketones hutanon('-0, hexanone-2, and oc.tanonr-0, as well as 
the n-alkanals C, to C,,. 

Temperatures iibovc. 100 C : ~ p p ( ~ i ~ r  to he ~r i t iea l  for the d (~~e lo l )~n (~ t i t  of 1111 

off-flavor. S;1111ples of lr~ilk fa t  so heated and hotnogenizc.d into fresh ski~~nni lk  
had a marked resr~nhli~nce to rrconstitnted milk powder whm suhjrcted to a 
taste panel. 

The etrects of hc:~t in the ahsc.nce of osy3.n ~ I I  thc~ color of :~nhydrons 
n~i lk  f a t  :Ire s l~o~vn.  

Although a considrable a~nount  of research 
has been carried out on the oxidation of milk 
f a t  (4-7, 12) ,  a clear distinction has not al- 
ways been made between the cffrct of hrating 
and the effect of oxidation. The only compre- 
hensive study on thcmnal degradi~tion of milk 
f a t  is that of Patton and Tharp ( l o ) ,  in which 
they stripped the firt with steam for a period 
of 3 hr, holding it a t  a tenlpen~ture of 200 C 
and a pressure of 0.1-0.25 lnln Hz. They iden- 
tified a homologous series of methyl kctoner 
containing the 11-alkyl ~ n e ~ n h r r s  with odd nun)- 
hers of carbons from C, to C,,. These workers 
have also identified 8-decalartone ( B ) ,  itnd 6- 
dodecalactone (13) in the rtearn distillnte of 
lnilk fat. 

The purpose of the present study was to 
investigate in some dctail the effect of heat on 
milk f a t  in the absence of oxygen and moisture. 
Particular emphasis was placed on thosc com- 
pounds which might be produced in trace yu;ln- 
tities hut could contribute signific:~ntly to the 
flavor of heated dairy products. 

EXPERIMENTAL PROCEDURE 

Preparatiovh of n~ilk fat.  Fresh lnillc fro111 
the University herd was separated a t  30 C and 
the crearn promptly cooled to 5 C and churned. 

Received for publir:ition June 7,  1062. 
'Work supported in part by research grant RG- 

5848, Division of General Medical Science, Na- 
tional Institutes of IIealth, U. S. Public IIcalth 
Service, and in part by a grant-in-aid from the 
Society of Sigma Xi. 
' Contribution No. 45, University of Massachu- 

setts College of Agriculture Experiment Station. 
Present address: Food Technology Depart- 

ment, Agriculture Experiment Station, Rio Piedras, 
Paerto Rico. 

The butter was washed throe i tu~es with cold 
water, wannc?tl, and c.twtrifuged. Only the 
clear oil was c~ollected, plarod in low actinic I 
Rrlenlneyer flasks (350 g f a t  in a 500-n11 flask), 
and hubbled with a strean1 of nitrogen for  3 
~nin.  The flasks were then sealed hy insertion 
of thca appropriatca size ruhher serutn caps and 
securing the slec.ves of thc caps with several 
tight turns of copper ~vircb.' The temperature 
of the tnilk f a t  never exceeded 45 C: during 
preparation. The tightly stoppered flasks were 
stored at  -15 C for  use its needed. 

H ~ t r t  t ~ . e a t ~ ~ ~ r t r t .  While still cold, the pressure 
in the sea1c.d flasks was reduced to i~pproxi- 
tuatrly 100 p hy lneans of insertion via the 
serutn c q ,  of 11 hypoderlnic needle connected 
to a v t~cuu~u pump and :I 3IcLeod gauge. To 
reduce the possibility of hrraltage, the flasks 
\vcXrc war~ned in :I '70 C' ~vatc~r bath for 2 nlin 
hefore being placed in :I constant oil bath set 
a t  the desired heating tetuperature. 21s the 
ten~perature of the f a t  incrt.:ised, the evolution 
of clntrappcd nitrogen hc.can~e apparent." Pre- 

' The, effrrtivcness of the seal mas determined 
on en~pty flasks 11-hich had heen evaruated to a 
Ilrcssure of 100 p. The rate of leakage was of the 
onler of 1 cc of air per hour as determined by 
n~easuring the volume of the entrapped bubble 
rcasnlting from replacement of the residual flask 
volun~c by water. 
' Gas cl~romatograpl~ic a~lalysis of oxygen and 

nitrogen in the headspace of the flasks was carried 
out 11y the method of Brenncr and Cieplinski (1) 
utilizing an Aerograph model A-90-P instrument. 
Oxygcn concentration prior to the heat treatment 
was less than 0.3% with no detectable increase 
during heating. The evolution of nitrogen from 
the f a t  during heating reduces the pressnre differ- 
ential and thereby assists in maintaining the low 
oxygen conccntration. 

Liz 



linlinary studies showed all increase in the 
production of volatil(bs with increasing tempera- 
turrs of heating in the range 100-170 C. Be- 
low 100 C, the production of' volatiles is rela- 
tively low. Unless otherwise noted, heat treat- 
ment of sanlples was carried out ilt 130 C for 
3 hr. 

Gus ehromntogrnpkic aan1,qrrs. Volatiles werr 
analyzed by both the direct and the enrichment 
techniques reported previously (I)). I n  the 
direct technique, a portion of the attnosphere 
is sitnply transferred hy means of a syringe 
into the gas chrnmatographic instrument. The 
enrichment technique consists of a continuous 
cycling systern involving gas-liquid extraction. 
The volatiles are collected in a special cold 
trap which can thrn he capped, warmed, and 
its enriched headspace analyzed as in the direct 
trchnique. The heated fa t  as  xvell as at1 un- 
heated control were held a t  40 C during the 
collection period. A Perkin F:llller Vapor Frac- 
tottletrr lrTodel 1.54C with :I hyiirogen flatnr 
ionization detector was usrd with hot11 capil lay 
zinc1 paeked columns. 

Since it is likely that, under son)(' conditions. 
two or Inore rontpounds could have the s:ltt~e 
retrntion time, and since it is difficult to achieve 
optinlal operating para~nc.ters for the s:ttis- 
factory rrsolution of all of the variety of cant- 

ponents present, attention was focused srp- 
arately on rach group of c.arhonyl compounds 
having sinmilar boiling points or c+t~rhon chain 
lengths. Prc~li~ninary runs wrre ln:~de with au- 
thentic cwnpounds to clrtertninr conditions 
which would pennit good rt~solutiotl of the dif- 
ferent mernhers of each group. These pre- 
viously drtermincd caonditions were used for 
colnparing the retelltion times of unknowns wit11 
those of known chemicals. As an esalnplr, au- 
thentic butanone-2, 11-butanal, isohutanal. :~nd 
hit1c-c.ty1 did not sc.paratc. ~vell on a diisoderyl- 
pl~tll:ilate packed c,olumn ; ~ t  tnost of the tc.111- 
pc~raturrs uscld. Efficient sc.pnmtioti, howevc.r, 
w;is rasily achic~vetl by tnc.nns of n capilliiry 
~ ~ ~ l y ~ x o ~ ~ y l e n e g l y c o l  (PI'G) eolulnn a t  3.5, -40, 
a ~ l d  50 C!. At highrr colu~ntt tenlpt.ratures, thrse 
low-boiling compounds emerge so close to each 
other that retention data are of littlt, valuc.. 
Our triethanolamint: (TEA)  column was par- 
tictularly interesting, sincr ;ildehydes were ap- 
parently retained OII the eoln~nn while ketonos 
were eluted nor~nally. 

Hetrc.tio,l with I),VPW!jt/rtr.:iilt," tci~tl c.lrtontn- 
togroph!~ of the k!/dr(~zoit~s. The volatiles col- 
lected in the cold trap hy Incans of the cycling 

The :~bbreviation D N P  is used tllroughout for  
"4-rlinitrophenyl-. 

system mentioned above wrre allowed to react 
n i th  4 N HCl saturated with DNPhydrazine 
for  2 h r  a t  room temperature. The hydrazones 
were extracted repeatedly with n-heptane, con- 
centrated, and chrotuatographed on paper using 
:I ~nodification of the method described by 
C lemmt~  and Drathrage (2 ) ,  which employs a 
systen~ of X, N-dimrthyl fortna~nidcx-pyriditle 
( 5  :1) as  the stationary phase and cylohexanr 
as the mobile phase. The DNPhydrazones werr 
also separated by colu~nn chronlatography ac- 
cording to the method of h y ,  Rassettc., and 
Keeney (3). 

Sprctrophotometric a?ealyars. i\hsorption 
characteristics in the ultraviolet region of the. 
hydrazones eluted from paper or colutnn chro- 
rnatography (in 95% ethanol) were obtained 
1 1 ~ 7  means of a Cary 14 rclcording spectropho- 
tometer. .I Spectronic 20 spectrophotonleter 
was used for transmittance and reflectance meas- 
urements on the heated milk f a t  salnples. 

Flaror cvnlz~atio~,. The effect of heating of 
the fa t  phase alone on the flavor of milk was 
studied by homogenizing the heated fa t  into 
fresh skinnnilk to the level of 4% fat. d series 
of ctilutions with an unheated control was pre- 
pared and presented at  random to a panel of 
eight judges. The threshold concentration of 
the off-flavor was deterlninrd as described hy 
IYhitney and Tracy (14).  

I"ign~.cs 1 sho\vs it conlposite gas chro~llato- 

FIG. 1. G:IS cI~roti~:~togra~)llir analys~h of vola- 
tiles from milk fat  hr:~ted at  130 C for 3 hr, 150 
ft  ZTCOS LB-550-X capillary C O ~ U I I I I I ~ .  F1:tmr 
ionization detector. Colunln tr~np. a-1) 70 C, 1)-r 
IOU C. 1. Mcthanal, propanal, and acctone. 2. 
11-butanal. 3. butanone-2. 4. pentanone-2. 5. n- 
pcnt;innl. (i. hexanone-2. 7. n-l~exannl. 8. hepta- 
nonr-2. 9. n-heptanal. 10. oetnnone-2. 11. 11-oc- 
t;~n:ll. 12. nonai~one-2. 13. 11-nonanal. 

gram of volatiles from milk f a t  heated at  130 C 
for  3 hr. The conlponents shown are mainly 
carhonyl compounds with the methyl ketones 
of odd carbon nu~nbers present in relatively 
high concentrations, hrptilnone-2 being the 
highest. The figure also shows that also present 
hut in tnuch snlaller amounts were the even- 
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nutnhered carhon ketones C,, C,, and C,, as  well 
as  the n-alkanals C,, C,, C,, C7, C,, and Cn. 
.tgreement of retention times of the unknown5 
with those of authentic compounds was oh- 
tained under a wide variety of gas rhromato- 
graphic conditions, as shown in Table 1. Since 
resolution on rapillary colunins is f a r  superio~. 
to that of parked columns, retention times oh- 
tained froin the use of the fomier under varird 
rotiditions of temperature are morc. rrliahle. I n  
addition to the ahove-mentioned compounds, the 
presence of methanal, ethanal, propanal, and 
possibly underanal is revealed. Unfortunately. 
the use of tenlperatures higher than 100 C for 
packed columns and 120 C for  capillary col- 
umns was limited hy excessive bleeding of col- 
umn substrate. This made difficult the analyses 
of carhonyl compounds with longer rhain 
lengths than Cfi and also limited the detection 
of lactones reported to be present in heated 
niilk f a t  by Patton and his co-workers (8, 13). 
However, a peak which appeared to correspond 
to butyrolactone could he observed only a t  a 
column temperature of 120 C. Further work 
is  needed to confirm the presence of this com- 
pound. Chromatograms of the rontrol showed 
the presence of a number of volatile compound5 
in the unheated fat. However, these were pres- 
ent in exceedingly low eoncentrations with aee- 
tone being predominant. 

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

1. Gas chromatographic patterns of the head- 

space in the cold trap (of the cycling systetl~) 
before and after reaction with DNPhydrnzine 
were compared. The major peaks shown in 
Figure 1 were markedly reduced, whereas most 
of the minor peaks disappeared altogether. 

2. Bands of DNPhydrazones separated hy 
paper ehroniatogmphy were treated with a- 

ketoglutaric acid (11) , the released carhonyls 
analyzed hy gas chrolnatography under differ- 
ent conditions and their retention times com- 
pared with known compounds. 12, values were 
also determined. The data reported in Table 2 
show that each hand contains a numher of 
ininor components in addition to the nlnjor 
compound. Traec compounds of different R f  
values could possibly he carried along nit11 
neighboring bands. 

3. Hydrazones separated by column chrotna- 
tography were likewise treated. The gas chro- 
matographic analyses of the released carbonyls 
are shown in Tahle 3. The presence of stnall 
amounts of minor components, along with the 
major colnponent in each hand, is again dem- 
onstrated. It is possible that in the purification 
often necessary for  inelting-point detemmina- 
tions of the major components several minor 
romponents are lost. 

4. Ultraviolet spectra of the hydrazones sep- 
arated by eolumn chromatography (Tahle 3), 
a s  well as  those obtained from paper chro- 
matographic hands, confirtiled that the carhotly1 
compounds present were mainly aliphatic satu- 
rated aldehydes and ketones. 

TABLE 1 
Sommrrry of gas chromatographic analyses of volatiles from heated niilk fat on various column> 

at  various temperatures 

TJCOS LB-550-X capillary Diisodecyl- Triethanola- 
phthalate mine 

Con~pound 35" 50" 70" 100" 120" 70" 100" 60' 90' 

Ethanal 
Metl~anal 
Propanal 
Acetone 
n-Butanal 
Butanone-? 
Pentanone-? 
n-pent an:^] 
Hexanone-2 
n-Hexanal 
Heptanone-2 
n-Heptanal 
Octanone-2 
n-Octanal 
Nonanone-2 
n-Nonanal 
Undecanone-2 

R-Resolved from adjacent peaks. 
NR-Not well resolved, brackets indicate groups of unresolved peaks. 
SD-Not discernible a t  this temperature. 
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TABLE 2 
Gas chromatograpliic retention times of carbonyl eompounds released from DNPhydraeoues 

partially separated by paper chromatography 

Tentatively 
Band no. identific~d 
on paper Rr compounds 

GC analyses 
on diisodecyl- 

phtltalate 
a t  100 C 

GC analyses 
on trieth- 
anolamine 

a t  60 C 

R.T of 
v:tpors 

released RT of 
from authen- 

eluted tic conl- 
band pounds 

RT of 
vapors 

released RT of 
from authen- 

eluted tic coni- 
band pounds 

- 

Rf of 
authen- 
tie corn- 
pou11tls 

I 0.40 Acetone or* 
Propanal 3.0 3.0 2.8 2.8 0.43 

*-Major component. 
**-Trace carry-over from other bands. 

***-A band with an R t  value of 0.85 preceded Band 2. Howover, GC analyses were not 
ndquate,  possibly due to low concentration of higher-boiling eompounds. 

TABLE 3 
( ~ ~ 1 5  chromatographic ~.etentlon timrs of rarbonyl compounds released from DNPl~:tl~azoncs 

p:nti:tlly separated by column  chromatograph^ 
-- . . 

HT* of 
vapors RT* of A b s o ~  pt lol~ 

Band no. A l ~ s o ~  ption rc1c:lsed authentic T(~iitative1y n ~ a x i ~ l ~ : ~  of 
(from max~mol~ l  from carbonyl itlentificd :luthentie 

column) of 11:n1d I~antl compounds c~on~poun~dq con~pountls 
-- - - 

(nwl ( I I IZ~L)  0 1 1 ~ )  
1 :i(iO 38.4 38.2 Nonanonr-:! 3(ill 

40.4 40.0 n-Nononal** 
> 362 20.8 20.8 Ortunonc, 2 360 

40.2 40.0 11-Nonan:tl 358 
38.3 38.2 No11anonc~-2** 360 

.i 359 11.1 11.1 IIcptanonc-2 361 
21.8 21.8 11 Oetanal 358 
12.5 12.3 n - l Iep t :~na l*~  358 

4 362 6.6 (i . (i TTexa~~onc-2 360 
12.5 19.5 n-Heptanal 358 

7.1 7.0 n-Hcxanal** 358 
5 363 4.3 4.3 Pcntanone-2 360 

7.0 7 . 0  it-ITexnnal 358 
6.6 6.6 Hexanone-2%' 360 

6 362 4.R 4.3 Pentanone-2 360 
4.5 4.5 n-Pentanal*" 360 

- 

*-On a 150-ft UCON LB-550-X capillary column a t  100 C. 
**-Possibly carry-over from othcr l~m~r l s .  



Effect of h ~ u t i n g  nail/; fat on flavor. The off- 
flavor found in milk containing milk f a t  heated 
a t  100 C or above was described hy the panel 
as  havlng a marked resemblance to reconsti- 
tuted milk powder. There did not apprar  to hr 
any qualitative difference in flavor, with tern- 
peratures of heating between 100 rnd 170 C. 
There did appear to be an  increase in intensity 
of off-flavor with an  increase in temperature 
in this range. While the flavor threshold for  
the 100 C heated f a t  was nearly loo%,  i t  was 
below 2001, for  salllples containing the 170 C 
treated fat .  

Effrct of hratinq on thc, color of milk  fat. The 
effett of heat in the absence of ovygen on the 
color of rnlllc fa t  is shown in Table 4. The con- 
trol was held a t  40 C for  3 hr. A progressive 
increase in light trans~nittanct., with higher 
temperatures of treatmc~nt, 1s ev~dent.  A similar 
pattern was shown hg reflectance measurements. 

DISC'IJSSION 

The results of this investigation confirm the 
presence of an holnologous series of n~t'thgl ke- 
tones with odd numbers of carhon atoms in 
heated lnilk f a t  as reported m.rlier hy Patton 
and Tharp (10).  However, this study indicai~tes 
that the presence of moisture is not nectwary 
for  the formation of these eornpounds. I n  addi- 
tion, the formation of smaller amounts of sev- 
eral other carbonyl compounds as a result of 
this heat treatment is demonstrated. The latter 
components may also contribute significantly 
to the flavor of heated dairy products, sintcl 
there is evidence to show that in some eases 
compounds present even a t  subthreshold levels 
exhihit a synergistic effect ( 9 ) .  

The origin and nlechanism of formation of 
earhonyl colr~pourlds arising in inilk f a t  up011 
heating ;ire not well understood. Wong et  al. 
(15) proposed that hetil-kcto-acids in the milk 
f a t  glycerides might rc~presmt possible pre- 
cursors for the nlc,thyl ketones. These authors 
further point out that it would be unliltely that 
the formation of thesc. eonlpounds in such 
products as evaporated ~n i lk  and heated tre;tln 

TABLE 4 
Optical transmittal~ce of lnilk fat  l~cs:~te~l for 3 111. 

at different temperat~rrcs 
-. 

Temperature Per c c ~ ~ t  
of heating tra~ismitt:unrr 

(c) at 490 n ~ p  

occurs via atlnospheric oxygen attack on the 
lipids, in view of the a.bundance of reducing 
substances present. 

The possibility that some forrn of oxidation 
might he involved is  suggested by the accom- 
panying bleaching of color observed in milk f a t  
upon heating. However, the loss of color by 
heat seems to proceed via a different mechanis~n 
than the bleaching normally produced by in- 
tensive oxidation of milk fat .  No oxidized fla- 
vor was dett1c@tc*d when the f a t  was heated to 
the point of discoloration in the absence of 
oxygen and n~oisturc.. Gas chrolrlatographic 
patterns of the heated f a t  were markedly dif- 
ferent frorn those of Inilk f a t  oxidized a t  low 
te~nperatures. Results repnrtrd by several in- 
vestigators (4-6) indicate that aldehydes pre- 
dominate as  products of oxidative. iuechanist~is, 
whereas this study shows that ketones may he 
the major components formed hy heat. 1 1 1  

actual practice, both lnechansilns may be opc3r- 
ating sin~ultaneously, giving rise to all r s -  
tremely complex system. Attempts to obtain ;I 

correlation of flavor change with chernical oo111- 
position are further colnplicated by the quanti- 
tative relationships involved. Further work is 
needed to clarify the mechanism by which heat- 
generated products are formed, as  well as  the 
role they play in contributing to flavor. 
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SENSITIVITY O F  JIILK LIPASE TO ANTIl3IOTICS 

K. N. SHAHANI AND R. C. CHANDAN 
Department of Dairy Husbandry, University of Nebraska, Lincoln 

SUMMARY 

A study was made to determine the effect of v;irious coiicentratiolls (0.5-50.0 
ppm) of antibiotics upon milk lipase. Aureomyein, penicillin, streptomycin, and 
terramycin inhibited the lipase activity by 9.5 to 42.4, 7.9 to 49.8, 9.2 to 39.6, 
and 7.6 to 44.2%, respectively. Up to 10.0 ppnr, there was a direct relationship 
between the concentrations of the antibiotics and the per cent lipase inhihition, 
but with higher concentration the increase in lipase inhibition became dispropor- 
tional to the antibiotic concentration. Fractional drtern~inations of the fatty 
acids released showed that antibiotics did not possess any selectivity in  inhib- 
iting the release of short-, medium- or long-chain fatty acids by the enzyme. 
An increase in the f a t  content of milk lipase systems containing antibiotics 
nullified the inhibitory effect of antibiotics. Evidence is presented which indi- 
cates that the ant~hiotics apparently work a i  c o ~ ~ ~ p e t i t ~ v e  inhihitors of milk lipase. 

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

As a consequence of the extensire use of 
antibiotics in rnastitis therapy and their inci- 
dence in  milk, several studies have been made 
concerning the effect of antibiotics upon starter 
cultures and upon the preservation of dairy 
products (1, 6 ) .  Shahani et al. (19) observed 
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that piinaricin and rnycostatir~ inhibited the 
yeast and lnold growth and rancidity develop- 
ment in Cottage cheese and thereby extended 
its shelf life. Kooy and Pette (13) noted that 
the presence of the antibiotic-producing strain 
of Streptocorcils Tnctis inhibited the butyric 
acid fermentation in milk inoculated with Clos- 
triditbm t ! j rob~c t~r icum.  

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

The effect of various concentrations of anti- 
biotics was determined upon the naturally pres- 
ent lipase system in raw milk. Raw milk was 
obtained from the University herd, cooled im- 
mediately, and used within 30 min after milk- 
ing. Prior to the addition of antibiotics, the 
enzyme systenl in the raw milk was subjected 
to the activation treatment, in order for lipol- 
ysis to proceed a t  a rapid rate ( 7 ) .  The :~cti- 
vation treatment consisted of mixing five parts 
of homogenized, pasteurized milk with 95 parts 
of raw milk and subsequent cooling to 4C ,  
warming to 30 C, and cooling ,again to 4 C .  
This permitted the easy detection of even 
minute inhibitory effects of antibiotics on lnilk 
lipase(s) . Appropriate quantities of 0.1-0.5 1111 
of aqueous solutions of aureomycin; penicillin: 
streptomycin,' or terramyein6 were added to 
24.5 ~ n l  of different samples of the raw milk 
system to yield antibiotic concentrations of 0.5, 
1.0, 5.0, 10.0, and 50.0 ppm in milk. These 
antibiotics were used primarily because they 
are more com~nonly employed in inastitis ther- 
apy and may be present in residual quantities 
in market milk. The final volulne of the reac- 
tion mixture lras 25 1111 and the f a t  content 
approximately 3.5% in all the samples. The 
control salnples were prepared the same way, 
except that sterile distilled water ~ v a s  used in 
place of the antibiotic solution. Each of the 
control and experimental samples was divided 
into three lots. One lot was assayed in~niediately 
for the frer fatty acid content, and the other 
tx-o lots were stored in corked 100-1111 Erlen- 
meyer flasks in a refrigerator a t  4-6 C and as- 
sayed for the free fatty acid drreloplnent after 
24 and 48 hr storage, respectively. The free 
fatt.y acid content, n~easuring the extent of 
lipolysis, \ras determined by the silica gel 
method of 1Iarper et  al. (10). This method 
was selected because of its accuracy; in the 
preliminary trials the recovery of added free 
fatty acids from milk was of the order of 91 
to 99%. For  each assay, 10-ml aliquot of the 
incubated milk system was used, and the free 
fatty acids were eluted with 150 ml of chloro- 
form-hatanol mixture. The titration was per- 

" Auroomycin (R),  Clllorotetracycline Hyclrochlo- 
ride, Oral grade, American Cyanamid Co., New 
York 20, N. T. 

a Procaine Penicillii~ G. Col~nnercinl Solrents 
Corporation, Kcw York 17, N. P. 

"Streptomycin Sulfate, Shbott Laboratories, 
North Chicago, Ill. 

Terrnmycin Hydroel~loricle, Chas. Pfizer and 
Co., Brookly~ 6, N. P. 

formed with 0.01 N alcoholic potassiu~n hy- 
droxide, using phenol red as the indicator. The 
titer value representing the free fatty acids 
content ( F F A )  is used to express the lipase 
activity. 

For  the fractionation of the total free fatty 
acids into long-, mdium-, and short-chain fatty 
acids, the general assay procedure as outlined 
by Harper and Armstrong (9)  was used. Long 
chain implied C,* to Cis fatty acids, medium 
chain C, to C,,,, and short chain less than six 
carbon fatty acids. Penicillin and aureomycin 
in concentrations of 10.0 and 50.0 ppni were 
added to the raw ~iiilk system, and the samples 
were stored a t  4-6 C for 24 and 48 hr. Employ- 
ing different threshold volumes of the eluant 
(9 ) ,  each fraction containing different chain 
length fatty acids was collected and titrated 
with 0.01 N alcoholic potassiuln hydroxide. 

To determine the effect of varying the con- 
centration of substrate (milk fa t )  on the anti- 
biotic inhibition, and to detennine whether the 
inhibition upon the lipase(s) was of a com- 
petitive or  noncompetitive type, reaction mix- 
tures eontaining varlous concentrations of the 
substrate were prepared. The procedure re- 
ported for  studies with ~nicrobial lipases (2) 
was liiodified slightly to adapt it to ~ni lk  lipase. 
The esperiments were conducted a t  the natural 
p H  of milk to simulate the condition en- 
countered in ~nilk. I n  brief, the following tech- 
nique was eniployed: The raw milk system 
containing activated lipase activity was pre- 
pared as just described. Varying amounts of 
freshly separated pasteurized whipping cream 
(40% fa t )  were added to the activated enzyme 
system to obtain a f a t  content ranging between 
3.5 and 25%, as determined by the Babcock 
method. One-half ~nilliliter of an  aqueous solu- 
tion of appropriate concentration of aureomy- 
cin or penicillin was added to the system to 
obtain antibiotic concentrations of 5.0 and 50.0 
ppm. The final volume of each mixture was 
50 ml. Concurrently, control samples contain- 
ing the substrate and the enzyme but no anti- 
biotic were also prepared and treated the same 
way as the experimental samples. Each sample 
was divided into two lots and stored in a re- 
frigerator a t  4 C. After 24 hr of storage, one 
lot was removed and mixed thoroughly, and 
10-ml aliquot was used for  the determination of 
free fatty acids liherated. Similarly, the second 
lot Iras analyzed after 48-hr storage. 

RESULTS AND DISCUSSIOX 

Effect of various concentratiolzs of a~~tibiotics 
O I L  1tti71i 7ipnse. The data relative to the effect 
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of v;~rioos eonec~~lt~. :~t ions of ;~urc.o~~lycin, prni- 
(Gillin, s t ~ - c p t o ~ ~ ~ g c i t ~ ,  ;~n t l  tc~r~~i~nly ' in upon thc 
IiRerntion of f'rrc f ; ~ t t y  acids 1)y ll~ilk lip:~s(? a r e  
p~'cs(wtc~l  in T;11)lc 1 . Thr  da t :~  rc.prc.se11t ;IV- 
csr;~gcx v ; ~  lnvs of four to five tr i i~ls  co~ltlncted 
with (I;ICII ;~ntihiotie i~ntl  r ; ~ c l ~  concc~ntr;~tion. I t  
111:ry hcb o1)sorvcd that  thr  co11t18ol S ; I I I I ~ ~ ( !  tron- 
t;lining 110 i~~~t ih io t ic .  c.xhil)itc,tl ;I lllaxi11111111 lih- 
(fi~.;~tio~l 01' the FF.\. 111 thv s ; ~ ~ ~ ~ l ) l c s  (aont;ti~~i~ig 
0.5 to 50.0 ppln of nutiI)iotic, ;I d(2crmsc ill FFA 
w s  ol)stl~.vc~d in thc 111ilk S~IIIIPIPS,  iii(Iie;~tinp 
thnt all the i~ntihioticas supl,rr~ssc~d tlie lipolytic 
activity. 

At Io\vtfir co~lrrntr.;ltions (0.5 to 1.0 ]?~) I I I ) ,  
thrrt. \v;~s a corresponding i~ic~.c.ase in  lipase 
inhihition with inercvlse in the c*oncmtr:~tion 
of' tht* :~ntihiotic. Ho~veve~. .  ;lt higher concen- 
trat iot~s (5.0 to 50.0 p p ~ r ~ )  of the antibiotics, 
the increase in the enzyllle inhihition WAS not 
in dircvt prnportion to antihiotic concentration. 
One-half ppln of the :rntihiotics inhihited the 
lipasfa ;lc*tivity by 7.0 to 11.5%. On incre:lsing 
the t~ntihiotic concc~litr;~tiol~ to 50.0 p13111, the 
c.orrc>sl)o~~(ling inhibitions n.c.1~. fount1 to v ; ~ r y  
I~c.t\v(.ca~~ 34.5 ;~n t l  49.SO/c. 

I n  thc. control sa~llples, of the, tot;ll ft.c.c fa t ty  
;~c ids  lihc81.ntc.d in 48-11r stor;~gc., 64.5 to 88.2% 
\rtlrci lil)cbr;~trd in the first 34 111. of s t o m p ? ;  
\ \~IIVI~(~;IS,  65.3 to $)I.:<%, ~ v e r ( ~  lil)(~r;~tcvI i l l  th(1 
c.;lscb of' s : ~ ~ ~ l p l c ~ s  cont :~ in i t~p  it~ltibiotirs. 

1)nrillg thr  first 21-hr pcbriotl of stol.apc>, 0..5 
to .50.0 1)1)1n of aur(w~~ly(ai~i  inhibited th r  lip:~sc. 
activity t)y 9.5 to 38.6%. The corrc~spondi~lg 
inhihitions found in  the case of penicillin, 
s t re l ) to~l lyc i t~~  and t n r a ~ n y c i ~ l  \ver(> 7.9 to 48.0'%, 
I).:! to :54.57{, arltl 7.6 to :3S.8%, rrspectivc~ly. 
Further  storage for  24 h r  effectc.d ;>n ndditional 
iuhihition of 0.8 to 6.7y0 only, i~~t l ica t inp  tha t  
~ l ~ o s t  of the inhihitor>- effect of tlie antihiotic 
occnrred in the first 24 lir of stor;~gc. 

Ti1 these studies, a t  the lo\vcst conc~rnt~.ation 
of 0.5 p1)111, s t r e p t o ~ ~ l y r i n  was the ~ n o s t  inhib- 
itory i~ntihiotic; \vliereas, at  thc~ Iligliest con- 
(.(~ntl.;ltion of -50.0 1)1)111, peliirilli~l \vas the 111ost 
i11hi1)itory ;t~~til)iotic. 

111 ;ill c~;t~.lier stud\- (1), it  \\-;IS ohst~~~vc.tl that  
0..5 to 50.0 1'1%" of pc~iieillin inhihitccl 3.0 to 
1 OO5{ 01' the, lil);lscb ; ~ c t i v i t -  protlnec.tl hy . I  r.11 ro-  
111o11trcal~r l i ) ) o l , i / t i v ~ r ~ ~ ~ ,  Gcoir ic1111,11 ctort7itl11111, 
. I  . s ] I ~ J ~ , ~ ; / / I I . s  ,11i,qr.r, ;III(I 1 ' ~ r / i c ; l l i 1 1 1 1 1  v ~ ~ q ~ t ~ ~ , f o v i i .  
.I c o ~ ~ ~ l f i ~ ~ ~ i s o l ~  0 1 '  tllv :~~~til)iotic-sc.~isitivity 0 1 '  
1 1 1 i I l <  lil);~s(s to t11;1t 01' t 1 1 ~  111ir1.111)i;il Iil):~s(~s i l l -  

~lic:~tc~tl t l ~ ; ~ t  the, 111ilIi lil):~scl systr111 xv;ls Irss 
scb~~sitivcb to :~tltil)iotic.s t l ~ i ~ n  tll(% ~)lic~'ol)i;ll lil):~sc~s. 

~ l ~ ~ l ~ / l ~ / f ~ 7 ' , f /  < ' f l z ( ' /  ll! '  ( f l l / ~ ~ l ~ f l / ~ l ' ~ S  l f ~ J O l l  / / I [ '  7'P- 

/ IYI,SI, ,I! I ~ , I ~ ; O I I . S  ( , I / / ! /  (rri11.q / I ! /  l i l ~ i~ .sc , .  Atilk 
lil);~s(s : I I I I ) ( ~ : u . ~  to I) (% ~lwcific: i l l  splitting ofT 

v;11~ious f ';~tty ;lcids ~ I . O I I I  ~tlilk fat .  ITarprr ( S )  
rc.l)o~'totl tll;~t f~-c~cxr-dric~tl raw n ~ i l k  split off 
14.7C$ l~utyr ic  ;~citl fl.0111 ~llilk fa t .  XIore 1.c- 

c,c~l~tly. I l ; i rn. ;~l l ;~~~.  I l l )  stn(1ic.d the rc.l(.asr 01' 
~.cnl;~tivc. ;111lonuts 01' I;~~~ric-;llltl-liigl~~~r, c;~pi,ic*. 
c.:~l)~'ylic., c,;il)~~~icd, ;111tl I~ntyric. acids fro111 111il1c 
l ' ;~t  l)y tht, :1vtio11 of ~ t ~ i l l i  1ip;lse. llcb ol)s(,rv(vl 
t11;1t, t h ~  I : I I I I ~ ~ ( ~ - ; I I I ( ~ - I I ~ ~ I ~ ( ~ I ~  fractio11 w;ts t11(~ 
I I I ; I , ~ ~ I .  ( . O I I I ~ ) O I I ( S I I ~  IY~I(>;IS(Y~ (111ri11g lipolysis. . ~ P I I -  
sc.11 cbt ;)I. (12) also ~lotic~c~d thnt 111ilk lil?;~s~s 
rcal(~;~scfitl Iot~g-(*ll:lil~ f a t t y  :~cids fro111 ~ l ~ i l k  fnt .  
I '  I his study \\.;IS ul~dert :~k(w to dctc>rllline the, 
oH'c8et of n11ti1)ioties nl)on the liberations of 
1o11g-, 1lletli11111-. ; ~ n d  short-chain fat ty ncids I I ~  
th(. c211zylllr. Thc~ tlnt;~ pertaining to this in- 
vcbstig;~tion i ~ r t ~  ~)rosentrd in Table 2. 

130th aureo t~~ycin  and penicillin in1iil)ited the 
liht.r;ltion of all the t11rc.e proups-long-, me- 
diu111-, mid s l ~ n r t - ( ~ l ~ a i t ~  fa t ty  acids. I n  gen- 
csr;ll, thr. inhibition of tht, release of the indi- 
viduill groups of fa t ty  acids \van of the sa111c 
~ l l ;~gni tudr  for  tliffrreut concentrations of th r  
nr~tihiotics :lnd for  difPe~.(l~lt tilues of storage. 
111 24 In,, 10.0 I ) ~ N I I  01 '  ; ~ u r c ~ o i n y c i ~ ~  inliibitrtl 
37.5%. of thcl rcal(.;lse of th(% long-c l l ;~ i~~ fa t ty  
;lc*itls, 37.5% of  the. 111c.tli11111. ; ~ n d  35.05; of thca 
short-chitin f ' ;~t ty ;~citls. Storage for  a n  nddi- 
tiorl:~l 21  111. rc,sultrcl in  thc. i~ihihitions of thc, 
thrcv, groups of f;ltty acids u p  to 38.9 to 40.79:. 
At 50.0-1)p111 lc~v(~l of  ;~ur(>on~ycin in  ilk, t 1 1 ~  
~.c~lc~;~sc~ o C  tl11.c.c. groups of f a t t y  ;~cids \v;~s 
:~rrcbstcbtl hy 1:j.S to 50.0% in 24 and 4S lir of' 
storage. E:sst~nti;~lly sirl~ilnr results worcJ oh- 
txined in the. stnt1ic.s with peaieillin. Since. 
the inhibition of thc lil)c.ratio~l of ;rll the 
tl~l*cv> gt-oul>s of fat ty acitls by antibiotics fol- 
lowcltl the sn111c.  patter^^. it \vas felt that  thr  
antihiotitas ditl not exhihit any  sclt~rtivity in 
rc.g;~rtl to ththir inhihitory effects upon the rcB- 
Imsc. of various fa t ty  acids hy ~nil l i  lipase. Thc 
~ . e s ~ ~ l t s  1.eportci1 in Table 3 ;ire in  h n r ~ ~ l o n y  with 
the observation of other workers (11, l a ) ,  that  
loug-chain fa t ty  acids co~llprise the n ~ a j o r  coln- 
p o ~ ~ ( . n t  of totnl f a t t y  acids released rluri~ig 
lipolysis of 11lilli fat .  

I ~ r ~ / ~ r l i o , ~ s k i l ~  I ~ c , / ~ r . r c ~ ~  r rn t iO io t i c  i i z l ~ i l , i t i o ~ r  r r ~ r d  
. r r r / ) s / ~ , ~ r l c  c o ~ i c c ~ ~ ~ t r c t f i o r ~ .  The results rcll;~tive to 
t h t ~  thlP(.ct of i~tc~-c';~sing s~thstrate c.oncc.ntratio~~ 
0 1 1  thv i111iiI)ition of 111iIli lip;~s(x by ;~ntiI)iotics 
;II.P l ) r ( ~ s ( ~ ~ ~ t c ~ t l  i l l  Figure. 1. The figu~.c~ l)l'c~sc~nts 
tI1(8 ; I ~ ( ~ I , ; I ~ ( :  v:1111t>s of ~ I I I Y , ~  to f o u r  t r i ;~ls  COII- 
tl~~c.tcstl with O ; I ~ I I  ;~~~t ih io t ic .  ;111tl : ~ t  ( > ; I V I I  c.o~lcc~l~- 
t1.:1tit111 l(~v(nl 01' tht, ;111tiI)iotics ; ~ n d  t 1 1 ~  s ~ ~ l ~ s t ~ ~ ; ~ t c ~ .  
('lll-vc~s l l l ; l l ~ I ~ ~ ~ ( l  I ;Ire tIl(2 ~~ll l l t rol  c11rves r<>1r1,t2- 
~ c ~ ~ ~ t i r l g  thc' li1)olysis a t  v ; ~ ~ i o u s  Icvcls of 111ilk 
l';~t i r l  the. ;11)s(k11(.(, of ;~t~til)iotics. Cnrvc,s I T  
; I I I ( I  I 11  s ~ l O \ v  til(% (sfi(a(nt O~ 5.0 a l lc~  50.0 l~p l l l  

;~ntiI)iotic.s 011 thv l i l ) t ~ ~ ~ ; ~ t i o ~ i  of fie? fa t ty  acitls. 



TABLE 2 
Effect of antibiotics on tile release of long-, mcilium-, al~t l  short-cl~ain fatty acids during 

lipolysis 

Anti- 
hiotir 

T in~e  of eo l~r r l~  
storage t r n t i o ~ ~  

Fractiol~ 'C loraction I1 
Long-chain Mrtlinm-rl~ain 

- 

F F A  " I n l ~ i b i t i o ~ ~  FFA " Itll~ibitiol~ 

(76) (%) 
A~~reon~yein  

Fr:lction 111 
SI~ort-rl~:~in -- 

F F A  a Inl~ibitiol~ 

(%l 

" FFA-Milliliters of 0.01 N aleol~olic potassium l~yilrosiile used to titrnte free fatty acids 
extracted from 10 ml milk sample. 

24 HOURS 48 HOURS 

AUREOMYCIN 

0-30 O%-;O--!~ ;O ;5 & 
SUBSTRATE CONCENTRATION (%FAT) 

FIG. 1. Influence of substrate concentration 
upon t l ~ r  reactiol~ rcloritj- of milk lipase ill tlie 
abse~lce and in tlie prcsence of antibiotics. I. 
Controi samples (no antibiotics) ; 11. Samples 
containing 5 pptn of the antihiotir; and 111. 
Snmplefi containing 50 ppul of the :~ntibiotic. 

As the f a t  contrnt increased in thc rraction 
~ l ~ i x t u r c  containing 5.0 and 50.0 ppln of anti- 
biotic (Curvc.s I1 : ~ n d  III),  the inliihitoly effect 
of the antil~iotic against the enzynle was nulli- 
fied and Curves SI : ~ n d  IS1 tended to merge with 
Curvrs I. This pl~cwonienon \\-as observed in 
the study of both tltc nnti1)iotics. The ~nasimunl 
~.eac:tion vclocitics of hoth the control and the 
anti1)iotic h~~eiinle thc S:IIIIC a s  the f a t  rontent 
 cached the 257; lt~vel. Also, in  the reaction 
~ n i s t u r e s  containing nlore than 25% fa t ,  the 
:~atibioties eshibitrd no inhihitory effect upon 
the lipnse activity of the system. The presence 
of f a t  seelnrd to protect the lipase against 
:intihiotic inhihition. Silsson and TVillart (15) 
found a similar protection of lipase activity hy 
milk f a t  against heat inactivation. 

The reaction velocities in  the absence and in  
the presence of two different concentrations of 
the antibiotics a s  plotted in Figure 1 mere used 
to determine the type of inhibition. Employing 
t,he procedure outlined by Dison and TVehb (4), 
it  mas observed that  the lipase of milk was ap- 
parrnt ly inhibited hy  the :~ntil)iotics in  a coln- 
petitive mannc.1.. 21 sinii1:n. inllil~ition ohserved 
with ~nicrobial lipascs \\-as rc~portrd in a n  earlier 
papcbr (2) .  
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E F F E C T  OE' 111GH-LEVEL GRAlN FEE'I>ING OX BIILmK 1'ROI)IJCTION 
R E S P O S S E  O F  IJACTATTNG 1)AIRY COWS 

L. D. BROWN, J. W. THOMAS, K. S. EMERY, L. U. M(GTLLIAKD, D. V. ARMS'I'KONG, 
.\XD C .  A. LASSITER 

Dairy Department, Mirhig:m Sttrte Univrrxity, F,:c~t Lnilsi~~g 

I3ightt~c.n 1aet;lting dairy cows were divided illto three c .o~~~par ;~b le  groups 
iipproxinra.tely 36 days p o s t p a r t u ~ ~ ~  to stutiy the rtY(8et of fcrding high levels 
of grain fo r  a co~nplete lactation. Grain wtls fed a t  three 1rvc.l~ : Group 1, 1.0 lh 
grain per 3.5 lb n~ i lk ;  Group 2, 1.0 Ih grain p r r  2.5 11)  ilk, and Group 3, g r a i ~ ~  
ad  libitum. The cows fed the two higher lev(4s of grain produced considerably 
rrlore milk than exprcted f r o n ~  the first part  of lactntiori, whc.rc>:rs cows fed thv 
low level of grain produced slightly less milk than rxprcted. The avc,rtiges of 
n~ i lk  produced during the 260-day csprriment;~l period mere 9,861, 10,650, anti 
12,543 lb per cow fo r  Groups I, 2, and 3, respectivt.1y. I n  the sanrtl order, the 
average percentages of milk fat ,  protein, and S N F  wcbrc3 3.7, 3.8, 8.9; 3.6, 3.8. 
8.9; and 3.7, 3.8, 9.0, respectively. The average, gains in body ~vcaight ~v(.r(. 0.64, 
0.91, and 0.94 Ib per cow per day for  Groups 1, 2, and 3, respcactively. 

Fo r  Inany years roughages 11;1ve p1ayc.d thca 
predo~ninant role in d:~iry cattlr rations, pri- 
nlarily because they were recogniacd as  the most 
economical sources of energy. Ho~vevcr, in 
recent years ~nuch has heen (lone to illcarrase 
the yield of corn which, a t  least in thr Corn 
Belt, is rapidly becoming thc S u ~ ~ ~ h e r  One (,con- 
only fwd.  I n  Inally casrs, the cost of 100 Ih 
of TDK from ear cAorn is less than that froln 
hay-crop silage or hay. Therefore, fro111 a n  
rconon~ic standpoint, r ~ ~ a x i ~ ~ ~ u r r r  use should he 
~ ~ ~ a d e  of the cheapest sourcca of rnerpy within 
the phgsiologieal Iillrits of the. cow. 

High-1c.vc.l grain feeding of dairy cows h:rs 
recently h(>rn reviewed by Iluffrl~an (4). Castle 
and ITatson (3) rclported increased nlilk yields 
of caows fed high levels of concentrates over 
those fed low 1evc:ls of conc.rntrates. The in- 
crc:~sed milk yield :~~rrountrd to approxinlately 
1.0 Ih of nrilk per 1.0 lh additional starch 
equivalent. I n  a 10-wk field trial in New York 
State, Charron (3)  observed that 95% of the 
cows rcspontlrd in inilk produc.tion to increased 
grain feeding, with approxi~n;~.tt?ly 40%) show- 
ing a profitable response. 

This exper i~t~cnt  was conc1uctc.d to drtrrmine 
the 111ilk prodrr(2tion ~ C S ~ O I I S C  of COWS fc!d high 

Rcoei\.c*tl for 1111blicntio11 JTny 24, 19G?. 

' Pul)lisl~cd wit11 tlie nl~proval of the Dirretor 
of Xirl1ig;111 Agric11ltur:ll IC-ul)crin~c~i~t Station as 
.lollrnnl Article No. 2983. 

levels of grain fo r  tht* n~a jo r  portion of the 
lactation period. 

Eightc.on Holstrin cows were divided into 
three conlparahle groups on the hasis of milk 
pmduction, age, m ~ d  body weight, and assigned 
to one of three rxperimental treatments ap-  
pn)xiunatrly 36 days postpartum. During the 
subsequent 260-day experi~nental period all 
cons mere fed 40 Ih corn silage per day. Tn 
addition, cdows in Group 1 received alfalfa hay 
ad  lihitum and grain ilt the rate of 1.0 lh grain 
for  each 3.5 lh of ~nilk.  Cows in Group 2 wercb 
l i~r~i ted  to 15.0 lh of alfalfa hay per day and 
the grain feeding increased to 1.0 lb of grain 
fo r  each 2.5 lb of 111i1k. Group 3 cows werc! 
limited to only 5.0 lh of alfalfa hay per  day 
and grain was fed ad libitu~u. The hay and 
corn silage wt3re considered to he of excellent 
quality. 

Thr grain n ~ i s  was c.otnposed of 1,500 Ib of 
corn and cob ~neal ,  500 Ih of soyhean oil nleal 
(44% C.P.), 20 113 of tr:~c.e mineralized salt, 20 
Ih of clicaalciurn phosphatr, and 100 lh of fthrd- 
grade 11101asses. 

Milk snniplcs were collected hi-weekly f o r  
111i1k fit1 analgsrs and ~ ~ ~ o n t h l y  fo r  solids-not- 
f a t  ( S S P )  and proteiri t~nalysrs. Milk f a t  
ur;rs clctclr~~~ined hy the standard Rnhcock pro- 
rc>rlurr ; p~*otein content was dcternlined by 
forn~ol t i t~xt ion  (7)  ; and SNF ~ n t ~ i ~ s u r e ~ ~ ~ c * ~ ~ t s  
wcsl~c> nlarl(! by the lacton)c,tric nrethod (S).  



'I'ARLE 1 

Estimated alld aetu;~l milk pro~lilrtiot~ of eolrs fed tliffercl~t levels of llay mid gr:tiu 

It:~te of 2(i0-1):1y 1)rodurtioll n i f fc re~~cc  
grain -- - - . - -. . - 

Group fcediug Estimated Aetu;~l Avt.-Est. Std. crror 

1 1 :3..5 10,5115 9,861 - 644 444.1 
2 1 :2.5 !l,542 10,(iRO -kl,lO8 62i.8 
:I : I I ~  lil). !),!I26 1 2,543 +2,fi17 92fi.5 

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

( - I ). ,Yll,,lY, I..," is the ex- lJ:,,,, = P,, - f ,> :v"l 

Ifi~cted c .n~~~ula t ivc~  1)roduction of 111ilk for  tllr 
?fill-day c~xprri~~~c.nt:ll prriocl. P,, is the, c u l ~ ~ u -  
l:~tivcx 111ilk p ~ ~ o ( l ~ l t t i o ~ l  d111.i11g thr  pr(~Ii111i11ai~ 
~)v~, iod .  I , , ,  is tht, ratio l';lctor (c*hosrn f o r  ap-  
prol:ri;itc* ngr, season of c.;llving. ant1 days ill 
thv l)r(sIit~linin.y prriotl) f o r  estil~liltiug 305-(lag 
~)rocluction f'rolu the prc,liminnry production 
i111t1 f,,,2,1,1 is the ~. :~t io factor (rhosc~n f o r  ap-  
~wolwi:~tc~ ngr, se:rson of ra l r i l~g ,  a11d n11111her 
of' dirys to thc~ rntl of tht. 200-day r s l ) r r i n ~ r ~ l t a l  
I~ . r io t l )  fo r  c , s t i ~ ~ ~ ; ~ t i n g  305-(lay l~rotlurtion 
I'ro111 prt4i111i11a1.y a11d 260-(1;1y (~xprri111c211tal 
produrtion. T h r  rrsponsr of 111ill~ production 
to trc:~tlllcwt \\-;IS ~lleasured 11y c.o~~lparing the 
c.slwctc~ii I)I-oduction with th r  actn:~l produr- 
tion fcn the, 360-day rsprrinnrntal prr iod (T:I- 
hlr 1). 

The. ~s t i lna ted  pottwtial production of all 
thrrc. groups was relatively dose, rtlnging fro111 
9,542 to 10.505 Ih per  row. IIoaevrr ,  when the 
;~ctllal protluction of each cclw was ro~npar r i l  
\vith tht. c-speetc.d production, the 111ilk r e s p o ~ ~ s r  
t l ~ f i ~ ~ i t e l y  i~~cre:lsrd ils tht. lt~vel of' grain f r rd-  
illg inc*rc.;~sed. ('ows in Group 1 produred 644 
11) Icass 111ilk tllall c~spectc>cl, \vIlc~rt.ns cows in 
(;roups 2 and 3 producrtl 1,108 and 2,617 Ih, 
~.c~sl)ectivc.ly, Illore ~l l i lk than rxpectcxd. This 
tlilPereucc. \\.;is significantly higher (I' < 0.01) , 

I'or cmvs in Crroul) 3 than f o r  coas  in Gronp 1. 
I)iffrrc.l~rc.s l~t,t\vecw Groups 1 and 2 o r  2 aud 3 
;11'1)roi1(.Iwcl significancr (P  < 0.05). I f  the 
;~c+c.~u?lcy of the production rquxtion T n s  (-011- 
st,;rnt f o r  it11 thrrcl groups, th r  :Irerage nett in- 
cartbast, in 111ilk produetio~l  fro111 fc~c~cliug higher 
Ivvrls of gr:iin \voald hr 1,752 atlil 3,261 for  
(:ronl)s I! i111d 3, ~.c~spertivc~Iy. 

. \ I1  co\vs tlitl I I ( I ~  3.(1s1>011tl t c~  hig11-levrl graill 
frc.tli~~g. F'our of th r  s i s  c.o\vs in (;roup 3 pro- 
tlucc*tl S ~ O I I I  2,550 to 4.970 Ih 111orr 111ilk th:111 
psl)(vtecl, \vhcrcxns thc' tu-o other rows produred 
a t  their ~,c.spec.ti\v c;~lc-ulatcvl level. The reason 
tl~c~scz t\vo c.o\vs (lit1 I I O ~  rc3rl)ontl is not knowt~.  
I ~ u t  nlay I~i~vc- 1)rr11 tlue to the 1;rc.k of genrt,ir 
~)otc.nti;il f'or I~igli-l(~vc~l protluc.tion. Thcse tl:ltir 
il~dicatt. that i l l ~ ~ r t ~ i ~ s i ~ l g  t l l ~  ~iutr i t io~ii l l  level of 
(.o\\.s th :~ t  do not 11;1v(. th r  gcwrtic. potrntial fo r  
I~igl~-lrvc~l 111i1k pt.oduetioll will uot result in 
i~lc.reast~d milk prodnrt io~l  f o r  :I ~ l l i ~ j o r  portin11 
ol' the li~ctation prriod. 

The i ~ ~ ~ ~ r i ~ g t ~  daily nlilk p1~odlictio11, feed roll- 
s11111ptio11, :111d cha~rg t~s  in body wright I)y groups 
;~rt. gircn ill Ta1)11* 2. The diffrrr~~cc%s ill hay 
;ind grain c .onsu~~~pt ion  a1uona g~.clups \vt3rr 
~ ) ~ ' i ~ ~ ~ i l r i l ~  ~ I I C  to  c~sp t~ i~~rc .n tn l  t rc: i t ,~~~ent .  Thr 
Iliglir~st daily gmin  co l~s~unpt ion  f o r  any  on(, 
(.I)\\- n-:IS 4li.O Ih 1wr (lay, with an :iveragr of 
-I.:<." 11) 1 ~ 1 '  day I'III .  the, 360-tl:1;r- po~.iocl. Tn 111) 

r:~sc~ \\-;is difficulty r~lc.ountc~~~csd with tligc.c.stivc~ 
tlistu~.I)al~c.c~ or  co\vs going OII' fretl. ('or11 silage, 
I ~ ) ~ I F I ~ I I I ~ > ~ ~ I I I I  d ( ~ ' c ~ ; ~ s c ~ c I  ;IS thcl lev(11 of gririll ill 

the. ~,;itioll i~lcrr ;~sc~d.  'I'hcrt~ \vc,re uo s ih~~i f io ;~nt  
tlill'cbrc*ncc.s i l l  ~ O I . I I  sil:~ge c.otlsrn~~l)tion het\vc>c~~~ 
C;tv;nl)s 1 ;~ntl  2 ;  Ilo\\-rvcs~,, I)otlr groups .c.o11- 
sul~lcbd signitic*a~ltly Illore  cot^^ silngc than Gro111) 
3 (I '  < 0.0.5). Cows c.onsn~~~itlg the t\vn highv~. 
Ic~vrls of' glnitr gait~c~ct slightly t~rorc. in hotly 
\vc.ight t11:ln thc low-level grain gr0111). H o u -  

TABLE !? 

Avcvngc 11:lily milk ~~rocluctioll, fct.11 ro~~snmptic~tl, 
:n111 11ody meigl~t rllm~gc for tllc !?(in-dny 

c ~ x l ~ c ~ r i ~ ~ ~ e n t : ~ I  peri011 
~ - -. -- - - - - - - 

Orolll' 
- -- - - 

1 !? :I 
- - .  -- - -- - 

Milk l)roductio~l - ( 1 h/dn!/)------- 
Art~lnl 37.9 4 l .0  48.3 
FCM 36.f; 39.!1 46.0 

Fertl ronsun~pt io~~ 
Grain 11.9 17.0 36.0 
1l:iy 24.4 13.9 4.9 
Corn silngc 38.0 37.7 34.2 



ever, due to considerable \rithin-grou1) varii~tion 
the differences among trratment groups in body 
weight gain were not statistically significant. 
Cows in Group 3 produced significantly (P < 
0.01) more lnilk and FCM than cows in Groups 
1 or  2. In  general, the response to added grain 
was through a slight initial increase in produc- 
tion and incrc%:~sr.d pc~rsistency throughout the 
2iO-day pc.liod (Fipurcb I ) .  The average group 
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PIG. 1. Actual tnilk production by 30-day pe- 
1.iotl8 for the three experiine~~tal groups. 

persistency values were 85.0, 92.7, and 94.0% for 
Groups 1, 2, and 3, respectively. The increased 
persistency of cows in Groups 2 and 3 was 
somewhat more evident in late lactation than in 
early lactation. The average initial milk pro- 
duction values were slightly higher for  Groups 
1 and 3 than for  Group 2. However, due to 
the lower persistency of Group 1 cows, a t  the 
end of 90 days the average daily n~i lk  produc- 
tion mas approximately the same as Group 2 
and declined rather rapidly throughout the re- 
mainder of the 260-day period. The relation- 
ship hetween increased grain feeding and total 
milk production is evident. 

This experiment was not designed to study 
the efficiency of milk production in terms of 
pounds of TDN required per pound of ~nilk. 
Ilowevc.r, when net efficiency was calculated, 
t,he cows in Group 2 required 0.39 lb of TDN 
per pound of FCJI as compared to 0.49 and 
0.52 111, respc,ctivelg, fo r  Groups 1 and 3 ( P  < 
0.05). Tn this calcul;~tion the follo\ving assurnp- 
tions regarding T I I S  values of ferds were 
111ndr: grain, i 2 y O  TDN; hay, 62% TDX; and 
c20rn silage, 19Yc TDN. The T D S  requirements 
for ~naintenancc. \rere taken fro111 Morrison (6 )  
and thr requirements for  hod! weight gain 
f ron~  Rrody (1). A correl;~tion of -0.79 \r:~s 
ohserrrd bet\v(~(w levc~1 of n~i lk  prndnction for 
the 260-(lay ptlriod and pounds of TDX ro- 
rjuirtd 11rr pound of ~nilk. The increased effi- 
cirnc.y of the higher-producing cows o r r r  the 
In\\-rr-producitrp cows may have heen p:~rtially 
due to o~c~.-fecltling the co\rs of inherc.nt low 
lwoduc~tion. The specific rr;rson for tho high 
c-orrrlirtion hrta.ren level oC milk procl~tction 
; ~ u d  c,fficit>nc.y of production cannot he ;)seer- 
t:~inetl fro111 these data. The pounds of TDN 
requirc~d per pound of FC3I for cn\iTs produc- 
ing over 10,000 lh of ~ni lk  averaged 0.44 Ih, as 
rotnpared to 0.32 Ih recorded in various feed- 
ing st:lndards (5, 6 ) .  I n  this con~parison, how- 
ever, the limitation of the calculations employed, 
as  n~ell as the fact that the cows receiving ad 
lihitu~n grain were overfed in late lactation, 
should he considered. 

The average milk fat ,  protein, :md solids-not- 
f a t  percentages arc shown in Table 3. Each 
period represents 30 days, with the exception 
of Period 9, n h k h  reprrsents only 20 days. 
In  general, the protein, fat ,  and solids-not-fat 
content of milk increased with stcage of lacta- 
tion. The small differences ohserved among 

TABLE 3 

Effect of higll-lcvel grain feeding on milk composition 

1 2 3 

Periods Proteit~ Fat SNF Protein F a t  SR'F Protein Fat SNF 

Average 
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t rea tn~c~nt  groups were not  significant and did 
not appear  to  be associated with the feeding 
regime. 

Fro111 the econolnic standpoint, cows in 
Group" and  3 returned approxin1att4y $35 
Inore over feed cost than cows in  Group 1. 
When only the four  highest producers from 
each group were considered, the return over 
feed cost was approxilnately $60 per  cow higher 
f o r  Group 3 than f o r  Groups 1 and 2. I n  these 
c.alculations the following prices were ahsu~ned : 
grain, $40 per ton;  hay, $20 per ton;  corn 
silage, $7 per ton;  and 4% FCAI, $4.60 per  100 
Ih. Without question, the return over feed cost 
could have been increased considerably f o r  cows 
in Group 3 by reducing g a i n  to the lowest 
possible level without affecting milk production 
a f te r  cows reached their peak of production. 
Based on this nork ,  i t  appears  that  feeding 
grain to appeti te  will increase milk production 
markedly and  thus will aid in detern~ining the 
genetic potential of the cow f o r  high milk 
production. 
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Tmch~lty-one cows w r w  S(,d: (a)  1)alcd C(~;lst:~l I ~ e ~ ~ ~ ~ ~ u d ; i g r : ~ s s ,  (I)) ground 
and  pelletecl Coastal be1~111uc1:tgrass plus 2.0 11) of halctl Co;istnl 11ay p r r  day, 
and (c )  hal td :~lfalf';l ha?.. Follo\ving a s t a ~ ~ d a ~ ~ d i z : i t i o ~ ~  prriod, in which hot11 
conc:rntrates nud l)al(xd Constnl hap w r e  fetl ncl l i l ) i t m ~ ~ ,  the trcfiatn~c>nt rations 
wero fed continuonsly f o ~ ,  the 8th-:%it11 xvk of the. lactation in  on(. replicatr, and  
the 4th-27th wk in  a soco11r1 rrplic:~te. Initi;~lly. c o ~ ~ c . c ~ n t ~ ~ n t t ~ s  w r c  f r d  ~ v i t h  t h r  
trent,nrent forages ;it thc. 1,:1te of 1 to 5 11) of FC:lI, with the ; I I I I ~ U I I ~  i~c~tlncrd (i(r 

rnclr 4 wk. Cows fed  t h r  pellrted Coastal l)~.otlncrtl I I I O I . ~  111i1k and IflCAr, at[. 
~ ~ ~ o r r  forage. gaincat1 111o1.t~ weight, and  j)rodn(*ecl 111illi Iiighrr in 111illr f : ~ t ,  solids- 
]lot-fat, :111d ~)l'ot(lin t l ~ i ~ n  t l~trs(~ f'etl the i):ll(stl ('o;~st:tl. 7'11(.y ;~ l so  ~)rotluct'd 111illi 
Ilighrr in  solids-not-fat t11:ln thosr fotl a l fa l f :~  h:lj-. C o n s ~ u ~ ~ l ~ t i o n  of :~lfalfn hay  
w:ls h ighw than that  of h:lled Coastill hut  lo me^ than tha t  of pchllr~ted Cot~stal. 
Clo~vs rercsiving a1f;llfa 11ay producrd nlo1.r l'C31 th:ln those f(dil I):~lrd Coastal. 
,.\I1 of thrsr  diffc~,c~~cr.: I~(.I.(, signific:~nt st:~tistir;~lly. 

l:c~c:~l~so of its high yicslds, t lepc~~~d:~l) i l i ty,  a11t1 
ot11c.r tl(~si~.;ll)l(~ :~gronor~~ic.  ~)l'ol)cbl'tic,s, C'c~nst;~l 
~ ) O I ~ I I I I I ( ~ : I ~ I ~ : I S S  is 1,:1pic1Iy I ) ( , ~ O I I I ~ I I ~  the (1o111i- 
11a11t ~ O I , : I ~ ( ,  t l ~ ~ ~ o ~ ~ g l ~ o n t  I I I L I I ~ I I  01' t!ic sont11rr11 
I'lli t c ~ l  St:lt~>h, ; ~ l ~ r : ~ t l y  orc.nl)yinz sschvcar:~l i i~i l-  
I o I I lo\vc~\-c,~.. ~ l ~ i l l i  l)~.odl~ction of 
t'r(1 [ 'o;~st:~l I I ( ~ I ~ I I I I I ( ~ I I ~ I ~ : I S S  :is th(1 l)l,in(.ipal frrd 
1 1 1 1 1 y  I I 1 ~ t i s l ~ c t o ~  ( 6 ) .  T l i ~  
I)OOI'  ~ W I . ~ ~ ~ I I I ; I I I ~ Y ,  \V;IS ~)rol):~l)ly d n r  to lon. 
(~onsu1111)ti1111 ( 1 0 ) .  { ; ~ , i n ( l i ~ ~ g  : I I I ( ~  p(lll(~ting 
Coast:ll II:IS 1)rv11 sI~o\vn to i~~cr(x;~s(, i ts  (*on- 
s ~ u i ~ p t i o ~ l  I)?- t1:iil.y c ; ~ l v ( ~ s  ( S )  :\ntl 11r1'f steers 
( 2 ) .  

F(>c,tlil~g nil fillcaly ~ I Y I I U I ~ ~  I ' I ) I . ; I~ : . (~ ,  \vh(~thrr  
~)(.lI(~tc~d o r  I I I ) ~ ,  o r  st~\-t~roly restricting the 
; I I I I O I I I I ~  {'(&(I, will c l r~s t i (~ ;~I ly  i~e(111ce the j ' ;~t 
contt.llt 01' 1nill.r ( 0 ) .  I < o n ~ ~ i n g  r t  n1. (1 I ) have 
~ C I O W I I  t h : ~ t  tllv ~ ~ f l ' o ~ t  of I ' ( .edi~~s ~ r o l u l d  and  

( I [  1o11g ~ I I I . ; I ~ ( ~  ~ v i t l ~  t l ~ e  ~ ) o l l ~ ~ t s  vli111i11:1t(vl this 
:II)IIOI.III;II I . I I I I I ~ I I  co11(1itio11 a11(1 i111prov(n(1 I'(xe11 
c~onsnl~~l>tion ant1 g ; ~ i ~ ~ s  of' I~cef strcsrs (5) .  

