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3 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. 

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

ORGANIZATION OF PAPERS 

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

2. Summary and its preparation. 
a. The summary aids in the dissemiriation 

of scientific information, reduces the 
work and cost of abstracting journals, 
and is convenient for  readers. 

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

c. The o.pening 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. Except in most unusual cases, refer- 
ences to earlier work should be omitted. 

3. Statement of the proble~n and pertinent 
investigations. 

4. Objectives or reasons for  research. 
5. Experinlental procedures. 
6. Results. 
7. Discussion. (6 and 7 may b e  combined.) 
8. Conclusions are optional. 
9. Acknowledgments. 
'American Institute for Biological Sciences, 

2000 P Street, N. W., Washington, D. C. Price 
$3; 

J. Dairy Sci., 44: 1788. 1961. 

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

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

12. Figures (graphs) should be made with black 
India ink on white drawing paper, tracing 
paper, or blue linen and the sheets should 
not exceed 8% by 11 inches. Graph papers 
with yellow, green, and red lines should 
not be used, because the lines cannot be 
filtered out. Curves should be identified 
with the symbols 0, 0, a, 0, W, A, A, V, 
+, or X ,  and they should be about 0.8 mm 
thick, for  the axes about 0.5 nnn 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 mrri 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 56.1 

FIG. 1. Acetic and butyric acids in raw and pas- 
teurized milk Cheddar cheese during ripening (mil- 
ligrams in distillate obtained from 150 g of cheese 
oil). 
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13. Tables should be numbered on the center to 60 days of the action taken by the Edi- 
of the ~ a a e  with the title immediately be- torial St&. 
low, an: each table should be typed "on a 
separate sheet of 8%- by 11-inch bond 
paper. They should be placed together a t  
the end of the manuscript. 

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. 

14. colored illustrations can be reproduced. 
Authors should submit detailed specifica- 
tions to the Editor and costs will be supplied. 

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

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

17. 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. 

18. All manuscripts must be submitted to the 
Editor-in-Chief in duplicate. The ribbon 
copy, only, of revised manuscripts should 
be resubmitted. 

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

TECHNICAL NOTES 
20. The technical note section of the JOURNAL 

is for  the publication of research with nar- 
row boundaries, announcement of new find- 
ings that may help other scientists, inven- 
tion of research and teaching devices, 
establishment of priorities, and for  useful 
information from projects that have been 
terminated before completion. ThG section 
is not a repository for inferdor research. 
If  the scope of the technical note permits, 
i t  may be organized the same as a research 
paper, except there is no summary a t  the 
beginning and the author(s) name(s) and 
affiliation(s) appear a t  the end. Otherwise 
organization is flexible. 
Technical notes may or may not be reviewed 
by the Editorial Board. 

OUR INDUSTRY TODAY 
21. This section of the JOURNAL is for  papers 

of timely industry interest. I f  the papers 
contain applied research, they should be 
organized the same as research papers, al- 
though a summary a t  the beginning is not 
required. Regardless of the material in 
these papers, they should be organized in 
logical topics. 
Papers in this section may or may not be 
reviewed by the Editorial Board. 

PUBLICATION OF EVENTS 
22. Material for the announcement of meetings, 

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



P E O P L E  A N D  E V E N T S  

Robert E. Johnson Honored at Storrs Ilairy Science Association, Alpha Gamma Rho, 

K. E, Jonr;soN of Storrs was into social fraternity, G a ~ n n ~ u  Signla I)elt;~, honor- 

the College of A,griculture dean,s on "IT agricultural society, and Phi  I<appa Phi. 

S o v e ~ ~ ~ h e r  1 nt the University of Connrrtirut, 
where he found four  distinguished educators G. W. Shadwick Honored 
waitine to  greet him. Thvv were DR. H. DR. G. W. SF~.IDTI~ICK, tf~rc.ctor of tc~cdhnical 
D. B * ~ B I D G ~ ,  .JR., the 
U n i v e r s i t y  Presiclcwt, 
A. E. WAT-GH, Pro- 
vost, W. 13. YOUNG, .kg- 
riculturr Dean, antl DR. 
W. A. CO\\.AN, Head of 
the , \nin~al Industries 
Departrrlcnt. This group 
paid trihute to Profrs- 
sor Johnson f o r  his 40 
years of service a s  a 
~nelnber o t  the Univer- 
sit? o f  C o n n e c t i c u t  
faculty. Thc. h o n o r e d  
e d u c a  t o r  IS Associate R. E. Johnson 
P r o f e s s o r  of Dairy 
I Iusbandn .  President Ri~hhidge rr;ld ;I letter 
written by Gov. John I)t2111psey, praising Prof.  
,Johnson fo r  Ins rrn~arkithl(, record The letter 
stated in  p a r t ;  "During thcb 44 years, u~clnding 
your undergraduate days, thztt you have spent 
a t  Storrs, you have xv~tnessed a rc.~n:~rltablr 
growth and devcloplnent in our State ITniver- 
sity. You rnay wrll take prlde in the co115ld- 
erable eontnhution you hirvr made to that 
developn~ent. Tht. cattle hred by your .\n111tal 
Industries D e p a r t ~ ~ ~ t . n t  and the prizes they have 
won add a great deal to tht. Connect~cnt agrl- 
cultural rep;tation." 

Professor john so^^'^ nlain tlutirs over t11r 
years have heen in traching. Ilc. has devclopcd 
and taught courses in dairy ~?roduction-fro111 
fundatnentals for  u~rtlorgraduatc~s to advar~caed 
theory fo r  graduate students. I I e  also has 
been responsible fo r  the d e v e l o p ~ ~ ~ r n t  and man- 
agement of the dairy herd, acknowledged as 
one of the top rollc~gr herds in the country. 
H e  is  an  outstanding cai~ttle judgc. and a close, 
friend and advisor to tllv owners and managers 
of  the outstanding (1:airy herds in the East.  

H i s  first love is teaching. H e  is never sat- 
isfied with the student \\-ho just learns the 
facts-he must he able to relate thrsc, facts to 
life that exists around him. "Only when the 
student is able to do this is he learning some- 
thing and sti~nulated to Icarn  l lo re," Professor 
Johnson said on this fortir th anniversary. 

Prof.  Johnson, a native of Sorwich, received 
his B.S. degree in  daily husbandry from the 
Connecticut Agricultural Collrge (now the U 
of C )  in 1928 and his 3l.S. dcgree from Iowa 
Sta te  College a gear later. f Ic1  is  a ~ne l r~be r  
of the American Gnlctic Assoriation, d n ~ e r i c a n  
Society of , \nin~al Produetion, the An~cr ican 

services fo r  ISei~tr~cc Foods Con~pany in Chi- 
cago, has won an Indy award, industrial 111ovie 
world's equlvalt~nt of the t ;~nted Hollywood 
Oscar. I I e  produced a fill11 rntitled 31ilk111an 
to AlaLya, judged the hest onc-wan filn~, and 
merited a special citation. Thc chen~ist and 
hactc.riologist reeeivcd his sprriill Indy  a t  the 
fifth annual industrial f i l~n atvi~rds dinner in 
Boston. 

The. fill11 dea1.s with the establishment of a 
Bentrirr Foods plant in Kuala  Lumpur,  Ma- 
laysia. I l r .  Shadwick made 3,000 feet of film, 
edited to about 1,500 feet, r i~nn ing  fo r  a ln~ost  
4.5 ~uinutrs .  

The production is not thc. dry, technical 
type of' film usually associatrd with training 
and colllpany produc:tions. Dr .  Shad~vick pro- 
duced his film as  a travelogue typcb that apprals  
to the general public a s  well a s  to colnpiniy 
pcrsonnc~l and stockholdcrs. 

The film portrays the first building of an 
overseas plant by Bratrice 'Foods C'o. I t  is 
clirnaxed with the dedirtltion of the plant that 
produces :j canned, sweetened antl rondensed 
n~ill; in a. conntry that has no fresh milk. 

The filnt, in sound and color, also includes 
the farned I<il:,uea Punn volcano eruption in 
Hi~wai i  and scenes of aboriginal life in native 
P1;~l;tyan villages. "Happitlst people I ever 
saw," Dr. Shad\\-iclr said cthout the healthy, 
industrious aborigines he lived alnong fo r  a 
1vrc.1;. The fill11 tdso i ~ ~ c l u d r ~  scenes in New 
Zettland, where the con~piir~y buys n ~ i l k  that 
is  processed into canned, condensed ~nill; i n  
Il'lalayn. 



W h y  milk processors spell clean with a "K" 
"K" is the eleventh letter i n  the alphabet . . . but for modern 
cleaning and sanitizing i n  mi lk  processing plants it tel ls the 
whole story f rom A to Z. When you add the "K" f rom Klenzade 
you add a new concept in completely controlled sanitation 
programs. The Klenzade Complete Plant Quality Program 
is safer, simpler and quicker. From Brite-Klenz HC-20 t o  
Heavy Duty Acid LC-30, you can get all your detergents, 
sanit izers and application equipment f rom one rel iable 
source. A Klenzade technical representative wil l  be happy 
to  help you improve your dairy products. Write today. We'll 
reply promptly. 

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

For Ice Cream For Frozen Novelties almond toffee, coconut brittles. 
KRAFEN spray-dried sweet NEW IMPROVED KRABYN sta- ~0~ Chocolate Drinks 
whey guards natural flavor, saves bilizer promotes optimum size DAPI-LICIOUS stabilized choc- 
l c -26  per gallon of mix. ice crystals1 good body' flavor' alate flavored powders offer ex- 
KRAGELEEN stabilizer ho lds  melting characteristics in frozen ,-ellent flavor plus economy. 
firm, creamy body; maintains 
good keeping quality. NEW D A R I C A L  a r t i f i c i a l l y  

For Soft Ice Cream sweetened chocolate powders 
HI-T is an all- KRAGEL emulsifier-stabilizer, for low calorie drinks. 
purpose stabilizer for vat, high con t ro l s  over run,  p rov ides  
temperature and ultra-high tern- creamy For Sour Cream Dips 
perature short-time systems. K R A F T  DIP FLAVORINGS- 
EMULSIFIER-concentrated for For Variety Flavors add new variety and selling op- 
easy handl ing and economy, M ATU R E  M A R S H  MAL- portunitiesto sourcream.French 
controls dryness and overrun, L O W S - ~  h i t e  a n d  co lo red .  Onion and Spicy Herb fkvors. 
maintains smooth texture. MARSHMALLOW SYRUP AND For Fruit Drinks 
For Sherbet WHIPPED MARSHMALLOW- KRAFT FRUIT BASE FLAVORS, 
SHER-STAY stabilizer provides suitable for batch or continuous orange and grape, provide the 
firmer body, smoother texture, processes* stabilizers. fresh, natural flavor of real fruit. 
guards against iciness, lets full BRITTLE FLAVORS-made from Kraft Foods Dairy Service Divi- 
flavor through. Kraft pecan, peanut, almond, sion, Chicago, Illinois. 

Kraft care.. .the little touch that makes the big difference KRAFT 0 



M. IVI. Badler ( lef t) ,  editor of Industrial Pho- 
tography, presenting the Indy award to G. W. 
Shadwick, with G, W. Colburn holding the accom- 
panying certificate of merit. 

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

S. L. \':ltiDc~rllarlr, ~)roi'c.ssor of  physiology 
ill t11e L~~i\,cbrsity of  Illiriois l)c~~);rrt111(~11t. of' 
1)airy S(~i(xr~c(>, 11:1s l ) ( ~ t 2 1 1  I I : I I I I ~ ( ~  l1(,:1(1 of tl~(a 
1)ail.y Scic3llc.r I)c~l) i~rt~i le*~rt  a t  O l ~ i o  Stilte 1;lli- 
vc*rsity. Hv \\*ill I)c,gi~l his at l~i l i~l is t l . :~t iv(~ dlrtirs 
011 tlc~l)r~l:ll~y 1. 

111.. \'alil)rr~larl< joil~c.tl tllc I-. of I. dairy 
scic~r~c.t> st;ilT ill 1 9 1 s  :IS :assist:~rlt ~)roSc~ssor 01'  
tl:liry c,:tttl(, l)hysiology. I I i s  lira,jor 1.c.sponsi- 
1)ilitirs hilvc, I)ec~11 tc~:~eliing alitl l~esc:irclr ill 
tlairy (.:lttlv ~ r p ~ ~ o d u c t i o ~ i .  Ilr h:ts ~)nl>lisl~rel 
I I I O I . ~  tlt:rll 100 scicwtilic I)al)('l:s or1 ~~clprotluctivc! 
pl~ysiology :IIICI :~rtiiicaI i ~ ~ s r r ~ ~ i ~ ~ : i t i o ~ ~  : I I I ( ~  is  
en-:tutllor \\-it11 C:. I\-. Sa1isl)nry of  t,lrc. t es t ,  
Pllysiology 01: Hcyrotluctiol~ : I I I ~  .\rtilieiiil 111- 
si~111i11:1tio11 nl' C:lttIc. 

1Tr is on(% of thc, riiore ~ O I ) U ~ : L I .  i l ~ s t r ~ t c t o l . ~  
in  t h ~  Ll. of 1. Coll(~gc 01' .\gricnlture. 111 I9(iO. 
s t~tdc~ll ts  in agr.i(.~rltul.tfi rotcbtl l l i l l r  tlrc, oltt- 
st:111(1i11g te:lclle~.. 

i\lso nctivc, \\-itllin thv cornrllurlity, \ ' :IIID~- 
111ar.I; is srrvillg 011 t 1 1 ~  CIr:~~irpaigrt, I l l i ~ ~ o i s ,  
I'rtit 1 Scllool Ro:~rtl. :I pysition I I ( B  1i:ls lreltl 
sill(.(, 10.76. IIv h : ~ s  I)c,cw c l ~ a ~ l ~ l r ~ : t n  ol' tlicb School 
I',o:~rd's l)lxildi~lg (w~ll~lt i t tee l o r  sevclll gears. 

l 7 : i r ~ l ) c ~ ~ ~ ~ : ~ ~ ~ l i  is :I p:lst l )rc~si( l(s~~t : I I I ( ~  I ) I Y ) ~ ~ : ~ I I I  

~ I I : I ~ I , I I I : I I I  o f  tl~c: I3o11(lvillr, 1lli11ois Prr.\. Hv 
scfirv(~(1 fir(, ycLars 11s Svont \1:1stt.1. f o r  Troop  
'10 of t l ~ c  I ~ o r ~ d v i l l ~ ~  I!og Seoltts aotl is ill- 
stitntio~lill rc~l)rc~sc'l~t:itiv(l f o r  tlr:lt t1.001). 

111 11)T,S. 11~. ~ ~ r c c ~ i r o t l  thc~ $1.000 U o r d r l ~  i\ ward 
ill Dt1ir.y 1'1.otluc.tiol1 t'or collt,rihtrtio~~s to tllc 
~ I I I I ~ ~ : I I I I ~ ~ I I ~ ~ I ~  I ~ r ~ o \ v l ( ~ ( l g ( ~  of ~ ~ c ~ ~ ) ~ ~ n e l ~ ~ ( ~ t i o r ~  ill r:it- 
tlv. IItb :llso llan I)c ic , l l  ])l~c~siclor~t of tit(* S:ltio11:~1 
C'orn111ittc.c. I'or tlrc' 12ic~111ri:~l S ~ I I I ~ ) O S ~ I I I I I  on 
A \ ~ ~ i ~ ~ ~ : i l  l { e l ) ~ , o ( l ~ ~ c . t i o ~ ~ .  111 195S, I I P  W:IS il~vit,cd 
1)y t l ~ r  .\trstl.i:ill gov(~~.rrrllc~rtt to i ~ t t e ~ i d  the 
I':igltth . \us t~ . ia l~  S y ~ ~ i l ) o a i ~ r ~ n  0 1 1  <\ltilllal Ilepro- 
tliic.tiolr. Ilc. ;~ttclltletl t l ~ r  ('1B-1 Foulltlation 
Sylrll>nsinm 011 ~ I : ~ I I I I ~ I : I ~ ~ : I I I  Gtlrlr~ Cclls ill Lon- 
(lo11 in lCIt52. 

Yinil)c~~n:rr~l.r is ;I  1 1 1 t ~ 1 1 1 I ) c ~  of tli(t A111rrica11 
1):iil.y Sc.ic.11c.c~ .\ssoci:ltior~ alltl sc~vtVl OII that, 
o~.g;ll)izatioli's cstlitol.nl I)o:ircl f'ro111 1956 to 1!Xil. 
I l r  also is  :I ~~lc~rl l l )er  of the Alr~rricdtln Soc.ic:ty 
01' .\nilll:ll Scic~lic~c~; a F(sllow of t l ~ v  i \ l l l~r iea l~  
.\ssoc~i:~tior~ fol. tl~c. . \ t l \~ : l r lcc~l~~c~~~t  of Scic~ncr;  
:I I I I ~ I I I I ) ~ ~ I .  of' t 1 1 ~  so(2ivty i'or tlrv Stlicly 01' 
I"cbl.tility; (i:l~llnl:r, Siglrl:~ Df!ltit, a n d  Sigrrr:~ Si. 

I<cd'o~.c, joirlilrg the, U. of I. Drl)nrt l l lel~t  o f  
I) :~i l : \ .  Scitv~ccs in 194S. Va11r1c.lrrarl; wis assis- 
tilrlt ill allillli~l 1111sl):111(lry a t  Co1.11r11 U11ive1'- 
sity. 1)un.irig 194(i-17, I IP  sc~rvc~cl ill i \us t r i :~  :is 
li\vastocl< sl)c~ciitlist. I'or the i\rrstriarl IJivostock 
Iic~hal)ilit:~tiol~ P1vgrx111. H r  rrreivrd his B.S. 
tl(sgrcvs fi.0111 O l ~ i o  St:ttcx IJniversitg in  1941, 
his 11.S. tlcg~.cbe I'ro111 Ohio S t a t e  ill 1945, and 
his P11.r). 1'1.oi11 C'o~~riell Vl~iv(brsity ill 1948. 

l )r .  \':inT)c~~n:i~~l< servod in  Wo1.1d War 11. 
1 1 ~  \v:~s ~x'or~iotc.d tllrougll the  ranks  f rom 
1)l.iv:rtc. to L'l~tl IAirnte~tnrlt ill the G.S. 1nf:mltry 
; t r ~ t l  o ~ ) L I I I ~ ~ I . ~ I I ~ ~ . I ~ ~ ~ ( - I ~ w .  
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New Appointments a t  North Carolina 

DR. J .  H. S . \ IK,  :I 11i1tiv(' 01' Chicago, Illinois, 
has recently ,joinc.tl the I )e lxir t~~~ent  of' Food 
Science ; ~ t  North Ca~,olir~:t State as visiting 
professo~,. 1)r. Sa i r  is a 1)hysic:ll chenlist and 
food technologist n.idely I<I~o \ \ - I I  in the Unitcd 
Statchs a i ~ d  : ~ h ~ o u d .  IIP was etlncated nt Beloit 
College and S?-~~:~cuscl Vnivc.rsity. Hc. 11;~s h(.c~n 
visitiug 1c~c.turer a t  ( ' o lu~~ih i i~  I'~~ivc.rsity. ~Zctivr 
for i'orty yvars i ~ r  1111111c.rous scie~~tifica and 
trc.hnic.;tl socic.tirs, 1)r. Sail. 11~1s hren p r e s i d r ~ ~ t  
of the ilssociatior~ of Resc.arcl~ Directors a11t1 
of thr - \ ~ ~ ~ e r i c a ~ ~  I ~ ~ s t i t u t e  of Chemists. For  
Inally years 11e has beell listed in JTho's W l ~ o  
in L\~~~cbriaa and in An~c:rieir~~ Me11 of Scirnccs. 
Rrloit College. ill 1958 c.ol~fei.l~c~d oil hi111 a11 
Iiol~orary degree of 1)octoi. of Scir11c.t.. 

DR. F. F. B u s ~ a ,  :L ~ l a t i r r  of 3lo11tgo111ery, 
l\linnesota, has 1.rce11tly joinrtl the staff at 
K.C. State as Ass i s ta~~t  1'rof'c.ssor ill Foot1 
S c i r ~ ~ ~ t b .  Dr. Busta. rec.rived his R.A. and 5l.S. 
t1c.grc.e~ f r o u ~  the Tiniversity of Xi~~neso ta  and 

J. H. Nair F. F. Busta 

l ~ i s  Pl1.1).  fro^^^ the Cniversity of Jlliuois. Dr. 
1311sta's area of xvo1.l; \\,ill 1)' co i~ccr~~cd  with 
the c.ffcct of ultrahiglr tc~~~l)csratur(.s 011 hiicter- 
ial spores and other p11:iscfis of' ultrahigh-tenr- 
perature strril iaatio~~. 

Alr. (:. IT-. ~ I O S S ,  :I 11:itivr of l<ur:1I Hall, 
Xortli Caroliila, is now .sc.rriug ill the c,apacity 
of J-lesc~:~rcl~ ,Zssoc*iatc. ill the I ) e l ) n r t ~ ~ ~ e n t  01' 
Foocl S r i r ~ ~ c e  a t  N. C. State. Mr. Jross re- 
c.c.ivetl his R.S. ant1 1I.S. d(~grrc~s f'ro~u N. C. 
State a ~ ~ d  ~vorked i11 the T):~iry I)ivisiol~ of 
S .  ('. r)rl,:trt~~~cnt of LIgric*ultur.e for ahout 
threc. ycL:~l.s. His 111ajor :lre:r of \vork is (:on- 
ert.~~c.tl wit11 food t~~icrohiology. 

I ) R .  R.  .J. Hlsc,rl.\a~, a native of T3lac.lrfoot, 
Itliiho, 11;1s ~.c.cr~~tly joiurtl the staff a t  N. C. 
St:.tca as . l s s i s t :~~~t  Prc~i'rssor ill E'ootl Science. 
1)r. 13i11pha111 rc~ceivt.d his R.S. degrcc nt Utah 
State Ullivcrsity and his 31.8. :i~rd P11.T). degrres 
a t  the G i ~ i ~ e r s i t y  of TVi.sen~~sin. Dr. liingham's 
wa,jor arc,:t of \vnrk v-ill hv ill P'ood (:hemistry 
r o ~ ~ c n , n i n g  fl:lvo~ rc.seal.ch :111tl ultral~igll-tc.111- 

C.  W. Moss R. J. Bingham I X ' I ' ~  ~ I I  ))roc.t.ssi~~g. 

S'TUDENT N E W S  S E C T I O N  

111. W. SNYDER, Editor 

.I Scctioil Devoted to News of Student Men~hers 

SPOTLIGHT 

Tl~cl Orrpon State Ur~ivc~,sity Dairy Club 
is fc>:iturrd this ~ n o ~ ~ t l r .  This far-JT~:sto.n club 
cele11ratc.ct the 40th year since its fountling hy 
srnding seveu studcnts to the 1063 At~~ericarr 
D a i n  Science ;Issociation 11ieeti11gs :it Purdue. 

The Oregon State University Dairy Club 
I. R .  .Jo~~cls 

ProPehsor of 1)airy Scie~lcr 

Thc first studc:nt D n i q  Clnh at  the thrn 
Orrgoll .\jiric*altnral College was org;rnizcd in 
the sc?liool year of 1923.24 ~ v i t l ~  Percy Murray, 
prrsel~tly one of the owncars ol' the I<larnath 
Fi~l ls  Crea~nely, J<l:i~nath Falls, Oregon, as its 
first pl-esident. ,It that til~ie the. late P~~)fc.ssor 

P. AT. I3randt \vas 1lr:td ol' tl~tl I ) c p a r t ~ ~ ~ e u t  
o f  I)airy II~sl)ai~cli-y, xvith H.  C. . l o ~ ~ e s  for 
I I I ~ I I ~  later ye;lrs extcr~sioii t1ai1~y111;cn of the 
I:SIj,l, and V. D. Cllapl~el, daily processing 
plant ownt,r, Lodi, Ci~lii'orili:~: i ~ s  o t h ( ~ ~ .  staff 
i~~c.lnhers. Srnior Orc~gon St :~tr  faenlty IIIOIII- 
hers i~rtirely iuterestcd ill tho 1):iiry Club 
d u r i ~ ~ g  (ai~suing years i~~clut le  I. 1%. .lonrs, 1925 
to datr ;  (;. 11. JT7ilstcr, 19"-fi0; H. 1'. blwalt, 
1932 to datc.; F. 13. 11-olhrrg, 1945 to date; 
G. A .  1Zic.hartlso11, 1947 to datc; .I. 0.  I - o u ~ ~ g ,  
195O-(i2; :md R. JV. Stein, 1952 to tlatcb. 

Th(, Club has bet111 acativc, c o ~ ~ t i ~ ~ u o u s l y  siuce 
1923, wit11 thv e x t e p t i o ~ ~  of the TT70rltl JJ-ar I1 
years. Jlany Orcgoi~ i t l~uni~i  01' tlir C'luh have 
111atie aud are mal<ing outs tandi~~g c .o~~t~ . ihu t io~~s  
:IS dairy l':ir~~r and i11dust1-y lc:~tlers as n-call ns 
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in many related lines of business. Many have New, Enlarged, Updated, 
held or hold prominent positions in federal 
o r  state governmental agencies and in educa- 

I Revised 2nd Edition of 
tional inzitutions 

The club has bwn affiliated with the Arner- I MILKING MACHINES - - 
ican Dairy Science Association as a student 
chapter since the development of this prograni 
bv A.D.S.A. The 1963 student affiliate certifi- 

/ and MASTITIS 
cite identifies the chapter as the Oregon State 
University Dairy Cluh. 

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

The Club has traditionally been one of the 
most active of the ninr student cluhs in the 
School of Agriculture on canipus, and cooper- 
ates with all-school student activities. The Cluh 
rneets twice monthly during the school year. 
Talks by industry and educational leaders both 
on and off canlpus are featured a t  ~iiost meet- 
ings. 

Club Activities 
The Club, since its origin, has engaged in 

fund-raising activities, with the proceeds help- 
ing finance student field trips, assisting with 
expenses of judging teams to the national 
contc.sts, to the Pacific International Livestock 
Krposition a t  Portland, and the Grand National 
Livestock Exposition a t  San Francisro. I>ue 
to the distances involved, it  has been possible 
for the Cluh to finance teariis to the national 
intercollegiate contests only infrequently. Judg- 
ing team members not only have given mer- 
itorious perforruanees hut also have enjoyed 
rnany interesting and lifelong-remembered r.c- 
quaintanceships and experiences. 

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

by DANIEL 0. NOORLANDER 
The author, a former member of the University 
of California Mastitis Research Team, is one of 
the nation's foremost authorities on the mastitis 
problem. Noorlander is a widely known lecturer 
to dairy groups throughout the nation. 

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

~lllllllllllllllllllIlllllIlIII 

71 : DAIRY EQUIPMENT CO., Madison 1, Wis. 
................ : Please Mail copies of Milking Machines and Mastitis 

1 IJ With plastic-coated paper cover @ $3.00 each, postpaid : 
I IJ With DeLuxe cloth-bound hard cover @ $4.00 each, postpaid I : Enclosed is sum of $ ......................... 