TIIP 1)111'1)osr 01' tllo stntly 11r.rc.i11 ~,~~cast .~~tc~tl  
\V:IS to ( I ( ~ ~ ( ~ Y I I I ~ I I ( ~  \vl~(,tl~tar grin(li1ig and p(hll~~t-  
i l ~ g  ('oast:ll l )c~rn~ud:~pl~ :~ss  \\-onld inrrc~:ise for-  
: ~ g c  I , I I I I ~ ~ I I I I ~ ) ~ ~ O I I  i111d t ~ ~ i l k  1)~OdllCti(lll or (1:lil.y 
co~vs :1nc1 ~vhcstlier mly ;~tlvcfirsr (#'c.c.ts on 111il1i  
1fio1111)11siti1)n or  a ~ ~ i n ~ a l  11e;llth ~vtruld he c1shil)- 
itcld ~ v l ~ e n  Co:~stal h r r ~ ~ i u d ; ~ g ~ - : ~ s s  j~c.llt.ts \vcBr.r 
fvtl  long with ;I. w r y  lilnit(~d ; I I ~ O I I I I ~  of 
long I ~ a y  and  a low lev01 o f  conec~ntr:~tc~s 
o\7c.r :In rstrntlcd prr iod of timt.. A stx(.- 
o ~ ~ t l ; ~ l . y  pu~. l>ow W;IS to  detcsr~ninr th r  per forn~ .  
:III(*(> 01' c~)\vs Scat1 C'onst;tl h ~ ~ ~ . ~ ~ ~ u t l a g ~ . : l s s  in  tl~c. 
t~r -o  fo1.111s relative to tha t  of thosc fetl colu- 
111c.rcia1 alfnlfa h a g  of :t qunlity avnil:~l)lr to 
(1:1 i I.VIII(LII in  t h ~  ;~r (~ ; l .  ~. , 

p(.lletc.tl f'o~'ag:.c. on 111ill.r f i ~ t  ('ol~terlt i ~ l ( ~ r e a s r ~  
:I.; l i i s l~ tv  I(~rc~ls  of concc.nt~,;ltes :Ire fed. EXPERIMEXTAL PROCETtTlRE 

~ ~ ~ . ~ l i ~ ~ ~  ;Ill-pc,lletc.~ rlltioll hFls plotlncc~cl 1'11(' Vo:lstal I)er~r~udngrass was g ~ * o \ \ ~ n  "11 

~ 1 1 1 1 1 ~ 1 1  l l l l l l o s s ,  t l l g  s l l l l  a l l O l s  S()rl'"llr santlp loam, fertilized with 500 11) of 
0-10-20 : ~ n d  S3 11) of K p e r  acre 30 days before 

I<c~ccivc,l for ~~~i l> l i ( . :~ t io~l  JIIIY 1, lD(i2. I)c~ing II:I ~.vc~stc~tl ill zlugust a t  a n  avrrzrge age. 
' Jol~rnal  I'npor Yo. 244 of the College and of 40 tl;cys, i~ftclr t l ~ c  p r c ~ v i o ~ ~ s  cutting, fichld- 

D ~ : I I I C ~ I  E s l ~ c r i ~ ~ i e n t  St:~tiolls, Ullivcrsity of curtltl R I I ~  baled. Altr l~nnte I,:lles werr  grountl 
Ocorgin, College of Agricllltuw Esperilnent s t%-  with a hammer Illill, usillg %(;.iIlc.ll 
tions. : ~ n d  prllctcd with  steal^^ through n %-inch die. 

"Sout l~  East Gcorgix Rrnncll Experiment Stn- 
tion, ~I i~ lv i l lc .  The Coastal hng graded O.S. So. 2. TII(! hilled 

:, I)airy I)cL1)artl,icnt, T:lliversity of Georgia, nlfalt'n ~ v ; ~ s  l>urch:iscd from hfid\vestrrn sources 

Atl lc~~s.  ill t!~~.(.r lots, in :in t~ft'oit to ohtt~in 11:ly typical 
' ARrolloll~,v De,):~rt~tl(>~lt, El~iv(>l.sity of G c o I . ~ ~ ~ ,  01' that  S I I ~ ( ~  ( 4 0 ~ ~ ~ ~ ~ 1 ( ~ ~ ~ c i i l 1 1 y  in th(? Sollth(':~strl.n 

.I tllcl~s. n ~ ~ ~ a .  l1:1y  fro^^^ t l ~ c  tlirclc lots was l '(~1 : ~ t  r:111- 

l l S S  



rlo~n. On ;rn avcaragc, the a l fa l f ;~  coutained 
84.59;) alfalf;~. ll..i% t i ~ ~ ~ o t h y ,  and 4.0% other 
foragcbs and foreign ri~aterial and graded U.S. 
So. 2 preen alfalfn-light timothy Iiily. 

Tn il cont,inuons typc design with n prrlinl- 
inary stantl;~rdiz;i tion period, the following 
foragcs \vercJ fcd to 12 Tlolstein, six .Jrrseg, and 
three (:uernsc~y co\vs: (:I) haled Coastal her- 
r ~ ~ ~ d a g r i l s s  liiiy ad lihitunl ; (h )  pel1etc.d Coilstal 
l)c~rr~~nd;~grass hay, ad lihitum, plus 2.0 lh of 
h;~led hny per (.ow daily; and ( c )  co~nmercial 
;~lf:~lfa hay ad lihituni. The forages were fed 
twice p r r  (lily i i~ld \vrre i~vitilahlt: to the cows 
continuonsly csscept for the t i n ~ r  required for  
ir~iIl<ing. 

l"o1lo~rinp c;llving, the COT\-s were adjustrd 
to :I high level of c*oncentr;~tes. Fro111 the 3rd 
throng11 the. 7th \\-k tlicr \\-ctl.c fed Coast:il brr-  
r~iatl;~gr;iss hay and cortcentrates arl libitum ;IS 

n st;lntla~.tlizatio~i dirt ( 7 ) .  
Thc. r r l ~ ~ r i ~ n c ~ u t a l  f'cheds wclre cvlch fed to 

four c>on.s I'or tlrcb 8th-:lit11 n k  in 1lrplic:ltr Oiie 
ant1 to t111.cfic. co\vs for tlir 8tli-27th wk i11 Rep- 
lic:ltct TKO. TI-li(~11 the trr:lt111e11ts ~ve re  ini- 
tiattvl (8th 11-k) concrntratrs \\.err ~sedueed to 
1 11) for. rach 5 111 of 4% FCBI proclared during 
the st:~~itl:~rdizntion pc11,iocl. Tlicrc~;~ftc~r, thr 
: ~ ~ n o n ~ ~ t  \\-:IS tlc~c~.c~;~scd 67; eench 4 mk. Thr con- 
c,rntr:~tc. ~ n i s t n r t ~  consistrd o f  69.FY0 ground 
sni~ppr(l  corn, 27.455 t ~ o t t o ~ ~ s ( v ~ d  111rn1, 1.0% 
SnCI, 1.5% ::l(~fluorinatrd rock phosphate, and 
0.5(z, vitn111i11 co~icerltr;~te (i3.0 n~illion I.U. 
pry 11)). 

Nill; ~ ) r o d ~ ~ c t i o n  \v;~s ~vrighvd five clays per 
\v(.t,k tl11.oug11o11t thr  study. Fivc~-day c.ornposite 
s11111p1cs \verc5 :~nalyisrd for  niilk f a t  by Rnh- 
c.ock p ~ ~ ~ c ( ~ d i ~ r o s  (1) ilud solids-not-fat hy Wat-  
son Lactonretc.~ (t3) chneh of tho last 3 n k  of 
the, st;incl;~rdiz:~tion 1)rriotl and for alternnte 
\vo(.ks during the troat~t~c.nt prriod. Protcin 
w ;~s  detc-~.n~inr~d by the I<,jc.ldahl  neth hod (1) 
on s;rlnplrs co~~~posi te t l  for  two alternate weck 
prr.iotls. ;\t. hi-weekly intc,r.vals three to fivo 
t)al(bs of 11:1y or bags of p r l l ~ t s  were sn~lipled 
for ~ ) r o s i ~ ~ ~ ; ~ t e  ilnalysrs (1) .  Feed intakes were 
t l e t c~~~~t~ incd  hy weighirlg the ilmounts f r d  and 
l.efusc~rl xvitll forage bring mrasurrd on n group 
hasis, \vitJlil~ replications, and grain on all iadi- 
vidu:ll colv hasis. Thc colvs were ~veig11c.d on 
threr ronsrcutivc~ (lays ;lt the rnd of the stand- 
;~rdiz;ltion prricrtl, a f te l  adjusting to thc, es-  
~)erinrc~t~tal  rlit~te. ;it nronthly iriterv;~ls, :1nc1 at  
thc. cwtl of the t r r ;~ t~nen t  periods. 

HESCIITS AND ~ISCL-SSION 

I ) u r i ~ ~ p  t11(~ last Y x-k of the stand;trdization 
1,rriod there was v c ~ y  little average change in 
111iIk 111~o(l11rtio11 (Figurr  1 ) . T~Io\vrv(br, \v11r11 

tlir cows wer(, changc~d fro111 the standardiza- 
tion diet of ad lihituni 1ii1y and conc~ntrates 
to the esper i i~~rnta l  forages and limited con- 
c.mtr:~tes there \v:is ;I sharp drop in the level 
of 111i1k l)roduc(~d (Figure 1 ) .  After 3 wk on 
the treatnrrnts this decline averaged 26, 19, 
;lnd 19% fo r  groups fed the Coastal hay, 
Coast:ll pellets, and i~lfalf:~ hay, rrspectively. 
Followi~ig this, the decline in ~il i lk production 
was :~ppros i~ r~a t r ly  thc same fo r  all treatnlcnt 
groups and at  a nlore ~lormal rate. 

Cows fed Coast,al pellcts plus 2.0 Ib of long 
hay p r r  day prodneed nrore rrlilk and 6.8 lh 
Illore FCJ I  pthr diip than those fed halrd Coastal. 
'I'hc higher n~ i lk  prodiiction whea pelleted 
(loast:ll was f rd  is attributed to the large in- 
c#rr;rse in the atllomlt of f r rd  consu~ncd (Tahle 
1 ). So~rrewh;~t more ferd Tvas reqnired per 
1 ~ 1 1 n d  of 111ilk \T-lien pellcts were fed, as con- 
tr:lsted to Co;~stal I I ; I ~ .  The milk production 
of' thosr, COTTS I'(d : i lf ;~lfi~ was not significantly 
diff(.rent f r o n ~  that  of the othrr t v o  groups. 
Thr avertige ;ullounts of foriige dry  111atter eon- 
slur~rrl 1x.r 100 Ih of hody wcxight per day were: 
3.0s. 2.10, and 2.73 for  the eo\vs fed Coastal 
prlltfits, ('otisti~l h i~y,  nlid alt'nlfa hay, respec- 
tivchly. Avc,ragc' initi;rl \\-rights of the corre- 
spo~ltliug proul)s of cows \vrre : 1,1.36, 1,039, 
i ~ n d  1 ,U92 11). 

31iIlc fro111 cows fed the pc.lleted Coast;~l her- 
~nudagrass cont;lined significantly more fat .  
holids-11ot-f:it, arid protri11 than that from those 
fctl tlir sanlc grzlss as  11;ly (T;ll>le 1).  The 2.0 
111 of haled hay was frd with the ~)clllets in a 
d(blih(11.ate : i t te~i~pt  to :~llevi;~te tho red~lntion 
i l l  i~iilk f a t  ro~ l t e r~ t  (9 )  arid rumell parakera- 
tosis which have hcrn ol)sc~rvrtl previonsly (5) .  
It is ;ll~parc>nt that any clc.pressing cfcbct which 
the prIl(~ts ~lriglit h:~ve hi~tl on f a t  eo~ltent was 
c4iniin:1tcd. Tlie f a t  test of rnilk f r o ~ ~ r  caows fed 
tlrc. ; ~ l f ' ; t l f ; ~  11;1y n : ~ s  i ~ i f ( ~ ~ . l ~ r t ~ d i i ~ t ( ~  ht~t\v(~rn that 

+. - COASTAL PELLETS .-.-. COASTAL HAY 
4- X ALFALFA HAY 

\'. 
TREATMENT 

WEEKS 
F'rc:. 1. Ylilk proiluction of rows fed three for- 

ages (luri~rg tlre stan~lartlizntio~l n11i1 tre:ltr~rent 
~lc~rioils. 
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TABLE 1 

Nilk and FCM production, feed consumption, 
weight gains, and milk composition of cows 

fed the various forages 

Coastal Alfalfa Coastal 
pellets hay hay 

----(lb/coz~'/dn,i/)- 
Milk production " 27.0" 26.1 22.4 -- 

FCM production " 28.3 25.9 21.5 
Forageconsumed' 37.B R2.2 23.F 
Concentrates consumed 6.5 6.7 6.7 

Ib FCM/lb concentrates 4.2 4.0 3.2 

Ib FCM/lb total feed " 0 6 2  0.68 0.71 

Weight gains 0.1 -0.1 -0.6 

( % I  
Fat " 4.27 3.98 3.78 

Solids-liot-fat in inilk 8.94 8.58 8.49 - 
Protein in milk " 3.56 3.37 3.21 

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

Values underlined by the same line are not 
significantly different ( P  = 0.05). 

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

'I Values not analyzed statistically. 

of the other two groups and not significantly 
different from either (Figure 2).  Some of the 
differences in per cent milk f a t  between those 
fed the two forms of Coastal bermudagrass 
may have been due to the low plane of nutri- 
tion of the cows fed the hay. The low level 
of milk production and the 0.6 lb  of body 
weight lost per day in this period when cows 
normally gain, as  well as  the low forage con- 
sumption, indicate that they did not eat enough 
Coastal hay to maintain a satisfactory plane 
of nutrition. 

* *COASTAL PELLETS 
COASTAL HAY 

&ALFALFA HAY 

3,61g / TREATMENT 'b' 

I I 

0 4 8 12 16 20 W 28 
WEEKS 

FIG. 2. Milk f a t  content of cows fed three 
forages during the standardization and treatment 
periods. 

The higher protein and solids-not-fat con- 
tent of milk from cows fed the pelleted Coastal 
relative to those fed this hay unpelleted is  at-  
tributed primarily to the higher nutrient iu- 
take, as this has been shown to have consider- 
able influence on these values (13).  The inter- 
mediate protein and solids-not-fat percentages 
from those fed alfalfa hay nlay also be related 
to differences i n  level of nutrient intake. How- 
ever, the effect of the change in physical form 
on rumen fermentation may tend to increase 
solids-not-fat and protein as suggested by Rook 
et  al. (12).  

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

I n  this study pelleting Coastal bermudagrass, 
when fed with a small amount of long hay and 
a relatively low level of concentrates, greatly 
increased the consumption of forage, resulted 
in higher milk production, and did not ad- 
versely affect milk composition o r  apparent 
cow health, even over extended periods. The 
differences in performance between the group 
fed pelleted Coastal bermudagrass and those 
fed the same hay baled might have been smaller 
if a higher level of grain had been fed to all 
the cows. The exact amount of long hay needed 
or required has not been conclusively estab- 
lished. H wever, in the light of other research 
it seelos irohable that the long hay does have 
beneficial 'effects. The 2.0 lb of long hay per 
day give4 the cows fed pellets in this erperi- 
ment was eaten with relish. I Whethe pelleting Coastal berlnudagrass will 
prove to ye a profitable practice will depend on 
many factors, including the cost of producing 
pellets relative to competitive feeding systems 
which result in comparable milk production. 
The commercial alfalfa used in this study was 
a better forage f o r  supporting milk production 
than was the unpelleted Coastal hay. EIowever, 
it was not superior to the pelletrd Coastal. 
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RELATION O F  DAYS OPEN AND DAYS DRY TO LACTATION MIT,K 
AND FAT YIEIiDS 

J. It7. SMITH AND e 7 .  E. LEGATES 
Depart~ne~it of Anin1:ll Sciencc, North Carolina State College, I<aleigl~ 

SZTMMARY 

The relationships betwrc.11 days open, days dry, and 90-day ;imd :!().?-day 
production were studied, using 4,385 lactation records from nine Korth Caro- 
lina Institutional Holstein herds from June, 1950, through Derrlnber, 1958. 
Relationships were studied separately for  first, scrond or li~.ter, and all Iilcta- 
tions to deterriiine if adjustnlcnt of 305-day lactation reeorcls for  days open 
and days dry are warri~nted in con~piling sire suiiiniaries. 

The intra-herd-year-season phenotypic correlatiorls bet\vccn 90-day protluc- 
tion and days open were not significant and ranged from 0.05 to 0.08, suggrst- 
ing that  level of production h i d  very little influenec. on this mewsure of fer- 
tility. The heritability estimates fo r  days open were also very low, ranging 
froin 0.01 in first lactations to 0.09 for  all rerords. 

Length of the previous dry  period h:td very little influrncw on production. 
a.ccounting for  only 0.6 : ~ n d  0.35;. of the T-arit~tion in 90-day i ~ n d  :305-day f a t  
yield and less than 0.1% of the variation in the two measures of milk production. 

Numhcr of days oprn during the lactation significantly influenced produr- 
tion and accounted fo r  6.5, 4.3, and 4.2% of the variation in 305-day milk 
yield fo r  first, srcond or later, and all lactations, rrspectivc~ly. Factors for  
adjusting 305-day 1)roduction fo r  diffrrrnces in days open arc. presrnted. 

Karly conc(.ption ;#lid short dry l)rriods are and  reproductivr efficirncay to the dvpressing 
reportrd to h;r.vr depressing effects on lactation influence of high production on fertility. How- 
nlilk yields (4, 12, 13, 21, 22).  Sorne dairyrncn ever, Idee et al. (17) and Sanders (22) attrih- 
and rrsearchtbrs 8.1~0 :Ire of the opinion that uted the correlation between production arid 
high productiol~ is a~~tegoiiist ic to mrly  con- reproductive efficiency to the inhibitory action 
eeption following parturition (5, 18).  These of gestation on production. The influence of 
observations suggest a. dual cause and effert 1c~c.l of production on reproductive efficiency 
r r l a t i o n ~ h i ~  brtween lactation yield :~nd  repro- must be exainined usirig a measure of initial 
durtire c.fficieney. High-producing cows mn;y 1evc.l of production before gestation c~ould exert 
not conc~eive as readily as low producers; and an  inhibitory influence. Boyd et al. (3)  corre- 
cows with more days opcu may have less inter- latrd the first 120-day yield with services per 
fr~r.nce of pregnancy on lactation 111ilk yield. conception and obtained a coefficient of -0.04. 

The opinion that high-producing cows do not A study conducted on records taken from the 
conceive as readily as low pi-oduccrs lacks con- Guernsey Herd Register by Gaines (11) re- 
clusive rxperialcnt;il evitlt>nce (25).  Most of vealrd a eorrclation of only 0.039 between the 
thca studies concerning the relation between re- first full month's production and the service 
productive efficiency and production have uti- period. 
1izc.d measures of co~npletc. lactation yield with Tnvrstigations of the relation between pro- 
sonic? lactations as  long as 500 days. Carnian duction and reproductive efficiency should take 
( 5 )  arid Lc~vis arid Haiwood (18) attributed into account the major environmental factors 
the cwrrelation bet~veen li~ctation production that may influence the observed correlations. 

Herd, year, season, age, and length of the pre- 
Rewived for pub1ie:~tion A1)ril 3, l!)li2. vious dry period are arrlong the factors that 

Co,ltributioll from the Department of Arlimal should be considered. Sanders (21) observed 

Science, Korth Carolina Agricllltural Experi1nent that the seasonal differences in length of dry 

Station, Raleigh, North Carolina. Published witll ~wriod and service period were responsible for  
the approval of the Director of Research as par t  of the seasonal differences in r~lilk yield. 
Paper S o .  1437 of tho .Journ:ll Series. l)ifferericdc~s in production assoriated with ago 
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and  thr  length of thr  prcxrious dry  prriod have 
rrrrived ronsidt.rahle attention. Ho\vevt.r, the 
rrlation of age to the lellgtll of the previous (11.y 
period : ~ u d  d:~ys open in the current lactation, 
:~ntl thr  possihlr interrelationships hetween pre- 
r ious tlry pc~riod and ililys opch~l, hare  not hcvn 
invc*stig:~tc~(l cbstc~nsively. 

'Phis statly was undr r take~r  to drtrrunine thr  
existir~g rc.l;~tio~lships h r t ~ r e t ~ ~ ~  produvtion, (lays 
open. :1l1(1 d:~ys dry,  it~rd to d e t ~ r ~ l ~ i ~ ~ ( l  if adjust-  
lrlent o f  305-day lactation rrcortls f o r  these 
rariahlrs  is ~v;~~.~.:unted in  cornpilir~g sire snlil- 

Dnta c~)ll(bc.tchtl i l l  nine state-o\rned 1Iolstein 
hc.rds in the S o ~ . t h  C:lrolina I n s t i t n t i o ~ ~ a l  13rrrd- 
ing Propra l l~  ~ ' ~ ( I I I I  .JLII~P, 1950, through De- 
crr~lher, 195S, were studied. Sinee June,  1949, 
th(,sc. 11i11r Holstciin 11c.rds have bt~111 org:lnizcd 
:IS OI IP  hrcedi~lg unit,. with a n  a t t r n ~ p t  to ~rlasi-  
~~~isca gcsnetic ]jrogrclss, within practical limits, 
using progc1ny t t ~ s t i ~ ~ g  : ~ n d  sclrction. Gootl Illan- 
a ren imta l  nractices h:lve het.11 e1n11hasizt.d si11c~e - 

l ) ( y i n ~ ~ i ~ ~ g  of' t l ~ v  progr:1111. As :I g(fi11t1r:ll 
ri11(>, h ( ~ i f ( ~ r s  i ~ ~ i t i : ~ l l ~ -  : I I X ~  i11s(2111i11atr(l ~\-1ir11 th(>y 
a ~ . c  1 5  I I I ( I I I ~ ~ I S  old and :1tt;li11 :I hody \r(sigl~t o f  
TT,O 11). F o r  snhsrcluc~~it I;~t.t:~t,ions, co\~.s arc, 
initi:llly i l ~ s r ~ ~ ~ i ~ ~ a t r d  011 tlic, first heat 60 to 70 
tl;1ys ~~ost]~:ll ' tulll.  

TIIV I I I ~ I I ) ) ~ ~  of days o l w ~ i  t lnri~ig th r  305-(lay 
lt~ctution pc~l,iod was usrtl :IS tlrr Ilirasure of 
rel,rodnc.tirr t~flicirncy in this stutly. Days open 
d u r i ~ ~ g  thcs I:~ct:~tion providrs essniti:~lly tho 
salllcb i ~ ~ f o r ~ ~ ~ : ~ t i n n  a s  days can,icbd calf. Both 
of theqt. I I I ( ~ : I S I I ~ ~ > S  a re  superior to (salvii~g ill- 
tt.rval, in  t11:lt thcy per~rl i t  th r  i r~clusiol~ of da ta  
on the final lact,:rtion of cows leaving l ~ e r d s  in  
z harrw co~idition. Days o p r n  :~lso has the 
advantngc. in  h n d  n ianage~l~ent ,  in  tha t  i t  
locusrs on t11r I I ( ~  f o r  conception 11y a speci- 
fied t i l l~r  a f tc r  parturition. Days open is  de- 
tc~rll~inrcl a t  the, time of conception; whrrras,  

days cnrrird anlf is directly i ~ ~ f l u c ~ ~ ~ c ~ c d  by the 
u u ~ l ~ h e r  of d:~ys in rnilk. 

Complete ~ ~ t ~ c ~ o r d s  of less than 305 days ill 
111ilk 11-err inc4udt~tl only if the c o ~ v  rrni:~ined 
ill the he~,tl f o r  the ful l  305-day prriod. The 
1iu1111)rhl. of days oprn  f o r  all lactations followed 
11y a nornlal calving were eo~riputrd by suh- 
tr;~c*ting :I 2RO-d;1y gcsst:~tion prr iod fro111 the 
c * ; ~ l v i ~ ~ x  i11tc~rv:11 ( t i ) .  Tl~t.rc, were 755 completr 
l:~(.t,:~tios~  words I I ( I ~  followed b;r- :I norlli:~l 
v : ~ l r i ~ ~ g .  110st of tl~t,s(b ~ ~ e c o r d s  %-ere f o r  tht, 
last I:~rt:~tions of c.011-s 1~~111orod fro111 the h ~ r d s .  
I3y I I S ~ I I ~  :111 a r ; ~ i l : ~ h l ( ~  i~~forl l iat ion,  such :IS 

~ ~ ~ c o r r l s  of I~r r rd ing ,  lit,:~t d:~tcbs, pregnancy diag- 
nosis ; I I I ~  dispos:~I, tho IIIIIIII)(T of days oprl1 
x\-;~s tl(~tc~1~111i11ed f o r  !)0%, of t h t w  Iae ta t io~~a .  
i2ctn:ll I I I ~ : I I I S  fo r  t rai ts  i~iclutletl in the study 
xlrd tllc>ir agr-:~djustecl stwnclarrl drviations a n x  
prrs(~11tc~t1 ill T:~hlr  1. 

The 1)rotlac.tion during thr  first 90 da.ys, a s  
deterliiil~rtl hy the first thrce t r s t  days, was 
used a s  the ItIrasure of productioll during tht, 
initial hrc~c~dil~g pr~ , iod .  

The da ta  were analyzed in  three groupings, 
first, se ro l~d  illid l : t t ( ~ ,  and all lnrtnt io~l  Y P C O ~ ~ I .  

There ~T-erc 1,314 first lacatatiolri :lntl 3.0'71 sec- 
oild and  I a t n  Inct:~tioni. o r  a tot:~l of 1.385 
l:~ctation rcaeords 111rt.ting all r c r l ~ ~ i r t ~ ~ i r t ~ ~ ~ t s  f o r  
i ~ ~ c l l ~ s i o ~ l  in  this stndy. 111 general, t,lic~ : i ~ ~ : ~ l y s ~ s  
\ I - (~I . (~  the, sanlc f o r  r;1(.11 groupi~ lg ,  r s c r p t  that. 
t l ~ r  Irngth of t h r  p~,cxvions d r y  prriod eoul(1 he 
inc.ludrd iss : ~ r i  intl(.l)c,~~tic.l~t rnriahle o ~ i l y  ill th r  
s t~cor~d and  later ~.cacorils. The data \ver.cb ail- 
j11strd for  age efT(vts 11;istd 011 the age i~lflii- 
c:nccxs, i ~ ~ d i c a t e d  h y  the li~~cx:~r and the curv i l in t~ ;~~,  
r (yrc~ss io~l  of t h r  sc r r r :~ l  r : l~~i :~hles  OII agt, :ti 
Sr(>sl1(311i11g ill 11in11t11s. 

C ~ I I I ~ H ) I I I ~ I I ~ S  of v n r i : ~ ~ ~ c r  :1nc1 t.oraria~lc.r \r(,r(> 
csti~~~:~tcktl S I , ~ I I ~  the agr-:stl,jnstc~tl d:itn hy :~cl:ipt- 
~ I I K  1It~11dt~rso11's (19.5:l) JIt.tl~o(l 11 to a 1noc1c.l 
wit11 cov:~ri:~tc~s and  e x t ( , ~ i i l i ~ ~ g  it to adjust  co- 
r:irianc.t~s I)c~t~vclc,n trai ts  f 'o~. fiscfid c,ffrrts. T h t ~  

Actual mr:cn mlnes for traits b y  groups 

Record g r o ~ l p i ~ ~ g  

Scconil 
Trai t  First or later 

.- 
All 

Aec in months 3 2 7 0  50 
Days d r y  7 2  ( 3 5 )  
Days open 143 ( 7 7 )  " 146 ( 7 7 )  145 ( 7 7 )  
90-Day milk ( l b )  3,670 ( 5 5 9 )  5,016 ( 7 3 0 )  4,613 ( 6 8 1 )  
$10 Day f a t  ( l b )  129 ( 3 1 )  177 ( 3 0 )  163 ( 2 7 )  
305-Day milk ( l b )  10,370 (1 ,683)  12,706 (2 ,180)  12,007 ( 1 , 9 7 0 )  
305-Day fa t  (Ih) 368 ( 5 8 )  445 ( 7 8 )  422 ( 7 0 )  

" Agr adjusted within-l~erd-year-season-sire standard deviations. 
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inodel for a given character including the p 
fixed effects is  : 

Tt7here: Y, , ,  is the observation on the kth 
daughter of the jth sire in the ith herd-year- 
season group. 

y is the general mean. 

a, is  the effect common to all records in the 
ith herd-year-season group. 

P , ~  is the effect common to all daughters of 
the jth sire in the ith herd-year-season 
group. 

e,,,is an  effect peculiar to the kth daughter 
of the jth sire in the it" herd-year-season 
group, including measurement and ran- 
dom errors. 

The b, are coefficients for  the regression of 
the Ytjr on the independent x, on an 
among cow in sire in herd-year-season 
basis, and the means for  the a,, s,,, and 
e,, ,  are zero, and their variances are 
u.3, ua3, and re5, respectively. 

RESULTS AXD DISCUSSION 

Age at freshening. The regression of 90-day 
and 305-day milk and f a t  on age followed the 
well-established pattern. Linear regression ade- 
quately accounted for changes in production 
associated with age at  freshening in first-lacta- 
tion records. I n  the other two groupings of the 
data, the regression of yield on age was dis- 
tinctly curvilinear. The age effects were larger 
in the 90-day records than in the 305-day rec- 
ords. From the analysc,s cotnbining all records, 
29 and 28% of the variance was attributable 
to age in 90-day records for milk and fat ,  re- 

spectively; whereas, only 17% of the variance 
was attributable to age in 305-day milk and 
f a t  records. 

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

TABLE 3 

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

and fa t  yield 

Lactation 90-day milk 90-day fa t  

First 0.08 & 0.04 0.08 2 0.04 
Second or later 0.06 * 0.03 0.05 2 0.03 
All 0.06 k 0.02 0.06 0.02 

Relation betw:een days open and 90-day pro- 
dftctio~?. The intra-herd-year-season phenotypic 
correlations between days open and 90-day milk 
and f a t  yield are presented in Table 3. These 
correlations of 0.05 to 0.08 are so small that 
there is  little evidence that high production 
during the first 90 days of lactation delayed con- 
ception. These estimates compare favorably 
with the correlation of 0.04 between the first 
month's production and the service period re- 
ported by Gaines (11). The phenotypic re- 
gression of days open on 90-day milk yield fo r  
all lactations india ted  that as 90-day milk 

TABLE 2 
Regression coefficients" for the effect of age (A) and age squared (Aa) en days open 

and days dry 

Character 

Per cent 
of varia- 
tion due 

to regres- 
sion 

Days open ' 

Days dry 

" Partial regression coefficients where valilcs for A and A2 are given. 
Age in months. 
All lactation records. 
Second and later lactation records. 
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yield increased from two standard deviations 
below the mean to two standard deviations 
above the mean (i.e., 2,868 Ib) only an  18-day 
increase in days open would be expected. 

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

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

Relation of days dry  to yield. Variation in 
production and days open associated with the 
length of the previous dry period could be 
estimated only in second and later lactation 
records. Figure 1 shows the curvilinear regres- 
sion of 90-day and 305-day milk yield on days 
dry. As the number of days dry increased from 
0 to 100, the predicted milk yield increased 100 
and 200 lh in 90-day and 305-day records, re- 
spectively. These regressions accounted for less 
than 0.1% of the variance in lnilk yield. The 

4.900J io i o  i o  l o  5b bb YO sb sb 160 
DAYS DRY 

FIG. 1. Intra-herd-year-season-sire regression of 
milk yield on days dry. 

length of the dry period was slightly more 
important in the two measures of f a t  yield, 
accounting for 0.6 and 0.3% of the variation 
in 90-day and 305-day records, respectively. 
The flat curves indicated in Figure 1 are not 
consistent with the often-reported sharp decline 
in production for dry periods of lrss than 40 
days (1, 2, 9, 16, 23). I n  these data, however, 
only 9.4% of the dry periods were less than 
40 days and 25% were more than 80 days. 
Hence, the records with under 40 days dry 
had little impact on the regression equation. 
I n  addition, the in~portance of the dry period 
may vary with the level of feeding. Dickerson 
(7) found that the length of the dry period 
was more important in low-producing herds. 

Relation between days open and yield. Rela- 
tionships that exist between 305-day yield and 
days open may be interpreted to be due largely 
to the influence of gestation on production, 
since the correlations between days open and 
90-day yield were small and not significant, and 
the length of the previous dry period appeared 
to be unimportant and not significantly corre- 
lated with days open. The regressions of 305- 
day milk yield on days open are shown in 
Figure 2. The estimated regressions for milk 
yield on days open are in close agreement for 
each grouping of the data accounting for 6.5, 
4.3, and 4.2% of the age-adjusted variance in 
first, second or later, and all lactation records. 
Similar analyses indicated that 6.0, 4.0, and 
3.6% of the variance in 305-day f a t  yield could 
be attributed to days open. The corresponding 
multiple correlation coefficients for fa t  are 0.24, 
0.20, and 0.19, respectively. Touchberry et  al. 
(26) found a simple correlation of 0.12 between 
days open and f a t  yield, and the comparable 
correlation in these data of 0.18 was not sig- 
nificantly different. 

Gavin (13) and Sanders (22) found that 
production seemed to decline more rapidly 1 6  
to 20 wk following conception. One of the 
early theories held that this decrease in milk 
production was due to the drain of nutrients 
imposed by the developing fetus (4, 8, 14, 19). 
However, i t  is doubtful if the nutrient require- 
ments of the fetus are great enough to account 
for all of the observed decline in milk yield. 
This is especially true in view of the data pre- 
sented by Swett et al. (24), indicating that more 
than half of the fetal growth takes place during 
the last 60 days of gestation. Many other the- 
ories involving various types of hornlone action 
also have been presented. However, in an  ex- 
tensive review on the subject, Reece (20) indi- 
cates that none of the theories presented thus 
f a r  has been substantiated. The one fact that 
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EFFECT OF FREQUENT FEEDING OS WEIGHT GAIX RESPOKSE IS 
YOUNG DAIRY HEIFERS 

B. CLAR.KZ AND 11. A. KEENEI3. 
Department of Dairy Science, University of New Hampsllire, Durhalll 

I n  four successive trials, weight gain was ohserved on growing Holstein 
heifers as a result of feeding 24 x or 10  x vs. 2 x t1;tily. Both restricted and 
unrestricted systenls for governing feed intake were enlployed. Frequent feeding 
induced faster weight gain only when the rations r e r e  quantitativchly restricted, 
and only for  a period of 30 to 38 days. There were no significant differences 
in feed consnn~ption hetween tret~tlnent and control anitnals. 

I n  rc.cc.nt years. considrr;~hle interest has 
been focused on the proposal that niore frequent 
feeding of the gro\ving ruminant will produce 
faster wvight gains. If this propos:11 is correct, 
then by the simple expedient of offering por- 
tions of the daily ration a t  intervals niore fre- 
( I I I P I ~ ~  tlliln the traditional once or twice daily, 
t l ~ r  livostoc!kn~an could cause his iinitnals to 
gt.o\v fastcr and contc! into production sooner, 
thus increasing his eflic*icncg of production. 

Work has heen reported using shrep (2, 13).  
t1:liry heifers (8, 12) ,  :~nd 1)eef cattle (9, 11) 
nhirh indicates that these animals will show 
\\right gain rcsponse to frequent feeding. Other 
workers (4) reported no advantage to frequent 
frcding with latnbs. Earlirr workers (8) con- 
cluded that there was no advantage to frequent 
freding with respect to milk production, while 
111or1~ yecent work (1) has shown, largely on 
the. hasis of a greater feed intake, that feeding 
dairy cows four or seven tilnes daily incrc~ased 
nlilk production. 

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

The feeding of the frequently fed animals 
\\-ah accolnplished by the use of an electrically 
controlled conveyor running over the mangers. 

Received for publication June 18, 1964. 

B day's supply of' feed was placed in the con- 
veyor in the morning and was delivered to the 
anilrliils automatic~ally a t  the desired intervals. 
The hay was chopped for a11 animals, to facili- 
tate its use in the conveyor. Concentrate feed 
was distributed uniformly on top of the chopped 
hay in the conveyor for  the frequently fed ani- 
mals, and was hand-fed along with the hay to 
the controls. TT7ater was provided by automatic 
drinking cups, and trace-mineralized salt was 
placed before the animals a t  all times. Analyses 
of variance were applied to the data according 
to the method of Gnedecor (14).  

Tvial 1. Twelve Holstein heifer calves, rang- 
ing in weight from 236 to 325 Ih, were paired 
according to age and weight. One ~nenlher of 
each pair was randotnly selected to receive its 
daily ration in 24 hourly allotments, while the 
controls were fed twice a day, a t  7 AM and 4 PM. 

The ration was cotnposed of medium-quality 
grass hay, predon~inantly timothy, and a 17% 
conllnercial dairy concentrate mixture. The 
hay was furnished a t  a level which allowed 
approxin~ately 10% refusal, and this level was 
adjusted daily. Concentrate consumption was 
kept constant a t  2.5 lb daily per animal. 
Weights of all animals were recorded initially 
and on three consecutive days a t  monthly in- 
tervals. The aninlals were individually fed, 
and daily records of feed consulnption and re- 
fusal were kept. 

After eight months, during which the ani- 
nials sholvcd nonnal gains and general good 
health, no statistically significant differences 
in weight ga.ins were apparent. There were no 
statistically significant differences between treat- 
tnents a t  the end of any of the monthly inter- ' Published wit11 the approval of the Director vals during the trial. Total feed consunlption 

of  the New H:rmpshire Agricultural Xs-pcriment 
Station as Scientific Contr~br~tion No. 2!E. hy the two groups was essentially the same. 

"Present address: Departlnent of Agricultural The data in 
~<io~~iemistry n ~ l ( l  Sutritiotl, \vest Virginia Uni- Results of this trial were not in agreement 
I rlsity, Morgantown. with those of Gordon and Tribe ( Z ) ,  Mochric 
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TABLE 1 

Body weight ~ : I ~ I I  and feed c-onsumptiol~ b j  heifer 
cnlves fed 2 X and 24 X daily in Trial 1 ". " 

'I'otnl l'otnl 
No. times No. rvcight fcrrl 

fed ;111i111als g;lir~ vo~~wrned 

' Length of trial = 245 days. 
'Ratio~ls ;~rljusterl daily to 10% refusal allow- 

ance. 

e t  al. (8)) Mohrman e t  al. (9), P u t n a ~ ~ ~  r t  nl. 
(111, and Kakes e t  :ll. (12, 13) .  These workt.rs, 
hou.r \-(~,  reportcxtl 11:lring fed tlic.ir respectivt: 
:~nilnals eonsider:lhly fc\ver ti~nc>s daily. 111 

the prcbsent s tudy it was nottvl, in the c.:lsth of 
the frequently fctl anin~als ,  that  inas111nc.11 as 
they rc,caeired i1 s~rlnll portion of their r;ltion 
each hour, ~vit l i  no I~reak  in thc, soyuencc2, there 
was i1.1ways p r ( ~ s ~ n t  sonle unmttw feed. Thus, 
it was reason(~d that  perh:~ps tlle nn1111)cr of 
fcvatling intc~v:tls f o r  the t ~ s t  group \v:ts too 
111:1riy and so c.ol~tinuous ;IS to approxinl:lte a 
ropi111en not  c~ssc~ntially iliflc~rrnt fro111 t l ~ i ~ t  of 
thc, control gt'onl). 

Trial 2. Thc procednrc, of Trial 1 \v;ls used 
with respect to the hay {'(.ti, nlethod of  feeding, 
;~ntl  da ta  co l l (~ ted .  Thr  s;llne group of twelvt, 
;1ni111als a s  in  Trial 1 \v:~s used, ag:rin pairctl 
;~cc~ording to  weight. 'I'hry \vrrcx allowed a 
21-day prolitninary feeding period to rstahlish 
the daily hay  intake. This level wirs adjustrd 
within pairs  and then hrld constant throughout 
the trial) which lasted 60 days. One menrh(>r 
of each pa i r  was rn~lt lol l~ly assignc,tl to  reec~ivc, 
i ts  dnily ration in equal portions nt ten ho~u.ly 
intervals during thr  d:l,ytilne, beginning a t  7 AM. 

The controls n-err fed twice :L d i ~ y  21s in Trial  1. 
One-half: pound of soyhean oil nleal p e r  (lily 
per  a n i ~ l ~ a l  was substituted f o r  the  17% con- 
c.entr;~tc~ ~llixturc. used in  Trial 1. Reeausct of a 
shift in \vc~ighing sc.liedules the ilni~nals in this 
t r i ;~l  wc2~.t. wt~igllc~d a t  the (,nil of the first 38 
tlays instead 01' the. usual 30 days. Since the 
dililg r:ltion wits not  incrrasrd during: the  course 
of this trial, t h ~ r t .  was very little accnn~ulntion 
of f t ~ t ~ d  in t h r  Illangers throughout the day, 
sc~ th:it essentii~lly no feed was arailahle to the 
i ~ n i ~ r ~ n l s  during the night. 

Af te r  38 cli~ys of thi5 treatnlent, the fre-  
quently fed group  had outgained their control5 
hy 102 lb, o r  17 lh per  aru~nal .  This difference 
W:IS significant ( P  < .05). After  60 di~ys,  how- 
ckvrr, the tliffcrmcae had dccsreased to 44 Ih (7.3 

11) 1)tXr a i i i~ l~ i l l )  and  \v;ls I I O ~  statistic:lllg sig- 
~ ~ i t i c a n t .  Feed caonsun~ption a t  the cntl of the 
liO-clap pc,riotl was nearly the same for  hot11 
groups. Thr  datil ;IT(. prc~srnted in Tahle 2 .  

TZo(ly ~vc~ight gain and fcrd consun~ption by heifer 
ra1vc.s fwl nonincrcnsing ration 2 Y and 

1 0  X daily 

Total weight 
gain Total 

- fcctl 
Yo. times S o .  :3R 60 con- 

fed aninlnls tl:~ys s srn~ierl 
~ - .  

lib) 
2 X (i 119 368 6,191 

10  X G 221 :Zg? 6,178 
Differenre 10"' 44 1 3  

:' Significant a t  thc 5% level of probability. 

Tllc~sc. results il~tlicateil 21 dcc.l,casing (lif'f(-1.(~111'(~ 
ill wc.ight g a i ~ ~  with  tin^^, :lnil also suxgrsted 
thcb ~)nssihility that  when ;III ; ~ n i ~ i l a I  hil.: gnined 
to ;I 11oi11t hc~yo~rd which :I c.onsti~nt tl;tily 1,;ltion 
I';~ils to snp1)ly nutrients in adequntc~ : I I I I O U I I ~ S  

to ~~l : l i r~ t ;~ in  thc~ :~tltlrtl n.c,igllt, thv ~.:ltc. of' gn i~ t  
d(v~linc~s. 

Trio7 .3. In this trial, instt.;ld of ~cs t r ic t ing  thv 
tlaily 1 1 2 1 ~  i r ~ t : ~ k r  to ;I c~onst;tnt 1evc.l ;IS in T I ~ ; I I  
2, the i ~ n i l ~ l i ~ l s  \vert3 all f ' t d  ; ~ t  a I(bvc2l whicl~ \+-;IS 

govrrnc~d hy :In a p l ~ r o s i ~ ~ l : ~ t r  105: ~.csl'us:~l. T l ~ i s  
I(hve1 was :~tl,jnsted t l ~ ~ i l y ,  ; ~ n d  the. rc+'usal \vi~h 
weighrd h:~(.k in  thc. AM.  The h ; ~ y  \\-;IS si111il:11. 
in kind ; ~ n d  tluality to that  used in the pi~cvious 
trials, ; ~ n t l  was fetl '2 X : ~ n d  10 x daily to I.(,- 

speetivcb I I I ~ ~ I I I ~ C Y S  01' t\vo gro111)li of RI I~I~I : I IS .  
The : i n i ~ l ~ ; ~ l s  usc~l  \ V I ~ I . ( ~  a t l i f l t ~ ~ ' ( ~ ~ ~ t  group  of I.) 
IIolstt~in h r i f c r ~ ,  and  rangrtl in meight ft,olll 
382 to 522 Ih. Tl1c.y were pili~vtl ;leeording to 
weight i ~ n d  pr(,violis trr;~tnlent. Threr-clu;crtrrs 
of i~ 1)011nd of soyl~ran  oil 111o:11  IS fed to (*;lcll 
ariill~i~l tlaily. 

Although this  c.xper<ment \\,:IS eontinucad for  
o111y N O  d a ~ s  in c + o ~ ~ ~ p a r i s o n  to chight nlorrths for  
Tri ;~l  1, rrsnlts \vrre sin~ilrn.. A t  tlir rnd of 
thc, t i n t  30 tl;~ys there \vc,re no st;itistir;~lly 
sig~~ilicarit dif'f(.rt.nc.es in  \vc,ight gi~it i  brt\veen 
tho t\vn groups, inid whtw f iO tlays of this treat- 
111(3nt \\-('re c.on~pleted thtb two gi-011ps w ( ~ e  still 
t ~ ~ ) l ) r o x i ~ ~ ~ a t c . I y  rven. Thct d:~tn f o r  this trial 
: I IY p ~ ' r s ~ ~ t c ~ c l  ill Table 3. 

A greater  tlifferenec in tot:ll feet1 c.onsun~l)tiol~ 
:~l)l)eared in this trial, with the corlt~,ol group 
hilring cons~u~led  48.5 Ih Illore hay  pc,r ani111:11 
than the frcvluently frsd group, hut statisticill 
iu~alysis showrd this differcnct~ to h(2 nonsig- 
~~i f ican t .  
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TABLE 3 

Roiiy weight gain and feed consun~ption by heifer 
calves fed nonrestricted ration " 

2 X and 10 X daily 

Total ~veigl~t 
gain Total 

feet1 
So. times So .  30 60 ~011- 

fed animals days days sumed 

( lb )  
2 X 6 332 651 4,742 

10 Y 6 3 4 1 = 4 , 4 5 0  
niff erence 9 10 292 

" Ration adjusted d a i l ~  to 108% refusal allow- 
:111ce. 

It was snggc~sted ~ I . O I I I  tliest. findit~gs, and 
i ' r o ~ ~ ~  the ~.t~sults  ohtai~ietl in Trirtl 2, that rtb- 
striction of' f(.rtl iut;~kc. illay liave ;I heari t~g on 
the. ~ ) r o h l e l ~ ~ .  I t  was rc!aso~~ecl t h ~ t  21 response, 
to fl.ettualt f(.rdilig 111i1y B C C ~ U B  in ti situatio~i 
\ v l ~ e ~ , r i ~ ~  the 111ethot1 (frequency) of f c td i~ ig  re- 
>ultrd in t i  111or(> 01. less co~~tirluous r~o~isatisfied 
:ippetitcfi on the part  of the a ~ i i t ~ ~ a l s .  This con- 
tlition in:~y exist wht~ti :I (.orlstal~t daily 1.atio11 
is ~n:iintaint~d ovvr thtl length of a trial prriod, 
1)ut not when the d;tily ration is allowed to 
t*hnnge. This ~)ossihility is supported Ily results 
ohtailled in Trial 2, and fro111 the work reported 
f ron~  other stations (2, 4, 12, 13) ,  for  in those 
trials in which i~dvantt~ge was sliown for  frc- 
(1ue11t feeding, the :inimals were n1;~intained on 
:I ~~onincrcasing daily ration. 

I'rinl I. This tritil wtrs conductetl to investi- 
gate the possihilitp of feed restrietior~ heing a 
t'ilctor, rind was c.o~ldactc,d in a Ii1annc.r si~nil;it- 
to  Trial 3 with rc.sl)ec.t to kii~tl : I I I ~  clu:~lity of 
 tion, on, n u m h c ~  of  trt>at~~rcnts, ;tnd n u ~ l ~ h e r  of 
ft.rding intervitls within the resl~ective treat- 
~ ~ l r n t s .  The. sallle group of ;~ninials w:ts iistd 
;IS in the. ~) r (~vious  trial. The 1ie.y fed to the 
f~.c~tlu(~~itly t ' t d  ~ I I ~ I I I ~ I ~ S  was offcrc~d a t  a levc!l 
ill \vhich o111y ;L I~arc. l~~ i l i i n~un i  refusal fro111 
(.itch ;tnil~~;tl \vas a1lowc.d. This rrfusal was 
c o ~ ~ ~ l ) o s r d  of' ilndesir;rhl(: and coarse s t ru~s .  
Close. daily scrutiny \r:~s ~ ~ l ; ~ i ~ ~ t i ~ i n e d ,  in orde~ '  
to I I I ~ I ~ ~  i ~ d j u s t ~ ~ i ~ ~ ~ t s  ill the ratious to i l~s~ir ( .  
tli;~t this r(!fus:~l ~~en~a i r i i~d  t11ini111;11. Tli(, coti- 
trol a11i111a1s \\.ere ;rllo\\,ed : tpproxi~~~; t t (~ly  lO"/, 
1.r.l'usal in their ~.:ttioi~s. The tl.i;tl lasted fov 
li0 days. 1)at:i I'ol. this triiil ; I IV  ~ ) ~ ~ ~ s c b ~ ~ t c ~ d  ili 
rrlll)ith 4. 

Th(. tl;~tit 1'01. t l ~ e  first 30 tl;~ys sliowcd :I 

\vcligl~t g:1i11 atlv;~litage 01' 106 lb for tlic! i're- 
t luts~~tly t'vd g ~ ' o u p  This dif'ferenee wi~s  highly 
*ig~iific:t~lt (I' < .Ol ) .  \VIict~ the trial had r111i 
I ' o I .  f i l l  tl:ty>. :111 of this ;rdv;~r~tage 11:rd dis:lp- 
I ) ( ~ ; I I Y ~ ( I .  TIIV two g~,oiips PI I ( I~YI  t l ~ e  tri:tl 11ihi11.1~- 

even it1 w igh t ,  with the control group weighing 
nearly 10  Ib more per aniiual. As in the pre- 
ceding trial, feed consu~r~ption was higher in 
the control group but, again, this was found 
to 1)e  onsi significant statistically. 

R ~ s u l t s  ol~tttined in these trials iudicated that 
wl~en growing ru~ninants were fed their diets 
oil an u~irestricted r eg i~~ i rn ,  110 advantage was 
ohtained by feeding i ~ t  frequeut intervals. Al- 
t,hough Xohr~nan  et al. (9) have reported 
\wight gain advantage for  frequent feeding on 
;III unrclstricted feed intake regimen, i t  is noted 
th;tt 17y0 Inore feed was c.onsumrd by t h ~  fre- 
clu(mtly fed anitnals. 

011 the other hand, whrri the feed vtls re- 
strictc~d, the data shou,c.d a significant advan- 
titge in freyuent feeding for  i~ 4- or 5-wk pe- 
riod, after which a11 advantage dis:~ppeared. 
Thr initial ildvar~tage observed was in agree- 
I I I ~ ~ I I ~  with xvork reported by others (2, 8, 11- 
Is) ,  hut \vas of shorter duration. Thus, i t  is 
suggrsted that the ehangc fro111 a once- or 
t~vice-;I-day ferding routine to several times a 
day Irads to conditions which alter the rumen 
n~irrobi:~l population and/or change the amount 
or ratio of end products of run~ination sufi- 
c~iently to cause ;L t e~npor ;~ry  response which 
I I I : I ~  1:1st for  a few weeks, ;tftrr which the ani- 
I I I ; I~S '  adjustulerit to the, t1r.w routine is coi11- 
p1rtt.d and a response no lol~ger accrues. The 
~vork  of 31oir ;ind S o ~ ~ i t ~ s  (10) has shown a 
highly sig~iificant incroast1 in ~~u lnh (>r s  of ru- 
~ ~ t i n i ~ l  l)rotozoa when sheep were fed 4 X ns 
c.ol~~lxi~'etl to 2 x daily. 41ore recaently, ICrios 
: I I I ~  \V;~rd (3) have reportcd that total volatilcs 
fatty tieit1 conccntratiori \vas significantly in- 
c + r ( ~ ~ s ( d ,  i~crtic ; ~ n d  propiotlicd ltcitls \vtbrc: dr- 
c.rc.;isetl and inc.reast.d. resl)rctivel;v, ;111d the 
:~cc.tic/l)rol~ior~ic ratio \\-:IS lo~verrtl in the in- 
gest;~ ot' cows I rd  3 X ;IS co~lipared to 2 x 

TABLE 4 

calves fed scmirestrieted rition " 

2 X ancl 10 X daily 

Tot:rl ~\veigl~t 
gain 'I'otal 

fret1 
So. tin~rv Xo. 30 60 con- 

fetl u ~ ~ i n ~ a l s  (lays (1;iys ~ I I I I I ( , ~ I  
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daily. Putnanl  et al. (11) xc.re unable to  con- 
firm this result. 

Results indicating that  response to  frequent  
feeding may be only temporary in nature a r e  
no t  inconsistant with other reports, when i t  is  
considered tha t  in  those experiments that  showed 
weight gain advantage (2, 8, 11-13) the re- 
versal type  of t r ial  was employed. I f  the re- 
sponse is  temporary, then i t  could he expected 
tha t  results obtained a f te r  a reversal of treat- 
ment had been made a t  a time in  the experiment 
when the frequently fed animals may have 
reached their  peak in  advantage would reflect 
a n  accumulation of temporarily accelerated 
weight gains f rom two groups of animals suc- 
cessively given the same treatment. Such re- 
sults would not be a true indication of  the 
long-term performance of animals on a fre-  
quent  feeding schedule. 

Xo direct evidence i s  available to  offer a n  
explanation of possible mechanisms involved in  
the present study. Although Rakes e t  al. (13) 
discussed possible explanations f o r  the weight 
gain response, these do not  suggest why the 
effect could not  be maintained. Indirect evi- 
dence which may provide a clue in this respect 
comes f r o n ~  the West  Virginia station. Welch 
e t  al. (15) noted tha t  the utilization of non- 
protein nitrogen ( K P N )  by lambs increased 
with time and  reached a maximum i n  35 days. 
This work was confirlned a n d  extended by 
McLaren e t  al. (6, 7 ) ,  who indicated tha t  a n  
adaptation response took place in the tissues 
when the dietary source of nitrogen was changed 
f rom natural  rations to  NPN con~pounds. Sub- 
sequent work b y  MeLaren e t  al. (5 )  has further  
suggested tha t  specific enzymic pathways of 
metabolism i n  the tissues a r e  affected. I n  light 
of these findings, i t  seems tenable to  wggest  
t h a t  a s  a result of frequent  feeding specific 
enzymic pathways f o r  the r~~etabolism of end 
products of rumination niay be altered because 
of a change i n  the  concentration ratios of these 
metabolites, and  once the  new pathways a r e  
established a n y  favorable response induced b y  
the change in  feeding regimen levels off. 
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EFFECT OF LEVEL OF INTAKE AND PIEYSICAL FORM OF THE DIET 
ON PLASMA GLUCOSE CONCENTRATION AND VOLATILE 

FATTY ACID ABSORPTION IN RUMINANTS 

Department of Animal Husbandry, Cornell' University, Ithaca, New York 

SUMMARY 

An attempt was made to investigate some of the factors affecting plasma 
glucose concentration in  sheep. A randomized complete block design was used 
to study the effects on plasma glucose concentrations of three feeds each fed 
a t  three levels of intake to sheep either 1 5  or 27 months old. The three rations 
were chopped hay, pelleted finely ground hay, and the pelleted mixture of 45% 
corn meal and 55% finely ground hay. At the medium and high levels of in- 
take the plasma glucose concentrations of the animals receiving hay pellets 
or grain-hay pellets were higher (P<0.01) than those of sheep fed chopped 
hay. The lambs (15 months old) on the medium or high level of intake had 
a significantly higher ( P  <0.01) plasma glucose value than the low-level-of - 
intake lambs. The plasma glucose concentrations of the 27-month-old sheep 
did not respond to increased levels of intake. 

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

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

Received for publication June 18, 1962. 

shown that propionic acid is a precursor of 
blood glucose in ruminants [Johnson (15), 
Clark and Malan (7) 1, to our knowledge it has 
not been proved that propionic acid is the 
main precursor. 

Fermentable carbohydrates of the diet are 
broken down to short-chain fatty acids in the 
rumen. The importance of these metabolites 
in the energy economy of the animal has been 
recognized (2, 6, 10).  Less attention has been 
riven to the auantitative inter-relationshim be- 

' This investigation was supported by research tween the fatty acids absorbed and me- 

A-2889 from the N~~~~~~~ ~~~~i~~~~ of tabolism. An understanding of these relation- 
~ ~ t h ~ i t i ~  and ~ ~ t ~ b ~ l i ~  ~ i ~ ~ ~ ~ ~ ~ .  public ~ ~ ~ l t h  ships in the normal animal might provide leads 
Service. to the causes of certain baffling metabolic dis- 

2 A part of the data reported here was recorded orders such as ketosis. In  these studies it  is of 
in the Ph.D. thesis oresented bv A. Bensadoun to prime importance to consider a range of nu- 
the Graduate Schooi, Cornell &iversity, 1960. tritional levels with extreme conditions without 
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whit~h thr valuc~s of ('rrtain p i~r :~n~etr rs  in IIIRY- 

ginill n~etaholir situ:ktions would he missed. 
Tt is grnerr~lly htblieved thnt plt~.:~nn glurosr 

c.onrt.ntrationh are not s u h j ~ r t  to variations 
t.:~ust~d hy feed ronsu~nption. Irvel of intake, 
:~nd  kinds of feed ( 2 1 ) .  IIowrver, recently 
Hook et :%I. (23) showed in one nf their rxperi- 
~nents with &lily I'OWS that r l ~ i ~ ~ ~ g c s  in plasma 
glucosc~ concentration.: orrnrrrd with varying 
levels of intake. 

This report is t~onc.c~~~nrtl wit11 thc cdhnnges in 
~ ) l a s ~ n : ~  hlood glac~osc~ t~ont~cntration due to 
c.hanges in the pI:~nt~ of nutrition, physical 
fo rn~  of the dirt, :tnd the conco~nitant rhanges 
in the quantities of volatile fatty nrirls (VFA)  
:~hsorhrd frotn thr g:~.:tro-i11testi11i11 tract of 
sheep. 

I . ' r /~c~r i i t t r~~t  I .  Pli~sn~it  glut*osr e o ~ ~ t ~ t . ~ ~ t ~ ~ i ~ t i o l ~ s  
\vrrth tlett~rr~~ined in the jugular hlood of 27 
uheep and 1s 1:11nhs usrd in a freding rsperi- 
went. The sheep werr I y r  older than the 
Ia~nhs. A randonlined ron~pletcl hloek design 
W:IS used to study thtl effect of physiral form 
of the diet and level of intake on thc mergy 
utilization of a n~ixrd  timothy-alfalfn hay. Thr 
tl~rt~tb rations were chopped hay, pellrtrd finely 
ground hay, and n pt~llrtrd n~ixture of 45% 
vorn n1ea1 and 55% fintlly ground ht~y. Each 
of these was fed a t  three levels of intake desig- 
~ ~ i ~ t c d  :IS low, 111edinn1, and high. Three sheep 
and two lambs werr assigned a t  ral~donl to each 
of thca treatment groups. The low level of inti~kr 
i~nin~als  received enough feed to show positive 
energy halitnct~. The ani~nals on the high level 
of inti~ke wert3 fed ad libitun~. The ~nedium 
level of intake was adjusted every week in 
order that i t  should he intern~c.diate between 
the law and the high 1evt.l~ of intake. The av- 
eritgr feed intakes over thr I9(j-d:1y frrding 
1)tlrind are givcn in Tahlr 1. 

TABLE I 

.4 voragr fret1 intakes 
- - --- - - 

- - 

Fred i11t:lkes 
-. -- 

Pel- ('on~-hay 
IAt~vcl 

- - 
I r c l  lrtrd pellets 
- - 

----(g/kg of B.W.  ")- 

1,o\v Slrrrl) 46.9 46.5 41.1 
1,:11111~ 49.9 47.5 39.4 

After thr aninlals had het~r~ fed experi~neutal 
ditlts for a t  Itaa.;t 150 days, hlood samples were 
tekrn for glnrosr analysis. The samples wert, 
titktm :tt 2 to 3 rnr. Data were exanlined hy 
:III i~n:~lysih of varii~nce. The Duncan's new 
~r~ultiple-rang(. test was used to c.onlpare the 
:~ntong-treatment nleaus. 

E.iprrin1~9tt 2.  In  an oxpt.rin~mt rolnplr- 
11111ntarg to the preceding one, the an~ounts of 
glucose and VFA1s ahsorhed hy c.onscious ani- 
~nals  were determined. Six sheep equipped with 
:ln rxteriorized ~Aarotid loop and a rubber rulnen 
c,iunnultt wrr(, fed either an early-rut timothy 
hay or it nrixed alfalfa-timothy hay in either 
rhopped or pelleted, finely ground forn~.  Sheep 
I ,  2, and 3 rtlreived the tinlothy hay and Sheel) 
4, 5, and 6 were fed the mixed alfalfa-timothy 
hay. Hay in the following anlounts and f o r n ~  
were fed in one meal per d:ty: Sheep 1, 1,000 
g of pt.llets; Sheep 2 :tnd 3, 1,000 g of rhopprtl 
hay; Sheep 4, 1,300 g of pellets; Sheep ri, 1,000 
g of pellets; m ~ d  Sheep 6, 500 g of rhopped 
hay. 

The ntethod ( 4 )  used to study ahsorption in- 
volves the st1rinl sa~npling of hlood from thr 
portal vein and rarotid :~rterg fo r  glucose t~nd 
VFA an:~lyses r~nd the n~easure~nent of the 
portal hlood flow rate during the sanle experi- 
n~ental  period. The an~ount  of a ~netaholit~l 
:thsorhed during a given interval of tinw is 
the11 ohtained as follows: 

Amount of ntetaholitc. ahsorhtlcl in intervrtl 
t = (*I, - M , )  F , ;  where, 

AT,, = ;Ivrleagc. (.oncentration of ntetaholites in 
the portill' vein and 

111,. = aver:Ige c3oncentr:ltion of ~neti~holites in 
tl~t. t+aroticl artery during the interval 
of t in~e,  t ;  and 

F', = Flow of hlood in the portal vrin tlnring 
the intt1rvi1l of time, t. 

111 ththst. studies th11 an~ounts of ~nrtaholites 
:~hsorhed during 2-hr intt~rvals were c.alrulated 
for ptariods of 8 to 15 hr after the fveding of 
tht. test diets. To rst in~ate thr fatty acid ah- 
sorptiot~ for the ren~aining 9 to 16 hr averilgt. 
:~hso rp t io~~  ri~tt's wtlrr c.:llrulated using thr hlood 
c.ont.entrz~tions and the port:~l hloocl flow rates 
(luring thtb l i~st  hour of ohsrrvation ar~tl the 
hour hrt'orr the heginning of a run. Arterial 
:~nd  portitl hlootl s:~nrples for n~rtaholitc. anal- 
yses ~ ~ o r t ~  withdrawn every 2 hr during thr 
s i~~npl ing prriotl. Ont. to 12 hlnod-flow rate 
~~: t~asurcnl r~i ts  ~ v t . 1 ~ ~  ritrried out dul.int. c.:trh 

nlr,lilllll Slterp 6 .  55.3 52.0 ~-]lrp(,r iod.  
l l : i ~ l ~ l )  59.3 58.4 56.0 

The portill hlotrd san~pl t~s  wcw dr:1\vn through 
High Sllecl) 70.2 82.4 69.1 :I polyc~thylrnr mthtlter anrhored in the wall of 1~nn1l1 70''i 97'3 thr ~,ort :~l  rein ( 4 ) .  Thr  neth hod of detrrn~ining - .- - - - - -- - . 
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TABLE 2 

Effect of physical for111 of diet and level of intake on plasma glucose concentrations " in the 
iueular bloocl of sheen and lambs 

Level 
of 

intake 

Low 

Medium 

High 

Average 

Sheep 
Lamb ' 

Sheep " 
Lamb " 

Sheep 
Lamb ' 

Type of feed 

Chopped Hay coin-ha y 
hay pellets pellets Average 

(smg per 100 n~1 of plasma) 
62.9 63.2 65.5 63.8 
63.0 60.1 61.9 61.7 

" The plasma glucose concentration for each sheep was determined by taking two blood 
sample8 on successive days, analyzing them in duplicates, and averaging the four values. 

. Each plasma glucose value represents the average of the plasma glucose levels of three 
sheep. 

'Each plasma glucose value represents the average of the plasma glucose levels of two 
lambs. 

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

Total VFA concentrations were determined by 
steam-distillation. Acetic, propionic, butyric, 
and valeric acids were separated by gas-chro- 
matography (3 ) .  Formic acid was analyzed by 
colorimetry (12). Plasma glucose concentra- 
tions were determined by the Somogyi iodomet- 
ric titration niethod (28). 

RESULT8 AND DISCUSSION 

E.rperin~ent 1 .  Effect of pelleting on plasma 
! / I I I C O S P  ( ~ n ~ ( . ~ v t ~ . ~ ~ t i n ~ t s .  The mean glucose con- 

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

No changes in hlood glucose concentration 
due to nature of diet were reported by Reid 
(21) in his co~nprehensive study of carbohy- 
drate metabolism in sheep. Reynolds et al. (22) 
obtained small but significant differences in 
the plasma glucose concentrations of calves 
(16 wk of age) fed pelleted hay versus calf 
starter. I n  a different trial the same authors 
found differences between hay pellet-fed calve5 
arid calves on t~ whole niilli diet. 

TABLE 3 

Analysis of variance in levels of plasnla glucose of sheep 

Mean 
Source of variation t1.f. snuare F 

Level of intake 
Kind of feed 
Age 
Level X kind 
Level X age 
Kind X age 
Level X kind X age 
Residual 
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TABLE 4 

Interaction of level of intake X kind of feed 

Kind of feed 

Long Hay Corn-hay 
Level hay pellets pellets 

( n ~ g  per 100 ml of plasma) 
Low i 62.9 61.6 63.7 

Medium 60.8 71.9 70.6 

High 61.5 70.5 74.9 

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

Efect  of level of intake nlzd age. The lambs 
which were about 1 5  months old a t  the time of 
blood sampling responded markedly to changes 
in intake level (Figure 1 ) .  The lambs on the 
medium or  high level of intake had a sig- 
nificantly higher (P  < .01) plasma glucose 
(Table 5) value than the low-level-of-intake 
lambs. The sheep which were 27 months old a t  
the time of sampling did not respond to in- 
creased levels of intake and a t  the high level 
of intake had significantly (P  < .01) lower 
plasma glucose levels than the corresponding 
younger lambs on the same level of intake. 
Sampson and Boley (24) also reported an in- 

I A corn hay pc l l r l s  

- 
: E : 7 0 -  
? x - - . E 
E g 
u - 
h \ 
; 6 0 -  - 

5 0 1  . . . . . . . . . . . 
10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  100 110 

Feed l n l l k e  
(q  / Kg 8 0 d y - ~ c ~ q h l ~ ~ ~ )  

m a  
0 

A. 0 
l Klnd of Feed 

0 0 0 0 chopped hay 

4 l hay pellets 

Fro. 1. Plasma glucose concentrations of 15- 
months-old lambs receiving chopped hay, hay 
pellets, or corn-hay pellets a t  various levels of 
intake. 

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

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

The concentrations of VFA in rumen ingesta 
showed a trend for  the acetic to propionic acid 
ratio to be lower when the test rations were fed 
in the pelleted, ground form (Table 6). This 
confirms the results of previous experinlents in 
which the effects of pelleting on rnmen VFA 
were studied (14). The portal blood analyses 
revealed marked changes in the relative pro- 
portions of the volatile fatty acids absorbed 
compared to the distribution in the rumen. 
These changes are even more accentuated when 
formic acid .is included in the group of fatty 
acids considered. Formic acid was found in 
very small proportions in the rnmen liquor 
(less than 1% of the total VFA in all cases) 
and was not included in Table 6. I n  the portal 
blood, however, its proportion was found to be 
as high as 35% of total VFA. Rumen VFA 
concentrations can be translated in  terms of 
VFA production and absorption only if the 
mechanisms of absorption are known. The 

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

Level of intake 
Animals 

Animals Age per group Low Medium High 

(months) (mg per 100 ml of plasma) 
Sheep 27 9 63.8 65.0 64.5 

Lambs 15 6 61.7 70.5 73.5 

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

Resl>onse of R fla111e i o ~ ~ i z a t i o ~ l  detcctor to various fatty :~eids 

Formic Acetic. Prol)ionic 13tltyrir 1x0-valeric Valerie 

~.clsnltc of studies of relative VF.4 ahsol.ption 
rates a re  conflicting (13, 16, 18) and thcs tlis- 
c+repa~~cies het~vec.11 cronclusions rc.flrc.t tlill't,r- 
cances in the pllpsiologicnl c.ontlitions u11tlc.r 
\vhicl~ the ohserv:rtions were III:I~I(S. Until these 
~ l ~ e e h a n i s ~ ~ ~ s  of :~l)sorption arcb c.st:~hlish(*tl in 
the c~ol~seions, fed : ~ ~ ~ i n ~ a l ,  i t  will I)(, difficult to 
give clua~~tit;~tivc. ~~lch:~ning to VB'R eoncc~ntm- 
tions ill the 1.mnc.n. 

Annison ct al. ( 2 )  h:lvc c>stahlished in very 
c.ritic:~l ;111:11ys~s thc' c~sistc~nee of fornlie acid 
in tlin hlootl of ru~llillants. Tts presence i n  
l*;l.hhit l)l~)od (S) h:~tl heen rst:~l)lished a s  early 
:IS 193'2. 13c~c:1usc. of' its labile ~)~.opert ies ,  fortnic 
acid c:111 I)(> lost vc2ry cbasily ill the course of nu 
:111;1Iysis. \Vllc>n ;I 111isture of TFA in aqueous 
s o l u t i o ~ ~  is sc.p:~r:itc~d ill a gas chro~~l:itogr:iphi(: 
:111:11ysis c.l~~ploying t11c.rt110-caonductivity detec- 
tion. the 1v:iter peak ohsrures the f o r ~ ~ l i c  :~citl 
~ ~ w k .  If :I fln111r io~~iisi~t ion drtc>catnr is nsc.tl, it 
is difficult to  estimate forlnic :tcaid hec:~uscl of' 
the poor s ~ l ~ s i t i v i t v  of this detc~ctol. fo r  fol . l~~ic 
:~c*id ( Tahle 71. This rs~)l : l ins the : ~ u t l ~ o ~ . s '  
vhoicr of analyzing forulic* acid I)? :I colorilllc~t- 
ric? ~woet~dure.  

The results of 1'111111~11 l ) c ~ ~ . f i ~ s i o ~ ~  (>sl)(f i~. i l~~(wts 
led JlcCarthy et :II. (I!)) anti 131.ow11 cht ill. ( 3 )  
to conclude that  tllc. ~ ~ r o l ) o ~ ' t i o ~ ~ s  111' \'FA  IT 

11mrly thc~ s:tnlcb i l l  tllt, ~ I I I I I ( , I I  : I I I ~  tl~cl hlootl 
I e i ~ v i ~ ~ g  the I.IIIII(III. TI](, tIis(~~.(~l):~l~(.,v I ) ( ~ W ( V I I  
the results of t11:lt stutly :1nt1 thosc. rcq~or.tc,rl 
here rc,flcvath t.ssr.nti:l lly :I diff(-l.c~n(.(~ ill the. t(lc'11- 
I ~ ~ I o y c l .  TIl(2 isol:lt('(l ~ I I I I I ( ~ I I  ~ ( V I I I S  to 
11:ive :III :~ltcb~.c.tl 1)hysiologic:ll hc41:1vior. 

F;sti111:1t(fis \vcir(* II I : I ( I (% of thv tot:11 : I I I IOI I I I~S  of 
the i~~tl ivi t ln:~l  YFi2's :~hso~.l)cbd 113- shc~ep fed 
c.llopl)c.cl 01. pc-II(.tc-tl, gn)~untl 11:ty. The  neth hod 
ol' I I I ( ~ : I S I I I , ~ I I ~  IrF:2 :11)sorptio11 is h a s 4  I I ~ ) O I I  

~)ort;~l-:~~.tch~.io t l i f i ' t~~.c~~~c~(~s and tl~c. ~ n e a s u ~ ~ ~ l ~ ~ c . ~ ~ t  
111' tho ~ ) o ~ ' t : ~ l  hlootl-flo~v rate. 111 F i g n r t ~  2 :II.(. 
giv(a~~.  1'01. S I I ( Y ~ ~  2, t l ~ e  arteri:il :III(I portal hIoo(1 
\.F.Z (.on(,c.~~tt.:~tiol~s, th(1 pnrtal blood flow I.:I~(BS. 
: I I I ~  tl~(b : I I I I O I I I I ~ S  of Y F A  ahsorh(~1 (1uri11g (S:I(*II 
2-11!. i~~t( , t .v:~l  > ~ f t ( , r  feeding. ('hi(4Iy I I ~ ~ ( > : I I I ~ ( S  
01' tl~cs I ' I ~ I . I I I ; I ~ ~ ~ I I  of clots a t  the ti1)s of thc~ ill- 
,ioc.tio~~ :11r(1 hi lnlpl i~~g catl~(,tc.l.s, the :lpl)lic:~- 
ti011 of thv ~llethotl ill c~o~lscions, h ( ~ l ( ~ t l  s1)cbci- 
Illc2ns ix tlifficault : ~ n d  t(>dinus. 111 t h ~  I ) IVS( , I I~  
( ~ x ~ ) e r i ~ ~ ~ t ~ ~ ~ t x ,  t l i ~  p:1tt(51,11s of' I ) O I ~ : I I  l)loo(l llo~v 
it1 tl~rcb~fi ~I~cfi(fip (no.  2, 4, : I I I ~  6 )  \vcbr(, o l ) t :~ i~~(v l  

during sufficiently long periods of tiln(' to :111ov- 
tl~c. :~~l lounts  of the TTFA's ahsorhcd to he 
col~~l>utc~d.  These a r e  sunl~ll:lrized ill T i~hle  8. 
Although the data a re  not  sufficirnt to ~ n a k r  
dt4i11ite eonrlnsionw c o n c e r ~ ~ i n g  the c.ff(,et of tllc. 
physic.:tl fonn  of 11:ly on tllc. :~ l~ lounts  of fa t ty  
acitls ahsorhc~d, they delnonstr:~tr t11:rt :IpprcJ- 
ciahlc cluantitic.s of forn~ic. itrid :ire! :~l)sorhed. 
The fa t ty  acid lnisture r~hsorhrd hy Sheep 4. 
receiving pellc.tc~d, g r o u ~ ~ t l  hay, eont:~ined n 
higher proportion of propionic :~cid and :I 

lower proportin11 of fornric acid, t11a11 the n ~ i s -  
ture :~hsorhed hy  the shc,c,p ingesting rhopped 
hay. lielativc. to the n l n o l ~ ~ ~ t s  of hutyric acid 
ill 1.ulnina1 ingestn, those ahso~.hed \vc>re quite 
s111:1ll. 

Tt aoultl scbcLltl i~l~prol) :~l) i i~ that  the higher 
I(~vc.ls of ~ I : I S I I I : I  g l u ~ o s e  ohserved ill animals 
ftstl Irigll 1cvc.l~ of' pclleted feeds than in those 
fc.tl c.llol)pc.d I I : I , ~  can he explained entirely hy  
the :~hsorption of n greater aulount of pro- 
piollic acid. Th(1 rclativt~ l~roport ions of glu- 

70 
CAROTID VFA 

60 

50 

200 - - - 
I50 .- 

2 4 6 8 10 12 14 16 
TIME AFTER FEEDING 

(HOURS) 

I.'I(:. 2.  C'o~~ecntrations of VFA in runlen in- 
g(>st:c, v:~rotitl l)lood, and portal blood, port.al bloo(1 
flow ~.:ltc.s, nn(1 total VPA nl>sorhcd a t  various 
intvrr:tls nftrr tllc ingestion of 1,OOU g of chopped 
11:l.Y (sllcel> 2 ) .  
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TABLE 8 

Total volatile fat ty  acids ahsorbed per day on rarious diets 

Sheep 
no. 

Amounts of VFA absorbed 

F A P B V  

(9) 
2 Timothy hay (1,000 g CH) 13.4 45.0 14.7 
4 Mixed timothy-alfalfa (1,300 g H P )  4.7 58.1 21.6 2.7 1.6 
6 Mixed timothy-alfalfa (500 g CH) 7.1 57.4 9.1 4.2 4.6 

R P  = Hay pellets. 
CH = Chopped hay. 

cogenic amino acids absorhed might also con- 
tribute to  the  higher levels of p l a s n ~ a  glucose. 
On the other hand, the concentration of glucose 
in plasma does not ncccs\arily reflect the size 
of the glucose pool (17) .  Further  s tudy is 
needed to  determine u-heth(~r the increased 
plasma concel~tration of glucose associated with 
the ingestiou of high 1rvc.l~ of pellrted feed3 
reflects a shrinking of the glncdose spacc. and/ol. 
a reduced ra te  of glucoie utilization, rather  
than a n  increasc.d productiol~ of glucose 1i.ithi11 
the hodv. 

(7 )  CLAKK, R., AND ;liIIm~s, J. R. Alterations 
in the Blood Sngar and Ketone Levels 
Caused by Dosing Acetate, Propionate and 
Butyrate into the Rumen of the Sheep. 
Onderstepoort J. Vet. Research, 27: 101. 
1956. 

(8 )  DROLLER, 11. Zum Naeh~reis geringer Mengen 
ran  Amriscnsaure in Blut und Goweben, 
inshesondere in dcr Raut. Z. physiol. Chem., 
211 : 57. 1032. 

(9 )  EI~SDEN, S. R. The Fermentation of Carbo- 
hydrates in the Rumcn of the Sheep. J. Ex- 
ptl. Biol., 22 : 51. 1943. 

ACKNO\IT,EDGNESTS (10) EME-RY, R. S., SMITH, C. K., I N D  HUPFN-4~, 
C. F. The Amounts of Short Chain Acids 

T l ~ r  authors appreriatc tbe aid providcd by Formed During Rumrn Fermentation. 
Miss Judith Carnrs and Mrs. Thelma Zablan in J. Animal Sci., 15:  854. 1956. 
certain chemical analyses and by Dr. Dale Van (11) F W , , ~ ,  G. ~h~ ~ ~ ~ i ~ ~ b i l i ~ ~  of the ~ 1 , ~ ~ ~ -  
Plerk in the statistical nnalysrs. dilution Mcthoil for Determination of the 
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d calf starter containing VFA salts was compared with a control starter 
in t e r m  of growth, health, rutliinating activity, and rulnen development of dairy 
calves. There was 110 significant difference (P  > 0.05) hetween the respective 
starters r eg rd ing  weight gain and rlunen development of ealves to 39 days of 
age. The atnount of feed consutned was closely associated with rumen develop- 
ment as  indicated by statistically significant regressions (P < 0.025) of various 
criteria of rumen dcvelopment (weight of total rumen, ~nusele and mucosa, and 
p r r  rent ~nucosa) on feed consumption to different periods of the experiment. 

All of the ca1vt.s ruminated a t  11 days of age; however, there was no sig- 
nificant difference ( P  > 0.05) between groups of calves in the amount of time 
spent ruminating a t  either 11 or 25 days of age. 

Five out of eight calves receiving the starter containing the VFA salts had 
some degree of ru~ninal parakeratosis as compared to one out of eight calves 
1.eceiving the control starter. The cause of this condition w:t.s not determined. 

During recrnt years i t  has heen sho~vn that on rumen developtnent and growth of early- 
young tlitiry calves may be raised successfully weaned dairy calves. I n  addition, the relation 
using an early weaning systeni (3, 13, PO). of the eonlposition of the starter ration to the 
Ilowevrr, the success of such a systetn of' rais- onset of rulnination in young dairy calves was 
ing calrrs deprnds on early rumen devc.lop- investigated. 
ment. since it is necessary for  the ca1vc.s to 
subsist entirely on dry feed a t  an early age. 

The rumen of a new horn ealf is essentially 
nonfunctional, having a stnooth, stratified, 
squalllour epithelium with no prominent pap- 
illae, and the nlicrobial population has not been 
established (1, 16). Therefore, considerable 
development with respect to capacity, mucosal 
and muscular tissue, and ~nictrohial population 
is necessary before dry feeds of plant origin 
can be utilized effectively. I t  has been estab- 
lished that the stimulus for  developtnc~nt of the 
.rumen tissue does not eonlcx entirely from the 
physical nature of the feed, hut is due partly 
to the ~o la t i l e  fatty acids (VFA) which result 
from runren fernlentation (5, 7, 14) .  

The objective of the work reported herein 
was to tleter~nine the effect of adding salts of 
propioniv and hutyric acids to a ealf st:lrter 

Receirtvl for 1)11blieation .June 28, 1962. 

Data talien from a tlresis submitted 1)p the 
seuior nnthor to the Graduate School, Oklahoma 
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clnirenln~ts for the Master of Science ~legree, 
May, l!)(i4. 
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ice, 0lilnhc1ln:t State Trnirersity, Stillwater. 

EXPERIMEST-iL PROCEDURE 

Twenty-four Holstein bull calves were 
grouped into three blocks of eight ealves, each 
on thc I~asis of season of birth. Each calf re- 
ceived colostrum fo r  three days and mas started 
on experiment the fourth day after birth. 
TfThole milk was fed a t  the daily rate of 10% 
of initial body weight during the first 14 days 
on experiment and then 8% of initial weight 
for  :In additional Len days. Chlortetracycline" 
was fed twice daily in the milk and 25 Ing per 
pound was included in the starter ration. The 
ealves were lloused in individual tie stalls with 
expanded metal screen floors, so that no hedding 
was required. 

The calves within each block were randonlly 
i~ssigned t,o either an  experimental or control 
rntion. The experimental ration consisted of 
a basal ration" plus a ~rlisture of fatty acid 

Chlortetracpcline supplied as Aurofac-D in the 
111ilk and as Aurofac-10 in the starter ration. 

'Ingredients in basal ration expressed as per 
rent of final mixtnre: cubed corn, 20; crimped 
oats, 20; wheat bran, 6; corn distillers solubles, 
5;  dried molasses, 4 ;  soybeall meal, 12; dehydrated 
alfalfa erumblcn, 00 : diealcium phosphate, 1 ; trnce- 
mineral salt, I : :~utibiotie-vitamin premix, 1. 
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TABLE 1 

Composition of mixture of volatile fatty acid salts 

Per Per 
cent cent 

Molec- of of 
Fatty acid ular mix- final 

salt weight ture ration 

Sodium propionate 96 10.5 1.05 
Potassium propionate . HzO 130 14.2 1.42 
Calcium propionate - HzO 204 22.3 2.23 
Sodium butyrate 110 12.0 1.20 
Potassium butyrate . H 2 0  144 15.7 1.57 
Calcium butyrate . IL0 232 25.3 2.53 

s:~lts, ~vhereas the control ration was made u p  
of the basal ration with glucose added as a 
readily available source of energy. The inixture 
of fa t ty  acid salts (Table 1 )  and the glucose 
each made u p  10% of the respective ration in 
which i t  was included. On a molar l~asis equal 
an~ounts of propionate and l~utyrate were used 
and the an~ounts of calcium, potassiu~n, and 
sodiu~n salts were calculated to give a n  equal 
amount of each in the n~isture.  The respective 
rations were f rd  free-choice throughout the ex- 
periment and constituted the sole diet after 
the ca.lves were. n-caned abruptly a t  2S  days 
of age. An effort was made to get each calf 
to consulne d1-y feed a t  an  early age. 

Observations were ~na.tle on the ruminating 
activity of 16  calves during the experiment. 
The ainount of time spent ruminating, eating, 
and drinking was determined during two sep- 
arate 24-hr periods, wl~(>n the calves were 11 
and 25 days of age, respectively. 

Upon sacrifice of each calf a t  39 days of 
age., the digestive tract was removed for  study. 
E::tch co~npartiner~t of the sto~ilaeh was sepa- 
rated from its onienta and stripped of its 
lnrgcr blood vessels, lyn~ph nodes, and fat .  
The difft~rcnt stomacah eo~np:~rtnlcnts and in- 
testines \yere weighrd heforo and a f t w  the re- 
moral of ingesta to detern~inc? the weight of 
ingostn contained therein. A 100-cln2 section 
was taken from the ventral wall of the cranial 
dorsnl sac of the rutncxn and the ll~uscular and 
il~ucos;~l layers were scy~~ratetl .  Each layer was 
weight.il and then dricstl a t  DOC for  -IS hr  to 
obtain the dry \rrigllt. The rcan~ainder of the 
mnlen was :~lso sep:~.~,ated into 11iuc0s:ll and 
innsc~ulnr layctrs and the rcspclrtire weights 
added to the fresh tissue r~eights of the 100- 
em2 st,ction to c;~laulate the pc~*cc~ntnge of: mu- 
cosa for  the entire rurnctll. 

During the e:~rly part  of the esl)cri~l~ent an  
ahnoi-n~al ruminn1 wall c.ondition, siinilar to 
that described by .Tensen 14 al. ( l o ) ,  was ob- 
served in sonie cixlres. Since the condition 

appeared to occur more frerluently in the group 
of calves fed the ration containing VFA salts, 
its incidence and severity were recorded for  
the last 1 6  calves on the experiment. Observa- 
tions were made on the gross appearance of 
the entire rumen, and photographs were made 
of a section of the ventral mall of the cranial 
dorsal sac using a Graflex-type camera. Histo- 
logical sections were also prepared from the 
qame a re s  to determine any differences in the 
ruminal mueosa from calves of the two group?. 

Two additional calves were assigned to each 
group to obtain data on the p H  and propor- 
tion of V F A  in the rumen fluid. Rurnen sam- 
ples were taken a t  18, 25, 32, and 39 days of 
age by means of a stomach tube. The analyses 
for  rumen VFA were made using the method 
described by Iheney  (11). 

RESrLTS AND DISCUSSION 

Tlir average weight gain and feed consump- 
tion of the calves receiving the control ration 
surpassed that of those fed the ration contain- 
ing the fa t ty  arid salts (Tahle 2) ; honrever, 

TABLE 2 

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

Feed consumed 

Calf Weight 
Ration Milk starter gain 

f lbl  
Control 105 35.2 27.2 
VFA salts 196 24.8 21.4 

thvre was sufficient rariation alnong calves 
within each group that the differences. between 
groups were not statistically significant (P > 
0.05). The addition of the VFA salt? was not 
expected to have any direct effrct on the growth 
of the calveq as  the two rations were o~lculated 
to have approximately the same energy eon- 
tent; and, since the c:ilves recriv~ng the VFA 
ration neither started consuming dry fcvd a t  
an earlier age nor consumed nlore of ~ t ,  no 
advantage in growth rate was obtained. Simi- 
larly, Martin et al. (12) found no significant 
difference in live-]wight gains of ralves fed a 
ration containing fatty acid salts vs. those fed 
n purified diet. 

With respect to the weight of different 
ston~acli compartinents, only the average com- 
bined weight of the oinasnln and nl)on~asum of 
the V F A  group surpassed that of the control 
group (Tahle 3 ) .  The diffcrenpes between 
groups were not statistically significant (P > 



T A B L E  3 

Average fresh tissue weiglrts of diffcrcnt stomacl~ compartn~ents and percentage of rumit~al 
nlacosa of ralves sacrificed at  39 days of age 

- -. - . - - - - - - 

Cmnial-dorsal 
Total rinuen 

- -  - - 
sac of rumen ' 

On~:rsun~- -- 
;11)o- Rrtir- Fresh 

R:rtiol~ m:lsum ulum bInsc.le Murosn tissue Dry 

( ~ l l  ('h) - (% mecona)- 
Control 382 140 269 338 55.3 60.9 67.7 
VFA salts 409 133 239 279 52.7 56.8 65.3 

- 

"Measurements based on a 100-em2 section taken fro111 the cra~~inl-dorsal sac. 

0.05), whether the values were espressed in  
terms of total organ wcight o r  in relation to 
ingesta-fire hody weight. More estensire pap- 
i l l a ~  developnlent ~ v a s  evident in  the control 
than in th r  V F A  group;  howevrr, the difference 
in avoragc percentage of runiinal nlueosa in  
favor of the control group mas not statistically 
significant (P > 0.05). Thus, addition of V F A  
s;ilts to the ration did not inerense developmrnt 
of the rumen as drterniinc.d by ~ ~ ~ e a s u r e ~ n e n t s  
a t  39 days of age. 

A partial explanation f o r  the ;tbovc results 
I I I : I ~  I)r found in a colnp;irison of the. ~.c,latire 
anrounts of VFA nvailablr f r o n ~  the two ra-  
tions. 11' one assun1t.s tha t  fern~rntat ion of 
10 lh of feed in the rnluen rc.sults in the pro- 
(111ction of 34 equival(.nts of rolntilr acaids. a s  
indic.:ited by C:lrroll and IIungate (Y), a n  nv- 
(.rag(' of 120 c~quivalellts of VFA would have 
))(.en p~.oduc.c.tl by t11~ c:~lres fed the control 
tliet in the. present study. Analyses of runlen 
fluid f r o ~ ~ r  ralves fed this ration revea1c.d that  
pt'opionic i ~ n d  hlltyric ac4ids represented np- 
~ m s i n ~ : ~ t c ~ l y  o ~ ~ c , - l ~ ; ~ l f  of the tot ;~l  TTFA; thus, 
i t  \v\.ils cbsti~i~atcd that :ihout 60 Jr of these ;~c*ids 
were prntlnctvl tlnring the 7-\vk period. I n  
c+olnl>ariso~t, R I I  awarage of' ap l~ros i~~ln tc ' ly  45 ar 
of p r o p i o ~ ~ i c  nn(I 1)utyric acids were :~vail:~blc 
to the. calvrs fell the. VI'A r t~t ion,  including 
7.1 11 c.ons~u~r(~d tlirrctly :IS T71p:\, snits. Thus, 

the approach of acc~elewting rulnen develop- 
~ntant 1)- the addition of VFA salts to the ration 
proved unsatisfartoi.p, duc? to  failure of the 
wives to consunle sufficient quantities of this 
r:~tion nt ; I I  early age. 

Although the total amount of VFA admin- 
istrretl has been observed (5, 16)  to he a 
critical factor determining t h r  extent of pap- 
il1;li-y devc.lop~nmt in the calf, the exact level 
rt.cluired f o r  this devc~lopn~ent has not  been 
d(.ter~nined. Tamate et al. (16) reportc,d that  
typic;~l  papillary growth did not  occur in calves 
given approsirnately 30 ~f (2.5 kg) of volatile 
aeid, c~ither as  a ~ ~ ~ i s t u r c '  of acetic and pro- 
pionic acids o r  as  hutyric acid, over a n  8-wk 
period, while papill;lry growth was ohserved in  
cd;~lvcs given 61 and 63 M of butyrie and pro- 
pionic aeid, respectively. I n  the present study, 
a ~nodrra tc~  dt.grre of papillary dc.velopn~ent 
o c c u r ~ ~ t l  in two c;~lves which consulr~ed a total 
of only 20.4 i ~ n d  25.3 lh of the control ration. 
~~.spcactively. O n  the basis indicatetl ahove, a n  
rsti111atc.d 35 a ~ ~ d  43 31 of propionic and hutyric 
:~ciils were. avi~il :~I~le to thr  respective calves 
f o r  s t i ~ n u l ; ~ t i o ~ i  of papillxry p o w t h  over the 
7-\vl; lwriotl. 'rhc prcsrllce of i~hsorptive ma- 
ter i i~l  in the rIurrc.11 ~11ic.h would prolong the 
c S s p o s ~ ~ r e  ( ~ t '  the rn~ninnl  \v;~ll to the V F A  has 
h r c . ~ ~  ol)se~,vetl to be ;I f:ictor influenc~ing papil- 
lary t l (~rc~l~~lxn( .~ i t  ( - 5 ) .  : I I I ~  this f':~etor nlong 

-4verago feed eonsuniption 
- - - - -. - - 

Age of 
cdalves I2ntio1i 

- - -  

(f7n.tl.s) 

1 1  VFA s:~lts 
Control 

mu1 rnn~in:~til~g :~ctivity of r i r l r~s  at  11 a111 25 days of age 
- - - - 

Time slwlt in 24 hr 
Dry feerl 
intake " I<uminating 1C:tting Drinkiug 

- - - - - - - - - - - -- 

( I & )  -(, 111 em) . 
0.29 12.0 15.0 9.0 
0.84 14.0 24.0 6.0 

05 VFA salts 4.50 151.0 15.0 27.0 
Control 8.57 187.0 51.0 7.0 

- - - - - - - - - - - - - - - - - - 

"Total pounds of dry feed con\r~n~ed f ron~ 4-11 (1:11.s of ;lpr m111 f r o ~ n  4-23 days of age, 
rcspectivcly. 
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wit11 incre:tsing 1c.vc.l~ of I ~ U I I I ~ I ~  V F A  wit11 ad- 
vancing agr, ;IS ohsc.~.vrtl in this study, nlay 
iiccount for  the i ~ p p i ~ r e n t  divergrncr of these 
resnlts and those pre\~ionsly reportrd (5, 16) .  
Ohrioasly, nlorr work is needtd to clarif?. this 
1Ioi11t. 

T';~ri:ition it1 1.111111~11 d e v ~ ~ l o l ) n ~ ~ n t  ;inlong 
c;~lvrs within the two groups of calves in tlie 
pres(~nt  study was associ:~tetl with tliffc>rences 
ill fred eonsulnption tlurit~g clifl'c.rrnt periods 
of t l ~ r  rsperin~cnt .  R(.~rc~ssions c~f v;lrions cri- 
teria of rurnen dc.veloplnc.nt (.rvc.igl~t of total 
~ I I I I I ( ~ I I .  I I I U S C ~ ~ ,  itnd n1acos:l. i ~ n d  per cent IIIU- 

cosa) on the ainount of f(ard consun~ed to 18, 
28, o r  39 (lays of agr  wrre st;~tistically sig- 
l~itieant ( P  < 0.025). t.scc.pt for  the regrc.ssion 
of n-right of rulncJn 111usc1r on f w d  consun~ed 
to 14 tlt~ys of age. 

Calves fed the ro11t1.01 r a t i f ~ n  spent slightly 
1 1 1 0 1 ~ ~  ti111(2 r ~ l ~ n i n a t i n g  :lt 1 1  ancl 25 days of 
agv tl1:111 those frd tl1(2 V F A  (Table 4 )  ; how- 
ever, the diffrrenc*es l)c~t\vc't.n groups \vrre not  
statistic.ally signiticant ( P  > 0.05). All calves 
\vcSl.e ohscrved to r u n ~ i l ~ : ~ t e  a t  11 clays of age, 
even t l~ough thercb was ;I vonsidrmhle anlount 
of variation ;Inlong calves in thc. an~ount  of 
t i n ~ r  sp t~nt  in this activity. 0tl1c.r workers (15, 
16)  have likrwisc. ol~served t11:lt the o11sc.t of 
r m ~ ~ i n ; ~ t i o t ~  in thr  calf o(.cu~,s irt ;I vrry young 
age. 

At 1(.:1st par t  of the ol)servetl difference hr- 
tween groups in ruo~inating tilnc, a t  25 days of 
agc appeared to he reli~ttxd to :I clifferrnee in 
:~nrclunt of feed eonsu~t~etl to that  age. A eorrr- 
lation roefficic.nt of 0.46, ~vhieli tipproached 
statistic*al signific:~nce (I' ca. 0.05), was found 
I~etweet~ runliuating t i ~ t ~ e  : ~ n d  fec.tl consu~nption 
to 25 cli~ys of age. S i ~ ~ ~ i l a r l y ,  Sn:~uson ;tntl 
Har r i s  (15) ohtailled :I highly significant corre- 
lation of 0.51 hetnt~cw run~ination tinie iind 
feed eonsu~nptioli of c;~lvcss 6 to 16 wk of age. 

Five out of r i g l ~ t  ca1vc.s rc.c.eivi~ig t h ~  ration 
containing V F A  salts 11t1d some degree of ru- 
~ n i n a l  parakrratosis a s  cotnpal,rd to one of eight 
calves rec.eivin,a the control ration. The rmnc,ns 
of the lnajority of t,hc c;~lvc.s in the control 
group h ; ~ d  well-deve1opc.d papillae with no 
incrustation (Figure. 1 ) .  111 contr;lst, the calves 
diagnosetl as  having ru111i11a1 1)araker:ltosis had 
less well-developed pa.pillar, which wrre in- 
crusted with dark, kemtinizrd 111ilteria1 (Fig-  
ure 2 ) .  A fnrfnraec.ons drsc~nnn~ation of the 
incrusted, keratinizrtl 111att.ria1 occurred very 
rapidly when handlrcl. Rrgnrtlless of the tle- 
g r re  of papillary tlevc~lop~umt ntost of t l ~ c  
larger papillar in each r ~ u n r n  w r e  ;~rl.;~ngrd in  

folds wit11 very short p:ipill:~e lociltc'd 1)etween 
thr  folds. 

The liistolopicnl appearance of the rtuninal 
wall of ill1 calves colnparrd favorably with the 
tlesc.ril~tiou set forth hy Hahel ant1 Biherstein 
(6).  JIicroseopicall!-. sonlr drgrc.1. of des- 
cluan~ation of the stratum corrleunl \v:is ohserved 
in all c n l ~ r s  of both groups, and was vr ry  ex- 
tonsive in the calves ~vitli rmninal ptirakrra- 
tosis. 111 t h t ~  c;~lvc~s with run~in;ll parakrratosis 
the s t r i ~ t u i i ~  coruc.un~ wiis thickened in tllose 
papillae in \vhich desqun~nation was not c-om- 
plete (Figure 3). TVIirre tlesquan~ation had 
ocacurrerl it was difficult to tl(,rnonstrate ~nicro-  
svc~pic;illy the. incrustrd c:lp of keratinizrd IIIH- 
tc'rial, hc.cause it had sep;lmtrd fro111 the 
papillix proptlr either hcfore or  during the 
Iiistological ~)t 'e l~arat inn of the tissnrs. 

d l t l ~ o u g l ~  r ~ u ~ ~ i n a l  parakrratosis has hrrn oh- 
srrvetl in c;~ttlv autl sheep hy ;I nuu~her  of 
workrrs utidc~r vi~rions vontlitions (4, 8-10, 17, 
I!)), its c;iusr h;ls not hren tlrtrrlnined. Vidacs 
and Wart1 ( 19) suggested ;I low acetate-to- 
propionatr r:ltio in the ruinen a s  the cause of 
this condition in d:~iry cows; however, in a 
1atc.r report (14)  the. presence of ,I heat-sensi- 
tivv o r  prnteiri-hountl f ;~c tor  in the rurnen fluid 
was s ~ ~ g g e s t r ( l  as  the causative. agent. Sonw 
workers (4, 8) I~avr  ohserved a lower runleu 
PI-I in  a n i ~ n i ~ l s  fed rations which resulted in  
run~ina l  parakeratosis. Ho~vtfiver. Hindrrs  r t  al. 
(8)  found that  par;lkeratosis was not  rlimi- 
nated whe11 the p H  of the runleu was raised 
fro111 6.0 to 6.65 by the addition of SII~TIPO,. 

TII the p r ~ s e n t  stnclg, the 111-1 of the runien 
contc~nts of c:~lvc~s receiving the ration with 
\'FA salts was only slightly diffc.rrnt f r o n ~  
that of calves receiving tlie cdontrol ration, and 
there were no consistent differences betweell 
groups with respect to the proportion of V F A  
in the run1c.n fluid. Therrfore, tlie reason for  
21 g r ra t r r  ineidencc. of rutninal parakeratosis 
in the r i~lves rrceiving the V F A  ration in this 
r s p c r i n ~ c ~ t ~ t  was not est:ihlished. An attenipt is  
hving n ~ ; ~ d e  presently to r l i~rify the relationship 
hrtwren the incidence of run~ina l  paralieratosis 
and the protluction and/or ahsorption of vola- 
tile f ; ~ t t y  acids within the rumrn. 

Ap1)reei:ltion ik 11rrel)y rsprcnsed for various 
products 11sed in the con(luct of this study as fol- 
lows: enlriutn propiountr, Century Ctiemienl Cor- 
por;ttion, To~vsoli, Jltl.; hurofar-D and Aurofac- 
10, .4111eririln C?.an:imiil Co., Princeton, S. J.; 
(1-hiotin : I I I ~  thi:~~nii~e, Merck, Sharp & Dohme, 
Rnh~vny, S. .J.; R-ritninin supplcn~cnts, Chns. 
Pfizer S- Co., Tnr., Trrre Hnute, Tnd. 



FIG. 1. T l ' e l l - ~ l ~ ~ v e l o ~ ~ e ~ l  pa~> i l l :~c  n-it11 no incrnst:~tion from calf frrl control s t :~r ter .  X 10. 

Frc:. 2. Papillae incrrlstcfl wit11 dark krrntinizctl rr~:lt(,ri:~l i ~ ~ ( l i r : i t i l ~ p  rnminnl ~ ~ : ~ r : ~ k c . m t o s i s .  X 10. 
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FIG. 3. A papilla with the  
s t r a tum corneum thickened and 
n partially desquamated cap  of 
incrusted kerat.inizc(1 material. 
X 100. 
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RELIABILITY OF SCORE-CARD JUDGING OF HAY ' 9  ' 
T. P. FATRCHILD, E. L. CORLEY, AND G. M. WERNER 

Dairy Science Department, University of Wisconsin, Madison 

A total of 129 san~ples of alfalfa or alfalfa-brolne n~ixtures (55 first-crop, 65 
later-crop, and nine additional sanlples) mere each scored twice by seven judges, 
using a score-card based on stage of growth, leafiness, and color and condi- 
tion. Cutting dates were recorded for  the first-crop samples. These dates 
provided a means, other than the judges' estimates, of scoring stage of growth 
on the first-crop samples. 

Repeatability in the use of the score-card was studied on a within-judge 
basis hy colnputing the appropriate intraclass correlation. These repeatability 
estimates ranged from .42 to .SO. Betwren-judge repeatahilities were estimated 
by averaging simple hetwrcbn-judge correlations. These repeatability estimates 
ranged front .38 to .78. All estinlates of repeatability were highly significant. 

Simple correlatior~ and multiple regrrssion techniques \rrrtl used to study 
the relationship of the scorch-card and its cotnponents to various indicators 
of nutritive value. Simple norrelations were averagetl for  the seven judgrs 
over both srorings. These analyses indicated that the score-card was rnost effec- 
tive in reflecting nutritive value when used anlong later crop silnlples low in 
grass contrnt. Anlong these san~ples the average corrcllations between final 
score a.nd crude protein, crude lihcr, estimated TDN, and perc.cntage of cellu- 
lose were .50, -.43, .43, and -51, rrspectivcly, and \rere highly significant. 
However, arnong first-rrop sarnples and anlong later-crop samples which were 
high in grass content nonsignificant correlations were ohtained. 

The rnultiple regression analyses indicated that dates of cutting for  first- 
crop samples and leafiness scores fo r  later-crop santples were the ruost useful 
criteria of the score-card for  predicting nutritive value. Ho~yever, even alnollg 
the later-crop samples, where the score card appeared most effective, i t  ac- 
counted for  only 20-30% of the variation in estimated TDN. 

The need for  defining and n1e;lsuring hay 
quality has heen long recognized by research 
workers, extonsiorl personnel, and feeders of 
livestock. Actual feeding and digestion trials 
have helped to imswer many of the questions 
in this area, hut there is still a need for  a 
simple, yet accurate measure of hay quality. 

Many sirnple methods have been proposed. 
The proxilnate cahemical analysis, proposed by 
Hennebrrg and Stohnran in 1863 (3 ) ,  is still 
the basis of the official nlethod of feed analyses 
today. Some methods of estinlilting digestihle 
rnergy (DE)  o r  total digestihle nutrients 

Rcccired for publication January 17, 1962. 

'Contributions from the Dairy Cattle Research 
Branch, USDA, Bcltsville, Maryland, and from 
Wisconsin's Agrie~~ltural Records Cooperative. 

'Approved for publication by the Director of 
the Experiment Station, Uliircrsity of Wisconsin, 
Ma(1ison. 

( T D S )  fro111 vi~rioui componcntc; of the proxi- 
lnate chemical analys~s  are  ( a )  the use of Mor- 
rison'., digestion coeffieicnts ( 9 ) ,  (b )  regression 
equations as  developed by Sehneider et  a1. (14), 
and (c)  the Axelsson-Reid-Swift formula (7) .  
Worlc by Pigden and Bell ( l l ) ,  Quiclre et al. 
(12) ,  EIershherger et  a1. (7 ) ,  and Baunlgardt 
(1)  has led to the development of artificial 
rulnen techniques which ran he used to estimatr 
DF: o r  TDS. Canadian workers (4, 6) have 
further used such techniques to study rate of 
digestion, and these workers have related this 
work to the Nutritive Value Index, which ap- 
praises both the digestible energy content of 
a hay and the rate of voluntary consuulption. 
Reid et al. (13) have shown that simple indexes 
such a i  prreentage of leaves or date of cutting 
can be used to cstinlate the digestihility of hay. 

I n  1957, Werner, of Wisconsin, developed a 
score-card for hay to be wed  as  an educational 
tool in tbxtoision programs. The score-card 
was designed to encourage farnlers ( a )  to cut 
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hay earlier, (b)  to do a better job of saving 
leaves, and (c)  to handle and cure the hay 
properly, so as to prevent losses from excessive 
heating and niold development. It was felt 
that these three items should be important in 
determining over-:ill feeding value of which 
both palatability and digestibility are impor- 
tant components. 

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

DATA AND METHODS 

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

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

Dates of cutting for the first-crop samples 
had been recorded by the farmers a t  the time 
of cutting. I-fowever, under farm conditions 
each crop of hay is normally cut on more than 
one day. Therefore, i t  was necessary to assign 
to each first-crop sample an  average cutting 
date based on the fanner's recordings. These 

is showti in Tablc 1. Thr average score of the 
seven judges for both scorings was 28.07, 30.35, 
26.73, and 34.76 for stage of growth, Ieafiness, 
color and condition, and final score, respectively. 

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

Repeatability in the use of the score-card 
was studied both on a within-judge and a be- 
tween-judge basis. Within-judge repeatabilities 
were estimated by computing the appropriate 
intraelass correlation. Between-judge repeata- 
bility values were estimated by averaging si~nple 
between-judge correlations. 

To determine the effectiveness of the score- 
card as a method for measuring nutritive value 
of the hay, i t  was necessary to obtain the best 
esti~nate of TDK or DE from the chemical 
analysis available. For  this determination 49 
test samples8 were used to compare TDN or 
DF: calculated by different methods to the ac- 
tual values frorn feeding trials. The data on 
these 49 samples included actual digestibility 
values, values of the proxin~ate chemical analy- 
sis, and in vitro cellulose digestibility values. 
On a dry matter basis these samples contained 
an average of 15.58% crude protein aud 29.12% 
crude fiber. The average animal digestibility 
values were 62.5% TDN and 2,834 cal/g of DE. 
These values are included to give some idea of 
the quality of these samples. 

The methods of estimating either TDX or 
DE, which were compared, were ( a )  the use of 
3forrison1s digestion coefficients (9) ,  (b )  the 
Axclsson-Reid-Swift formula ( 7 ) ,  (c) regres- 
sion equations introduced by Schneider and co- 
workers (14), and ( d )  an  in vitro eellulose di- 
gestion procedure as proposed by Baumgardt 
(1 ) .  Data on 39 additional samples4 were also 
avai1:xble for a further comparison of Schnei- 
der's (14) regression equations and the Axels- 
son-Reid-Swift formula (7) .  Sitnple correla- 
tions were computed, to study the relationships 

- 
average cutting dates ranged from May 29 to , , 
July 10. 

I llrse samples had been obtained fro111 Penn- 
sylvania State University, Rutgers Univrrsity, and 

At the of judging, the salllples were the Pasture Rescarcl~ Lab, State College, Pennspl- 
placed on tables under fluorescent lighting and vania, for in vitro digestibility studies. 
labelled as to first Or later crop. The ' The necessary il~formatiorl on these samplrs 
pies mere scored independently by seven judges ,,as obtnilled thl.oug11 corrrspondence with Wrigl~t 
on t w ~  different occasions. The spore-card used of Hutgcrs University. 
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I. Stage of growth when cut 

1. Initial bloom or earlier 

2. 1/10 bloom . . . . .  
3. 1/4 bloom . . . . .  
4. 1/2 bloom . . . . .  

. . . . .  5. 3/4 bloom 

6. Bull bloom . . . . .  
7. Late bloom to seed stagc 

TABLE 1 

Hay score-card 
- 

Points 

First crop I Later crops (?lid, 3rd, ) 

11. Leafiness 
% Leaves 

1. 50 or more . 
2. 45-49 . . .  
3. 40-44 . . .  
4. 35-39 . . .  
5. 30-34 . . .  
6. 25-29 . . .  
7. 20-24 . . .  
8. 15-19 . . .  
9. Less than 15 

Points 

3 5- 

3 4- 

33- 

3 1- 

OR- 

25- 

22- 

19- 

15- 

Alternate scoring: 
Score full score for 

first-crop hay cut on 
June 1 or earlier, and 
subtract % point for 
each day later. Mini- 
mum score, 12 points. 

Score- r 
111. Color and co~iilition 

1. Bright green . . . . .  
2. Medium green . . . . .  
3. Faded green . . . . .  
4. Faded green, sl. musty . 

. . . .  5. Slight brownish 

6. Slight grayish, some ~ilol(l 

. . . .  7. Medium brown 

8. Pronounced mold :1nd gyay 

9. Deep brown to blark . . 
10. Very moldy ancl white . . 

Points 

3 0- 

2 9- 

2 6- 

24- 

23- r 
2 1- 

7 6- 

10- 

6- 

5- 

Score 

Stage of growth . . . . .  - 

Color and condition . . .  - 

Fiilnl score . . . . . .  - 
- - -- - - - - - - 

betwc,en the various estimates of TDN or DE 
and actual digestibility values. 

The 129 samples involved in the evaluation 
of the score-card were analyzed by the use of 
the proximate chernical analysis, and percentage 
of cellulose was deternlined on these sample3 
hy a nlethod proposed by Cranlpton and May- 
nard ( , 5 )  and later lnodified by Matrone (8) .  
From these analyses four indicators of nutritive 
value were seltbrted to study the relationship 
of the score-card to nutritive value. These ir~di- 
cdators were crude protein, crude fiber, Schnei- 
tler's TIIN, and percentage of cellulose. On a 
d1-y-ii~atter ba5is the average crude protein con- 
tent and the average crude fiber content of 
these 129 sample? were 17.47 and 28.98%, re- 
5pectively. The niean values fo r  Schneider's 
TDK and percent;~ge of cellulose xvere 57.17 

and 33.30%, respectively. Simple correlation 
and multiple regression techniques were then 
used to study the relationship of the score-card 
and its components to these indicators of nu- 
tritive value. 

RESULTS AND DISCUSSION 

Juclgs repeatability. A three-way factorial 
design was used fo r  a series of analyses of 
variance to study score-card judging. The three 
main sources of variation included differences 
l~etween samples, between judges, and between 
replicates (i.e., between the two soorings). All 
effvcts were considered as  random. Following 
this stndy, the soulaces of variation in the thrce- 
xvay factorial design mere combined to give the 
following breakdown : between judges ( J ) ,  be- 
tmc,en sainples/within judgc (S/.J), and error 
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TABLE 2 

Within-.iudee re~eatabilities as estimated bv intra-class correlations a 

Stage of Color and Final 
growth Lcafiness condition score 

55 First-crop samples .44 .42 .66 .51 
65 Later-crop samples .45 .60 .69 .61 

120 First- and later-crop samples .48 .54 .70 .60 
129 Total samples .52 .70 .80 .74 

" All within-judge repeatability estimates were highly significant. 

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

'/' or the intraclass component ratio, --A 
S/ J  + E' 

correlation, was used to express within-judge 
repeatability. 

Estimates of within-judge repeatability are 
shown in Table 2. Color and condition appeared 
to be the most repeatable component of the 
score-card; whereas, stage of growth, as scored 
by the judges, appeared to he the least repeat- 
a.ble. However, it should be remembered that 
stage of growth is estimated by such criteria 
as blossoms and seed pods which are difficult 
to see in chopped and core samples. Repeat- 
ability estimates for leafiness scores were higher 
among the later-crop samples than among first- 
crop samples. The estin~ittes of within-judge 
repeatability for leafiness, color and condition, 
and final scorcl increased markedly when all 
129 hay samples were considered. The higher 
repeatabilities in this over-all study were proh- 
ably due to the greater variation provid(d by 
the nine sampltas included o~iginally to provide 
a greater rang(' for scoring color and taondition. 

Simple correlation coefficients between the 
scortas of individual judges were aver:~ged to 
obtain estilni~tes of repeatability bct\veen judges. 
These repei~tability estimates are sho~vn in Ta- 
ble 3. These values folio\\-c~l much the satne 
pattern and were of i~bout thc same magnitude 
as the estimates of \vithin-judge repoatahility. 
Howwrr, for leafiness scores the estim:~tes of 
het\vc*t.n-jutlp r(.l)(v~ti~l)ility \vercx gener:~lly 

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

All estimatc.s of rchpeatability, both within- 
itnd brtwc,en-judges, were highly significant. 
However, it should hr pointed out that before 
the nine additional si11nple5 were included in 
the an:tlysis none of the repc.atability esti~nates 
exceedc~d .70 and nlany of them were consid- 
rrahly lo\vc.r. partienl:trly for stage of growth 
ScOreS. 

C o ~ t ~ l ) ~ w i s o i r  of fotrr ~ t ~ ~ t k o r l s  of rstittlntitlg 
TIIS  or  1)E.  Before stud pin,^ the relationship 
of the. hrorc.-cart1 to nutritive value, 49 test 
X ~ I I I I ~ I ( ~ S  wen, usotl to c2onlpiwe four ~nethocls of 
rstitu;~ting T D S  or 1)E. The data on these, test 
s ;~~np l t~s  ;~nd  the folu tnchthods contpared have 
iilrcwtly I ) ( v ~ I I  dr~sc~rihc~tl. Col.relations between 

Between-judge repcatabilities as estimated by averaging simplc interrlass correlations between 
seven judges over two scorings" 

Stage of Color and Final 
growth Lenfiness condition score 

55 First-crop samples .44 .59 .65 .59 
65 Later-crop samples .39 .71 .64 B9 

120 First- and later-crop sa~nples .45 .G7 .64 .G6 
129 Total samples .50 .76 .76 .78 

-- 

" All 11etwcen-judge repeatability estimates mere highly significant. 
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the estimates of TDX or  D E  and actual TDN 
or  D E  vali~es were compiited and results were 
a s  follows: 

Method of 
estimating 
TDN or DE 

Correlntion with 

Actual Actual 
T D S  DE 

Srhneider 's ..in** .54** 
Axclsson 's .49* .51X* 
Morrison's -.03 -.I2 
I n  vitro Cellulose! Digrstihi1it.v .75** .85** 

I n  vitro cellulose digestibility values exhibited 
a closer relationship with either actual TDN 
o r  actual D E  than did any of the three esti- 
mates of digestibility based on components of 
the proximate chemical analysis. Therefore, i t  
appeared that  in vitro cellulose digestibility 
values would serve a s  a useful test fo r  the 
score-card, and a further  investigation is  
planned to study the relationship of the score- 
card to cellulose digestibility. 

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

and of co~nparable value. ils ~uentioned pre- 
viously, infom~ation on 39 additional samples 
\vas available for  :I further colnparison of 
Schneider's and Axelsson's methods. Using this 
information, i t  was found that the correlation 
I~c.tween T D N  values calculated hy Schneider's 
equation and actual TDN was highly significant 
(1. = ..529), whereas the correlation between 
TDN valnes by Axelsson's formula and actual 
values was not quitc signifirant ( r  = ,306). 
These ~.esults we1.c: in agrerlnent a i t h  those 
involving actual TDN values on the 49 test 
s;unples. Therefor?. Schneider's regression 
rquation appeared to be more useful than 
ilselsson's formula for testing the relationship 
of the score-card to nutritive value. 

Relntiowshzl> of the score-card to t~~itr i t i2r '~ 
ral f te .  As already explained, four indicators 
of nutritive value (crude protein, elude fiher, 
percentage of cellnlose, and Schneider's esti- 
mated TDN) were nsed in simple correlation 
analyses, to study the relationship of the score- 
card to nutritive value. These results appear 
in Table 4. The rutting date scores in Table 4 
refer to stage of growth scores derived from 
actual cutting dates by use of the alternate 
.;coring system, a.; shown in Table 1. The re- 
mainder of the correlation coefficients in Table 
4 refer to correlations averaged for  the seven 
judge< over both scoring$. 

TABLE 4 
Correlations between score-card values and four indicators of nutritive value 

Crude Crude Schneider 's Percrntage 
protein fiber TDN of rellulose 

Cutting date scores 
55 First-crop samples 

St. of growth scores 
55 First-crop samples 
65 Later-crop samples 

120 First and later 
129 Total samples 

Leafiness scores 
55 First-crop samplcs 
65 Later-crop samples 

120 First and later 
14!) Total s:~mplt~s 

Color and condition scores 
55 First-crop samples 
65 Latrr-crop samples 

120 First and later 
129 Total samples 

Final scores 
55 First-crop samples 
65 Later-crop samples 

120 First and later 
129 Total samples 
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TABLE 5 
Correlations between final scores and four indicators of nutritiw value within samples gronpetl 

according to grass colltcl~t 

Crude Crude Schneider 's Percentage 
protein fiber TDN of cellulose 

55 First-crop samples 
Low grass content (30 samples) 
High grass content (25  samples) 

65 Later-crop samples 
Low grass content (42 samples) 
Hieh mass content (33  samples) 

The corrcl:itions involving the first-crop sam- 
ples indicated that the alternate stage of growth 
scores based on actual cutting dates were more 
e lose l~  related to the four indicators of nutri- 
tive value than were the judges' scores for  esti- 
mated stage of growth. IIowever, the correla- 
tions involving scores based on cutting dates 
mere not as high as might have been expected, 
considering the results of Reid et al. (13).  The 
fact that lnost of the cutting datcs represented 
an arerage date for the days over which the 
crop was cut could explain why the correla- 
tions mere not higher. Also, Brturngardt (2) 
has pointed out that the relationship between 
cutting date and stage of growth and between 
cutting date and digestibility can vary from 
year to year. This would suggest that a single 
altcrntlte scoring systeiu for stage of growth 
based on aetnal cutting dates might not he 
suitahlr over all years. 

The correlation analyses in Tahle 4 suggested 
that among first-crop samples actual cutting 
datcs would he more useful than judges' esti- 
mates of stage of growth. Therefore, in subse- 
quent multiple regression analyses, cutting date 
scores were suhstituted for  the judges' esti- 
mated stage of growth scores. 

Results in Tahle 4 also indicated that all of 
the score-card con~ponents were more closely 
associated with nutritive value among later-crop 
samples than anlong first-crop samples. I n  
fact. among the first-crop se.mples most of the 
correlations did not reach significance. Among 
the later-crop samples all but one of the corre- 
lations were either significant or highly sig- 
nificant, but none of the correlation coefficients 
x7as greater than .45. In  general, the correla- 
tions involving the 120 first- and second-crop 
salnples were not high enough to suggest that 
the score-card could be used to accurately pre- 
dict niitritive value. The highest correlations 
resulted when all 129 samples were considered. 
As in the repeatability analysis, this again in- 

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

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

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

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

Judge 1 Judge 2 
b r f S b ' "  b ' f S b '  

55 First-erop samples 
SG 7.02 f .13 .22 -1 .15 
L .32 f .15 -.31 C .I6 
CC -.43 -C .15 -.04 1 1 5  
R2 .15 .09 
ASc  .30 C .12 .31 C .14 
L .26 f .14 -.I2 2 .15 
CC -.40 C .I4 -.08 f .15 
RZ .24 .I4 

65 Later-crop samples 
SO .02 t .13 .05 C .I9 
L .30 C .13 .34 f .17 
CC .21 f .13 .07 C .14 
R2 .19 .I8 

Judge 3 
b' f Sb' 

Judge 4 
b' & Sb' 

" b' f Sb' = Standard partial regression coefficient plus or minus its corresponding standard 
error. 

Ra = Multiple coefficient of determination. 
' AS = Alternate stage of growth score based on cutting date. 

of growth, leafiness, and color and condition 
were considered as the independent variables. 
The standard partial regression coefficients (h') 
f o r  the different independent variables can be 
compared to determine the relative importance 
of the components of the score-card in pre- 
dicting Schneider's TDN. This type of com- 
parison is possible because the standard partial 
regression coefficients are expressed in the same 
units, standard deviations. The multiple coeffi- 
cients of determination ( R 2 )  indicate the per- 
centage of variation in the dependent variable 
(Schneider's TDN), accounted for  by the three 
independent variables. 

Among the 55 first-crop samples, the alter- 
nate scores (AS)  fo r  stage of growth, based 
on actual cutting dates, were more closely re- 
lated to Schneider's TDN than were the judges' 
scores for stage of growth (SG).  The substi- 
tution of the alternate scores in place of the 
judges' scores for  stage of growth increased 
the Rz values in all cases, but for  three of the 
four judges these R2 values reached a magni- 
tude of only about .14. 

Among the later-crop samples leafiness con- 
sistently (for all four judges) appeared to be 
the most useful component of the score-card. 

later-crop sa~nples the score-card components 
were able to account for  no more than 20-30% 
of the variation in Schneider's TDN. As was 
true for  the simple correlation analyses, the 
multiple regression analyses also indicated that 
the score-card could not be used to predict 
nutritive value with reliability. 

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

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

C. R. LEGAULT AND R. W. TOUCHBERRY 
Department of Dairy Science, University of Illinois, Urbana 

SUMMARY 

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

The pooled within-breed estimates of heritability of birth weight obtained 
by multiplying, respectively, by 4, 2, and 2, the paternal half-sih correl'ation, 
the intra-sire regression of offspring on dam, and the full-sib correlation were 
0.38. 0.4S, and 0.51. Theoretic:lllg, it should he relatively easy to change the 
average hirth weight of a population. 

The differences hctween estiniatrs by different ~~ie thods  rould he due to 
sampling errors, epistatir and dominance effects, to additive genetic effects 
of hirth weight as a characteristic of the dam, or to maternal effects of the 
dam on hirth n-eight of the calf. The small magnitude of the differences be- 
tween the three estimates indicates that the within-breed maternal effect was 
small and that hirth weight was niostly a characteristic of the calf. 

The correlations between the hirth weight of the calf and the subsequent 
milk and fat  production of the dam were calculated on a within-sire hasis for 
the five breeds and for a within-hreed pooled estimate. The ahsence of correla- 
tions significantly different from zero indicated that the hirth weight of the 
calf and the immediately subsequent lactation production of the dam were 
essentiall~ independent. 

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

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

Weight a t  birth is one of the first character- fattening performance (16), and final weight 