I 
I I : NAME : 
I I : STREET I 

I 
........................... I CITY ............................................... O N  T A T  : 

L - I l l l - - l I l l l - I I - I l l l - I I I l I l l l I d  



Oregon State  Dairy Club members and advisors 
a t  the dairy bar with officers in front, including 
Don Claeys, 1963 president, extreme right, and 
1962 president, E d  Hemenway, a t  his left. 

The ('In11 s t i ~ ~ ~ u l i ~ t ( ~ s  i~lter(sst :1111011g s t l~( l (>~i ts  
it1 p rep :~ r i t~g  : I I I ~ I I I : I ~ S  f o r  S I I O ~  : I I I ~  :~rr:111pi11p 
classes f o r  jutlginp 1)y l i (~ l l , i~~p  to o ~ ~ g : ~ ~ l i z ( ~  
the Little P:~cilic. I t~tc.r t iat io~~:~l,  :I .stntlent lives- 
stock sllow Ilc.ltl on calllpus t l u r i ~ ~ g  the s p r i ~ ~ p  
trr111 c.;~c.li y(.ilt.. Tllc. C'luh 1)rovitlcs trol)liicbs 
L'or the high c o ~ ~ t e s t : i ~ ~ t s  ill tl:~iry c:~ttl(. ju(lgitip 
:~ncl in t ' i t t i ~ ~ g  and showing. 1.::1(.11 ~( , : I I .  tl~cb 
('lul) 11o11ors its outst : lntl i~~p t ' r c s l ~ ~ ~ ~ : l ~ ~ ,  sc811ior. 
:~.ntl g~~:lduatc~ stutf(~r~t 11lr11111ers I]? giving 
plnclues : u ~ d  cash :ITV:II.~S of $25, $25, and $50. 
~.c~slwctivc~ly. ( ' 1 ~ 1 1  I I I ~ ~ I I I ~ I ~ I . ~  assist i l l  org:n~izing 
judgiug c.lasscas dl~rit lg tlir : I ~ I I I I I : I ~  ,\g JV1~1<(~11d 
:~ctivitirs. Also, they act  21s Itaaders of pronl)s 
(luring 1ulivc.t.sity risit:~tion of prospective in- 
coming high school stutlel~ts. 

hers. Profits  derivecl ROIII thv sale of' certain 
food i t c , ~ ~ ~ s  1)c.tief'it Club 11re1111)c.rs 11y l l e l p i ~ ~ g  
to filr;lncc% fic.ld t l ips  ant1 othvr projcsctx. 

Cluh i r~c~~nhc~rs  111al;ch ant1 sell S n t t y  Dutltly 
ice (.IY~:IIII 11:ll.s 11ot o~ t ly  a t  the 1)ail.y Ikir 

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

PROVED ON OVER 6400 
BULK TANK FARMS ... 
Johnson & Johnson M i l k  
Filters Are More Efficient In 
S e d i m e n t  Remova l  T h a n  
Any Other Brand. 

Oregon group experiences one of the unpleasant 
aspects of motor travel on i ts  1962 journey t o  
the A.D.S.A. meetings. 

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

Dairy stuclt~nts assist in the operation of 
the Dairy Ba r  in W i t l i y c ~ o ~ ~ ~ l ~ r  Ht111-location 
of the D c p a r t l ~ ~ e n t  of r l l l i ~ ~ ~ ; ~ l  Scicl~ce and the 
D n . i r y  Processing Lahora to~y  on the rampus. 
The har  is a center fo r  l ~ ~ i l k ,  ire rrealri, and 
other refrr.sht~~c.nts for  s tud r~ l t s  ant1 staff 111~~111- 
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TO HELP YOU 

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

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

better and better quality milk are sub- 
jects we have employed every skill, 
technique and medium to promote. This 
wealth of information material for ref- 
erence, distribution or program use is 
available through your local SURGE 
DEALER . . . or by writing directly to 
our Chicago Office. 
SURGE is a Bobson Bros. Co. trademark 
@ Babson Bros. Co.. 1964 

2843 WEST 19TH STREET 
CHICAGO, ILLINOIS 60623 



12 J O U R N A L  OF DAIRY SCIENCE 

hut also ct  student functions on campus. In  
other fund-raising projects, Cluh committees 
organize, prepare, and serve light refreshments - or even complete lunch for  50 to 300 people 
attending meetings of state-wide organizations 1 in Withycornhe auditorium. Such meetings 
give the opportunity of meeting agricultural 
and industrial leaders f ro~n  over the state. 
11 spring field trip is usually scheduled each 

year. This trip is made by cars or bus during 
the week of spring vacation. Generally, field 
trips are taken in different directions in suc- 
cessive years to allow the same students to 
ohservr the diversified areas in different sections 
of Westem United States. Thus, in 1962 a 
1,000-~nile trip was made northward through the 
state of mTashington to British Columbia, and 
in 1961 more than 2,500 miles southward 
through Califor~~ia. I n  addition to visiting 
daily fan i~s ,  breeding establishments, milk and 
daily processing plants, the itinerarg includes 
places of general educational value, historical 
interest, and scenic beauty. 

The   no st extensive recent trip by niemhers 
of the Cluh was taken by a delegation of seven 
Cluh ~ne~nbers  to the 1963 American Dairy 
Science n~eetir~gs at  Purdue. The Oregon State 
University delegates were acco~npanied hy Ex- 
tension Dai~ynian, D. El. Ande~son, during the 
17-day, 5,600-mile trip to Indiana. For  several 
s tudent  it was their first trip eastward fro111 
Orrgou. Legends on the photos will show a 
few of the highlights of the trip, i~lcluding a 
group picture of the student delegates a t  Pur- 
due fro111 universities throughout the United 
States. Six of the seven Oregon State students 
were present for the picture. 

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

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

They're "s tawing" themselves ! 
Nutritionully suboprimul diers ritnong 
Americun teen-agers are usually truceable 
to faulty food consumption hubits. 

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

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

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

Optimum nutrition in the teen-age period 
is best accomplished by eating a well- 
balanced diet containing at least a quart of 
milk-or its equivalent in other dairy prod- 
ucts-with their wealth of calcium, B vita- 
mins, and high quality prateins. 
Since I91S.. .promoting better health rhrou~h nutrlllon research ondcduc~1lIo1 

NATIONAL DAIRY COUNCIL 
a non-profi or#anizarlon 

11 1 NORTH CANAL STREET . CHICAGO. 60606 

RwrLDU of Ihi. ssrkr on "Teem-Age Nutrition'' available on request. 



14 JOURSAL OF 

hred dairy herds, artitical hreeding associations, 
plr)cc.xsing plants, and research centers. Places 
of scenic htsi~uty seen in the Rocky fiIountains 
and Midwest included the Badlands of South 
Dakota and Yellowstone National Park.  

Orits of the highlights of the activities during 

1962-63 Oregon Dairy Princess Adrienne El11- 
son and American Dairy Princess Sandra Tibeau, 
both honorary Oregon Dairy Club members, toast 
Oregon's All-American quarterback and Heismann 
award winner, Terry Baker, and congratulate him 
upon his recognition as the winner of the Na- 
tional Youth Fitness Award .at the Oregon Dairy 
Industries Convention. 

I 

YOUR PROFIT-OR-LOSS STATEMEfiL, 
8 8 s  

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

Write for full details today 

M O J O N N I E R  B R O S .  C O .  
9 0 1  W. OHIO ST.,.CHi,WOY-ILLINOIS 

* MILK - 
' / QUALITY ENGINE~REO FOR ECONOMY TESTERS 

STANDARD THROUGHOUT THE WORLD 

A I R Y  SCIENCE 

the past  ycxar was the presentation of ho11orill~ 
Oregon Stat(. Dairy Cluh nlenthership certifi- 
cates to the American Dairy Princess, Sandra 
Tiheau, and Oregon Dairy Princess, ~ ld r i enne  
ICllison, a t  t h r  Oregon Dairy Industry Conven- 
tion hancluet : ~ t  the University attended hy sollie 
300 industry people n ~ a i r ~ l y  from Oregon. The 
pritlc.c~,ssc~s are portrayed in the picture with 1211- 
; \~~ler iean cluarterl~~ek, Terry Baker, of Orc~gon 
State University, winner of the Hcis1n:~nn 
;\\ward and numerous other trophies and nanled 
a s  t h ~  outstanding 196% footb:~ll player in thc! 
United States. 

Sanitarians' Shor t  Course Held a t  
North Carolina 

Twenty-six S o r t h  C i ~ r o l i r ~ i ~  s:~nit;lrii~nz par- 
ticipated in the Food Sanitnl.innh' Short  Course. 
c.ondurtcd by the I)ep:~rtn~c.nt of E'ootl Sric.ilcc, 
Xove~nher 4 through 26 on the Sort11 ( ' t~rolini~ 

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

State cnn~pus. The cooperating :~genc.ic>s in 
this Short Course were: Food Scitanee I)tq,;irt- 
111ct11t and S o r t h  Carolinr~ Stilt(, Boi~rd of 
Hn;llth. 1)~. F. B. T ~ r o ~ r a s ,  Food Sriencc. I)(.- 
pi~rtrncmt, served a s  ~ ' h a i r ~ ~ l t ~ n  of thv Short 
Course. DR. 31. E. GREGORY. F(lod S(.ienc.e I)(.- 
pnrtment, ctoordint~tc,d the tlniry ph;~sc.s of the. 
Short  Course. 

The Short  Course has  ht.c.11 ~ ~ c v ; ~ n ~ p c ~ d  fro111 
the old Dairy Sanitarians' Short  Course. to 
now cover all thv ~ n i ~ j o r  food industries in 
North Carolina. i \ppros in~:~tc~ly  one-11;llf of 
the Short  Coursc. is ~.cal;~tt.d to the  (1:lirying 
phi~se  and tho rc.111aint1c.r to 1,oultry process- 
~ n g ,  f ru i ts  anti vc~gc-tilhlc! procaessing, t n r i~ t s  
processing, ancl se:~f'ood proc~c.ssi~ip. 

Fieldmen's Shor t  Course a t  Nor th  Carolina 

Ovrr one. hundrcd industry and regulatory 
pc.rmnnel participated a t  the annual I l a i q  
Fic.ldnlm and Sanituri;tns Conference, Piovetn- 
h(.r 23 and 26, on thc. Xorth Carolina State 
ralllpus. 

G. S. IJ.\~soss, Kstension Dairy Hushandry 
Spe(*iulist, coordinated the program. S o ~ n e  of 



T H E  SCOOP O N  
I C E  CREAM STABILIZERS 

There are many different kinds of 
stabilizers that do many different 

things. But Kelco Algin stabilizers do 
everything the others can, and one spe- 

cial thing they can't. Algin alone guarantees 
full, natural flavor release, as well as point- 

scoring body, smooth texture, natural melt- 
down, better heat shock protection. For all this, 

75 TERMINAL AVE.. CLARK. N. J. .  20 N. WACKER DRIVE. CHICAGO 6, ILL. - 530 W. SIXTH ST.. LOS ANGELES 14, CAL.. CABLE ADDRESS: KELCOALGIN CLARKNEWJERSEY 
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the others participating on the progranr in- 
clude: JOHN ANI)RBWS, @:. T. CHANI~ETT, MAX 
DECKER, CHARLES DRAPER, W. S. FINCH, JI.  J. 

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

FOTER, R. W. HENXINOSON, G. T r .  H.\NSOX, JR.,  
R. O. HOWARD, T. S. HAGGAI, FRAKCIS PATTER- 
SON, PAMELA PRII)GEN, S. C. RICH, H. R. I~oB-  
ERTS, G. IJ. WEIR, .J. I). GEORGE, 31. E. GREGORY, 
GEORGE HYATT, JR., FRED I<SOTT, JBJIES 1 1 1 ~ -  
DLETON, W.  R. MURT~EY, It. I). R~O(~HRIE, I. D. 
PORTERFIELD, DOX I'ARDUE, TV. A t .  RORERTS, 
R. R. RICH, RAY RITCHIE, 31. F:. SEXGER, M. L. 
SPECK, FRAXK S-IRGEXT, FKEI) TI-ARRES. 

Dairy Conference a t  Kentucky 

A conference fcv~tnring important prohlen~s 
in the dairy indust r .~  s n d  flavor clinics was 
sponsored hy the Iyniversity of ICentuc.ky and 
the Sta te  dairy industry in Sove~nb(,r .  

PROFESSOR L. H. DOIVI) of the 17nivcrsity of 
Connecticut elnphasizc.d flavor prohlenls in ice 
cream and their  thoughtful considrration. 
DR. J. J. JEZBSKI of the Univcbrsity of Minne- 
sota pointed out the importance of rancidity 
in milk and how i t  could he avoided. MR. S. E. 
THIEL of Set~ltest  Foods spoke :ihout safety 
problcrns and stated that  the dairy industry 
had onz of the poorest safety records of any 
industry. 

Other speakers were R. 1). FISLEY of the 
P e t  Milk Co~npany, G. A. IIOTKAS of the 
1)eLaval Separator Con~pany, H. E. RAXDOT,PH 
of the University of I<c.ntncky, antl R. L. 
SMITH of Louisville, Kentucky. 

Southern Illinois University Sponsors 
Dairy Meeting 

More than 100 di~iryrnen f r o ~ n  southt.rn Illi- 
nois 21ttencled a ~ncbeting a t  C;~rhondalt! which 
f ~ i ~ t u r e d  e ~ o n o n ~ i e ,  breeding, f(.c.dirrg, and 111a11- 
agcrial 1mohlc1111s in dairy f ' i~nr~ing. 'I'hr speak- 
ers were DR. \I--. H. i\l.Ex:\~nb?R, of Louisiana 
Sta te  University, DR. 1). I\. WIE(!KERT of the 
Cniversity of \Visconsin, I)R. H. H. Or.sox 
and H. S. THIIRMOK of Southorn Illinois TTni- 

versitg, and 1%'. A. WEEKS of Rockford, Illi- 
nois. 

P e t  Milk Company Holds Managers' Meeting 

On Sovelnber 25, 1963, managers in the Pe t  
Milk Con~pany n ~ e t  a t  the Br i~eh Cluh Motel 
i n  Snples, Florida. Awards wc,re lr~ade to  
managers who had shoxvn tho n ~ o s t  inrprove- 

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

~ n c n t  in reducing costs ant1 i~nl)roving ~)rocluct 
quality. Four  awards wcbre given : three. in 
111ilk and one in ice creanl. 17ht.se ;l\vartls \\.ill 
he made annually, with the winners of the 
first awards retaining thc.111 if they are won 
a, second t in~e.  

Public Health Training Courses 

The l'uhlic Health Service, through the I)i- 
vision of P:nvironn~ental E ~ ~ g i r ~ c . r r i n ~  and Food 
I'rotc~etion, will present the t r a i n ~ n g  course, 
Alrthods :~nd  Practices fo r  S t ; ~ t e  Milk Lahora- 
tory Surv1.y Officns, 3Inrctll 9-13, 1964, to he 
rondncted by the Tr ;~ i r~ ing  l'rogr;~~n of the 
Robert A. Taf t  S;~nit;lry @:ngint.ering Center 
in Cincinn:~ti, Ohio. 

Survey offic.c.rs responsible for  cc?rtification 
of 1ahorixtoric.s c.?i:~~ninirrg nlilk supplies for  
intrrstatr  shil)~lr(.nt are thc eligihle trainees. 
T h ~ y  should, pr(aft.rahly, have co~nple t rd  the 
voursc., J~ahoratory  F;san~in;ltion of Milk or  
.\licrol)iologici~l Es i~n~ i r~ i l t i on  of 31ilk antl Milk 
I'roducts. Instruction in lc'ctures, discussions, 
d c . ~ ~ ~ o ~ ~ s t r ; ~ t i o ~ ~ s ,  and 1al)oratory covers the ron- 
trol ~ n ~ t h o d s  e~nployed in r san~ in ing  intc?rstate 
n ~ i l k  supl)lic.s. 

Dairy Technology Societies 

Kansas-January 1 3  ni t ' c~t i~~g featured Pro- 
fessor Paul E. Johnson, Dairy I)ep:~rtment, 
Oklahonl:~ Stat(. ITnirt.rsity, with the topic 
Rt~nciditv in Milk. 
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WILEY @ BOOKS 

DAIRY CATTLE FEEDING AND MANAGEMENT 

Fifth Edition 

By PAUL M .  REAVES, Virginia Polytechnic Institute; and the late 
H. 0. HENDERSON, formerly of West  Virginia University. 

The last four editions of this well-known book have been kept within easy 

reach by thousands of dairymen, herdsmen, dairy technicians, feed men, dealers 

and salesmen. The reason is simple: the book provides detailed coverage of every 

aspect of their field. The Fifth Edition has been revised and updated to incor- 

porate all the latest information on developing, feeding, and managing a profitable 

dairy herd. It includes extensive data on both commercial milk production and the 

registered dairy cattle business, and shows how recent research findings in dairy 

science can be used to achieve greater efficiency and higher profits. As a result, 

the book now offers such important new features as: 

A comprehensive section on herd development that highlights new find- 

ings on selection, genetics of milk production, artificial breeding, estab- 

lishing a herd, dairy cattle health, and production testing. 

A special discussion of the registered dairy cattle business and programs 

of the breed registry association. 

A modern look at the uses of artificial insemination and breeding 

efficiency. 

Detailed treatment of the lyest housing arrangements. 

The newest methods used for the faster growing and earlier breeding 

of heifers. 

Send for on-approval copies 

JOHN WILEY 8i SONS, Inc. 
605 Third Avenue, .New York, N. Y., 10016 
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Massachusetts-At the October meeting 
Professor Alec Bradfield of the University of 
Vermont gave an interesting tfilk and showed 
slides of his t r i p  to Europe and visitation 
to  Ilairy Indust ry  plants in England and  on 
the Continent. Another speaker was Harold 
0. Clark, Flavor Specialist of the  Vernlont 
S ta t e  Department of Agriculture. 

A t  the Kovelnber meeting Warren Church, 
engineer from H. P. Hood & Sons, Boston, 
: ~ n d  Chester Cheney of ISliot Creanlery Inc., 
Milton, presented a very interesting and in- 
structive discussion on the suhjert  of Water.  

Metropolitan-Speaker a t  the January 14 
~ncheting \vaq Ed Thoni, Editor, Olsen Puh- 
lishing Company, Milwaukee, IVisconsin. Olsen 
Publishing Comp:~ny puhlishrs Milk I)e:~ler, 
Ice Cream Revicw, and 3I:~nufactured Milk 
Products Journal.  

Central Michigan-Guest speaker a t  the  
Janua ry  15 inreting was Kenneth Van Pat ten ,  
i\ssihtant Chief, 1):iii-y Division, Michigan 
1)ep:lrtrnent of Agriculture. H i s  topic : Up; 
dating Information on Michigan and U S P H h  
Standards f o r  illilk Processing. 

Western Michigan-January 20 meeting 
featured Dr. Charles Stine of the Food 
Srienre Department, Michigan State University 
sity, a s  speaker. What 's  S e n  in  Dairy and 
Other Food Product Developnlent was his 
topic.. 

Oklahoma-Dave Hatherley, A P V  Company, 
was sprakcr a t  the J:~nu:xry 13 inreting, dis- 
cussing Ultrahigh-Temperature Pasteurization. 

Philadelphia-At the January 9 nlerting of 
this group, Herber t  Saal, Editor,  iinlerican 
Milk Review, spoke on Trends in the ])airy 
Industry.  

Theses Completed 

Master's Degree: 

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

Manfred Kroger. Gas chron~atographic 
analysis a s  an  aid in orgnnolrptic evaluation 
of cheese. Thr  Pennsylvania Sta te  University. 

SUSTAINING MEMBERS A.D.S.A. 
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Bloomington, Illinois 

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

Moorman Manufacturing 
Company 

1000 North 30th Street 
Quincy, Illinois 

National Milk Producers 
Federation 

30 F Street N. W. 
Washington 1, D. C. 

Oak Farms 
P. 0. Box 5178 
Dallas 22, Texas 

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

Sealtest Foods 
260 Madison Avenue 
New York 16, New York 

Twin Pines Farm Dairy, Inc. 
8445 Lyndon Street 
Detroit 38, Michigan 
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R E X ' Z E  011 

- 
In July, 1962, Dr. G. B. Marion, Kansas 

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

In November, 1963, Dr. W. R. Dukelow, 
University of Minnesota, reported at the Animal 
Science meeting in Chicago, that Rex Wheat 
Germ Oil statistically increased pregnancies 
in  sheep 14.6%, increasing twinning 14.2%. 
(Plenty of vitamin E in  diets of controls and 
experimental groups). 
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RESEARCH PAPERS 

COMPARISON O F  T H E  PROTEOLYSIS PRODUCED BY RENNET 
EXTRACT AND T H E  P E P S I N  PREPARATION METROCLOT 

DURING RIPENING O F  CHEDDAR CHEESE 

N. P. MELACHOURIS AND S. L. TUCKEY 
Department of Food Science, Uiiivcrxity of Illinois, Urbanx 

SUMMARY 

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

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

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

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

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

Received for publication September 9, 1963. 
' The preparation Metroclot will be referred to 

as pepsin, although it is kuown that this material 
is a commercial pepsin preparation. 

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

Therefore, this investigation was undertaken 
for three reasons: 

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

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

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

EXPERIMENTAL PROCEDURE 

Proteolysis in  pasteurized ~nil l i .  Fresh, whole 
Inilk was pasteurized at  6'2 C for 30 lnin and, 
after cooling, 1,200 ml was added to each of 
two, two-liter sterilized flasks and the milk 
adjusted to p H  6.3 with sterile lactic acid. 
Rennet extract was added to one flask and to 
the other pepsin at  the rate of 3 oz per 1,000 
lb of ~nilk, and the milk was covered with 30 
n11 of toluene. The flasks were shaken for  21 
to 30 days a t  20 C. One-hundred-~~~illiliter sam- 
ples of milk were takc.11 fro111 the flasks a t  inter- 
vals for nitrogen analysis and filtered through 
Xo. 42 filter paper. Fro111 the filtered milk 10 
1111 was placed in a 50-1111 volun~rtric flask and 
the protein precipitated by Row-land's procedure 
(16). For  the nitrogen detern~ination the 
method of Rao and Whitney was used (14). 
When the effect of p H  on the rate of proteolysis 
in pasteurized milk was determined, five 500-m1 
flasks were ust,d, and the 111i1k was adjusted to 
p I I  6.3, 6.0, 5.7, and 5.3 with sterile lactic 
acid. The re~nainder of the treatnient and 
analysis of the samples were the same as 
previously described for  mill< adjusted to p H  
6.3. 

Nitroges clistvib~rtio~z ill rkrrse. A slice %-in. 
thick was taken from the longhorn-style cheese, 
grated, and mixed thoroughly. The fa t  from 
5 g of ground cheese was extracted in a Soshlet 
apparatus with 150 1n1 of ethyl ether, and the 
defatted sa~nple was transferred to a beaker 
and dried, followed by the addition of 150 
nll of deionized water. While the sample was 
agitated with a magnetic stirrer, 16 ml of 0.1 N 

NaOH was added dropwise. After 3 h r  of 
stirring the cheese protein had been dispersed, 
and the solution was transferred to a 200-n~l 
volun~etric flask, and made up to volume with 
deionized water. Ten lnilliliters of the solution 
was pipetted into a 50-1111 volu~i~etric flask, one 
dl0op of 1~ IICl added to adjust the p H  to 
approximately 6.5, and NPK determined by 
the same procedure as described for milk. 

Determination of free an~ino acids in cheese. 
A 1.5-g sanlple of the grated cheese was de- 
fatted and dried. Twenty lnilliliters of deion- 
ized water was added, the suspension was 
heated in a water bath a t  4 0 4 5  C for 1 hr  with 
periodic shaking (4) ,  followed by filtration 
through So .  42 filter paper into a centrifuge 

bottle and addition of 120 ml of 95% ethanol. 
After keeping the nlixture in the cold for 24 hr, 
the sample was centrifuged and filtered. The 
filtrate was evaporated to a volume of 10 1111 

and made up to 25 ml with 95% ethanol in a 
volumetric flask. The solution was used for 
resolution of the free amino acids 011 one- 
dimensional paper chromatograms (46 by 57 
cm). The chromatographic solvents used were : 
1. 11-butanol-neetic acid-water (250 :60 :250) 
( 3 ) ,  for separations of: alanine, arginine, 
cystine, lysine, proline, tlyptophane, and tyro- 
sin(.. The length of development was 17-20 hr. 
2. Phenol-water ( 4  : I )  (2) ,  for separation of : 
aspartic arid, glutamic acid, glycinc, serine, 
threonine, and valine. Length of development 
17-20 hr. 3. Sec-butanol-3% h'H3 ( 3 3 )  (15), 
for separation of isoleucine and leucine. Time 
of developnient w:~s 33 hr. 4. Sec-butanol- 
acetic acid-water (240 :30 5 0 )  (15), for separa- 
tion of histidine and phenylalanine. Time of 
development was 26 hr. 5. Benzyl alcohol 
saturated with water (7 )  for methionine. Length 
of development 36 hr. After develop~nent the 
c h r o ~ ~ ~ a t o g r a ~ ~ ~ s  were dried at  room te~uperaturt* 
for 1 hr  and then in an oven a t  60 C for  15 n~in.  
Chromatogranis developed with phenol were 
dried under the hood for 3 h r  and in the oven 
for 15 min. Traces of the solvent were re- 
moved by w;~shing the paper with ethyl ether. 
When benzyl alcohol was used as a solvent the 
length of drying time was 12 hr under the 
hood and 45 111111 in the oven. The amino acids 
were located by dipping the c11ro1uatogr:nns in 
a 0.2% ninhydrin in acetone solution (15), 
dried until the first spots appeared, and the 
full color developed by heating in the oven a t  
60 C for 3 mia. Quantitative estimations of 
individual amino acids were made by density 
measurc3mcnts, using a Spinco Model It Analy- 
trol. 

Chrcse manufact~r ring ps'occ,rltrr~. Cheddar 
cheesc was made in accordance with good corn- 
111ercial practices, and the manufacturing condi- 
tions were kept as constant as possible for each 
replicate. Mixed milk of the University herd 
was used and standardized to 3.7 to 3.9% fat, 
and pasteurized a t  143 F for  30 min. Ap- 
proximately 0.8%  nixed lactic starter culture 
was added and the milk ripened for  1 hr. How- 
ever, the lots in which pepsin was used were 
ripened to p H  6.3. Rennet extract and pepsin 
were added at  the rate of 4 and 3 oz per 1,000 
lh ~nilk, respectively. Thc. curd was cooked 
a t  102 F and  nill led when the acidity was ap- 
proximately 0.51%. Amount of salt added was 
3 11) ptlr 1,000 11) of milk. ,111 the cheeses were 
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ripened a t  50* 2 F. The finished cheese con- coagulating action of re111lin is 5.4. On the 
tained approximately 35% fa t ,  32% ~noisture, other hand, Berridge et  al. (12) compared 
and 274 salt (Tahle 1 ) .  r(l~i~itlt extract and pepsin acting in ~ n i l k  a t  p H  

TABLE 1 

Clie(lcl:~r Cllcrsc 1Ifnnuf:lcturing Record - 
Manufactoring steps Rcnnet 1" Pepsin 1 Rennet 2 Pepsin 2 Rennet 3 Pe1,siii 3 

Arnount of milk (171) 
Fa t  content of milk (Yo) 
Acidity of milk (%)  
Amount of starter ('i;) 
Acidity of starter (%)  
Setting temperature (F) 
Marshall rennet test (spaccs)  
Amount of coagulating~agent 

(oz/1,000 l b )  
Time in coagulation (mitt) 
Acidity of ~vhey after cutting (%)  
Tem~erature of cookine ( F )  
~ i i n e  from addition of>ongulating 

agent to draining of ~ ~ h e y  ( ? ) t i n )  
Acidity of whey at  end of 

draining (70) 
Time from addltion of coagulating 

agent to  nill ling (yttin) 
Acidity of \\.hey a t  milling ( 5 % )  
pH of \vhey at  milling 
Fat  content of clicese (r/,) 
Moisture content of clleese (f,; ) 
S:dt content of cheese (%)  
pII of cheese after two tl:~ys 

' Num1)ers 1, 0, mid 3 designate tlie cl~ecsr rcj)lic:ctc~x. 

RISSTTI.TS A N D  I)ISCIVSSION 

Milk.  Preliininary deterniinatioii of proteolg- 
sis produced by rennet and pepsin in ~n i lk  was 
done with a series of experiments designed to  
measure the ra te  and aniount of protein hy- 
drolysis by  these enzy~ne prept~rations on native 
protein in the absence of the st in~ulating effects 
of acidity o r  enzynles of bacterial origin. Bac- 
teria in the pasteurized milk were controlled 
by the addition of toluene. The data (Tables 
2 and 2a) show that the proteolysis produced 
by rennet extract in pasteurized milk was 
statistically significantly greater than tha t  pro- 
duced by pepsin, which is  in agreement with 
previous findings (18,19). When the N P N  
produced by the action of rennet extract and 
pepsin was co~npared in pasteurized milk ad- 
justed to p H  6.3, 6.0, 5.7, and 5.3, both agents 
yielded the highest amount of NPN in milk 
adjusted to  p H  6.3. Lower values were ob- 
tained a t  p H  6.0, 6.5, 5.7, and  5.3. I n  general, 
the N P N  produced by the action of pepsin was 
lower than that  produced by the action of 
rennet extract (Figure  1). The differences 
were statistically significant a t  all p H  levels 
except a t  p H  5.7. It has been reported by 
Lundsteen (9)  that  the optinluni p H  f o r  the 

P~otcolysis producetl I,y rcnrict extract and pcpsin 
in ~):~strurizc~tl milk adjustetl to pH 6.3 

Xonprotein nitrogen 

Days I<ennet Pepsin 

TABLE 2a 
Analysis of variance of tlre proteolysis produced 

by rennet extract and pepsin in pasteurized 
milk adjusted to pH 6.3 

Sourees of rari:itior clf SS MS F 

Total 21 0.2538 
Days 10 0.2486 0.0248 Sa 
ltcnnct vs. pepsin 1 0.0032 0.0032 Sa 
Error 10 0.0020 0.0002 

" Significant a t  5% level. 



4 X. P. MELACHOURIS AND S .  L. TUCKEY 

RENNET EXTRACT 

PEPSIN 

6.5 6.3 6.0 5.7 5.3 
OF MILK 

FIG. 1. Proteolysis produced by rennet extract 
and pepsin in pasteurized milk adjusted to four 
different pH levels a t  the end of 21 days a t  20 C. 

levels between 6.0 and 5.1 fo r  a ~ r r i o d  of 2 wk, 
and found that both enzymes produced maxi- 
mum proteolysis a t  p H  5.4. The data (Figure  
1 )  are in partial  agreement with the ahove 
finding, in that each protrolytie agent pro- 
duced highest atllount of XPN a t  the same p H  
level, but the acidity a t  which the highest 
:nnount of S P N  oecurred during this investign- 
tion was a t  p H  6.3-6.0. So adequate explana- 
tion can 110 advanred to account fo r  the dif- 
ferences hetween the results of Berridgt. et al. 
and those ohtainchd in these experiments. How- 
ever, there is a limited amount of intornlation 
about the rffr~rt toluene has on protrolysis 
(13, 1 7 ) .  Sherwood (17) rrportrd that toluene, 
when used a s  a n  antiseptic, reduced total N P N  
liberated, but inrreased slightly a subpeptone 
fraction in nlilk when eolnpared with sall~ples 
without the toluene. I t  is not known whether 
toluene had any significant effect on NPN 
liberated in the samples of milk in the series 
of experinlents reported here. 

Cheese. By reference to Figure 2 it will be 
seen that the extent of protein breakdown oc- 

C. RENNET EXTRACT (LOT 31 
c-- PEPSIN (LOT 31 

, I I I ~ ! I I I  
0 20 40  60 80 100 120 140 IM) 180 200 220 240 

AGE OF CHEESE (DAYS1 

FIG. 2. Nonprotein nitrogen content of Cl~ecld:~r 
cheese made with rcnnrt extract and pepsin (luring 
ripening. 

curring in the cheese ttlade with rennet r r t rac t  
was higher than in  the cheese made with pepsin 
(Replicates 1 + 2) .  This difference in proteoly- 
sis, statistically significant, was due to the effect 
of rennet cxtrart, because the only important 
variable in the two lots was the coagulating 
enzyme preparations. The milk and starter 
culture, a s  well as the acidity a t  the time of 
milling, the p H  during ripening, and the salt 
content of the two lots were the same. Greater 
proteolysis was also produced by rennet extract 
in pasteurized milk, as previously mentioned. 
Other investigators (6, 18, 19)  also found that 
rennet extract produced greater proteolysis in 
Cheddar cheese than did pepsin. 

The amino acid pattern of Cheddar cheese 
made with rennet extract is  well known. How- 
ever, no attempt has been made to study the 
amino acids set free in Cheddar cheese made 
with pepsin during ripening. I t  was not known 
whether pepsin degraded cheese protein in a 
manner different than did rennet extract, or  
if the kind and a ~ n o u n t  of free amino acids 
liberated were the same. Free  amino acids fo r  
both lots of cheese were determined a t  different 
intervals. A conlpitrison of the data ohtainrd 
a t  2, 60, 130, and 235 days, a s  recorded in Table 
3 and Figure 3, shows that there is almost no 
variation in  the amino acid pattern of Cheddar 
rheesc. of approxilnatrly the same age made 
with rennet extract and pepsin. The concentra- 
tions of the amino acids werr different in the 
two lots of cherse, but not any qualitative 
differences were observed. Isoleucine, methio- 

Tolo. 3. Changes of the concentration of the 
a.nlino acids tyrosinc ( A ) ,  methionine (B), valine 
(C), gl~~tnrnic acid (D),  and leueine (E) during 
the ripening of Cllctlrlar cheese made with ren- 
net cst,ract and pepsin. 
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TABLE 3 

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

Treatment 

Rennet Pepsin 

Age (da?~s)  Age (days) 

Amino acids 2 60 130 235 2 60 130 235 

Alanine 
Arginine 
Aspartic Acid 
Glutamic Acid 
Glycine 
Histidine 
lsoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Serine 
Threonine 
Tyrosine 
Vnline 

-" Absent. 
+b Present. 

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

The organoleptic evaluation of cheese did 
not reveal any marked differences in body, 
texture, and flavor between the two lots of 
cheese. The results (Table 4) indicate that the 
texture and hody of the cheeses tilade with pep- 
sin were criticized as curdy. These cheeses re- 
niained curdy for n longer time than did the 
cheeses tnade with rennet extract. The flavor of 
the cheeses made with pepsin was clean, but 
nlilder as co~npared to that of the cheeses made 
with rennet cxtract. Bitter flavor did not de- 
velop in any lot of cheese, regardless of the 
kincl of coagulating agent nsed. 

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

showed that thc eoncentration of free aniino 
acids was higher in the cheeses of the third lot 
than in the first two replicates. Moreover, the 
c*hcese made with pepsin was also higher in 
an~ino acids than that made with rennet extract, 
hut no qualitative difference in amino acids was 
observed. These apparently contradictory re- 
sults to the first two replicates need explanation, 
because it  is considered that manufacturing con- 
ditions were the main contributing factors to the 
differences. The conditions which contributed 
to a greater rate of proteolysis were: a )  Ini- 
tially slow starter, which later hecarne very 
active in the milk used for the pepsin lot, 
contributed to an extended ripening time (172 
~ n i n  vs. 82 n ~ i n ) ,  which resulted in greater 
acidity and bacterial population. This was in 
spite of the fact that the luillt and the starter 
culture were the satne for both lots of cheese. 
h) Increase in tht. amount of pepsin prepara- 
tion nsed. Four ounces per 1,000 lb instead 
of 3 oz per 1,000 Ib of milk were added. c) Re- 
duction in the amount of salt used, so as to 
reducc the tin~ct of persistence of curdy hody. 
d )  Moisture content was approximately 2% 
greater in the third lot as compared with the 
first two replicates. 

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

Organoleptic evalu:~tion of Cheddar cheese during ripening 
(Replicates 1 + 2) 

Texture-body Flavor 

Treatnlent Score Criticisin Score Criticisn~ Age (days) 

15 Sligl~tly open, 
Sligl~tly corky, 

cu1.tly 
Slightly opcl~, 
Sliglitly corky, 

curdy 

Desirable, mild 

Pepsin Desirable, mild 

Clean, mild 

Clean, mild 

Slightly open, 
eurily 

Slightly open, 
curdy 

Good 
Slightly curdy 

Typical 
lIiltl, clean 

Good 
Slightly curdy 
Good 
Slightly curdy 

Rennet 
Pcl)sin 

not a s  important as  the. other f:~ctors listed, 
because pepsill produced less proteolysis than 
rennet estract  in milk sa~nples,  regardless of 
pH,  when the two preparations were used in  
equal concentrations (Table 2 ) .  

The organoleptic evaluation data  (Table 5) 
indicate tha t  the texture and body of the cheeses 
Itlade with pepsin preparation was slightly 
c.rumbly, whereas that  of the rennet extract lot 
was slightly open. The cruniblg defect is  con- 
siclt.red to he due to the short nlatting t i ~ n e  
(50 ~ n i n )  and not to  any specific properties of 
the. twzyn1e itself. The flavor was excellent and 

slightly acidy in the che~ses  made with rennet 
estract  and pepsin, respectively. I n  spite of 
the greater anlount of pepsin used, and the 
higher acid content, 110 bitterness developed in  
the elleehe wade with pepsin. It would, there- 
for(,, :~plwnr  that the pepsin preparation could 
hatisfactorily be used as  a coagulating agent 
fo r  ('hedtlar chcese, recognizing tha t  the ra te  
of ripening o r  body breakdown would tend to 
he slo~ver thiui when rennet extract was used, if 
all other n~itnufaeturing conditions were coln- 
parable. 

TABLE 5 
O~g;i~~olcq>tic evn1u:rtion of Cheddar 'l~eese (luring ri l)eni~~g 

(Lot 3) 

Texture-body l.'li~vor 

Age (dn!ls) Treatment Score Criticism Score Criticisn~ 

Slightly open, 
curdy 

Weak 

Desi r:~hle 

Acidy 

Slightly open, 
eurdy 

Slightly open Acidy, not bitter 

Slightly open, 
curdy 

Slightly open 

Clean 

Sligl~tly acidy, 
not bitter 

Excellent 
Slightly acidy, 

not bitter 
Excellent 
Slightly acidy, 

not l,itter 

60 Pepsin 

90 Rennet 
90 Pepsin 

Slightly open 
Cru~nbly, open 

130 Rennet 
130 Pepsill 

Slightly open 
Cruml)ly, ope11 
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USE O F  N I S I S  I N  PREPARING BEVERAGE-QUALITY STERILE 
CHOCOLATE-FLAVORED MILK 

B. HEINEMANN, C. R. STUMBO,' AND A. SCURLOCK 
Producers Creamery Company, Springfield, Missouri 

SUMMARY 

Sisin was used to aid heat sterilization of chocolate-flavored milk a t  levels 
ranging from 0 to 800 Reading Units per nll. Heat treatments given the choco- 
late-flavored milk ranged from an F value of 0.2 to 9.0. The relationship be- 
tween the per cent th(1rrnophilic spoilage during incubation a t  131 F for  3 wk 
and the level of nisi11 added hefore heat treatnient of F = 3.0 was shown to 
exist. An F value required to prevent thermophilic spoilage for several concen- 
trations of nisin was also demonstrated. Use of an F value of 3 and the addition 
of 80 Reading Units of nisi11 per rnl as a heat sterilization aid resulted in a 
beverage-quality, commcrciallp sterile chocolate-flavored milk. 

Nisin is a polypeptide, produced by some of minutes a t  250 F ,  aswming instantaneous 
strains of Strrptococcwr Znctis, which has the heating and cooling.) 
unique property of inhibiting outgrowth from Campbell, Sniff, n11d OYBrien (2) ,  using to- 
heat-dama~rd spores (2). In  addition, nisin mato juice paclird in thermsl death time cans, 
is readily inactivated by t ~ ~ s i n  ( 5 )  and con- found that spoilage could be prevented with 
sequently cannot influence the intestinal flora. nisin a t  a level of 14 parts per million (560 
Thorough studies Frazer et al. (3) and Reading TJnits per gram) and a process of only 
H a m  et al. (5) showed to be a safe sub- 6 min a t  206 F. Seventy-swen per cent of the 
stanre for  use in foods a t  the levels of treat- control cans without nisin spoiled in one lllonth 
merit proposed. I t  occurs naturally in Inany at  room temperature; none of the cans con- 
dairy products (1). The activity of nisin is tail~illg nisill spoiled during 18 months. 
'leasured in Reading Units? and One Wheaton (8) inoculated cream-style 
Unit is defined as that amount of nisin which chow lnein n,ith spores of thermophilio flat-sour 
will delay the growth of StrWtococcu.7 a.q(llnc- organisms (about 2,700 per gram) and spores 
tiae in m1 of broth for l6 hr. of PA3679 (about 40,000 per gram) and proc- 
Reading Units are approxi~nntely equivalent essed them in thermal death time cans at F = 
to 1 p p ~ n  of nisin.) 

4 and F = 3, respectively. All cans containing 
Because of its safety and its unique prop- no nisin and inoculated with the thermophilir 

erty of inhibiting outgrowth from heat-darnaged flat-sour spoiled when held 60 days 
spores, nisin has been studied as  an aid to the at  131 F. N~ spoilage occurred in the products 
heat sterilization of canned foods. Gillespy 1 PPlll of nisin. cans inoculated 
(4) using a Process of so min a t  240 F, found with P A  3679 were held one year at  98 F, 
that all control cans of beans in tomato sauce during which all cans without nisin spoiled, 
spoiled after 1 4  days at  130 F; whereas, none whereas only 6 to 9% of those contailling 2.5 
of the cans containing about 100 Reading Units ppnl of nisin spoiled. 
of nisin per gram of can contents, and given 

I n  view of the limited amount of work on the same heat trratlnent, spoiled. H e  also re- the use of nisin as a heat processing aid, and ported that 22% of control cans of peas, 
tl process of 25 min at  240 F ( F  = 

because of its unique properties, it appeared 

3.0), spoiled; whereas, none of the cans con- to study One product Over a range of 

taining Reading Units of nisin per gram heat treatments and a range of levels of nisin. 

spoiled. (The F value referred to here is the milk was chosen, it has a pH 

equivalent of heat a t  the can center in terms of about 6.6 and a high carbohydrate level; 
and, since cocoa generally contains relatively 

Reccived for publication October 25, 1963. high numbers of thermophilic spore-forming 

Present address: Department of Food organisms. In  addition, the effect of heat treat- 
and Technology, University of Massachusetts, Am- ment on flavor could be judged better than 
herst, Massachusetts. wight be the case with some other foods. 
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EXPERIMENTAL PROCEDURE 

Chocolate-flavored milk was prepared con- 
taining 3.5% fat, 7.5% solids-not-fat, 7.3% 
sucrose, 1.2% cocoa, and 0.1% stabilizers. The 
dry ingredients were niixed in skimmilk, the 
necessary amount of cream added, and the 
product heated to 145 F. I t  was then ho~iiog- 
enized a t  2,500 lb/in.', and cooled to 60 F or  
colder if held more than 2 h r  before filling. 
Immediately before processing, various por- 
tions were removed and nisin added, as 
Nisap l in .Vhe  various lots of product were 
then filled into 300 X 402 cans (13 fluid ounces 
each), sealed, and processed to the desired F 
values in a continuous Food Machinery Corpo- 
ration cooker. After processing, some cans 
from each lot were incubated a t  131 F for 3 wk, 
some at  110 for  3 wk, and some a t  85 for six 
months. Spoilage was evidenced by a drop in 
pH, by a change in appearance of the product, 
o r  by swelling of the cans. 

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

'Supplied a s  megaunit Nisaplin hy Aplin and 
Barrett, Ltd., Yeovil, Somerset, England. 

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

RESULTS 

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

The fiducial limits of the observed per cent 
spoilage, calculated by the method of Spiegel 
( 7 ) ,  are given in the last column of Table 1. 
I t  will be noted that sanlple sizes of 200 cans 
or inore are reliable a t  the 95% levels of prob- 
ability to less than 2% thern~ophilic spoilage. 
A Gram stain was made of each of the spoiled 
cans having a p H  lower than normal. Micro- 

TABLE 1 

Effect of nisi11 on thermophilic spoilage of ehocolatc-flavored milk given various heat treatments 

R..U. of No. of No. of Per  cent 
' ' F ' ' value nlsin a ca1.11~ cans thermophilic 

used added tested spoiled spoilage Range 

a Forty Reading Units are equivalent to 1 ppm nisin. 
Calculated for  95% level fiducial probability from observed spoilage. 
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variahle :~ncl gram-neg:ltive rods and spores 
typicdill of the. flat-sour type of' spoilage, with 
on(, c~scc.l,tion. This can was esalnincvl, found 
to hc, def'c~c*tivc, and was rscludrd f r o n ~  the data. 
The flora of the ran contents was ~nisc~d,  indi- 
ci~ting post-strrilizixtion contanlination (which 
is not controlled hy nisin). Samples processed 
a t  F = 0.2 c.ontaini~lg 400 Rrading Units per  
nil were also exanlined microscopically af ter  
incubation for  3 wk a t  131 F, even though flavor 
and appearance were siitisfactory and no or- 
ganisms were observed. 

- 

i 

I 
I 

0 2  0 1  0 6 0 8 L O  P O  1 0  6 0 8 0 1 0 0  

1000 

J N O  SPOILAGE OBSERVED 

L, - - 

5- 

- + % OF CANS SHOWING 
SPOILAGE 

l 0ODo  3% 

! \ k k 1 ! : 9 1 0  

These data are  presented graphically ill Fig- 
ure 1, which illustrates the relationship between 
the heat treatment and the level of nisi11 re- 
quired to prevent thermophilic spoilage in choc- 
olatt1-tlavored milk processed in 300 x 402 CRIIS. 

Figure 1 indicates that the logtlrithni of the 
Rcatling Units of nisin added is inversely pro- 
portional to the I" valuc required to pri.vchnt 
thrrnlophilic spoilage in the range stucliecl for 
rhocolute-flavored milk. 

t VALUE REOUIRED TO PREVENT THERMOPHlllC SPOILAGE F VALLIE 

FIG. 1. Relntiol~ IIC~I\*CCII I ( ~ e 1  of I I ~ S ~ I I  : I I I ~  11~':it I"I(:. 2.  l t~ ln t io l~  hetmern per rent thermopl~ilic 
t r e n t ~ ~ ~ c ~ ~ t .  rerluired to ~~revc~llt  tl~cr~llopl~ilic spoil- sl~oil:lgc :111cl 11c:it trextlnrnt of c.l~oc.ol:~tr-flavo~.cd 
age ill cl1oco1:itc-fl:~vore(l 111ilk. 1 1 1 i I k  col~t,:~it~ing 40 I<. 11. 11isi11. 

100 0 

50.0 

"4 p10.0- 
2 - 
g 
V 5.0- - 
E 

2 
.A, 

r 
+ 
2 " 1.0- 
L 

05-  

0 I 

There is, howtvcar, a lchvel of heat treatinent 

I- READING UNITS NISIN ADDED PER ML 
hix.yond which nisin is inetmetivr. S:1111pler of 
chocolate-fl:lvored nlillc were prepared rontain- 

FIG. 3. Rrlntion l)ct~~-ccn per cc11t ther~nophilic 
of ellocolntc-flavoretl nlilk of  ill^ 800 It. U. of l l i~ i l l  per  rill. nft t ,r  sealing. 

nisi11 :~dded hcforc heat trcatl l~mt of F = 3.0. the vans were proressetl in hoiling ~vatt.r at 



FIG. 4, Choc01ate-flavored milk aftcr storage at  131 F for 3 ~ v k .  Both lots were processed at 
14' = 3.0. ('ails a t  left contained no aisi11; e:uns at right col~t:~inccl 80 R. U. per ml. 

209 F for 30 mind None of the cans containing 
nisin spoiled during storage at  131 F for 3 wl< ; 
however, 44% spoiled during storttgc at  98 F 
for  this same period of tirnc. 1\11 of the c~)ntrol 
cans without nisin spoiled a t  both storagt. tt.111- 
peratures. The nisi11 thus controlltd thc~rnlo- 
philic spoilage under these conditions, but did 
l ~ o t  control ~ilesophilic spoilage. 

S\'hc11 the level of nisi11 was held constant a t  
40 R. U. per ml and the F valuo varied, it wa.i 
observed that the logaritlnn of the per cent 
spoilage appeared to he inversely related to 
the logarithin of the F value between 0.5 and 
5.0, as shown in Figure 2. 

Figure 3 shows the relation between the per 
cent thert~~ophilic. spoilage and the level of nisin 
rtyuircd to prevclnt spoilage with a constant 
hc:~t trclatrnent of F = 3.0. The logarithnl of 
tlls p r r  cent spoilage appears to be inversely 
relz~tcd to the units of nisin added in the range 
of 0 to 80 R. U. per ml. 

To deteriilinc the effect of spore concentra- 
tion on the efficacy of nisin, spores of B. steoro- 
thsrmophilus were added to chocolate-flavored 
milk iit levels of 840, 8,400, 84,000, arid 840,000 
spores per can. xo spoilage occurred in thr 
26 cans a t  the lowest level of inoculation or ill 

tl~c! 25 cans coi~taining 8,400 added spores per 
c:tn. However, three spoiled out of 26 at  the 
84,000 level and two spoiled out of 25 a t  the 
480,000 level. Since the untreated product con- 
tained 530 spores per can, it appears that spore 
concentration inust be increased by between 
10- and 100-fold before spoilage results are 
influenced. 
11 flavor coinparison was made betwec.11 the 

chocolate-flavored nlilk processed to F = 9.0 
and that processed to F = 3.0. Of the 12 panel 
members, ten chose the product givtln thr lower 
process. Another panel was then conducted to 
coiupare unprocessed chocolate-flavored nlilk 
with that processed to F = 3.0 and containing 
80 K. U. of added nisin. In this case, the 
panel was evenly divided, six preferring the 
unprocessed product arid six the processed 
product. Using freshly processed product, this 
panel was repeated on three separate occasions 
with identical results. Frolr~ a flavor stand- 
point, therefore, i t  would appear that a choco- 
late-fl:~vort~d niilk of beverage quality may be 
produced by using nisin as an aid to heat proc- 
essillg at  F = 3.0. 

When saniples containing 80 R. U. of nisi11 
\v\.erc3 stored at 110 F for 3 wk, there was no 
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spoilage, whereas those without nisin spoiled 
during this period. No spoilage was observed 
a f t e r  six months of storage a t  85 F in samples 
containing 80 R. U. of nisin processed a t  F = 
3.0, whereas 10% of the cans without nisin 
spoiled during this storage period. The flavor 
of the nisin-containing product was quite ae- 
ceptable af ter  this storage period. 

While it was shown that  nisin a t  high levels 
prevented thermophilic spoilage a t  F values 
below 2.5, such processes a r e  not to  be recom- 
~nended, since these a r e  below the generally 
accepted botulinum cook f o r  low-acid foods. 
It should also be pointed out tha t  nisin has not 
yet  been approved a s  a heat-sterilization aid 
by the U.S. FDA. 
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COMPOSITION O F  T H E  CASE'INS O F  BUFFALO AND COW MILK 

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

8UMMARY 
The composition of buffalo milk casein and cow milk casein was almost 

identical in  the numbers and in quantities of amino acids as  estimated by paper 
chromatography. 

Pepsin hydrolysis was slower for buffalo milk casein than i t  was fo r  cow 
milk casein, regardless of period of incubation, substrate cmcentration, and 
enzyme concentration. This was also true for trypsin, papain, and pancreatic 
digestion of the two types of caseins. 

A peptide isolated from peptic digestion of both caseins contained aspartic 
acid, glutamic acid, lysine, serine, glycine, arginine, threonine, tyrosine, valine, 
leucines, and phenylalanine. 

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

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

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

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

Received for  publicatioll February 2, 1963. 

I 

MATERIALS AND METHODS 

Preparation of casein. Casein was prepared 
from skimmilk (cow or buffalo) after diluting 
with equal volume of water by the isoelectric 
precipitation a t  p H  4.5, using 10% HCI. The 
precipitate was allowed to settle and the super- 
natant fluid decanted off. Sufficient 95% ethanol 
(approximately twice the volume of casein) 
was then added to it  and after mixing thor- 
oughly in a Waring Blendor, the suspension 
was allowed to stand for  2 h r ;  the supernatant 
was then decanted. The casein was washed 
thrice more with alcohol and finally washed on 
a Biichner funnel with petroleum ether (40- 
60") and air-dried by spreading over a filter 
paper. The dried casein was powdered and 
then defatted by Soxhlet extraction with pe- 
troleum ether for  a period of 8 hr. The defatted 
casein was allowed to dry again, after which 
the final particles were sieved through a 100- 
mesh sieve to get a uniform casein sample. Sam- 
ples prepared in this way were found to keep 
well for several months at  room temperature. 

Other chemicals. All amino acids used as  
standard and ninhydrin for identification and 
quantitative evaluation of casein amino acids 
were purchased from the British Drug House, 
England. Pepsin and papain were products 
from Constantino & Company, Italy. Tryp- 
sin used was supplied by E. Mcrck, Germany. 
All other reagents used were obtained from the 
coln~~lercial sources and were of analytical grade. 

Acid hydrolysis of caseins. Hydrolysis of 
casein was done by refluxing 200 mg of casein 
with 20 ml of 6 N HC1 for a period of 24 h r  
(12). After hydrolysis, the casein hydrolysate 
was made free of excess of HCl by repeated 
evaporation of the hydrolysate under vacuum 
over NaOH pellets. Finally, the acid-free dried 
material was dissolved in 5 ml of 10% iso- 
propyl alcohol, adding a few drops of toluene 



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

in each tube to prevent bacterial contamination. 
These hydrolysates were then used for analyzing 
the respective amino acids (except trypto- 
phan). Completion of the hydrolysis of sam- 
ples was ascertained by occasionally estimating 
the amino nitrogen by the Van Slyke method 
(17). The hydrolysates were kept in a refrig- 
erator a t  4' when not in use. 