istics of an animal that can be easily measured (15, 21). Hamrnond (6 )  reported that within 
and, in addition, weight does not change ap- a number of species an association has been 
preciably during the first few days of life (12). found between birth weight and viability. Most 
For  beef cattle, investigators have shown the of the studies of the heritability of the birth 
importance of hirth weight in predicting wean- wc~ight in cattle are relative to beef cattle (2, 
ing weight ( 5 ,  11) ,  weight a t  1 Yr ( 1 1 ) ~  rate 3, 9-11, 18, 20). The estimates are quite vari- 
of gain to weaning, rate of gain during fatten- able arid range from 0.11 to 1.00; however, the 
ing, or r.:ltt2 of grain from bi*h to slaughter Illajority theill fall within the range of from 
(3, 5, 8, 11, 14).  weight a t  six months ( 7 ) ,  30 to 50%. On the other hand, relatively few 

Receive11 for publication Jalluary 12, 1962. inveqtigators (1, 14, 15) have studied the rela- 
12%; 
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tioii between birth weight and production in 
dairy cattle. 

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

SOURCE OF DATA 

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

lactntion period according to the most recent 
DH1.l conversion factors. 

ANALYSIS OF DATA AND RESULTS 

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

The average birth weights for breeds, sex 
within breed, calving sequence within breed, 
and the confidence intervals, respectively, a t  
the .001, .01, and .05 levels are given in Table 1. 
The standard deviation for the whole breed 
was used in computing confidence intervals for  
the different subclasses of the same breed; con- 
sequently, the confidence intervals for sex and 
calving sequence subclass are only approximate. 
The breed averages are significantly different 
from each other a t  the .001 level of probability. 
The bull calves are significantly heavier than 
the heifers a t  the .O1 level of probability in 
the Ayrshire, Brown Swiss, Guernsey, and 
Holstein breeds and at  the .05 level in the 

TABLE 1 
Avel.age birth weights and confidenre intervals for l~reeds (.001 level), sex (.U1 level), ant1 

calving sequence (.05 level) 

Brown 
Breed Ayrshire Swiss Guernsey Ilolsteia Jersey 

Nnniber 
Average birth weight ( I b )  
Confidel~ce interval (C.I.) 
Standard deviation 

Mnlcs 
C.I. 

{ T:; 
C.I. 

No. 
First calving 1 Av!2 

( (2.1. 

Scrond ralring 1% 
I C.I. 

Third calving 
C.I. 

Fourth I So. 
and later 
calving C.I. 
- - - - - -- 
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TABLE 2 
Effect of sex and calving sequences within breed on birth weights of dairy calves obtained by 

least-squares analysis 

Brown 
Ayrshire Swiss Guernsey Holstein Jersey 

Number 213 163 154 587 117 
Effect of sex 

& 4.12 4.45 3.62 3.46 2.35 
S, -4.12 -4.45 -3.62 -3.46 -2.35 

Effect of calving 
sequence 0, 

0, 

F value of the test of 
significance of tho 
combined effects of 
sex and calving 
sequence 18.21** 18.23** 4.0G1* 30.99** 18.80" 

"* Significant at  the .O1 level of probability. 

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

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

Arl.jftstmrlit for .so.x nizd ca,lt:it~g sequence. 
Because of disproportiont~te subclass numbers, 
the effects associated with sires, sex, and ralv- 
ing scquence cannot he separattrd directly by 
considering each inilependently; therefore, a 
simultaneous consideration of all effects has to 
be made and this is most conveniently done by 
the method of lrast-squares. The following 
mathematical model was assunled to represent 
the birth weights for each breed: 

in which Y,,,, is tlir hlrth weight of the 1'" calf 
of the kt" cdalving srqnence of the j'" sex of 
the i'" sire. p is the over-all mean birth weight. 
R, is the effect of the i'" sire espressrd as a 
tleviation from the over-all mean. 8, is thc 
cbffect of the jth sex expressed as a deviation 

from the over-all mean. Or is the effect of the 
kth  calving sequence expressed as a deviation 
from the over-all mean p, and el ,* ,  represents 
the random errors which are assumed to be 
independent. All the variables were assumed 
to be fixed except B, and el , , ,  which were as- 
sumed to be random variables with means of 
zero and variances of 2, and d,, respectively. 
The sire equations were absorbed into the sex 
of calf and calving scquence equations so that 
it system of six least-squares equations with six 
unknowns resulted. Because the determinant 
of this 6 X 6 coefficient matrix was equal to 
xcro, two restrictions were imposed in the 
equations : 

2 4 
1 S,= t 0 , = 0  

j=1 1;=1 
(2) 

The reduced system of four equations was 
then solved by an  interactive method. The 
constants S,, 0,, O,, O8 were obtained directly 
i~nd  the two remaining constants, S? and O,, 
u7erch derived from Equation (2).  The results 
for the five breeds are listed in Table 2, where 
the effects are e~pressed as deviations from the 
mean. Thus, the second Holstein calves are 
(4.99 + 2.50) = 7.49 111 heavier than the first 
ones and male Holstein calves are 6.92 lb 
htstvier than felnales. The effects for sex and 
c:llving srquence were both significant a t  the 
5% level for a11 breeds, with the exception of 
secluencr of calving for the Guernsey breed. 
The F r:~lues listed in Table 2 are those fo r  the 
co~nbined effects of wx and calving sequence. 
These colnhined effects were significant a t  the 
0.01 level of probability for  all five breeds. 
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Heritability of birth weight. After adjusting 
the birth weights for  the combined effects of 
sex and calving sequence, the correlations be- 
tween the birth weights of paternal half-sibs 
and between full-sibs and the intra-sire regres- 
sion of offspring's birth weight on dam's birth 
weight were used as bases for calculating heri- 
tability of birth weight, the values of which are  
listed in Table 3. Only the patc~rnal half-sib 
estimate for  Guernseys and the full-sib esti- 
mate for Holsteins failed to be significantly 
different from zero. 

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

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

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

the calculation with a replicate of the bi+th 
weight of the dam. This could be a cause fo r  
the estimate of heritability of birth weight ob- 
tained by doubling the regression of offspring 
on dam being larger than the half-sib correla- 
tion estimate. 

When dealing with the paternal half-sib esti- 
mates of heritability, it has been shown (9) that 

where F is the value obtained by dividing the 
between sire mean square by the within sire 
mean square and K is the appropriate coeffi- 
cient of the component of variance fo r  sires in 
.the mean square associated with differences 
between sires. Shown in Table 4 are the values 
fo r  K and F. 

It can be shown that F = 1 + (K-119. 
1 - r 

where r is the intraclass correlation. Fisher (4) 

1 + (K-1) r 
has shown that Z = -log, 

2 I 
K 

= -1 log, F and that rz = 
2 2 (K-1)  (?L,-2)' 

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

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

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

TABLE 3 

- 
Heritability of birth weight ill dairy breeds 

4 X lmt. 2 X intra-sire reg. 2 X full-sib rorr. 
half-ail). corr. of off. on dam - 

- - So.  of 
No. of So. of Herita- No. of Hcrita- No. of pare~~ta l  Herit:i- 
calvcs sires l~ility pairs bility u calves groups bility 

Ayrsllirc 213 1 5  .37* 213 .81** .08 1 0 2  44 .67** 
Broml~ Swiss 163 1 6  .41* 163 .49** .OX 60  27 .!)4** 
Guernsey 154 1 4  .21  1 5 4  .72** .10 6 8  29 .64* 
Holstrin 587 :37 .39** 587 .30X* .04 150 71 .12 
Jersey 117 13  1.17" 117 .70** .09 5 8  22 1.19** 
Pooled m,~th~n-brccd 

rstimatr 1,234 9 5  .B8*'1,!234 .47*" .03 432  103 .51"* 

*Significant a t  the .05 level of probability. 
"' Significant at  the .O1 level of probability. 
'Standard errors of the regrcssio~~ coefficients wl1ie11 \\ere (loi~blrd to obtaiu :III cstin~:ttr 

of l~critability. 
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TABLE 4 
Betwec.~~ : I I I ~  ~vi th i~l -gro~~p C O ~ ~ O I I ~ I I ~ S  of variance, thc values for K. F, Z, and oz for paternal 

half-sibs and full-sibs 

Paternal Iralf-sib estimates Full-sib estimates 
- 

a?* o F K Z BZ a2g afg F K Z PL 
-- 

Ayrshire 10.3 101.3 2.35 13.3 .43 .20 46.0 90.6 2.17 2.31 .39 .13 
BrownSwiss 10.5 91.3 2.11 9.7 .37 1 41.9 47.3 Z.!l6 3 . 2  .54 . l i  
Guernsey 6.8 123.7 1.60 10.9 .21 .21 36.5 77.9 2.09 2.34 .37 .15 
Holstein 11.1 103.8 2.67 15.6 .49 . I2  8.4 130.9 1.13 2.11 .0(i .11 
Jersey 15.0 36.3 2.35 8.5 .43 .22 33.2 21.6 4.61 2.35 .76 .18 
Pooled within 
breed esti- 
mates 10.3 98.0 2.35 12.9 .43 .08 30.0 87.3 1.77 2 4  .29 . 0 i  

- 

oZlv + K 2, - Between-group mean squarr , 
F =  - 

02w Within-group mean square 

ing a transformation of the F value of 2.35 
shown in Table 4 to 2, one can place confidence 
intervals on Z. The 95% confidence interval is:  

4 (F-1) 
Since h" = the 95% confidence in- 

K + F-1' 

terval for i! above can be transformed back 
into terms of F, thus placing a confidence in- 
terval on heritability. Fo r  the pooled within- 
breed paternal half-sib estimate of heritability, 
the 95% confidence interval is [.21 < .38 < ,581. 

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

2 (F-1) 
h2 = . By making the transformation 

K + F-1 
to 8 and deriving u,, i t  can be seen from Table 
4 that the full-sib estinlate for Holsteins is 
significantly smaller than the estimates fo r  the 
other breeds. No other differences are sig- 
nificant. The 95% confidence interval for  the 
pooled within-breed full-sib estimate of herita- 
bility is [.27 < .51 < .74]. Thr difference be- 
tween the poolrd within-breed half-sib estimate 
and the pooled full-sih estimate is significant 
a t  the 10% level. 

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

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

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

1 
Z = - [log, ( l + r )  - log, (1 -r ) ]  and a, = 

2 

where r is the intra-sire correlation 
N - 3 '  

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

I n  these data, the pooled within-hreed intra- 
sire rrgression of offspring on dam is ,234, and 
the corresponding correlation is .221. Berause 
the ahove regression and correlation coefficients 
are so nearly equal, it appears legitimate to 
use the regression coeffirient a5 an estimate of 
the correlation coeffirient, make a trt~nsforma- 
tion to Z, and placc conficlence intervals on the 
estimate of heritability. The 95% confidence 
intervals are [.358 < .468 < .588]. When the 
standard error of the regression coefficient itself 
was used in deriving a 95% confidence interval, 
the following result was obtained : [.348 < 
.468 ,< .588]. 

With the paternal half-sib, the full-sib and 
the parent offspring pooled estimates of heri- 
tability all expressed in terms of 8, i t  is pos- 
sihle to make tests of significance between the 
three estimatrs. Such tests indicated that the 
diff~reuce between the paternal half-sib esti- 
mate ancl the regression of offsprinp on parent 
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estimate was significant a t  the 0.05 level of 
probability and that between the half-sib and 
full-sib estimates was significant a t  the 0.10 
level. The difference between the full-sib and 
parent offspring estimates was not significant. 

Relationship betmeen birth weight and pro- 
rluctiolz. All available milk and f a t  yields fo r  
the lactations immediately following the birth 
of calves that  had birth weight recorded were 
adjusted fo r  age of the cow a t  calving and 
length of the lactation period. DHIA conver- 
sion factors were used to adjust for  age and to 
reduce records made in inore than 305 days to 
a 305-day basis, and to extend incon~plete ree- 
ords to a 305-day basis. The lactations were 
only considered as  inco~npl(te in case of death 
or casualty and were not extended if they were 
just short lactations. However, only those in- 
complete lacti~tions longer than 100 days were 
included. 

The birth weights were adjusted for sex and 
calving sequence according to the adjustment 
valnes previously derived. When a cow had 
sevrral calves for  which birth weight had been 
recordccl, c.ach of them was included in the 
study and paired with the milk and f a t  yields 
following its birth. When the birth wcight of 
the (.ow was cotripared to her future production, 
there were as many replicates of this birth 
weight as  she had calves with a birth weight 
that could be paired with her production in the 
nubsequerit lactation. 

The correlations between birth weight of calf 
and immediately subsequent lactation produc- 
t,ion of dam were aalculated on a within-sire of 
the calf basis, to remove environmental varia- 
tions. These correlations should indicate 

whether there are  factors affecting both the 
hirth weight of the calf and the immediately 
subsequent lactation production of the dam. 
Correlations between the birth weight of a calf 
and her subsequent production records were 
computed on a within-service-sire basis, to re- 
move environmental variations. These correla- 
tions could be helpful in predicting the milking 
potential of any young dairy heifer. The 
pooled estin~ates were computed on a within- 
breed within-sire basis. The results listed in 
Tablc 5 show that none of these correlations for  
either n~ i lk  or f a t  was significant a t  the 0.05 
level of probability; thus seemingly indicating 
that birth weight and production are inde- 
pendent traits. 

Shown in Tahlc 6 are estima.tes of the genetic 
eorrelsttious between birth weight and milk pro- 
duction and hirth wcight and milk f a t  produc- 
tion. By regrouping the data from which the 
correlations in Table 5 were derivrd, paternal 
half-sib estimates of the genctic correlations 
l~etween birth weight and production were de- 
rived as  shown by Robertson (17). The esti- 
iuates of 0.137 r+ ,094 and .026 f .096 between 
birth weight and ~ni lk  and hirth weight and f a t  
production, respectively, indicate that birth 
weight and production are essentially inde- 
pendent genetically. There is the possibility 
that the genetic correlations between birth 
weight and production differ among breeds. 
Those for  Ayrshire and .Jersey were approxi- 
mately -0.50, hut with only 13 Ayrshire and 
14 Jersey sires these correlations were not sig- 
nificant. Those fo r  Brown Swiss, Guernsey, 
and Holstein were approximately equal to the 

TABLE 5 

Correlations between birth weight and production 

No. of No. of 
Rreed pairs sires ~ W M  ~ W P  ~ ' S P  

Ayrshire 170 14  +.OR4 +.035 -.088 
Brown Swiss 123 15  -.065 +.014 -.012 
Guernsey 124 13 +.lo4 +.078 + ,137 
Holstein 475 36 p.050 -.032 +.012 
Jersey 93 10 f.046 +.044 +.043 
Pooled estimate 987 88 +.006 +.007 + . O H  

r w n  = Intra-service-sire correlation between the birth weight of tlie enlf and the immc- 
diately subsequent lactation milk protluction of its dam. 

r w a  = Tntra-service-sire correlation l~rt~veen the birth wcight of the calf nnd tht, immc- 
tliatcly subsequent lactation milk fat  production of its (lam. 

/ w M  = Intra-service-sire correlation hctween the birth weight of n calf mid her suhscqiicnt 
milk production. 

r 1 V F  = Intra-service-sire correlntion between thc birth weight of :1 calf mld her subscqucnt 
n~ilk fat  production. 

"=None of tllcse correlations is signifieantlp different from zero at  the .05 level of 
1)rohability. 

= The pooled correlations mere estimated on a within-breed within-sire basis. 



TABLE 6 
Genetic correlatior~s 1)ctween birth weight and milk production and birth weight and milk fa t  

production 

No. No. 
sire8 daughters rGwGu 

-- 

Pooled within-breed 
paternal half-sib esti~nato 109 987 .I37 +- .0!)4 .026 & .096 

Pooled within-sire, within- 
breed, dnughter-dam estimate 88 987 .040 f .148 .047 -1 .145 

pooled within-breed estimates and a t  least 20 
sires were involved for each of these breeds. 

Daughter-dam estimates of the genetic corre- 
lations were derived by making use of the 
correlations in the last line of the middle two 
colun~ns of Table 5 and the within-breed intra- 
sire correlations between dam and daughter for 
birth weight (.221), milk production (.11), and 
lnilk f a t  production ( . lo) .  The daughter-danl 
estimates of the genetic correlations are shown 
in the last line of Table 6 and are not sig- 
nificantly different from mro. 

DISCUSSION OP RESULTS 

The pooled c?stinlates of heritability of  hirth 
weight obtained by multiplying respectively by 
4, 2, and 2, the paternal half-sib correlation 
( A ) ,  the within-sire regrrssion of offspring on 
dam (B) ,  and the full-sib correlation ( C )  werc 
equal to 0.380, 0.478, and 0.511, respectively. 
I n  addition to sampling errors, the difference 
between the estimates ( A )  and (B)  of 0.088 
may he attributed to a fraction of the epistatico 
variance included in (B) and not in ( A )  and 
also to a fraction of thv additive genctic vari- 
ance of birth wcight as a characteristic of the 
dam and to so-called ~naternal efferts. The dif- 
ference between thr estimates (A) ilnd (C)  
map be attributed to a fraction of the dominance 
v:~riance, and a sn~all  fraction of the epistatic 
variance that is included in (C)  but not in (A), 
and to :L fraction of the additive variance of 
hirth weight as a vharacteristic of the dam. 
The ~na t r rn t~ l  rffect is in addition to the dam's 
genetic contrihution to the fa.ctors, hut theso 
estimates of heritahility by d8e ren t  nlethods 
indicate that birth wright is mostly a charac- 
teristic of the calf and that per~nanrnt  ma- 
ternal effects are small. 

Irlcluding fractions of the epistatic variance 
tends to increase the three estimates of the 
heritability as f a r  as i t  is  considered in the 
narrow sense as defined by Lush (13) ; more- 
over, estirnates (A)  and (B)  are also slightly 
biased upwards hec:tuse the full-sibs were not 
removed from the data. However, the additive 
genetic effects ma7 be assu~ned to represent a t  

least 3.5% of the phenotypic variance and this 
niagnitude of heritability is large enough to 
~nalie selection efficient. Selection for  increas- 
ing birth weights might have some serious dis- 
advantages after a few generations. I n  fact, if 
heavier calves make calving more difficult, the 
results might be deleterious for both dam and 
calf. This fact has heen particularly noticed 
in Europe, where the practice of crossing dairy 
cows with beef sires is used. F o r  example, 
Charolais sires giving average-size calves a t  
hirth are prefrrred, in spitr of some lack in 
suhsrquc,nt growth rate and weaning weight. 
Increasing birth weight ~vould tend to increase 
length of gestation period too and, consequently, 
the c-alving interval. On the other hand, selec- 
tion for  lighter weight a t  birth could tend to 
\veaken the breed after a few generations. 

The absenco of a significant correlation be- 
tween the birth weight of a calf and the im- 
~nrdiately suhsequent milk or f a t  lactation pro- 
duction of its dam indicates independence of 
thrse caharacteristies. Consequently, i t  would 
be possible to select for birth weight without 
influencing milk and f a t  production of the 
dams of the calves. The results agree with the 
nonsignificant correlation of +0.05 reported 
by Blackmore et w l .  (1) obtained from 287 
daughter-dam pairs with Holsteins. 

Phenotypic correlations of approximately 
zero were found hetween the birth weight of 
(~11vc.s i111d their subsequent production and 
this agrees with the results obtained by 
Munkacsi (15) ; however, Martin (14) reported 
n significant but small positive correlation he- 
t,ween birth weight and milk production. 

The gent,tic correlntions of approximately 
zrro hetwren hirth weight and milk and f a t  
produ(~tion indicate that birth weight and pro- 
duction are genetically independent. Indeed, 
the results are not surprising, since Touchberry 
(19) and Blackmore et  al. (1) found that milk 
and f a t  production seemed to be genetically 
independent of weight and we have also seen 
previously (3, 5, 7, 8, 11, 14, 15, 21) that birth 
weight was positively corrrlatrd with weight 
and growth rate. 
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I n  concluding, i t  can l)e said that  birth weight 
of the calf is  a heritable characteristic not  sig- 
nificantly correlated with the immediately suh- 
sequent lactation production of the dam of the 
calf nor  with the  calf's own subsequent produc- 
tion. The genetic c o i ~ e l a t i o ~ ~ s  of essentially 
zero indicate tha t  birth weight and production 
a r e  genetically independent. 
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ST:,\IYART 

Data froni 42 Guernesy herds served by one A.I. stud, and 37 Gnernsey 
herds served by another were analyzed to determine heritahility of conception 
rate. The data included records of 2,470 daughters of bulls in these studs, 
and hreedings occurred during the period of 1950 to 1959. Heritability es- 
timates from intrasire rorrelations of paternal half-sib groups were 0.08 and 
0.02 hased on a n  average of from one to four records per daughter, while 
those hased on heifer records only were 0.06 and zero, respectively. Regres- 
sion of daughters on danls yieldcd heritability estimates of 0.03 and 0.10 for  
the two studs. 

Early studies found little evidence for  genetic 
va.riability in eoneeption rates of dairy cattle. 
Dunbar and Henderson (2)  estimated herita- 
bility of nonreturn to first service a t  180 days 
of pregmanc2y to be near zero in production- 
tested IIolstein cows. Rottensten and Toueh- 
berry ( 5 )  found sin~ilar results in dairy heifers 
a t  Danish progeny-testing stations. 

However, daughter-dam comparisons of the 
nun~ber  of services required ( 1  or > 1 )  in two 
purebred Holstein herds and one con~merrial 
herd indicated that the condition of repeat- 
breeding was slightly heritrthle (1). 

Studies in :In experin~ental Holstein herd (4) 
indicated highly significant differences in the 
corlception r:ltc>s of c30ws fro111 different sire 
lines as diagnosed by rc~rtal palpation 35-41 
days after hrceding. There were also significant 
differencrs between sire lines in the effect of 
inhreeding on concciption rate in both cows and 
heifers. 

A field study on Ilolsteins by Inskeep et al. 
( 3 )  yielded a heritability rst i~nate fo r  concep- 
tion rate (birth of a live calf as a result of first 
service) of 0.085 on the basis of intra-sire cor- 
relation of paternal half-sib groups. 

More recently, Shannon and Searle (6) esti- 
111;ttrd heritability of nonreturn rates f o r  the 

111;1le on the basis of son-sire rt.gressioii to I)e 
0.5.5 i 0.26. 

The present study n a ?  designed to estimate 
heritahility of conception rate a t  first service 
in tlie Guernsey breed. 

DATA A N D  METHODS 

Data nc.rr taken from barn breeding records 
and calf record books of &2 Guernsey herds. 
110th grade and purebred, served by Badger 
D~~ceders Cooperative, Shanano, Wisconsin 
(Stud I )  and 37 herds served by Tri-State 
Rreeders Cooperative, TVesthy, Wisconsin (Stud 
11).  These data provided infor~iiation on 1,237 
and 1,333 daughters of hnlls in the t ~ v o  studs. 
rc~spectively, fo r  years 1950 through 1959. C o w  
nrere considered to have conceived if the first 
iiiscniination of a scrrice period resulted in 
tlie birth of a live calf. Fertile inseminations 
were coded 1; infertile ones were coded 0. For  
each daughter and her dam, records were taken 
fo r  as many of the following four service pe- 
riods as were available: nulliparous, prirni- 
I'arous, and the first two recorded multiparons 
service periods. From one to four records were 
obtained for  each daughter and zero to four 
records fo r  each dam. These records were hased 
on breedings to all Guernsey service sires in 
the studs. 

Receircd for publication June 18, 11162. Analysis of variance of the difference. in 
' Paper from thc Division of Genetics No. 875 fertility alllong paternal half-sib groups 

and the Department of Dairy Science, published 
with the approval of tlie Agricultural Experinlent calculated in order to estimate heritability of 

Station, This work was done under a cooperative e0"ception rate. Two analyses were made: one 
agreement between tho Wisconsin Agricultural "as of niean conce~tion rates based 011 all 
Experiment Station and the Dairy Cattle Research available service periods ( a  maximum of f o m )  
Bralich, USDA. I t  was supported in part by the of each daughter, and the second was of the 
Bra'lch in Part 1 ) ~  a grant *'om the Wiseon- llUlliparous records only. both, only progeny 
sin-Minnesota Cooperative Bull Studs. 

zAg-ent of the Dairy Cattle Researell Branell, groups eoln~Osed a minimuulli of ten daugh.h- 
USDA. ters TV-ere included. E.;tiw:ttez of heritability 
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wrre obtained  fro^^^ the intra-sire correlation 
of paternal half-sisters. 

Anirlysis was 111ade to determine wht:ther sig- 
nitic>:lnt diffnnlees existed in f e r t i l i t , ~  levels 
nlllong herds. Iiepressions of daughters' con- 
ception rate OII da~ns '  conception rate were then 
c.alcul:itc.d on a within herd basis, anil tests 
for  hc~terogenc~ity of the individual herd re- 
wessions wnrcs r~rade. %>an conception rates 
c~f daughters and t la~ns were used in these 
nnalystls. These regressions provided further 
estimates of he~itahility. 

RESCLTS 

The nuniber of sires in Stud I represented 
11y groups of ten or niore daughters totalled 34. 
Inc4ndc?d in these groups were 1,117 of tht. 1,237 
av:ril;tble daughter records. The over-a11 mean 
mnception rate a t  first service of these daugh- 
tws was 53.15;: (hased on the average of a 
~naxi~nunr of four service periods). Sin~ilarly, 
Stud IS provided records on ten or Inore daugh- 
ters fo r  each of 33 sires. These groups included 
1,097 of 1,233 arailable daughter records with 
a n  over-all n~can  conception rate of 54.2%. 
The half-sib groups had fertility ranges of 8 
to 67% (F = 52.4%) and 35 to 73% (% = 
54.8%) fo r  the two studs, respectively. 

Significant differences (P < 0.05) were found 
among paternal half-sib groups in the Stud I 
area (Table 1). The intrasire correlation pro- 
vided a heritability estin~ate fo r  conception rate 
I additive genetic variance) of 0.08. Record.; 

from Stud 11, however, yielded a heritability 
estinrate of 0.02 from statistically nonsignificant 
difftlrences anlong paternal half-sib groups. 

\Trhen o n l ~  nulliparous records were con- 
sidered, 33 half-sih groups with a total of 981 
da.ughters from Stud I sires and 27 half-sib 
groups with 839 daughters fro111 Stud IS sires 
were analyzed. Thc over-all meall fertility 
levels were 52.1 and 54..5%, respectively. Group 
conception riites rangeti from 8.3 to 75.9% (? 
= 51.5%) and 40.7 to 81.8% (Y = 56.1%), 
~~espectively. 111 Stud I records, significant 
differences (P  < 0.05) in conception rates were 
again found anlong sire groups and heritability 
was esti~rlated a t  0.06 (Table 2 ) .  The Stud I1 
records showed no significant differences and 
the estinlate was approxi~n:itely zero. 

There were, on the average, 18.7 and 16.6 
herds, respectively, per paternal half-sib group 
in the parous records. Thus, i t  was assumed 
in the foregoing analyses that any effect due 
to herd would he rando~n arnong the daughters 
of the various sires. All available daughter 
records were included in an analysis f o r  herd 
diffcwmces in conception rate before studying 
the daughter-darn comparisons. The number 
of records per herd ranged fro111 nine to 67 in 
Stud I and five to 105 in Stud 11. The ranges 
of herd mean conception rates were 30.9 to 
75.5% and 29.6 to 80.0%) respectively. Herd 
differences were highly significant (I' < 0.01) 
in both studs (Table 3 ) .  

Since significant herd differences existed. the 

TABLE 1 

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

Stud I Stud I1 

Mean Mean 
Source (1.f. square Variance (1.f. square T'arianre 

Among sires 33 .2420x .0028 3 1 .1837' .0009 
Within sires 1,083 .I479 .I479 1,065 .I537 .I537 

TABLE 2 

Analysis of variance of collception rates among paternal half-sib groups based on 
~lulliparous records 

Stud I Stud I1 

Mean Mean 
Source d.f. square Variance d.f. square %rianee 

-4mong sires 32 .3G5Gx ,0041 26 .250OU .0001 
Within sires 948 .2459 .2459 812 2482  .2482 



TABLE 3 
A11a1ysis of varian~c of conception rates :Inlong l~ertls 

- - -- - - - - -- - - 
Stud I 
- - Stud I1 

Mean Mean 
Source (1.f. square (1.t'. square 

Among herds 41 .2814** 3 (i .3235"" 
Within herds 1,195 .I450 1,196 .I497 

- - - - - - - - - - -- - - - - - -- - - - - - - 

** P < 0.01. 

regression of daughters' conception rat(. on 
dams' conception rate was calculated on a 
within herd basis. A total of 1,060 daughter- 
dain pairs from Stud 1 and 1,047 pairs fro111 
Stud IS were available for  analysis. The intra- 
herd regressions wc.rcb 0.01 and 0.05 for  Studs 
S and 11, respectively, and individual herd rc- 
gressions were not hctrrogeneous. Thchsc non- 
significant regressions yielded heritahility esti- 
 nates of 0.03 and 0.10 which :Ire of the sanie 
general magnitude as those ohtained in other 
studies. It should he noted that regressions of 
this magnitude could not be statistic:llly sig- 
nificant with the number of records :~v;~ilablc 
fo r  this study. 

The herit:~bilitp estiinates obtained in this 
study are  son~ewhat higher than they would 
have been, hat1 the 111eaa conception mtt.s been 
adjusted to a single observation basis. How- 
c!ver, adjustincnt did not sewn w:n,ri~nted. rinco 
the estimates \rcbrc low. 
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MOTILITY AND FERTILITY OF BULL SEMEN EXTENDED AT HIGH 
R.ATES IN YOLK EXTENDER COPU'TAIPU'JNG CATALASE 

R. H. FOOTE 

Drpal. tn~c~~t of Animal IIusbandry, Cornell Unirersitg, Ithaen, Srrv Yo1.k 
AND 

H. 0. DUNN 

Sew York Artificial Rrecders' Coopcratirc, Inc., Ithnca, N. Y. 

SUMMARY 

Sperm suivival in 20% yolk cxtender (CUE and CU-16) during a 12-day 
storage period was improved by catalase. The improvement was greater fo r  
semen extended to five million motile sperm per milliliter than fo r  semen ex- 
tended to ten million (P < .01), thus reducing the dilution effect on motility. 
However, fertility tests of semen used fo r  insemination within a few days of 
collection showed no beneficial effect of catalase on fertility. I n  two trials the 
control CUE extender averaged 71.0 and 76.9% 60- to 90-day nonreturns com- 
pared with 71.5 and 74.6% nonreturns fo r  CUE containing 20 pg of mtalase 
per milliliter. When bull semen was extended t o  five million motile sperm vs. 
ten million niotile sperm per milliliter of CUE cxtender, no difference in  fertility 
was observed (P  > .05). I n  two trials totaling 64,930 inseminations, the 60- to 
90-day percentage of nonreturns f o r  5 X 10" motile sperm were 74.6 and 75.2, 
and fo r  the control 10  X 10"motile speim were 76.1 and 76.1. These results 
clearly indicate that the us~fulness of genetically superior sires can be increased 
by reducing the number of sperm per insemination. 

Numerous reports (2-5, 11, 12, 14-17, 20-22) 
have indicated that fertility of bull semen de- 
clines with increasing extension rates, particu- 
larly when the nunlber of spenn inseminated 
appears to  beconie critical. Bratton et  al. (3)  
found that the 60- to 90-day nonreturns de- 
clined 4.2% when sperm numbers were reduced 
from ten rnillion to five rnillion ~not i l r  spenll 
per milliliter. Willett (21) reported that  the 
decline in fertility was accelera.ted when fe~ver  
than six million tota.1 sperm per nlilliliter were 
used, but also observed a decline when the nuni- 
ber of sperrn used was less than 12  million p c ~  
~nilliliter. Recently, Sew Zealand wor1cei.s (13) 
have reported only one prrcrntage unit differ- 
ence in fertility hetween 12.5 and 6.25 laillion 
sperln per inseniination when the extei~sion 
rate was kept constant :lnd sperm nunihers 
rarird by using 1 ml vs. 0.5 1111 of (.stended 
srrnt.11 per inse~nindion. 

Catdase is known to prolong sprrnl survival 
(7. 19 ) .  Anclersen ant1 Iiottc~nsten (1)  observed 
that the herieficial effect of cata1;lse in yolk- 
eitrate and CUE extenders was more pro- 
nounced : ~ t  lligh cstc~nsiort rntes. This effect 
also was noted in a preliminary rcpo1.t by 
Foote (6) .  

The ohjectivt.~ of the expc~rilnents reported 
herr were to estahlish the relationship b(.tween 
c*;~talasr and ftlrtilitp of sc~ucn when different 
nulnhe~-s of speiml were ~nsen~inated,  and to 
Inor(, rrliablv establish the relntionship between 
ilw1.111 ~ I I I I I ~ C W  and fertility. 

S ( ~ I I I ( > I ~  for  I : ~ b o r a t o ~  studies and fo r  the 
field trials w:is obtained from hulls in the regu- 
lar  stud o~rned by the New York Artificial 
Rrecders' Cooperativr, Inc. The percentage of 
niotile sper~n,  and sperni cr>ncentration per 
~nillilitn. of f~.eshly collected semen wc.1-e used 
to c:~lculatc. the extension rat? needed to give 
the d(~sil.ed concrntration of sperni per ~nilli- 
lit,c.r of extended sc1rnen. Semen n d d d  to 
e i t h e ~  CUE: or CU-16 cxtender and processed 
as  d(~scriho(1 p r r~ ious ly  hy Foot(. et nl. (8). 
TIIP c.at:~l;~se pr(aparatioll nsed has h r m  dr- 
scl.ihed in :I prerions report (7) .  

E:xtc.ntleci srsmrn fo r  sperlii survival studies 
was stored a t  5 C in 2.5-1111 plnstia tubes. P r -  
iiodic:llly, the\c. t u h ~ s  I I - ~ Y ~ .  ~iiised, suhsnlnpled, 
:~nd  thc percdentagc. of 111oti1e spcmi drter~nined 
n~icroscopicnll  a t  430 X in a stage incubator 
w t  a t  37 C. The pII's of tllc extrnt1t.r~ were 
d(~tc~rnri11c.d with :I Brckn~an Rlodcl G 1)H ~neter. 
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Fic?ld Trial 1 .  This trial consisted of a simple 
colnparison of CTE versus CUE containing 
catalase added a t  the rate of 20 g / m l  of ex- 
tender. Semen fro111 40 bulls, representing five 
dairy breeds plus Angus, was used during two 
2-wk periods in August and September, 1959. 
All semen was extended to  ten million nlotile 
sperm per niilliliter of (axtender a t  the time of 
collection. Semen mas not shipped into the 
field on the day of collection, excepting on 
Sundays. Therefore. most of the inseminations 
mere perforlued mith semen stored one to six 
days follolving collection. 

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

Fielcl Trial 2 .  This trial, conducted in Janu-  
ary  and February, 1960, consisted of CUE ex- 
tender mith and \~ i thou t  20 pg/~nl of added 
catalase, and five n~illion versus ten million 
motile sperm per n~illiliter of extended semen. 
The four  t r e a h e n t s  were arranged factorially 
in a 2 X 2 design. Eja.culates of semen were 
split to compare the sperm numbers' treatments, 
and during a 2-wk period semen from each 
bull was extended with both of the extenders. 
Within each week the order of treatment was 
randomized to prevent any possible bias due to 
time trends. The whole experiment was repli- 
cated during :I ~eeond Z w k  period with 12  
Holstein bulls. 

Field Trial 3. A comparison of five rnillion 
vs. ten rnillion n~otile sperm per lnilliliter of 
extended semen was made in this trial, repli- 
cated over a period of 6 wk in May, June,  and 

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

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

RESULTS 

The results of the first field trial are ~1101~11 
in Table I. The sn~al l  over-all difference of 0.5 
percentage units did not approach statistical 
significance ( P  > .I). The extrnder with added 
cii.talase seemed to give better fertility results 
with older semen than the control, but the 
interaction of age of semen X extender was 
not statistically significant ( P  > .I). 

I t  was observed that  some of the senien salii- 
ples with high extension rates showed excellent 
inotility in the catalase-containing extender. 
The results of an experiment designed to com- 
pare survival of sperm extended to five and 
ten million ~notile sperm per milliliter with dif- 
ferent extenders containing catalase is shown " 

in Table 2. The effects of oatalase, sper111 nuni- 
hers, and the interaction of catalase X sperm 
numbers were highly significant statistically 
(P < .01). The interaction is particularly inl- 
portant because i t  appears that catalase can 
partly eliminate the so-called dilution effect on 
sperm motility observed by all workers in this 
field. The lower motility recorded for  the lower 
concentration of spenn may, in part, be due 
to a bias in the method of estirrlation, since this 
effect was observed from the outset of the 
storage period. 

TABLE 1 

Fe~til i ty of semen extended with CUE and CUE plus catalase 

Fertility based on 60- to 90-day nonreturns 

CUE CUE + catalase " 

Age of So. of No. of 
semen firat YO non- first 70 non- 
in days ser~lces retmnri services returns Difference 

1 1,162 73.4 1,221 72.5 - 0.9 
2 3,630 71.9 4,022 71.4 - 0.5 
3 1,891 60.1 2,078 71.3 + 2.2 

4-6 230 60.4 294 70.4 +10.0 
Total or mean 6,913 71.0 7,615 71.3 + 0.5 

a Assays for catalase indicated that about 95% of the initial activity was maintained until 
the end of the storage period in the extender containing added catalase. The amount naturally 
present in egg yolk mas negligible by con~parison. 
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TABLE 2 

Effect of catalase and extension rate on survival of sperm during stoinge a t  5 C 
(Average of 20 ejarulntes) 

('UE C r - I  f i  

No ratnlase Cntal:~se, -00 pg/ml No catalascx C:~tal;tsc, 20 @g/ml 

Days stored 5 X 10"O X 1 0 2  5 l o 8  10 X 10" 5 x l o 8  10 X lo0 5 x 108 10 X lo8 
nt 5 C sperm sperm sperm sperm sperm sperm sljcrnl sperm 

(r/r ?r~ott le sperm) 
1 61 64 61 64 58 6-0 .) I 62 ? - 
4 52 5 7 54 56 58 62 59 61 
8 36 50 42 52 42 54 .i 2 57 

12  21 42 38 48 21 45 43 56 
Mean 42 53 49 55 45 56 53 59 

pH a t  12 days 7.0 7.0 7.0 7.0 6.8 6.8 6.9 6.8 

TABLE 3 

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

- -  

Fertility based on 60- to 90-day nonretnrns 

Fivr million sperm/ml Ten n~illion sperm/n~l 

No. of So .  of 
first ./, non- first % ilou- Over-all 

Rutnldrr -ervlces returns services i eturn. mean 

CUE 5,133 75.4 5,176 76.9 76.1 
CUE + catalase 5,480 73.9 5,471 75.4 74.6 
Total or mean 10,613 74.6 10,647 76.1 75.4 

The good survival of sperin observed a t  high her  of sperm inseminaterl) u e r c  not  s i~ni f ican t  
3xtension rates when catalase was present sug- statistically (P  > .O5). However, there was 
~ e s t e d  that  this co~nbination should he fertility- nothing to indieate a n y  beneficial effects of 
tested. The results of n second field tr ial  a r e  catalase, and  this finding was consistent with 
shown in Table 3. The differencry between ex- the over-all result ohtaincd in the first field 
+endrrs and between sperm concentration (num- trial. 

TABLE 4 

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

Fertility based on 60- to 90-day nonreturns 

Five million sperm/ml Ten million sperm/ml 

-4pe ' of No. of No. of 
semen first % non- first % non- 

Breed in days servlces returns sc~vices returns 

Holstein 1 16,198 75.3 13,046 76.7 
2 6,557 74.0 4,031 73.6 

Angus 1 1,120 78.8 1,046 78.4 
2 862 76.7 807 76.8 

Both breeds 1 17,318 75.6 14,092 76.8 
0 
d 7,419 74.3 4,841 74.1 

Total or mean 24,737 75.2 18,933 76.1 

"Semen used the day of collection (Day 0 )  was not tabulated because i t  was not possible 
to distinguish this from three- or four-day-old semen from bulls collected tnire meekly. 
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A third field trial designed to obtain enough 
inseminations to deteot differences in nonreturns 
of 1% a t  P, = .05 and PI, = .20 (18) was 
undertaken. The results of this trial a re  shown 
in Table 4. The per  cent nonreturns fo r  each 
ejaculate were used fo r  the analysis of vari- 
ance, since the 138 ejaoulates in the experiment 
averaged over 300 inseminations per  ejaculate. 
The average nonreturn percentages on this 
basis was 76.0 fo r  each treatment, indicating 
no difference between treatments. Fertility re- 
sults obtained with nine other bulls (excluded 
from the analysis because they did not rom- 
plete all 6 wk) also were equal fo r  rarh treat- 
ment. In this trial, rnore inseminations were 
obtained with the lower sperm concentration, 
because i t  was possible to meet field needs each 
day with this treatment, hut i t  ~ v a s  not always 
possible with the other treatl~lmt.  On the nv- 
erage, the number of motile sperm per ejacu- 
late was sufficirnt to breed more than 2,000 
cow<, using 5 X 10" ~ n o t ~ l e  spernl per ~nllliliter 
of' exttmder and p n  insm~ination. 

The consistent beneficial effects of cntali~se 
on survival of sperni over a 12-day period a t  
5 C in yolk extenders previously observed was 
c?onfirn~ed. The effect of catalase was particu- 
larly p r o n o u n d  when high extension rates 
were used. This finding is in agreement with 
a report by Andersen and Rottensten ( I) ,  and 
a preliminary report from this laboratory (6) .  
This beneficial effect on lrlotility was usually 
not observable until after  four or more days of 
storage. The lack of any henefirial eflert of 
catalase on fertility of bull semen nlay he he- 
cause most of the senlen is uscd fo r  breeding 
before it has been kept in vitro fo r  four days. 
The nonreturn rates fo r  catalase-treatc~tl scamrn 
tended to be higher with older semen, hut this 
effect not significant ( P  > .I). The 1ac.k 
of response is in agreement with earlier work 
by VanDemark r t  211. (19) and a rtvent report 
by I Iafs  (9 ) .  

The fertility results with 5 X 10"nlotile sperm 
per milliliter of CUE extender werr essentisllv 
equal to  those obtai~ird wit11 10 x 10" nlotilr 
sperm per inilliliter. This is in c o n t ~ i ~ s t  to 
earlier work with yolk-ritr:ttcl ( 3 ) ,  whirh indi- 
rated that 8 dectlir~e of scvrral percentage units 
ill fertility mas to he expected when 111otilc1 
sperm numbers were reduced to 5 X 10' per 
~l~il l i l i ter  o r  per insc~ninat.ion. 

Extension rates resulting in 5 X 10" and 
10 X 1 0  values were hastbtl 011 the initial per- 
centage of 111oti1v *l>n'~ii in the san~pl(>. The 

actual number of motile spenli inseminated 
probably was less than this, because some of 
the sperm die during handling and storage, 
sonle of the inseminstors do not fill the catheter 
with 1 ml of extender, and not all of the ex- 
tended semen is expelled a t  the time of in- 
semination. Studies were made of these vari- 
ables. From these studies it was estimated that 
during the first four  days after semen was 
collected an  average of about 7.6, 6.9, 6.4, and 
5.8 million inotile sperm were deposited in 
the cow, when the initial extension was to ten 
illillion   no tile sperm per milliliter. 

The results of these experiments indicate that 
hull semen extended to five million motile sperm 
per milliliter of CUE and stored at 5 C, will 
give essentially as  high fertility results as  will 
the inelusion of twice ,as many motile sperm. 
This method can be used to increase substan- 
tially the number of breedings to outstanding 
sires, and i t  is currently being applied success- 
fully to some of the AB-proven Holstein sires 
in Sew Tork State. 
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MOTILlTY AND FERTILITY DURING. POST-THAWING STORAGE OF 
BOVINE SPERMATOZOA FROZEN CONCENTRATED, 

TI-TAWED, AND RE-EXTENDEND 

C. DESJARDTXS AND H. D. HAFS 
Departmcl~t of Dairy, Michigan State University, East Lansing 

SUMMARY 

T~venty cjarulatc~s of semen from 17 dairy bulls were extended to contain 
200 X 10" i ~ n d  20 X 10' sperm per milliliter in yolk citrate and whole milk 
extenders and frozcn with 7% glycerol. The semen frozen with 200 X 10" 
spernr per milliliter was re-extended, after thawing, to 20 X 10' sperni per 
milliliter in yolk citrate, whole milk, skimn~ilk, and CUE, and the motility 
of these semen samples was estimated during 72 h r  of storage a t  .5 C.  

Freezing semen with 200 X 10' spenn per ~nillilitrr resultcd in signifi- 
cantly improved ~notilitics (P<.01),  partieularlp as the storagc! interv:~l in- 
creased (P<.01).  The four re-extension extenders differed in their :~ l~i l i ty  
to maintain lnotilitv (P<.Ol),  p~r t icular ly  as  the storage interval increased 
(P<.Ol). I n  general, sperm survived post-thawing storage 1nuc41 hetter ahm 
re-extended in extrndc~rs other than those in whir11 the sperm were frozen. 

The average 60- to 90-day nonreturn percentages for  semen frozen with 
200 x 10" spcrnl pc.r milliliter and re-extended after thawing to 15 X 10' motile 
spenn per milliliter in yolk-citrate and CUE was 51.8 and 6X.O%, respectively. 
a s  measured with a total of 2,062 inseminations made between 24 and 60 h r  
after thawing. The 63.0% fo r  CUE did not significantly differ fro111 the average 
of 66.5% for  control frozen semen thawed immediately before 675 corns were 
inseminated ( P  > .O:i), but both of these values were significantly higher than 
the 51.8% for  the scxllien re-estendrd in yolk ritrate (P  < .O5). 

The presc.nt uie of frozen semen depends 
npon storage a t  -79 C or 1ornt.r until it i~ used 
to hreed cows im~nediately after thawing (3, 7). 
The nlaintenance of thew very low temperature.; 
for  storing frozen snllt,n and transporting i t  
to the cow apprcciahly increases the cost of a 
frozen semen program. .I.; an alternative, it 
~vould be desirable, a t  least in certain circum- 
\tnnros, to maintam satisf:tctory fertility of 
thawed semen during qtorage a t  5 C fo r  periods 
as long as  two o r  three days. 

Bratton et al. (2) suggested the possibility 
of freezing bovine irnlrn concentrated and 
re-extending it aftcr  thawing. These workers 
ohtained uniformly lower motility and fertility 
with frozen snnrn frozen concentrated and 
thawed from -79 C ant1 stored a t  5 C, than 
with semen from the same ejaculate used un- 
frozcrn or immediatt4y after thawing from 
-79 C. Kerc~ntly, Sevinr (10) obtained a de- 

cided i~nprovc~lnent in the nlaintenance of mo- 
tility during post-thawing storagr a t  5 C with 
sperm frozen roncentritted and re-extended after 
thawing in extenders other than that in which 
the sperm were frozen. 

This investigation was initiated to compare 
the effects of post-thawing storage on the 1110- 

tllity and fertility of sperm frozen concentrated, 
thawed, and re-extended in extender5 other than 
thaw in which the sperm were frozen. 

EXPERIMENTAL PROCED'ITRES 

L~rborotory equipment. Twenty semen sam- 
pleq vc re  collected from 17 bulls aud were ex- 
tended to 400 x 10' sperm per milliliter a t  
38 C in a nonglycerol 20% yolk-citrate ( P C )  
extender described by Foote and Dunn (4), 
and in a nonglycerol whole milk (WM) ex- 
tentler described by Almquist et  al. (1).  After 
this partially extended semen was slowly cooled 
to 5 C over 90 min, 1 ml of each of the two 

Rcceived for publication June 11, 1962. .;alnples of partially extended semen from each 
ejaculate was further diluted to 40 X 10' sperm 

Journal Article 2993 from the ~ i ~ h i ~ ~ ~  ~ ~ ~ i .  13~r  milliliter in its respective diluter. Six hours 
cult~iml Experiment Station. after collection, the samples were glyeerolated 
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to obtain a final concentration of 7% glycerol 
by the method of Foote and Dunn (4) .  One- 
milliliter aliquots of the glycerolated semen 
were dispensed into glass ampules and the 
ampules were hermetically sealed. Eighteen 
hours aftvr glycerolation, the ampuled semen 
was frozen a t  the rate of 0.8 C per minute from 
5 to -15 C, and about 5 C per minute from 
-15 to -79 C, by adding Dry Ice to an alcohol 
freezing bath. The ampules of frozen semen 
were stored a t  -79 C for  24 to 48 hr, then 
thawed in a 5 C water bath with constant agi- 
tation to prevent the formation of an  ice cap- 
sule around the ampule. 

I~rirnediately after thawing, the contents of 
tlirecx replicate ampules of semen frozen with 
20 x 1 0 5 p e r m  per milliliter were placed in 
each of two 5-ml test tubes. Semen frozen with 
200 x 10' s1wn11 per milliliter was re-extended 
1 :9 in TC, WM, slcimmilli (SM),  described by 
Almquiit et al. ( I ) ,  and Cornell University 
Extender (CUE) described by Foote ct al. (5). 
Duplicate test tubes were prepared for  each 
re-extension extender, so that each tube con- 
tained 3 ml of extended semen with 20 X 10% 
sperm per milliliter. Duplicate motility esti- 
mations werc made from each tuhe after 0, 24, 
48, and 72 hr  of storage a t  5 C, by a person 
unaware of the identity of the salnple being 
examined. 

The analysis of variance of the n~otility data 
considered thtl following sources of variation: 
eon~entration of sperm a t  freezing, freezing 
extc.ndcr, re-extension extender, storage time. 
bull, duplicate tube, duplicate motility, and 19 
appropriate interactions among these seven 
main effects. The concentration of sperm a t  
freezing, freezing extender, re-extension ex- 
tender, and storage time were considered to be 
fixed and factorial. Bulls were considered to 
be random and factorial and tubes to be random 
and nested within concentration of sperm at 
freezing, freezing extender, re-extension ex- 
tender, and hulls. Motilities were considered 
to be random and completely nested. 
Fertility e z p e ~ i m e m t .  Two ejaculates of se- 

men from each of eight Holstein bulls in rou- 
tine service a t  Michigan Artificial Breeders 
Cooperative were frozen in glycerolated YC 
with 200 X 10' sperm per nlilliliter. After 2 
to 3 wlr of storage a t  -196 C, these ejaculates 
mere thawed and one was re-extended to 15 x 
10" motile sperm per milliliter in YC, whereas 
the other was similarly re-extended in CUE. 
I n  other words, these two ejaculates from each 
of the eight bulls were treated comparably until 
they were re-extended after thawing. Both 
were shipped to nearly all of the breeding tech- 

nicians as unfrozen semen. To be certain that 
any fertility difference between these two treat- 
ments was not solely due to the two re-extension 
extenders, a third and fourth ejaculate were 
extended to 1 5  X 10' motile sperm per milliliter 
in CUE and YC, respectively, and these were 
shipped to nearly all of the breeding technicians 
without freezing. The order of application of 
thcse four treatments to the four ejaculates 
from each bull was a t  random. 

Each of the four ejaculates fro111 each of the 
eight bulls was initially extended to 25 ml with 
YC a t  38 C and allowed to cool to 5 C over 
about 90 min. The two ejaculates that were 
frozen were glycerolated and equilibrated simi- 
larly to those in the laboratory experiment. 
One and one-tenth-milliliter quantities of the 
extended semen were dispensed into 1.2-ml 
glass a~npules and the ampules were hermet- 
ically sealed. The ampuled semen was frozen 
on a~npule  racks in an  automatic liquid nitro- 
gen freezer.' The rate of temperature change 
during freezing and thawing was similar to 
that in the laboratory experiment. The opera- 
tional routine of the Cooperative dictated that 
inseminations be performed between 24 and 
60 hr  after the unfrozen semen was extended 
or after the concentrated frozen semen was 
re-extended. 

A2nalysis of variance of the nonreturn data 
considered the following sources of variation : 
extender, freezing, age of semen, bull, and 11 
appropriate interactions among these four main 
effects. The sources of variation due to ex- 
tender, freezing, and age of semen were con- 
sidered to be fixed and factorial. Bulls were 
considered to be random and factorial. 

A fifth ejaculate from each of the eight bulls, 
which served as a control, was extended in YC, 
glycerolated to 7% glycerol, and frozen with 
22.5 X 10' lnotile sperm per milliliter. This 
concentration of sperm was chosen, anticipating 
a 40% loss of motile sperm during freezing so 
as to obtain an  average of a t  least 12 X 10' 
motile sperm per milliliter after thawing. This 
control semen was stored a t  -196 C for  a t  
least 2 wk, then shipped to the breeding tech- 
nicians who maintained the -196 C tempera- 
ture until the semen was thawed in 5 C water 
immediately before a cow was to be inseminated. 
Six breeding technicians performed all of these 
control inseminations over a 3-months' period. 

Although, ideally, i t  would have been pref- 
erable to have measured fertility of this con- 
trol frozen semen during post-thawing storage, 

2Modcl No. 3005, available from Frozen Semen 
Products, Ine., R. I). 1, Breinigsviile, Pennsylvania. 
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Avc.r:~gc I)rr rent of' n~otile sllrrnl during ~>ost-tl~:~rving stol.:~ge at 5 C 

hlillion.; Rr-ex- 
of sperm ])vr t e n s i o ~ ~  Hours stored aftc'r thawing 

Freezing n~illiliter ex- - - - 
extender a t frrczing ten(1cr 0 24 48 72 .\vg 

Y C 
CITE 
WM 
SJI 
Avg 
;\-one. 

YC 
CUE 
WM 
WI 
Avg 
None 

YC 
CUE 
WM 
SM 
Avg 
Sane  

:IS \vas tlonc. for  tl~ca o t l ~ r r  I'o~ur t~.c.atnlents, this 
could not he. justified, hec:~uscb of the rstrenlely 
low fertility to 1)e c~sl,ectrcl f 'ron~ snch a t r d -  
I I I ~ ~ I I ~  (7) .  Rrr i~use~  of this lin~itatiorl, tlie avrr-  
:tXe fertility of this control t r r a t n ~ e n t  was caoni- 
l,arcbel with thr  over-all means for  thr  four othrr  
trr:~t~nc.nth in ;I Dunc:~n'.; J lul t iplr  Range Trst. 

- . - - -. RRSCIlTS 
- - -1 

I,trborit/or~l r . r l ~ o r i n ~ ~ i ~ t .  l'he arcarage n~oti l-  
iticbs of t h ~  sperm in each of th r  tcn extc*ndrr 
trc.at~ncnts during 72 h r  of post-thawing stom.gc 
a t  5 C arc. slio\vn in Tahlr 1. and  tile results of 
tllc. analysis of r t ~ ~ ~ i t ~ n c t ~  of tllrse tlatn a re  pre- 
hented in 'rnhle 2. 

F~.c.ezing S P I I I ~ I I  wit11 200 x 10' S ~ ) C ~ I . I I I  1)rr 
~ ~ ~ i l l i l i t e r  re.sn1tt.d in all avcbrapc. of 33c;  inotility, 
;I consicienll)le i ~ ~ ~ l ) r o v r n ~ c w t  upon the averagr 
of 2204 for  tlie sc.nlrn frozcw \\*it11 20 X 10" 
S ~ ~ ~ I I I  per  ~nillilitcr ( P  < .O1 ). I t  is apparent  
that, i~lthough frc.c,zing serncn wit11 200 X 10" 
S ~ W ~ I I I  per  1iiilli1itc.r of TV31 rrsnltc.tl in a c ~ n -  
sid~.~al) le  i~nproven~ent ,  the co~nparahle i~nprovcb- 
I I I O I I ~  f o r  the TC c.stc>ndcr \vas 111ucl1 inore pro- 
nounced ( P  < .01), and this s t a t r ~ n r ~ ~ t  holds 
for  each storage tilne, sinccb tlie ('FS interac- 
tion ni ts  not significant ( P  > 5 0 ) .  The CUE 
ant1 SAZ rr-cstension estenders rrsu1tt.d in av- 
rrngrs of 39 and 36%. respectivc.ly, n~arkedly  
hig1ie.r than the 30 and Z.i;;, for  TVJ[ and T('. 
rc~sprrtivcly (P  < .01). 

TABLE 2 

Summary of the i n ~ ~ ) o r t : ~ n t  sources of vari:ction in t11c analysis of variance of the n~otility of 
sperm during post-thawing storage 

-- -- - .- - 

Source of Degrees Mean F I'rol)nl~ility 
variation of frrerlom square ratio ( P I )  

--- -- 

Concentration (C) 1 .538.0 25.87 P < . n l  
Freezing extenilrr (I?) 1 268.0 17.70 P < . O l  
Re-extension estcnder (It) 3 26fi.O 24.X(i P < .Ill 
Storagr time (8) 3 120.0 23.08 P < .O1 
Interaction (CF) 1 2l:i.O 32.27 P < .Ill 

(CS) 3 22.3 13.15 P < .01 
3 R.0 1.23 P GS 3 2  

(FS i :< 1.(i :{.2$l P %z .I;:{ 
(R,S) 9 '7.1 6.3(i P < .01 
(CFS) 3 1.3 o.511 P > .5n 
(FIGS) 9 3.7 0.97 P EZ . 4 i  

B1111s ( R )  19 71.8 P < .Ol 
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Tho Y C  ft.ec~zi~~g r s t c~~d( . r  rc.sulted in an  
::rc.ragtl of 33% ~iiotility, sig~~itica.ntly higher 
than thv 2 i %  for TI31 ( P  < .()I) ,  hut thc sptarnl 
frozt.11 in WI'I drcblincd right perccantage units 
tluriltg stori~gc,, sigriificautly Irss than the 12 
]wreent;tgc u ~ ~ i t s  for T C  ( 1 ' s  . 0 3 ) .  As ex- 
~)ectetl, post-thawing ntotilititbs doclincd appre- 
viably d u ~ i n g  storagcb ( P  < .01). However, an 
nnc~xl)cctrtl intrraction bttwcw~ concaentration 
of S ~ M ~ ~ I I I  a t  freezing i~ltd storagcb t in~es rc,sulted. 
This intt.mction is illustratc~d hy the fact that 
scln~cir~ frozen with 200 x 10" sl)ernl per ~ t~i l l i -  
liter d(bclilic.d only scvrl~ pc!rce~ita.gc units during 
post-tliawi~~g storagr, ~nuch less than the de- 
cline. of I (i percc.ntage units for se~nen frozen 
witti 20 X 10" sperni pckr ~nilliliter (P  < .01). 

Thr ~.c.-c.strbl~sion rstc.nders significantly af- 
f(1c.tt.d post-tIi:~wing longevity (P  < .01), with 
CITE, SM, TVAI, a ~ t d  I'C rc.snlting in average 
~~loti l i ty drc1int.s of three, fivc., eight, and 1 3  
pt.rrc~ntage units, respt~ctivrly. This facat ap- 
p r i~ r s  of p r i n ~ r  in~portanee ill s consideration 
of in~prov(wtt~nts in post-thawil~g survival of 
spcbrtil. Whether spcrm wc?rcl frozen in YC or 
in TTJI sreu~cd to h;ivc! littlt! or no effect upon 
t t~v  Itta.nncAr ill whirh the, re-c~stension extenders 
:~ff(~eted inotilitit~s (I' -- .3), and this was true 
for  each stor;~g(b ti~tte (P  --= .47). Nost of the 
il~tc~r:~ctions botwc.c~~~ hulls alld tr(!atntellts were 
signifie;~nt, hut since. these sources of v:iriation 
are of seeo~idnry i~uportance in the intc~rpreta- 
tion of the. :~hovc. rc.snltb, they :trtJ otnitted f r o n ~  
Tahlt. 2. 

F'i(,lrl c,.rl~rr,i~,lc,~ct. Tht. totitl ~~u; i ther  of cons 
h~aed with S ~ ) ( ~ ~ I I I  froz(,n c ~ r ~ v e ~ t t r a t ( ~ d ,  thawed, 
it~id rt~-(~xte~nilrd ill either CCE or YC,  and the 

total nu~~tbt.r  of co\vs hrcld ~vith unfrozen se~ncirr 
i l l  the vtltle two estenders,  long with their 
;Ivclr;lgch 30- to 60-day and 60- to 90-day non- 
1.etm.n p(wel~t;tg(,s, are presented in Table 3.  
I n  this tal)lc, thr first and second days of stor- 
;tgcb refer to cows brcsd 114th semen 2 1  to 30 
Iir and 48 to 60 hr, respc~etively, after tlic 
st.illell m;is col1r~ctc.d or re-estended. 

( 'o~vs hretl with sper111 extcvxled in CUP: hat1 
;III average 60- to 90-day r ionrr tur~~ rate of 
(i9.9%,. consid(.ri~bly higher than the 63.1% for 
co\\,s hred with sl)ernl in T C  ( P  -- .l'i). 11s 
osl)(.ctrtl. t h ~  fertility declil~ed tneasurably dur- 
ing storitgr (I' < .01). Although, on the aver- 
age, thch two cxtc~ndrrs l~~aintained fertility 
c~~nitl ly u-ell during stor:tgr ( P  > .50), the 60- 
to 90-d;iy ~ ~ o n r c ~ t n r n  rate for setlien frozen 
\\.it11 200 x 10" spernl pclr ~nilliliter, thawcbd, and 
1.1,-estc.ntled in CUP: did not apprcciahly de- 
clinch f r o n ~  the first to the second dny of storage, 
\vl~c.re;~s the couipareble decline for  YC was 
10.7 perernti;gc~ units ( P  -- .12). The 60- to 
!%J-d;~y ft~rtility of n~ l f roz t .~~  sperm declil~ecl an 
averilge of 2.8 pe~.eentage unit\, eollsiderahl~ 
Ies5 t l ~ i ~ n  thv ,5.8 ])ercel~tage unit decline for  
frozc~n speriti ( P  = 2 7 ) .  However, this inter- 
;tction effect w:~s lal-gely restricted to the P C  
estend(.r (P  = .E). 

'l'he control sellten frozen a t  22.5 X 10" Ino- 
tilt, \ P ( ~ ~ I I I  per ntillilitcbr, and used to hrecld 675 
cow4 ittinted~ately after thawing, resulted in :x 
(i6.,50/o 60- to 90-day lionreturn rate. The 
l)unc~itr~'s Multiple Range Twt  showed no sig- 
1iitic.ant differmve bc.t~vec,n this 66.3% iiverilge 
for the co~itrol trozen sen~en and the 63.0% 
ort~l.-;~ll ;IvtaragcL fo t  thr concentrtttc1d frozen 

Tl~e  arcrngo" non~cturn pcrecl~tages for unfrozen sc.nlel1 and for sllerm frozen concentrated, 
t i~nl~ed,  and re-estendcd 

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

CTTE I- c - 
% no11retur11 % noi~return 

I):ly of xo.  of So.  of 
htol.i~gr services 30.60 d.  ($0-90 d. snriet's 30-60 (1. 60-90 (1. 

'I'otals 1 1,571 il.1 1,403 74.0 66.3 - -  
1 a.8 , - - or :~vg - l,(iOX I d.0 (i8.8 I ,:34:3 67.0 ij0.n 

'Potnl :3,1 79 2,i4(i 
h r  g 75.4 (i9.9 i(1.4 63.1 
- - -- 

' Tr~t\rcigl~trtl :~ver:tpch. 
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semen re-extended in CUE and used to breed 
cows u p  to 60 h r  after thawing (P  > .05). 
However, the 66.5% average for control fro- 
zen -emen was significantly better than the 
over-all average of 51.8% for  the concentrated 
frozen semen re-extended in P C  and used to 
breed cows up to 60 h r  after thawing (P < .O5). 

TABLE 4 

Average decline from 30- to GO-day to 60- to SO-day 
nonreturn percentages for unfrozen sperm 

and sperm frozen roncentrated 
- 

Extender 
Day of - - 
storage CTJE YC 

Enfrozen 1 4.3 6.3 
2 5.5 6.0 

Avg 4.9 6.2 

F ~ O Z C I I  conee~~trated 1 5.0 9.0 
2 7.1 8.2 

Avg 6.1 8.6 
-- 

A\vc.r:igc, valur.; for embryonic mortality, as  
measured Ry declint. in fertility from 30- to 
60-day to 60- to 90-day nonreturn rates (9), 
are tahulatrd in Tahle 4 for  unfrozen 5enlcn 
and for semen frozen concentrated, t h a ~ ~ e d ,  and 
re-extended in YC and CUE, respectively. The 
arer:tge decline for frozen selnell was 7.4 per- 
centage units, \ninewhat higher th:m the aver- 
age of 5.5 percentage units fo r  unfrozen \eltien, 
suggesting the possibility that frcezing -perm 
incwaies the embryonic ~nortality rate over and 
abore that norn~ally expected with unfrozen 
selnt.11 ( P  -- .20). 

DISCUSSION 

Results of the experin~ents tlescrihed above 
indicate that the semen frozen with 200 X 10" 
sperm per milliliter survived post-thawing stor- 
age much better when re-extended after thaw- 
ine  i11 extenders other than those in which the 
'I 

spernl were frozen. Although   no st commercial 
artificial insemination centers use a yC freez- 
ing extender ( 3 ) ,  it is apparently inferior in 
terms of preserving motility and fertility dur- 
ing post-thawing storage a t  5 C. CUE, on the 
other hand, is inferior from the standpoint of 

pected drop in fertility (2, 7)  normally ob- 
served during post-thawing storage of frozen 
semen. 

Due to the small number of observations on 
sperm niotility during storage for  the fertility 
experiment, tests of significance were not per- 
forlned for  these data. Nevertheless, motility 
estimates were made for  each extended semen 
samplo used in the fertility experiment a t  stor- 
age inte~vals similar to those in the laboratory 
experiment. There were three comparable treat- 
nlents ill the two experiments. I n  the field ex- 
periment, the control frozen semen averaged 
21% ~ootility and the concentrated frozen semen 
re-extended in YC and CUE averaged 39 and 
40% motility, respectively. Tht, comparable 
v:~lnes froln the laboratory experinlent were 20, 
28, and 43%, respectively. Such repeatability 
permits additional csonficlencc. in thr  results of 
these experiments. 
,I report by ICinne~ and VanDelnarli ( 4 )  in- 

dic*atc,s that :I greater percentage of sper~nato- 
zoa survives freezing in the second than in 
the first ejaculate when they are collected a few 
 nill lutes apart .  Since the sperm caoncentration 
of sc~cood eja.culates is usually less than that of 
first eja.culates, the concentratio11 of p lasn~a 
c~onstitnents during freezing would he greater 
in second ejaculates. Se~nen frozen with 200 
X 10' sperm per milliliter also has nn elevated 
conce11tr:ltion of seminal plasma and, :is shown 
in the expcrilncnts reported above, the motility 
of spernl treated in this manner is considerably 
higher thc~n when the semen is frozen with 20 
X 10" sperm per milliliter. These facts indi- 
cate that sonle factor(s)  in seminal plasma may 
play an important role in protecting sperm dur- 
ing freezing. 
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STUDY OF SI'CCESSIVE E X I ' E R I ~ ~ E S T A I I  IIACTAT~ONS IiV 
DAIRY CO\lTT'S ' 

Rcgro~vth of the I I I : I I I I I I I : I ~ ~  gland with daily inj(.ctions of 200 I I I ~  progesterone 
and 200 pg  estradiol henzoatr for  pc.riods of 1.20 or  180 days followtd h p  injec- 
tions of 0.3 nlg of (~stradiol henzo:~t(~ per  100 Ib body wcight f o r  1 4  days to  
initiate lactation was attelnptc.d in  1 9  lactating cows. 

I n  no case did the 111ilk yi(4d following thv second n t t e n ~ p t  i ~ p p r o : ~ c h  the, 1rvc.l 
of the first rxl)erin~rnt:~l  Inc.t;~tion. The n1t1nn ~ n i ~ x i n ~ u n ~  ;tvrragr tlt~ily ~ u i l k  
yield of the 1 9  cows following the scbc#ond trc.at~ntwt ~ v : ~ s  only 22.75; of tha t  
obtained after  the first I~orinonc t r c a t ~ ~ ~ r n t .  

The 14-d;iy t>strogc.n injrc.tion a t  the. rrld of thv 120- o r  130-d;ty (.strogc,n- 
progestc.rone t r e ; ~ t l ~ ~ e n t  stiinulntcd a slight incro;~st. ill n~ i lk  yield in six of the  
11 lactating cows ranging fro111 0.4 to 4.2 Ih p h r  day, uherca;~s s i s  of the eight 
caows th2t Irere d r y  the last 30 to 60 days producaed ~ I . O I I I  0.3 to S.5 It) p c r  d:~y, 
with a 111(~;111 i l ~ i ~ s i n ~ u i n  daily 111i1k yield of 3.2 lh per  tluy for  the. group. 

Daily i r ~ j e ~ t i o n s  of tlchc.reasing a n ~ o u n t s  of pl.ogestc.~.oncb (150 to 50 111g) :111d 
inc~reasing clstradiol henzo:~te (1 to 3 111g) w('rtb adn~inistt.rtd to 11 d r y  nntl sevc.11 
lact ;~t ing c*ows f o r  63 days, which had fi1ilc.d to show inlcrrasrd ~)roduction aftcar 
the 180-day const;tnt levrl P-EF, tre:ltn~c.nt. Fo l lo~vi r~g  thr  14-day t.stroge11 
tre:itn~ent to ini t i :~tr  milk srcretion this g roup  rrilrhed a Iilckan I I I : I S ~ ~ U I I I  ;lveragcb 
daily milk yield of 17.8 Ih pcbr dav, which was 79.5% of the n lmn I I I ~ X ~ I ~ I U I I I  daily 
production of thesc~ ani111i11s in the first c1speri111c.ntal l;~c.tiltion. The 11 cows 
which were dry dul3ing t rea t~ncnt  wcw st i~nulated to ~roduc.c. a ~ n a x i ~ ~ ~ u t n  ;Irerag(, 
of 16.3 Ih p(>r d;~;\, r:>nginx fro111 S.6 to 31.4 lh follo\ving the horlnone ild~nin- 
istration. The Iacat:~ti~lg a n i n ~ i ~ l s  rc~;~cshed ;I I I I ~ X ~ I I I U I ~ I  d ;~ i ly  milk yield of 20.3, 
which reprt.sc211tecl an arer:lgr incrc:~se of 15.9 lh, wit11 :I r ; ~ n g c  of 0.0 to 29.4 11) 
per  day. 

.- 

The ~) r t~vious  data p~-esented o r ~  espc~rimcnt;~l  
growth of the Inatnlrlary glat~tl  in  cattle fro111 
the 3fissouri Station h i ~ s  heen concerned p1.i- 
111nrily with nulliparous 11eife1.s (6, 8). I n  gcn- 
eral, sucressivc honnonal induced lactations 
have not been a s  successful a s  the first at tempt 
to grow the udder experi~nentnlly. Hil l  (3) 
and  Dznik e t  al. (1)  report their second at tempt 
on it linlited numhor of an i~na ls  a s  unsucressful. 

111 a previous study on(. lactating and three 
n~ult iparous dyy eows \vn.cJ injected daily v i t h  
100 I I I ~  progesterone and 100 pg ~ s t r a d i o l  f o r  
s i s  ~nonths,  follo\~c.d h~ (i Ing of estradiol hen- 

Ilec~cive[l for l~nblic.:~tion 31:r.v 2.7, J!Ili!?. 

I Col~trihntion from SIissouri Agricnltur:~l Es- 
perilr~c>nt Station J ~ I I ~ I I : I ~  Scric?s So .  2445. Ap- 
~~rovc( l  11y Dirrc*tor. Aiclerl ~ I I  11ni-t by grant from 
I-. S. Atomic. Energy Conl~~rission Contract So .  
-4T(lJ -1 )-301. 

"Post(1ortor:tl Fello~v of S:ctionnl Il~stitutcs of 
ilcalth. 

zoi~te per  (lily for  t(,n days to initiate ~ n i l k  sc.crta- 
tion. Only the I:tc.tating (.ow failtad to respond 
to the h o r ~ ~ ~ o n e  tr(~i1tn1eiit. ~ h ~ r e i ~ s  the others 
produced a I I I ~ X ~ I I ~ U I I I  daily Inilk y i ~ l d  of 1 9  to  
29 Ih per  d ; ~ y  (7 ) .  

Turner ( 6 )  reported on four cows in which 
lactntion wns induc.c.d a f te r  one o r  Inore pre- 
vious 1;lctations. Two failed to scc:rc.te appre-  
eiablc. itnlounts of milk, one produced about the 
sanlr amount of milk a t  ~ ~ ~ ; ~ x i n i u n ~  a s  she did 
during her  first exy)c~rinln~ti~l  lactiltion, 11ut 
much I ~ s s  than she h i ~ d  protlucecl following n 
n o r n ~ a l  pregn:inc.y, w11c.reas the fourth ariinr:~l 
produvtd ahout one-half a s  n ~ n e h  a s  her  pre- 
vious nornral I ~ ~ t a t i o n  follo\ving p:xrturition. 

To  provide further  elitta colicerniug growth 
of the udder c~xpcr i~~~cwta l ly  during Inctation 
i ~ n d  t h ~  I I ( Y ~  of :I d r y  prriod to grow the Inanl- 
111ar7 g l i ~ n d  f o r  the ilext la(*ti~tion, p a r t  of the 
: ~ n i n ~ a l s  wcbrr c*ontinued in milk throughout the 
1ior111o11c~ t rea tn~c~nt  while. the rc~n~itinitig aninlala 
wtLre turned dry  the last 30 to 60 days of the 
tr t~atment period. 



M4TEKI t1.S AX11 3lETHODS 

12 total of 19 anin~als were included in this 
study. Fourtren hr i f r r i  which were induced 
to  lactate rxperin~entally were in their 180th to 
188th d i ~ y  of lactation, when daily injections of 
200 ~ n g  of progesteronr and 200 pg of estradiol 
benzoate wrre initiated. Af t r r  120 days' treat- 
~nent ,  0.3 I I I ~  estmd~ol benzoate p r r  100 Ib 
body weight was injected daily f o r  1 4  days in 
:In attempt to initiate an inc~.eaie in milk yield. 
Seven of thesc, ani~nals were turned d ~ y  the 
last 30 days of injection prriod. The remaining 
heifer.; were n~ilked throughout the experiment 
~vithout ;I dry period. 

,2 Ouernsry cow, no. 38, was ndllrinistered 
progesterone and estrogen fo r  365 days start- 
~ r ~ g  with Day 78 of the induced lactation and 
~ v a s  dry the last 60 days of the treatn~ent period. 

Two Guernseys, no. 41 (induced to lactate 
esperin~entally), and no. 410 ( a  cow which, 
after norrnal parturition, had continued to lac- 
tate over 8 y r ) ,  and two Jerscyi;, no. 348 (fol- 
lowing a nornial pregnaucy) ilncl no. 89 (lac- 
tating following abortion of a ~nunnnified fetus 
a t  appmxin~ately 200 days) werth treated with 
'100 Ing progrstcrone iind 200 pg of estradiol 
brnzoatr fo r  180 days. Daily injections of 0.3 

I I I ~  of estradiol benzoate per 100 lb body weight 
were then administered fo r  1 4  days in an  at- 
ttanlpt to increase milk yield. 

RESULTS 

The injection of lerels of progesterone and 
e5tr:ldiol henzoate (200 111g P. and 200 pg E.B.) 
followed by 0.3 n ~ g  E.B. per 100 lb body weight 
fo r  14 days, which unifor~nly successful 
in heifers and dry con4 in the first a t t r~np t ,  
failed to sti~nulate i~ second experin~ental lac- 
tation in all cows lactating during the treat- 
~nent.  Amlnals in this experiment which were 
dry during the last 30 01. 60 days of the treat- 
~ru.nt period eithc~r failed to n~i lk  or produced a t  
a very low level followin:: the second honnonc 
treat~nent (Tahle 1). The nlean ~naxi tnu~n aver- 
age daily milk yield of the 19 cows following 
second t~ea tmrn t  was only 22.7% of that oh- 
tamed in thr  f rst esprrin~ental  lactation. Fol- 
lowing the 14-day estrogen treatment, five of 
the I1 lactating cows rontinued to decline in 
produetion, whereas s i ~  showed an  increase 
mnging fro111 0.4 to 4.2 lb per day. The mean 
increase in average daily Inilk yield above the 
production level a t  the tinle of estrogen stimu- 
lation was only 0.25 Ih per day. The mean 

Comparative maxim~un daily yield stimulated in the first and sero11(1 l~ormone 
treatment period 

So. d:1ys 
J.~:IS~IIIIIIII :~vg M:IY~IIIIIIII treated 

tlaily ~r~i lk  Avg (1;riI) nvg (1:llly with 200 mg 
yirltl- milk yicltl ~nilk yi(~l(1- progesterone 

first experi- at time of scco~~d 200 pg 
Brectl :~ntl mental estrogen c~pevin~rnt:~l  rstrndiol 
llcrd 110. lnrtation stin~ul:~ tion lartat~on 11enzoa te 

( l b )  ( l b )  (LbJ 
G~oup I-Colvs I:lct:~til~g tl~rougl~out seco~~d experimel~tal period 

H 870 30.8 4.7 0.2 
H 872 28.8 0.1 0.5 
H 873 26.5 4.2 1.4 
J 594 20.1 0.7 4.6 
G 478 23.0 3.4 1.1 
B S  25 32.0 7.2 0.5 
B S  27 17.7 7.2 9.6 
G 41 30.0 24.6 28.8 
G 440 43.2 13.2 17.2 
.J 348 27.4 25.6 22.0 
d 89 30.1 5.1 8.3 

(:rol~p 11-Co11,s dry : ~ t  the end of sccond experimental period 
H 863 30.2 Dry 30 days 7.0 
H 868 30.9 Dry 30 days 8.5 
H 869 25.6 Dry 30 days 0.0 
.J 630 24.0 Dry 30 days 3.3 
J 631 36.4 Dry 30 d:rys 1.5 
R S  24 26.8 Dry 30 days 0.0 
R S  26 24.1 Thy 30 dnys 0.3 
(; 38 29.8 Dry 60 days 4.7 
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n ~ a x i l i ~ u ~ n  daily milk yield fo r  the group of 
eight cows that were turned dry  a t  the end of 
the second experimental period reached a maxi- 
mull1 of 3.2 Ib per day, with a range of 0.0 to 
8.5 Ib per day following the estrogen treatment 
to initiate a second lactation. 

EXPERIMENT I1 

The failure to stimulate milk secretion by 
the second course of ovarian horniones even 
equal to that stimulated by the first course sug- 
gested that the hormone required for  lactation 
was not stiniulated to increased secretion by 
the treatment o r  that the cellb were not prop- 
erly conditioned fo r  response. 

I n  late pregnancy i t  has heen shown that 
estrogen secretion increases to a relatively high 
level in the cow ( 2 ) ,  whereas progesterone 
shows ;I tendency to decline (4, 6) .  It was 
thought that this condition might he sirnulatetl 
hy a more gradual transition from the udder 
growth stiniulating phase to the lactation stim- 
ulating phase. It was decided to t ry  this tran- 
sition program during a 63-day period. I11 this 
treatment, the progesterone was gradually re- 
(lured and the estrogcn gradually increased. 

MATERIAIS A X D  METIIOI?S 

The animals used in the present experiment 
were essentially the same as  those used in the 
previous experimcnt. Pa r t  of the animals, Group 
I, were turned dry, whereas Group T I  were 
lnilked regularly, although they were produc,- 
ing at  a low level. 

Group 1 contnincd 11 anilnals, seven from 
the previous experinlent plus a .T X H e r a s -  
bred heifer, no. 601, previously induced to lac- 
tate experi~nc.nt;~lly, 21 J e r ~ r y  heifer, no. 635, 
two Holstein hrifers, no. 263 and 265, which 
produced only a few pounds per day following 
a 60-day progesterone and estradiol benzoate 
treatment. Group I1 included seven anirrials 
frorn the prrvious experiment that were con- 
tinued in milk during the treatment. 

The hormonc treatment consisted of 1 mg 
estradiol benzo:ttr (E.B.) :md 150 mg proges- 
tcarone (P.) fo r  21 days, 2 n ~ g  E.R. and 100 mg 
P. fo r  21 days, and 3 mg E.B. and 50 mg P. for  
21 days. The cows were then injected with 0.3 
mg E.B./100 Ib hody weight fo r  1 4  days to 
initiate lactation. I n  the dry cows, milking was 
started when the final E.B. treatment was 
hegun. 

REST7LTS 

A steady increase in daily milk yield was ob- 
tained in each of the I1 dry con7s of Group I 
follou-ing the injections of 0.3 mg E.B./100 

WEEKS 
FIG. 1. The mean daily milk yield (based on a 

weekly average) for the 11 dry cows treated with 
decreasing progesterone and increasing levels of 
cstradiol bcnzonte for 63 days. 

Ib body weight daily for  1 4  days. The mnx i~nun~  
average daily milk yield of 16.2 lb per day f o r  
the group was reached in the seventh week 
(Figure 1), whereas individual nlaxi~nuni yield 
ranged from 8.6 to 31.4 lb per day which was 
reached in 5 to 12 wk (Table 2) .  

The average daily milk yield of the animals 
of Group I1 ranged from 0.3 to 8.5 Ib per day, 
with an average of 4.5 a t  the beginning of de- 
creasing progesterone (150 to 50 mg) and in- 
creasing estradiol benzoate (1 to 3 mg) treat- 
ment. Six of the seven animals showed an 
increase in milk yield dunng the last week of 
the second treatment period (50 111g P. and 3 
rng E.R.). The average daily milk yield fo r  the 
group was 12.2 Ih per day a t  the start  of the 
14-day E.B. injection. The lactating group 
qholved an  increase of 0.0 to 28.9 lb, with a 
mean average maximum yield of 15.9 Ib per 
day within 6 wk after the daily injections were 
discontinued (Figure 2) .  

The mean maximum average daily milk yield 
of the 18 cows treated with decreasing levels of 
progesterone and increasing levels of estradiol 
benzoate following the 14-day estrogen treat- 
ment was 79.5% of the mean obtained in the 
first experimental lactation fo r  these animals 
(Table 2).  

DISCUSSION 

Orer 30 nulliparous dairy heifers have now 
been administered estrogen (estradiol benzoate 
and diethylstilbestrol) and progesterone fo r  
180 and 120 days to stimulate the growth of 
the udder follo~ved by estradiol benzoate to 
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stimu1:ite the lactogenic hormone and milk se- 
cretion. The maximum milk yield attained in 
these animals has varied from 13.1 to 33.3, 
with a mean of 23.8 lb per day, but the best 
estimates of their productivity indicate that 
the experimental treatment produced 80 to 90% 
of that which could have been expected of 
these heifers after normal pregnancy. 

It is helieved that levels of estrogen (100 pg 
estradiol benzoate by injection o r  10 lng di- 
ethp1stilbest1-01 orally per day) plus 100 mg 
progesterone injected daily are as effective in 
stimulating extensive lobule-alveolar develop- 
ment as higher dosage levels of these hormones. 
Folloaing the growth phase estradiol benzoate 
will stimulate the secretion of lactogenic hor- 
mone and milk secretion. 

The failure of this treatment to stirnulate a 
successive lactation comparable to that which 
 night 1)e expected to occur during a second 
pregnancy requires analysis. 

Tn a normal pregnancy it has been shown 
that the progesterone levels of the hlood (5),  

ovarian :ind placental tissue (4)  reach a peak 
during the first trimester and remain near that 
level until 30 to 65 days before calving, then 
decline to a low level near parturition. How- 
evrr, estrogen secretion is  low in early preg- 
nancy, increasing throughout the latter half 
of gestation to :I relatively high level a t  par- 
turition (3).  

Eleven dry and seven lactating cows were 
treated with decreasing levels of progesterone 
(150 to 50 mg) and increasing levels of estra- 
diol benzoate (1 to 3 mg) for  63 days, followed 
by the 14-day estrogen treatment administered 
to initiate lactation. Seventeen of the 18 ani- 
mals secreted greater yield than when treated 
with constant levels of hormones. The mean 
daily milk yield (based on a meekly average) 
of the group that  was dry during treatment 
was 16.3 Ih, which mnged fro111 8.6 to 31.4 Ib 
in 6 to 7 wk, ~vhereas the lactating group showed 
a niaximu~n average daily increase of 15.9 Ih in 
6 wk, with a mngr  of 0.0 to 28.9 Ih per day. 
Thc mean ~naximum average daily milk yield 

TABLE 2 
Comparative maximum daily yield stimulated by roastnnt and altered levels of hormones 

Maximum 
nvg daily 
milk yield 

Maxinmm Maximum after 
avg ilaily nvg daily increasing 
milk yield milk ~ i c l d  E.B. and 

first experi- second decreasing 
Breed and mental experimental P. treat- 
herd no. lnrtn tion lnrtation ment 

Per cent 
of first 

experimental 
lactation 
obtained 
following 

the increas- 
ing E.B. and 
dccrcnsing 
P. treat- 

ment 

( ! d l  fib) fib) 
Group 1. Cows dry during increasing E.B. and decreasing P. treatment 

Group 11. Cows lactatiug during increasing E.B. and dec~.cnsing P. trentrnrnt 
H 863 30.2 7.0 21.5 
H 868 30.9 8.5 28.3 
H 872 28.8 0.5 29.4 
J 594 90.1 4.6 21.1 
J 631 26.4 1.5 19.5 
BS 26 24.1 0.3 14.0 
BS 27 17.7 9.6 8.4 

Mean = 22.4 3.0 17.8 

E.B. = Estradiol benzoate. 
P. = Progesterone. 
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14DAYS 
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WEEKS 
FIG. 2. The nlenll (1:iily 111ilk jield (based on a 

~ve.rkly avcmge) for t l ~ r  seven I:l(*t:tti~~g cows re- 
ceiving altered level- of progcstero~~r and estrncliol 
l~enzoate. 

ohtainrd hy this t ~ . c ~ l t ~ l ~ c n t  mas 79.5% 4 1 1 '  the. 
I I I ~ ~ ; I ~  ohserved in  the* first c x l ) c ~ r i ~ ~ ~ c ~ n t ~ r l  I;~c*ti~- 
tion f o r  these animals. The thrrc! hrif(.rs in- 
duccd to lactate following the 6O-d;ly cstrogca~l- 
progesterone administration sl~o\vrtl thv gl.c.at- 
(.st response to the alte~sed lerrl of: o v ; n i a ~ ~  her- 
I I I ~ I I ~  injections, producing froln 138.7 to 
-I(i(i.'i% of thcir first ~ n a s h n u n ~  average d;rily 
rl~ilk yicld, whereas the 1 5  a n i ~ ~ l n l s  treated for  
120 o r  180 days in the first trial produced 37.8 
to 105.0% of thcir tirst I I I ~ X ~ I I I L ~ I I ~  yield. While 
this i1111)l.ovcd rc:sponsch over the constant Irvel 
of ov;~ri;rn hornlonc trc.;rtlnent is cancouraging, 
i t  shoul(1 I)(! notcd that  thest, 11c.ife1.x were t ~ p -  
~ ) r o x i ~ ~ ~ ; ~ t c ~ l y  1 y r  oltltbr ; ~ n d  sllould hare  been 
csspectc~cl to procl11c.c: 1 2  to 15:: 111ore 11li1j.C a t  
this t i ~ ~ ~ i a .  Ther~~f 'o r (~ ,  111iljC J-irltls of 113  to 
115% of thc first c ' s l , t ~ ~ ~ i ~ ~ ~ c > ~ ~ t ; ~ l  t ~ ' f ' a t ~ ~ ~ c n t  wo~lld 
h i~ve  brbchn ronsidc.~.cxtl :III c2clu:rl response due to 
the horn~onc t . r c i ~ t ~ ~ l ( ~ n t .  Sin(.(' ( . o ~ ~ s i i l ~ r a l ~ l e  sue- 

c2c.ss tvitx ol)t:~inc.d with the nltclrc~d Irvc~ls of t l~t .  
ov;i~.i;~n 11o1.1noncbs i n  these 63-day trials, a s  
co~nl);~r~.( l  t ~ i t l ~  tht? firilure in hot11 dry  ;tntl liica- 
i i~ t ing  (.o\vs wit11 th(l constant level of hor~uones 
~ ~ v v i o u s l y  nsc.tl, it  is helirvccl tha t  the. ;iltered 
I~~vcbls i ~ n d  riltios of' (.strngc>n and  pl.ogc.steronc~ 
nscbtl i l l  this ( ~ x l ) t ~ ~ . i l ~ ~ ( w t  n ~ a y  he n I I I O ~ P  phyai- 
~rlogic;~l 111i~tl1o(1 of stinll~lirting s ~ ~ r ~ ~ s s i v c ~  ex- 
~ ( ~ I . ~ I I I ( ~ I I ~ : I ~  I;rct:~tion. 
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R.ATE O F  ABSORPTION O F  L-THITHOXINE 1'"' E'ROJI T H E  
GASTROINTESTINAL TRACTS O F  DAIRY CATTIIF, ' 3  " 

G. W. PIPES, T. R. BATMAX, asn C. \V. TURNER 

l>el ) :~r t~nn~t  of Ilniry Husbnndry, Ul~ivcrsity of Missouri, Colnmhi:~ 

S1:MMAltY 
Radiothyroxine was adn~inistercd orally to seven dairy c:~ttle and the rate of 

ixbsorption was ineasured by following tlie radio:lctivity of plasina san~ples. 
These samples were taken a t  iriterv;~ls u p  to 96 h r  after adininistration. The 
half-time (tl/z) which can be defined as  tlie tinre required fo r  a snhstance to 
double in concentration or to decline one-half, was calculated fro111 the mdio- 
activity of the plasma. The absorption of thyroxine 1'" from the gastrointestinal 
tract followed two phases, a rapid :~hsorption phase with a ty2 of 2.6.5 h r  and a 
much slower phase with a tl/z of 20.1 hr. After this period, a declining phase 
with a t+" of 160.1 hr was observed as  n~etabolisrn and exeretion predon~inated. 
The recycling of 1':"  fro^^^ ~net;ibolizrd thyrosinc. 1':" was blockrd hy daily tadtnin- 
iqtt.:~tion of ;I potrnt goitrogc.11, tapazole. 

lr~vestig:.ation of the rate of absorption of 
orally ad~~rinistered thyroidal inaterials in cat- 
tle appear to he l i~~l i ted  to the study of Yixner 
and Lrnnon ( 2 ) .  These workers used the in- 
crease in PBI as an index of ahsorption. After 
thyroxine adnrinistration, the first hlood SRIII- 
ples were taken after 10 h r  and an increase in 
I'BI \\-as ohsrrvetl. XLa.xinlu~n levels were 
found 30 to 40 hr after ad~ninistration, fol- 
lowed by :in rxponc~ntial decline. 

These observations, as ~vt.11 as the work of 
I'~.en~i~chandr;, and Turner (6 )  on the kinetics 
of suhcutat~eous absorption of thyroxine I':", 
pron~ptrct :In invrstigation of the rate of ah- 
sorption, particularly during the early phase 
of or;rlly :~dnrinistrred I,-thyroxine 1'"'. The 
lwt'sent 1)aper drscr ih~s  such observations. 

Six ~~onl:~ct:~ti i ig heifers of the Holstein, 
.Jersey, nnd Guernsey hrecds and one lactating 
(iu(1r11sry cOvT were usrd in thrse trials. 811 
;~n i~na l s  werc (.onfin(~d in a dry lot and fed 
i ~ l f i ~ l f ; ~  hay and a ground dairy ration. Access 
to an  iodized salt block was allowrd a t  :dl tinres. 

Thrtv Irundred rnicrocuri(.s of I"' tagged thy- 
~,oxine \vc>re p1:lrc.d in gelatin capsules filled 
with filter paper and ad~ninistered hy a balling 

Rcceivcd for publicatio~l July 11, 1!lG2. 

' Contribution from Missouri Agricultural Ex- 
pcriment Station. Jourl~al Series So. 24511. Ap- 
proved by the Director. 

'Aided-ill-part by a gmmit from I T .  S. Atonlic 
Energy Co~l~~lnssion, Contrnrt So. AT(l1-1)-301. 

gun to r:~ch ati in~i~l.  Blood sirnrples were taken 
from the jugular vein a t  intr~*vals u p  to 96 h r  
after ad~rrinistration. The plasma was sepa- 
rated by centrifugation and its radioactivity 
was r~leasurrd in a Sational Radinc Scintilla- 
tion \\'ell Counter (Jlodel 5A-2D). 

Four  g r a n ~ s  of tapazolc per 1,000 lb body 
weight was given hy gelatin ci~psule one day 
prior to the ad~ninistration of 1,-thyroxine 1'"' 
i ~ n d  each day during hlood sanrpling. Tapazole 
(5)  pr(,vents the recycling of iodine froill rile- 

ta.holized thyroxine. 
The per cent absorbed thyroxine 1'" was 

ci~lculated from the rtidioactivity of the plas~na, 
using a a  estin~ated value of 4% of hody weight 
as p lasn~a [Turner and He~.cnau, ( 7 )  1. 

The half-time for  increase and subsequent 
drtrline in rz~dioactivity (tl/2) in plasn~a W:IS 

in 
calculated by the equatioli - (1) when 191 is 

m 
th(h natural 1ogarith111 and WI is thr  slop(' of the 
regression line (i.e., per cent dose in total 
P~;I\III:I agt~inst tinre). 

RESULTS 

Hadioiictivity could hc (1~tectt.d in the plasrnn 
:I h r  after adn~inistr:ttion of thyroxine I'", when 
the mean per cent ahsorhcd was 0.34. The 
111axin1ur11 was reached after 44 to 45 hr, when 
the radioactivity of tho plasma ranged fro111 
5.6 to 14.9% of injc.ctrd (lost, with a nrran of 
10.8 -+- 1.67. 

The tinre c.oursc, of i~hsorption of thyrosine 
1'"' into the hlood follo\ved two phascs, a rapid 
i r~i t i i~ l  ph:rse and a seconcl illor(, prolonged phase 
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FIG. 1. The time course of absorption of thy- 
roxine 1'" from the gastrointestinal tract of dairy 
cattle. 

(Figure 1). The initial phase of absorption 
had a half-time (tl/z) of 2.65 h r  and lasted 
approximately 16  hr. This was followed by a 
second phase with a tl/z of 20.4 h r  and lasted 
until 45 h r  after administration. A t  this time, 
the radioactivity of the blood began to decline 
with a tl/z of 160.1 hr. Aletlsurement of thy- 
roidal 1'" by the method of Pipes and Turner 
(3)  confirmed that  1'" was not taken u p  by the 
thyroid and that the goitrogen blockage was 
complete. 

DISCUSSION 

Absorption of orally administered thyroxine 
1'" was slightly more rapid during the initial 
phase but more prolonged during the second 
phase than that found by Premachandra and 
Turner (6 )  following subcutaneous injection 
(Figure 1). However, the amount absorbed 
into the blood was f a r  Icss than that observed 
from suhcutaneous injection (Figure 1 ) .  Since 
the tl/2 of intravenous injected thyroxine [Pipes 
et  al. (4)] is of the order of 59 hr, daily oral 
administration would result in a much higher 
blood level of thyroxine than that observed. 

The slow apparent rate of absorption during 
the second phase was not co~nplicated by re- 
cycling of 1'" from metabolized thyroxine Iln, 
since tapazole was administered in sufficient 
amounts to prevent the uptake of 1'"' by the 
thyroid. The second slower phase of absorption 
was undoubtedly influenced by the sin~ultaneous 
absorption and n~etabolism of thyroxine I'a', 
as well as  subsequent excretion of I"' in the 
urine. During the declining phase (Figure I),  
metabolism and excretion overshadowed absorp- 
tion, but the tl/z of 160.1 h r  was f a r  greater 
than the tl/z of 59.3 h r  found by Pipes et  al. 
( 4 ) ,  after  intravenous injection of thyroxine 
1'" into thc dairy cow. This indicates that ab- 
sorption was still taking place. 

Prelin~inary fractionation studieh ~ndicate 
the excretion of thyroxine Iln in large amounts 
in the feces during the second and third phase. 

The possibility exists that the radioactivity 
found in the blood after thyroxine 113' adniin- 
istration was largely inorganic iodine, but the 
radioactivity was not rapidly elirninated hy the 
kidney, as i t  would have been if such had been 
the case. 

On the other hand, the blood fro111 the rulnen 
and intestines must pass first through the portal 
vein to the liver, where a certain degree of 
deiodination may take place before i t  reaches 
the general circulation. Che~nical fractionation 
of the plas~na indicates that 80% of the wdio- 
activity of plasma behaves a5 thyroxine 113' 
(i.e., is protein-bound) . 

I n  view of the rapid absorption of orally 
ad~ninistered thyroxine I'", i t  is strongly sug- 
gested that  a certain a~nount  of absorption 
takes place in the rumen. While anlino acids 
are not generally believed to he absorbed from 
the rurnen, thyroxine may prove to be unique 
in this respect. To support this view, limited 
data were obtained in fistulated, rumen-liga- 
tured sheep. Significant arnounts of radioac- 
tivity in the blood were observed under these 
conditions. 

The mean absorption a t  the peak (Figure 1 )  
of 10.8% confirms the studies of Mixner and 
Lennon ( 2 ) ,  who found a mean absorption 
efficiency of 11.6% f o r  orally administered 
thyroxine. 

I t  should be considered that this study was 
nlade in the dynamic state, since ahsorption, 
~r~etabolis~u, and excretion were occurring. True 
values for total ahsorption, therefore, a re  prob- 
ably higher. 

A t  any rate, the comparison of oral and 
parenterally administered thyroxine (Figure 1 )  
show that thyroxine is poorly absorbed from 
the gastrointestinal tract of the bovine and 
tends to explain the low potency of orally ad- 
ministered thyroidal materials. 

Further confirmation is the finding of large 
a ~ i ~ o u n t s  of thyroxine-like substances in the 
feces. 
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HIOI,OC;I(IAL ASSAY OF T1IYhi)l'ROTElN 

('. \V. TI7RSI.:I< 7 4 % ~  T. I<. RAIJMAS 
L ) ( ~ I ; I ~ ~ I I I ~ I I ~  of 1 ) ~ i r y  H I I S ~ I ; I I I ~ I . ~ ,  I i~~i re rs i ty  of Missouri, Col~l~nlli:~ 

A new ~ ~ ~ ( h t h o d  f o r  thtl hiologiei~l assay of thyroidal snhstanctbs 1)asc.d u p o ~ ~  