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

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

Enzymatic hydrolysis of casein. The rate of 
proteolysis of caseins with pepsin, trypsin, and 
papain was determined by the method of Kunitz 
(19). Both spectrophotometric assay by read- 
ing the optical density a t  280 mp (20) and 
calorimetrically a t  660 mp (16), using Folin's 
phenol reagent ( lo) ,  were used for  the meas- 

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

(a )  Assay system for peptic digestion. The 
procedure followed for  peptic hydrolysis of 
casein was according to Anson ( I ) ,  as described 
by Herriot (16). The complete system con- 
tained 5 ml of a 2% solution of casein in 0.06 
N HCI and 1 ml of pepsin containing 2.93 mg. 
The mixture was incubated a t  25" for  a definite 
period, after which the reaction was stopped 
by adding 10 ml of 5% trichloroacetic acid, 
and the precipitated protein removed by filtra- 
tion. 11 blank was run by stopping a similar 
mixture a t  zero-minute period. Readings were 
corrected for such blank values. 

(b) Assay systein for trypsin digestion. An 
almost similar procedure was adopted in which 
the reaction mixture contained casein (2%) 
dissolved in phosphate buffer adjusted to p H  
7.3 and trypsin (2.93 mg). Incubation tem- 
perature was between 39-40", after which reac- 
tion was terminated as in ( a )  above. A11 values 
were corrected for blank. 

(c) Assay system for papair, digestion. The 
incubation mixture contained 5 ml of casein 
(2%) in phosphate buffer, p H  7.4, and papain 
(2.93 mg). Incubation was done a t  25". The 
rest of the proredure was as  in (a)  above. 

(d)  Pancreatic digestion of caseim. Rat pan- 
creas was used as the source of proteolytic en- 
zymes, to study the rate of casein hydrolysis. 
The animal was killed by a blow on the head 
and the pancreas immediately removed in a 
beaker dipped in ice. A homogenate of the 
tissue ( 1  g )  was then prepared in 12 ml of 
phosphate buffer a t  p H  7.6, using an ice-cold 
Potter-Elvehjem all-glass homogenizer. The 
homogenate preparation was always made fresh 
for  each set of experiments. The assay system 
consisted of 2.0 ml of casein (2% in phosphate 
b&er, p H  7.6), buffer, 50 pmoles; pancreatic 
homogenate, 1 nil; incubation a t  room tempera- 
ture (35") for  definite periods. Reaction was 
terminated a t  regular intervals by adding 10 
ml of 5% trichloroaeetic acid to the incubation 
~nixture; 0.5 ml of filtrate was then diluted to 
3 nil and the optical density of this diluted 
solution was read at 280 mp for  determining 
the rate of proteolysis (19). 

Isolation and characterizatiom of peptide 
from peptic digestion of casein. For  the isola- 
tion of the peptide which appears during the 
action of pepsin on casein, incubation was 
carried out as in (a) above and reaction al- 
lowed to continue for  9 h r  a t  25", after which 
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the undigested protein was precipitated with 
10 ml of 95% ethanol and the supernatant 
dried in a vacuum desiccator over H,SOa. The 
dried material was dissolved in a definite vol- 
ume of water and then subjected to unidimen- 
sional paper chromatographic analysis, using 
phenol-water as solvent. A guide strip was cut 
out and sprayed with ninhydrin solution, to 
detect the peptide. For  analyzing the peptide 
for  its amino acid composition, the peptide 
area was eluted with water from the corre- 
sponding unsprayed position having a similar 
R, value on the paper chromatogram. The 
eluted solution was hydrolyzed by a micro tech- 
nique (23) in a sealed tube with 6 N HC1 in a n  
oven a t  100" overnight. The hydrolysate was 
evaporated and subjected to two-dimensional 
paper chromatography in a way similar to that 
described for  casein hydrolysate, for the identi- 
fication of the amino acids in the peptide. A 
control experiment was also run with the en- 
zyme alone. 

RESULTS AND DISCUSSION 

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

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

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

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

TABLE 1 

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

Casein source 

cow 
milk 

Amino Buffalo 
acid milk (a) (b) 

Aspartic acid 
Glutamic acid 
Alauine 
Arginine 
Cysteine 
Glycine 
Serine 
Histidine 
Lysine 
Methionine 
Proline a 

Threonine 
Tyrosine 
Leueines 
Phenylalanine 
Tryptophan 
Valinc 

"Compared visually ; Estimated by ultraviolet 
spectroscopy (5) ; (a)  authors' values, (b) re- 
ported values (14). 

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

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

(3) Enzyme concentration. Typical rate 
curves presented in Figure 3 show that with 
any of the enzyme concentrations used, the 
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TABLE 2 

Rates of hydrolysis of buffalo and cow milk caseins by pepsin 

Optical density at 280 mp Tyrosine formed (mg)  
Nature of 

casem 0 min 30 min Difference 0 min 30 min Difference 

Buff a10 0.14 0.63 0.49 0.160 0.576 0.416 
Cow 0.16 0.75 0.59 0.080 0.656 0.576 

I I I I I I 

- 

- 

- 

- - COW CASEIN - BUFFALO CASEIN 
I I I I I I 

MINUTES 
FIG. 1. Hydrolytic rates of caseins from buffalo 0 

and cow milk by pepsin with period of incubation. 0 0.5 1 .O 1.5 2.0 

SUBSTRATE CONCENTRATE (20 mg /ml) 

I I I I 
7 

- 

- 

- 

- 

- COW CASEIN 
- - BUFFALO CASEIN 

0 
0 0.2 0.4 0.6 0.8 1.0 

ENZYME CONCENTRATE( 2.93 rng/rnl) 

- 

- 
' COW CASEIN 

FIG. 2. Effect of substrate concentration on the 
rates of hydrolysis of buffalo and cow caseins by 
pepsin. Blanks for all individual substrate con- 
centrations were prepared for corrections in final 
readings. 

FIG. 3. Effect of pepsin concentration on the 
rates of hydrolysis of caseins from buffalo and 
cow milks. Separate blanks were used for different 
enzyme concentrations. 

BMC was always hydrolyzed at  a slower rate 
than CMC. 

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

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

The amino acid composition of the peptide 
isolated from peptic digest of casein is found 
to have a similar composition to that of a phos- 
phopeptide isolated by controlled HC1 hydroly- 
sis on rabbit milk casein, reported by Sun- 
dararajan, Sampath Kumar, and Sarnla (25), 
and also to a phosphopeptone obtained by en- 
zymatic degradation of casein by Mellander 
and De Verdier (22). As these peptides have 
similarity in their amino acid make-up, the pep- 
tide reported here looks to be, therefore, a 
phosphopeptide. Based on this analogy and 
the results, it is tempting to infer that the re- 
lease of phosphopeptid~ by pepsin on BMC 
and CMC are also identical. However, this 
point needs further confirmation by determina- 
tion of phosphorus content of the peptide in 
addition to amino acids of the peptide. 

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

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

TABLE 3 
Rates of hydrolysis of buffalo and cow milk caseins 

by t ry~s in  

Optical density at  280 mp 
Nature of 

casein 0 min 30 min Difference 

Buffalo 0.025 0.130 0.105 
Cow 0.005 0.153 0.148 

TABLE 4 

Hydrolysis of buffalo and cow milk caseins 
by papain 

Optical density at 280 
Nature of 

easeln 0 min 30 min Difference 

Buffalo 0.073 0.278 0.205 
Cow 0.100 0.350 0.250 

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

The probable superiority of CMC over BMC 
seems, therefore, to exist in the rate of its 
enzymatic digestion. It may be pointed out 
that a similar observation as  to human milk 
casein in relation to pepsin or  gastric juice 
action was pointed out by Mellander (21). In  
that study, the author attributed the less corn- 

- 

- 

- 

- COW CASEIN - BUFFALO CASEIN 
0 

0 1 .O 2.0 3.0 

HOURS 

FIG. 4. Rates of hydrolysis of caseins by pan- 
creatic homogenate. 
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plete peptic and tryptic digestion of human 
milk casein to the generation of enzyme-re- 
sistant phosphorylated peptides. I n  another 
study, Bennich e t  al. (7)  have shown that  the 
rates of enzymatic hydrolysis of caseins from 
different species do  differ. Human milk casein 
proved to  he more resistant to in vitro diges- 
tion with bovine trypsin o r  chymotrypsin o r  
human pancreatic juice than caseins f rom the 
milks of cow, sheep, mare, reindeer, o r  whale, 
indicating tha t  caseins differ i n  their hydrolysis 
by the  proteolytic enzymes. Our  results with 
individual enzymes and  with pancreatic homog- 
enate indicate clearly tha t  BMC is ye t  another 
example which i s  not  hydrolyzed just  similarly 
to  CMC. 
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CALCEIN AS AN INDICA.TOR FOR T H E  DETERMINATION O F  TOTAL 
CALCIUM AND MAGNESIUM AND CALCIUM 

ALONE IN THE SAME ALIQUOT O F  MILK 

H. A. XrJ'AII~IANAS AND 13. McL. WHITNEY 
Department of Food Science, Cniversity of Illinois, Urbana 

SUMMARY 
A rnethod has been developed for caleiun~ and magnesiu~n determination in 

milk on the basis of the different behavior of these two cations towards the 
indicator calcein. The deternlination of hoth cations can be performed by hack 
titration with calciuni chloride solution in the same aliquot of a diluted milk 
containing an excess of Ethylenedialnine tetraacetate (EDTA). Total calcium 
and ~nagnesiuln can be obtained in milk a t  p H  range 12.0 to 12.5, whereas cal- 
cium alone can be obtained from p H  13.0 to 13.5. Comparison of the values 
ohtained for total calciu~u and ~nagnesium hy the calcein method with those 
obthined by the Eriochrorneblack T  neth hod indicates no significant difference. 
The recoveries of calcium added to ~ni lk are complete. Concentrations of phos- . 

phates and proteins four times those present in the average milk and of heavy 
metals as  present in average milk do not influence the results. Variations in the 
added amount of indicator between 0.05 and 0.15 ml and in the dilution of the 
sample with water in the ratio from 1:10 to 1:30 do not influence significantly 
the results. The method is rapid and reproducible, with a standard deviation 
of k0.14 meq/liter of milk for total calciunl and magnesium, or  *0.19% of 
the measured value, and e0.12 rneq/liter of ~ni lk for  calcium alone, or k0.18% 
of the calcium content. 

Since the complete and effective. study of the le~ns of the interfering constituents, especially 
complex phenomena which occur in milk, espe- the phosphates and the proteins, received more 
cially under the variety of the conditions dur- attention. No interference of phosphates o r  
ing processing, presupposes the knowledge of protei~ls was observed during the determina- 
the amount of each of the divalent cations, and tion of calcium and magnesium in blood plasma 
in some cases even the form in which they or milk (8) or in the determination of calcium 
exist a t  a given moment, an analytical proce- alone in casein solution (16). I n  previous 
dure that is rapid and accurate is needed. On work (15) it  has been shown that the presence 
the other hand, in many research prohle~ns the of phosphates and proteins does not interfere 
available material for study is very small, and during the direct titration of the total calcium 
one cannot afford to waste an appreciable and magnesium with disodium dihydrogen 
amount for the separate analysis of both cal- ethylenediamine tctraacetate (EDTA) solution 
cium and magnesium. with Eriochromchlack T as indicator. 

While flame photo~netry has been employed The interfrrel~ce of tr::ce heavy metal ions 
for sollle time for calciun~ determination in has been eliminated hy the addition of cyanide 
111ilk (9, 12))  conlplexonletric procedures based or triethano1:tmine (3, 10) or hy using a tech- 
on Schwarzenbach tfnd coworkers' method (18) nique developed for the removal of them (2) .  
have been developed, after the re~noval of the This paper describes a n~cthod, based upon 
interfering materials, for the separate deter- the difference in the contplexing hehavior of 
mination of hoth calcium and magnesium in the calcium and magnesiunl, for  the separate 
milk (1, 4, 7) or  of calcium only (13). A deter~nination of the ions in the same aliquot 
co~nbination of flnrne photometry and com- of a diluted milk sample by the back titration 
plexometry for rapid detennination of calcium of excess EDTA with standard CaCI, solution 
and nlagnesiu~n has heen developed by l fur thy a t  two different p H  values, p H  12.0 and 13.0, 
and Whitney (14) and Have and Mulder (5). with calcein as  indicator. 

The discovery of new, more specific indi- 
cators, especially calcein (3, l o ) ,  stimulated METIIOD 
llem procedures for  calciurn and magnesium Reageihts 
determination in biological systelns. The prob- Standard EDTA solution. Dissolve 10 g of 

disodium dihpdrogen ethylenediamine tctra- 
Received for publication August 7, 1963. acetate dihydrate (TitraVer, Hach Chem- 
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ical Company, An~es, Iowa) and 2 g of 
sodiu~n hydroxide pellets in water, and 
dilute to one liter with water. This solu- 
tion has a titer of approximately 0.05 
meq/ml and is standardized against the 
standard calcium solution. 

Standard calcium chloride solution. Dry 
CaCO, a t  100 C to constant weight and 
dissolve about 2.5 g (exactly weighed) in 
a tninirnuln of hydrochloric acid. Transfer 
to a 1itt.r volumetric flask and dilute to 
volume with water. This solution contains 
approximately 0.05 meq Ca/ml. 

(e x 2 = meq Cahnl 
100.09 

Potassium hydroxide 8 N. 

Calcein indicator solution. Dissolve 0.2 g of 
his-N,N-di(carhoxymethy1) amino ~nethyl- 
fluorescein (G. Frederick Smith Chem- 
ical Company, No. 222) in 25 ml of 0.1 N 

sodium hydroxide and dilute to 100 ml 
with water. The solution should be stored 
in the dark (2).  

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

Proccdlt re 
Transfer 25 ml of milk into a 500-ml volu- 

metric flask and dilute to volume with water. 
Add 5 ml EDTA to 50-n11 aliquots of the di- 
luted milk in 125-ml Erlen~iieyer flasks. 

Calcium and n~agnesiunl : Add 4 N potassium 
hydroxide to increase the p H  to 12 (0.15 ml 
8 N KOH is usually sufficient), and three drops 
of indicator. The color of the sample becomes 
pink. Back titrate with standard calciu~n chlo- 
ride solution (from n microburet, 5-ml capacity, 
calibrated in 0.01 divisions) to a definite and 
permanent green color (first end point). 

Calcium: To the same aliquot add an addi- 
tional amount of 8 N potassium hydroxide to 
increase the p H  to 13 (1.5 1111 is usually suffi- 
cient). The color of the sample changes again 
to pink. Continue the back titration with cal- 
ciu~n chloride solution until the color again 
heco1nt.s a definite and pernlanent green (sec- 
ond end point). 

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

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

Calculations: 
ml EDTA sol. em- 
ployed" (first end 
point) X normality 

meq (Ca + Mg)/liter = of EDTA sol. X 1,000 
ml of milk in the sam- 

ple titrated 
nll EDTA sol. employeda (sec- 
ond end ~ o i n t )  x normalitv of 

meq Ca/liter = ED'TA sbi: x 1,000 " 

n11 of milk in the sample titrated 

meq Mglliter = meq (Ca + Mg)/liter - meq 
Ca/liter 

RESULTS 

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

To test this possibility, a calcium chloride 
solution (0.0518 meq/ml) and a magnesium 
chloride solutio~l (0.03991 meq/ml) were pre- 
pared, and equal volunies of these two solu- 
tions were mixed to yield a solution containing 
both eations. Aliquots of 3 ml of each of the 
three solutions were transferred to 125-ml 
Erlenmeyer flasks, 5 ml EDTA solution (I ml 
e 1 . 0 4 1  ml calcium solution) was added to 
each, and the mixtures were diluted to 50 ml 
with water. The contents of half of the flasks 
were adjusted with K O H  to p I I  12 and of the 
other half to pH 13. Three drops of caleein 
indicator were added to each and the mixtures 
were back-titrated with calcium chloride solu- 
tion. The results (Table 1 )  indicate that a t  
p H  12 both calcium and magnesium are meas- 
ured completely, whereas a t  p H  13  only oal- 
cium is determined. 

"ml EDTA sol. employed = ml FDTA sol. 
ml Ca sol. cmployed added - 

ml Ca sol. e 1 1111 EDTA sol. 
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TABLE 1 

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

Solutions ' Ca re- 
quired 

Ca M? for backa Ca or Mg 
DH content content titration observed 

Analysis of variance of Ca or Mg observcd (%) 

Degrees 
of Mean Signifi- . 

Source of variance freedom square rance ' 
Solutions ' ( 5 )  6,742.913 V.S. 

Gals vs. Ca,? 1 0.036 N.S. 
(Val?, Ca,,, and Mg,,) rs. (Ca + Mg), ,  1 0.215 N.S. 
Mg,, 1-7. (Ca + M ~ ) I ~  1 0.016 N.S. 
3 T g ~  r s .  (Ca + Mg),? 1 6,439.479 V.S. 
[Call, Gala, Mgt2, and (Ca + Mg)l,] vs. [Mgn and (Ca + Mg),3] 1 27,274.820 V.S. 

Error 18 0.092 

" Average of four replicates. 
V.S. = very significant; N.S. = not significant. 
' Subscripts in the comparisons refer to pH. 

Comparison between the Calcein and the 
Eriochromeblack 2' methods. Since the direct 
co~nplexon~etric determination of the total cal- 
rium and magnesium in milk (Eriochromeblack 
T method) has been proved to be satisfactory 
(15), a comparison of the values obtained by 
this method with those of the calcein method 
should establish whether the proposed niethod 
tneasures all the calciu~ii and the magnesium 

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

Recovery of add(,d calcium in milk. The re- 
covery of known an~ounts  of calcium added to 
milk is an  additional way of testing whether 
the proposed method measures all of the exist- 
ing calcium in milk. Therrfore, varq-ing an~ounts  

TABLE 2 

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

Calcium and magnesium content 
(average of 4 replicates) 

Milk sample no. 1 2 3 4 

-(meq/liter) 
Calcein  neth hod 75.61 75.05 76.40 72.97 
Eriochromeblack T metl~od 75.64 75.11 75.37 73.12 

Analysis of variance 

Source of Degrees of Mean 
variance f reed0111 square Significance " 

Method (M) 1 0.025 N.S. 
Milk (m) 3 11.106 V.S. 
M X nl 3 0.010 N.S. 
Error . 24 0.031 

" N.S. = not significant; V.S. = very significant. 
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of calcium were added to aliquots of diluted 
milk. Titration a t  p H  1 3  according to the pro- 
posed procedure (Table 3) yielded recoveries 
of the added calcium from 99.42 to 100.67%. 
Application of the Chi-test yielded a value of 
2.002 for  Xa, and therefore, these values do not 
differ significantly from loo%, indicating com- 
plete recovery. 

Compari.sor, between direct and back titra- 
tion. While back titration provides satisfactory 
results, this procedure is not as simple nor a s  
potentially accurate as the direct one. There- 
fore, the two procedures were compared in the 
milk a t  three different p H  values, 12, 13, and 
13.5. The back titration was performed as  de- 
scribed above; whereas, in the direct titration, 
8 N K O H  a s  added to 50-m1 aliquots of the 
diluted milk to obtain the proper p H  followed 

TABLE 3 

Recovery of added calcium in milk by the 
calcein method 

(Calcium content of milk sample 0.1541 meq') 

Calciuln 
observed 
(average 

of 2 
Calcium repli- 
added cates) Calcium recovered 

fmeq) I % )  

" Average of four replicates. 

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

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

E f e c t  of va~iubles .  Since variations in the 
pH, the concentration of the indicator, and the 
dilution of the sample may affect the determi- 
nation of calcium and magnesium with the new 
method, it  is important to know the extent and 
the range of their effects. Therefore, the in- 
fluences of these variables were investigated 
independently. 

1. To establish the effect of the p H  on the 
calcium and calcium plus magnesium de- 

TABLE 4 

Comparison of the direct and back-titration method for determination of calcium and 
magnesium in milk with caleein as indicator 

Calcium and 
magnesium 
content a Calcium content ' 

pH 12 pH 13 pH 13.5 

Milk sample no. 1 2 3 4 5 6 1 2 

(meq/liter) 
Direct titration Indistinct end point . 68.74 66.23 66.78 64.49 Uncertain end point 
Back-titration - 66.02 66.15 66.47 63.86 64.74 62.62 56.62 56.56 

Analysis of variance (pH 13) 
-- 

Source of Degrees of Mean 
variance . freedom square Significance " 

Method ( M )  1 36.607 V.S. 
Milk (m) 3 22.648 V.S. 
M X nl 3 0.103 N.S. 
Error 24 0.050 

' Average of four replicates. 
V.S. = very significant; N.S. = not significant. 
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TABLE 5 

Comparison of the direct and back-titration method for the determination of calcium and 
magnesium in pure solutions with Calcein as indicator 

Solutions pH 12 pH 13 pH 13.5 

Ca- Mg- Caand Sig- Sig- Sfg- 
con- con- Mg ob; nifi- Ca ~ b - ~  nifi- Ca ob-a nifi- 

Method tent tent served X' cance " served XZ came " served Xe cance 

fmeq) fmeq) fmeq) fmeq) (meq) 
Directtitration 0.1497 0.0000 0.1499 4.20 N.S. 0.1501 5.04 N.S: 0.1500 5.85 N.S. 

0.0000 0.0293 Indistinct end point 0.0017 92.33 V.S. 0.0000 ...... ...... 
0.1497 0.0293 Indistinct end point 0.1518 26.03 V.S. 0.1498 4.20 N.S. 

Back-titration 0.1497 0.0000 0.1498 3.40 N.S. 0.1498 3.11 N.S. 0.1499 3.78 N.S. 
0.0000 0.0293 0.0292 3.25 N.S. 0.00001 3.03 N.S. -0.00005 3.46 N.S. 
0.1497 0.0293 0.1787 6.41 N.S. 0.1498 3.07 N.S. 0.1499 3.55 N.S. 

" Average of four replicates. 
" N.S. = not significant; V.S. = very significant. 

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

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

3. The influence of the dilution of the milk 
sample with water was investigated a t  
three levels: 1 :lo, 1:20, and 1:30. The 
amounts of indicator and the p H  were 
adjusted accordingly. 

Results (Table 6) indicate that there is no 
significant variation in the calcium and magne- 
sium determination between p H  12.0 and 12.5 
nor in the calciu~n determination between p H  
13.0 to 13.5. The values for calcium are the 
same whether the titration has been performed 
on the same aliquot used for calcium and mag- 
nesium or on a separate aliquot. The concen- 
tration of indicator and dilution of the sample 
do not significantly affect the titration through- 
out the ranges investigated. 

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

Na,HPO, (0.950 g P/liter) as indicated in  
Table 7. The analysis of variance of these 
results indicates that concentrations of phos- 
phate four times the total phosphates present 
in the average milk do not have any significant 
effect upon the results. 

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

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

Reproducibility. To determine the reproduci- 
bility of the proposed method, 14 different nlilk 
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TABLE 6 
Effect of variables on the calciutn and calciu~n alus niag~iesiunl deterlllinatio~~ i n  milk 

Conc. of indicator 

pH Volu~ne Dilution of sample 
of in- 

Ca and dicator Ca and Ratio Oa and 
Mg con- Ca solu- Mg con- Ca milk to Mg con- Ca 

pH tent a content a tion tent ' content " water tent " eoutent a 

-(meq/liter)- ( m l )  - (meq/liter)--- - (meq/ l i ter)-  

Analysis of variance 

Soufce of Degrees of Mean 
V R T I ~ I I C C  freedom square Significance ' 

1. Calcium plus magnesium 
pH 2 0.002 N.S. 
Error 9 0.034 
Indicator 2 0 . 0 ~  N.S. 
Error 9 0.020 
Dilution 2 0.002 N.S. 
Error 9 0.021 

2. Calcium 
PH 2 0.016 N.S. 
Error 9 0.009 
Indicator 2 0.036 N. S. 
Error 9 0.026 
Dilution 2 0.035 N.S. 

- Error 9 0.021 
" Averagc of four replicates. 

Both Ca and Ca + Mg were determined in the smile aliquot. 
" N.S. = not significant. 

samples were analyzed in quadruplicate for  
calcium and seven for  calcium and magnesium. 
The standard deviation of a single determina- 
tion from its mean was observed to be i 0 . 1 4  
meq/liter of milk for calcium and magnesium, 
or k0.1970 of the measured value, and e0.12 
meq/liter of milk for calcium alone, or 20.18% 
of the calciunl content. 

DISCUSSION AND CONCLUSIONS 

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

form a complex with the indicator, Korbl and 
Trydra (10) observed that i t  also causes calcein 
to fluoresce at  alkali concentrations below 0.1 31. 

When pure solutions containing calcium, 
magnesium, and the mixture of the two were 
analyzed in this study (Tables 1 and 5) a t  
p H  12, calcium was easily titrated and com- 
pletely recovered with both back and direct 
titrations. When magnesium is present, even 
though it would be in soluble form a t  p H  12.0, 
complete recovery of both calcium and inagne- 
sium was obtained only by the back titration. 
With the direct titration the end point was not 
distinct, since green coloration remained a t  
the end of the titration. This is probably due 
to the relative magnitudes of the formation 
constants of MgEDTA and MgCalcein com- 
plex, since that of MgEDTA is lower than that 
of the CaEDTA (log KM.-EDTA = 8.69, log 
I<C~.EDTA = 10.70) (18), whereas that of the 
MgCalcein complex is probably higher than the 
corresponding calrium complex. For  the eom- 
plexes of calcon, which are structurally similar 
to calcein, the formation constant of the JIg- 
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TABLE 7 
111flnci1rc of pl~ospl~;it(~s, ~)rotcins, and trace heavy metals on the calciu~ni and total calciuni 

and magnesium in milk 

Addctl 
pbon- 
pllatc C:I :111(1 
solu- Mg roll- C:I eon- 
tin11 " te~tt '' trnt 

( I I I ~ )  - ( ? ~ ~ r ( / / l i t r r ) -  

Proteins Trace elcmrnts 

Acl(lc(1 
cation A(1clrcl 

ex- Caand IZCX Ca and 
cl~angc(l Mg con- Ca con- solu- Mg con- Ca con- 
~nilk ", ' trnt " tent ' tion " trnt " tent 

(ml/ - fmeu/liter)-- (nil) --(rneq/liter)- 

Analysis of variance 

Source of ' 
variance 

Degrees of Mean 
freedom square Significance 

1. Calcium plus magnesium 
Cone. of phosphates 
Error 
Cone. of protci11,s 
Error 
Trace heavy inctals 
Error 

2. C:~lciu~n 
C'onc. of ])l~osl)l~:ltru 
Error 
C'ol~c. of protr i~~s 
Error 
l'r:tcc he;~ry 111ctals 
Error 

N.S. 

N.S. 

N.S. 

N.S. 

hT.S. 

N.S. 

" Vol added to diluted 111ilk salnple containing 2.5 n ~ l  of the original milk. 
" Average of four replicates. 
' Ca and Mg content of t l~c  cation-exchanged milk is zero. 
" N.S. = not significant. 

cotllplex is higher than that of calciuul (log 
K M ~  = 7.64, log KC. = 5.58) (6). Therefore, 
ellough free nlagnesium probably exists in equi- 
l ib r iu~i~  with the hfgEDTA complex a t  this p H  
during the direct titration to interact with cal- 
rein and to confuse the end point. At p H  13, 
when calcium alone was present, it was com- 
pletely recovered with both back and direct 
titrations. However, when calciutn was ti- 
trated in the presence of ~~iagnesium, the cal- 
cium was cotnpletely recovered only by the 
hack titratiou; whereas, with the direct titra- 
tion the values observed wcbre between those for 
ealciunl alone and for total calcium aud mag- 
nesiu~n. The rerovchry of the nlagnesiun~ from 
the pure ~naguesiunl solutions was zero with 
the back titration, hut so~ucr s~iiall a~~iounts  
were observcvl with the direct titration. A1- 
thongh mag~icsiuln is prc.c.ipitatc.tl :IS , \ lg(OH),  
i~hov<. p H  12.5 ((i), ~~c.vcrthrlcss, cvcn :it pH 13 
the concetitr;~tioli of thc. I~ydrosyl ious is not 
suffiriently high to rc.duc.c. the. eoticc~tltrittion 
of 11lagnrsi1111i ious hc.lo\v the traces necessary 

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

When n~ilk is eulployed instead of pure solu- 
tinus, a t  pIi 12, the hack titration (Table 2) 
provides vtilues for total ealriuni and niagtie- 
siuttl uot significautly different f r o n ~  those ob- 
tainc.tl hy the Eriochronreblack T 111c2thod (15). 
The presetlee of the proteins :,nd phosphates 
dochs not intclrferch with the dctt*rn~ination, even 
whrn thrir conccwtration is four times the 
11or111tt1 conec~ntration in luillr (Table 7) .  The 
end poitlt hg the direct titration (Tahle 4) is 
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not distinct, a s  could be predicted from the 
results with the pure  solutions, due to the he- 
havior of the magnesiuttl present. A t  p H  1 3  
the back titration provides an  acc.urate meas- 
urement of calcium content of the tnilk. Addi- 
tion of various amounts of caleiutn to the milk 
were completely recovered (Table 3), and the 
presence of the phosphates and proteins had no 
influence on the determination (Tahle 7). I n  
the direct titration of the ~ni lk ,  the presence of 
the magnesium results in high values f o r  cal- 
cium, a s  in pure solutions. A t  p H  13.5, con- 
trary to the behavior of the pure solutions, the 
end point is uncertain in the direct titration of 
the milk sample. The pink color appears very 
early and fades again upon standing. The 
establishment of the pertnanent pink color re- 
quires successive additions of EDTA and about 
20 to 30 rnin of time. The reproducibility is  
poor. This behavior appears to he due to the 
formation of some floccules, which may contain 
some calciun~ complesed with the phosphates 
o r  the proteins. As a result, titration with 
E D T A  causes a n  early end point. Upon stand- 
ing, the calciutn gradually i s  rc.leahed and ti- 
trated with EDTA. On the cotitrt~ty, back-titra- 
tion provides the correct va1nc.s fo r  calcaiutn 
a t  this pH.  

The back-titration itt all cases, in pure  solu- 
tions and in milk, provides the caorrect values, 
because an  exeess of E D T A  is present in the 
sample before the addition of the alkali. The 
EDTA binds all of the calriunt :utd Inagur- 
sium, including that hound to proteins a n d  
phosphates. Then, w h ~ n  all of the free EDTA 
has been titrated hg the c;tlriutn solution at 
p H  12, the first trace of magnesiuttr displaced 
f rom the MgEDTA comples hy the added cal- 
cium produces a green color 1vit11 the calcein; 
thus, this titration ineasures the total calciuln 
and magnesium. I f  the titration is performed 
a t  pH 13 to 13.5, the added calciuin complexes 
first the free EDTA. Fur ther  addition of cal- 
eiutn displaces the magnesium from the 
MgEDTA complex, and the green color appears  
momentarily and fades again. This is because 
the freed magnesium reacts with the calcein, 
but because the p H  is very high it is precipi- 
tated a s  hIg(OH)L. As soon a s  the magnesium 
is con~pletely replaced, then the first traces of 
the calciur~~ yield a de f i~~ i t e  and prrmanent green 
color and this end point tneasurchs the calcium 
content only. 

The test can he perfor~ned over a broad range 
of dilution of the sample and concentration of 
indicator, a s  is  indicated in  Table 6. The cal- 
cein is superior to ~ ~ t u r e s i d e  in this respect, 
since Schouwenhurg (17) indicates that  the 

amount of the nturexide has some influence on 
the calcium detc~rmination. The p H  control 
necessary f o r  the test is not too exacting, since 
accurate values for  total c.alciuln and magne- 
sium ran he ohtuined throughout the p H  range 
of 12.0-12.5, whereas calciunl alone can be 
determined accurately fro111 p H  13.0 to 13.5 
(Tahle 6). The presence of thcl heavy 111rta1s. 
a t  least in the concentr;ltio~~ of the. average 
milk, has no influence on the test (Tahle 7). 
The method is very reproducible, the standard 
deviation heing c 0 . 1 4  tnc.q/liter of ttrilk f o r  
total calciutn and ~nagnesiutn, o r  '-c0.19% of 
the measured value, and kO.12 meq/liter of 
milk fo r  calcium alone, or '-c0.15% of the 
calcium content. 

Since the titration fo r  .both cations is per- 
formed in the same aliquot of the sample, the 
method provides a fast, emy, and accurate 
measurement of hoth rations. 
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S O M E  I M M U N O L O G I C A I ,  RETJATIOSSI I I I 'S  OF a - I J A C T A L H I ' M I S  AND 
/3-LACTOGLOI3T'I,IS IS ?~IITJI<S OF V A R I O T J S  S P E C I E S  ' 

TETSU JOHT\'E,WI,TZABETII C. HAGEMAX, AND R. L. LARSON 
Laboratory of Biocl~e~nistry, 1)rpartnlent of h i r y  Sricnce, Unirrrnity of Illinois, Vrban;t 

SUMMARY 

Separate rabbit antisrra prepared against (.ow a-lact:~lhur~titt allel p-lacto- 
glohulin were found in Oudin diffusion tests and 1111 Ouc*hterlony ~)!:tte.s to reart  
with the milk of SOIIIC, hut lint all, of a variety of spreies. h high dvgree of 
cross reartion was found with the milks of o thrr  rulninants (goat, sl~c.c.p, and 
water buffalo), but not with the milks of the. ~ ~ o n r u n ~ i n a n t s  tested ( c a ~ ~ ~ e l ,  
horse, rat ,  mouse, guinea pig, pig, dog, and r:~l)l~it) .  The. nntiserutt~ to cow 
8-lactoglobulin reacted with shcep milk about thrcv. t i~nes  a s  strongly a s  with 
cow, goat, and huffalo milk, and the antiserum to cow a-lactalhun~it~ rt~acted 
about twice a s  strongly with the goat aud huff'alo ~nill< a s  with COW or  s11rc.p milk. 
Comparative analyses using r iy t :~l l ine  /3-lac*toglohuli11s isolated fro111 cao\v. 
sheep, and goat 111i1ks indicated that t 11~  antiserum to cow ~- lac~toglohul i~t  re1artc.d 
more strongly with sheep and goat p-l:~r.toglohuli~~ thau wit11 corn- B-lactog111huli11 
itself. When the ant~lgses are corre1ctc.d on this basis, it is possihlc to analyxr 
sheep and goat (and prohahly buffalo) n~i lk  for  their 8-li~ctoglobulin (.ont('~~ts 
by using the antisrrum to coxv /3-lactoglobulin. These rc.sults appear  to agrcbc. 
with the contents of /%lactoplohuli~~ inelicatt.d in these milks othrr p~*oc.c*tlurc~s. 

I~nniunological iuethods basc.11 ou the Oudin 
diffusion procedure have hern uscd in  this 
laboratory fo r  the quantitative. c.vnluation of 
the proteins P-Iaetoglobulin and a-lactalbun~in 
in cow 111ilk and other eo~riplex syr te~ns  cou- 
taining these milk proteins (6,  7 ) .  TII the 
rourse of using these methods in inrestiga- 
tions on the synthesis of protrill in the mam- 
nlarjr secretory cell of the cow, it was ~ ~ o t i e e d  
that both of the rahhit autiser:~ to thew two 
proteins reacted with the Inilk of SOII~C other 
hut not all species tested. As a result, a more 
thorough investigation was undertaken for  in- 
formation on the innnunological relationship 
of a- lactalbumin and /3-lactoglohulin in the 
milk of these various sprcies. 

ICATERIA1.S AND IIETIIODS 

The pre l~ara t ion of \(.palate rabbit an t iwr :~  
to cow a-lilrtalbumin :~nd  6-lactoglobulin iw-  
lated from r~tixed herd milk, and their use iu 
condurting the quantit:~t~vc. Oudl t~  diffusion 
tests in citpillary tubrs, have been discussed 
previously (6 ,  7 ) .  Jlilk s ;~n~p les  collected fro111 
the rarions rperies \\*ere dilutc.11 1 :20 and 1 :I00 
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with 0.15 31 S a c 1  fo r  use1 it1 the Ouditl trsts 
:and cluplieatr satnl)le~s a t  each dilutiou pl:~tecl 
ovrr the. ngar Iayrr ron tn in i~~g  the specific nuti- 
sc3r:1 in the cnpillilry tuhehs. The tuhrs . ~ ~ r r c ~  
sc.nl(.d, placaed a t  37 C, thr  diffusion zo~~c .  I I I~: IS-  
urc~tl :tt 21-hr intrrvitls for  7 2  hr,  i ~ n d  thr rcX- 
sults :I voraged. 

Ouc?htc~rlony tests utilizitlg itgar p1ntt.s (2% 
Difco Barto agar  in  0.15 > I  S;ICI plus 0.05% 
phenol) wtxre rondurtc~tl l)y eeutting I~olrs  it1 
the :~g;tr, plaeit~g thtx i ~ n t i s c . r ~ u ~ ~  in the rrnter 
n-ell, ilnd pl:t(.i~~g rarious tlilutiotls of thc milk 
of the diffcrrnt spcwies in the. ebciuidistr~~~t-place11 
xvells su1.1~ounc1ing the cc.t~tcat. \vrll. Control 
p1att.s \rcarr svt u p  ;tlso, using the. :~~t t i sc~rum in 
the r t l ~ ~ t c r  \ve~11 with 0.15% (it1 0.15$; 11 SaC1) 
solutions of a-lnrt:~lhumil~ :u~tl P-l:~c~toylohulin 
in the side ~1.11s. The rahhit itntisrra to a-lac- 
t a l h u n ~ i ~ ~  mlcl p-l;tctc~plohulin I I S C . ~  in t l~v  Ouch- 
terloup tests \vcarc2 teat1 titnc.s ~~lorc.  1)otc.nt thi111 
the level used in tl~c, Oudin tests (6,  7).  

ItlCSl'I.TS 

I);lt:~ show11 ill 'I'ahlt. 1 indict~tt~ tht, ~ O S ~ ? O I I S C  

of t l ~ c  antisera to vow a-l;tctalhun~in and ,&lac- 
toglobulin to thr t ~ ~ i l k s  fro111 the various spc~c*ic.s. 
Tl~cssc. ttlay be c*o~~vt.nic>~~tly divided illto two 
111:1in ~ I . I I I I ~ S ,  ~ U I I I ~ I I : I I I ~ S  :1ne1 I L ~ I ~ ~ U I I I ~ I I : I I I ~ S .  All 
thr  r ~ u ~ ~ i u a n t  milk s:~~ltl)l(.s tcstod reacted in tht. 
Ouclit~ i ~ n d  Ouehterlo~iy tvsts with the two :lnti- 
se~.:t :IS stl.ong1-j or 111or.c~ s t l -o~~g ly  than did tho 
row 111ilk itself. Slight possil)le~ reactions \rtlrr 
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I ~ ~ ~ m u ~ ~ o l o g i c : ~ l  rc.:tction of thr ~nilk of ~ a r i o u s  
species wit11 n11tiser:l to row a-l;lc.t:~ll)un~in aud 

8-lartoglo1)ulin 

Anti- Anti- 
KO. seril~n sc1ru~n 

s:nnples to cow to cow 
ana- a-lart:~l- P-l:trto- 

Spccics 111i1k lyzed ' hutnii~ g1ol)nlin 
- -. 
I<u~ninants: 

Cow >2: + + 
Sheep + +++ 
Goat 4 ++ + 
Watrr buff;llo 1 ++ + 

Konru~ninants : 
Ca111c.l 1 0 I' 0"  
Horse 2 O" 0"  
Rat > 

d 0 0 
Mouse 2 0 0 
Guinea pig 1 0 
Pig 2 0 0 
Dog 2 0 0 
Hahhit 2 0 0 

"Each sa~nple fro111 an iniliviclual animal was 
run at least in duplirate in both the Oudin :~nd 
the Ouellterlony proredurex. 

" A slight possible rrxction (appearing quite 
nonsperific) mas noted with canlel and to n. lesser 
degree with horse milk in the Oudin ltrocedurc 
(see test). 

' An:~lysis not run. 

found in the Oudin tests f o r  both of the anti- 
sera with horse and catnel ~nilk.  Thesc! reiic- 
tions were quite unlike those found with the 
milk of the run~inants,  in that  clearly drfined 
diffusion zones on the Oudin tuhrs were not 
presrnt. lnstritd, n slnall i ln~ount of slneary- 
looking precipit:~tc, fo rn~ed  along one side of 
the tuhe f o r  it. short distance into the agar  
layer c*ontilining thc! antiseru~n. S o  reactions 
wrrc3 found bct\vc~c.n the two antisera and either 
horsc! or c:u~~t.l n~ i lk  in tlit* Ouchterlony tests, 
ils wiis illso truc. fo r  ;tll of the other n~ i lk s  fro111 
the ~ t o n r u ~ n i n i ~ n t s  in e i t l ~ ( . ~  test. 

Thtasc. rt.sults p r o ~ r ~ p t c d  i i  closer look a t  the 
estent of thc. r e i ~ e t i o ~ ~  shown by ~n i lk s  of the 
other r u n ~ i ~ ~ i ~ l l t s .  Ondin tcssts wchre conducted 
with these niilks i~g ;~ ins t  thc! two i~n t i s r r i~ ,  the 
diffusion distilnee noted f o r  givc.11 lengths of 
time, and a n  appa r rn t  a - l i~r t ;~ lhun~in  and 8-lac- 
toglobulin contrnt cnlrul:~tcvl, h:rsc?d on thc. 
standard curves for  the re;~rtion hrtwec.n cow 
a-lactalbu~nin and 8-laetoglohulin and their 
respective antiserutn. R.esults shown in Tilble 2 
indicate tha t  the antiserunl to  cow 8-lactoglohu- 
lin reacted sin~ilarly with goat and huffalo n~i lk ,  
but three times as  strongly with the sheep tnilk 
a s  compared to  the cow ~nilk.  The antiseruin to 
cow a-liletalbu~nin reacted about the satne with 
sheep tnilk a s  wit11 the row ~ni lk ,  hut rc.:~ctecl 

TABLE 2 
Qutlntitative cross reaction in the Oudin diffusion 

procedure of the milk of several sperics with 
antisera to cow u-lactalbumin and 

P-laetoglohulin 

Appar- 
Appar- ent a-lac- 

Sum- ent a-lar- toglobu- 
brr talburnin lin con- 

Rulninant : I I -  rolltent t e r~ t  in 
sprcics I s  ' in inilk niilk " 

-(mg/lOO ml)------ 
Cow >SO 120 300 (300) 
Sl~erp d , 147 930 (610) 
Goat d > 223 300 ('740) 
Water 1)uff:~lo 1 265 327 

' Each sample run a t  Irsst in dul~licate analyses. 
Note later (Table 3)  that crystalline sheep 

and goat 8-lactoglobulin rmct quantitatively with 
the antiserum to cow 8-lactoglobulin more strongly 
than does cow 8-lactoglobulin. The values in 
parentheses represent the actual rontent of @-lac- 
toglobulin in cow, sheep, and goat milk corrected 
to the actual quantitative relationship hetween i t  
and the aotiser~un to the eow P-lactoglol~uliit. 

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

The arailahility of crystalline &lactoglobu- 
lin fro111 goat and sheep inilk" then made i t  
possible to examine Inore closely the quanti- 
tative asprcts of the antiserum to  cow 8-lacto- 
glohulin with the sheep and  goat 8-lactoglohu- 
lin si~rnples. These results, shown in Table 3, 
indicate that  in n. given time a t  the same con- 

TABLE 3 

Comparative clunntitative reaction of antiseruln 
to cow 8-lactoglobulin with crystalline cow, 

sheep, and goat P-lartoglobulin 

Apparent 
P-larto- 

Sprcics glol)ulin 
P-lnrto- by analy- 

Species gIot)uli~i " sis I' 

(pg /  r)ll)-- 

cow 

Sheep 

C;o:1t 

" These represent single 8-lactoglobulin sanrples 
:rn;~lyzed in duplicate. The 20 pg/rnl level was 
analyzed on two other occasions with similar 
results. 

" Values shown for the sheep and goat P-lacto- 
g1ol)ulin sa~nples were calculated from the stand- 
md  eurvc for the cow @-lactoglobulin. 
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centration level the samples of goat and sheep 
/3-lactoglobulin showed somewhat greater diffu- 
sion zones than did the sa~nple of cow 8-lacto- 
globulin. Thus, these samples of goat and sheep 
/3-lactoglobulin apparently express a slightly 
stronger immunological relationship to the anti- 
serum to cow 8-lactoglobulin than does cow 
8-lactoglobulin itself. For  both the sheep and 
the goat 8-lactoglobulin sa~~iples, plots of the 
diffusion distance divided by the square root 
of time versus the P-lactoglobulin concmtra- 
tion on a logarithmic scale (see 6, 7)  resulted 
in a straight-line relationship. I t  is apparent 
from this quantitative relationship that with 
different standard curves the antiserum to cow 
8-lactoglobulin may be used equally well to 
determine the  lact to globulin eontent of sheep 
and goat milk. One other difference was also 
noted, in that with time (i.e., after 48 or 72 
hr) the clarity of the diffusion zone boundary 
became less marked in the tubes containing the 
sheep and goat 8-lactoglobulin samples than in 
the bovine. This was not enough to obscure the 
analysis; however, it does point up  a difference 
from cow /3-lactoglobulin. 

DISCUSSION 

I i t  is readily apparent that the immunolog- 
ical similarity of a-lactalbumin and /3-lacto- 
globulin in the milks of these species follows 
closely their zoological relationship. All of 
the milks from the ruminants tested showed 
a n  extremely close relationship, the milks of 
the two species close to the ruminants (camel 
and horse) showed a slight reaction, and the 
other tested species showed no reaction. 

Unfortunately, the unavailability of B-l~,cto- 
globulin isolated from water buffalo milk and 
a-lactalbumin isolated fro111 sheep, goat, and 
water buffalo milk makes it impossible, a t  pres- 
ent, to evaluate the quantitative relationship 
between them and the nntisera to these two 
cow proteins. Since the water buffalo is also 
a species of bovine (subfamily Bovinae) more 
closely related to the cow than the sheep or 
goat (subfamily Caprinae), it is probable that 
a close quantitative relationship exists between 
water buffalo /3-lactoglobulin and the antiserum 
to the cow 8-lactoglobulin. The san~e  close re- 
lationships may also be speculated to hold for  
a-lactalbumin in these species. 

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

I t  is well known that cow, goat, sheep, and 
water buffalo milk contain many colnlnon anti- 
gens (3, 8, 10). These ruminants are used ex- 
tensively in various parts of the world for  nlilk 
production. I n  sorrle of these areas, problems 
exist of adulteration of the inilk of one species 
or family with that of another (3, 8, 10). Re- 
sults of the present investigation indicate that 
it would not be possible to use the antiseruni to 
cow 8-lactoglobulin or a-lactalbumin to dis- 
tinguish between these milks. 

It should not be overlooked, however, that i t  
would be possible to determine the presence 
of one of these ruminant milks mixed with the 
milk of one of the species that does not react 
to the antiserum to cow ~lactoglobulm or  
a-lactalbumin. Thus, for  esaniple, the adultera- 
tion of camel, horse, pig, or sonle of the other 
species milk with goat, buffalo, qheep, or en\\. 
milk could be readily detected. 

I t  is of interest to speculate on the possible 
structure of a-lactalbumin and 8-lactoglobulin 
in sheep, goat, and buffalo milk as  co~npared 
to cow milk. It is now known that cow ,&lac- 
toglobulin exist.; in a t  least two fonns, A and 
R, which differ in composition by a few amino 
acid residues (1, 4, 9) .  I t  has been shown that 
i~mnunologically these two forms are indistin- 
guishable, in that antiserum to mixed cow 8 -  
lactoglobulin A and B reacts equally well with 
(lither the A or B form., (7) ,  and specific anti- 
serum to either A or B reacts with the other 
form equally as well (5). Thus, even though 
the 8-lactoglobulin in sheep and goat milk 
reacts strongly with the antiserum to this cow 
protein, it does not preclude, and is probnbl~ 
that these proteins have, some differenrt~s in 
amino acid composition. 
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Ilifferential ther~ntll t~ntllgsis (I)TI\) hrilting curves w~I . ( .  recorded for  
milk fa t  cooled slowly, rtrpidlg, and tempered; for the same fat  from which 7% 
of HMG fraction was removed, and the strlne fat  after randomization of the 
fatty acids on the glycerides. Thermal treatments led to diffrrences in DTrZ 
curves that could be explained by the formation of mixed crystals of different 
glyceride groups. DTz\ cooling curves of 111ilk fat, milk fa t  fro111 which 7% of 
HMG was removed, and randonlized nlilli fat are presented. 1)TA curves of 
conventionally churned and continuously made butters indicate that the latter 
type contains more rnixed crystals, which may be an espli~natioa for its different 
physical properties. Tributyrin was found to be a more sat isfar toi~ refrrence 
co~npound for DTA than was dioctylphthalate. 

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

FXPERIMENT.ZL PROCEDURE 
I n  DTA, a sample of fa t  contained in a tube 

is placed in a well of a hrass block and another 
tube is filled with a reference compound which 
does not melt or crystallize over the temperature 
range used. When the block is heated and the 
fa t  sample melts, a negative (endotherniic) heat 
effect occurs and the sample temperature falls 
helow the temperature of the reference com- 
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pound. This tet~~pcrttture differential is meas- 
ured with two thertnocoupli.~ arranged to make 
possible direct recording of AT as a function 
of the actual temperature (luring heating or 
cooling (12 ) .  If  the copper block has provi- 
sion for heating, differential therlnal heating 
curves can be recorded. I n  this work two 
blocks were used, one coni51lnc.d a centrally lo- 
cated 200-w heating element, the other a cen- 
tral cooling well through which cold niethanol 
from a Townson and AIrrcer minus 70 bath 
could be circulated. Heating rate regulation 
was obtained with a rheostat; cooling rate regu- 
lation, by adjustment of the inethanol flow. 
DTA heating curves were recorded with a heat- 
ing rate of 2.5 C/tnin and D T d  cooling curves 
with a cooling rate of 4 C/min. The dimen- 
sions of the blocks used were : diameter 55 mm, 
height 60 mm, and of the sample tubes: in- 
side diameter 20 m ~ n ,  height 55 111111. The tubes 
were filled with 3.5 1n1 of sample or reference 
compound. AT with this experimental setup 
was of such a lnagnitude that the DTA curves 
could be reeordrd directly with a Sargcnt 1 mv 
recorder. 

The lnilk fats were obtained fro111 butter by 
melting, washing with water to remove nonlipid 
material, drying under vacuum, and filtration. 
Interesterificatioi~ was carried out with sodiunl 
lnethoxicle catalyst, as dewribed earlier (1). 

RESULTS AXD n T s c u s s I o l i  

I n  the w-ork published to date on the DTA 
of fats, the reference compound used has been 
dioctylphthalate (DOP) or a closely related 
compound. It is c1ai1nt.d that this compound 
does not solidify a t  a tc~mperature of -70 C 
( 4 ) .  111 our esperience DOP shows rrystalli- 
zntion between -20 and -70 C and, there- 
for(., is not a satisfac'tory 1-eference e o ~ ~ ~ p o u n d .  
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- 6 0  - 4 0  - 2 0  0 2  0  4 0  C 

FIG. 1. DTA heating curve of dioctylphthalate, reference compound tributyrin. 

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

llT11 heating curves of the same milk fa t  
with different temperature histories are pre- 
sentrd in Figure 2. The fa t  represented by 
Curve A was cooled rapidly by ilnmersion of 
the block containing the liquid fat sample into 
a methanol hath at  -20 C. The curve indicates 
one 111ain n~elting area with a peak at  about 
20 C and a shoulder of a high ~nelting fraction 
at  ahout 3.5 C. The ~ilelting point of the fa t  
as indicated hy this curve is ahout 37 C, corre- 
sponding well with the figure obtained with 
conventional melting point lnethods. When this 
fat was slowly cooled by keeping the block with 
the liquid fat sample in a D e n i ~ r  flttsli in  the 
refrigerator for 4 hr and suhsrquc.ntly in the 
sharp freezer for 12 hr, Curve B of Figure 2 
was ohtained. The curve shows three distinct 
~nelting areas, one between 5 and 10 C, one he- 
tween 20 and 25 C, and an area for the high- 
~nelting glyceride fraction. This last part of 
the curve is displaced toward higher te~nprra- 
tures as conlpared to the corresponding area 
in rurve A. Figure 1. Wheu this fat  was cooled - 
~.apidly and suhsequently tempered hp ilnlner- 
sioli of the hloc~k in a water hath at 25 C for 

1 h r  with subsequent cooling to -20 C, Curve 
C of Figure 1 was obtained. The tempering 
treatment has resulted in a separation of the 

I I I 1 

-10 0 10 2 0  30 40  5 0  C 

F I G .  2. DTA heating curves of milk fat with 
different temperature histories. 

A-rapidly cooled 
B-slowly cooled 
C'-tcmpcrcd for 1 hr at 25 C 
(For dctnils of treatments, see text) 
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high-melting fraction and the main-melting 
frartion when compared with Curve A of Fig- 
ure 2. The main-melting peak in Curve C is 
displaced towards lower temperatures as corn- 
pared with Curve A. The three curves of Figure 
2 indicate that it is possible to separate the 
lower and higher melting fractions of milk fat  
by appropriate thermal treatment. Dilatolnetric 
studies (5) have provided strong evidence for 
mixed crystal formation in rapidly cooled milk 
fat. The evidence obtained by DTA in this 
study presents further support for the theory 
of mixed crystal formation as  the cause of 
differences in properties of rapidly and slowly 
cooled milk fat. 

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

I I I I 

-10 0 10 2 0  30 40 50 C 

FIG. 3. DTA heating curves of milk fat from 
which about 7% HMG was removed by solvent 
crystallization. 