the tleter~nin:~tion of the. thyrosinc. secretion r a t r  (TSR)  of ra t s  is suggestetl. 
The Incan T S R  of a group of rats  is  first detertnined b y  thyroxine replacement. 
Thyroprotcain is then iujected suhcutanc~ously in a ~ n o u n t  sufficicmt to block 
thyroidal-I"" releasch in the individu;tl rats. Biological estin~iition of thyroid:il 
;~ct ivi ty in fivt~ san~ples  of thyroprotczin indicated tha t  san~ples  cont;~ined 3'2, 27. 
4.5, 31, and 53% Innre activity thirn C ~ I C I I I ~ C R ~  ~ s t i l n i ~ t i o n  of 1 %  thyu~s ine .  I t  IV:IS 

suggested that  the increased hiological activity  night he clue to slower ahsol.ptior~ 
of' thyrosinr fro111 the injection site o r  to the prrsencdcb of signifirnnt a~nonnts  
11f t r i iodothy~vninr ill thyroprotvin. 

il n u ~ n h e r  of ~ ~ ~ r t h o d s  have h e w  suggrsted 
for  the 1)iological ;Issay of thyroidal substi~nces. 
These n~ethods hi~vcl hc.c>n revic.\ved hy  Turner 
rind Pren1:1c.hand1.;1 ( 7 ) .  The. ohjc~ct of the 
present report is  to  suggest a nc3w  neth hod for  
thc hiologicoi~l assay of thyroidal suhstnnces 
11;lsed upon the  neth hod of dete~.rnining the thy- 
rosine sc~cretion r;~tc. of experin~entt~l  an in~als  
such as rats  (:<) or  I I I ~ C P  ( 3 ) .  

. l E a t p r i t r l , ~  t rw i l  t ~ i c ~ I l ~ , o ~ l . s .  Afale rats  of Spmgue- 
I ) i ~ w l r y - R o l f s ~ ~ ~ c y e r  strain were ~naintained on 
Ii~horatory pellet feed a t  a eonst i~nt  temperature 
of 78 t- 1 F. The thyroxine sc.cretion ra t r  
( T S R )  of earl1 of 63 ;~nilnals was determinrd 
l ~ y  the ~ncithod deserihvd (3) ,  except that  thy- 
rosiue ( T , )  was adn~inistered in increasing in- 
erc~ncnts  of 0.25 pg ;1nc1 tapazole : ~ t  the rate of 
-100 pg/100 g hody weight \vas injected daily 
to l~revcnt  recycling of T'". Thr  T, usrd ~21s 

supplied l)y Travc.nol Li~h., Ine., Morton Grovc, 
Illinois, and was gunr;~nteed to contain not  
Irss than 97% of I,-thyroxincb. 

Thyroidal substances in the f o r n ~  of synthetic 
tl~yroprotc.in (thyroaetivc. iodinnted casein) with 
comlnc.rc.ial rlanle of Protanlonc." were assayed. 
These prepari~tions \vercb shown hy  Heineke (6)  
on the l~as i s  of isotope dilution technique. to 
contain 1.04% thyrosinc~. Five r o ~ n n ~ e r r i a l  S : I I ~ -  

ples which \\.ere st;~ndardized by the ~nanufac-  
tu re r  to contain 1% thyrosine hy R counter- 
current clistrihution fractionation systenl and 

l<eeeivrd for puhlir:rtion July 12,  1962. 

' C'ontril~t~tio~~ fro111 Missouri Agrie~~ltural En 
~ ~ c ~ r i m e l ~ t  Station. .To11r11a1 Series SO. '2154. AT)- 
~ ~ r o r e d  11v t l ~ e  1)ireetor. 

i1 difTerential sl~c~ctropl~oto~~~~~tric 111ethod 11-err 
used. On t~ssu l~~l ) t ion  that thyrol)rotc,in con- 
taincbd 1% T,, 100 pg  tthyroprotein \vonltl con- 
tain 1 p g  T,. T h y r o p r o t e i ~ ~  was I~c~lnogmized 
in solntion of 50');, propylc~nc. glycol ant1 50yC 
salinc.. Both T ,  : ~ n d  thyroprott~in \\.(,re injrcted 
suheut;~neonsly. The I.-thyrosine sec.retio11 rate 
of each rat  ill tht. group was deterlnined. The 
TSH of surviving rats  was co~nparc.tl in each 
su'cossive s : ~ n ~ p l e  with : ~ n ~ o u n t  of thyroprotein 
rc.quirt.d to hlock tl~yroid;~l-1'"' ~~rleascb ;III(I thus 
indiratc the thyrosine eclniml~.nt eff(.ct. 

JIenn TSR of 63 rats  was 1.32 pg T,/100 g 
1)ody weight. S a ~ n p l e  I thyrol)rotein required 
only a rnean of 100 pg/l00 g body weight to  
hlork thyroidal-I"' release rate:  thus, this 
alnount of thyroprotein produced a hiological 
effcvt equal to 1.42 pg  TI o r  was 42C: ahove 
est in~ate of 100 pg thyroprotein. hein:: equal 
to 1 pg T,. 

S : ~ ~ n p l e  I1 rc~yuired a nlcsan of 113 pg to 
equ:~l 1.43 pg  T,/100 g hody weight, indicating 
a n  increase of 27% ahove e5tilnated potc~ney of 
thyroprotein. Samples 111, ITT, and l' mere 
calanlated to he 45, 31, and 53% inore potent 
than T, on the of thyroprotein containing 
1% T,. I t  will hch noted that  successive bio- 
wzsays were based on reduced n u n l h ~ ~ r s  of com- 
pt~ri \ons due to ~nortal i ty during the tinw span 
r e q u m d  to conduct successive assays. The mean 
TSR of surviving group was ( ~ o n ~ p a r e d  in each 
case. 

'Aided ill part hy :L g r a ~ ~ t  frorn U. S. Atonlie Th(' proposed tnc~thod of h i o a s s a ~  of thy- 
p:~l(,rgy ( l o n ~ m i ~ ~ i o n  ( y o ~ ~ t r : ~ ( 8 t  So .  AT(11-1)-301. roidal material is  hased upon the ~ncthod of 

'Supplit~cl hy Agri-Tech., Tnr., Tcans~s City, detern~ininp the TSR of rats. Conlp;trison is 
Missoori. ~ n t ~ d e  of the atnount of thyroidi~l material re- 
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Biological asstiy of thyroprotein in comparison with thyroxine by t11.1 ro~ine  sccletion rate 
equivalent n~ethod 

Mean 
TSR 

Tllyroprotein oqnivalmt dosage (100 pg = 1 pg T,) 

No. of sutviving Sample Sample Sample Sample Sample 
animals animals I T I  I11 I V  V 

p-(p9) 
100.0 

63 1.42 113.0 
62 1.43 99.0 
50 1.44 1nn.o 
38 1.43 94.0 
16 I .44 

Potency a +42% +27r/o +45% +31r/o +53% 

"Potency determined by comparison of ~nean TSR of group with thytoprotein eqnivalent. 
Thns, in Group I, mean TSR = 1.42 yg Ti per 100 g body weight. 100 pg thyroprotein equals 
1.43 pg TI. Thyroprotcin 42% more potc'nt tl1:111 chemic:ll estirnate of 17; tl~yroxinc. 

(pired to equal the T, effect. Because of the 
variation in TSR of individual rats and even 
groups of rats, it is important that conlpnrisons 
he made using the same anin~als. 

Thyroproteln samples were from batvhes of 
comrr~ercially ~nanufactured ~naterinl standiird- 
ized by chemical analysis to contain 1% T,. 
Present hioassnys indicate that these samplei 
contained from 27 to 53% irlorcl biological ac- 
tivity than ehetnical analysis indiexted. 

Several possible explanations may be ad- 
vanced. In  comparison with TI, thyroprotein 
was injected in complete protein ro1nbinatio11. 
Present study suggests that the thyroprotein 
is hydrolyzed a t  injection site and T, is re- 
leased. I t  is possible that  a slower rate of 
absorption of T, from hydrolyzed thyroprotein 
may increase the effectiveness of T, contained, 
thus increasing the apparent effectiveness. I n  
studies with dairy rattle, the rate of abqorption 
of thyroxine-1'" f r o n ~  a subcutaneons site was 
shown to he exponential with a faster colnpo- 
nent lasting 6 to 10  hr, followed b~ a slo~ver 
con~ponent f o r  the remainder of the 21-hr pe- 
riod (5). I f  absorption of T,  were slo~vc~r from 
thyroprotein, i t  is possible that  the apparent 
biological effectiveness might be increased. 

A second and more probable explaniltion ]nay 
be the presence of significant a~nounts of tri- 
iodothyronine in thyroprotein. Friedberg and 
Reineke (2)  reported that  hydrolyzed thyro- 
protein rontained a t  least ten iodinated corn- 
pounds including rnono- and diiodotyrosine, 
diiodo- and triiodothyronine, as  well as  thy- 
roxine. Since triiodothyroninc has been shown 
to  be three or rnore times as biologically active 
in the rat  as thyroxine (7), the presence of 

this co~npound in thyroprotein c~nuld increase 
its a p p a r ~ n t  biological activity as  shown in 
the present study. 

In  dairy cattle, Premachtindra et  al. (4) re- 
ported that triiodothyroninc was slightly ovt2r 
twice as effective as t h j~ox ine  when injected 111 

inhibiting pituitary thvroprotein secretion. 
Hou,c.ver, Rartlett et  al. (1) rcported that  tri- 
iodothyronine was much less effective orally 
than thyroxine, as measured by their influenee 
on milk yield. Since the response of thyroxine 
on ir~ilk yield in dairy cattle is quite variable, 
the results may not indicate a significant differ- 
('nee. 

The significance of the present study of the 
biological a\ay of successive commercial sam- 
ples of thyroprotein standardized to 1% thy- 
roxine by a chemical method is the indication 
that quch a method is satisfactory, since all 
s~ inp lc s  indicate hiological activity above the 
guaranteed nlinirnum of 1%, in standardizing 
this product. That the biological method indi- 
c;ites potency from 27 to 53% above the chem- 
ical 111ethod nlay br due to the d ~ f f e r e n c ~  in rate 
of iubcutaneous absorpt~on of thyroprotein or 
to the presence of triiodothyronine. I f  the 
latter is true and the oral biological value of 
triiodothyronine is less than thyroxine, the 
chemical and biological methods of assay of 
thyroprotein would indicate sin~ilar oral ac- 
tivity. 
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TECHNICAL NOTES 

SIMPLE DEVICE FOR OBTAINING SAMPLES O F  HEADSPACE GAS 
DIRECTLY FROM SEALED CONTAINERS FOR ANALYSIS BY 

GAS CHROMATOGRAPHY 

The determination of oxygen in the head- 
space gas of sealed containers of food products 
has been a commonly used quality control 
measure for  many years. The Orsat method 
which is often employed generally requires 
large volun~es of gas and is time-consuming. 
Instruments are available for  detecting a gas 
by measuring its paramagnetic susceptibility, 
but such devices cannot yield a complete analy- 
sis of mixtures of gases. Several methods (3, 
4) have been described for  the removal of gas 
mixtures from the headspace of sealed con- 
tainers and procedures have been developed 
(1, 2) for  the separation and identification of 
mlcroquantities of gases by gas chromatography. 

A simple, inexpensive device (Figure 1 )  has 

2-1/2' HIWOERMlC NEEDLE -6 GAUGE -- , 
I/BSX m"hl lPPLE - -  

~ / ~ " C A P  SCREW - 

FIG. 1. Detail of gas sampling device. 

been developed in this laboratory to permit the 
removal of headspace gas from sealed cans 
without contamination of the sample from an 
outside atmosphere. The materials used in con- 

10. Hypodermic needle, 16 ga., 4" 
11. Rubber injection gasket, dia. 

Adjustments made by moving the end plate 
of this device adapt the base to any size con- 
tainer. The can is first held loosely in  the 
apparatus and the screw is tightened until a 
seal is accomplished between the rubber stopper 
and the container. The system can then be 
purged by attaching a cylinder of inert gas 
and flushing or, alternatively, the contaminat- 
ing atmospheric gases in the unit may be re- 
moved with a vacuum pump. The screw is 
tightened further, compressing the rubber 
stopper (not shown in the diagram) until the 
can is punctured by the piercing tip. A gas- 
tight syringe with a 4-inch hypodermic needle 
(23 to 27 ga.) is inserted through the rubber 
septum. An internally contained hypodermic 
needle (16 ga.) provides a passageway to guide 
the inserted needle through the can piercing 
t ip and into the can. Without this internally 
contained hypodermic needle, probing is neces- 
sary to find the hole in the piercing tip. Conse- 
quently, time is wasted and the needle is  dulled 
after only a few uses. Two rinsings of the 
syringe with the headspace gas are necessary 
to obtain reproducible results when the gas 
sample is injected into a gas chromatograph. 
The hypodermic needle on the air-tight syringe 
may be withdrawn and inserted many times 
without danger of contaminating the internally 
contained gases. 

R. L. BRADLEY, JR. 
AND 

C. M. STINE 
Department of Food Science 
Michigan State University 
East Lansing 

struction of the device were : 
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( ' 0 3 I I ' A R I S O N  OF 303- ASD :365-DAY P R O D U C T I O N  R.ECORDS 1-SDER 
S T R A T I F l E D  LEVELS O F  HERI) P R O 1 ) U C T T O S  '. " 

?'II(~ relirtivc~ ~n( ' r i t  of Iiictation records of 
vitryitlg tluration has l)(.c,n s1udic.d hy  nunlerous 
rc.seiirc.11 aorkt'rs. Thoc!le ( 5 ) ,  in a review of 
the, liternturt. dealing wit11 305- and  .?65-d;iy 
rc.cortls. gc~nrr;rllg c ~ o l ~ a l u d ( ~ l  that  for  purposes 
of sc.lrction the :<05-d;ry 1~c~co1~1 is : ~ t  least a s  
useful as  t h ~  3(i5-day recaord. The incrensetl 
i~lfluc~~~cch trf c;~lving interval, ;lac, and season 
of' c,;ilving 0 1 1  recaords l o r ~ g w  tCran ten 111o11ths 
is ;~pp;~~. (sn t  (2-5) . This, plus the krlo\vlc.dgc~ 
that vari:rtion in frecli~lg i ~ n d  ~ r l ; u ~ a g e n ~ r : ~ ~ t  have 
gl.e:rter influc'nrc. 011 lilter than on early stage 
of I i lctat io~~,  h i ~ s  sti~nul:ltetl rerchnt ~~est~;u.ch 
tle;~ling with the usefulness of records of shortel. 
dul.:ltion t11;rn tvn 111ontI1s. 

The issue of 305- vs. 305-day records has been 
r~cnc~~rt~tl .  hv dairvnrc~n. :IS rr rc~sult of the n n i t l  " ,  
gl.onth of '1)airy I le rd  T~nproven~ent  ~tAgi&y 
( 1) 11 IH ) through which :105-tl:ly irnd c o ~ n ~ ~ l e t e d  
laetation rc.cords but  not 365-d:ry rc,cords i71.c. 
p~~ovid(.tl ;IS a result of routine I):~iry IXerd 
11111,rorenlc~nt Assoc:i;ition (1)HIA)  ~)rocc.tlures. 
The question riiised by d:~iry~~rc,n is w11rthc.r 
i3(i.',-diry rtacords in.(. nlore uscfnl f o r  selection 
~)urposc~s  in high-l)roducing herds nndvr Atl- 
virncrd Iicyistry (AH,), I le rd  I ~ ~ ~ p r o v r ~ r r c . t ~ t  
Rrgistry (I-IIR), and  1)IIIR conditions. This 

Prodnctiol~ data wcw provided by the 1101- 
steirl-Friesii~n Assoc~i:~tion of t2111c~ica and cou- 
sistc~d of 81,226 records ~uad(b hy 15,S92 cSo\vs 
in 76 A R  irnd 11IR herds. The herds used ill 
this s tudy were selec.ted on the h;lsis of h;lr,illg 
hern on  test fo r  15 or  Illore consecutive years 
nn(l f o r  viirirrtion in Ierrl of herd f a t  produe- 
tion (low = 400-449 lb ; ~ n e d i u ~ ~ ~  = 450-499 lh ; 
high = ,500-530 Ih) . The, dirtn inclutled actu;tl 
I;rctatiol~s of 306 to 3R.i tli~ys irnd both J1.F:. 
;rntl irctni~l :30.i-day or  less records co~~~ple tc ,d  
through 1959. A total of 15,430 records repre- 
sc~ntetl 3 X  l ~ ~ i l k i n g s  in  17 herds. 

The geurrtll desc8ription of the, d;rta with 1.r- 
sprct  to five length-of-lactatiol~ groul)s is  a s  
f'ollo\vs : 

study &-as ~na t lc~  in a11 :rttelrrpt to ;~ppr;tise the 
~.cblatire ~lrc.t.its of :30;5- irnd 365-day reeo~,ds for  Thcbre ;~ppcl:rred to  he no i lnport ;u~t  trends in 
st.lection Irurpnses in striltifietl I(~vc1ls of A R  the distribution of length of lacati%tion groups 
;lnd IIIH hertl 1)roduc.tiotl. over t h ~  three levels of SX herds. However. 

in 3x herds a somewh;rt n re i~ te r  1,eret:ntase of - 
: t;ll,lpo,.te~~ ill I,;lrt I,? \~ i seOl l s i l l~s  AT coop. 365-day rec.orrls ntrs notcsd. The ;lvel.:1ge age ; ~ t  

vl.nt ivvs. cixlving, 1eugtl1 of lact;rtion, alld tlunihrr of 
'Al)pr(rved for ~)ol) l i~at iol l  1)y the Director of I 'e~ords per  eO\V \vCl'f' vc'l'y silllilt~r and  ill most, 

tlre Bxperin~t~~rt St:rtiol~, Ir~lirersity of W i s c o ~ ~ s i ~ ~ .  c2:ises itlt~ntictll over th r  four herd groups. The 

TABLE 1 

Relw:~tnl)ility estil~lates of first an(l s(voni1 available 305- n~r(l 363-clay actual mid M.E. 
pro(1uctio11 

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

Rel)i*nt:rl~ilit? rstirr~ntcs 
- -  -. - - -- 

1 s t  305- 
d;ry fat  1st rs. L'll(1 305 I st rs. 2ncl 366 

TIe?(l So. S o .  
pro111) lrerils vo1r.i S s M i l k  F:l.t %, F a t  Milk Fa t  % Fat 

-- -- - - 

?X, M.E. 
I ,ow 24 i 6 i  1 7 1  84  .421 .375 .65X .417 3 7 6  ,690 
12Zedi11m 2 l i02 51(i 79 .417 3 4 8  3 . 4 3 i  .390 .763 
1Iigh 27 1,050 682 89 .496 ,404 ,748 .49fi .501 .770 
O~er-;rll 73 2,419 5 3 0  86 .45:3 ,429 ,719 . I 5 8  , 1 4 2 . 7 4 6  

L'X, Actual 
Low 44 767 402 80 4 .3X:3 .if28 .:{90 
Medium 22 603 i f40 80 .408 .3(i3 .427 ,381 
High 37 1,050 5 0 1  94  .456 .474 ,476 5 0 1  
Ovcr-all 73 9,419 4 5 1  87 .443 .444 1 .A44 

HX 011 JI.E., 9X  1)nsis 
li 426 602 i l l  1 ,535 .7RO .50(i .530 . i 8 1  

::A :~rtnnl  
1 7  426 ,507 81 ,504 . j10  .30:< 5 1  2 

- - - - -  



distril)ution of co\vs havi~lg our or 11iorc~ 36.5- 
clay rec.o~.tls \v;~s A!).:!, 45.0, SO.(;, aud 57.6% ill 
thr  low. ~llc~cli~l~ll, high, :111d :3X hc~rds, rc,spc,e- 
tively. 

Repatahil i ty c2stinlntc.s of :305- :111d :l(iS-di~y 
~.chcords \\*c3rc. c.;~lrnl:ltcd a f t r r  srlrc4i11g fro111 
the data tl~oscb cdows h;tvil~g t a n  or 111ort' :l(i:j- 
(lily rc.c.ortls. J1atul.c. c~quiva lc~~~t  yield was de- 
tc~~.~lii~i(hd, 11si1ig the ; ~ g r  : ~ c l , j u s t ~ ~ ~ ( i ~ ~ t  f21etor eor- 
~.cy>o~~cli l ig to tl~cs S ~ I I I I C  lii ' ti~tio~~ ill 30.5 days. 
'rhr r(,pe;~t;~l)ility esti~~~;itc,s 1);1s(~l 011 i11tr;x- 
11cbrd si~l~plc. eorrc.li~tio~l cwrfficie~~ts~ ; I I I ~  repre- 
scwteti thc. first ; I I I ~  s(~o11(1 ;~v:~ilnhlt. rc.rords of 
2,419 c.o\vs ~ ~ r i l k r d  ;it least 365 days u ~ i d e r  2 X  
c.o~~dit,ions, :lntl 11% rows illilk(d : ~ t  Icli~st :Hi5 
tl:~ys u ~ ~ t l r r  : 3 ~  co~~dit ious.  The results illse 

s u ~ n ~ ~ ~ : ~ r i z e t l  in 'I'i~hle 1. 
I t  is :lpp;neut fro111 T~hlc. 1 th:~t  no sig~~ific.,zi~t 

tliflc~rc.~~c.c~s cbsist in tilt. c.stiu~;~trs of repeatability 
of' 305- vs. 365-(lily rc~col~tls. The trend toward 
slightly grcsater valllrs f o r  tlic 365-day records 
is possibly nttrihutcltl to the Inore deliherate 
offort on the 1);1rt of thrse d a i r g ~ ~ l e u  to delay 
I~rc.ecling the coas involved ill Tnhlr 1 for  12- 
111ont11 Inc.t;~tioi~s. I t  was r~ot  ronsitlerrd feasible, 
11omt.vc.r. to study thr  i~~f lnc~nre  of e;~lviiig ill- 
tc~rr;~l  ill these dilt;~. 

Tllc.13e is no ohvious c . s l> l i l~~;~ t io~~ for  the sig- 
11itic~;lntly I~ighcr ~ ~ r l ) t ~ ~ t a h i l i t y  c.stim:ltes in- 
volving fnt yirltl ill the high 'lx herds. TVlle~i 
I~chrd :tvrragchs \verc3 co~~ipntc.d over all years 
fl-onl ;III i~vailnhle 305-(lily l:lctatiolis, var i ; l t io~~ 
i l l  11c.rtl ;ivtlr:lgcBs ~ v a s  grc,i~test ill high 11c.rds and 
s~~la l les t  ill I I I ~ ~ ~ ~ U I I I  I~erds. I I o ~ e v c ~ r .  cwc.ffieirnts 
of v;~ri :~t iol~ \vcAre 5.3. 4.7, ; I I I ~  6.1 for  high, 
1 1 1 i u 1 ,  I I u s ,  r s e t i v l y  The 
:~v(~r:~gc. i~~tc~rv i i l  1)c.tnec.n the' first aud serond 
;iv:~ili~l)lt~ rrcortl \vas 35.,5, 26.7, 27.5, and 26.8 
~ l io~l ths  in the :3X, high, 11lediu111, :111cl low hvrds, 
1~c~sl)c~ctivrly. 'I'11rl.c \\-;IS IIO i ~ ~ ( I i ( * a t i o ~ ~  that 
sI~ort-ti~ll(, e ~ ~ v i r o l ~ ~ l ~ ( r ~ ~ t : ~ l  ~ I I A L U C I I C ( ~ S  \\,er(! ;I 

c.olltrihuti~lg f;icto~,. Tilt. pc~rc.e~lt;~ge of co~vs 
?ro111 thc, origi~lal ( I ; I~ ;L  211id rc~prese~~tccl ill the 
:l11~1ysis i ~ l v o l v i ~ ~ g  101~. ~ l~c*di~ l l~ l ,  i111d high herds 
\v;~s 1:3.5. l:l.fi, ;111tl 1H.3, respectivc.ly. Cause- 
cl~~eritly, it is 1)ossiilh~ that the! grc;~tcxr srlectio~r 
of c.o\vs in the low i111d I I I ( ~ ~ ~ U I I I  herds could h:~rc. 
h(2e11 e o ~ ~ t r i h i ~ t i ~ ~ g  j ' :~~tors to the Io~vtbr rcq)e;~t- 
:~l)ility esti~liatc.~ ill thc.st1 g~.oups. 

v 1 1 I I ( W  \\.:IS littlt, diffen.~~c.e ill the r(y~c~:~ti~bility 
chsti~ll;~tt.s i ~ ~ v o l v i ~ l p  ;~catn;~l : I I I ~  L'X, -\I.I.:. 1;lr- 

t:ttio~is. T11ca ;~vc~r:igc~ ;igr at e:lIvi~~g for thc~ 
l int  i111d I I P S ~  :lrail:~hle rt.coid IV:IS 41. a l~ t l  67 
I I I O I I ~ I I ~ ,  1vspc~c.tivc4y. ' r l ~ c a  l ) l I T ~ ~ - J I . l ~ ~ .  f ;~r tors  
used Ilrrc. \vcLrc2 c.flec.tivc. in rc.duciug withill-hercl 
v;~ri;ltiol~ in 111ilk a ~ ~ d  fat  yield 21s 11lc.iisurrt1 1)y 
the cocfficaient of v;iri;~tion. 

Si111p1t. c.orrelati(~ns h t t w c ~ c ~ ~  ~ O I I C I I ~ I . ~ ) I ~  305- 
; I I I ~  :l(iS-day Iact:~tions were ill th r  order of 
0.99 for  ~uilk,  fat ,  ant1 percayntagc of f a t  and 
tlitl 11ot v;~ry wit11 herti level groul). A I I I O I I ~  
the &419 lirst ;~vnil;thlr rc~cao~~tls, 89.0 ;end SH.:3C/, 
of t l ~ v  111ilk i111d fat, ~.esp~etively,  ill :I(i.5 days 
I S  I I I ~ I I I I I I ~  0 5  I s .  TIIV 
co~. r r s lx)~~ding  vi~luc.s l i )r  sc~c.ontl avnil;~l)lc~ ~.t.c.- 
ortls \vcircb 90.5 alltl 90.0%, resl)ec~tivvly. 

T11c.r~ \ver(. IIO ii~dic.:~tiolls  fro^^^ this study 
t l ~ ; ~ t  365-(lay ~.c!cords are 111ort~ i~s(~fuI  ~I I ; I I I  :105- 
tl;~y ~.ecords for  selec.tio~~ purposes under AR 
:ind I11H c o ~ ~ d i t i o ~ ~ s .  111 high-produri~~g secsd 
stork hcrds, their valuc. is li~rgely for  prolno- 
tion ; I I I ~  ;idv(brtisi~~g ] )~~rposc~s .  F o r  srIcbctio11 
I)UL'~)O%"% thry ; ~ d d  little to the usefu l~~ess  of 
:!O5-tlay rccoortls nud, intlc~etl, apl)tb;tr to he Illore 
c . o ~ ~ f u s i ~ ~ g  t h a ~ ~  useful ill sire p r o v i ~ ~ g s ,  1)c.di- 
prchch c w ~ l n a t i o ~ ~ ,  and rcscord appraisal ill gen- 
cwl. If tllrrc. is a need for lifetilne produtrtio~l, 
c*o~lll~lrtc.cl l;~c.t;itions sl~oultl he usetl and (IIIII 

I)r ~)rovitlc,tl I I ~  ~~l;ichinc. p~~oc.c~ssi~ig ce~~tcsrs. 
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I. CULTUR.E IDENTITY AND SELECTION 

E. B. COLLINS 
Departnient of Food Science and Technology, University of California, Davis 

The first starters used in manufacturing 
butter and cheese were natural cultures. The 
first 1-ecorded instructions appear to have been 
those of C. A. Flint, of Boston (8), who in 
1866 wrote: "After the milk has been brought 
from the yard or stable, strain immediately 
into the pans, in which has been put a little 
sour milk from which the creain has been re- 
moved, the quantity varying fro111 a tablespoon 
to half a teacupful according to the state of 
the weather." 

I n  1873, Lister (17) isolated Streptococcus 
lactis (called Bacterium lactis) frorn sour milk, 
and studied it. Interest increased in using 
natural starters and in isolating organisnis for 
use in nlanufacturing dairy products. Papers 
on the subject were published in 1889 by Conn 
of Connecticut (6) ,  and in 1890 by Storch of 
Denmark (24) and Weigman of Germany 
(27). Commercial cultures for manufacturing 
butter became available in Denmark shortly 
a.fter Xtorch's report. By 1897, 802 of the 466 
creameries in Denmarlc were reported to have 
been using co~ii~i~ercinl culturtts (14). At tibout 
the same time commercial cultures appeared to 
have become available in America. 

In  manufacturing dairy products, cultures 
are added for one or both of two purposes: To 
produce lactic acid, or to produce desired aroma. 
TITitli these purposes in rnind, my discussion 
will be divided into two parts: identity and 
selection of the bacteria responsible for pro- 
ducing aroma; and identity and selection of 
thc lactic streptococci responsible for produc- 
ing acid. I have in mind priinarily the identity 
and selection of organisms norti~ally used in 
the manufacture of such products as Cheddar 
cheese, Cottage cheese, and buttermilk-not 
products such as Swiss cheese and yogurt, 
~vliich require different organisms, though some 
of the thoughts expressed might be applicable 
to them. 

Culture selection will not be discussed fro111 
the viewpoint of buying several commercial 
~nixed-strain cultures and testing them in the 
dairy plant to determine which is best for 
nlanufacturing a particular product. This ap- 
proach should not be necessary. One culture 
is not enough. For nranufacturing cheese, one 
needs about four different cultures that can be 
depended on to produce acid. For manufac- 
turing buttermilk, one needs at  least two or 
three different cultures that can be depended 
on to produce acid and the desired aroma.. 

Cultures should be con~posed-not developed. 
Thc selection of organisnis for use in cultures, 
and the preparation of cultures for specific 
purposes, are the responsibilities of the com- 
poser-not the dairy-products ~nanufacturer. 

When a culture is composed of properly se- 
lected organisms, it can and should be expected 
to do the specific job for which it was prepared. 
Even so, the ~nanufacturer has the responsi- 
bility of proper care and correct use of cultures. 

IDESTITY AND SELECT103 OF THE BACTERIA 
RESPONSIBLE FOR PRODUCIFG AROMA 

Beginning in 1890, there was confusion as to 
whether the desired aroma imparted to butter 
by starters was the result of a single organism 
or a mixture of orga.nisms. Conn (7)  reported 
in 1899 that desired aroma was produced by 
a single organism in some European cultures, 
and by a ~rtixture in others. By 1919 interest 
was centered on certain low-acid-producing bac- 
teria that produced good butter aroma. only 
when grown together with lactic streptococci 
(2, 13, 25). Haminer (12) named these asso- 
ciate organisms Streptococcus citrovorus and 
Streptococcus paracitrocorus. In  1929, Icnud- 
sen and S$rensen (16) isolated some organisms 
presumably the same as Hammer's S. citrovorus, 
a.nd proposed the nanie Betacoccus cremoris. 
Ilucker and Pederson (15) studied some of the 
associate organisms in 1930, and concluded that 
the names Leuconostoc citrovomcm and Leuco- 
mostoc dcxtrnnicum are more appropriate than 
S. citroz,orus and S. paracitrovorus. I n  1960 
Garvie (11) reported a study of the genus 
I,cuconostoc. She feels that L .  citrovorum 
should be called L .  cremoris, after Knudsen 
and Sdrensen's B .  cremoris, on the basis that 
the organisms named S .  citrororus by Hammer 
might have been Pediococcus cere~:isiae. These 
various names should not be confusing if one 
keeps in mind that a11 of the following names 
in the literature are intended to refer to a 
single species: S. citrovorus, B .  cremoris, L. 
crettioris, and L. citrocorum. Since the name 
I,. citrovorum is the one now used in Bergeyls 
Ma.nua1 (3),  it is the one I use. 

For many years following the 18901s, little 
attention was given to the fact that some single- 
strain cultures had been found able to produce 
good butter aroma in the absence of S. lactis 
or S .  crenzoris or both. -More recently, several 
investigators have isolated and defined strains 
of citric-acid-fermenting streptococci. I n  1936, 
3iatuszewski et ill. (20) studied such strepto- 
cocci and gave thein the name Streptococcus 
dincetilactis. I n  1951, Swartling (26) made 
a.n extensive study of citric-acid-fermenting 
streptococci and concluded that the name S. 
tfiacetila,ctis, rather than other proposed names, 
should he retained. Hesitation about giving 
species distinction to these organisms, expressed 
by Swartling and later by Sherman (23), 
steni~rled from the fact that cultures of S. dia- 
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cc.ti1n.rfi.v sonletin~c.s losr their ability to f o m ~  
itrorna co~~tpounds,  and in this state appear 
indistinguishahle from S. Tactis. Recent results 
in our lahoratory shoq- tliat such mutants differ 
fronl S. lrrctis by containing citritase (5). 

Unfortunately, the specific identity of the 
a ro111a -p roung  organisrl~s in most colnlner- 
cia1 culturos has not hec.n knou.11. TI) most 
insti~nces enrphasis has heen on secu~ing cul- 
tnres that produced good aronia, with little 
consideration given to identity other thau as- 
suming that  they v r r e  sonle of those I hax-e 
~nentioned. 

G:lrvir (11) suggested that  solne of the lon- 
acid-producing d t u r e s  studied hy H a ~ n n ~ e r  
and hy Orla-.lmsen inight have hecn P. crre- 
visiar. ilnd th i~ t  this species might he useful in 
dairy '  cultures. But -I know of 110 evidence 
indi~;~ting that pediococci arc useful in this 
nay.  Galesloot ( 9 )  of the Xetherlands found 
no pediococci in sny culturt.~. JT7e recelltly 
n.ccurllul:lted r~inc strains of P. rerrrisirl.e, and 
found none of the111 to produce desired aroma. 

Ga.yie ( l l ) ,  in acc!un~uli~.ting and studying 
organlsnls of t h ~  genus Lr,ccolrontoc8, found 
I,. derlmr~ioc111 ( H a ~ t l l ~ ~ r r ' s  S. perrnci1ro1.0~~~)  
to he a rare spc.caies, which suggests that this 
organislll is not often present. in cultures. 

Swartling of S~vc~den (26) mentioned in 1951 
th;lt 8. r1jtrrrtiltrcii.s is of eonsiderahlr inlpor- 
tance in hutter c.ultures. All s t i~r ter  cultures 
prc~smtly used in R.ussia c o n t a i ~ ~  this org:~nis~l~ ,  
according to a. rt,cw~t report (18).  Tn 1959, 
Sandine et a!. (2Y), in determining the iden- 
tity of organlsnls responsible fo r  floating Cot- 
tag,. cheese curd, isolated several straius of 
S. tlic,c.rtiT(cctis fro111 c~ulturos, eniphasizing the 
fact that nlilny of our eon~~nerciitl cultures 
contain this organis111. But Illany of our co111- 
111erci:~l culturtls niust not contain this species, 
since ~naliy of the111 (10 not prodnrc~ sufficaitlnt 
gas to caust, floating eurd. Galesloot and CO- 
workers (1, 10) ,  in the Setherlands, hegall 
ithout 1950 to find sonic starters conti~ining 9. 
rlicrcetilactis as iiroma bacteria and some starters 
containing hot11 S. rlirccrtilnrtis and I,. ritro- 
,rovuw~. Befor(, 19.50, they had found I,. cidro- 
1.orirrn to he tht, organis111 producing :~rolna in 
stilrters used in the N~~therlands. 

In  sunllnary, i~vailahlr inforniation indicates 
that nrolllil production hy cultures pri~narily 
involves two spcbcaies: L. r i t ro~ .o r~ r~~c  or S.  
rliiccrtiltectis or both. In  view of recent findings 
of Radings and Galesloot (1 )  that  yoghurt 
flavor in hutter is due to :lcetaldt,hyde produced 
hy S. cliirc*rtilartis, in view of the problem of 
flo:~ting curd produced hp this species (22), 
and in vic,\v of the, difficulties wt, have had in 
attcampts to nlakr uniforn~ly good hutternlilk 
with cu1turc.s containing this spccicls (4), i t  is 
perha.ps unfortun:rtc: that 8. diucetilactis is 
prt,sc>nt in Inany commercial cultnres. 

Sirr~ple procedures have been used to sepa- 
rate I,. citroror~ort f r o n ~  S. rliacotilmctis. Siin- 
dine c't al. (22) used incubation in litnlus n~i lk  

;it 30 C. T,. caitrororro~r produces little o r  no 
changr. S. rlictc~tiltrctis p~*oduces sufficient ;wid 
to cwagulate milk in 48 h r  o r  less. Galesloot 
:tnd Ilassing (10) found it possible to detect 
S. diiccrtilnctis in mixed-strain cultures without 
stri~irt isolation and separation. A positivr 
cwatinc. test fo r  a cwlture i ~ f t r r  on(, propaga- 
tion i ~ t  35 C indicated the prcnschrlcr of S. rlitrc*rt- 
iltrc'lir. 

Though T,. c.itroc.nr11111 appears to he the 
organis111 of clioic(1, it is i~~igort:lnt to recogniz(> 
tliat so111c. strains of this species do not produce 
the desired aroma1 of diaeetyl. Results not yet 
puhlish(.d show that organisn~s of this specics 
111utate to citrittc~-pw~~~c~:~se-neg;itive, the sanlcb 
its we reported for S. tlircr~rtilncibs ( 5 ) .  I\-ithout 
caitrate p(.l'll1eilsc1 i111 o lp i~nisn~ cannot products 
the desirc.d hutter~nilk aroula. fro111 citrt~te. Thr 
( d o ~ ~ ~ p o ~ e ~  of cultures should select the prope~'  
str:~ins in coinposing cc~ltures to he used in 
protiucsts in whir11 :I diac.c~tyl arolllil is d(.sired. 
Fo r  this sc>lection we hi~ve found usc4'ul :t 
~nclthod siniilar to that of Mather and Babel 
(10) .  A culture is inocali~ted h(.:~vily (ahout 
10%)  into sterile skilnnlilk and incubated 24 
h r  a t  22 C. Sttlrilr citric acid is a d d ( ~ 1  to rchduce 
1'11 to 6.3, or a fc.\v drops of S, i.r~nroris is 
added. Aftc.~. : ~ n  addition:il ir~c.uh:~tion of IS 111- 

the c.nlturc is tested for  odor ant1 for  rritction 
to the creatinr test. 

I!)ESTITT ANl) SBIIIJE('TION OF T H E  I..\r'TI(! 
STREPTOCOCCI HESP0SSIRI.E FOR 

PROI)I-CIS(: T.dCTI(' ACID 

Let ns no\v considt,r the> o r g a n i s ~ ~ ~ s  resporl- 
sihle for producing li~ctica acid in c+ultures. 111 
1873, Iister  ( 17 )  isoliitecl Strc)~toro(,ctt.s lnclis 
(called Hirc,tc,ri~r~~~ ltrclis) fro111 sour n~ilk,  i~nd  
studied it. I n  1919, Orla-Jrnsc.11 (21 ) fount1 
in sour 111illi :I lactic streptococcus that was 
slightly different fro111 S. lnctis. This orgnnis~n, 
which he nil~ned S t r r p t i  crrmoris, differs 
hy f o n ~ ~ i n g  1ongt.r chtiins, hy not gro\ving a t  
4.0 C, hy riot producing i~nlnloni:~ fro111 pt?ptone 
01. :~rginint., hy riot fernltbnting ~~~illtosc. or des- 
trill, and hy being sonlewhat less tolerant to :L 
v;~ric.ty of cdonditions. Tllt. p r i ~ ~ ~ i ~ r y  spe('i(>s for 
producing :~cid in lacatica cwltures is S. crrwtoris, 
though stri~ins of S. lnctis lnay ht. found occa- 
sion:~lly. T)ifferc~iczes hetween the specit,s are 
of little concern in con~posing cultures. More 
iunportant arcJ the differenc2c.s among the strains 
of either spec*ies. Three inlportant char:~.rter- 
istics in which strains differ are :  rate of acid 
production, production of nisin-like antibi- 
otics, and hil.cteriophage stwsitivity. Fo r  a 
Inore dctailc,tl discussion of these cliarnctc~r- 
istics, I cite thc published i~c~count (4 )  of ;L 

recent snninar. Here, timr perlnits lnc only 
to lnention a few pertinent facts. 

nlany strains of these lactic streptococci :Ire 
too slow in acid produc.tion to he used satis- 
factorily in making cwlturetl dairy products. 
Holue strains produce nntihiotics activr against 
other strains of lartic. streptococci; others do 



I I O ~ .  K i t h  regi~rd to hacteriophage sc>nsitivity 
there is strait1 specificity, thougl~ 11ot ~ ~ t ' a r l y  
:IS ~nuch  a s  \ve would like. There are different 
d~lgrees of sensitivity to bacteriophage a c t i o ~ ~  
that must hcb utltlerstood. I r r fe r  to the 11asce11t 
c.ffec.t, the Iysin reported by Saylor  and Cznlak, 
: ~ n d  host-controllc.d vi~riations. These have heen 
tliscussed Inore fully ~)reviously (4) .  

The n11111hc.r of stmins of lactic strctptoeocci 
suiti~hle for  use i l l  cot~~posing cultnrrs is cluitc~ 
lit~~it(,d, selecting nwrely on the hasis of the 
thrre ~tlc.ntio~~etl cl~:~racteristics. Tltc.se :u~ltl 
ot11c.r clt;~racteristirs ~ u u s t  bc. dc.tert~~ined hy  
the composer if the resulting eulturcs a re  to  
servcA satisfi~c.torily it1 producing lactic :~c.id. 
b:slwrie~~c.r ;IS to  the char;lctc~.isti(.s and capa- 
I1i1itic.s of intlividni~l stt.ail~s is i t t~l)ort i l~~t .  There 
is only ;L gc.tleral correlation hetweel~ culture 
:~i.tivity it1 a Itthori~tory and i~ctivity ill :I t li~iry 
~ ' l an t .  Solue strains schrvc' ~vell in one ~)roduct  
:tud not so a.c.ll in :~l~othc.r. Stwills xelerted 
t'or ('heddar cllrc.sc> c.nltures should 1 1 c h  snfii- 
c.ic~ntly hr:~t-rcssist:~c~t to survive. the c h c t ~ s ~  cook- 
ing tc.tnp(.ratures without t la~~lage.  

S t r i~ ins  selc.ctrtl 21s hei t~g sensitive to diffrr- 
cxnt types of l):rctrriol~l~ages, found not to pro- 
duce :~ntihiotics, :111d k11o\vt1 to he suitahlt. fo r  
nse ill ~nakillg t h ~ .  intetlded product, ea1111ot I)e 
111ised a t  ~vill.  Of particular i~nportance is  
tl~c. t ~ ~ a t t t ~ r  of s t l , i ~ i ~ i  dotnitlatiot~ (4) .  S o ~ t ~ e  
stwins of l:lcti(: strepto(~oc*ci donli~late others 
ill ~ttisturc.~, soon l ) c . c o ~ ~ ~ i ~ ~ g  respo~~sihlc. f o r  
111ost of the acid protlnccd. I)ot~)i t~at ion :1111ong 
stl.i~ins actu:~lly sc.c.tt~s to he the rule r:rth(.r 
th:u~ the e s c r p t i o ~ ~ ,  c.vcbIl atuong s t n ~ i n s  t11;tt 
do not ])roducc! ;~ntihiotics. IVht.11 strain t1ol11- 
i ~ ~ : ~ t i o r ~  has occurrctl, a single 1)actc.riophagc. 
:tctivc> ;~g:tillst the. tloll~it~ant strail1 c.;111 c;~usc. 
l'i~ilure in the. productioll of Iitctic acid. E:sc.ept 
\vitl~ s t t . :~ i~~s  th:~t product, antihiotic, the only 
I<IIO\VII ~ l l r t l~od  of tletrrtt~init~g eo~~tl)atihility 
or  1;lc.k of it is to gro\v s t r a i ~ ~ s  t o ~ ~ ~ e t l ~ c ~ r  ill tht. 
I:~hor;~tol:\. ;1t1(1 check for  dotllilla~on. 

Rc.yo~~d a11 attc~l111)t to indicate. thc, prchsent 
s i t u ; ~ t i v ~ ~  t . eg i~rd i~~g c111turc~ id(.ntity :1t1(1 schlec- 
tion, I h:~vr i~ t tc~ t~ lp t t~d  to delil~e t l ~ o s ~  \\*hie11 I 
I)c~litavc. presc.t~ t k~to\\-lc.dge indira tcks to he soule 
of' tltc. rcsspo~~sihilities of the c~ultnr~c~ cotllposer. 
Ilc is the. o t~v  \vho c;~n i111d sI10111c1 d c * t e r ~ ~ ~ i n r  
c*nlt~usc. col~~l)oxitiol~. Ilis flesihility in co1111)os- 
i t ~ g  cultut.c.s is l i ~ ~ ~ i t e t l  only hy thc, nul~~hc.r of 
gootl striril~s 11c. h i ~ s  ar:~ilal)le, hy his kt~orvlt.tlge 
: ~ n d  c.spcbric.llcc. with those. str:~ins, ; ~ n d  by his 
:I\v:lrcSnes.s of the t l~al~ufacturt~r 's  nc.rds. Tl~c.rt, 
shoultl hca closc. c ~ o p ~ r i ~ t i o ~ ~  hc.t\vec.~~ c.otllposer 
: I I I ~  llscAr wit11 rrg:~rd to tI1c1 t.c~sults tl1c1 usel. is 
gc'ttit~g \\-it11 the cultures supplird, particu- 
1:trIy \vitl~ r(agnt,d to tht, c o ~ ~ t r o l  of  h;~ctrrio- 
1)hngc.s. 

T h:~vc. 11ot i ~ t t c ~ ~ ~ ~ p t c ' d  to d i s e ~ ~ s s  hac+erio- 
l)l~:~pc~s, h~~ci ius t~  tittle doc's 11ot pc1r111it adrclu;~t(~ 
c.ovrr:ipc2. I ot~cc. s;I\\- l);~rtc.rioplt;~gc~s ciiuse ;I 

d:~iry 1)l:111t to lost' ill orlcl d ; ~ y  P I I O I I ~ ~ I  s k i ~ ~ ~ l l ~ i l k  
to h;~vc. I I I ~ I C ~ ~ S  t rn  tolls vf cott:~g:.(' ('IICCS(~. 
Sc~c~it~g >uch Iossc~s I I I : I ~ ( ~  o11e :~\v:~rc> 01 '  tht, 

i l t ~ p r t n ~ ~ c * t a  of  I);~ctc~riol~l~ag(~s. The suhject 
has 11ee11 disc~ussed ill a11 earlier report (4) .  
Thosca of you who hi~vt. wad  that ya1)c.r kt~o\v 
I an) convi11ec.d t11:tt thca kc~y steps it1 rot~trollinp 
I);~c.tt.riopl~a,rrrs arc. tc~sts for  bacteriophages, 
c.ultu~~c*s co~nposed of str:~ins selertc.d to rcasist 
the h;~ctrriophnges fouttd, ; u ~ d  c.lose eool)c.ratinn 
hc.t\vc.c~11 culture conlposer aud c.ulturc? user. 
l ' l~esr stc.1)~ only supl)lt~~~~cmt-thr?. (lo not rr-  
!)lace-gootl s;init;~tiol~ :~ntl correct l~roc,rdures 
111 the dairy plant. 

Thtire :Ire  to cast iron cu1turc.s. A d i ~ i ~ ~  
l)t'oduc>ta ~~)anufacaturc.r \vIlo h;is ~)rol) ;~gated 
; I I I ~  nsrd one caulture for  :I long pcariod is for- 
tnnatc.. But  It(. should not feel that  he l ~ a s  by 
lucky clli~tlce fout~tl  the solution to culture 
~)rohlr~l:s. Rather, he should rc.cognize that  he 
h i ~ s  give11 opl~or tu t~ i ty  for  several possi1)ilitic.s 
to i11fluenc.c~ culturt. c o ~ t ~ p o s i t i o ~ ~ .  Strain d o t ~ ~ i -  
~ ~ i ~ t i o l ~  has heell 111~l1tio11c~d. Another possibility 
is piec~et~~r;ll e l i ~ ~ ~ i l ~ i ~ t i o ~ ~  of strains, o r  culture 
types, hy the t~ctioll of hi~~tc.riophagc.s that  i~rc. 
pc.rtt~ittc~d to c o l ~ t a ~ ~ ~ i n ; ~ t r  the tt~othc!r eulturc.. 
I-Tis cultnrcl. tllough i t  111igl1t he giving e s c ( ~ I I e ~ ~ t  
results, ~ n i g l ~ t  now he, for  a11 practical pur-  
1)oses. :I sit~gle-strain culture,. That is, th(. ono 
o r  111orc~ stl.ili~ls w ~ t ~ i ~ i n i t l g  l ~ ~ i p l ~ t .  htl of thcb 
s i ~ ~ t ~ c l  p11;1gc' type. I f  this is thcl r:~sc., tl~c. I I I~I~I I I -  
f a r t u r n  is g i ~ n ~ h l i n g  that  n. ~)ar t icu l ;~r  ac.tivc. 
I);~ctc~~-iol)l~agc, \\-ill not gcat illto tl~c. pl;urt :rnd 
c.;~usv diflirnlty. 
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I woulcl like t o  hegin with a brief descrip- 
tion of c ~ ~ l t u r ~  variation, i n  order  to en~phasiee 
the nature and  tnagnitudc! of this p r o h l e i ~ ~  in 
the dai ly industry. F o r  many  pears dairy 
tnanufacturers have been plagued by lack of 
un i fo rn~i ty  in flavor and acid production b y  
tnischd-strain lactic streptococcus s tar ter  cul- 
t u r ~ s .  S ~ I I I ~  of this vari:ition has  hcen found 
due to  specific cnvironn~ental  factors  such a s  
hacteriopliages (SO), antibiotics (15) ,  quater- 
na ry  aintnoniun~ cotttponr~cls ( IS) ,  ant1 changes 
in  milk e o ~ ~ ~ p o s i t i o n  (2 ) .  More recently, s t rain 
d o i ~ ~ i n a n e e  ( 8 )  a n d  strain con~pat ihi l i ty  (9, 12, 
19)  11avc. heen s11o\r11 to  play roles in culture 
vari:tbility. H o w e v c ~ ,  other factors  undoubt- 
edly also a r e  involrc.tl, since rari:ition in ntixed- 
s t rain s t a ~ . t r r  cw1tul.e~ frecluently i s  observed 
in the nppnrent  ahsc.tlce of a n y  of these afore- 
mentioned influc.ncc.s. F o r  ctxa~nple, n n ~ u n b e r  
of cells in n n~ixed-strain s tar ter  culture fro111 

'Technical Paper No. 1585, Oregon Agricul- 
tural Experiment Station. Supported by a re- 
search grant (G-14703) from The National Science 
Founcl:~tion. 

t i ~ l l ( ~  to t i ~ ~ i ~  will gain 01. lose rc.rtain vhnrac- 
tr~.isties, indepc~i~dctit of : I I I \ -  ol~vious environ- 
111c~ntn1 effects. This g:~in o r  loss is a penna-  
newt cvhangc,, f o r  all the progeny o r  descendents 
of thc cells involved a r e  lilte the parents  fro111 
which they originated. Good exa~liples  of this 
may he sccln f rom some of the familiar variety 
designations f o r  Strrptoc.occitn Inctis, which 
identify the c l ~ a r a c t e r i s t i ~  present o r  ahscnt, 
:IS the ease I I I : L ~  he. The terms nialtigenes f o r  
~nalty-flavored s tmins,  hollandicus f o r  ropy  
strains, tlnoxyphilus f o r  slow litmus-reducing 
strains, tardus f o r  slo\r acid-producing s tmins,  
and  :~ro~n:lticus f o r  diacet\-I-producing s trains  
havc al l  been used in this regilrd (14) .  

Thcse observations suggest tha t  ~nut:ttion 
and  selection occur in  ~nixcld-strain s tar ter  cul- 
tures. Moreover, sine(! different s t rains  of lactic 
streptococcus and Lc~tcor~ostoc organisms a r e  
grown in mixtures to  provide s ta r t e r  cultures, 
the prohahil i t -  tha t  c~sehange of genetic tn:~te- 
rial may  cause culture variation i s  even 111ore 
likely. W e  now know that  the genetic material 
of Imcteria ( 3 )  and  most bacteriophages (10, 



SYMPOSIUM 1267 

20) I:. deoxyrihonucleic acid ( D S B ) .  TVe 
know further that there are a t  least three 
n~echanisn~s hy \rhirh DNA from one bacterium 
tntiy become asqociatrd with DSA from another 
hacter~um, in order that recornhination can 
occur to give rise to new cells that differ from 
rach of thrir ancestors. These well-known 
pl,oce\\es may he listed as follo\vs: 

TABLE 3 

Mechanisms of bacterial recombination 
- 

Process inhibited by 

Pllngr 
Method DXA4se Antiserum 

Transformation + - 

'I'r:rnxduction - + 
Conjugation - - 

T~.:~nsfor~nation inrolres the usc of DKA iso- 
1atc.d from donor hacteria and added to suit- 
;~.ble rreipicnt bactc.ri:t; naked DNA carries the 
genetic information. Transduction involves the 
use of bactthrioph;~ges propagated on donor 
hactrri:t. The phages, which carry the DSh. 
are used to infect suitahle recipient hacteria. 
Corljugzztion is a sesual process rrquiring phys- 
ical c-ontact, during which there is a one-way 
tra~1sI'er of genetic ~natc.rial froln a fertile ( ~ ~ 1 1  
(F') to a non-fertile cell (F-). 

In  each of these three cases, the actual es- 
change or reeon~hination of genetic ~naterial 
ocem.s hetween the intact DNA of the recipient 
crll i~nd  a portion of the DSA of a donor cell 
or tlonor phage. One of the popular theorirs 
concerning how this rc!comhin:~tion occurs is 
called copy choice (16). A simplification of 
this process is presented in the following figure, 
whew it is shown how DSA having ~narkers 
BB(' might reco~nhine with DYh having ~iiark- 
ers 123 to yield I)XA which \rould be capahlc 
of expressing the charaett,rs I B 3  and A2C ill 
indivitlual, segregated cells. 

At the top of the figure is the douhle-strantletl 
Watson-Crick DNA, which has heen rcdrawn 
below using straight lines to represrnt one of' 
the strands; on the left is the BBC DSB,  
on the right the 123 DNA. Sow the copy 
choice theory proposes that ;I new strand of' 
DNA is formed using one of the parental 
strands as a replication 1nodc.l. Ocoa.sionally, 
howevt.r, a strand will switch over and copy 
from the second strand, which will require the 
replirating piece on the other strand also to 
switch over. This can he seen from the middle 
portion of the figure, the two halves of which 
would have to hr superin~posed to see the com- 
plete pirturr. Thr 1typothetic.al rer,omhiaant 
chtiracters 1B3 and A'2C would then sho\r u p  in 
sonle of the progeny after segregation hnd 
occurrt.d. 

Conjugation hils only been de~nonstmted 
among gram-nrg:~tivt: hacteria of the Eschcr- 

iehia, Sh,igella, Salmonella, Vibrio, and Pseuclo- 
Inonas genera. I know of no attempts to dem- 
onstrate this phenomenon among organisms 
used in tho dairy industry. Fo r  the past year, 
however, we have been studying transformation, 
lysogeny, and transduction in lactic strepto- 
cocci as part  of a program to determine whether 
variation in mixed-strain lactic streptococcus 
starter cultures might arise by genetic exchange. 
I would like to present some of our preliminary 
findings a t  this time. 

Organislns of the Streptococczts genus have 
heen transformed by other investigators (4, 
22, 23), hut no original articles on this phe- 
nomenon in lactic streptococci are found in 
the literature; Reiter and Orani (25),  however, 
cite a personal con~lnunieation from Moller- 
JIadsen in which he indicated transformation 
of citr:~to utilization from Streptococctts din- 
retilnctin to 5'. lnctis. 

The first ilif'ficnlty \re encountered in our 
transformation xrorlr \\,as the lack of a suitable, 
prntle lysing systrnl for lactic acid streptococci 
by which we could extract highly polymerized 
DNA; lysozymca, sodiunl lanryl sulfate, and 
sodiu~n d(.soxychoIate were relatively ineffective 
under a variety of conditions. Other workers 
(33)  had used an enzglne preparation from 
Streptorn?/ces nlbrcs to lysc streptococoi, hut 
this material was not grnemlly available. Then 
one of us (ItT. C. B.) ohserrcd that oltl cultures 
(four to seven days) of S .  diacetilactis strains 
grown in citrntct hroth (28) hecame quite vis- 
cous. This suggrsted ;t possible role for  chelat- 
ing agents in nltcring streptococcal cell walls 
; u ~ d  rcn~indcad us of a report hy Repaske ( 2 6 )  
concerning the lysis-accelerating effect of ethyl- 
enedia~liinc.trtra:tcetate (EDTA) on lysozyme- 
Iysis of gram-negative hacteria. Whcm the lyso- 
zytne-EL)TA procedure described by Repaske 
mns appliod to S .  lactis, significant lysis re- 
sulted ( 6 ) .  Dr. R. 1';tknln of the 1)epartlnent. - 
nA nB nc p1 fi2 n3 
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of 31icrohiology ;III(I l lyg i (~~i ( , ,  Scl~ool of ll(vli- 
vil~t., \V;~rs;~\v, I 'ol;~~id, g~.;icaio~~sly providctl t\vo 
.;tr;~il~s of t rans l 'o r~~~i i l ) l (~  SI~.c~/)tocr)cc~i.~ O I ' ~ ; I I I -  
is~lls (S13H ; I I I ~  c.l~;~llis). ill ortlrl. t11;lt \v1, c.011ltl 
test t l ~ r  ;~c.tivity of r)SA pl~c'l>;lrrrl nai l~p this 
Iysis tt.c.hl~i~(ur; tllr US.\ \v;is ;~ctivch ; I I I ~  tyl)- 
ic;~l t l ;~t ;~ fro111 olicS of our esl>rri~~l(wt.; SOL. 
t r ; ~ ~ ~ s i ' o r ~ ~ ~ ; ~ t i o ~ ~  of s t r v l ) t o ~ ~ ~ y c i ~ ~  rosist ;~~~c(s 1'01- 
10\v : 

' ~ I . ; I I I S ~ ~ I . I I I ; I ~ ~ ~ I I  of the (al~allis st1xi11 ;11so II;IS 
1)rc.n ac.col~~plisllc.tl ill nol~l'at ~llilk, hut ; ~ t  ;I v('1.y 
loxv I'rc.clurllc.?-. 1)SA c.st~.actc.d f r o ~ n  ovrr 40 
str;lius o f  I;~c.tie .strrptoc*occus o r g s n i s ~ ~ l s  nsilig 
this Iysis proec.du~.c. 11;ls I,c.rll ~ l s r d  ill ;ill c.ffort 
to t1.;111sfor111 s t r ( y t o ~ ~ ~ y c i ~ ~  r ( ~ s i s t ; ~ t ~ c ~ t ~  ;111(1 t~,yl)-  
tol>11;111 intlt.lx.~~(l(.~~r(. ( 5 ) .  S o  t l . a n s t ' o ~ . ~ ~ ~ ; ~ t i o ~ l  
11:1s ;IS ycbt I > ( ~ r ~ i  ol)sc~rvc~tl. s u q g r s t i ~ l ~ ~  ;I ~)auc.it\ *. 
of e o l l l ~ > ~ ~ t ~ ~ l l t  01.  trall.;t'oL.l1l;ll~lt~ stl~;lllls ;1111011g 
tl~cbsts hactcbri;~. 11o\v(~v(.r, 1)SA prel);~~'t.(l t'r0111 
;I s t r c ~ p t o ~ ~ ~ y c ~ i ~ i  l.cbsist;~l~t I I I I I ~ ; I I I ~  01' S. lti(.tis 
C'10, hiis hc~rll I'onl~tl to c.ol~fcr ;~ntil)iotic. 1 ~ ~ -  

sist;~~lc.r ul)o~i  tllo strrl)to~~~yc.i~l-s(l~lsitirc!, tra11s- 
for~l~r~hlc.  S I ~ ~ ~ ~ t o r ~ o e c ~ , r  strail1 cll;lllis. 

I \v0111(l Iikv I I O I ~  to ~ O I I I I I I ~ I I ~  hrivfly rrg;11~1- 
i l ~ g  our stntlicss ~ I I  l ~ s o g r n y  ill I;~ctic. strc*pto- 
coc.c.i, hut Itit I I I ( .  lirst of all dt.til~c. lysog:.c~~~y ; I I I ~  

pll;lgc~ co~lvc-rsion. 1,ysogcwie hil(*trli;~ ; I I . ( ~  t l ~ o s ( ~  
that car1.y 1);ictt~riol)li;ljic.s as  ~ ) r o p l ~ t ~ g c ~  in ;ISSO- 
(2i;ltioll \\-it,I~ tllrir g(~11c1tic I I I ; I ~ ( ~ I * ~ ; I ~ ;  t11ey ;1p1~;1r 
p(,?"..ctly nor111;11 hut ~ ' I Y I I I I  t i~llv to t i ~ ~ l r  SOIII I .  

o t  the crlls in tllc, l~ol)l~l:~tioll \vill Iysv ; I I I ~  I Y -  
I(~lst8 Sr(v pll;~g!.c. ~);~~'tic.l(,s. Thf. I Y I I I ; I ~ I I ~ ~ I ~  lyso- 
g:.cwic. h:~ctc,ri;t arc. ~ I I I I I I I ~ I I ~ ~  to il~fectioll 1)y t l~rsc  
lil>csr;~tt.tl 1)11:1g(ss, ha t  other iu~rc~l;~tc~tl str;lills 
ol' ~.c.lls, ;IS \voaltl I)(, ~)~.c~scllt ill ;I ~ r ~ i s c ~ d - s t ~ ~ ; l i l ~  
st;ll.tc~ cl~ltnl.c., I I I ; I ~  I)(% illl'rett~d. 1'11;igr COII- 
vc~l.sion is s i ~ l ~ i l ; ~ ~  to t~.;~~lstluc.tio~l, rsc~c~pt thtlt 
tllc, rwipi(a11t ct~lls g;1i11 ;I 11(\xv c l~ ;~r ;~e tc~r  o111y 
as ;I 1.c~s111t of I)c~il~p Iysoprllizrtl. I t  is \v(sII 
~ I I O \ ~ I I  tli;~t c o ~ ~ v ( ~ ~ , s i o ~ l  hy h ;~c t (~~~io l ) l i ;~g(~s  ;11so 
is I  to^ 1 1  I ~ c t r i ~ l  v i r i ~ t i o ~ ~  1 F o r  
cas;lllll)~(., ~l~~~~~~~~~~~~ (n ) r ~ l l ) O r t ~ ( ~  tll(' eO1lv~ll~- 
sic111 of ;I ~ ~ o ~ ~ t o s i ~ i - p ~ ~ o ( I ~ ~ ~ ~ i ~ l g  ~ o , : l l ~ r ~ ~ l ~ i r r ~ t ~ r i ~ ~ ~ ~ ~  
t l i l~l~/hr~~iirc,  or~i111is111 into ;i tosill-l)roduc.er hy 
Iysog:.c.~~izi~~g tli(h I);~(*t(bril~~~l. Otlit~l. ( T ; I I I I ~ ) I ~ S  of 
~ ) l i ; ~ g ( ~  co~~vt .~ . s io l~  ;tlso I I ; I ~ ( S  I ) ( ~ , I I  s l ~ o ~ v l ~  (1.3). 

111 1949, Hvitr~.  ('14) rc.portrtl tllcs occ.urrcLnccl 
of lysogcbnic 1;lctic strcq~toc.ocacus orgai~isllis ill 
1)11lk ~ ~ ~ i s ( ~ ( l - s t r ; ~ i ~ ~  s t ; ~ r t r r  c~lltures ; I I I ~  \vr ~ t ~ r ( ~  
i~itt~rc,strti ill isolatillg stl.;lills cbsl~ihiting this 
I ~ ~ I ~ I I O I I I C ~ I I O I ~  f o r  usr ill r;~l.i;ltioll stur1it.s. \V(s 

\rcSrr i ~ ~ t ( ~ r e s t e d  in drtrl.lliilri~lg \ v h r t h r ~  thrrc 
\\-;IS ; I I I ~  clialigr, fo r  C S A I I I P I ( ~ .  in fl;~vor prodncz- 
tion or  r ; ~ t e  of arid protluc.tion, when lactic 
htl.el)to(loc.ri xverr Iysogcwizt~tl. S(~vrr;11 strain.; 
1'1.0111 OIII, .;toc.k e111tu1~z collretiol~ rxpressr~l  pos- 
sihlt, lysogrny in n v s s  s t l w k  tcnsts; cross strritk.; 
of S t r ~ ~ ~ t o r ~ o c r ~ u s  c.rc,~~~ori.v \V a l~ t l  .\'. ~ . r ~ ) t ~ o r i . s  
('3, for  c~salnplr, provitl(~t1 tllr rcss~~lt.; s11ox\~11 
i l l  the f ' o l l o n i ~ ~ g  fignrcn: 

r 7 1 his snggrstrd that one o r  hot11 of tlirsc! two 
S. i~rc~i~corir str;lills c;lrried pll;~grs \!-Ilich, who11 
lihc.r;~tcd, I\-ould I>-sr the othrr  s twin.  1Vhr11 
tllc.st. t ~ v o  str;lills \vrrc, groxv11 togcbtllrr, :L l i ltr;~tr 
slx~ttetl 011 21 I;~\vn of S. crc,~~toria ('3 rrsultrd 
i l l  tllr Iytio spot \vl~ich Illay he scBell ;IS folloxvs: 



cern an esa~nination of the role lysogenization 
or phage conversion rnay play in variation 
alnong lactic streptococci. 

Transduction anlong org:lnis~ns of the Strcp- 
tococcms grnus has not been reported. I n  fact, 
the only gram-positive bacteria reportcd to 
undergo transduction are Bncil1,us s~tbtilis (29) 
and Stnphylococcus au,reus (21, 27). Recently, 
however, transduction of tryptophan independ- 
ence in Streptococcus cliacetilnctis 18-16 and 
strepto~l~ycin resistance in S. lnctis C2 were 
acconiplished in our laboratory (1). Unlike 
nlost other successful transduetions, these were 
brought about using a virulent rather than a 
te~npcrate phagtl. Rrsults of typic.al quali- 
tative experiinents fo r  tryptophan indrpmdrnce 
111ay he seen in the following table: 

these esperirnents has brra fou~id  to t.sl~ihit~ 
no significant nlutation to strepton~ycin rc,- 
sistanc.e; in fact, the antibiotic resistant ~ l ~ u t a n t  
tlonor used in the transduction was obtained 
only itftc~r several attempts. I t  can be seen 
that a frequency of about one in 27 cells was 
found TI-ith the first experiment. Phages in tht. 
sccond esperin~ent were il.radi:ited; this in- 
creased the nu~riher of survivors 1)ut reduced 
tlie frcyuency of transdnction. 

011 tlie hasis of our findings, I would like to 
speculate a little regarding the role th:tt gc- 
rictic exchange iuay play as i~ c>ontlihntor to 
cultnre variation in the Dairy Industry. Trans- 
fornlstion, while i t  undoubte.dly oc.ctu.s in 
starter cultures, m:ty take plare less frequently 
than other exchange n~ethods. Prestunably, 

TABLE 3 

Trrn~sdnc~tion of tr j l~topll i~l~ indepeil(Ieilre in Streptococc~rs dincatilnc.tis 18-lli 
.- 

Surrirors Transdue- 
PFr per per taiits per 
~~lillilitcr If01 " nlilliliter n i l i i t e  ' Freq11enc:- 

-- -- - -. - 

1 x lo8 1 3 X los 0 0 

Multiplicity of infection: Tllc ratio of bacteriophages to hxctcrinl cells. 
" Nonphage control. 
"The method of Allen (1)  was used to carry out the transduetion. 

Detected by observing growth in sgl~tlletic brotl~ medium lacking t rgptopl~:~~~.  

The frequency of transduction is shown as 
greater than one per so Inany surviving cells 
per niilliliter, because the recipient survivors 
were screened in broth n ~ e d i u n ~  lacking trypto- 
phan. I t  may be seen that a high niultiplicity 
of infec.tion (100) was rrquired. The nest  
table sho~vs the sanle type of data fo r  strepto- 
~ n y ~ i n  resistance : 

nutolysis of cells to reltxase D S A  wonld ocru~. 
only a t  p H  5.0 or belo\!-, where the activity of 
transforn~ing. DNA is 1nuc.h reduced ( 3 ) .  EX- 
ternal lysing agents, however, such a? bactrrio- 
phages and antibiotics, could provide the re- 
Ic,asc. of DSA undc,r conditions that would 
favor transfontlation. The consequences of the 
ensuing recon~binations may not see111 undr- 

TABLE 4 

Tmnsdurtioii of streptomyrin resistallce in St~rptocorclrs lacfis C2 
- -- 

Survivors Transdur- 
PFU p ~ r  pef tnnts per 
millilitrr MOI lnilllllter milliliter Frcrlnei~r- 

pp - - - - - - 

5 X 10' 1 I X lo1 0 0 

" Nonpl~age controls. 
bDoteetecl by obscrvi~~g growth in m e d i ~ ~ n ~  rontainil~g 1,000  ini its pcr milliliter of 

streptomycin. 

Jl~fo~.tl~:ition ~-egarding the fi .ec~ue~~cy with sir;thl(. if all the org:ulisnls in the inisetl-strain 
which this tr:lnsduction was occurring in strep- starter culture possess desirable ch:uractc.ristics. 
tomycin resistance was ohtninc.d using the 1 . ~ 1 ) -  That is, recon~binants of desirable parcbnts 
lica plating procedure of the IJederhergs (17). might be expected to yield desirahle progeny. 
Results are shown in the next tablc: This, howevc>r, is not nc,cessa~.ily true, for  it is 

The strc'ptc1111yc'i1i-s(~11sitiw I(,(-ipient usc~d in well known that h io~yr l the t i~  reco~~~l) innnts  ran 
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TABLE 5 

Frequency of transduction of streptonlycin resistance in Streptococcus lactis C2 as  determined 
by replica plating 

Avg no. Avg no. 
Survivors colonies transduc- 

P F U  per Per per master tants  per 
milliliter milliliter platc rep. plate Frequency 

1 x l o g b  8 X l o 2  186 6 1/27 
............ 1 X lo8 TNTC, 0 0 
1 X loe; 4 x l o 3  TNTC 5.3 1,450 
............ 

. ---- 
2 X l o8  TNTC 0 0 

" MOI was 100. 
Nonphage controls. 
' Irradiated p l~age  preparation. 

synthesize co~npounds  which cannot  be  produced 
b y  the pa ren t s  (7) .  

It a p p e a r s  t h a t  transduction m a y  be  Inore 
significant i n  s t a r t e r  cul ture variation, espe- 
cially since this process would allow f o r  the  
introduction of  new characteristics a s  a result 
of bacteriophage infection. While  t h e  role of 
phage  conversion i n  this variation i s  ye t  t o  be 
assayed, i t  also rnay be important ,  especially 
sinae lysngenic 1;lctitic streptococci a p p e a r  to 
be conlmon. All  this emphasizes f u r t h e r  the  
pressing need f o r  continued research t o  find 
sui t t~hle ~ n i l k  additives which will prevent  hac- 
teriophage adsorption. Furthermore,  the  f re -  
quent  rotation of s t a r t e r  cultures or iginat ing 
f r o m  a lyophilized powder becornes even rnortl 
necessary i n  view of pending genetic exchnnpr. 
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111. CERTAIN ASPECTS OF STARTER CULTURE JIETXBOLISM 

E.  H. MARTH 

Fundamental Research Laboratory, Research and Development Division 
Sational Dairy Products Corporation, Glenview, Illinois 

The ~netabolism of starter cultures is com- 
plex, in that i t  encompasses not only production 
of lactic acid and flavor or aroma substances 
but includes production of other con~pounds 
from earhohydrates, utilization of nitrogenous 
compounds, vitamins, salts, and fa ts  as well as 
development of antibiotic-like substances. This 
paper will attempt to sumtnarize some of the 
available informat~on, first, on rnetaholism of 
homofertnrntative lactic starter streptococci, 
and, secondly, on heterofermentative starter 
organisms. The discussion on hotnofermenta- 
tive bacteria will hr rrstricted to Streptococcus 
lactis, Streptococczl.5 ( * r e ~ ~ o v i ~ ,  and Strcptococ- 
cus tharmophilzrs, whrreas the consideration of 
heterofermentative organisnls will deal pri- 
marily with Streptococcus diacetilactis and 
Leuconostoc citvoz.ovttm. 

HOMOFERMENTATIVE LACTIC STREPTOCOCCI 
Utilization of carbohydrates. Lactose is the 

carbohydrate of greatest concern in  a consid- 
eration of dairy starter cultures. The organisms 
split lactose into its components, namely, glu- 

cose and galactose. Glucose then is  converted 
to lactic acid via the well known Embden- 
Meyerhof-Parnes (EMP) metabolic pathway. 
The final reaction of this scheme involves re- 
duction of pyruvate to lactic acid with the aid 
of lactic acid-dehydrogenase. This homofer- 
~nentative reaction, theoretically, yields two 
molecules of lactic acid for  each niolccule of 
glucose utilized (54). 

Before galactose can he utilized by the organ- 
ism i t  must be converted to a glucose-form which 
ran enter into the EMP metabolic scheme. 
This conversion of galactose to glucose-l-phos- 
phate occurs according to the equations illns- 
trated in Figure 1. First, galactose is con- 
verted to galactose-1-phosphate with the aid of 
galactokinase. The galactose-1-phosphate then 
reacts with uridinediphosphoglucose to fonn  
glucose-1-phosphate and uridinediphosphogalac- 
tose. The enzyme galactose-1-phosphate trans- 
urydilase catalyzes the reaction. Finally, the 
UDP-glucose utilized in the previous reaction 
is formed by conversion of UDP-galactose 
through the action of UDP-galactose-4-epimer- 

FIG. 1. Conversion of galactose to glucose-1-phosphate.' 

(1) Galactose Galactokinase Galactose-1-Phosphate 
-I- • + 

ATP " d D P  ' 

Galactose-1-Phosphate- 
(2) Galactose-1-Phosphate Transurvdilase UDP '-Galactose + -I- 

UDP d-Glucose Glucose-1-Phosphate 
UDP-Galactose-4- 

Epimerase 

" From Kandler, Milchwissenschaft, 16 : 523. 1961. 
"Adenosinetriphosphate. 

Adenisinediphosphate. 
Uridinediphosphoglucose. 

" Uridinediphosphogalactose. 



:lse (54). The glueosc-1-pl~osl)I~ate f o r n ~ r d  in  
the second reaction I I O W  is re;ltly to en t r r  the 
NhIP scht.n~e a t  the S : I I I I ~  point ;is glucosc~. Both 
glucost~-1-phosphatct ; ~ n d  glucose a re  initinlly 
c.onvc.rtc.tl to glucost~-6-1>hosl,h;1tc in the KhTP 
sc~hen~c~, :ilthough diffrrc.~~t cLnxylnrs servcl as  
~. :~tnlysts  (54) .  

Studies wit21 r:~ilioactive glucose lxbrlcd in  
clifferent positions have sho~r-11 how hesosc 
c.;irhon atonls ;Irr tlistrihutrd in lactic ar id 
~ ~ ~ o l e c u l ~ ~ i .  This is illustr:~tc~d in F igur r  2. 

FIG. 2. 1.ocatio11 n f  llrsosc c;irl)on atoms ill 
~worloct of 11omofcrn1r1)tativc I:~ctic acid l)nrtc,ri:~." 

'7 

OC 
TTrsos,, T,:~c.tir + Lactic 

Acill 
-- 

Acitl 
- -  

I' F I . ( I I I~  1<:1111llc~r, .\lil~l~\~i~~('~~s~.l~aft, 16 :  52: l .  
l ! l ( i l .  

C':irI)on : I ~ I I I I I S  O I I ( ~ ,  tlvo, ;111(1 thrre ;ire lo~*:~trd 
in o ~ ~ r  ~ ~ ~ c ~ l ~ ~ c u l ( .  of Inctic. acaitl ;1nc1 the ~ ~ I I I ~ I ~ I I -  
ing thrc*r s(,rve a s  th r  c;i~.hon cdon~por~cwt of 
thr  ot11c.r I:~c.tir :icitl ~ ~ ~ o l r c u l r  (54) .  

1'1.otluctic111 of' acid hy 110th S. lnctis and 
,C. c v ~ ~ ~ r o r i c  is greatrst  a t  94 F and dearc~;~srs 
c.onsicler;~l)ly a t  100 and 1 0 5 F  (127). Acid 
production in 111ilk hy S"7 tkrr~nophil~cs:  (:I) 
was higher in autorliivrd a ~ l d  lower in  raw a ~ ~ d  
pas te~~r ized  u~ilks,  (I)) viiried f r o n ~  day  to cl;~y, 
( ( 2 )  vnried according to the cow which producsed 
trst  milks. ( d )  was not affectc'd hy season of 
:-ear. and ( e ) ,  in one instance, was partially 
inhibited hy  rennet ( 2 s ) .  

Cells of S. rre~noris, when grolvn in a glu- 
rose ~ ~ ~ e d i u n ~  T~yithout p H  control, produced 
neetic and formic acids, carbon dioxide, and 
e t h a ~ ~ o l  in addition to lactic acid. S. lnctis did 
uot pro(luce f o r ~ n i c  acid hut, instead, developed 
some acetoin. 5'. t l r a r ~ ~ ~ o ~ ~ h i l ~ t a  producecl all 
of the p~*oducts  lnentio~led f o r  the other two 
(97) .  ('ontrol of p I I  a t  7.0 increased the IIUIII-  
her of protlucts forn~ed  hy S. crem,ori.s and 
:~lterrtl the, kinds ~)rodueed hy R. lactis and  
S. tk / , r~~ro l~hi l r~s .  I\'hrn S. lnctis was grown 
in :I glncosc. ~ n c d i u ~ n  controllrtl a t  p I I  7.0 and  
sp:~rg(i(l wit11 n i t r o g ~ ~ ~ ;  l:~cti(a, ;~rrti(:, :i11(1 f'or111ir 
:u+ids, carhon dioxide, cbtl~anol, cliacetyl, acrtoin, 
:incl 2.3-l)nt:~nrdiol \vc,rc, f o r n ~ e d  (99).  O t h c ~  
~wodncts  devc~loprtl hy hoth S. lrictis a ~ ~ d  S. 
crcnrorir include acrtnldchyilr : ~ n d  :~rrtonca (40). 

Although heterofer~~lcl~~tat ivc.  s tar ter  hncteri:~ 
\\-ill he considerc~d in g1.c.ater tlctail later in this 
p:ilxLr. it i. nppropri;ltr to 111rntio11 now that  

they differ  fro^^^ h o ~ ~ ~ o f e r ~ ~ ~ t , ~ l t ; ~ t i w  bacteria. 
ill that  they do not possess a n  nldolnse and 
hrnrc? :ire un:lhlr to degrade hesoses by means 
of the EJLP sche~ne (54).  Ho~~~nfc . rn~c~nt :~ t ivr  
hacaterin, holvevrr, do possess the rnzylnes nec- 
essary f o r  direct osidation ;und dec~nrl~oxylation 
of glucose-6-phosphate to rihulosr-5-pl~osphate 
and,  hc~nce, roul(1 also early out hctc~rofrrn~enta-  
tivc rrartinns (.?). This is mentionrd 21s n 
possihle e s p l a n a t ~ o n  for  forn~at ion  of produets 
o thr r  than lilctir acid hy l~o~~~of(~~.~~~c~~~tativ(~ 
h:lctc.ria. 

S. 2trcti.q contains drl~ydrogenasr  rnzymcs 
and  I~ence the orgnnism art irated carhohydra.tes 
hut  lacked the ability to dehydrogenate IIOII- 
catwhohydrate substances. few could he oxi- 
dized, however, and  they appeared to he glye- 
erol, lactate and  pyruvate, hutprate, and some 
of the alcohols (115). Endogenous respiration 
of S. lortia in n glucose n ~ e d i u ~ n  was found to 
occur and  ~ v a s  affected by :  ( a )  glucose and  
p I I  levels, (I)) age of cells (9  h r  appeared 
hest) ,  and  (c )  presence of sodiu~n fluoride. 
which was stitnulatory (112). I t  was postn- 
latecl that. S. 1nc.ti.e niay have two respiratory 
sys t r~ns  ( o ~ ~ e  involred in glurosr and asmrhic. 
osidation ;~nt l  tlir ottlel. in osidtltion of non- 
( ~ i 1 ~ ~ 1 ) o h y d r ~ t ~  ~ u l ~ ~ t i ~ ~ ~ c e s ) .  ~ ~ t ~ i t l l t l r  is :il)lr to 
f rn~r t ion  during glyu)lysis ( 115).  

TIThen grown in n ~ i l k  for  24 hr, ,S. l(r('1i.s and 
S. tkrr~rro) ,hi l~~s hring ahout :I fivefolcl increase 
in pyruvic acid and n 1.5-fold increase in 
:ilph:~-ltrtoglnt;1ric acid (39) .  A n  inrrease in  
frc.cll~cnry of' t r ;~nsfer  was ;~cco~npanic.d 1))- a n  
i~~crcbase in Ic~vels of these acids. 

Crlls of S. Inratis adapted luost rcadily to 
nrw sugars if they were just enierging fro111 
the lag phase and were in the period of phys- 
iological gro\vtl~. I)nring tho logarithn~ic phasr. 
adapt:ihility decreased rapidly H I I ~  routinu- 
ously (43) .  

Production of arid hy S. ther~~ioplhil~in is 
relatc~d to the surface-to-depth ratio of the 
~ n r d i u ~ ~ ~  in ~ v h i r h  the organism ~ r a s  previously 
grown. A surface-to-depth ratio of the old 
culture which was less than tha t  of the new 
nrrdiunl resulted in slower acid production than 
if hoth ratios were s i~ni la r  (35). 

Efo('t of cnr1101~ dio.r.ide. Laboratory esperi- 
n ~ e n t s  using an artificial ~nedi~unl indirated that, 
hoth S. ltrctis and  S. csrcj~~loris required carbon 
dioxide to initiate growth (31,  103).  When the 
o r g t i ~ ~ i s n ~ s  were illcuhat(~d in a n  atn~osphere 
f r r r  t 'ron~ car1)011 dioxide, growth failed to 
occur. The nddition of 10% carbon dioside to 
th r  ilt~nospherc prrn~it ter l  good growth and acid 
production, hut :III t~scessivc~ wnlount of the g :~s  
prov1~(1 to he inhihitory (31). 

Tho initiill growth r;ltc of S. Itic.tis and S. 
r*rr?,~~~oris  In ski~n~nil lr  :~lso tl(.prnds on the pro- 
portion of' rn rhol~  diositlr p r r s m t  in solution 
(123). \I-\I(,II c:~rhon diositlo ~ v a s  c.onstantly 
s w ( y t  n~t-ay ~ ~ I I I I I  ;I n~ i lk  111ediu111 :III straius 
sl~o\vrd :i vrry I I I I I ~  l:~g period. Thr  org:~nisnls 



eventually en1ergc.d f'ron~ this lag period and 
then grew well enough to coagulate milk in 
24 hr. To obtain optimal initial growth, lactic 
streptococci require the presence, in solution, 
in milk of 0.2 to 2.3% carbon dioxide. The 
exact requirement varied with the strain (123). 

To fully understand the significance of car- 
bon dioxide in the nretabolism of lactic acid 
hacteria, i t  is necessary to consider what can 
happen to pyruvate formed through degrada- 
tion of carbohydrates (54). 

First, pyruvate can be reduced to lactate. 
This is the primary reaction of lactic strepto- 
cocci. Second, a reductive anlination ran take 
place in which pyruvate is  converted to alanine 
(one of the more important amino acids in the 
build-up of protein). Third, the malic enzymes 
can catalyze the carboxylation and reduction 
necessaly to produce nialic acid. Carbon di- 
oxide is utilized in this reaction. Malic acid 
may then be oxidized to oxalacetate. This com- 
pound is an  important precursor of asparwine, 
which can be converted to threonine and leu- 
cine. Fourth, pyruvate can be converted to 
phosphoenolpyruvic acid with the aid of py- 
ruvatekinase. The phosphoenolpyruvic acid can 
be carboxylated to f o ~ m  phosphoenoloxalace- 
tate, then oxalacetate. Carbon dioxide is also 
utilized in this reaction. This conversion is 
the predominant one in lactic acid bacteria and 
is necessary for  maintenance of life, since these 
organisms cannot form oxalacetate by means 
of the citric acid cycle, as do other bacteria. 
Fifth, formation of acetaldehyde, acetolactate, 
and acetoin, which will be considered in greater 
detail later in this paper. 

Utilization of fats. Inforination on degrada- 
tion of f a t  and utilization of fa t ty  acids by 
homofern~entative lactic acid bacteria is  quite 
limited. It has been noted that milk which has 
undergone sufficient lipolysis so i ts  surface 
tension is reduced to about 10  dynes per centi- 
meter is  definitely inhibitory toward S. lactis. 
The inhibitory action previously was not as- 
cribed to reduction in surface tension nor to 
the slight accompanying reduction in p H  (19), 
hut recent studies have shown that reduction 
in surface tension may be a factor (82). The 
presence in  milk of certain free fatty acids is 
accompanied by an inhibition of acid produc- 
tion by S. lactis. Lauric, capric, and caprylic 
acids, when present a t  the 0.1% level, were in- 
hibitory, whereas oleic, butyric, linoleic, lino- 
lenic, arachidic, or  palmitic a t  the same level 
showed no effect. Caproic and stearic acids 
were not inhibitory, but 0.5% capric almost 
completely stopped acid production by S. lnctk 
(18). Some stra.ins of S. Tactis have been found 
to grow in a chemically drfined niediurii only if 
i t  was supple~nented with acetate (58) or ace- 
tate and oleate radicals (15). The presence of 
f a t  in milk has been shown to 11e inhibitory to 
some strains of S. cremoris (34). I t  is believed 
that cells of susceptible strains rise I\-ith the 

creaiil and then are in an  area of insufficient 
nutrients. 

Cells of R. lactis treated with lysozyine yielded 
5% of their dry weight as lipid (73). All lipids 
obtained contained the following five major 
fatty acids : myristic, palmitic, palmitoleic, 
lactobacillic, and an  18  carbon acid which 
possessed one double bond and may he oleio 
acid or one or  several of its isomers (73). 

Recently, i t  was reported that ethylendiamine- 
tetraacetic acid accelerated lysing of S. lactis 
by lysozyme (7 ) .  Whether the use of this tech- 
nique would change the lipid picture is not 
known. 

Effects of vitamins, salts, and metals. The 
homofermentative lactic streptococci require a 
number of vitamins for  growth. Various pub- 
lished reports indicate that S. lactis requires : 
riboflavin (2, 91, 110), pantothenic acid (2, 
91, 104, 110), pyrjdoxine (2, 91, 110),  thiamine 
(2, 91, 110), hiotin (2, 91, 104, 110),  nicotinic 
acid (91, 110),  and niacin (2, 104). Some 
variations in vitamin requirements exist among 
different strains of S. Eactis. Vitamin require- 
ments for S. cremoris appear to be similar to 
those described for  6. lactis. F o r  good growth, 
9. thermophilus requires : pantothenic acid, 
riboflavin, thiamin, nicotinamide (or  nicotinic 
acid), biotin, and pyridoxine or  i ts  derivatives. 

The growth of S. lactis in milk was not a£- 
fected by addition of pantothenic acid, niacin, 
R,?, biotin, or folic acid, whereas slight inhi- 
bition was noted when thiamin, xnnthine, or  
pyridoxamine was added ( 3 ) .  Folic acid or  
B,? additions to a synthetic medium either in  
the presence or in the absence of added methio- 
nine had no effect on growth of S. lactis (3).  

I n  spring, changes in milk composition (low- 
ered protein nitrogen and vitamin content) may 
bring about disturbances in lactic acid produc- 
tion by some strains of S. lactis, whereas others 
are not affected (118). The unaffected strains 
appear to require less riboflavin and more biotin 
than others. They are also more proteolytic and 
can synthesize nicotinic acid (118). Another 
strain has been found able to utilize phenylala- 
nine in the synthesis of folinic acid (93).  S. 
lactis also produces folic acid (89). 

Vitamin K, when added to milk in concen- 
trations as low as 3.0 ppm, reduced the rate of 
acid production by lactic dairy starters (125). 
Levels of 100 ppm or  more were required to 
arrest acid production for  24 hr  a t  an  incuba- 
tion temperature of 30 C (125). 

Acid production by S. lactis and S. cremork 
vvas reduced in  the absence of iron (101). Co- 
balt or zinc could replace iron (101). Sodium 
chloride, when addcd to milk a t  the 0.5% level, 
served to stimulate acid production by S. lactis 
(112). Higher levels caused a decline in  acid 
tlevelopment (112). 

Whcn added to nrilk, potassiun~ nitrate or 
rhlorate had little effect on the growth rate of 
S. oemoris, whereas potassiun~ persulfate 



showed slight inhibition and potassiunl bromate 
and iodate were strongly inhibito~y (45). 

S. t7&ermophilus was inhibited slightly by 
the presence of 2 and 4 ppm copper in the 
medium. Higher levels, u p  to 16 ppm, may 
have retarded growth somewhat more, but the 
effect was not pronounced (87). 

Metabolic zariationn of S, lactis var. malti- 
genes. The malty variant of S. lactis has been 
the object of considerable interest. At one 
time i t  was believed that this organism pro- 
duced the malty flavor through liberation of 
acetaldehyde (125). This was later disproved 
when it was found that nonmalty strains of 
8. lactis produced as much or  more aeetalde- 
hyde than did the malty variant (51). Sub- 
sequent studies showed the aroma resulted from 
3-methylbutanal and a small amount of 2- 
methylbutanal. Both of these compounds prob- 
ably were derived from free leucine in milk 
(51). The mechanism by which this occurred 
appeared to be as follows: ( a )  the organism 
possesses a transaminase system which effects 
a transfer of the amino group of leucine to 
alpha-ketoglutaric acid and this results in for- 

lnation of alpha-ketoisocaproic and glutanlie 
acids, (b )  an alpha-ketoisocaproic acid de- 
carboxylase, i n  the presence of magnesium ions 
and thiaminpyrophosphate, decarboxylates the 
keto acid to form 3-methylbutanal plus carbon 
dioxide (70). 

9. lactis var. maltigenes was found to require 
leucine, isoleucine, and valine for  multiplica- 
tion. The leucine requirement could be satis. 
fied with alpha-ketoisocaproic acid (69).  

HETEROFERMENTATIVE STARTERS 

Utilization, of carbohydrates. The mechanism 
by which heterofermentative starter bacteria 
utilize carbohydrates and produce a variety of 
products is  indicated in Figure 3. I n  this in- 
stance, glucose-6-phosphate is oxidized to  6- 
phosphogluconic acid through activity of the 
Zwischenferment first described by Warburg. 
The 6-phosphogluconic acid is decarboxylated 
with formation of ribulose-5-phosphate and 
carbon dioxide. Ribulose-5-phosphate is  con- 
verted to xylulose-5-phosphate, which then un- 
dergoes phosphoroclastic splitting and yields 
acetylphosphate and phosphoglycerinaldehyde. 

FIG. 3. Carbohydrate metabolism of heteroferlnentative lactic acid bacteria." 

Hexose 

Zwischenf eriiicnt -1 + T P N  

6-Phosphogluconic Acid -t TPNH + H+ 

6-Phosphogluconie acid dehydrogcnase 1 +TPN 

Ribulose-5-Phosphate + COz + TPNH 4- H' 

-1 Phosphoketopentoseepimerase 

-1 + POI' 
Phosphoketolase 

Aeetylphosphnte + Phosphoglyeerinaldehyde 

Aldehydedehydrogennsc 

+ ATP 

Acetaldehyde + DPSH + H- 

I Alcoholdehydrogenase 

Alcohol I 
Lactic Acid 

(osirlation) 

(conversion) 

(pl~osplioroclastic split) 

(dephospliorylntion) 

(reduction) 

" From Kandler, Milchwissenschaft,, 16: 523. 1961. 
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The phosphoglycerinaldehyde is transformed 
into lactic acid by means of the EMP glycolytic 
pathway. Acetylphosphate is dephosphorylated 
and forms acetic acid, or is reduced to produce 
alcohol. Under anaerobic conditions, generally, 
complete reduction of acetylphosphate occurs. 
I f  oxygen is present, some of the acetylphos- 
phate in converted to acetic acid and some to 
alcohol. Theoretically, heterofermentative or- 
ganisms convert one molecule of glucose into 
one molecule each of carbon dioxide, lactic acid, 
and alcohol or acetic acid (54). 

Studies with labeled glucose have provided 
information about distribution of hexose carbon 
atoms in products of heterofermentative bac- 
teria. These data are outlined in Figure 4. 

(a) Diacetyl results from sugar dissimilation 
by Leucolmstoc and citrate serves only as 
a hydrogen acceptor (13). 

(b) Lactose is the main source of C-4 oom- 
pounds formed and citrate is only indi- 
rectly involved (17). 

(c) Neither glucose nor citrate alone supports 
production of acetoin and barium or oal- 
cium salts are necessary to initiate the re- 
action (116). 

(d) Aroma substances are produced by L. citro- 
vorum when lactose and citric acid are 
present. Other carbohydrates could re- 
place lactose but citric acid could not be 
replaced by other acids (63). 

FIG. 4. Location of hexose carbon atoms in products of heterofermentative lactic acid 
bacteria." 

Hexose Carbon- Ethyl Acetic + Lactic 
Dioxide + Alcohol Or Acid Acid 

' From Kandler, Milchwissenschaft, 16:  523. 1961. 

The carbon atom numbered one is present in 
carbon dioxide, whereas the No. 2 and 3 carbon 
atoms are found in alcohol or acetic acid. Car- 
bon atoms 4, 5, and 6 become a part of the 
lactic acid molecule (54). 

L. citrovorum, in a series of tests, was able 
to convert glucose to the products described 
above under both aerobic and anaerobic con- 
ditions (5). 

When S. diacetilactis was grown in milk for 
4 hr a t  30 C, 94 to 128 pl of oxygen were uti- 
lized and 455 to 591 pl of carbon dioxide were 
produced (105). Gas production is greatest 
a t  elevated incubation temperatures (49). De- 
velopment of gas by L. citrovorum has caused 
slit-openness in Cheddar cheese at  ripening 
temperatures of 50 and 58 F (96). The de- 
carboxylase system of S. diacetilactis has been 
shown to be very heat stable (100% activity 
after heating to 80 C for 60 min) and to be 
most active when the pCOz was low (94, 95). 

Aroma and flavor formation. The produb 
tion of acetoin (and diacetyl) by heterofer- 
mentative bacteria has been the subject of many 
investigations. These studies have led to differ- 
ences in opinion on the nature of the reaction. 
Briefly, some of the ideas previously held are 
as follows: 

(e) Diacetyl and acetoin result from fermenta- 
tion of citrate only (13). 

( f )  Diacetyl is produced from sodium pyru- 
vate and citrate but not from glucose (13). 

(g) Pyruvate occurs as an intermediate in  fer- 
mentation of citrate to acetoin. Pyruvate 
is not formed from citrate either by a re- 
versal of the condensing-enzyme reaction 
and subsequent decarboxylation of oxalace- 
tate thus formed or by the tricarboxylic 
acid cycle (13). 

(h) Formation of diacetyl appears to be an 
oxidation-reduction process in which methyl 
glyoxal and diacetyl are derived from 
pyruvate (25, 27). Adding oxidizing agents 
to the medium does not alter the O/R po- 
tential enough to permit diacetyl forma- 
tion (26). 

(i) Pyruvate is formed from citrate by cleav- 
age of citrate into acetate and oxalacetate 
by citridesmolase. This is followed by a 
decarboxylation of oxalaeetate to acetate 
(13). 

The variability of these findings has been ex- 
plained as follows: (a )  Pyruvic acid is the 
key intermediate in the fermentation of lactose 
and citrate to acetoin and diacetyl, (b) in the 
fermentation of lactose to pyruvate by the 



FXIP scl~t.nlr, sufficairnt 1)PS is ]>roduccd to 
rclducc 1jy1~uviitt. to lactic* :wid,, ( c )  fermenta- 
tion of citrate ~ . cw~l t s  in 1)roductlon of pyruvate 
without ;I si~rcult;inc~ous sul)ply of ~.cbduced IIPN 
and, hc.~~cc, protlncts otIi(~t than 1;lctic arid are 
f'ornic.tl. This tlif'srenct~ Itlay i~cconnt for  some 
of th(b eont~.ovc~~~sial li~cdings of' tliffcrclnt in- 
vestig;rtors. 

Thr viewl)oiut on ;icc~toin forn~:~tion 11~lil by 
nearly investigi~tors totltry, :tnd h;~srd on studies 
\\-it11 Inheled I~c~sost~s ; I I I ~  ritr;it(b, encoIIIpasses 
the follo\ving steps sl~o\vn in F'igurc 5 :  ( a )  

~ v h ; ~ t  sin~il;tr to tht. I)c~ta-gal;~ctosidr 1)t.rniease of 
I';st.h~richicr (.oli, T V ~ I S  ohservt~d in S. rlictcetilnctis 
(42) .  I'hv trans1)ort systc.111 could he induced 
i ~ n d  p e r ~ ~ ~ i t t e d  greatest entry of citrate into 
cc.lls at  p H  va1uc.s helo\\- 6.0. Lactose enhancrd 
vitratr nptake, whereas 2,l-dinitropliend re- 
tluced it. 

Conditions ~~c~cc~ssary  ~ I ) I .  opti11c11111 ncdctoin 
(:~rld di;~cetyl) ~)r.oduction hy S. rlincrtilrrctis 
includr : ( a  ) I)l,esencr of citr;rtch in ~nrdiunl 
(lOT), (I)) 1)FI ncx:lr 5.0 (65, 107).  (c)  heat 
t~,e:ttn~cwt of 111ilk ~ ( ~ ~ l i v i i l ( ~ n t  to 12 ~ n i n  at  121 C 

FIG. 5. Scheme for formation of acetoin by Leuconostoc citrocorcii~~." 

C1-C'-C"C*-C-CR Exogenous Pyruvic Acid 
(Citric Acid) 

Suear I 
C4 

C'-C" c*-cs-ce ce.C-c6.ce c".Cs.c=.ce I 
C' 

Alcollol + COX Pyruvic Acid -Acetolactate -Acetoin + C02 

C5-ce C4 
Active + COz 

Acetaldehyde 
C'-e-C6 

I~actic Acid 

" From Kandler, Milchwissenschaft, 16:  523. 1961. 

citratcb is convc,c.tc.d to iicctate n~rd oxalacetate, 
( b )  o\-;~lacetntc. is convc.rted to pyruvatt:, (c)  
hexosc.s are c.onverted to pyruvate, ((1) py- 
ruvntt, fro111 the two sources is ncixed, ( e )  py- 
ruvate is convc.rted to :rcetol;lcti~te directly or 
via. active act,t;~ldehyde, ( f )  acetolactate is con- 
vertcxtl to ;icc.toin, which tlrc~n is oxidized to 
f o r n ~  diaertyl (8, 13, 84, 85, 117). This figure 
also shows distribution of original carbon a ton~s  
in frr~nentation pr~)ctucts. 

Addition of the following snhstancrs to cul- 
turv ncedia resulted in incrc,;lsed acetoin pro- 
clnction hy I,. citro~wr~c~w : Inctosr (76) ,  citric 
;~citl (44, S4), pyruvir acid (44, 81), sodiurn 
citrate (74) ,  and osalacetic acid (84).  3lost 
n~ttnholic inhibitors stoplw(1 acid production 
I)? I,. cit~~r~t.orrc~~r Inore ~,c~;~dily th in  acetoin 
forn~ation (84).  it reduction in pkl to 5.0 (or  
below) ac~celrratc~d :rcetoin production (84).  

Appa~.cx~~tly, S. tlicccetilnctis p~-odnces acetoin 
in a -8 f i i sh io~~  silnil:~r to tli;~t described fo r  I,. 
citro~~orom. l.:x))c~ri~ncwt;~l rvidrncde indicates 
that  the organ is^^^ possossc~s a citritase enzyme 
irhle to conrert citrate into ;icet;~tc, ;uid os:~lacae- 
tate (41., 105, IOB), and 1111 osnlt~c~t~tic, mid de- 
hydrogc~nase able to c:~t:~lyze 1)roduction of 
pyruvnte (106). Pyruvatc is thc.11 converted 
to acc~tolactate and suhseyuently to ;~crtoin 
(106). The sitritase cwzyme rcvluires Inagne- 
s iun~  and nranganesc, io~ls  togc~ther ~ v i t l ~  thia- 
niinc pyrophosplrate fnr ~ ~ ~ a x i n ~ u t n  activity (41).  

I{ecently, ;I citrate transport syste111, sonle- 

( l O T ) ,  iind ( d )  in(~u11ation a t  tc,~iipc?ratures of 
1 8 C  or ;~hore (65) .  Th(. fernlentation by S. 
clincetilc~r~tis procberds in two stagss; first, for- 
t~~atiorl  of volatile acids and ~ ( ~ 1 1  inass, and 
secondly, forn~i~t ion  of Itretic acdid, acetoin, and 
diacetyl ( 92) ). 
S. tbiccc~etilac.tis fails to 11roduc.c' acetoin fro111 

lactose in thc ichsencct of citratt!. It has been 
suggc~sted that this occurs sine(, all available 
pyruvnte is used fo r  the glycaol5-tic rractions 
and none r e~n t~ ins  for  synthesis of acetoin. I f ,  
hoivc.rer, citratc is irlso present, the an~ount  of 
pyruvate exrreds that required for glycolysis 
anrl perinits synthesis of acetoin (41).  

When cultured products are held for  longer 
periods of time, diacetyl arornas tend to disap- 
peicr. Severill explanatio~ls have hcc,n offered 
for  this oacurrencc and are :IS follows: ( a )  
ac.c.toin (and diacetyl) can he reduccd to 2,s- 
l~utanediol (54) ,  ( h )  S. diclc~tilactis and organ- 
i sn~s  of the genus Lrteco~zostoc possess an  rn- 
zyliie, dii~et:tyl rsductase, mhich il~eversibly 
r(duces diacetyl to acetoin (108),  ( c )  spoilage 
I);~cateria (e.g., coliforms, pseudo~~~onads)  pos- 
ssss the snnre mzylne and hmce carry out the 
sanie rc.action (IOS) , ((1) contarnination wit11 
1)ncterin i11)le to produre strongly rc~ducing con- 
tlitions Inily caustL a decrease in aronla and 
flavor suhstanres (47),  and (e)  conversion of 
;teetoin to aretio acid hy nlicrococci that nlay 
he ront;~n~innnts (54).  

$,'lfc,ct of ritlr11iii7s ccurl snlts. Cultures of 



7,. c.ii7.o l-orlr 111 reclni~.e thc, following vitau~ins 
for growth : pantothenic ac,id (88),  pyridoxine 
(8S) ,  nicotinic acid ( 8 8 ) ,  biotin (88),  and 
thyn~idine (57) .  Thy~~ i inc  desoxyriboside was 
found :111l(, to substantially inc:rease the growth 
of t.his org:rnis~u (111 ) .  The addition to the 
~nedium of py r idoxa~~~ino  phosphate, para  
anlinobenxoic acid, or B,, fnilcd to improve 
growth. S. rliacetilactis did not require folic. 
or folinic acids, thianiine, and R,,. 

The presence of 1 to 2% s:11t in skimnilk 
proved to bc! stiinulatory fo r  acid production 
by S .  diacrlilactis and I,. d r ~ t r a n i c ~ ~ m  (112). 
The addition of rnore salt reduced acid produc- 
tion (112). Salt tolerance of these bacteria 
was enhanced by the addition to milk of phos- 
phates and dried milk and reduced by raising 
01. lowering the pII fro111 the o p t i ~ n n ~ n  (112). 

I'lIO1)1 ('TION OF .iSTIRlOTI('-LIKE SURSTANCES AND 
EFFECT OF THOSE PRO1)UCED BY OTIIER 

LACTIC STARTER BACTERIA 

Studiec: in our lilboratory (81) indicated that 
I,. (itrovorum produced an antibiotic-like sub- 
st:inee(s) in skimmilk which inhibited a variety 
of gram-negative bacteria. The substance(s) 
:~lso displayed considerahlc. activity against 
StapW/llococrtrs aztreus. Activity appeared 
greatcbt a t  a p H  near 4..5 and diminished aq 
the p I I  was increaqed. l'roduction of the in- 
hibitory material appearcd to vary from strain 
to strain, hut all four strain., tested elaborated 
detectable levels. 

Antibiotic materials produced by 8. lactis 
inhibited L. c.itro~orum (61) and S. n'iacetilactis 
(12). The production of antibiotics by some 
strain:, may serve to explain why ~nixed-strain 
lactic c.ulturcb+ change after it f rw transfers 
(12, 33). 

OTHER ASI'ECTS OF IIOMO- ANI) IIFIPb>I3OFb>R%IENTA- 
TIVE SI'ARTER METABOLISM 

Space limitations prevent a con~plete con- 
sideration of starter twlture metabolis~n. These 
aspee,ts and appropri:rte references are indi- 
c:~tc.d below. First ,  thc~ utilization of nitrogellous 
c.ornpounds and proteolytic activity is dis- 
cussed, in part, in othcr papers of this series 
:~nd  in the following rcfercnces: 2, 3, 4, 9, 14, 
If;, 21, 22, 24, 37, 48, 50, 60, 62, 64, 6R, 69, 71, 
7 2 ,  75, 83, 86, 90, 98, 100, 102, 104, 119, 120, 
121, i ~ n d  126. Second, thtt t~ffect of s t i ~ ~ ~ n l a n t s  
:xdded to n~i lk  o r  to an  artificial culture ~ncdimn 
is also tliscussed in another paper of this series 
:~nd  in the follox-ing refrrc:nccs: 3, 10, 11, 32, 
55, 36, 53. 55, 56, 58, and 113. Third, the pro- 
duction by and effects of mtibiotic-like sub- 
stances on hoinofer~nentativ lactic acid bac- 
teria is cwnsidemd in this scvies of papers and 
in tht! following reft~rc~nccs: G ,  18, 20, 23, 29, 
30, 33, 34, G 1 ,  6'7, m ~ d  124. I"ourt11, the effect 
of milk-horn(: antibiotics is tlisc.nssed in the fol- 
lowing ~~c~l 'c~~~c~nc~c~s:  I, 66, 77, i s ,  79, 80, and 
109. 
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I \'. STARTER CTT1,TURE GROIT'TII ANL) AC'l'IOS IK >[ILK 

N. L. SPECK 
l ) e p i i r t ~ l ~ ~ i ~ t  of Food Scirnre, Xorth Carolina Ft;~tch Coll(.ge. Iialeigh 

Milk is the substrate 111ost widely used for  
growth of the lactic streptococcai, as evidenced 
hy tlie volun~r  of cultured milks :tnd cheeses 
proc1uet.d. Cultures of thesc. harteria normally 
:Ire propagated in inilk. I n  spite of tliese facts, 
milk is not the natural habitat of the lactic 
streptococci ; r;ither, they :Ippc.ar to he of plant 
origin. Phidently, plants furnish thc proper 
nubrients by environmc.ntn1 conditions present 
on and within them; also,, plants are subjected 
to contamintrtion f r o n ~  v: t~~~ous  biological sources 
(i.e., soil, insects, other n~icroorganisn~s, etc.). 
\Vho~i the lactic ~ t r e p t o ~ o c c ~ i  encounter. 111ilk as  
;in environ~r~ent, certt~in adjus t~l~ents  would : ~ p -  
pear to b(. required in their ~nc.ti~bolic hahits. 
First  of all, the 1:ictenins usually present in 
111ilk arch 11101.e o r  less inhihitory to many bac- 
tcxria. Ilowc.vrr, the nutritive i~spects of inilk 
prohahly arc: more important in allowing start- 
ers to initiate growth. The co~nplelnent of nu- 
trients in milk is esscntinlly adequate fo r  the 
1:lctic streptococci, except that required nitro- 
gen dors not exist in fo r~ns  that are p:~rticularly 
readily available. Milk as it is secreted con- 
tains very little nonprotein nitrogen and, thus, 
nitrogen fo r  the needs of the culture must be 
ohta.ined pri~n:xrily by hydrolysis of the pro- 
teins. Not a11 streptococci are endowed with 
equal protrolytic activity, and this may limit 
the ability of c*ultures to obtain their nitrogen 
in an~ounts, or forms, necessary for  maxinlum 
growth ra.tes. 

During the production and processing of 
~nilk,  i t  may bi,corne rontandnated with Inany 
ha.cteria ca.pable of rapid growth which, in 
turn, can be very deleterious t o  the growth of 
starters ant1 to the cultured product heing 
~nanufacturc.d. To prevent this undesirable 
situation, lr~ilk ran he heated to destroy the ua- 

tlesirahlc hacteria. This heating, however, may 
hare marked eRec:ts 011 tho nutritive qualities 
of tlie 111i1k fo r  the lactic streptococci. 

The p ~ r p o s ( ~  of this presclntation is to col- 
latcl certi~in of the information avai1:tble which 
n~ igh t  serve tls a guide fo r  hetter utilization of 
lactic starter cultures in the ~nanufacture of 
culturcd 111ilk products. Owing to lin~itations 
of t i~nc~,  only iriforn~;~tion more t1irt:ctly por- 
taining to the foregoing int~~oductory con~u~ents  
will he discunsed. 

HE.\T TRF,Al'>IEST OF ?dILK \XI) STARTER GROWTH 

To redure c o ~ n p e t i t i o ~ ~  from other ~nicroor- 
panisms and attibnuate Iz~ctenin, milk is  nearly 
a1rv:ra.s heat-treated hefore hcing inoculi~ted 
with st:trter c.ultnrc.s. T l ~ e  heating also usually 
rcsnlts in the 111ilk heing   no re henefieial to 
starter g ro~- th ,  although this effect does not 
exist f o r  all m;~gnitudths of hcmt trc.a.tn~ent. 

Foster (11) ~,eportrd that autoclaved (115 C- 
15 ~ n i n )  ~ r ~ i l k  w i~s  niarkcdly superior to milk 
heated a t  80 C fo r  10 ~ n i n  fo r  growth of lactic 
streptococci. Extclnsion of :~utoclaving time be- 
yoncl 15-20 n ~ i n  resu1tc.d in decreased growth- 
supporting ability of the milk. I Ie  concluded 
t1i:lt milk nonnally is deficient in readily avail- 
able nitrogen sources and that  the improved 
growth in autoclaved milk was the result of 
p a ~ t i a l  hy(1rolysis of the casein. 

Grernc and Jc>zeski (13-15) have shown that 
progressing severity of heat trentments resulted 
in milk first showing stimulatory properties 
fo r  cultures; this wits followed by the milk 
being inhibitory on further heating; increctsed 
exposure produced a second zone of stimulation 
which was followed hy a seC.ond zone of inhibi- 
tion. The heating cxsposurc,s and resulting char- 
acter of the niilk w(,rt, : 

' Co~~tril)utio~i from the Drpartment of Fool1 68 c for 30 lnin to c for 40 I1lin-stimula- Science, North Carolina Agricultural Expcariment 
St:~tion, R:~leigl~, Nortl~ C:lroli11:4. Publifihed ~5-itl1 tion 
t l ~ r  np~~rovnl of thc 1)irertor of Resenrrh as Paper 7 2  C for  45 l)lin to 82 C for  10-45 min, or 
No. 14!)4 of the Journnl Se~.ies. 90 C for 1-45 n~in--inhihition 
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90 C for  60-180 niin to 120 C for  15-30 min- 
stin~ulation 

120 C for  longer than 30 min-inhibition 

The first zone of stin~ulation was considered to 
be caused by a variety of factors acting inde- 
pendently and together. These were: (1)  low- 
ering of Eh  due to expulsion of oxygen; (2) 
destruction of heat-labile inhibitors normally 
present in milk; (3 )  partial hydrolysis of milk 
proteins; and (4) the denaturing of serum 
protein. The first zone of inhibition was due 
to an  excessive concentration of cysteine with 
the concomitant increase in toxic volatile sul- 
fides. The second zone of stimulation was 