A-rapidly cooled 
B-slowly cooled 

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

Further indication of the effect of glyceride 
composition on the melting behavior of the fat  
was obtained by randomization of the fat. 
Interesterification with sodium nlethoxide leads 
to a random rearrangement of fatty acids be- 
tween glycerides. The rearranged milk fat  was 
rapidly cooled and the DTA curve obtained is 
presented in Figure 4. This curve is strikingly 
different from the one obtained with the un- 
modified milk fa t  (Curve A, Figure 2). The 
rearranged fa t  seems to consist of a lower- 
melting fraction with a peak a t  about 10  C 
and a higher-melting fraction with a peak a t  
37-40 C. The melting point of the rearranged 
fat  was increased to about 45 C. Slow cooling 
of the rearranged milk fat  led to a separation 
of the first peak into two, with ~naxima be- 

I 

- 1 0  0 10 2 0  30 40 5 0 C  

FIG. 4. DTA heating curves of randomized milk 
fat. 

A-rapidly cooled 
B-slowly cooled 
C-tempered for 1 hr at 25 C 
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tween 0 and 5 C and between 15 and 20 C 
(Curve B, Figure 4). Tempering of this fa t  
for  1 hr  a t  25 C resulted in Curve C, Figure 4, 
which is very silnilar to Curve B. All curves 
of Figure 4 show similar patterns for the HMG 
fraction. I n  the rearranged milk fat  this HJIG 
fraction seelns to be a well-defined glyceride 
group separated by its melting point from the 
other glj-ceride groups; thus, different thermal 
treatments do not affect the ~nelting properties 

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

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

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

40 30 20 10 0  -10 -20 C 

FIG. 5. DTA cooling curves. 
-4-milk fat  
R-milk fat  from which about 796 HMG 

\\-as relnoved by solvcllt crystallization 
C'-rnnclomized nlilk fat 

10 2 0  30 40 5 0 C  

FIG. 6. DTA heating curves of butter. 
A--conventional churned butter 
B+ontinuounly nlade butter 
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differrrices ill physical p r o p t h e s  of these types  
of  butter, ohtained on  the hut te r  itself ra ther  
t h a n  on f a t  ohtainrd fro111 i t .  
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E F F E C T  O F  F E E D I S G  SAFFLOWER OIL ON T H E  FATTY ACID 
COMPOSITION O F  MILR 

R. M. PARRY, JR.? J. SAMPUGNA, AND R. G. JENSEK 
Department of Animal Industries, University of Connecticut, Storrs 

Eight Guernsey and Jersey cows received, according to a three-period 
switchback design: one of two rations, 15% added safflower oil or  a con- 
trol diet, with both rations equalized fo r  energy and protein content. Yield 
of milk, milk fat, and 4% FCM, as  well a s  f a t  per cent, were all significantly 
depressed (P < 0.01) by the oil. Similarly, decreases were noted in all satu- 
rated fa t ty  acids determined in the Inilk fat. I n  contrast, the content of 
unsaturated fa t ty  acids was approxiinately doubled, with oleic acid contributing 
the major increase (19.2%). The palmitoleic acid concentration in the inilk f a t  
increased significantly, although this acid was absent in the safflower oil. 
Linoleic acid, ~vhich contributed 81% of the fa t ty  acids in the oil fed to the 
cows, gave less increase. While the linolenic acid content was also elevated, 
this was not statistically significant. 

Dietary triglycerides are  known to undergo 
a number of changes in the rumen of cows. 
Anlong these is the hydrogenation of unsatu- 
rated fatty acids accolnpanicd by the produc- 
tion of geotnetric (trans) and positional isolners 
(4, 9, 11, 13, 14) .  These altertitions account 
fo r  the ~nttny 18  carbon unsaturated fa t ty  acids 
in runlinant 111ilk f a t  and also partially explain 
why the milk f a t  of ruminants may not re- 
sen~ble dietary fat .  Hydrogenation is accom- 
plished by the runlen nlicroflora, particularly 
the protozoa (5).  Brown et al. (2)  noted a n  
increase in the 18-carbon monoenoic (18 :1) 
and dienoic (18:2) content of milk f a t  when 
cottonseed oil wris fed a t  the rate of GO/o of the 
grain intake. .I dclcrease in milk production 
was also observrd. Tove and Xorhrie (15) ob- 
served that, when ground soybeans were fed a s  
par t  of the concentrat(. ration, the content of 
18 : l  and 18:2 in tht. ~n i lk  f a t  increased. How- 
ever, the increase of 1X:2 was slight. When 
the rumen by-passt.ct hy infusing a cotton- 
seed oil c~nlulsion into the jugular vein of c30ws, 
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it was possible to increase enorl~lously the 18:2 
content of lnilli fa t .  The snlall increase in 18:O 
content of milk fat ,  when soybean oil was fed, 
was attributed to hydrogenation of unsaturated 
fa t ty  acids in the rumen. 

The current interest in unsaturated dietary 
fats fo r  human consu~nptioa led us  to attempt 
to increase the 18:2 content of milk f a t  by 
f'c.c*tling relatively large quantities of linoleic 
;.cid in the form of safflower oil. The resulting 
~nilk f a t  was analyzed by gas-liquid chromatog- 
r a p l ~ y  (GLC) and the results are  reported 
herein. 

EXPERIMENTAL PROCEDURE 

Eight Guernsey and Jersey cows fro111 the 
rniversity of Connecticut herd were divided 
into two equal groups with respect to breed and, 
insofar a s  possible, production level, but  not 
with respect to stage of lactation o r  age. The 
cows were fed a basal ration consisting of 2 lb 
of nlediuln-quality chopped alfalfa-timothy hay 
pe r  100 lh of body weight and 1 lh of a com- 
nlercial grain lnisture per  2 lh of 4% FCM. 
The hay allowanre was held constant, whereas 
the grain allowanrc was based on the previous 
seven-day 4% FCM yield. After 3 wk, safflower 
o i l4  replaced 15% of the grain allo\vanee in  
o l ~ r  group of cows, with the amount of grain 
dc.rreased to a 1c.vc.l providing the same energy 
intake as hefore, and soybeall oil meal was 
added in anlounts sufficient to provide thc same 

menis' for t h e - ~ a s t r r  of Scicncc dcgrcc, Univer- protein content a s  before. ~ f & r  5 wk, the ra- 
sity of Coanccticut, 1963. 

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

Aliquots f r o n ~  pooled morning and evening 
milkings from each cow were obtained every 
seventh day. The fat content was detern~ined 
by the Babcock procedure. The remaining por- 
tion of the sample was frozen and held a t  
-20 C. Fatty acid analysis was subsequently 
accon~plished by extraction of 25 ml of the 
san~ple by the silica-gel procedure (6),  eon- 
version of the fat  to methyl and butyl esters 
by acid-catalyzed transesterification, and the 
component acids determined by GLC of the 
esters (3).  

RESULTS 

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

0.01) depression in the levels of all the satu- 
rated fatty acid concentrations, except for 16 :0, 
whieh was significant only at  P < 0.05. All of 
the n~onounsaturated acids were consistently 
increased ( P  < 0.01). The dienoic acid 18 :2, 
which comprised 81.0% of the fatty acids in  
the safflower as fed to the cows, was increased 
relatively less than in the monoenoics. While 
the change in the trienoic 18:3 was relatively 
larger than for the dienoics, the response among 
cows was less consistent, resulting in a nonsig- 
nificant effect. 

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

The milk and fat  production statistics are  
reported in Table 2. Feeding oil resulted in 

Y) 

1 2 3 4  1 2 3 4  1 2 3 4  
WEEKS 

PERIOD I P E R I O D  1 1  PERIOD I l l  

FIG. 1. Changes in total unsaturated fatty acid 
content brought about by switch-back feeding 
,safflower oil to two groups of four cows. 

Group x :-control-oil-control 
Group o :--oil-control-oil 

TAHLE 1 

- 
Effect of fcccliiip safflower oil on the fatty acid distril~ution in milk fat - -- 

Treat~~ie~it Confidence lin~its of 
Treat~iient nleans difference the difference 

Acid ('o11tl.01 Oil (oil-control)' 9576 99% 

( t c t  '/; as 1,1rt11,tll esters)- 
4 :O  4.107 1.713 -2.394 &0.695 f 1 . 0 5 3  
6 : 0  2.506 0.844 -1.662 -1-0.513 2 0 . 3 2 2  
8 : 0  1.546 0.446 -1.100 "0.416 2 0 . 6 3 0  

1O:O 2.935 0.991 -1.944 k 0 . 4 4 8  f 0.678 
12:O 3.151 I .357 -1.795 f 0.504 f 0 . 7 6 4  
14:O 10.801 5.757 -5.044 20.02, i  2 0 . 0 3 8  
15's  2.735 I .741 -0.994 r 0 . 4 5 5  1 0 . 6 8 9  
16:O 23.989 20.327 -5.662 " 2 0.514 2 7 . 7 8 0  
1 6 : l  1.662 2.830 +1.168 f 0.651 2 0 . 9 8 6  
1R:O 13.661 11.805 -1.85fi k 1 . 1 7 9  2 1 . 7 8 7  
1 8 : l  27.440 46.640 +19.200 -1-3.230 -1-4.890 
1 8 : 2  1.942 5 .8( i i  +0.925" 1 0 . 7 1 9  e 1 . 0 9 0  
1 X : X  1.126 5.858 +1.732' 1 2 . 6 9 2  -- -- 

2 4 . 0 7 8  

" All clifferei~ees, esc.cspt \\'llr~c intlic;ttetl, :~rc si~11ifir;nlt at t l~c  P < l l . ( I 1  Ir~cl .  
" Significant at P < 0.05 lrvcl. 
'Sot significant. 
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TABLE 2 
Effect of saflower oil on milk and fat production 

Treatment Co~~fidellce li~llits 
Treatment means " cliff erencc of difference 

Control Oil (oil-control) 95% 99% 

Milk (Ib per day) 20.081 17.169 -2.912 f1.517 f 2.300 
Fat (76) 5.241 3.559 -1.682 20.900 "1.364 
Fat (lb per day) 0.970 0.508 -0.462 k0.128 20.193 
4% FCM (Ib per day) 23.28 15.50 -7.78 22.090 &3.16 

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

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

DISCUSSION 

Addition of 15% safflower oil to the ration 
of a cow produced significant qualitative and 
quantitative alterations of the milk fat. The 
19% increase in 18: l  concentration of the milk 
fat  can be attributed to the partial hydrogena- 
tion of 18 :2 in the rumen. No evidence of corn- 
plete hydrogenation was found in the present 
experiment, in contrast to the findings of Tove 
and Mochrie (15), who noted a large increase 
in 18:O when soybean oil was fed. This prob- 
ably reflects differences in the quantities of fa t  
fed, since considerably more fa t  was fed in  
the present study than in the investigation of 
Tove and 3Iochrie. Thus, in the present ex- 
periment the concentration of unsaturated oil 
in the diet probably exceeded the reducing po- 
tential of the rumen microflora ( 5 ) .  Whether 
the rumen flora would eventually become 
adapted to this change in environment is not 
known. 

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

The significant increase of the 16 :1 concen- 
tration (P < 0.01) as a result of the oil feed- 
ing may be attributed to the partial hydroge- 
nation and partial oxidation of the dietary 18 :2. 
There was apparently no 1 6 : l  present in the 
safflower oil. Evidence of the oxidation of 18 
carbon acids to palmitic acid has been demon- 
strated previously (7, 17) ; however, increases 
of pahnitoleic acid have not been reported. 
Tove and Mochrie (15) noted little change in 
the level of 16 :l. 

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

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

Cod liver oil has also been observed to de- 
crease the fat  content of milk (12). The de- 
crease has been attributed to the degree of un- 
saturation of the oil (mostly unsaturated C, 
and Cuz fatty acids), since the fat-depressant 
effect can be destroyed by hydrogenation of 
the oil prior to feeding (4). Moore et a1. (12) 
did not observe a decrease in the f a t  content of 
milk when cod liver oil was administered per 
os in small amounts a t  frequent intervals. 
Evidently, the concentration of the unsaturated 
fatty acids in the rumen at  any one time was 
insufficient to produce the necessary changes 
in rumen metabolism. 

Since feeding 15% safflower oil caused such 
large decreases in all production figures (Table 
2),  i t  does not appear likely that such a regimen 
would be practical, despite any beneficial modi- 
fication of the milk f a t  which might occur. 
Nevertheless, i t  is possible to change milk fa t  
from a largely saturated to a largely unsatu- 
rated fat, as was evident in Figure 1. 
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1Sl~'E'ECT OF SOURCE 01" NIJTBIENTS AND NUTRITIONAL LET'EL O F  
T H E  COW ON 1)RYEIAOYJIE:NT 01" IITDROLYTIC R.ANCIDITy 

I S  T H E  MILK 

I<. r. CASKOX AND Q. H. ROLLIKS 
Departniellt of 1):lil.y Scie~~rc', Auburn T:nircrsit?-, Aub~un, Alab:~~n;t 

SUAIMARY 

Long-terln continuous ;rnd short-tenn change-over feeding trials were used 
to determine the effects of the nutritional level of the cow i~nd  the inclusion of 
green feed in the ration on the susceptibility of the Inilk to spontaneous and 
agitation-induced lipolysis. I n  all trials, no effect of green feed or of nutri- 
tional level was found. Rather, the susceptibility of the ~ni lk to both types of 
lipolysis ~ r a s  a ~11arnc.tel.istic of the individual cow. 

Cold milk, when aged, will show varying 
dc,grees of n~i lk fat  hydrolysis. This has been 
dc,signatetl ac, spontaneous hydrolytic rancidity 
(11). Lipolytic activity in milk call be increased 
by altering the substrate through such means 
as  shaking, agitation by air, temperature treat- 
n~ent, and homogenization. Lipolysis resulting 
from alteration of the substrate in ~~lillc has 
bee11 designated as induced lipolysis (10). 

Several investigations have been made of the 
effect of ration on the susceptibility of milk to 
spontaneous and induced hydrolytic ranc4dity. 
A decrease in the incidence of spontaneous 
rancidity has been attrihuted to the ir~clusion 
of green forage in the ration by some authorb 
(1, 5, 10). Speer et al. (9 ) ,  however, could 
not attrihute any benefit to the inclusion of 
pasture. Gilmore et al. (2) report that variir- 
tions in the susceptibility of ~ni lk to inductad 
ri~ncitlity are closely rclatetl to the type of  
ration l~(.ing fed, although no other details are 
given. 011 the other hand, no difference in the 
derclopntc~~~t of induced rancidity in the milk 
fro111 cows on two different dry feeds ( 5 ) ,  or 
fro111 cow., on dry feed irnd pasture (5, 9) was 
found. 

In  the studies cited, vows were fcd normal 
I~erd rations that were probably nutritionally 
:tdecluate. Xo information was found concern- 
ing the effect of feeding low-energy rations to 
the. cow on the development of spontaneous 
and induced lipolysis in the milk. 

The studies reported herein were designed 
to evaluate the c#ects of nutritional Ic.rc.1 and 
the. inc.lusion of green fec.d in the. ration on the 

Receivcci for publication October 16, 1963. 

' Supported in part hp a gr:~tlt fro111 tlle Aii~eri- 
call T)niry Assoei:~tion. 

development of spontaneous and agitation-in- 
cluced hydrolytic rancidity in the milk fat. 

EXPERIMENTAL PROCEDURE 

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

The short-time effects of nutritional level 
and of grcaen feed on spontaneous and agitation- 
induced lipolysis of milk were studied in Trial 
3. Six cows were assigned randonlly to six 
rations according to a 6 X 6 Latin-square de- 
sign. Rations were calculated using Morrison's 
standards (7 )  to supply 80, 100, and 120% of 
the reeo~nmended allowance of nutrients of each 
vow, based on body weight and milk production 
:tt the beginning of the experiment. The ra- 
t i o ~ ~ ~  consisted of a grain concentrate, alfalfa 
hay, and corn silage, with and without green 
chopped alfalfa a t  each nutritional level. The 
t*ows were n~ultiparous grade Holsteins, were 
30 to 60 days post-partum, and were producing 
50 to 60 lh of milk daily a t  the start of the 
rsperiment. Each cow was fed a different ra- 
tion during each of the six ten-day periods 
(sis days standardization and four days test). 
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TABLE 1 

Ration ingredients used in feeding Trials 1 and 2 

Concentrate 
Ration Trial Pasture Hay Silage (16% protein) 

1 1 2 hr/day on rye, wheat or fescue Alfalfa Millet 1 lb/3 Ib milk 
2 Cont. on CBG," fescue, and millet 1 lb/3 Ib milk 
1 Alfalfa Millet 1 Ib/3 Ib milk 

2 2 Alfalfa Alfalfa 1Ih/3Ibmilk 
or 

CBG 
3 1 UBG " I Ib/day 

2 ('BG a 1 lh/day 
" Coastal Berrnudagrass. 

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

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

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

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

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

d1)V's were deterntined on each samplc~, using 
the silica gel method of Harper et al. (3).  

Santples were taken weekly a t  a p>r milking 
during Trials 1 and 2. During Trial 3, samples 
were taken on alternate days from the AM and 
PM milking. 

RESlTLTS AND DISCUSSION 

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

TABLE 3 
Agitation a11d incubation conditions in the 

determination of spontaneous and 
agitation-induced lipolysis 

Spon- 
taneous Induced 

Incu- Incu- 
hation Agita- bation 

Trial a t  4 C! tion " at  4 C 

(Ilr) (nec)  (hr)  
1 24 10 24 
2 48 2 24 
3 72 30 24 

" 150 n11 of sanlple agitated in :r Waring Blendor 
jar. 

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

TABLE 2 

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

Without green With green 
chopped alfalfa chopped alfalfa 

Calculated - 
TDN " Avp Range Avg Range 

\ ,-, 
80 81.5 74.5- 88.0 85.3 75.0- 94.0 

100 105.5 87.0-119.0 103.4 90.5-129.0 
120 116.1 103.5-133.0 127.4 102.5-165.0 

a TDN intake expressed as per cent of recommended allowance based on body weight 
and milk production. 
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TABLE 4 
Arerage neid (11.grc.e r:~lucas of fat fl.0111 milk of individunl co\\-s during preliminary periods 

of Trials 1 and 2 

Trial 1 Trial 2 

1 
2 
3 

Mean 
1 

Induced 

7.774 
3.406 
1.593 
4.258 
3.355 
3.164 
8.714 
5.0'78 
3.664 
4.709 
5.094 
4.489 

Because of the large v;triation in ADV1s atnong 
the individual cows, ADV's during the casperi- 
nlenti~l period of Trials 1 and 2 were adjusted 

covariance, to take into account the cow 
ditYc~rc.ncrs that existed during the p~~el i tnini~iy 

Ration 2 

Ration 3 

Spontaneous ---- 
Agitation induced - 

oc I t I I 

I 2  3  4 5 6 

Weeks 
FIG. 1. Acid degree value (adjusted by covari- 

ance) of fat from milk of cows fed various rations 
resulting from spontaneous and agitation-induced 
lipolysis (Trial I ). (LSD, P = 0.05 ; spontaneous- 
1.1 51;  ngit:ttio~l-inrluced-3.268). 

Ration 2 

Spontaneous ---- 
Agitation induced - 

'Z 2 ,PI. 

1 2 3 4 5 6 7 8 9  
Weeks 

FIG. 2. Acid degree values (adjusted by eovari- 
ance) of f a t  from milk of cows fed various rations 
resulting from spontaneous and agitation-induced 
lipolysis (Trial 2). (LSD, P = 0.05; spontaneous- 
0.687 ; agitation-induced-1.704). 

period (8). .\djusted ADV's resulting from 
spontaneous lipolysis and agitation-induced 
lipolysis are shown in Figures 1 and 2. Differ- 
ences in ADV's resulting from the various ra- 
tions were not significant (P > 0.05) for  either 
spontaneous o r  agitation-induced lipolysis. The 
ADT"s resulting from spontaneous lipolysis of 
the tnilk f a t  from cows fed low nutritive ration 
(Ration 3) were higher (P = 0.076) than the 
others in Trial 1, but in Trial 2 there was no 
difference ( P  > 0.25). 

For Trial 3, the average ADV7s of the Inilk 
fa t  rclsulting from spontaneous and agitation 
iuduc.rd-lipolysis are given in Table 5. The 
differences in ADV resulting from variation 
ill T D S  intake level and from feeding of green- 
cahopped alfalfa are not significant ( P  > 0.05). 

Rt.vera1 investigators (1, 5, 10) have reported 



TABLE 5 

Acid degree values of f a t  fro111 milk of individual cows resolting from spont;c~~c~ous ;111tl 
agitation-induced 1il)olysis as affectetl by total digestible nntrieilt Irvel " and grcrn feed 

Acid degrec v:~luc.s " 
-- - 

Spontaneous Agit:1tio11-iiiduee(1luce(l 
.- 

Calculated TDN levels Calrul:~tetl TIIN levels 
Cow For- -- ( ' ~ I v  C'O\V 
110. age ' 80% 100% 120% IIIO:III  80% 100% 100% ii11c:~11 

TI)S Mean 0.44 0.40 0.47 4 9.18 8.74 -. -- 
" TDN level c.xprcssed as per cent of rc,comn~ended :~llo\r:~ncc h:tscd on hocly svcigl~t and 

milk production. 
SY: Spontaneous = 0.148 ; agitation-inducer1 = 1.387. 
Forage 1-without green chopped a1f:tlfn. Forage 2-xrit11 grec.11 cl~opped :~l f i~ l f :~ .  

a decrease i n  the incidence of spontaneous 
lipolysis resulting from the inclusion of grec!tl 
forage in the ration. I n  the trials reported 
here, all of the animals used showed a low rate 
of spontaneous lipolysis. These results indicate 
tha t  the ornission of green feed fro111 the ration 
does not result in a n  increased incidence of 
spontaneous lipolysis. A t  the stiine tiiiie, they 
do not disprove the hypothesis tha t  green for-  
age may he ht,neficial in reducing high levels of 
spontaneous lipolysis. The lack of effect of 
green foragcb in the ration on the level of in- 
duced lipolysis ill the milk f a t  is in agrt.e~nent 
with the finclings of others (5, 9 ) .  

lZcsults of these trials indicate tha t  there is 
no relationship hetwtlen nutritive level of the 
cow and susceptibility of the milk to  spon- 
taneous o r  acl.itn.tion-induced l i~olvs is .  

the cow is fed affects the susceptibility of the 
inilk to  spontarieous o r  agitation-induced lipoly- 
sis. Rather, the susceptibility of the tnilk to  
both types of lipolysis was a chamatc!ristic of 
the individual cow. 
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SUMMARY 

High- (D > 1.063) and low-density (D < l.Ofi3) lipoprotei~~s, co~nprised 
64 and 36%, respectively, of bison serum total lipids. Prott.iri-bound non- 
esterified fatty acids accounted for less than 1%. High-density lipoproteins 
(HDL) contained comparatively greater concentrtltions of sterol esters, non- 
esterified fatty acids, and phospholipids. Liver lipids showed 539% triglycerides 
and 37% phospholipids. Rumen content lipids contained 4, 16, 17, 22, and 
33%, respectively, of monoglycerides, triglyccrides, strrols, phospholipids, and 
nonesterified fatty acids. Lipids in ahomasal fluid showcld 2% ~nonoglycerides, 
50% phospholipids, and 12% nonesterified fatty aeids. IIDL lipid classes re- 
sembled those of the low-density lipoproteins (LDL) in fatty arid conlposition, 
hut triglycerides were more saturated and sterol esters 111ore unsaturatrd in thr 
latter. Oleate was the predominant unsaturated fatty acid in most of the lipid 
(.lasses. Glycerides of whole serum and HDL;  nonc~strritied fatty acids of ahole 
serum, HDL, and LDL; and diglycerides of liver tissue werr similar in fatty 
acid composition to the long-chain fatty acids of hison ~ni lk fat. Sinlilaritg to 
other ruminant species was noted in the fatty acid c.o~i~position of rumen content 
total lipids, liver tissue lipid classes, and milk fat. Howrvrr, fatty arid pat- 
terning of HDL and LT)L lipid classes was speries-specific,. 

Arterio-venous differences (25), transfer 
quotients (24), and absorption results during 
udder perfusion (11) have called attention to 
the utilization of blood lipids in ruminant milk 
f a t  synthesis. Triglycerides, phospholipids, 
cholesterol esters, and protein-hound nonesteri- 
fied fatty acids have a t  one time or another 
been implicated as the major blood source of 
milk fatty acids (24). Separability of bovine 
serum lipids into two distinct lipoprotein groups 
suggested another frame of reference from 
which to interpret lipid utilization by the mam- 
mary gland (1, 3). I n  vitro lipid incorporation 
and exchange dynamics of the high-density 
lipoproteins (HDL) were suggestive of an 
endogenous transport function (1). This idea 
was reinforced by isotopic transfer from tri- 
palmitin-1-C"-labeled serum low-density lipo- 
proteins (LDL) to the HDL during a 2-hr goat 
liver perfusion (4). Isotopic transfer from a 
tritiated triglyceride in the rumen to milk fa t  
within 4 hr  led to further speculation of a 
labile lipoprotein carrier of uncertain compo- 
sition (7). 
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The t ~ s t r a m a n ~ ~ i ~ a r y  souree(s) of milk long- 
chain fatty acids is still an uncertainty. Inde- 
pendent atial~scs of \t1rurn lipoproteins and 
other body lipids in various ruminants have not 
yet been correlated with mammary function in 
the same species to yield an integrative and 
meaningful whole. This paper atten~pts to 
emphasizr such integration by analyzing simi- 
lar products of intermediary metaholism in 
blood, body, aud milk of the bison, and corre- 
lating intra- and inter-specie9 similarities and 
diff'rrences. Lipids of whole serum, HDL, LDL, 
protein-bound nonesterified fatty acids, blood 
cells, liver tissue, rumen contents, abon~asal 
fluid, and milk have been analyzed with regard 
to lipid class weights, distribution, and fatty 
acid colnposition. I t  is hoped that, hy track- 
ing down such variables, a more co~nprehensive 
estiinatio~~ of milk fa t  precursom ]nay he en- 
abled withiu a eontcxt of ruininant lipid me- 
tabolism. 

METHODS 

Blood wcis obtained by jugular vc~iipuncture 
fro111 two  inanes st he ti zed healthy bison heifers 
(Bison bison). They were on a diet of tinlothy 
hay ad lib., supplemented a t  6 PM daily \\.it11 
approximately 1 lb of oats and a vitamin ~nis -  
tnre. The hlood was allowed to clot for  30 ~ n i n  
a t  10 C, then sn.unl and hlood rells were sepa- 
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rated by centrifugation a t  550 X g for 30 min. 
Serum lipoprotein fractions of high- (D  > 
1.063) and low-density ( D  < 1.063) were iso- 
lated by differential ultracentrifugation in a 
40.3 rotor, according to techniques described 
earlier (1) .  The serum was adjusted to a sol- 
vent density of 1.063 g/nll and spun a t  105,000 
X g for  16 hr. This allowed the low-density 
lipoproteins (LTIL) to rise to the top of the 
ultracentrifuge tubes and he relnoved with a 
syringe and 20-gauge needle. The infranate 
was then changed to a solvent density of 1.21 
g/n11 and ultracentrifuged once again under 
the initial conditions. Lipoproteins of high- 
density (HDL) were subsequently recovered 
from the top of the tubes and the serum protein 
residue was obtained as a pellet a t  the bottom. 
Effectiveness of separation between the two 
major lipoprotein fractions was checked by 
horizontal paper electrophoresis (1).  

Total lipids were extracted fro111 whole se- 
rum, HDL, LDI,, and lysed, homogenized hlood 
cells (erythrocytic and Ieucocytic components) 
from both of the hison. Total lipids were also 
extracted from 200 g of conlhined aliquots of 
wet liver tissue, 3.50 1111 of ru111e11 ~~ont t~n ts ,  and 
100 1111 of abot~ras:~l fluid, all of which were oh- 
tained fro111 the stlcond test aninla1 in the nlorn- 
ing within 10 miri following a 1c.thal dose of 
sodiunl pentobarhital. i\ll estractions were 
carried out a t  root11 ternpt.riltiire in 21. Waring 
Blendor a t  ~nediuln speed. (The hlrndor was 
washed thoroughly 1)c~tween sanll)l~.s.) Kthanol, 
ethyl ether, and pc?troleuln etlrt.r ( I  :5:5 hy 
rolutne) were added consecutivc.lg, spinning 
hetween additions for 30 sec. The cut~iulative 
HzO-ethanolic-ethereal extract was decanted 
and filtered. Extraction procedures were re- 
peated three times, conihining the final ex- 
tracts and adding escess anhydrous sodium 
sulfate and sodiuln chloride. Following over- 
night refrigeration a t  10 C, the dehydrated ex- 
tracts were filtered and evaporated to just dry- 
ness on a steam hath under O.P. nitrogen. I f  
water or other impurities persisted, the ex- 
tracts were washed with 0.5% saline, then re- 
estracted with ethyl and petroleum ether ( 1  :5), 
refrigerated overnight with excess anhydrous 
sodium sulfate, filtered, and evaporated. This 
process seldom had to be repeated a third time. 

Heat and acidification were avoided during 
the extraction processes, in an effort to mini- 
mize possible hydrolysis, trans-esterification, or 
oxidation of the lipids. Following solvent re- 
moval, total lipids were weighed and subjected 
to silicic acid column chromatography to isolate 
the major lipid classes (9, 17) .  Hydrocarbons, 
sterol esters, triglycerides, and nonesterified 

fatty acids, sterols, diglycerides, monoglycer- 
ides, and phospholipids were eluted, respec- 
tively, with petroleu~il ether 100%; ethyl ether 
in petroleum ether 1, 4, and 8, 15, 30%; ethyl 
ether, 100%; and lnethanol, 100%. Elution 
patterns were carefully followed, evaporating 
each 50-ml eluate immediately on a steam bath 
under O.P. nitrogen. Each lipid class was al- 
lowed to elute heyond the emergence of its 
unsaturated components before increasing the 
polarity of the eluant, with the exception of 
the triglycerides. To save time, and avoid the 
use of considerable quantities of 4% ethyl ether 
in petroleum ether, the saturated nonesterified 
fatty acids were allowed to elute with the un- 
saturated triglycerides. Later, both classes were 
completely combined, then eon~pletely separated 
on McCarthy and Duthie columns (17). Infra- 
red spectra of all lipid classes were used to 
confirm the identifications made on the basis 
of chromatographic elution patterns. 

Following gravimetric analysis, lipid classes, 
other than hgdrocarhons and sterols, were trans- 
methylated to convert their constituent fatty 
acids to ~nethyl esters. This was accolnplished 
hy gently refluxing the lipids with 1% H,SO, 
in methanol for 2 h r  on a steam bath. To 
accommodate small sample size, the process was 
carried out in a 15- by 150-mm test tube with 
an inserted 40- by 80-mm glass funnel, con- 
taining a rnarhle, acting as  condenser for vola- 
tiles. 

Methyl esters were identified hy gas ehro- 
~natography, using a Beckman GC-2d instru- 
ment. The coiled aluminum chrolnatography 
column was 10 f t  long, with %-in. diameter, 
and contained 17% ethylene glycol succinate 
polyester coated on Gas-Chrom P, 80-100 mesh. 
The colun~n temperature was 190 C, carrier gas 
was helium a t  an inlet pressure of 30 psi, and 
the detector cell current was 250 ma. Instru- 
ment standardizations mere run with National 
Institutes of Health reference methyl ester 
mixtures of caprylate through stearate and 
palmitoleate through liuolenate. Peak area per- 
centages, calculated by triangulation, coincided 
with weight composition percentages within 
1%. Duplicate runs showed a measurement 
error within 1%. However, reference esters 
hutyrate and caproate, when included with the 
longer-chain methyl ester standards, required 
correction factors. 

To facilitate certain inter-species lipid com- 
parisons, two corollary studies were run. One 
examined the fatty acid composition of milk 
f a t  from an American bison and an Indian 
water buffalo. The bison milk fat, extracted 
(chloroform :methanol, 1 :1) from cream fol- 
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lowing oxytocin administration, had heen immnc- 
diately sealed in a glass ampule. The water 
huft'alo \ample consisted of lyophilized whole 
~nilk.  Both samples had heen maintained in  a 
deep freeze a t  -1'7 C since March, 1960, hut 
showed no visual o r  olfactory cvide~lce of oxi- 
dation. Total lipids were extracted front the 
water huffalo inilk according to the technique 
descrihed ahove. Infrared analysis of the two 
f a t  salnples revealed triglyceride spectra with 
slight transisonlerization. Conversion of con- 
stituent fa t ty  acids to ~uethyl  esters and their 
identification by gas chromatogr;~phy were car- 
ried out as described above. 

The second corollary study determined the 
fa t ty  acid composition of total lipids in ruinen 
contents fro111 a lactating goat, Jersey female 
yearling, and a Holstein steer yearling. The 
animals had been fed hay ad  lib. and a concen- 
trate mixture a t  7 AM and 4 PM daily. Rumen 
content aliquots were renloved through a fistula 
a t  5-hr intervals from 8 AM to 12 MIDNIGHT. 

Infrared analysis of the fa t ,  extracted a s  dc- 
scribed above, indicated mixed lipids and non- 
esterified fa t ty  acids, with some hyctroxyl hand- 
ing in each case. 

RESULTS 

Lipid class representation in whole serum 
and hlood cells was similar to that ohsc~ved in 
cow, goat, and human hlood (3. 4, 19) (Tahlc 
1 ). HI)IA containc.tl 6454 of thc, serum toti11 
lipids, as eontmsted with 94 ant1 510/,, respcc- 
tively, in the caow and goat (3, 4). JVc~ights of 
tota.1 lipids and lipid classes of thc various 
hlood e o ~ ~ ~ p o n c n t s  werv very similar t o  those 
rcyorted in the g o i ~ t  ( 4 ) ,  xvith the one excrp- 
tion that hison HT)L carry 21 greater :~l)solute 
mnount of phospholipid and, consequently, a 
heavier total lipid load. Protein-hound non- 
esterified fa t ty  acids were present i n  trace 
an~ounts  of less than 1%. 

Liver tissue lipids a-ere predon~inantly tri- 
glyceride and phospholipid. Goat and mouse 
studies have shown a similar distribution (4, 
18). 

Rumen contents and ahomasal fluid, extracted 
immediately af ter  collection, showed a small 
hut significant proportion of n~onoglycerides. 
The i~hsence of monoglycerides reported in 
sheep 1.111111~11 contents ( 6 ) ,  as xvell a s  the higher 
pcrct.ntagc (50%) of nonesterific.d fatty acids 
rocovc.red ( R ) ,  may he due to clifferc!nces in  

Gravimetric analysisa of the lipid classes" from soruln lil~ol~rotci~ls nlld otllcr lipirls ill tllr 1~iso11 

I<ll- 
Scr11111 lipoprotrius ~niw Al~o- 

Lipid Whole 1,ivcr con- lnasal 
cl:bss sc.rum D > 1.063 1) < 1.063 lilootl cells tissue trilts cfliiirl 

t k  1 k  ( W t )  (%,) (Ut) ( ( k )  ( 2 0 1 )  ((,;) ( (h)  (%) 
Bison 1 

H C  5.0 3 3.2 3 3.3 5 8.4 3 
SE  68 45 47 48 25 40 12 5 
TG 27 1 8  1 3  1 3  1 3  21 1 0  4 

NEFA 3.6 2 3.1 3 0.1 0.2 2.4 1 
S 12 8 7.8 8 8.1 13 77 3 1  
DG 2.3 2 1.8 2 1.1 2 6.9 3 
MG 2.4 2 1.6 1 1.8 3 4.0 2 
PL 30 20 21 22 1 0  16 127 5 1  

Total 150 99 62 248 

Bison 2 

H C  2.6 2 3.8 4 1 2 3.2 1 1 3  0.3 2 3 
SE 62 50 59 57 19 38 6.3 3 8 5 2 6 4  
TG 21  17 11 11 1 5  29 (i.0 3 2,726 53 16 1 6  

S E F A  3.7 3 2.7 3 0.6 1 109 2 33 12 
S 9.3 8 8.4 8 3.3 7 (i9 30 202 4 17 1 3  
DG 3.0 2 2.2 2 1.2 2 0.6 0.3 62 1 
MG 2.9 2 1.8 a 1.7 3 1.9 0.8 41 0.8 4 2 
PI, 20 16 14 1 4  8.9 1 8  142 62 1,909 37 22 50  

Total 125 103 51  229 5,147 - 
Expressed as milligrams per 100 n ~ l  of scru~n or ~):lrkril hloocl c(-Ils, nlilligrnll~s Iwr I00 g 

wet liver tissue. and Dcr cent of ruinrn and :~bom:~snl lil)ids (391 and 3" 1ng/100 ml, 
respectively). 

" H C  = hydrocarbon, SE  =sterol extc-r, TG = triglyrc~ride, NEE'A = ~~onc~strrific-(I fatty acid, 
S = sterol, DG = diglyceride, MG = monoglyrrride, PIA = pl~o.;l)l~olipid. 

' Samples of liver, rumen contents, a i ~ d  al~omasal fliiid \\ere ol~t:~incd o111.v from the second 
test animal. 
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specichs, titnc ititervid hetween sanlple collection 
and t.xtri~c.tion, rxtraction procedures, or han- 
dling of Hirsch and Ahrens colutnns. 

Although well-represented in runlen content 
lipids, phospholipids were especially pronlinent 
in abotnasill fluid. On the other hand, total 
lipids and nonesterified fatty acids showed abo- 
masal decreases. Absorption of tripalmitin and 
palmitic acid by the isolated goat runlen has 
been reporhed by McCarthy (16). 

To expedite intra- and inter-species compari- 
sons, the fatty acid eoinposition of total lipids 
froin various parts of the bison is presented 
in Table 2. Si~uilarities in fatty acid pattern- 
ing were seen between whole serunt and liver 
tissue, and between HDL and serum protein. 
The latter pair was the least saturated. Oleate 
was the predonlinant unsaturated fatty acid 
throughout the total lipids. Similar oleate 
pronllnrncr has h e ( ~  ohhewed in the goat (4).  
In  the cow, however, linoleate has been reported 
to be the major hlood unsaturate. The fatty 
acid composition of total lipids from bovine 
lipoproteins, serum, and blood cells differed 
considerably from that of the bison (3) .  

The prepondcmnce of stearate present in 
runleu rontc.ttt total lipids was not tnanifested 
in blood cotnponents or liver tissue. I t s  pres- 
ence in the rumen, however, appears to be inde- 
pendent of time after eating and of runlinant 
species (Table 3 ) .  Intranlucosal resynthesis 
of lipids has been demonstrated along the ali- 
mentary tract of the ra t  (12). Dehydrogena- 
tion, especially to the extent of one double 
bond, has been demonstrated in human liver 
(23).  

L\bontasal fluid showed a comparative de- 
crease in stearate and a proportional increase 
in pallnitate (Table 2) .  The possibility of 
paln~itic acid fornlation fro111 stearic acid 
been suggested by Garton et al. on the hasis 
of in vitro incubations of sheep rutncn contents 
with various triglycerides (6 ) .  

Whole serum, HDL, LDL, and hlood cells 
were grossly similar with regard to the fatty 
acid cotnpositio~~ of the lipid classes (Table 4 ) .  
However, differences could be distinguished be- 
tween whole serutn and HDL, or1 the one hand, 
and LDL and hlood cells on the other. In  whole 
serunt and HIIL, the sterol esters were conl- 

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

Serum 
lipoprotcitls Bbo- 

Fi~tty Whole -- Hloo(1 Serum " L i v e r  Rurnen inasal 
arid seru111 D > 1.063 D < l.O(i.7 crlls protein tissur contcnts fluid 

" Espressed as ~veiglit per cent of tlie total major fatty acids. Fatty acids p~eaent in 
co~~centration less tliatl 1 7 0  have been omitted. Values represent the mean of two test animals 
eseept in the case of liver, rumen contents, and ahon~asal fluid. These werc ol~tnined only 
from the second bison. 

b r Tt1tracentrifog;il protcin residue is associated wit11 a sn~nll amonnt of iionrstcrifiecl fatty 
acid. 

TABLE 3 

Fatty acid eonlposition' of total lipids from runlen fluid s;~niplccl over time 

Fi~tty Lactating Jcrsey fcmalc Holstc.in xtcicr 
i~ritl goat yearling ~ c : ~ r l i i ~ g  

8 1 6 1 2 8 1  6 
4 PM PM MID- AM PJI P3I 

NIGHT 
14:0 6 7 6 2 9 3 2 
16:0 26 26 27 26 25 24 24 
18:0 51 54 42 58 55 66 55 
1 8 : l  8 10 16 11 6 4 1 0  
18:2 9 3 9 3 5 3 9 

12 8 
MID- AM 

NIGHT 
4 3 

23 26 
62 67 
9 4 
2 

1 6 12 
Phl Phf NID- 

KIGHT 
4 3 1 

26 23 26 
61 60 63 
9 12 8 

2 2 

Expressed as weight per cent of tlir total long-cl~ain fatty :~cids. Fatty acids present in 
concentratio11 less than 1% have I>een omitted. 
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TABLE 4 

Fatty aeid compositioi~ of the lipid classes fro111 wl~ole serum, serum lipoproteins, and blood 
ccll* in the bison 

Bison 1 Bison 2 
Fatty 
acid SE TG xEFA DG MG PI, SF: TG NEFA DG MG PL 

\Vllole serulll 
14:0 1 2 1 3 3  1 5 4 2 3  
1 G : O  17 49 39 44 31 23 IH 44 40 38 39 21 
1 G : l  G 4 5 23 ti 4 5 2  
18:0 21 11  1 3  17 18 40 19 10 11 19 21 39 
1 8 : l  20 28 39 25 20 85 23 29 36 29 27 27 
18:2 25 5 7 5 4 9 28 10 8 8 i 9 
18:3 I 0  I 1 1 1 3 7 2  1 2 

High-density lipoproteilis (1) > 1.063) 
14:O 1 4 9 2 1 G - 9 3 3 1 
l(i:0 18  48 33 42 39 23 17 48 30 47 49 28 
I 6 : l  5 2 3 
18:O 27 5 16 17 19 47 24 3 19 15 19 53 
1 8 : l  23 32 38 30 30 21 24 29 37 29 24 16 
18:2 I 9  9 8 7 12 7 25 I 1  10 Ci 3 2 
18:3 7 2 X 2 G 3 9 

T~oi\~-de~~nit~ 1ipol)rotrins (D < 1.063) 

- - - - 
1 8 : l  19 19 :<(; I:< 15 24 20 20 32 20 22 48 
18:2 30 4 8 7 4 9 28 G 7 2 .... Ifi 
18:3 11 .... ..., . . . . . 2 9 ... . .. .. . .... 4 

J8:O 3 21 24 23 3-49 21 24 32 27 !28 28 
18: l  18  25 33 20 15 4 30 27 26 26 26 47 
18.2 34 4 2 G 12 lti  2 9 3 12 
18:R I 2  :i 70 

-- 
3 

" Expressed as weight per cent of the total n~ajor fatty acids. Fatty acids preseut in 
roncrntration less t11a11 1% hare becn omitted. 

" SF: = sterol ester, TG = triglyceride, SEFA = no~~cstcrificd fatty arid, DG = diglyceride, 
MG = ~r~onoglyceridc, PTJ = phospholipid. 

paratively Inore ~a tur i~ tcd ,  containing greater 
proportions of stea~atcl and less linoleate. Glyc- 
erides were 1nuc.h less saturated, due primarily 
to lower stearate levelc;. 

LDL monoglyceridrs contained an unusually 
large proportion of prtl~~~itolcxte. Monoglycer- 
ides and phospholipitls of the hlood cells dif- 
fered markedly from those of the other blood 
components in degree of saturation. 

I n  the con*, HDL were exrerdingly unsatn- 
rated due to the predo~ninanrc~ of linoleate in 
the sterol esters (3).  Phospholipid fatty acid 
distrihution was similar to that of the bison, 
except that linoleate rather than oleate was the 
major unsaturate. The LDL lipid classes, ex- 
cept phospholipids, showed a great degree of 
saturation. Although triglycerides in both lipo- 
protein groups were essentially identical in 

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

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

I n  liver tissue and abomasal fluid, sterol 
esters were similar in fatty acid composition 
(Tahle 5).  They showed a much greater degree 
of saturation than the sterol esters of the blood 
components, but were less saturated than those 
of rumen contents. Liver tissue glycerides re- 
semhled those of the HDL; phospholipid fatty 
acids were similar to those of whole serum, 
HDL, and LDL. Fatty acid patterning in all 
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11 of the liver lipid classes was consonant with 
that seen in the goat (4 ) .  

U" Sterol esters and nonesterified fatty acids of 
m n e n  contents showed the palmitate-stearate, 

S high-saturation doublet demonstrated routinely 
R in rumen content total lipids (Tables 3 and 5). 

Triglycerides, n~onoglycerides, and phospho- 
E e lipids, however, were comparatively unsaturated. 
g ll I n  abomasal fluid, a saturation shift evinced 

increased proportions of oleate and linoleate in 
$ o" sterol esters and nonesterified fatty acids, de- 
g creased linoleate in  the other lipid classes. 

Fatty acid patterning of the phospholipids 
was similar to that of the LDL triglycerides. 

L-. OU 

An alimentary source of bovine LDL has been 
CI 0 1  ~1 - 11 suggested (1). 

- - 
The milk fa t  from bison and Indian water 

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

R 2 2  * DISCUSSION 

I ' 2 Various rationales may be used in account- 
FZI $ % ing for the inter-species similarity in ruminant " rn milk fatty acid composition. As in most bio- $ s z  

- 2  logical systems, the final explanation will prob- 

y~ 4 $ ably be multidimensional. However, a t  present 
* i t  may be fruitful to interpret lipid utilization " 3, in the mammary gland from two points of view. z 3 s  
.- 3 2 One view sees the manlnlary gland as a func- 

tionally autonomous fat-synthesizing system. ; ." 
I n  it a genetically selective absorption combines 
with in situ alteration to determine (within 4 2  

2 E 
4 wide limits) the composition of milk fat. This 

C) o view has been recently eluphasized by intra- 
cisternal infusion studies of the mammary 

e 2 gland. These showed in situ glycerol synthesis 
U, V 1 w  , (14) and fatty acid esterification into milk 
& w lipid classes (13, 15, 20, 21). Two enzyme 
+ 2 systems, one synthesizing long- and short-chain 
.- fa $ -2 fatty acids, and the other long-chain fatty acids, ' have further been described in microsomal and 
rn 1 2  
a3 g .% supernatant mammary cell fractions (8). Such 

systems may explain the seeming discrepancy 
~1 between infusion esterifieation and the natu- 

rally occurring lack of esterification of the 
X 3 short-chain fatty acids into milk cholesterol 

sx esters and phospholipids. 
.<, A second point of view en~phasizes mammary 
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ACKNOWLEDGMENTS 

Fatty acid cot~tpositioti" of milk f a t  from the 
bison and Indian water buffalo 

Fatty Rison Ru1)alus 
acid bison bu1~:~lus 

18:3 0.8 1.1 

Expressed as weight per cent of the major 
fatty acids. Fat ty  acids present in concentrations 
of less than 0.5% have been omitted. 

Deep-freeze storage of the bison milk f a t  since 
1960 may acco~iilt for the low butyric acid value. 

utilization of prefornled milk f a t  precursors 
f rom the blood (11, 24, 25).  It equates the 
long-chain f a t t y  acid eonlposition of ruminant 
milk f a t  with tha t  of an  extramaminary lipid 
of low concentration, conlples association, and  
rapid turnover. The present pape r  has a t -  
tenlpted to empirically characterize suth  a 
hypothetical construct on the basis of intrii- 
and inter-svecies livid to~nvarisons.  Althouch 
no  lipid component call be ruled out a s  a pos- 
sible contributor to  milk fat ,  certain ones in 
the bison showed a palmitate :oleate :stc.aratc. 
ratio closely resembling tha t  of luilk fat .  Thesc. 
included the glycerides froin whole serutn and  
H D L ;  nonesterified fa t ty  acids fro111 whole 
serum, HDL,  and LDL;  and the diglycerides 
f rom liver tissue. However, fa t ty  acid con]- 
parisons of lipids fro111 the hison, Indian water 
buffalo, goat, and cow revealed inter-species 
similarities only in  rulnen content total lipids, 
liver tissue lipid classes, and milk fa t .  The 
major  serum lipoproteins of the bison, cow, a n d  
goat appeared to  be species-specific. 

To account, then, fo r  the  siinilarity seen in 
ruminant milk f a t  con~position, one nlay be led 
to  a further delineation of the original bi- 
furcated hypothesis. There may exist: 1) a 
preformed illilk f a t  precursor in hloocl c,vea 
sinaller than tha t  carried by the HDL,  LDL, 
blood cells, a.nd protein o r  2)  a dynamic lipid 
c*onvei.sion c:~pahility in ~ ~ ~ a ~ n t n a r y  tissu(5. 

Because correlative studies can point out  con- 
tent si~nilarities but only guess a t  process rela- 
tionships, a inorc dtfinitive evaluation of lipo- 
protein triglycclrides and nonesterified f a t t y  
acids, as  i~tilli f a t  precursors, is a t  present 
heing carried out via organ perfusion techniques. 

Appreciation is  extended to the staff of the 
Department of Veterinary Physiology and Phar- 
macology for supplying the bison blood and carcass 
specimens; to Dr. Robert Jenness of the Depart- 
ment of Agricultural Biochemistry for contribut- 
ing the bison milk f a t  and the Indian water 
buffalo lyophilized whole milk; and to Dr. W. A. 
Olson of Charles Pfizer and Company, Inc. for 
providing the tinic-study rutnen fluid samples. 
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REGULATIOX O F  F E E D  INTAKE IN DAIRY COWS. I. CHANGE IS 
1MPOR.TANCE O F  PHYSICAL AND PHYSIOIIOGICAL FACTORS 

WITIT INCREASING DIGESTIBILITY 

H. R. CONRAD, A. D. PRATT, AND J. W. HIBBS 
Department of D;I~I . -  Scie~lcc, Ohio Agricultural Expcri~nent Station, Wooster 

SUNICARY 

Voluntary dry feed intake and dry matter digestihility were determined in 
114 trials with lactating dairy cows. Tht. rations ranged between 52 and 80% 
in digestibility and cow weights ranged between 625 and 1,457 lb. I n  a multiple 
regression analysis digestihility ( D ) ,  fecal dry matter per 1,000 lb body weight 
per day ( F )  and hody weight (W) accounted for the variation in feed intake 
between 52 and 66% digestibility, provided the rations were mostly roughage. 
R = 0.997 (P  < 0.01). The terms : Wo '", Dl'", and F'.O1 expressing these rela- 
tionships were essentially those predicted empirically if capacity limited feed 
intake. With high-roughage rations between 67 and SOYo dry matter digesti- 
bility, intake decreased with increasing digestibility after adjusting for  hody 
weight and productive energy. I n  this region, intake was directly related to  
the 0.73 power of the body weight a t  peak lactation. 

I t  was concluded that physical and physiological factors regulating feed 
intake change in importance with increasing digestibility. At low digestibility 
they were : Body weight (reflecting roughage capacity), undigested residue 
per unit hody weight per day (reflecting rate of passage), and dry matter 
digestibility. At higher digestibilities intake appeared to be dependent on n~e ta -  
bolic size, production, and digestibility. 

Restrictions on feed intake, whether they 
arise inherently from chemical and physical 
characteristics of the feed or the anatomy and 
physiology of the cow, represent the r ~ ~ o s t  ob- 
vious practical liinitations on nlilk production. 
McCullough (20) and Hufflnan (14) have dis- 
cussed the usually high correlation of milk 
production and nutrient intake in dairy cows. 

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

Adolph (1) stated that food intake is one 
of the best regulated animal functions. Four- 
teen different variables which affect the balance 
of energy utilization are listed by Kleiber (17). 
Mather (22) has noted seven other factors that 
affect the total roughage intake in dairy cattle. 
Recently, Dowden and Jacobson (10) have 
shown that injections of acetate and propionate 
drastically reduced feed intake. This number 
of variables obviously precludes precise meas- 
urement of each factor as it affects the regula- 
tion of feed intake in practice. However, the 
problenls may be greatly lessened in the case 
of ruminants under many conditions. Cramp- 
ton (9) showed the relationship betw-eel1 volun- 
tary intake and digestible nutrient content. I n  
a careful study of the regulation of feed intake 
in sheep, Blaxter et al. (4) found that, within 
the limits of the quality of forage used, the 
amount of feed taken in by sheep is deter- 
mined by the capacity of their digestive tract, 
and physical factors; that is, digestibility of 
feed and rate of passage through the digestive 
tract, rather than physiological factors, regu- 
late appetite. The digestibility of their forages 
ranged between 44.7 and 74.2% of the dry 

Received for publication January 1, 1963. matter consumed. Earlier, Lehmann (19) had 
observed in Gernlanr that feed intake was such 

'Journal article KO. 101-62, The Ohio Agricul- that the ainount of undigested organic matter 
turd Experi~~ient Station, Wooster. was the same for all feeds used. Recently, 
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McCullough (21) has reported that dry matter 
digestibility was a highly significant factor in- 
fluencing dry matter intake of direct-cut silage 
in dairy rows. Reid (29) has thoroughly re- 
viewed the relationships among forage quality, 
digestible nutrients, and milk production. 

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

I t  should not be assumed that the results of 
Blaxter et nl. (4) apply to ruminants under all 
environlnental conditions. Grec>nhalgh and Run- 
cie (12) found no causative rctlationship be- 
tween feed intake and digestibility. In  addition, 
Kleiber (1'7) has used the data of Ittner et al. 
(15) obti1i11c.d in the Central Valley of Cali- 
fornia to illustrate how the rising heat load 
that resulted from an increased calorigenic 
effect attributed to hay was closely related to 
a diminished digestible nutrient intake of steers. 