coincident with a hcat-induced dinlinution of 
the toxic sulfides. 

The association of free sulfhydryl groups 
with the nutritional qualities of milk was ap- 
proached from a different viewpoint by Hen- 
ningson and Kosikowski (21).  Streptococcus 
pyogenes, which quickly dies in fresh raw milk 
or whey, was used as the test culture. These 
workers observed that the germicidal property 
of fresh raw whey was lost as the whey was 
heated, and that the loss of germicidal prop- 
erty was accompanied by the presence of free 
sulfhydryl groups in increasing concentration. 
As heating was continued and free sulfhydryls 
decreased, growth of S. pyogcnss  also decreased. 

Evidence, therefore, indicates that heating 
of milk a t  certain levels denatures proteins and 
that such changes, accompanied by the presence 
of free sulfhydryl groups, are beneficial to 
bacterial growth. The actual compounds pro- 
duced which directly cause this increased nu- 
tritional quality are still not completely iden- 
tified. The inhibition, however, caused in milk 
by v:lrious heat exposures appears to reside 
in the volatile sulfides produced. 

Heating of milk has been shown by Auclair 
and Portmann (3)  to result in the formation 
of formic acid from lactose degradation. The 
formic acid appeared to be stimulatory for  
Lactobacillus lactis. However, a mixture of 
milk heated a t  90 C and autoclaved milk was 
better than either alone. Autoclaving was con- 
sidered to have resulted in diminution of free 
amino acids by their reaction with lactose and 
thus result i n  a decreased ability of the milk to 
support culture growth. 

There is general agreement that certain heat 
treatments of milk benefit starter culture 
growth, and that others result in developing 
inhibitory properties in the milk. There still 
remains some question concerning the actual 
causative factors involved in these two oppos- 
ing properties. 

The practical importance of heat effects on 
milk are quite obvious. Fo r  example, dry skim- 
milk that may be used fo r  preparation of 
various cultured products, particularly Cottage 
cheese and buttermilk, should be manufactured 
without heating to such an extent that its 
ability to support culture growth would be im- 

paired. The increased use of UHT treatments 
of milk also may be expected to result in some 
alteration of the ability of the milk to support 
culture growth. This type of heat processing 
possesses many desirable features from the 
standpoint of plant operations, and i t  is rea- 
sonable to expect that it will be adopted for 
milk to be made into cultured products. Pre- 
liminary data in our laboratories have indi- 
cated that care must be exercised that inhibi- 
tory properties for  starters are not developed 
in UHT treated milk. 

MILK CONSTITUENTS AND STARTER GROWTH 

Milk that appears norlnal in all recognizable 
properties and constituents often seems to vary 
in its ability to support growth of starters. 
Certain investigations have been directed toward 
obtaining an explanation for  this apparent 
anomaly. Anderson et  al. (2)  have indicated 
that normal milk may vary in a nonprotein 
nitrogen component (designated as a peptide 
fraction) and that growth rates of many lactic 
streptococci varied directly with the content of 
this fraotion in milk. There was, however, a 
variation in the amount of response by differ- 
ent cultures, indicating that nutritional require- 
ments of the cultures were diverse. 

Claydon and Fryer (5)  studied variations 
in milk composition, including differences in 
the proteose-peptone content, due to pasture 
and dry feeding. The content of the proteose- 
peptoue fraction was not correlated with cul- 
ture activity. Differences in starter growth in 
milk fro111 cows on pasture or dry feeding ap- 
peared to be dependent on characteristics of 
the cultures. I n  any event, the differences were 
of questionable practical significance. 

Stadhouders (32) has noted a stimulatory 
effect resulting from the H.T.S.T. and steam 
heating of autumn and winter milk, but con- 
sidered that precursors of the stimulatory sub- 
stances were not naturally present in milk. 
Some inhibitory properties of milk which had 
been only I1.T.S.T. pasteurized were found to 
correlate with seasonal variations of peroxi- 
(lase concentrations. 

Tevilevich (33) reported that strains of S. 
lnctis often are unable to produce normal fer- 
mentation in milk secreted during the spring 
season. Strains that were able to grow prop- 
erly in  such milk, however, were found to  re- 
quire less riboflavin, but more biotin, were able 
to synthesize nicotinic acid, and had greater 
proteolytic activity. 

The free amino acids present in fresh milk 
have been reported by Deutsch and Samuelsson 
(9) and by von Hetzel (22);  those reported 
by Niven (26) to be needed fo'r effective growth 
of S. lactis were found to be present with the 
exception of phenylalanine and, possibly, cys- 
tine. Glutamine, which is stimulatory, also has 
not been observed to be present in milk. Pep- 
tides and phosphopeptides were not detected 



in freshly drawn milk that was nearly free from 
bacteria (9).  

The present status of our knowledge does not 
enable us to predict with accuracy the prefer- 
ential qualities of various lots of milk with 
respect to their support of starter growth. 
However, pooled herd milk that is free from 
unnatural inhibitors and products of micro- 
biological growth appears to be relatively con- 
stant in nutritive qualities f o r  lactic strepto- 
cocci. Inherent differences in starter cultures 
result in ~nuch greater variability of growth 
than that caused by different lots of normal 
niilk. 

SUPPLEMENTATION O F  MILK WIT11 NUTRIENTS 
FOR STARTERS 

Although free amino acids have been re- 
ported to be present in milk, there has been 
some question regarding their presence in s&- 
cient quantities for optimum culture growth. 
Bradshaw (4) noted that the addition of amino 
acids to milk have produced variable results, 
certain amino acids being somen-hat beneficial 
to some cultures and other amino acids shon- 
ing marked inhibition. The beneficial results 
obtained were of relatively low nlagnitude and 
of insufficient value to justify the cost of adding 
the amino acids. Although the inhibitory ac- 
tions of various amino acids were quite marked, 
their action was overcome by others (i.e., serine 
antagonism was overcome by alanine; tnethio- 
nine was overcome by norleucine or threonine). 
This probably accounts for  the apparent ab- 
sence of inhibition by certain amino acids when 
milk is supplemented by mixtures of amino 
acids present in protein liydrolysates and other 
nitrogenous materials. 

Improved growth of starter cultures can be 
obtained by supplmmntation of milk with vari- 
ous extracts of plant and animal tissues, as 
well as with hydrolysates of proteins (1, 12, 18, 
24, 31). Cultures vary in their response to 
supplementation of milk by such adjuncts, slow 
cultures showing a much greater response than 
fast ones (1, 12, 31). Actually, the slow cul- 
tures grow nearly as well as fast ones when 
~riilk is fortified with such extracts. The at- 
tributes of such supplements apparently are 
associated with the more readily available forms 
of certain nitrogenous compounds. There has 
been some evidence that peptides contribute 
much of the growth-stimulatory qualities of 
certain adjuncts (1, 25, 28). 

The supplementation of milk with certain 
extracts to obtain more active culture growth 
can be used to advantage in various ways. 
Speck and Ledford (30) have reported that 
ripening and cooking times in Cottage cheese 
manufacture can be reduced markedly by ac- 
celeration of starter growth through the addi- 
tion of pancreas extract to the cheese milk. 
Similarly, Cheddar cheese manufacture through 
the hooping operation can also be accelerated; 

furthermore, the accelerated culture activity 
usually resulted in greater yields of curd (ap- 
proximately 10%). 

The reduced rate of growth and acid produc- 
tion by antibiotic-resistant strains of S. lactis 
was found by Kennedy (23) to be restored to 
:i rate comparable to their antibiotic-sensitive 
t20unterparts by addition of 0.5% pancreas ex- 
tract to the milk. Antibiotic-resistant cultures 
could, therefore, be used fo r  manufacturing 
purposes; otherwise, their growth might be too 
slow for  commercial fermentations. 

The activation of lyophilized starter cultures 
was observed by Speck and Koburger (29) to 
be greatly accelerated by fortification of milk 
with 0.2% pancreas extract. Subsequent sub- 
cultures in plain milk possessed similar activity, 
whether the dry cultures were activated a t  32 
or 22 C, and whether or not in the presence of 
the pancreas extract. I n  addition to allowing 
a reduction in time fo r  preparing active cul- 
tures, the fortifimtion of milk was proposed as 
a means for  preparing bulk starters from a 
dry culture within a 24-hr period. Thus, a 
dry culture could be grown u p  in fortified 
(0.2% pancreas extract) milk in about 8 hr 
a t  32 C. Then this cwlture could be inoculated 
into milk for  the bulk culture and incubated 
a t  22 C for about 16 hr. 

Certainly, many useful applications can be 
made of accelerated culture growth, and the 
foregoing are cited only as  possible examples 
of such applications. 

PROTEOLYSIS BY STARTERS I N  3IILK 

Proteolytic activities of the lactic streptococci 
:ire subtle and manifestations of their pro- 
tcaolysis are relatively obscure. Consequently, 
the importance of these activities is  often not 
fully appreciated. Presumably, the proteinase 
system of these microorganisms is needed for 
them to obtain certain nitrogenous constituents 
from milk proteins. The ability of lactic strep- 
tococci to grow properly in milk may, there- 
fore, be directly related to their proteinase ac- 
tivity. 

IIarriman and Hmnmer (19) reported that 
cultures of h'. lactis which coagulated milk 
rapidly caused a greater concomitant increase 
in soluble nitrogen than did slow-coagulating 
cultures. This relationship between rate of 
acid production and proteolysis was observed 
when cultures were incubated a t  room tempera- 
ture, but not when incubated a t  30 or 3 7 C  
(17). Studies by Williamson and Speck (36) 
have confirmed that rate of acid production 
a t  32 C by lactic streptococci in milk is not 
directly related to the amount of proteolysis 
effected. Qualitative differences in proteinase 
activity may be related to these observations. 

Proteolysis in milk by cultures of lactic 
streptococci is detectable within the first 4 hr 
during incubation a t  32 C. The properties of 
the endocellular proteinase and peptidase sys- 



terns of the lactic streptorocci havc bcrn exten- 
sively studied by Van der Zant :tnd Nelson (34, 
35). An extracellular proteinase was isolated 
by Willia~nson et al. (37) from a casein mediuni 
after S. lactis developed through the logarith- 
mic phase of growth. The ctnzynle induc.ihle 
and was a t  a ~naximu~u concentration only 
when casein was present in thr medium. 

Although the r(!lation of proteolysis to nu- 
trition of the lactic strc~ptococci is not clear, 
there is increasing evidrnce that ~ ~ r o t r o l y s i ~  by 
these cultures is very important in the ~niinu- 
facture of cultured niilk products. Heinen~i~nn 
(20) found that vz~rious starters producded quite 
different curd tension by the time the culturcs 
attained a whey titratahle acidity of 0.55%. 
FIe attrihuted these differences to variations in 
proteolytic activity of the various cultures. 
\I-illi:lnlson and Speck (36) studied the curd 
tension produced by cultures in ~ni lk  without 
:~tldition of any extraneous eo:lgulator. They 
observed that different cultures varitxd mark- 
rdly in the strength of the curd produced, and 
that this was not related c1irc:ctly to the pro- 
trolytir. activity of the culturcs. Actually, there 
appcilred to be a rennet-like t~ctivity exhibited 
hy the ~nost  protcolytic strain. nlilk was 
supplemented with pancreas extract all cultures 
showrd an increased rate of acid produrtion 
and sharp reductions in proteolys~s, and in 
these cultures the curd trnsion of thc congn- 
lated milk was greatly increasrd. Thesr artiv- 
ities may he related to the redi~red rooking re- 
quired and increased yield of Cottage rhresr 
curd made with aeceler:tted culturc gro~vth. 
Thus, drcreascd protcolgsis  night be expected 
to perniit more rapid coagulatio~l of the less 
:~ltered protein in the acidified n~ilk. Further- 
~norc, the stronger curd shoulld result. in in- 
rreasc~d yicld of curd, due to lrss loss by 
shattering. 

Diffrrcncrs in protrolyti~~ activities of s tn~ t r r s  
11;tve also heen ohscrved to 1)c associ:xtcd with 
crrt;tin fli~vors that devt?lop in Checldar chcesc. 
Ennnons ct al. (10) found that frcr a~nino 
nitrogrn in Cheddar c.hrrse corrrlated nega- 
tively with the degree of bitterness, and was a 
c.llamrteristic of the culture. They postulated 
that hittrrness was due to a drficicncy of pro- 
teolytic enzynles capahle of I~gdrolyzing bitter 
prinrary breakdown products of thr rhrrse pro- 
k in .  Czulak and Shi~n~uin  (7 )  c~onfirnrrtl tliest~ 
ol)scrvations and also suggestctl th:lt the? bitter 
fliir-or rcsnltrcl from the fo~.n~;~tion and aecmnu- 
lation of rertain polypeptidrs. 

Ol)viouslv, our kno\vleclge of thr ~,rotrolytir 
cXnzynles of lactic strrptncocci is limitrd. 
JIuclt Inore needs to br lmmrd ahout this as- 
p 1 ~ 4  of starter cultures hrforr they can he used 
nlost judiciously in the ~llnnafac~turc of rult~ued 
~ )~vdac t s .  

Thr growth of lactic! strc~ptoc.occi in milk is 

;~ffectcd by I I I : I I I ~  fi~ctors which :we not inherent 
propc.rties of ~nilk. The effects of various in- 
hibitors, such as antibiotics resulting from ther- 
;qwutic treatn~ent of the cow, in~proper use of 
snnitizrm, rancidity rrsulting fro~rl  ~ni lk  lipnse 
artion, and products from growth of antag- 
onistic h:rrteria are wr11 known for  thrir delr- 
tclrious effects on culture growth and will not 
he diseussrd here. On the other hand, the bene- 
ficial a.ttrihutes of certain hacteria on the 
grolrth of starters in milk h:~s not brrn as well 
recognized. Improved activity of startrrs has 
heen reported to result fro111 the growth of 
Bncilltts slrbtilis (27), Esrh~l'ichZ:(z coli (16). 
and I'se~rrlotno~zas p/coresce~zs (6) .  Since all 
of these hactrria :Ire con~nlonly found in raw 
niilk, their effects on subsequent growth of 
la.ctic starters must he considered when evalu- 
ating thr nutritional cjualities in ~rlilk. I t  ;tlso 
is possible for strrptoc+ncci to exert very hene- 
firial effects on one :inothrr during growth in 
nlilli, and this is :In iniportant reason for thr 
use of a mixture of strains in the ~nanufacturr 
of cultured dairy products. Thrre is little hasis 
on which synbiotir, strains c:u~ he selrctchd, otller 
than actual testing of various isolates. Bcne- 
ficial interactions cannot be predicted solely 
on the basis of high a.cid protluction. Dahiy:~ 
and Speck (S) fo~urd a lolr-arid-produc.in;$uing lac- 
tic streptococcus to be particu1:lrly sti~nulatory 
to a Sastrr-growing one; the faster one w:.ns 
only slightly l~rneficial to the sloner one. The 
biologically artive nratrrial was liheratcd f ron~  
the cells during growth, since crll-free I I I ~ ~ ~ L I I I I  

from the single strain slow culture promoted 
growth equal to that \vlren the cultures grew as 
:I ~nixture. JIorr information is needed on the 
~nechanism of sy1111)iosis betwern strains of 1:tc- 
tic strrptococci. and ~vnys in ~vhich this type 
of interartion can hr nsrd to drvelop hardy cnl- 
tures that ~vill allow their ~nnst  advantagrous 
utiliz:~tion in conn~lrrci:~l f'c~r~nc.ntations. 

Thr de\,r~lopn~cnt of cultures of lactic strrp- 
tocaocc+i for usc in manufacturing cnlturrd milk 
products obviously  nus st be drpendrnt on vari- 
ous fartors. Such cnltnrcs inust br selected for 
tllcir ability to effect crrtnin desirahle changes 
in 111ilk. Lioiitations in nc,conlplishing these 
objrctives harc resulted fro111 o11r lark of knowl- 
rdgc. on certain of t l ~ c  actual changrs desired 
of the cultures. I n  addition, the a1)ility of rul- 
turrs to effect certilin changes, par t ic~~lar lv  in 
nit~.ogc.nons constituents, has not been fully 
undrrstood. Thrre is reason to helievc that 
proprrss is I~cing made in sreuring information 
that \rill allo~v more prudent use of Iact,ir 
starters in the manufacture of culturc~d ~nilk 
nrodacts. 

( 1  1 A r n f ~ ~ s o r .  1\. iV., .\sn ELI,IICK'.K, P. 11. Tlie 
Sutl.itio~~nl Herlnirrlnc~~~ts of Lactie Strcpto- 
cwcci Tsol:ttr~l fron~ St:trtcr (:liltul.rs. T r .  
;\ Stilliul:rtory F:~ctor Rrrluircd for Rnl1i11 
(:ro\\.tl~ of Son~ca S t r :~ i~~s  ill Rcco r~s t i t~~ t~~~ l  
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1'. INDITSTRI,\L VTtLIZATIOS OF L,iCTIC CULTURES 

F. J. BARE[. 

Dairy J1:anufacturing Sc.ction, Anilnal Sciences Depnrtmont 
Purdue University, Lnfayc.tte. Indiana 

Lactic cultures are ernployed in the dairy 
industry primarily for the manufacture of 
cultured buttermilk, cultured sour cream, and 
for all types of cheese. An appreciable amount 
of cnlturct is also used in the manufacture of 
butter. Starter distillate may he manufactured 
by the use of lactic culture, or pure cultures 
of various citric acid-fermenting species may 
be used. Some ~narg:lrine manufacturers also 
use lactic cultures in their manufacturing pro- 
cedure. 

The dairy industry now7 has a t  its disposal 
more lactic cultures than a t  any other time in 
the history of the industry. As a result, dairy 
plants are selecting cultures for specific pur- 
poses. For  many years the Cheddar cheese 
manufacturers were interested nlainly in the 
rate of acid production by a lactic culture. To- 
day, they are still interested in acid production, 
but they also know that some cultures survive 
the cooking process better than others, that 
some cultures produce acid more rapidly than 
others after salting, and that different cultures 
produce cheese with different body, texture, and 
flavor characteristics. The manufacturers of 
Cottage cheese desirc a rapid acid-producing 
culture, but they also want a culture that does 
not cause floating curd. The manufacturers of 
cultured skimmilk select a culture on the basis 
of biacetyl, volatile acid, and carbon dioxide 
production, acid dcvelopment, and by the body 
and texture characteristics of the finished 
product. 

Propagation. of lactic cultures. Facilities. 
Considerable progress has been made in the 
dairy industry during recent years in provid- 
ing facilities that prevent the rontamination of 
cultures with bacteriophage and foreign micro- 
organisms. Isolated rooms for the propagation 
of mother cultures and for  the preparation of 
intermediate and hulk culture have afforded 
considerable protection to cultures when they 
are constructed properly and precautions arc, 
taken to prevent their contamination. 

The location of the culture area is of pri- 
mary importance. Many areas have been con- 
structed within the plant, or an addition has 
been made to the plant. The area must be con- 
structed in such a manner that i t  will not be- 
come contaminated from the manufacturing 

portion of the plant. A culture area close to 
the n~anufacturing operation has the advantage 
that vulture does not need to he transported a 
long distance, but i t  has the disadvantage of 
greater susceptibility to contamination. Some 
two-story plants having the manufacturing op- 
eration on the first floor have found it advan- 
tageous to construct a culture area on the sec- 
ond floor. A separate ventilating system for  
the culture area is an absolute necessity and 
the system should have sufficient air intake 
from t,he outside to create a positive pressure 
on the area. In  the construction of the area and 
in the selection of equipment, thought must he 
given to the use of materials that can he cleaned 
easily and that do not deteriorate when treated 
with the common bactericides. 

Equi~lnent  for  preparation of bulk culture, 
even though confined to a culture area, should 
he selected and operated in such a lnanncr as 
to prevent all possible contamination. Culture 
vats with ports, rather than hinged covers are 
recon~mended. The air  entering the vat after 
heating should be considered as a possible source 
of rontamination and means should he taken 
to purify the air by the use of incinerators, 
passing the air through a hactericidal solution, 
etc. 

Thc. person in charge of the culture area 
]nust take all precaution to prevent contamiaa- 
tion of the area by personnel entering or Ieav- 
ing the area. In  most of the culture areas, the 
work can he done by one person. Removal of 
culture from the area, filling and emptying 
vats, etc., can he done with controls outside of 
the area. 

The detection of culture contamination is 
not as simple as i t  might seem. Usually, we 
think of the common culture contaminants as 
aerobic spore formers, yeasts, molds, and coli- 
form bacteria. Contamination with various 
strains of lactic acid-producing streptococci 
must also he considered. Many plant personnel 
have found that their facilities fo r  culture 
propagation, and their techniques, are inade- 
quate for  propagating pun? cultures of Leireo- 
nostoc ritroi.or~tm. The colnnlon contaminant 
encountered is a lactic acid-producing organism. 
A good control procedure in the culture Iah- 
oratory is to determine how long a. sample of 
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sterile ~nilli can he transferred froin one flask 
to another nithout contan~ination. I f  i t  is 
difficult for  a plant to avoid bacterial contami- 
nation, i t  would he even more difficult to avoid 
hacteriophage co~lta~nination. 

Pregt~rrtc,t/ of propugatioia. A t  one time i t  
was thought that a lactic culture should be 
propagated each day, to maintain its activity. 
Dahlbcrg and Ferris (6)  noted that when lactic 
cultures ~vert, propagated erery day or every 
third day, the appearance, flavor, and acid 
development were identical. When the cultures 
were inoculated into milk and incubated a t  86 F, 
acid developn~ent was rapid and the same for  
one-day and three-day-old cultures. I n  actual 
cheese manufacture, a freshly coagulated cul- 
ture produced acid illore rapidly in the curd 
than a three-day-old culture. Cheese manufac- 
tured ~v i th  cultures transferred daily devel- 
oped more flaror, were of better quality, and 
ripened in less time than that  made with cul- 
tures transferred every third day. The old 
cultures produced cheese with unclean flavors. 

Olson et al. (17) state that cultures can be 
stored a t  40 to 50 F fo r  five days or longer 
without decreasing their rates of acid produc- 
tion in cheese making. Their data indicated 
that this te~nperature range was more favorable 
fo r  storage than lower temperatures such as  
32 or 0 to -10 F. The addition of a small 
amount of' calcium carbonate to the containers 
of milk used fo r  culture propagation prolonged 
thc: time that cultures rrmained active a t  40 to 
50 F. They reco~~~n~endecl  that  culturrs should 
he propagated at  least once after rr1110va1 from 
storage, I)c.f'ore being used in cheese manufac- 
ture. 

A number of co~n~nercial pla.nts propagate 
mother cultures two or three days per week. 
However, these plants generally prepare an  
intermediate culture from the ~ r~o the r  culture 
and the milk used fo r  bulk culture or cultured 
buttermilk is  inoculated with the intermediate 
culture. Fewer transfers of a mother culture 
has certain advantages. There is less likeli- 
hood of contamination, less mutation among 
strains, and a greater time elapse before one 
strain becon~es dominant i n  a multiple-strain 
culture. 

C1llttcre 'rrtaezcal. The frequency of renewal 
of cultures in a plant depends upon the ability 
of plant personnel to maintain the cultures in 
iln uncontaminated condition. It also depends 
upon the rate of growth of each strain within 
a multiple-strain culture, and upon their riltc 
of mutation. Some plants having difficulties 
with bacteriophage can maintain a satisfactory 
culture for  only one or two propagations. 
Other plants obtain satisfactory results with a 
culture for several months or even longer. With 
multiple-strain cultures, renewal should be a t  
least every 2 wk, to prevent strain dominance 
within the culture. Frequent renewal of cul- 
tures is practiced by dairy plants using a cul- 

ture rotation system. Such plants find that it 
is more economical to purchase a new culture 
rather than to propagate a culture that will 
not be used in the rotation f o r  several days. 
The number of plants which use cultures but 
which do not propagate mother cultures is  
increasing. These plants use a commercial cul- 
ture to prepare an  intermediate culture, and 
the intermediate culture is  used to inoculate 
the bulk culture. 

Contvol of bacteriophages. Bacteriophages 
are a common cause of slow acid development 
by lactic cultures. Moseley and JVinslow (15) 
examined samples of milk, lactic culture, and 
whey which were obtained from 91 cheese fac- 
tories in 20 states. The samples were obtained 
a t  the time of slow acid development during 
cheese manufacture. Their study involved 101 
cases of culture failure. They also analyzed 
samples taken from 23 vats in 20 cheese fac- 
tories that were not experiencing difficulty with 
slow acid development. Bacteriophages were 
detected in 93% of the samples taken from 
plants tha t  had culture failures and in 74% 
of the samples taken from plants in which acid 
production was normal. This study, as well as  
others, have enlphasized the importance of bac- 
teriop11a.ges as contaminants of dairy plants 
and their role in slow acid develop~nent by 
lactic cultures. 

Use of special medicz. A survey of the lit- 
erature indicates that a large number of sub- 
stancrs have heen tcstcd fo r  their effect on 
va.rious hactcriophages. 3Iany of the substances 
tested were added to growth media fo r  the 
purpose of finding a compound that would 
pern~i t  growth of the bacterial culture hut not 
of the bacteriophage active against it. Al- 
though a large numher of compounds have been 
found to inhibit bacteriophages, the inhibition 
is not sufficient to prevent considerable cell 
lysis. A compound that might be useful fo r  in- 
hibiting bacteriophages during laboratory in- 
vestigations might have toxic properties and 
its use would not be permitted in foods. 

Graham and Nelson (8) examined 110 com- 
pounds fo r  their effect on lactic streptococcus 
bacteriophage. Many of the substances were 
inhibitory to bacteriophage, but most of them 
were also toxic to the host organism. 

The first step in the developinent of hacterio- 
phage involves the adsorption of the virus par- 
ticle to the host cell. Adsorption is generally 
thought of as the attachment of the phage 
particle to the host cell and the liberation of 
phage DNA into the interior of the host cell. 
Fo r  a certain hactrriophage-host cell coinbina- 
tion, there is :In o p t i ~ n u n ~  cationic concentration 
for  rnaximun~ adsorption. Many of the bac- 
teriophages that have been studied have a 
definite require~nent fo r  calcium ion and this 
is true of the lactic streptococcus bacteriophage. 
Cherry and Watson (2)  obtained the greatest 
adsorption when a medium contained 0.02 M 
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calcium chloride. Collins et al. ( 3 ) )  working 
with a chemicnlly defined 1nrdiu111, found that 
eight of the t rn  lacotic streptococcus bacaterio- 
phages studitd nectlrd soluhle ealciu~n salts to 
multiply on t l ~ r i r  liost cells. 

When it ht~cinne known that ci~lciu~n ions 
played an iinport;~nt role in phage adsorption, 
n~uch rtasr;~rch \v:ls c~onductrd with con~pounds 
which hind a~lciuni ions. I n  the dairy industry, 
~nill< is an  i1111)ort:lnt rulturc n~edium, esprcially 
fo r  lactic cultures. Therefore, it appeared fea- 
sible for  resrarcah workers to study the ability 
of various co~npounds to hind the calciu~n ions 
in milk and to investigate methods fo r  the re- 
nioval of calciu~n. 

I n  1950, Collins ct al. (3 )  suggested that a 
~nediuni 111ight he developed for  the propaga- 
tion of nlanp strains of the lactic group of 
streptococci, with lessened danger of bacterio- 
phage action, froiii chelnically defined nutrients 
containing no calcium, or by using conlplex nu- 
trients low in calciunl contcnt and supple- 
mented with sufficient phosphate or other cal- 
ciunr-binding ions. 

A t  the Annual 3Iceting of the American 
Dairy Science Association in 1959, Hargrove 
(9 )  prrsentrd :L method for  limiting hactcrio- 
phage development in milk by ad(1in.g phos- 
phates to hind the calcium. IIis  s tud~es  indi- 
cntc,d that  hi~cteriophagc~s active a ~ a i n s t  lactic 
streptococci did not tlcvelop in s k ~ ~ n ~ ~ i i l k  con- 
taining 20/(, sotlium ghospli:~trs ( a  rnisture of 
three parts SaIT,PO, - II,O and two parts 
S:i,HPO,), \vhrrc,as the b:~etc,rial culturc~ grew 
nor~n:~lly. I<adis and Babel (11) noted that 
the addition of 2% phosphatc. decreased the 
rate of growth of niost of the lactic cultnres 
studied by them. Also, the added phosphates 
failed to prevent the development of barterio- 
phages active against six of the nine cultures 
employed in the study. 

More recently, Hargrove ct al. (10) published 
data which shotved that the kind and concen- 
tration of phosphate, p H ,  and heat treatment 
had a marked effect on phage inhibition and on 
the free calciun~ content of milk. Most of the 
phage types tested were suppressed by 2% 
orthophosphate salt (mixture of 30 g KH,PO, 
and 20 g Na,HPO,), but the most resistant 
types required 3%. Heating the milk after 
adding phosphate was essential to sufficiently 
hind ~iiost of the free calcium. Usually, the free 
caleiuni content of the treated milk ranged 
from 10 to 30 ppm. The best combination fo r  
phage inhibition, ln in in~u~n precipitation, and 
rconoiny was obtained when milk was he;ited 
with 1.7% orthophosphate salt, pTT 6.6, fol- 
lowed hy the addition of 0.3% tctrapotassiur~~ 
pyrophosphatr. 

G:ilesloot ( 7 )  conducted studies with oxalate, 
orthophosphate, pyrophosphatr, and p,olyphos- 
phate as c.:lleiu~~~-hindi~~g agents for  mllk. The 
use of oxalate gave milk which inhihited hae- 
teriophage development to a greater extent than 

when the iiiilk was treated with phosphate. 
Olson (16) also noted that milk treated with 
0.5% a~~nnoniutn  oxalate could he used suc- 
c~ssful ly  in propagating bacteriophagc~-infected 
lactic culturrs. 

The effectiveness of ~ I I I I I I O ~ ~ U I I ~  os;~latc. salts 
of' c?thylonetIiamine tc~tr;ravrtic acid, and sodiun~ 
tripolyphosphate in l i ~ ~ ~ i t i n g  hactcriophage de- 
ve lop~r~rnt  in milk was studird hy I<adis and 
Bnhrl (12).  Of these c~o~npounds, i~iim~onium 
oxalate was the most suitable. Five of the six 
test cultures used grew \ve11 in ~ililk treated with 
0.5% osalate and bacteriophage development 
did not occur. 

Xilk, fro111 which the calrium was renloved, 
was suggested fo r  use in propagating lactic 
cultures by Keiter (18).  The product was dried 
and called PRkI  (phage-resistant medium). 
P R M  did not permit phage development and 
lactic cultures were said to grow well in the 
reconstituted medium. Czulak and Icoegh ( 5 )  
checked the perfor~ilalice of PR3I  under prac- 
tical conditions in two Australian factories. 
A number of single-strain cultures slio~ved re- 
duced acid developn~ent in PRII, but the me- 
dium was vety effective in prerenting hncterio- 
phage devclop~rirnt. U:ih~l (1)  reportrd that 
bacteriophages were unat~le to multiply or cause 
c r l l u l ~ r  lysis in P R J I  ~rlicn I-econstitutrd with 
distilled water. Lactic cu l tu rc~  varied in their 
ahility to grow in  P R l I  and gro\vtli was not as 
ahnntlant :IS in rcxgul;~r sk i~n~r~ i lk .  Crawford 
et  al. (4) reported that they propagated a 
single-strain culturr suc~c.rssfully In PRJI  and 
uscd the culture fo r  25 days in a creamery 
without rotation. The. crc~:tnlc2ry had a heavy 
infection of bacteriophagr. 

All of the methods \vhich have been suggested 
fo r  preventing I~acteriophage development in 
niilk have certain limitations. Certitin host- 
virus co~nhinations evidently require only traces 
of calciurn fo r  phage adsorption. There is also 
some possibility that other cations can replace 
calcium in permitting adsorption. Further re- 
search on the most promising of the calcium- 
binding agents would he of value to the dairy 
industry. Also, further i~ilprovement in the 
nutritive properties of a dried calcium-free 
milk might result in a very useful product. 

Cliltttre rotntiolz. Whitehead and Hunter 
(19) suggested a culture rotation syste~il fo r  
controlling hacteriophage in cheese plants. Un- 
related strains of lactic streptococci were sug- 
gested for  use in such a sgste~il and each culture 
in the rotation would he used e v n y  four days. 
Suoh n procedure ~ \~ou ld  permit considerable 
dilution of a phage type ~ ~ i t l i i n  the plant he- 
cnusc of sevcriil clean-ups and applications of 
h:tetc?ricide hefore the culture was used again. 

Several dairy plants in the Unitrlii States 
follow a, culture rotation system. The success 
of such a, systen~ drpends upon the :lrcuracy 
of phage typing the strains used in the rota- 
tion. Once a rotation is established, it cannot 



be neglected. Tl~c? developnlent of new phage 
types ~vithin a plant lnily necessitate a change 
in the rotation plnn and the addition and with- 
drawal of cultures from the rotation. At  the 
present time, many of the bacteriophages en- 
countered have a rather wide range of host 
specificity. 

Plant sanitation. I n  any culture control pro- 
gram, sanitation plays a vital role. Many of 
the culture failures in pla.nts occur a t  the time 
of maximum production. During this period 
sufficient time may not be permittc~d for  a 
thorough clean-up and c.ffective bactericidal 
treatment of equipment. The failure of iuan- 
agen~ent to provide the necessary time and per- 
sonnel to maintain proper sanitation procedures 
is a serious mistake. The concentration of bae- 
teriophage in a plant incrclases as  the duration 
of production is increased and ml expanded 
sanitation program should coincide with an 
expanded production schedule. 

Standardization of flacor in c~rlturetl butter- 
milk, czclt~trccl sour cream, and creamed Cottage 
cheese. The standardization of flavor in eul- 
tured buttermilk and cultured sour crcanl is 
not difficult. With these products there is no 
partition of flavor co~rlpounds as there is bc- 
tween the curd and whey in Cottage cheese 
~nanufacturc. The selection of a suitahlo cnl- 
ture, one having the ability to fernrent citric 
acid to flavor compounds, is of utrnost inrpor- 
tance. I f  the basic principles of culture growth 
and citric acid fermentation are known by the 
person responsible for  the production of rul- 
tured hutter~nilk and cultured sour cream, little 
difficulty should be experienced in producing 
products with adequate flavor from batch to 
batch. 

The amount of hiaeetyl, volt~tile acids, and 
carbon dioxide desired in cultured products 
varies from one area to another. Frequently, 
only the selection of a suitable eulturtl is nec- 
essary to obtain the desired flavor. It has been 
definitely established that by increasing the 
citric acid content of milk or cream more of the 
flavor co~npounds can be developed. Standard- 
ization of the citric acid content, therefore, plus 
a controlled culture program can be used to 
standardize the flavor. 

During recent years, pure cultures of Leuco- 
nostoc citrovorum have been available to the 
dairy industry. I n  plants where a general pur- 
pose culture is used for  cheese tnanufaeture 
and for  cultured products, someti~nes the cul- 
ture is fortified with a pure culture of L. citro- 
r~orurr~, to increase the amount of flavor con+ 
pounds in cultured buttermilk and cultured 
sour cream. 

The newly proposed standards fo r  creamed 
Cottage cheese qc?rmit the a.ddition of lactic 
culture or skimm~lk which has been fermented 
by a culture of I,. citrovorum or other similar 
organism. The addition of lactic culture to a 
Cottage cheese dressing lowm the p H  and 

prevents o r  delays tho growth of a nu~nber  of 
psyehrophiles. If  crealned Cottage cheese con- 
taining viable lactic tmlture organisms is not 
maintained a t  low tenrperatures, a sour product 
results (13). A  neth hod has been published on 
the standardization of flavor in creamed Cottage 
cheese by the addition of skimmilk, fermented 
with I,. ritrot:or~rm, to the creaming mixture 
(14). A lnore recent procedure for  enhancing 
the fl;rvor of c r e t~~~red  ('ottage cheese makes use 
of St~c,ptococ-rus t7iacrfilccctis. The organism is 
grown in citrilted whey ;ind the fern~ented whey 
is addrd to the crea~rling nrixtnre. 
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VI. CULTURE PRESERVATION 

E. M. FOSTER 
1)cpartntent of Bacteriology, University of IYiseonsin, 3Iadison 

Interest in the preservation of starter cul- 
tures seemingly has intensified during the past 
decade. We need not speculate on the reasons 
for  this increased interest, but there can be no 
doubt about the timeliness of this topic. 

The ideal preservative method would allow 
us to take the organistns a t  the peak of their 
rlletabolic activity, to hold them for  days or 
even ~nonths in a state of arrested development, 
and to have them rcsume their work imme- 
diately on restoration to a favorable environ- 
n~ent.  Unfortunately, this ideal has never been 
realized, because i t  is virtually impossible to 
keep a living organism in a completely in- 
active state. 

Methods of preserving cultures are based on 
one of two principles: (1) reducing the me- 
t;~bolic rate of the organisms, or (2)  separating 
the cells from their waste products. Bacterial 
~nctabolisn~ can be inhibited by reducing the 
tc.nlperature or by re~noving the availahle 
water. Preservation by thestt methods often 
ran be improved by the addition of glycerol, 
laetosc, milk solids, or other protective n~ate-  
rials. The toxicity of acidic waste plvducts 
can be reduced by adding a buffer, such as 
calcium carbonate. Alternatively, and prefer- 
ably, the organisms can be separated fro111 the 
culture fluid by centrifugation and resuspended 
in a more favorable medium. 

I n  practice, preservation usually is accom- 
plished by employing a combination of methods. 
Fo r  example, culturcs to be lyophilized may 
first be neutralized to reduce the acidity, then 
frozen, dried by sublimation, and finally stored 
at  a low temperature. 

The choice of preservative method depends 
in large measure on the purpose for  which the 
culture is to be used. I n  the dairy plant, i t  is 
eolnlnon practice to refrigerate liquid cultures 
between transfers. Freezing is  useful for  ex- 
tended storage, although shipment of frozen 
cultures is  troublesome. Freeze drying, or lyo- 
philization, has become a common method of 

preserving individual seed cultures for ship- 
ment. 

Ultin~ately, of course, we are interested in 
whether a culture can be used successfully to 
make a particular product. However, for  evalu- 
ating preservative methods it is common prac- 
tice to apply some kind of activity test, which 
involves measuring the rate of acid production 
by the culture under a set of arbitrarily chosen 
conditions. Unfortunately, i t  is usually im- 
possible to compare the results of different 
workers because the methods of testing vary 
so widely. 

Liquid cttlt~ires. Most of us will agree with 
the statement of I-Iamnter and Babel (5 ) ,  that 
a norrnnlly ripened culture usually can be held 
a t  4 to 8 C fo r  several days without serious 
change in its activity. At higher te~nperatures 
lactic cultures soon lose the ability to produce 
ncid rapidly on transfer (5 ) .  .Repeated over- 
ripening of cultures before refrigerated storage 
also tends to reduce their activity. Fo r  exanrple, 
Swartling and Lindgrcn (21) observed that 
fully ripened cultures often were inactive on 
subculture after only four days of storage a t  
5 C, whereas cultures that were incubated barely 
to curdling before refrigeration were fully ac- 
tive for  a t  least eight days. 

Fo r  prolonged storage of starter cultures 
many workers have observed the beneficial effeet 
of adding CaCO, to the medium. Olson (14) 
added various insoluble buffers to starter cul- 
tures and found that CaCO, gave the best re- 
sults. After storage for  eight months in the 
refrigerator two of his cultures had lost ac- 
tivity, one had gained, and two were unchanged. 
Lindgren and Swartling (9) ,  however, cau- 
tioned that holding starter cultures in chalk 
111ilk a t  3 to 5 C was not a reliable ~rtethod of 
preservation for  as  long as five months. 

Heinemann (6) was one of the first to show 
that glycerol may have a protective effect on 
starter bacteria. Butter and cheese starters 
stored a t  2 C with 10  or 20% glycerol remained 
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active u p  to two months, whereas similar cul- 
tures without glycerol lost appreciable activity 
in this period of time. Olson (14) stated that 
his cultures maintained fairly satisfactory ac- 
tivity levels for  eight months a t  7.5 to 10 C 
when they contained 20% glycerol, 3% salt, 
and 30% sucrose. 

Starter organisms can be preserved in liquid 
form for several weeks if they are removed 
from the growth medium and resuspended in a 
favorable environment. This process naturally 
is not applicable to cultures growing in milk 
because the cells can not be separated from 
the curd. I n  our laboratory Lamprech (8) has 
grown S. lactis and a Leuconostoc culture in 
broth, harvested the cells by centrifugation, 
and resuspended them in skimmilk. Samples 
adjusted to p H  5.0, 6.0, and 7.0, with and 
without 20% glycerol, were stored a t  4 C and 
tested periodically for  viable count and activity. 

Both organisms survived better a t  p H  6.0 
or 7.0 than a t  p H  5.0. Glycerol gave no ap- 
parent protection to S. lactis, although i t  was 
beneficial to the Leuconostoc organism. Under 
the best conditions tried the S. lactis suspen- 
sions retained about one-half of their original 
count and over 90% of their original activity 
for  a t  least 4 wk. After 8 wk the number of 
viable organisms dropped sharply (Table 1 ) .  

TABLE 1 

Vial~ility and activity of Streptococcr~s lnctis rrlls 
stored at 4 C with and without glycerol" 

Plate count per Per ecnt of 
milliliter initial 
(billions) activity 

With- Witll- 
With out Wit11 out 

Weeks glyc- glyc- glyc- glyc- 
storage erol erol ?rol oral 

Initial 2 7 3 0 
1 2 1 3 1 1) 7 111 
2 46 26 $14 103 

" S. lactis C-2 was grown in broth. The cells 
wore rocovered by centrifugation and resuspended 
in xkimmilk at  pH 7.0. 

Frozen cultures. Freezing can be used to 
preserve many types of microorganisms (3). 
Although the freezing process kills par t  of 
the cells, it is not unusual to recover a t  least 
75 to 90% of the viable bacteria in a lactic 
culture after freezing and thawing (7, 12) .  
There is, of course, a gradual diminution in 
numbers during storage in the frozen state. 

Frozen milk cultures of lactic acid bacteria 
have been held fo r  months and used to propa- 

gate new starters. Lindgren and Swartling (9 ) ,  
for example, reported that cultures exhibited 
essentially all of their initial activity when 
they were transferred after storage in the 
freezer for 1 yr. Johns (7) observed a steady 
decline in the number of viable cells in a frozen 
culture, but he said that his preparations still 
were satisfactory for  the inoculation of bulk 
starter as long as the count remained above 
500,000 per milliliter, or  about three to four 
months. 

Frozen cultures also have been used directly 
as starter for  fermented dairy products (2, 16, 
19) .  Simmons and Graham (19) regularly 
made good buttermilk and Cottage cheese with 
frozen culture u p  to three months old. Activity 
of the culture compared favorably with that 
of fresh starters transferred daily. Similarly, 
Rudnik and Glen (16) used frozen culture u p  
to five months old to inoculate milk directly for  
Cottage cheese. A total of 39 lots of cheese 
were made and all were salable. However, the 
authors did observe that the culture tended to 
become less active with age. 

Freezing does nothing to improve a poor 
culture. I'urthermorr, several workers have 
indicated that the acidity and the age of a eul- 
ture influence its ability to survive freezing. 
Johns (7)  found i t  beneficial to neutralize his 
cultures before freezing. Swartling and Lind- 
gren (21) recorded better performance when 
cultures were frozen without incubation, or if 
they were incubated merely to curdling, than 
when they were fully ripened before freezing. 

In  our laboratory, also, we have noticed the 
importance of acidity and physiological age 
on the activity of frozen cultures. Concentrated 
suspension of S. lactis cells from cultures 15 
to 18  hr  of age were more active than were 
cells from older cultures. The rate of freezing 
and thawing had no effect on survival. How- 
ever, the organisms survived much better when 
they were frozen in skiminilk rather than in 
0.1% peptone or  in distilled water. 

Both Heinemann (6)  and Richardson (15) 
have observed a protective effect of glycerol in 
frozen niilk cultures. I n  our experience glye- 
erol was clearly protective with suspensions of 
S. lactis a t  PI-I 5.0, but not a t  p H  7.0. 

A t  -20 C and p H  7.0 we have held milk 
suspensions of S. lactis and Leucosostoc sp. 
for  eight to 12 months without significant loss 
of viable organisms or acid-producing ability. 
The suspensions have been used to prepare 
cultured buttermilk by inoculating pasteurized 
milk with 20 to 25 million organisms per milli- 
liter in a ratio of 85% S. lactis to 15% Leuco- 
nostoc sp. Acid production was normal even 
for  cells that had been frozen fo r  nine months 
(Table 2). 

Our work with frozen cultures is highly en- 
couraging to one who wishes to preserve the 
organisms for  several months. For  maxi~nuol 
activity, cultures in the late logarithmic phase 
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TABLE 2 

Aeiclit;. of buttermilk inoculated wit11 frozen 
starter organisms " 

Titratahlc 
:~cidity 

after 17 h r  
Weeks storage incubation 

at -20 C at  " 

:' Stri~)~tococcirs 1nc.ti.s (* -2  nu(1 Le?rconostoc sp. 
\\.ere grown ill  Irrotl~. The cells mere recovered by 
( . tsl~tl . if~~g:~tio~~, 111ixtv1 in :I ratio of 8570 6'. lacti8 
to 1.5(x II,c~cc80nostoc; sll., rc,suspended in skimmilk 
: ~ t  pH 7.0, n~lcl stored tit -20 C. After thawing, 
suspensio~~s wc3re rlilutc?(l to provide inoculum ap- 
11rosin1atcly cclu;~l to that of 1% milk culture. 

or early nlaxi~num stationary phase of growth 
should be suspended in a favorable medium, 
such as milk a t  p H  7.0, before freezing. 

Dried c7tlttcres. Lactic cultures can bc dricd 
successfully either by lyophilizatiou or by  spray 
drying. Freeze drying apparently is the less 
destructive of the two processes and is readily 
adapted to the preservation of sruall amounts 
of culture. 

Freeze drying. This process is widely applied 
in the preservation of stock cultures (2 ) ,  and 
i t  has been employed fo r  years in the dis- 
tribution of d a i w  organisms. Freeze dried cul- 
turrs can be use"d ffo;. months or years as the 
stled material for vigorous, active starters (4, 
11). 

Until recently, little attention was paid to 
the number of orga.nisms that  survived the dry- 
ing process, most investigators being satisfied 
it' thrre were (,nough survivors to initiate growth 
rc~nclily on subculture. I n  1959, however, Schu- 
hert (18) published figures showing that 1 7  to 
75% of the cells of several lactic streptococci 
remained alive after lyophilization. &!IcAnelly 
(12) in our lahor:~toly ohserved ~narked differ- 
ences In the ability of several strains of S. loctis 
and S. cremoris to endure the drying process. 
H e  obtained average survival values of 42 to 
SO%, although individual results r t~nged from 
10 to goy0. Yano et al. (2:)) reported survival 
values of 60 and 40%, respectively, fo r  S. lnctis 
H-61 and L. brtlgaric7rs B-1. 

Several factors, including age of culture and 
the nature of the suspending medium, influence 
the ability of lactic organisms to survive freeze 
drying (12, 22). Watts (22), fo r  example, 
lyophilized a milk culture a t  various stages in 
the growth cycle u p  to 19  hr. Sa~nplcs dried 
a t  9 and 12  hr, which represented the late log- 
;~ri thmic and early maximum stationary phases 
of growth, respectively, showed the highest sur- 
vival valnes-7(i and 84%. On rehydration 

their acid-producing ability approached that  
of the undried culture. Keutralizing the culture 
hrfore drying was not beneficial. 

Once they are dried, lactic organisms must 
be protected from moisture and kept a t  a low 
temperature if they are to remain alive and 
active. According to  Yano et  al. (23),  death 
during storage is  logarithmic. I n  the range of 
10 to 37 C they obtained Q ,  values of 2.2 to 
3.5 fo r  the death rates of several lactic organ- 
isms. Cells stored a t  0 C fo r  eight to 1 5  months 
showed a gradual increase in the lag phase fol- 
lowing rehydration, but acid development re- 
turned to normal on suhculturing (13). 

Wa.tts (22) observed highly significant de- 
creases in activity of a lyophilized culture 
within 2 wk a t  25 C and within 4 wk a t  5 C. 
Cultures stored a t  -28 C showed no significant 
change in activity within 12  wk. Buttermilk 
and Cottage cheese prepared by direct inocula- 
tion of the milk with Watts' lyophilized culture 
that had been stored fo r  22 wk a t  -28 C was 
equal in quality to similar products made with 
a fresh, active culture. 

8pro.y dryilzg. Several investigators have 
considered the possibility of drying large quan- 
tities of culture, with the idea of using it to 
replace the usual liquid bulk starter in the 
production of fermented dairy products. F o r  
this purpose spray drying would be preferable 
to freeze drying bemuse of the lower cost. 

Prior to 1955, Marnaeva (10) spray-dried a 
mixture of lactobacilli and yeasts that was used 
fo r  the manufacture of koumiss, but recovered 
only a frnction of 1% of the cells in a viable 
condition. Nevertheless, on rehydration the or- 
ganisms grew rapidly and showed acceptable 
ra.tes of gas and acid production. Under the 
hest storage conditions tried, the dried culture 
was said to be sufficiently active for  use u p  to 
ahout six months. Tablets prepared from spray- 
dried culture are said to he available in Russia 
fo r  the preparation of yogurt in thc hotlie (I). 

Attempts to spray-dry ordinary milk cultures 
of lactic acid bacteria have not been very en- 
couraging. After two trials, Richardson (15) 
abandoned the process becausc? thc prociuct was 
difficult to rehydrate and i t  was lrss active than 
lyophilized culture. I n  a more c,xtcwsive study, 
Sapp and Hedrick (17) spray-dried a large 
nu~nher  of cultures a t  16  h r  of age, when the 
acidities were 0.80 to 0.85%. To measure the 
effect of experimental variables the authors ran  
an  activity test, which involved inoculating 
1 g of the dry culture into 99 ml of pasteurized 
ski~nn~i lk  and titrating the acidity after 16  h r  
a t  72 F. 

To obtain cultures with sufficient activity, 
i t  wils necessary to operate the dryer a t  an 
o u t l ~ t  air  temperature of 135 to  165 F. Neu- 
tralization of the cultures before drying re- 
rlnrc~d rather than increased the activity of the 
(11-y produrt. Cultures dried a t  12, 16, and 24 
In. of age sllol\-cd practically the same activity, 
I)ut c.nlturcs dried ;tt 8 hr wcre less actire. 



Trt our laboratoly we have spray-dried sev- 
rral strains of lactic streptococci with fa i r  suc- 
cess. S. lactis C-10, the culture used fo r  most 
experiments, consistently gave survival values 
of 53 to 63%. F o r  these trials we grew the 
organism in a broth medium, recovered the cells 
by centrifugation, and resuspended them in 
3% nonfat d ry  milk adjusted to p H  7.0. Re- 
hydration of the dry culture was not difficult. 

Under our conditions of drying we have 
found consistent differences between the sur- 
vival values of S. lnctis and S. cremovis. As 
Table 3 shows, S. 1trcti.v cultures were more re- 

Survival of Nll'cplococr~ts lnctis and Strcptococ.ccts 
crv.111oris tluring s1)ra.y tlrying and storage " 

Per rent s~~rvival 

After 
Aft,rr 14 days 

0rganis111 tlryit~g storage 

S. l,oc.lis C-10 53 49 
S. lnciis 10 48 49 
S. c,v.~~~oris 1 18 10 
S.  rrr~~coris HP  
.- 

9 2 

" l ' l r t ,  culturrs ~vcre grown in 1,rotlr. T l ~ c  cells 
Ivrre rtbcorcsrrd 11y crntrifugation :and resuspendt.tl 
in 5%, 11011f:tt. dry 111ilk :it pTI 7.0. The inlet air 
tc'~~~pc'r:iturc of tllc? (lryer n7as 78 to 79 C. The dry 
c~rlturc.~ 1v1~re stored r~nder 11itrogc.n at -18 C. 

"P(8r wiit of ri:iI)le ctslls ill the origi1i:~I SIIS. 

11r,11sio11. 

sist i~nt both to spray drying and to storage in 
the dry state. 

Spray-dried cultures die rapidly a t  tet~tpera- 
turc!s above freezing. Within 1 \vk a t  72 F or 
:~bovc, the activity of samples prepared by 
Sapp and I-Ledrick (17) dropped below 0.70, 
which was c:onsidcred the lninimuni satisfactory 
value. Most of their preparations still were 
active after 1 wk a t  40 F, but none was satis- 
factory 81ftcr. 3 mk. Dry cultures stored a t  
-15 F retaii~cfid their initial activity lr~uch 
1ongc.r.. 

Our rt.sults with S. luctis (2-10 confirni, in 
princil~lr, those ot' Sapp and Iledrick. Under 
our conditions this ol.ganism better survived 
both spray drying and storage if i t  were dried 
in .iG/, n o ~ ~ f a t  dry inilk than if i t  were dried in 
the tlvstrin-ascorbic acid-thiourea diluent de- 
scribed by Sp1ittstoessc.r and Foster (20).  Ad- 
dition of phosphate to the ~lrilk suspension was 
l~armful  to the organisms. Pnckaging under 
nitrogt~n allowed slightly better survival than 
packaging in air. Within the range "4 to 
4.400 the moisture contcmt of the product had 
no e f f~~c t  on surrival during storage for  four 
nionths. Table 4 shows typical results for  S. 
7aclin C-10. Under the I~cst  conditions wc have 
1)eckn able to store the dry culture fo r  at  least 

TABLE -1 

Effect of storage conditio~~s on survival of 
spray-drirrl Slrepiocorcu.~ lnctis " 

Storttge ronilitions Per cent si~rrivnl 

Tempera- Atmos- After After 
turc phrrr (Iryirrg fiO dnys 

4 (' Sitrogen 53 3 7 
4 C Air 33 23 

-18 C Sitrogen 53 48 
-18 C Air 53 38 

-- 

" Organisms were dried as descnbetl 111 Table 3. 
bPer  cer~t of ri:~blc rclls in tlre original sus- 

l~cns~oi~.  

four months without losing nlore than 15% of 
the original viable count. 

Like others, we have been interested in the 
performance of our cultures after rehydration. 
To measure activity we have inoculated milk 
with a known number of viable dry cells and 
fo1lowc.d their development by both plate counts 
and acid titrations. Plotting the resulting values 
providcs curves that can be conlpared with 
similar ones obtained with ;I fresh, active cul- 
ture. 

111 our experience the shapes of the curves 
prepared fo r  the dried cultures are practically 
identical to those for  fresh cultures once growth 
begins. The only appreciable difference is  in 
the length of the lag phase. The difference in  
activity between dried cells and fresh cells 
seems to be an  inherent characteristic of the 
particular dried culture. F o r  example, with 
one lot of powder the lag of the dry culture 
was 5 h r  longer than that of the fresh culture. 
Once growth began, however, both produced 
acid a t  essentially the same rate and to the 
same extent. With two other lots of powder 
the lag periods of the dry cultures were only 
one-half to one hour longer than those of the 
fresh cultures. These differences, apparent 
immediately after drying, seen1 to persist 
throughout storage. 

Though our work is not extensire, we are 
encouraged to helieve that i t  is possible to spray 
dry lactic organis~ns without seriously impair- 
ing their ability to grow and produce acid 
rapidly on rehydration. Furthermore, the dry 
cultures can be stored under nitrogen in the 
freezer fo r  a t  least sercral weeks without sig- 
nificant loss of viability or acid-producing ca- 
pacity. 

SUMMARY 

Small amounts of cultlure can be preserved 
for short periods sirnply bp refrigeration, or 
for  longer periods by freezing or lyophilization. 
Best results are ohtaincd if the cultures are 
young and rigorous 1vhe11 they arc frozen or 
dried. 

Large rluantititls of rulture can bc frozen suc- 
cessfully and held f o r  several months without 
undue loss of activity. Attempts to spray-dry 
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milk culturcbh f o r  direct use a s  the inoculurn i n  
making f e r u ~ e n t e d  products  have no t  been en- 
couraging. S t a r t e r  cultures can, however, be 
grown i n  broth, the  cells can be  recovered b y  
centrifugation, a n d  resuspended i n  skimmilk 
a t  pH 7.0. The  rrsul t ing suspension c a n  be 
frozen o r  spray-dried without excessive loss of 
viable organisms. According to  present  knowl- 
edge, d r y  cultures must  be stored a t  f reezing 
telnperatures to  prevent  excessive loss of ac- 
tivity. This  requirement reduces a n y  advantage 
t h a t  d ry ing  might  have over freezing when 
appl ied to  highly concentrated cell suspensions. 

Additional work  is needed on  the effect of 
glycerol a n d  of neutralizing the  acidi ty of cul- 
tures  before freezing o r  drying. Reports  i n  
the l i terature give conflicting indications. 
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RESEARCH A S D  E1)I~C'ATIOS IN A F R E E  SOCIETY 

1 2 ~ ~ 0 ~  T. SHA\\- 
Agricultur;~l Rrsearclt Sc.r~icc., I-. S. D e p i t r t ~ ~ ~ c ~ ~ t  of ~\grirulture, Washington, I) .  C. 

I all1 privilegrtl to join with you in cAonttllenl- 
tlri~ting the centennial of our Nation's Land- 
Grant College systcn~ and the Department of 
;\grieulture. 

I t  is doubtful if anv of the foundinz fathers 
could have foreseen t'he tre~nendous i;lpaot of 
their action a hundred years ago in setting up 
these institutions. The expectations of 1862 
hare heen realized beyond the most extravagant 
dreants of those \\*ho created them. 

We know, of course, that these institutions 
hare given us the means to expand agricultural 
kno~vlrdgt. and to ;~pply  i t  for  the welfarc! of 
~nankinil. Rut they have also altered the struc- 
ture of our nationt~l cronomy and shown to 
the ~vorld what rrsrarrh and education can 
accomplish in a free society. 

I sl~ould like to look briefly into the origins 
of these two institutions that havc? so greatly 
:tffected our nation and much of the world. 
Then, I should like to point to some of the 
achievements in resrarch and education over 
the gears . . . and some of the proble~r~s we are 
trying to solve in these two areas. 

The 17th and 18th Centuries in our country 
~.eflected a growing consciousness of the need 
for  experinlentation in f'arn~ing. Enterprising 
fiu.~~tc>rs were using seeds and plants fro111 other 
countries to grow better crops and ;I greater 
r;tricty. Agricultural societies sprang up to 
tlissentinate genclral scientific. information and 
to encourage experimentation. Agricultural 
,journals began to be publisltcd. And by 1813, 
several states appropriated funds for  a.gricu1- 
tnml rsperiinents. 

This growing need to experitnent-co11111ined 
with a favorahle political, cultural, and social 
r l imateproduced a rentarkable concept of re- 
search and education. This concept found cx- 
pression in the estahlish~nent of the institutions 
we arc honoring today. 

Education-according to this unique idea 
that gained support through the years-should 
he made :tvailable to all, not nterely the elite. 
Science rather than tradition should he the 
basis for  farming operation. R,esearch and 
education-so went the thought-are too deeply 
interwoven to go their separate ways and ~ ~ ~ u s t ,  
therefore, function closely t0gethc.r. 

These were striking new thoughts-radical 
dcpartuxes from accepted ideals of education 
and farming. 

' Presented at  the 57th Annual Meeting of the 
American Dairy Seienee Association, University 
of Maryland, College Park, June, 1962. 
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The concept grew and took fir111 roots in a 
frce and invrntive society. At thr same time, 
agriculture ~vns becoming co~nmercializc~d. Food 
pro(~c~ssing advanred, transportation itt~proved, 
and farlners' prohlems becatt~e more complex. 
Aid to agricultural education and a. Federal 
agency to serve farmers \vcbre sought eagerly 
on all sides. 

The proposals gained support. And, in 1862, 
both were realizc.cl in the estahlishinent of the 
land-grant eollcgrs and the Department of 
Agriculture. 

Although the srope of the law setting u p  
the Department was broad, the organizational 
s t i ~ ~ c t u r t ~  and activities evolved gradually dur- 
ing the course of a century. Kcscmreh and cdu- 
cation continued as 111:ljor concerns through the 
years. Hut the Department was given new re- 
sponsihilities front time to tittle in responsc to 
changing ncbetls and ctc~~lands of the people. 

JImnwhile, growth of the land-grant collegrs 
proceeded rapidly, in the face of Illany diffieul- 
ties. Perhaps the 111ost i~nportant was the lack 
of esact knowledge in agricultural suhjects. 
To meet this need, thc. Hatch Act-passed in 
lSST-n~;i(lc. Iqederal funds availahlr to thp 
statc,s to oprratc an agricultural rsperilnent 
stiltion as p;trt of ear11 land-grant institution. 
Tltns, the g~.onndwork was laid for state and 
f e d c d  coopc>tation in agricultural research. 

After the JIntc11 Act can~c other fetlc~ral pro- 
visions to supple~t~ent state appropriations and 
to clxtend and s t r~ngthrn  agricultural research. 

The Ada~ns Act of 1906 provided for original 
resrarclr and c~speriments . . . the Purnell Act 
of 1925 strengthened econontic and soci;ll re- 
searc4i . . . the Iiankhead-Jones Act of 1935 
provided additional financial support to the 
stat(, rxperiment stations and ])lade available 
sperial funds for  basic resrzirch conducted 
largely a t  nine regional laboratories throughout 
the country . . . and the Research and Market- 
ing Act of 1946 further strengthened research 
on production and utilization of farm products 
and espanded research and services relating to 
marketing and distribution. 

These laws provided the fra~nework within 
which the Department and the land-grant col- 
leges grew and expanded through the years. 
These schools continually modified and ad- 
justed their programs to fit man's ever-chang- 
ing environment. In  doing so, they made major 
contributions to our national welfare. 

The land-grant syste~n had ntuch to do with 
our rapid advance in scientific research and 
development, with our great material progress, 
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and with lrlaking our agriculture the 111ost pro- 
ductive in the world. I n  fact, prohahly no 
single institution in the country has contributed 
Illore richly or pennanmtly to the developn~ent 
of our resourcles and to the enlightt>n~rlent of 
our people gt?nerally. Fo r  example, the land- 
grant. schools enroll lrlorc than 20% of t h ~  
~~ ; l t i o~ l ' s  collc.ge students and gr;lrit 40% of 
the doctori11 degrees. 

Anothrr factor adtlt.tl to our r;~l)itl adv:~nc~es 
in research and our 111ateria1 progress. Ant1 
that was the cooper;~tivo extension work, which 
l~rought rescsrch rrsults to the prople on thr 
f'ar~rrs and put  nclr ideas imd trchniques to 
practical use. 

I n  addition, the cooperative relationships 
that ~ v r  have n~aint,airled through the years wit11 
the state experimn~t stations have been a 
stroug factor in achieving our research success. 
Thrsc~ close working relationships are of the 
greatest importancr. The?- provide a hasis for  
effective research o t ~  ix local, regional, and na- 
tionwid(. hasis. 

Tl~c. I ) e p a r t ~ ~ ~ c ~ ~ ~ t  ;ind the states have definite 
responsibilities in regard to research. The states 
arc! frre to investigate any prohleni of i n h e s t  
to thr people of tllrir statc.s. The D r p a r t ~ n m t  
of Agriculture directs n~os t  ol' its efforts toward 
p ~ ~ o h l r ~ ~ ~ s  of rc.gional or national significance, 
gcanrrally iu cooperation with one or Inore 
st:rtes. 

Oc:c~asior~:~lly, howevet,, sotile work c:~n best 
I)(. done a t  ono location \vl~csre expensive equip- 
111rnt and otl1c.r faci1itic.s are availahlr, even 
though the 1>rohleni inwlvrs many other areas. 
Research is likely to inrolre principles that 
;Ire the satllc, it1 hIainr ;IS they are ill C;~lifonli;~. 

Fu r th r r~~ lo r r ,  as ag~.icultnre grows 111ore 'OIII- 
plex, prohlc1111s heco~~re Itlore conlplc~x and rc- 
quire greatcbr expenditures of nronry and 1II;ln- 
power. S O I I I ~  statcs xvould find i t  difficult or 
ir~~possihlc. to assunlo the hravy fini~nrial hurdrns 
of solving costly agricwltural prohle~ns. 

Thus? an increilslng t~mount of the research 
in agr~cnlture is hr i t~g carried out coopc,r- 
atively-hy the statvs, by a growing segmc~nt 
of intlustry and pri\-ate orgi~nisations, and hy 
the fc.tleral governn~ent. 

-4 cli~ssic exi~tl~plt! of sue11 c.ooprratiou in re- 
search is the story of hyhrid corn. The first 
a o r k  on hybrid c o r ~ ~  in this country was done 
in the state agricultural rspcriment stations. 
The real potmti;~l  of hyhrid vigor was oprned 
u p  a t  the Connecticut station. \'Fork here 
rc~sitlted in the douhle crossc.s-the basis for  all 
cor11 hphrids. 

IYithin a ftw- years, caorn hreeders in 12  
statcbs, in industry, and in the Departr~~ent de- 
cic1c.d to con~hine their efforts. This cooperation 
111;1dr possihle the fullest possible use of all 
nvailahle i n f o r ~ ~ ~ a t i o n  on breeding hyhrid corn- 
and has been largely responsible fo r  its phe- 
no~nenal spread throughout the country. 

This is one rxaniplc of hundreds of si~ililar 

c.oopn.:itive ~x~o,jccts uncler way throughout thr 
c o ~ ~ n t r y  ia state, federal, and industrit~l labora- 
tories. Regardless of where the rraearch is 
(lone or who does it-I hrlievr it is increasingly 
i t~~por tant  to recognize that our individni~l 
rfforts arc. p;trt of :I 111uch larger c~ffort in thr 
srll-ice of agriculturc.. Our in~pact  as  a tea111 
working together can he nluch greater than thcl 
siun of our individual rfforts. 

I f  we think along these lines. T helierc \vtX 
will tend to think 11.s~ in terms of whether n 
given f ~ ~ n c t i o n  is n state or frdrral  aetivity- 
and thinlc lnore ill ~ ( J ~ I I I S  of pooling our 1 . ~ -  

sourct3s ;Inti talents in ;I eo~n~rron effort to~vard 
the goal of hunlat~ a t l ranee~~~ent .  
Sow, let us see, what this st:~tr-federal p ;~ r t -  

aershil) has u~eant in terms of greater f a r ~ l ~ i n g  
efficic.ncy. 

IVIIISII the 1;111cl-gr:111t coll(~g(~s and the 1 ) ~ -  
pt1rt11rcwt of Agriculture \vel.ch foiulded in 186.2. 
one ~ ; I I . I I I  ~vorktar supplied cnough to support 
f i 7 - r  people. Tod;~p, ;I far111 worker supplies 
cb~~ougl~ for  2i 11cople. Cot~rparc this with the 
fo111. or fire that one Rus . ; i i~~~ fi~rnler (.an feed. 

I3cv+tnuse onr agric*ultmc, is c+ficient, Anleri- 
(,;Ins spend only one-fifth thcit take-11o11te pay 
for food. Again, colnparc2 this wit11 the Illore 
~ I I : I I I  c50y$ t l ~ i ~ t  the R~ i s s i i~ r~s  spend for food- 
: I I I ~  food th ;~t  is not as nutritious i~nd  well- 
h;11:11lced as ours. Only rcwntly, in fact. drastic. 
i~ic.rcases in the prier of huttrr end t ~ ~ e a t  were 
;~nnounced ill Hussii~-i~~t ;~d~~lission t11;lt thest, 
two produc.ts are in  short supply. 

Soxv, let ns look at \vh;~t thr state-fedrrnl 
~.rsr:lrcli ~ ) ;~ r t t~e r sh ip  II:IS I I I P ~ I I ~  ill t e r ~ ~ ~ s  of 
total p~'ogr(~ss. 11-e'll s t ;~rt  tirst with the dairy 
industry. 

11-e Ir;~vr fe\ver hut Iargrr tl;~ir!- herds . . . 
ft.~v(,r hut Inorr protlnctive cows . . . Illore slxa- 
cialisrcl i~nd  111o1.e efficient units. liesearch has 
I~elprtl a t  (,very stcap of the wty to bring ahout 
tl~ese d~~vrlopme~its.  

For c~x;~~nple, stuclic3s 011 artificial breeding 
have 1)1~r11 a strong factor in in~proving our 
dairy I~rrds.  Ahout 35% of our 26 nlillion cows 
are ;~~tificially hred and the figure p o w s  yearly. 
As ;~rtilicaial hrrrding has gro\vn, research has 
hrc>n intt,nsified to i ~ ~ ~ p r o v e  the ciualitp of bulls- 
i~ntl to drvrlop hrtter tec~hnic~ues to evaluate 
~ I I ~ I I I .  

lic~srarch 11as developed i~nprored fc.c,dil~g 
~ ~ ~ c t l ~ o d s  and high-energy r:rtions that rnahle 
us to feed cattlc better than ever heforr. 

.4dvances h:tvt> collie through a colr~hinntion 
of Illany other things as well-record-keeping, 
1)rogl'anls to colltrol disr;ise, lnorr effective 
~ r~ ;~ rke t ing  nicthods, and hctter che~nieals, medi- 
ci~trs, and c!cluiptnent. 

One of our nlajor concerns now is to increasc, 
thc efficiency of dairy oprrations. A great deal 
of caffort is hring mad(. to increase n~iechaniza- 
tion, s t r c ~ t ~ ~ ~ ~ l i n e  far111 :~nd chore operations. 
and reduc,r the hard work and hours of lahor 
ntaedecl fo r  dairying. 



111 other ;rrcaas 01: lirt.stork rc.sc.arch, \ve 11;lre 
developed nteat-type hogs and snlall family- 
size turkeys. T11rscb are what eonsulnrrs want- 
and we ran look for  n~nch more tailoring of 
livc~stoek in the ftiturt. to ntert spcscitic consuuier 
denrands. Methods of 1)erfor111nticc: testing of 
1)et.f cattle are  nitk king itnporti~nt rontrihutions 
to increased efficiency ot' produrtion. f e have 
I(.arntd nlore ahout ati i~ni~l dis(vlses i~lid para- 
sites ilnd hare successfully k ~ p t  solne of the 
inost serious ones out of the country through 
our romhi~~ed rest.arch and regulatory ;~ctivitic.s. 

111 crops rese;~rch, scic~ntists have changed 
the plants that farnlc>rs grow iy their fieliis. 
They hare supplic>d ncAw gertn p1:1stn and 
;itlnptcd foreign crops to our elinlate and 
111et11ods of E i ~ r ~ ~ ~ i n g .  Thtay havv hrrtl c:rops for  
rc.sist;~nce to r;irious tlisri~ses and insc,rt pests 
; ~ n d  t;~ilort.tl many crops for tnt.c.hanizc.tl opvr;l- 
tions on the f an r~ .  

Our soil and ~v:~tt.r studies 11;tre helped us to 
slow down soil detc.riorntion and s l ~ o ~ v ~ i  us ways 
I\-(& ran US(, watrr nlore c~fficirntly. 

111 rnton~ology research, 11-e hare drvc~loped 
c~he~~~ic*;ils fo l  t11111ost (.rt1ry I I I R - ~ O ~  ;~gr i~ul tura l  
pc'st we h:~rc.. At the sanir t iu~e,  \r\.t! are also 
iuvestigating non~ l~ r~n ic~a l  nietuns of control to 
orerconie gro\ving insect resistance to rl~etnieals 
: I I I ~  to elin~in;~tt. thc. p1.ohlr111 of rcsidut.s. 

St:~tr-ft1dt.rnl rest.i~rc.l~ has givcln us new- trrli- 
~iiqncs of nrrc.ltaniz;~tion . . . added to knowletlge 
of  h t u ~ ~ a n  nutrition ;~ntl c20nsunler ustb of f;lr111 
1)roclnrts . . . ht.lprtl to protect our forest re- 
sourcdc.s . . . found wider n~nrkets for far111 
l)rodurts . . . and int1)rored ~nc~tl~ods of hirn- 
tlling :inti ~ ~ i i ~ ~ . k ~ ~ t i n g  tlte~n. 

r .  J l~c,se a r r o ~ ~ ~ p l i s l ~ ~ ~ ~ t . ~ ~ t s  are ;I sniall I'raction 
of the n ~ i ~ n y  l>rotluc~~tl duriug the p;~st  100 
yr;lrs. Incrt.:rst.s in :111 : I I .~ : IS  of agriculture 1i;tre 
I)t~t~n dln~l~at ic  intlthrtl. Rut the joh is hy no 
lllt~;llls (~OIIC. ,  

Our gains si1111)ly IIIC':III tlliit \re h;~r(h to \rol.k 
I~ard(br to hold (JI I  to 3vh;it \re hare alrcsady \vot~. 
\\-1. will ntietl i111 inc.rcasing au~ount of' rrsc,;~rclt 
to k ~ c ~ p  up with the. t*vt.r-prt.sc.~tt :III(I cbrcbr- 
(*lrit~iging (list~ases, il~s(,cts, parnsitths, i~nd roul~t-  
less I I : I Z ~ I P ~ S  that d ~ x g  do\rn efliciency nnd cut 
ilkto the in(*o~n~.s of' f :~r~~~tbrs .  

Rut heyor~tl this. \vtl n~ust  look n11c~;ld ; I I I ~  

t l r t c ~ ~ ~ ~ ~ l i ~ i e  lio\v 11gricu1t111.r is to supply future 
~lt.t.tls for food ant1 fi1,t.r. The possibilities for 
tloing so tl~rougli c o l ~ t i ~ ~ n i ~ i g  rese;~rrh ;Ire 
rnougl~ to c.scitc. the. i~~~aginat ion .  

In th t~  fit-It1 of tiairy r(.st~:ucl~, 11iuc:11 rc~~n;~ins  
to I I I*  clone. \V(, nt.rtl to ti~ke full adv;r~ttngt- of 
t1iti1.y cattlts :IS ~ r ~ c ~ t  protluc.ers. \\'hen you con- 
sit1t.r t11:lt .',(IC; 01' tltt. tlairy (.nlres !)or11 are 
1)11ll c t~l r (~s  and only ;I. SIII:III I I L I I I I ~ P ~  are rib- 

tilillth(1 for hreetling purposes, yon c;111 realize 
t 1 1 ~ ~  l)ote~iti;~l for i~~crt>ttsi t~g our I I I V ; I ~  s111~1>ly 
I)? utilizing the ~.c-st 01' the a l ~ i ~ ~ ~ a l s .  They (.;in 
I)(. I I I ; I ~ ~  to p~~otlncr c;~rc:~ssc~s of :~~.c~ept;~hlc 
~~t:t~'li~.t tlli:~Iit~-. 

\ i l l  : ils(~ n ( ~ d  to p1ac.e ~iro~.c, 1.esearcl1 

r111l)11;1sis on hretding (1;liry c;~ttl~. to produce 
111ilk of high protein t~~n ten t .  

And, tinillly, \re need to k ~ ~ o \ ~  I I I O ~ I .  rlearly 
how rlianges in the production of platits used 
for feed affect the rh;~lnctcristics of  tht. n~ilk 
produc.ed. Thcrr is son~e erido~ire that iuc~~eased 
ft.rtilization of these plants lnay aRect the 
ritalniri B require~nerits of cattle. V e  will 
h;~vc to take another look a t  vitatnin A needs 
of tlairy cattle, and look into the possibility 
of' supplt~~i~enting their feed. 

We hare not c~apit;~lized fully on the genetic 
c;~l),zhilities inherent in t.11~ crops that we grow. 

We have :I long w;iy to go to rear11 full 
~nc.chrn~iz;~tion ;~ntl  top efficiency in nclarly 
t.vchry 1)h;lse of agricultural operatiou. 

We have not solved the Inany prohle~ns of 
pro(*rssing, ~narkrting. ;and utilization that dtwy 
us the I I I ~ I ~ ~ I ~ U I I I  h(~nt1fits from agricultural pro- 
tluetion. Nor have wcl found out how to harness 
t h ~  full produrtive capacity of our agriculture 
to the c-hanging dc.ulands of our ~nnrket. 

Wt! need to know exactly how inst.cts develop 
rc.sistanc.e to insecticides ant1 how, in fact, in- 
sc~c.ticidcs i~ctually kill inserts. K e   nus st know 
how viruses reprodure in plants and anitnals. 
\TI, neetl to take full advant'age of the oppor- 
tunititxs offered in auilnr~l genetics to i11tc.r lire- 
stock for  desirtthle traits. 

If-e 11;1re to ~narshal nll our researc.11 resources 
to conscbrve and tnitintain the quality of our 
watrr supplies. Agricnlturr is the nation's 
nun~hrr-one uscar of water-and uses it ineffi- 
ciently. This c*;~nnot go on indefinitt.ly. 

These ;Ire son~c of the things that we will he 
\\.orking tow;lrcl in the pears ahead. Tf71tether 
\re succec.d in our efforts will he detertnined in 
lalpr part hy the kind of people devc~lopetl 
hy the I;~ntl-gralit collt.gcs for our ;irtivitit.s. 

The land-grant scliools in the past h;lvt, I~een 
e~str;tordin:irily successful in producing treh- 
nical lt~adersl~ip for agriculture as well ;IS for 
ot11c.r fic~lds. Rut there is todt~y ii growing and 
u~sgcwt nc.e(l t'or 11101.(~ and hrtter trairietl sci- 
c~ntists. ;\nd t11t.y are increasingly difficult to 
conlt. hy ill agriculture for nlany re;tsons. 

For one thing, t11iro11111t~nt of agricultural 
str~drnts is dropping of?' stc.:idily. 

Anothc>r diffic.ulty is that the v:irious spiicc. 
p r o g r a ~ n s n f l t ~ r  t r e n ~ t ~ ~ ~ d o ~ t s  eolupetition for 
son~e of our htlst young ~nintls. 

.\lorthovt.r, t h t ~  is ;I common n~iscoric.c.l~tion 
in the r)uhlic n~ind that agricult~lrc! is not im- 
p(wt;~nt these dn~s-or. ; ~ t  ; ~ n y  rat(', ltlss so 
t11;ln it \r:ls ttt one ti~nc*. Tt is trur that 1'c.wer 
1)rople than evc.1. I)c.t'orc. \\.elk on Ear~ns today 
to pro(1uc.t. our ;~huntlanct~. But this docbs not 
11lt~i111 that ;~grienlturc~ is less in~portant-only 
t l~ :~ t  it is ~ ~ ~ o r c ,  efiic~it*t~t. It' our food supply 
\\.(.re to I)(, curt;~ilcvl only ~notleratc~ly. :rg~.icul- 
turc I\-onltl ~,apitlly ;~ss~ui~c! criticill i l~~portancc 
i l l  t11~ ts~-(,s of' cBrc.ry A~)~t,ric:\n. Our ts(.O1lollly 
i- hnilt nptrn thc~ prodr~rtirity of our itgric.nlturr 
: I I I ( I  the ; I ~ ~ I I ~ ; I I I I * ( ,  01' vontiti~~t~(l ~)ro(l~tt*tirity. 



.I298 J O U R N A L  0' D A I R Y  S C I E S C E  

So  both of us--stat(, and fc.tlrml :lgencirs- 
must exert all our effortq to attract the bright 
young minds that we will need to fulfill our 
mutual responsibilities in agiiculture. 

The pressures braring down on state and 
fedcral agencies to fulfill these responsibilities 
will demand the best that is in us. We nlnst 
be increasingly flrxihl(, and imaginative in our 
planning-and take into consideration interna- 
tional as  well as  national aspirations and proh- 
lems. 

We will, in fact, have to projert oursrlves 
more deeply into the world picture. TYe will 
have to Icwn how we can be niost helpful in 

c~stahlishing thc. broad foundations for  a pro- 
tluctive agriculture in underdeveloped areas of 
the world. 

But-above all-there m u d  be a (.ontinuation 
of the relnarkable cooperation that has served 
us so well in the past. The strength that lies in 
free turn working together in a. concerted effort 
is incrrdihle. 

Science and rducation-operating in a free 
society and through thr land-grant schools and 
thr Department of Agriculture-have ren~oved 
from us the heaviest burdens of the past. I t  is 
surely our obligation to use science and educa- 
tion to help all mankind arhieve a better life. 

THE LAND-GRANT S Y S T E M  A N D  THE A M E R I C A N  S O C I E T Y 1  

RUSSELL I. THACKREY, Ercect~ti~>e Secretary 
Association of State ITnirrmities and Land-Grant Colleges, J17ashiugton, D. C. 

R. I. Thackrey 

My job this morning, as I understand it, is 
to discuss with you tht! contributions of the 
Land-Grant systrnl to the American society. 
This is, of course, a highly appropriate topic 
for us to concern oursc.lves with a t  this time. 
As you know, Ahraltiitn Lincoln signed the 
Morrill Land-Gmnt Act into law just 100 years 
ago this nest month. If  silver and golden anni- 
versaries have special significance, centennials 
surely provide an even greater temptation for 
stock-taking, review, re:lssc~ssment, and the like. 

Such occasions carry with than an allnost ir- 

'Presented at the 57th Annual Meeting of the 
American Dairy Sciencc Association, University 
of Maryland, College Park, June, 1962. 

resistible urge to luxuriate in nostalgia and 
self-congratulations. Yet all of you, from your 
experiences with your research, know the tre- 
mendous value of periodically standing back 
from your work to take a new look a t  it from 
the prospective of first principles. I n  our day- 
to-day operations, we tend to confuse the ends 
with the means, to substitute exprdiency for 
principle, to care for  the urgent a t  the expense 
of the important. Leadership degenerates into 
management, and we find ourselves, if we are 
not careful, ministering to a corpus from which 
the spirit has departed. 

What are these first principles for the Land- 
Grant system? To determine this-and to es- 
tablish the prospective for our review-we have 
to look a t  least briefly a t  conditions as they 
rxistrd in America during the first half of the 
Nineteenth Crntury. 

Americ:~ a t  that time was n land of nltnost 
houndlrss enthusiasnl. I t  was a ruuscular, broad- 
shouldered young dcniocracy-crude perhaps, 
hut powerful, idealistic, yet restless to get on 
with the work that needed to be done. And 
there was work to be done-lots of it. There 
wrre  nill lions of acres of fertile land to be 
tilled,  nines to be opened, cities to be built, 
railroads to be laid. There was, in fact, a 
continent to be conquered and, perhaps even 
Inore important, a democracy to be ~naintnined 
and extended. 

At  the sanie time, however, colleges and uni- 
vrrsities willing and able to provide educa- 
tional programs fitted to work that needed to 
bc done were sadly lacking. The importance 
of this deficiency cannot be overestimated. 

Five gears before the Land-Grant Act was 
signed, the distinguished British states~nnn and 
historian, Tho~nas Babington Macaulay, flatly 
predicted the collapse of the United States in 
the Twentieth Century. "Either some Caesar 
or Sapoleon will seize the reins of governn~ent 
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with a strong hand or your republic will . . . be 
h i d  waste by barbarians," he wrote. This 
eventuality was inevitahle, he thought, because 
we had entrusted the "supreme authority in 
the state . . . to the majority of the citizens told 
by the head; in other words, to the poorest and 
most ignorant part  of society." By way of 
contrast, he wrote, in EngLnd the "supreme 
authority is in the hands of a class, numerous 
indeed, but select; of an educated class which 
is, and knows itself to he, deeply interested in 
the security of property and the maintenance 
of order." 

This was not an irresponsible statement by 
a n  ill-informed partisan. All history, all ex- 
perience seemed to prove Lord Macaulay's pre- 
diction sound. And, as a matter of fact, it 
looked somewhat as though many people in 
Anierica believed as AIacaulay did. The exist- 
ing colleges in America a t  that time were pat- 
terned largely after the centuries-old British 
institutions and took, as their funcotion, the 
snnlcl ohjeetive the British institutions served : 
the training of an educated elite for  civic and 
social leadership. TfTell over half the program 
a t  these institutions was given over to the his- 
tory, poetry, and philosophy of Rome and 
Greece; and academic preparation was limited 
to the four traditional learned professions: 
la\\., medicine, the minist~y, and teaching. In- 
struction was carried out hy recitation and rote 
nicvnory, all students studied exactly the same 
subjects, and altnost no emphasis was given to 
the discovery of new knowledge. Collegiate 
opportunity was shrinking in proportion to 
the population, and effective governmental con- 
trol was held largely hy the graduates of these 
institutions. 

few far-sighted Inen felt there was another 
solution to the problem that Macaulay had out- 
1inc.d-a solution that did not involve the grad- 
ual itnitation of Britain's aristocratic class sys- 
te~n.  These men could see no reason why higher 
c~dncation could not serve the purposes of de- 
nlocracy just as  well as the purposes of aristoc- 
mey. Couldn't the "majority of the citizens 
told hy the head" itself become an "educated 
clnss?" I n  fact, couldn't higher education, made 
arailahle to all willing and able to benefit fro111 
it, elin~inate the concept of "class" and guaran- 
tre free mobility within the American society? 
Did higher education have to he limited to the 
existing learned professions B Couldn't there 
also be designed an  education fo r  doing-for 
carrying out the work that needed to be done 
to convert the wilderness into a nation of free 
and prosperous men? Did Americans have to 
remain poor and ignorant? 

.John A d a m  see~ned to forecast s o ~ n ~ t h i n g  of 
thi.s when he wrote, in 1'780, that "the science 
of governnient is my duty to study, Inore than 
all other sciences . . . I  nus st study polities and 
war that my sons have liberty to study mathe- 
~nat i rs  and philosophy, geography, natural his- 

tory and naval architecture, navigation, corn- 
merce, and agriculture, in order to give their 
children the right to study painting, poetry, 
music, architecture. . . ." 

B y  the middle of the Nineteenth Century, 
America was ready for the second of these three 
stages. A new education for a new society was 
needed-an education for  doing as  well as fo r  
being-an education for  the sons of the farmers, 
the mechanics, the ~nc.rcliants, and all the other 
leaders of this new world in which they would 
not have to abandon their fathers' vocations 
but would find these vocations lifted to profes- 
sional dignity. Higher education needed to be 
brought into harnlony with the realities, the 
objectives, and the anibitions of a new society. 

Among the people who saw this need and 
worked to do son~ething about satisfying it, 
t\vo natues stand out-Jonathan Baldwin Turner 
of Illinois and Justin Smith IIorrill of Ver- 
n~ont.  Working separately, insofar as \re know, 
each of them formulated a plan to use the vast 
nationally owned public lands and the prestige 
of the Federal government to bring about a n  
educational revolution-a revolution that was 
to do fo r  education what Jacksonian egalitarian- 
ism had done in law and politics. 

The result of their efforts, and of the efforts 
of those who worked along with them, was the 
Land-Grant Act. This Act offered each state 
30,000 acres of land (or its equivalent in scrip 
for  those states in which no public lands were 
available) fo r  each ~nernber of Congress. This 
land ~ m s  to be sold, and the proceeds were to 
be used as a permanent eudow~nent to pay pro- 
fessors' salaries in a t  least one college in every 
state accepting the conditions of the Act. The 
fact that those conditions specified that "agri- 
culture and the mechanic arts," along with "mili- 
tary tactics," were to be emphasized has been 
widely misinterpreted. One hundred years ago, 
nlost of the people in our country--something 
like three-fourths of them- were farmers, and 
the greatest unfilled professional need was for  
engineers. These were also precisely the am-  
delnic areas the existing colleges and univer- 
sities were most reluctant to add to their pro- 
grams. To make eertain that they were not 
neglected, Justin 31orrill wrote them into his 
act. But the charter of the Land-Grant insti- 
tution was as  broad as  the needs of America. 
The Act stated, in fact, that "other scientific and 
classical studies were not to he excluded," which 
meant, Justin Morrill said, that they were to 
he included. 

I n  this way, these institutions were to pro- 
vide fo r  the "liberal and practical education of 
the industrial classes in the several pursuits 
and professions of life." I n  1859, Abraham 
Lincoln said, ('Let us hope . . . that by the best 
cultivation of the physical world beneath and 
around us, and the best intellectual and moral 
world within us, we shall secure an  individual, 
social, and political prosperity and happiness, 



~vhosc~ course shall hr on~vard and upwt~rd,  and 
which, while thr  c~artli endures, shall not p;lss 
away." One hundred yr;trs ngo, the land-grant 
colleges bera.nie A~~~t~ r i c i t ' s  h ~ s t  I I I ~ ~ I I S  of ~x'aliz- 
ing this hopr. 

Thr ~ i ~ o s t  in~por t :~nt  itlea, then, hel~ind thr 
cstahlisl~n~ent of the land-grant collrges-th(. 
principle out of whit-h th(8y \vtartx horn ;~ntl 
which gavr the~n for111 and sh;~pc~-\vi~s that of 
den~ocracy: d c ~ n o c ~ ; ~ ~ , ~  not ,just in t r r ~ n s  of thc, 
studrnts :td~nittcd hut illso in terms of the ill- 
structional progr;nns oft'ercd. These \vc>re to 
he institutions a t  which any young ppcson woultl 
11;~vc. a free opportunity to rrcaeire as  eou~plete 
;III t,ducation ;IS his ;~hilitirs and his tlesircas 
p e r ~ ~ ~ i t t e d .  Further, he was to h:~ve t,hr priv- 
ilegr of studying io r  alrr~ost ally n ~ i ~ j o r  pro- 
frssion of interest or value to Inan. 

Ilowever, the pattern was not yet co~uplete. 
Those who cattle to teach in thesc. new "l)ec~ple's 
cwllegrs" soon ran out of things to tc.:~cl~ in the 
nen- fields. Sincae, for the most part, c.olleges 
had refused to considclr these new firlds as 
proper subjects for  collegiate concern u p  to 
this time, no body of organized, definitive knowl- 
rdge c.xisted in theni. And so, in 1887, ;I second 
fetlrr;~l a.ct was passed, this one providing fcd- 
era1 funds to start research in agriculture in 
c3ac.h of the land-grant institutions. The agri- 
cultural experinlent statiolls founded as a result 
of this act, historian Allan Nevins tells us, "be- 
calnc . . . the most effective? agencies of inquiry 
on the glohr." This act is credited hy 1ni111y 
with heing the ~na jo r  sti~nulus fo r  making re- 
search an  accepted fuuction of higher education, 
riot simply a t  the land-grant institutions hut 
also a t  the older colleges and universities as 
n-Pll. 

Along with the advance of rrsearch canle thc 
~~rcc.ssity for dissaninating the results in ordc,~. 
that it might he put directly to use in the livrs 
of the people. This activity was carried out ill 
Inany ways by Inany agencies. Finally, in 1914, 
Congrrss passed a third net, this one to provid(? 
for  feder;~l-state (*onperation in extension work, 
c.;~rried out through the land-grant coll(~ges. 
This resulted in thc world's largest and nrost 
rffec.tive ;~dnl t  education progranl. Agricnltur:il 
~~~st 'ar(ah anti rstension carried out ia thc~ land- 
grant institutions, in fact, have been so t,ffec- 
tivc, that t1rc.y a1.r son~et i~nt~s  criticized for  hav- 
ing care;~trd oiu rn~hnrr;~ssing farm-sul.plus 
l ~ r o h l t , ~ ~ ~ .  Thorr is, however, another way of 
putting this ruattrr : if thv 180 ~r~il l ion pcople 
in Arl~rrica have p1mt.v to vat, and if they spend 
l'ar lrss to get it in t r r n ~ s  of hours worked than 
thry rvclr have, th;~t,  too, is thr rcsponsil)ility 
of t l ~ r  Iantl-grant institutions and. ' the U. S. 
I ) epa r t~~~en t ,  of Agricaulture, whose centennial 
\vtx :>Is0 rcllehratr this ycar. This is a problcn~ 
that ;11111ost cvery other c:oantry in tho world, 
including Hnssin. ~vonld hr glatl to sh;~rc with 
11s. I n~ust  say that . j  like having enough to 
cat,, :~ud  1 like t o ~ k n o ~ v  that 11-e :ire :1hl(1 to 11(,11> 
tht: llullgl~y pcol)lo of thc, \~-orld. 

Thesc, then, arca the first l ) r i~~ci~) l t*s  OII ~ v l ~ i v l ~  
the land-grant institutions wrrcl c,st;~hlishetl. 
For  Inore th ;~n a quarter of ;I. century, they had 
to mdurc! pitifully inadequate financdes, t h ~  
apathy of students and thrir  parents, the ill- 
difference and evrn contempt of' their Inore tra- 
ditional-ttntl henccb 111trrc rc~sprctnhle-sister 
institutions, and u~~ce r t a in  let~dership and ill- 
struction. Rut they s~uvivc~d and grew rol)ust. 
as thry den~onstratrd that Ahrahani Lincoln's 
avt of faith in peopltl, takrn during son)(. of 
the ao r s t  d;~ys of the Civil \V;II.. \vns not I I I ~ S -  
r'l21c.t.d. 

Today thrrc ;Ire fiS 1;lntl-pxnt institutions. 
with on(. in l'uerto Rico :~nd a t  least one in 
rach of thc 50 states. to get he^., they :~rc~ount 
for ahout :l?,"% of ill1 A n ~ e r i c : ~ ~ ~  institutions 
of  higher^ (ducation, hut they rnroll almost a 
fifth of :111 the stntlents in the country. Thtxy 
;~\v;trd two-fifths of all the doctoral degrees 
grs~ntchd, inaluding pri~ctir i~lly all thost, awardtbd 
in agriculture and over 11;llf of those, granted 
in the hiologict~l scic~nces, I~cwlth professions. 
chnginc~ering, and l ~ o n ~ r  c.cono~nics. Three-fifths 
of a11 the living I-. S.-etiucmtrd Yohel Prizr 
~vitint~rs h;~vc, e:~nic>(l degrres f r o u ~  thesc* insti- 
tutions, and the rc~search c.ontrihutior~s includr 
;L vast array of dismvcric.s-the R;~b(tock trst 
for 111e;lsuring the f a t  (*ontent of ~nilk,  strepto- 
n~yci r~ ,  the ion rnic'roscope that permits man to 
photoglaph ;lto~us, and h ~ ~ n d r e d s  of others. 

The record is rle:~r. As on(. historian 113s 
said, togrther with thr separate state unircr- 
sitirs, the land-grant institutions now '(consti- 
tute tht. unost i111prc.ssive s r t  of agenri1.s for  
hiphvr etlueation in the world." Rut probably 
evcln Illore impressiro than their individnal 
ac?liic3vc~nients has IICPII the revolution that. 
through thrir esanlpl(. and leadership, they 
have hrought ahout in S~ner ican higher rduca- 
tion generally. Look tit the changes the?. 11avc 
1nt1dc~-changes sneh as- 

The rstahlish~nrnt of rrsrarch ;IS n h;lsic. fun(.- 
tion of higher education. 

l'hr elrv;~tion of the useful arts, scienec~s. 
and professions to ac:~d(.~nir respectability anti 
tlignitg ancl the introtluction of thr concept of 
csducation fo r  doing as well ;IS for being. 

The drvelopn~cnt of the (:on(-rpt of ;rdult 
c.ontinuing c.ducation, of sharing Itnowledge v-it11 
those who CRII I I I H ~ ~  llse of it regard1t.s~ of age', 
for111a1 e n ~ . o I l ~ ~ ~ e n t ,  or ally other rc.strictio11 bs- 
c.clpt that of need ;111d desire to knolv. 

l'hc2 construction of a succt~ssfullg \vo~.ki~lp 
  nod el f o r  federal-state (~oop(~ration in instrue- 
tion, rese:~rch, ;inti rx tmsio~l  that seeurcs :dl 
thv actvi~nttigc~s of such c.oopr!ration ~vitliout in- 
c>urring ;lny of t h ~  d;u~ge~,s  that Illany set31u to 
fet1r. 

Tht. c~sti thlish~~~c~nt 01' t l ~ r  princ.iple of serr- 
icv, t i~k (~n  in thr l)(,st 1)ossihle sense-the pria- 
ci1)le that an institi~tion 01' higher educ>ation 
sIiouId serve :IS ;I uscsfuI ; t c i ~ d e ~ ~ ~ i c  tand scirntific 
C O I I ~ ~ ) I C I I I ( ~ I I ~  to t h ~  so~i(3ty in ~ v h i ~ h  it exists. 

)lost i ~ ~ ~ p o r t i ~ n t  of  $111, the d ~ ~ v ~ l ~ l ) n l ( ~ n t  or 



thr c*oncdept tliat higher otlucdatiori should b(. 
made freely available to all aapabltt of hene- 
fitiug and willing to henefit from it--that edu- 
cational opportunity should be kept open to 
all who have talent. 

Kow, what about the fu ture?  T h a t  prob- 
lerns do the land-grant institutions face, and 
what connection is there hetween these problems 
and the first principles that I have tried to 
outlino? 

There remains, of course, the eentral proh- 
l en~  of any institution that  attempts to  serve 
a society responsible. The university's function 
is to  give society not what i t  wants, but what 
it needs, and the two do not always coincide. 
Disinterested thought and scientitie i~esearch 
challenge vested interests and traditional ideas 
and tend, therefore, to alichnate the support the 
universities need to carry ont their work. Yet 
it is essential that the universities l~laintain 
their critical function, even if they must threaten 
the stability of society a.s it exists a t  any g1vt.n 
time. 

Much the saine sort of thing is true of the 
balance between education fo r  living and edu- 
cation fo r  making a living. One of the per- 
sistent charges hurled a t  the land-grant institu- 
tions is that they are vocational. Of course, 
aln~ost all higher education has historically heen 
vocational, if vocational is taken to Iilean train- 
ing fo r  a specific profession or calling. The. 
distinction here seems to be, actually, the voca- 
tion one is talking about. Traditionally, some 
vocations or professions are ]nore t,qu:ll than 
others. As I have said, part  of the land-grant 
mandate was to change this by dignifying all 
useful major vocations by providing university- 
level preparation for  them. I n  this way, the 
land-grant systeni ha.? been responsible f o r  the 
expansion of professional preparation that has 
rontrihuted so ilnportantly to the development 
of the American economy and culture. If the 
universities repudiate professional education, 
they will cease to survive, simply because they 
will lose contact with reality and will lose the 
confidence of the society that supports them. 
I f ,  on the other hand, they repudiate the cultiva- 
tion of nonpraetical valurs, they will cease to 
inerit the title of university. They must some- 
how continue to provide eduea.tion fo r  heing 
and fo r  doing. As knowledge is advanced and 
specialization deepens, the job becon~es in- 
creasingly difficult. 

There are other questions. But  tlie eentral 
question r r~nains  the same as it was 100 yeai-s 
ago: How can the land-gmnt institutions con- 
tinue to contribute to the maintenance of an 
open and niobile sorietg by providing equal 
ol~portunity for  all with the talent and the will 
to develop i t ?  

There arc. those, and they have powerful 
voices, who would undo inost of what has been 
accon~plisheii in an  attempt to   void, rather 
than to solve, this prohle~n. So~nc? would re- 
strict thtb nnmhers going to the m~iversitg by 

c.s;ln~inations given a t  tlit: (v1uivalent of about 
thv sixth-grade agr in our own schools. Every 
country tliat has this s y s t r ~ ~ ~  is t ~ ~ i n g  to get 
;ixvay fro111 i t  hecnus(x i t  d o c ~  not work. Ac- 
tually, the fnct is non- being rtdiscovered that, 
testing is f a r  fro111 inf:~llihle. that it lniglit 
ckasily discrii~~ina.te for  the good 111t.niorizer illid 
:~gaiast  the truly creative boy or girl, and that 
i t  is a poor indicator in con~p:~rison with test 
119 perfor~nance. Instclad of increasing oppor- 
tunity, it restricts it. Today, college admissions 
officclrs are ap t  to say that all ~vho  qualify avt? 
:rdniitted. But qualification is de t t~rn~int~d in 
too many instnnees by the collegcb board cut-off 
score used, and this, in turn is detclr~~iined hy 
the ratio hetween the nuinher of apl)licants for  
:idmission and the nun~her  of students that tht. 
institution can accept. I n  this way. the potell- 
tin1 student urho w:is qualified five years ago 
might easily not be qualified this next fall, 1 ~ e n  
though the prograrrl might be essentially ull- 
changed. Qualification is deter~nined, there- 
fore, by arbitrary resource lin~itations, and not 
hy student ability. This is like the old story 
of the Procrustean hcd, in which the Inan \\-a?; 
rut to  fit the bed, instead of the bed fitted to 
the nlan. 

Others say that access to higher education 
is just fine, but that since university graduates 
earn more than nongraduates. each studeut 
should pay the full cost of his on-n education. 
Those whose parents are wealthy presumably 
have no problem, ~vhereas others-so the t h e o ~ y  
runs-should buy their education on the charge- 
;~ceount systern. Education would be open to 
all, but sonie ~ ~ o u l d  start out life with a heavy 
hurden of debt and others u-ould not. Such a 
svstem would rt~ake it important that  young 
Inen without money would marry girls with 
~ ~ ~ o n e y ,  and vice versa. Perhaps in time this 
would h a d  to a change in the marriage vow to 
read, "With all my college dehts I thee endow." 

To he fa i r  ahout it, luany who advocate mak- 
ing the student pay the full cost of his educn- 
tion say that those who can't afford i t  should 
he given scholarships. Make those who can 
pay, do so, and give scholarships to the rest, 
yuns the ;~rgummt.  Consider the effects of 
such a policy. I t  would in tiine result in one of 
t a o  things : either hundreds of thousands of 
students would he denied access to higher educa- 
tion, or we would have to have hundreds of 
thous:~nds of scholarships, each paying many 
t i ~ ~ i e s  thv average amount of the scholarships 
av;ril:~hle today. There are no two ways about it. 

The. best scholarship systeiii ever devised for  
Irrc.pir~g opportunity open is the public univer- 
sity, open to all ; ~ n d  supported hy all. Cer- 
tainly, scholarships are ~~eet led ,  b t c a u ~ e  living 
costs iilont~ :lye beyond the r~ac l i  of  illany ahlc 
students. Cc'rtainly, the henc4iciaric.a of educn- 
tion should pay for  it, hut the he~~ef i~ i a r i e s  
include all of us-all of us m-110 apl>rec*iate the 
~wivilegr of t.njoying I I I U I I I R I I  dignity anti tlie 
frccbtlo~~~ of' t i o~~~ocr ;~cy ,  all of u. ~vho &:Ire in 
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the American standard of living, all of us who 
benefit in any way by living in a modern in- 
dustrial ewnomy. But they should pay for it  
when they are most able to do so, through taxa- 
tion and voluntary gifts; and not a t  the time 
they are least able to do so, as students and 
during the early (and difficult) post-college 
years. And we should never permit a condition 
to exist in which America's supply of educated 
people will depend on how much money the 
student is likely to make in the years after his 
graduation. That is the one way to make certain 
that we will not have enough scientists, enough 
teachers, enough qualified civil servants, to 
name just a few examples. An individual might 
find higher education desirable; a society finds 
it necessary. 

All the suggested solutions to this problem 
are based on the implied assumption that 
America somehow cannot afford to continue to 
provide free and open access to higher educa- 
tion to all the young people who have the will 
and the ability to profit from it. This, of course, 
is nonsense. We can afford it  if we want to 

afford it. Many people have noticed that a 
society can almost always achieve that which 
it wants to achieveand it very often deserves 
what it  gets. Education is, actually, not an 
expenditure but an investment. This is true 
even in the grossest material terms. Increased 
expenditures do not follow an increase in the 
level of an economy; the level of the economy 
follows increased investment in education. 

The central issue, then, is how adequately do 
the American people want to invest in democ- 
racy? In  the potential of the American people 
for intellectual and moral growth? In  the de- 
velopment of more eff ective human beings l 
The land-grant institution-and others which 
share their ideals---stand now as they stood 100 
years ago-as America's best hope of achieving 
and maintaining an open and mobile society. 
How well they accomplish their task will de- 
pend, to a critical extent, on how highly the 
American people value the maintenance of such 
a society. Macaulay's prediction cannot be com- 
pletely discounted until the year 2001. History 
uiay still prove him to be right. 

CALL FOR PAPERS FOR THE 1963 ANNUAL MEETIKG O F  THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

S. D. MUSGRAVE, Chairman, Program Committee, A.D.S.A. 
Department of Dairying, Oklahoma State University, Stillwater 

The 58th Annual Meeting of this Associa- 
tion will be held June 16-19, 1963, in the 
Memorial Center of Purdue University, Lafay- 
ette, Indiana. 

All members of the Association, including 
graduate student affiliates, are entitled and 
encouraged to submit papers for consideration 
for  presentation. Participation by members 
of industry and by senior members of the 
Association is especially encouraged. The Pro- 
gram Committee favors the general policy that 
an individual present only one paper and that 
his name should appear as author on no more 
than two. This committee, with the Associa- 
tion officers and membership, wishes to stimu- 
late excellence in research and in presentation 
and realizes that these restrictions may penal- 
ize certain members engaged in full-time re- 
search. Therefore, a member may exceed these 
limits if he or his department ranks the af- 
fected abstracts in order of preference for 
oral presentation. 

Papers submitted for the Annual Meeting 
inust be confined to research that has not been 
reported elsewhere. Abstracts of papers ae- 
cepted for publication by a scientific journal 
before the annual meeting are not acceptable 
for presentation a t  this meeting. If the total 
number of acceptable papers submitted by the 
membership for presentation in a section pro- 

grsm is too great to include in the program, 
the committee will assign some papers to be 
read by title. I n  this event, consideration will 
be given to evident quality of research to be 
reported and number of abstracts per author 
and per department. Abstracts arriving late 
may be read by title or rejected. 

Attention is called to the Dairy Manufac- 
turing Extension Section program, and inter- 
ested members are urged to participate. This 
is a subsection of the Manufacturing Section. 

Mimeographed copies of pertinent details 
and data are desirable for distribution a t  the 
time of presentation. At least 300 copies 
should be made available. They should be num- 
bered with the assigned program number in 
the upper right corner of the first page. This 
can be supplemented with slides for projec- 
tion, provided the author can adhere to the 
assigned time of 12 to 14 min for  presentation 
of each paper. For  papeTs presented in joint 
sesslons or in a symposium, it is suggested 
that 500 copies of the mimeographed material 
be made available. 

ABSTRACT PREPAUATION 

The Program Committee continues to en- 
courage improvement in quality of material 
to be presented and in the method of presenta- 
tion. Good experimental design and interpre- 
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tation are essential. Exact compliance with 
these instructions for preparation of abstracts 
mill simplify the task of the Program Com- 
mittee, improve the program, and ease your 
own work load. Careful editing of abstracts 
before submission is essential! Each year a 
number of abstracts must be returned f3r  
correction or  clarification. 

1. Submitted titles and abstracts must be in  
the hands of appropriate section officers 
by March 1. This deadline must be met 
to permit publication of titles with the 
complete program in the April JOURNAL 
and abstracts in the May or June issue. 

2. Four  copies of each abstract must be 
typed double-spaced on 8%- by 11-inch 
paper. The original (on bond paper) and 
the first carbon should be mailed to the 
chairman, the second carbon to the vice- 
chairman, and the third carbon to the 
secretary of the Section where the paper 
is to be presented. The original copy will 
be used for  publication in the JOURNAL. 

Student affiliates entering the Graduate Stu- 
dent Presentation Contest should check below 
fo r  additional instructions on submitting ab- 
stracts. 

3. Abstracts must not exceed 200 words by 
actual count. Those exceeding 200 words 
must be returned to the author for  re- 
vision. 

4. The style and abbreviations of the JOUR- 
NAL OF DAIRY SCIENCE must be used. 
Please refer to abstracts in the May, 1962 
JOURNAL for  guidance. 

5.  Only initials of authors should be used, 
except i n  unusual cases, where it may be 
necessary to use the complete name. 

6. When more than one author is  listed, 
indicate who will present the paper by an 
asterisk af ter  his name. 

7. The title should indicate clearly the na- 
ture of the research. It should not be 
repeated in  the text. The abstract should 
indicate, insofar as possible, the design 
and major results of the investigation. 
Only completed research should be re- 
ported. Brief, essential statistics will 
iiiilkc? !!;c z!\ctrnc..t more meaningful. 

8. The following form with no caps for the 
title is  correct : Utilization of carbohy- 
drates posterior to the rumen-reticulum 
of the bovine. J. T. Huber and N. L. 
Jacobson, Iowa State University. 

9. I f  the author lists an  address for  an  ex- 
periment station other than the univer- 
sity, such as a USDA research branch or 
a commercial company, the complete ad- 
dress should be provided, as in the fol- 
lowing example: A study of dye reduc- 
tion methods as platform tests for  the 
detection of antibiotics. Burdet Heine- 

mann, Producers Creamery Co., Spring- 
field, Missouri. 

10. All symposium papers should be typed 
double-spaced and organized according to 
the acceptable style of the JOURNAL OF 
DAIRY SCIENCE. The author should send 
the first copy directly to the JOURNAL 
editor, E. 0. Herreid, before the annual 
meeting. 

GRADUATE STUDEXT PRESENTATION CONTEST 

This contest will be conducted in both the 
Production and Manufacturing Sections. A 
cash award will be given to the winner in  each 
section. Each institution is entitled to enter 
one participant in each contest. Participants 
must be student affiliate members. Complete 
rules for  the contest will be sent to department 
heads. Those wishing to enter the contest must 
submit copies of their abstracts to the section 
officers as outlined above. I n  addition they 
must include a letter indicating their desire 
to enter the contest. This letter must be signed 
by the major professor and the department 
head. A carbon copy of this letter and four 
additional copies of the abstract should be 
mailed to the contest representative so as to 
be received by March 1. 

For  Production Section Graduate Student 
Competition : Dr. J. L. Albright, Department 
of Dairy Science, University of Illinois, Ur- 
bana. 

For  Manufacturing Section Graduate Stu- 
dent Competition: Dr. A. V. Moore, Depart- 
ment of Dairy Science, The Agricultural and 
Mechanical College of Texas, College Station. 

Names and addresses of officers of sections 
to whom titles and abstracts should be sent 
are : 

EKTENSIOS SECTION 

Chairman: C. D. McGrew, Department of 
Dairy Science, Ohio State University, Colum- 
bus 10. 

T7ice-Chairman : D. E.  Voelker, Department 
of Animal Husbandry, Iowa State Univer- 
sity, Ames. 

Secretary: C. H. Parsons, Department of Dairy 
and Animal Science, University of Massa- 
chusetts, Amherst. 

PRODUCTIOS SECTIOX 

Chairman: L. H. Schultz, Department of 
Dairy Husbandry, University of Wisconsin, 
Madison. 

Vice-Chairman : V. R. Smith, Department of 
Dairy Science, University of Arizona, Tucson. 

Secretary : P. M. Reaves, Department of Dairy 
Science, Virginia Polytechnic Institute, 
Blacksburg. 

XANUFACTURING SECTION 
Chairman: D. M. Graham, Pet Milk Co., Re- 

search and Development Center, Greenville, 
Illinois. 
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1-ice-Chairlnan : E. L. Thomas, Department of 
Dairy Induqtries, University of Minnesota, 
st. Paul. 

Secretary: 31. E. Ellertson, Carnation Re- 
search J~aboratory, 8015 Van Suys Boule- 
vard. Van Suys, Cal~fornia. 

(The Dairy JIanufacturing Extension Section 
i s  :i subsection of the Manufacturing Section. 
.L. L. Rippen, Depart~iient of Food Sc~ence, 

Michigan State University, East Lansing, is 
chairman, and J. C. White, Professor of Dairy 
and Food Science, Cornell University, Ithaca, 
S e n  York, is secretary of this subsection. All 
;~bstracts for papers in this subsection should 
be submitted through the regular channels of 
the Nanufacturing Section, and should be 
identified for presentation at  the Manufac- 
turing Extension Section meeting and a cour- 
tesy copy sent to A. L. Rippen, Chairinan.) 

INVITATION FOR NOMINATIONS FOR OFFICERS OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

R. E. IIOD(ISON 
*inimal 11 nsbatldl*y R~sc.iu.ch Branch. TTSI)A. Re1 tsville, >Ta~.yland 

I t  is thtl dirty ailti resl)o~~sik)ility of every mernber of ,\.D.S.,\. to participate 
in the selection of offictirs and direc.tors f o r  1963.64. . 

This year we n111st elect: 

(1) A 1'ic.e-Presid(.nt from the field of Dairy Protl~lctioll and  who will 
antolnatica1l~- bec'orne P r e s i d ~ n t  ill 1964-65. 

I 2 )  011~ tlirector froill the field of Dairy Production to serve for three years. 
( 3 )  On(. tlirec*tol- fraln the fi(~l(1 of 1)air)- M a r l u f a ~ t n r i ~ l g  to serve f o r  threcl 

years. 
As i-r n~c*rtiber of .\.I).S.,\. yo11 are  sl)ecific+ally rcclnrstetl 9 0 W  to submit your 

nortiil~atiorls for  c~ach of these three very important officaes. Suggest nonlinations 
of persons who hi~vcl tle~~tonstratetl  their intercst in ASSOCTL2TTON A F F A I R S  
I)? having st.rvc,d as srctional officc~rs o r  having worketl on important committees. 
Oar Assoviatiou bltdget is now close to $100.000, a n n ~ ~ a l l y .  Therefore, it i h  

import i~nt  that  then ~loininres fo r  Vice-T'rrsiclr~lt be familiar with the b~rsi t~ess  
affairs of tlw ASSOC'IL\TIOS. 

011 Jatllliny 1, 1963, ('hairman Hoclpso~~  ill asserrible t h ~  no~ililiatiolls and  
request fro111 thc  nonlitlators a biopralhical <l<ctc.h of eitc21 noniil~ee f o r  the 
cot~sideration of the committee. 

Two c.antlitlates will be sc.lecated for  each of t h r  three ofices ant1 af ter  receiv- 
iup  their accc.ptancaes the list of six c.andidates \\-ill h r  published i ~ r  the April 
.Journal for  196:). Ballots v i l l  bc sent to the mc.nibership I)p Secretary Judkins. 

Mcm1)er.s of the N o l ~ l i ~ l a t i i ~ g  (lommittee a rc  : 

E. L. Jitclz. T Tr~ivc.rsity of (:aliforrlia, 1)ax.i~ 
1). 31. Grahan~,  I'et Milk Co., (;rcenville, Illinois 
T,. H. Schnltz. TTniversity of \Visconsin, Madiso~l 
C. 1). JIc(:re\~-, Ohio State  TTnir~rsity, (:O~IIII~~US 
R. E. IIotlg\on, Chairmall, .411inlill IInsbanilry Rrsc~arch I<ra11(211, USDA, 

T:eltsville, J l a r ~ l i l l l d  

MEMBERS, this is a n  urgent  request for  your help and  cooperation. Please 
send your nominations t o  Chairman R. E. Hodgson by December 31, 1962, OR 
I F  MORE CONVENIENT SEND THEM TO ANY MEMBER OF THE 
COMMITTEE. 
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11 Media for  

MYCOLOGY 

DIAGNOSTIC 

. . . for the isolation, identification and cultivation of pathogenic 
Eungi. These media are also widely used in phytopathological studies. 
Several arc neutral in reaction, giving optimum conditions f a  growth 
of a variety of fungi. The following may be prepared as selective media 
by the adjustment of reaction, addition of antibiotics or other agents: 

Bacto-Brain Heart Infusion A g ~ r  Bacto-Corn Meal Agar 
Baa-Sabouraud Dextrose Agar Bacto.Com Meal Agar 
B a c t o - S a b u d  Maltose Agu with Dextrose 
Bacto-Limnan Oxgall Agar Bacto-Bean Pod Agar 
Bacto-Mycological Agar Bacto-Prune Agar 
Bacto-Mycological Broth Bacto-Lima Bean Agar 

CONTROL 

. . . for sanitary and sterility procedures as well as for general use in 
mycological procedures: 

Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Agar 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract BactoMidew Tat Medium 
Bacto-Malt Agar Barn-WL. Nutrient Medium 

Bacto-W.L. Differential Medium 

CLASSIFICATION 

. . . and nutritional studies of fungi: 

Bacm-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base Bacto-Czapk Solution Agar 
Bacto-Yeast Nivogen Base Bacto-Vitamin Free Yeast Base 

THE DIFCO MANUAL, NINTH EDITION, 
including de~rn~ptions of these media and dcir use, 

u available on request. 

D E T R O I T  1, M I C H I G A N  
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