I n  this study, a series of multiple regression 
analyses of digestibility data was used to quan- 
tify certain physical and physiological factors 
considered to detcrntine directly or indirectly 
the voluntary feed intake of milking cows. I n  
this way an effort was made to answer the 
question, Do the data c?~nbody the principle that 
appetite in the 114  nilk king-cow trials was pri- 
marily rc.gulated by pl~ysical factors, or, if both 
physical and physiological factors regulated ap- 
petite then at  what level of digestibility docs the 
change from one to the other occur? I t  was 
postulated that if capacity were limiting feed 
intake, (11.y matter intake would be proportional 
to tho hod? weight or, if physiological occur- 
rences wcbrc! li~niting feed intake, dry matter in- 
take wonld be proportional to the ~netabolic 
size in ac.c.ortlince with I(lt.iher's law (15). 

Apparent d1-y matter digestibility and nitro- 
gen b:~lsnc.c*s were determined in cows on vari- 
ous experilnc.nta1 regimes for  collection periods 
of five or seven days. A mini~nun~ preliminary 
period of 14 clays on the ration to be studied 

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

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

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

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

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

High-roughage ratioms. Results from several 
combined feeding and digestion trials carried 
out during the period 1956 through 1961 (6-8, 
26, 27) were compiled and analyzed statistically. 
,111 rations containing mostly forage, or others 
in which the combined content of cellulose and 
hemicellulose exceeded 50% of the organic mat- 
ter, were classified as high-roughage rations. 
Types of forages used were: Freshly chopped 
and ensiled legume grass, alfalfa hay, and al- 
falfa-timothy hay. The stage of forage ma- 
turity varied widely among the experi~nents, 
resulting in a wide range of digestion coeffi- 
cients. Flaked soy1,ean hulls were used with 
hay in one cspcri~nent and were considered 
roughage because of their high fiber content 
(6, 28). Thc 1cvc.l of grain concentrate fed 
ranged betwec'n 0 and 46% of the dry weight of 
the total ration and \<-as composed of ground 
shelled corn, ground whole oats, or soybean oil 
111ea1, singly or in colnbination. The rations are 
listed in Table 1 along with summaries of the 
mean and ranges for dry matter digestibility, 
I~ody weight, 4% FCM, nitrogen retained, per 
cent roughage in the ration, and daily feed 
intake. 
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TABLE 1  

Means :nld rt~ngrs are s l l o ~ ~ r ~  of dry ~natter dig(~stil~ility, botly \\-eight, l~roductioa, nitrogen 
retention, i~nd feed iutilke of dairy (<OWS fed various ratio~ls 

Dry 
No. of matter Body 
trials tligested ~v(,igllt 

4  70 
FCM 

Rough- 
age in 

ra - 
tion * 

Chopped legunie- 
grass forage 

1. With grain 

2. Without grain 
Ensiled legume- 
gl.ass forage 

1. With erain - 
55 -. ', I.%- 2 3  -0 17 

9.  Without grain 6 ( 5 3 , 5 8 )  ( 6 6 1 ,  8 0 8 )  ( 1 6 , 3 1 )  (-31, 2 7 )  1 0 0  ( 1 5 , 2 1 )  
Tiinothy hay and 67 926 32  7  28 
grain 1 2  ( 6 2 , 7 3 )  ( 7 4 8 , 1 , 4 5 1 )  ( 9 0 , 4 9 )  ( -49 ,  4 6 )  7 0  ( 2 3 , 4 2 )  

Flaked soybeall hulls 76 1,147 4'2 64 33 
with limited hay 1 2  ( i 3 , 8 0 )  ( 9 8 2 , 1 , 4 5 7 )  ( 1 8 , 6 4 )  ( 3 , 1 2 8 )  81 ( 2 7 , 4 1 )  

Alfalfa hay and 6 9  957 47 3 1  29 
corn silage 20 ( 6 5 , 7 2 )  ( 6 2 5 , 1 , 3 5 4 )  ( 3 0 , 7 1 )  ( -30 ,  6 7 )  ( 1 9 , 4 3 )  

a The per rent of total ration dry nii~tter fur1iisI1r(l ~ougllage; tl~cl ~ ~ ~ n ~ i t i n d i ~ r  was 
grain-concentmtc. 

Range ~ l~own in parentheses. 
' Not ealculatrd because thc rorii sil:tge containrd rill uildrternlined an~oui~t of grain. 

The daily ration was provided in two feed- 
i n g ~  of equal size. Jlaxinluln voluntary intake 
was further encouraged by feeding 3 to 15% 
Inore than the daily n~easurcd roughage intake. 

Conditions established for incaluding data in 
this analysis were: (a )  That tlry nlatter eoeffi- 
cients of digestibility should range between 50 
and 80; ( b )  that both Holstein and Jersey cows 
would he included to provide $1 wide range in 
body weight; (c)  that the cows were allowed to 
eat freely to satisfy their i~ppetites at  all t i~nes 
during the digestion trials and, (d) that two 
consecutive trials on the salncJ type of ration 
were available. I f  morc. than two consecutive 
digestion and feed intakr trials had been coin- 

pleted on the same ration, the pair of tri:lIs 
selected was chosen by enlploying Snedceor's 
(30) table of randoni numbers. 

A series of coefficients of correlation and 
nlultiple correlation was calculated for the 
nieasured predicting variables, for subsecluent 
usage as a nieasure of the closeness of fit of 
the various regression planes. 1\11 possible co111- 
binations of the predicting variirbles were in- 
serted stepwise in the nlultiple linear regression 
analysis. Fronl this, the prolx)rtion of total 
variation in dry inatter intake attributable to 
regression was calculated as RJ to obtain the 
  no st meaningful combinations. JIeasured vari- 
ables used were: Per cent dry nlatter digested 
( D ) ,  body weight (W) ,  the sum of estimated 
ehelnical energy in niill~ and retained protein 
(E, + ,,), per cent roughage by weight in the 

ration (R) ,  and the order of trials within ani- 
~ n a l  pairs (T). Daily dry matter intake ( I )  
was considered subsecluent to these variables 
cind, therefore, dependent upon them The indi- 
vidual cow data were treated statistically as a 
population without regarti to original experi- 
n~ental groupings. Connnon logarithn~s of all 
values were elnployed to obtain lilic~tlr func- 
tions hetneen dry nlatter digestibility or body 
weight and dry nlatter intake. 

The variables for which the best fit of the 
regression n a s  obtained were entered in a least- 
square nlultiple regression analysis to obtain 
prediction equi~tiorls and partial rc.grcssion co- 
efficients. The nlodel used was that described 
for fixed variables in a multivariatcx population 
(30). The   nod el for fixed variab1t.s was con- 
sidered realistic here. While there is sonle ran- 
domness in the variables, the cows \\.ere chosen 
to provide a particular range in lactation (one 
to six inonths) and body weight, and the ra- 
tions used were selected for differences in di- 
gestibility. 

The relationship betwec.11 digested dry ~nat ter  
illtake ( D I )  and body weight was esamined 
separately a t  peak lactation and for a11 stages 
of 1:tctation for  cows eating rations above 67% 
ill thy matter digestibility. As part of this 
analysis, data fro111 single trials of a11 cows, 24 
in nu~nber, in the second and third 111onth of 
luvtiltion were usc.tl for regressing log D I  on 
log F\-. 
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Ftrrlhcr stctdirs u t  pcvth. lrec~t(ctiou. The ration 
used in this experinlent consisted of :  Alfalfa 
hay ad l ibi tu~~t ,  16 to  30 lh of corn silage, and 
froin 10 to 16 lb of grain concentrate contain- 
ing 16% protein. Twenty cows were started on 
this ration three days aftcr calving. Seven-day 
digestion trials were carried out during the 
period between the 30th and 60th days of their 
lactation. The relationships between dry matter 
intake and body weight, productive energy and 
digestibility were examined by carrying out a 
t~lultiple regression of log dry matter intake (I) 
on log W, log El., + ,, arid log 1). Finally, the 
relationship between digested dry tnattcr intake 
and body weight was ohtained in a separate 
rc.grrssion analysis of log DI  on log W. 

RESULTS AND DISCUSSION 

The results relating dry matter digestibility 
to feed intake disregardir~g other variables are 
sho\vn in the scattergratn, Figure 1. Generally 

b ; l ~ i ~ i ~ " ~ " ~ " ~ ; ~ ;  
DRY MATTER DIGESTED,% 

FIG. 1. Slio\vi~tg variations observed ~ I I  dry 
~ i~a t te r  intake of cows frd rations varyiitg in di- 
gestihility fro111 52 to 80%. Linear rrgression 
cquatiou was: Y = 0.67 X -17 ; the sta11t1:n.d de- 
riatioti equals & 5.8 11) \vhere X = per c.mt dry 
~n;cttc~r digested and Y = dry matter intake in 
~,oullcls. 

spt~aking, there was at1 invrease in dry n~at ter  
iiitt~k(l with increasing p(.rce~~tagc of dry inatter 
digc.stc,d. Although the linrar regressio~i was 
found to be statistically hignifivant, the results, 
as shown in Figure 1, provide no new physiolog- 
ical it~forttlation. They ronfirnl previous ohser- 
vatiolth that dry ~nat ter  intake increases with 
increaking conc+c.ntration of digc.stihle nutrients 
in thtb feed of ru~niuants (3, 4).  

J1ttltil)lr rc~,qvc~svioiz aunlysis of rc.\t~lts w i t h  
high-vooght~gc~ vcttions. Factors included as  pre- 
dicting variablc~s were order of trials ~vithin 
pairs, per C * P I I ~  of dry ~nat ter  digested, hod3, 

weight, per cent roughage in the ration, and the 
productive energy in milk and retained protein. 
A part of the list of variables correlated singly 
and in all possible con~binations with feed in- 
take is shown in Table 2, opposite the percent- 

TABLE 2 
l'ractiolls of total variation in dry matter intake 

attributable to regression when prodieting 
variables were eatcrod stepwise in a 

multiple 1inee;cr regression 
(11 of 107 possil)le co~nbinations) 

Variables entered 

Order of trials (T) 
Per cent roughage in ration (R) 
Per cent dry matter digested (D) 
Body weight ( W )  
Productive energy (Em + p)  

D + R  
n + w  
D + E m + t ,  
I ) + W + R  
D+TV+E,. , ,  
n+m-+F,,.,.+R 

Variation 
attributable 
to repression 

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

iilthough log feed intake regressed on log per 
cent roughage in the ration resulted in a sig- 
nifieant rorrelation coefficient, per cent roughage 
hecan~e obscured as a mear~ingful predicting 
variable when other variables, dry matter di- 
gested in particular, were entered stepwise in 
the tnultiple linear regression, Table 2. A corol- 
lary to this is that within the limits of these 
results (0  to 46% grain in the ration), most of 
the effclcts of changes in the proportion of 
grain-concentrate in the ration on feed intake 
of dairy cows was elicited through a change in 
dry matter digt~stibility. This is not to say that 
the proportion of grain-concentrate failed to 
affect the efficiency of aninla1 energy utilization. 

The hest fit of the regression was ohtained 
\\-hen the predicting variables W, En, + ., and D 
\yere used a3 ~neasured by a significant increase 
in the variation attributable to regression over 
that when any two of these va~iahles are en- 
tered, Table 2. Highly significant partial re- 
gression coefficients were observed for log feed 
intake regressed on log body weight, log Em + ,, 
and log dry matter digestibility, Table 3. The 
c.xponentia1 expressior~ for the multiple linear 
regrrssion equation was I = 0.046 W" "' Do " 
E" "'., + ,,. The exponent, 0.37, relating body 
weight to dry matter intake, was sig~~iticantly 
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TABLE 3 

Values of partial regression eoeffieients for log dry 
matter intake regressed on log of dry matter 

digested, body weight, per cent roughage 
in ration, and estimated protlurtive 

energy, Em +, 

Signifi- 
Parti:!l ranee of 

rcgrcsslon linear 
roeffi- rcgres- 

Variable r i n ~ t s  sioll 

Per cent dry matter digentc~d 0.751 P < 0.01 
Body weight 0.369 P < 0.01 
Per oent roughage -0.011 N.S. 
Em +, 0.316 P < 0.01 

different from the generally accepted exponent 
0.73 (4, 17), or 1.00 if i t  were a function of 
capacity of the digestive tract. This suggests 
the failure of the variables to predict clear-cut 
relationships of physiological occurrelic.(+, even 
though statistically signiticant valueh \r7t1re oh- 
tained, and the need for more critical ~nathe- 
lnatieal evaluation. In particular, highly sig- 
nificant correlations between sonlcl prcadicting 
variables limited the value of the 111odc.1 used. 
For  example, the following eorrelatioll coeffi- 
cients were obtained for: I) X En, + I , ,  r = 
0.345; 1) X W, r = 0.04'2; a n ~ l  Jv X Ex., . 
r = 0.42". 

The unsuitability of treating the total group 
of data as a single salnple of linear partial re- 
gressions was further den~onstwtt~d by graph- 
ing the three-dimensional projectior~ of dry mat- 
ter intake versus per cent digcastihility and E,,, + ,, 
while holding body weight constant a t  1,400 11). 
The projertiori is shown froln the ~ i i a s i n ~ u ~ ~ ~  
view in Figure 2 and covcsr.i o111y that archa 
bounded by the limits of the data. The strong 
correlation between E,,, , ,, i ~ n d  I inay be 01,- 
served by comparing the surface of the projec- 

tion with the side view. Digestible dry matter 
intake tended to level out with increasing di- 
gestibility, with a point of infleetion a t  about 
66% dry matter digested. 

Digestible d ry  matter intake adjusted for dif- 
ferences in  metabolic size a.nd productive en- 
ergy. The tendency for  per cent dry rnatter 
digested to decrease in importance as a variable 
limiting dry matter intake a t  the higher per- 
centages suggested that the quantity of digested 
dry matter intake was limited by physiological 
conditions other than the amount of fill in the 
digestive tract. Kleiber (17) had concluded 
that digestible energy intake was proportional 
to metabolic size in cows of similar genetic ca- 
pacity to produce niilk. I n  a second niultiple 
regression a~ialysis, therefore, per cent dry mat- 
ter digested, llietaholic size, and E,,, + ,, were used 
as  predicting variables. The graph of the di- 
gestible dry niatter intake versus per cent 
digestibility after adjusting the cow nieans for 
differencdcs in nietabolic size and productive en- 
ergy indicated that the :gvcBnLge adjusted di- 
gestible dry matter intake leveled out and ap- 
pr(~ac.l~c.d a straight line het\\-~eli 66 and 80% 
digestibility, Figure. 3. .\lso, the adjusted llleiul 

M A I T ~ ~  DlcrncD % 

FIG. 2. Three dimensional p~ojection relating 
per cent dry matter digested, dry nlatter intake, 
and estimated energy in milk and rctained proteil~ 
of dairy cows. The drawing sl~o~vs only the maxi- 
mal view for n constant 1)ody ~rc ig l~ t  of 1,400 111. 

DRY MATlER DlGESTED.71 

FIG. A. Showing difffferrnern i n  c111ily digestiblcs 
clry n1:lttrr i11to.kc of cows fed r i ~ t i o ~ ~ s  rallging ill 
digestibility from 52 to 809; :~fter adjusting by 
analysis of rovnriance for v:tri:~tions in meta1)oliv 
size (W".'") : I I I ~  the esti~~latetl c11e1.g.y co~~tcnt. of 
~ n i l k  procluccd plus retai~~ccl ]lrcrtc.il~. 

dry nli~tter intakes for c-oeM(.iclnts of digesti- 
bility t~bove 66 signifirantly different fro111 
thosr ht'low 66. 

I t  mas tentatively poqtulated that, up  to ap- 
1xoxi1natel-y 66% dry m;~tter digested, tht. rate 
of passage from and the, a~nount  of undigested 
nlateri:ils in the digc.stivc2 tract determincbd feed 
intake as Blaster (4 :!I. (4) slio\red. Above 
BfioJ,, the results roinc*itled with 011~~~1~vtitions 
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111: de on ~ ~ o ~ t r t i l ~ ~ i n a ~ i t  speries (1). This was 
considered justitieation for arbitrarily regroup- 
ing the data into a low-digclstihility group with 
a range in digestion coefficie~~ts fro111 52.1 to 
66.7 and a high-digestibility group with coeffi- 
rients between 66.7 aud 80. 

Fnctors d ~ t c ~ r m i ~ t i ~ z g  ?:ol~v~Lbnrg d r y  ,matter 
inf~A.c, or mi1Ein.g cozvs fed rcctions betz(,retz 52.1 
and (i(i.So/o dry  mcrtbrr digestibility. The wide 
variations reniaining in digestible dry nlatter 
intakr nlay be swn in Figure 3. Blaxter 1.t al. 
( 4 )  found that the feed intake of sheep was 
regu1atc.d hy the rate of passage of indigestihle 
residue through digestive tracts of linlited ca- 
pacity. The hest Inc>iisure of the rat~.  of passage 
of undigested residue made in this experinlent 
was the 24-hr fecal dry ~nat ter  cbscretions. To 
equate for differences in hody size, daily fecal 
dry ii~attr~r output must he relatcad to some 
function of body weight. In  thid citsc, division 
hy body weight itself seelned tippropriate, since 
it was assu1nt.d that the digestive triirt filled to 
~ l lax i~uun~ volunie represt~nted a constant pro- 
portion of cbach cow's weight, and volulne and 
weight are related hy thc. proportionality con- 
stant, one. Thus, in caschs where digestive ca- 
pr city is li~niting and per cent dry ~llatter di- 
grstt~d is a lncasured predicting variablr, the 
reltraining restrictions on f c ~ d  intake wcbrcA pos- 
tulatc~d to be undigested residue per unit body 
weight per day and hody size itself. The undi- 
gested residue in this case is analogous to 
Lehl~tanti's (19) hallast. Deviations in this vwri- 
able should occur when, for  any reason, tht. rate 
of passage increases or decreases or variations 
in anatolnical structure cause the capacity for 
undigested residue to he larger or stnaller than 
predicted hy a simple volulne-weight rclation- 
bhip. In our sample of 66 cow-digestion trials 
these were expected to occur a t  mndoii~. 

The rcagres.;ion coefficients resulting fro111 re- 
gressing log of dly tnatter intakes on log per 
cent digestihility, hody weight, and fecal dry 
~lliitter per 1,000 Ih arcB shown in Tahle 4, along 
with the logarithtnic equations and multiplta 
correlation coefficients. These thrrc. variables 
accounted for essent~i~lly 1111 of the variation in 
dry nlatter intake. This tinding strongly sup- 
portb the c*onterition that within this yange of 
digestihility i ~ n d  types of rations fed, physical 
factors deterlnined appstite. 

The average daily production of fecal dry 
~lliitttbr was 10.7 Ih. After subtracting f ~ c a l  ash, 
undigested organic 111attt.r was 9.4 lh/1,000 lh 
of hody weight, which caolllpares favorably to 
9.6 Ih calculated fro111 the data of Leh~nann (19) 
for  caattle. Moreover, the exponents relating 
hody weight and undigested rclsidue to fwd in- 

TABLE 4 

Multiple regression a~ialgsis showed that three 
predictiiig variables covered most of the 

varintio~~ in feed intake among dairy 
cows digesting 53 to 66% of thcir 

(11.- niatter intake 

Stand- 
;ird par- 

Partial tial re- 
regressloll gression 

coeffi- roeffi- 
Variable cient cii.ilt 

Digestibility ( U )  1.53 4.41 
Fecal dry matter/l,000 Ib (I#') 1.01 7.10 
Body weight (W) 0.99 5.57 

Multiple eorrelntioll coefficient, H = 0.997 ; R' = 
0 995 

Regresnioil eclnetioll : Log I = 1.53 log D + 1.01 
log F + 0.99 log W - 6.396 - 

take werv 0.99 for body weight and 1.01 for 
fecal dry ~llatter, Tahle 4. Neither of these is 
significantly different froni one. 

The logarithmic curve resulting frotrl plotting 
total dry 111atter intake vcxrsus per cent digesti- 
hility, whilr holding body weight and undigested 
residue constant a t  1,000 and 10.7 Ih, respec- 
tively, is shown in Figure 4. The extension 
( broken-line) of this curve represents n~athe- 
~ttatical extrapolation to 80% dry tnatter di- 
gested. The adjusted data fall essentially on 
ths elnpirical curve ohtained from solving the 

undigested dry matter 
for~l~ula,  I~italie = . Thus, 

per cent undigested 
if dry matter digestibility iuid live weight are 

DRY MATTER DIGESTED, 7. 

1-'IG. 4. Slio\vii~g the rel;rtionship of dry 111atter 
tligrstibilitg to i~djusted feed intake at two levels 
of milk proiluction. Adjustments were propor- 
tioiral to weigllt bclow 66.7% dry matter digested 
:111cl weight rnisc'd to the 0.51 pornel. a11ove Ci6.iv0 
digested. 
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linown [or, in the case of the forn~er, if i t  can 
be estimated by in vitro digestion procedures 
(16)], the average feed intake for  a herd of 
milking eows may be predirted with consider- 
able precision in the low range of digestibility. 

W 10.7 The equation is I = - - where I is the 
1.000 F -~, 

intake in pounds per day, W equals body 
weight, and F equals per cent undigested. The 
regression equation has less physiological mean- 
ing. The exponential fonn was I = 0.54WD1." 
x lo-" where I = digestible dry matter intake 
in Ib/day, W = weight in pounds, and D is 
the dry n~at ter  digestiou coefficient. Finally, 
the remainder of the variation antong individ- 
uals affecting feed intalte may he differences in 
rate of passage of undigested residue. Corn- 
parisons of the standard partial regression co- 
efficients showed this variable to be greatest in 
i~nportanai. I t s  contribution apprositnates 42y0 
of the total variation. This is connnensurate 
with results of Rloow and Winter (23), show- 
ing wide variations alnong individuals with re- 
spect to rate of passage of undigested rtwidue 
and Stone et al. (31), \\-ho found that diffcr- 
ences among individuals contributed slightly 
more than half of the variation in roughage 
capacity of dairy cows. 

Tht! arbitrarily selected digestion coc~fficient, 
66.7, should not he construed as a fixc~rl nlasi- 
nlum point where physical factors cease to 
limit feed intake. As discussrd in the following 
section, this is n variable point with respect to 
per cent digestibility influcnecad by the n~ctabolic 
size and level of ~ni lk production. 

Factors relnted to the volfcntav!] clvr! matter 
inta1,e of milkilag c0tc.s fo(Z rations betlcleen 66.7 
attd 80Yo digestibilit?l. Results in this range of 
digestibility were obtained with cow5 fed rations 
high in flaked soybean hull content or early-cut 
green-chopped or  ensilrd forage. Counting the 
flaked soybean hulls as a rough:lge on the as- 
sumption that they require rulninal digestion to 
he converted to ~netaholically useful compou~~ds, 
the per cent grain-concentrate it1 these rations 
rangea from 0 to &Yo. The highest digestion 
eoeficients were obtained when cows were fed 
soybran flakes, Tal~le 1. 

I n  contrast to the highly significant regres- 
sion of feed intakr on rate of passage of fecal 
d l ~  1natter/1,000 Ib of body weight/24 hr, that 
was qound with values fro111 cons with digestion 
coefficients below 66.7Y0, with higher digesti- 
bilities the regrcssion coefficient was negative 
and statistically insignificant. It was previously 
noted that the average digestible dry matter 
intake ren~ninc.d constant and \\-as presumably 

independent of per cent dry matter digested 
when the coefficient exceeded 66%. I t  was, 
therefore, concluded that within the limits of 
the data from the high digestibility group of 
cows, volunle of their digestive tract was not 
rtastricting the quantity of feed eaten. i l n  al- 
ternative postulate was that animal energy uti- 
lization (for production and maintenance) en- 
compassed   no st of the variables determining 
appetite. Also, a t  the higher digestibilities, di- 
gestible nutrient intake followed 21 pattern pre- 
dictable fro111 Kleiber's (17) law with respert 
to metabolic size and productive energy. 

The relationship betwern d1-y ~nat ter  intake 
and body weight was deterrnined by carrying 
out separate regression analysis of log I on 
log IT, first for caows a t  all stages of laetation 
and thc.11 for cows only in the second and third 
lno~ith of laictation. The exponents relating feed 
intakr to body weight for cows in peal; lacta- 
tion wt .r~ the sanle as the generally accepted 
value of 0.73. The data for all stages of lactu- 
tion yirlded a loner value, 0.593, which was 
expected, Table 5. 

Rerause a nlucl~ greater part of the total vari- 
ation in feed intake could be accounted for, a 
lnultiple regression was calculated for  log dry 
matter intake on log d ~ y  matter digestibility, 
productive energy, and body weight to obtain 
prediction equations, Table 5. The t>sponential 
for111 of the iyuation for thr cows 011 the high- 
roughage rations was I = 3.4 Wo." +, 

])-".'hand for  the cows on coin silage and hay 
at  peak lactation, I = 30 Wa."' * D-l-IU. 
-Wer adjusting for  productive enel-gy and body 
size by covariance, the relationship of total dry 
matter intake to digrstibility is shown in the 
right side of Figure 4 for cows on the high- 
roughage rations adjusted to two levels of milk 
production. The mean adjusted c l ~ y  matter in- 
take drclined more sl~ixrply in thc? cows fed tht: 
higher grain ration; that is, con1 silage with 
hay as indicated by a larger negative ex- 
ponent for D, -1.19 cornpared to -0.46, in the 
regression equation, Table 5. Because digesti- 
bility is inversely proportional to total diy mat- 
ter intalce, the value obtained from e~npiric:~l 
calculations, that is, digestibility raised to 
-1.00 power, is inter~nediate hetween the. re- 
sults observed for the high-roughage and the 
higher grain ration. The c?~npirical calculation 
assnlnc~s a constant level of tligestible nutrient 
intake. 

Using the 114 digestion trials of tht. eows 
eating high-1-oughage rations, a highly sig- 
nifirz1.1it correlation corffiric.nt, r = 0.811, was 
obtained betwren digestible dry matter intake 
and 4% FFCM. This corroborates the findings 
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TABLE 5 

Relationship between digested dry matter intake 
and body weight in separate regression analyses 
and between total dry matter intake and per 
cent dry matter digested, body weight, and 
productive energy in multiple regression 

analyses of observations from cows 
digesting 67 to 80% of their dry 

matter 

F i t  of 
regres- 

Variables in Regression sion, 
reeression coefficient R" 

I. Log digested (1.111. on log weight 
a. High roughage-- 

lactation 
(2,4)* 0.735 * 0.144 0.060 

b. High grain- 
peak lactation 
(20) 0.733 k 0.109 0.074 

r. Hieh rough- - - 
age-through- 
out lactation 
(42) 0.593 k 0.071 0.063 

11. Multiple regressiol~ analysis 
with high-roughage rations (42) 
a. Log dry matter 

intake on : 0.833 
I. Per cent d.m. 

digested -0.461 " 
2. Body weight 0.513 " 
3. Productive energy, 

Em + ,, 0.251 " 
Regression equation: Log I = 0.5536 - 0.461 

log 1) + 0.513 log W + 0.251 log Em +, 

111. Multiple regression analysis wit11 
corn silage and high grain (20) 
a. Log dry matter 

intake on : 0.809 
1. Per cent ~1.111. 

digested -1.194 " 
2. Body weight 0.620 " 
3. Product,ive energy, 

Em+, 0.268 " 
Regression erluat.ion : Log I = 1.484 - 1.194 

log D + O.(j2O log W + 0.268 log Em + ,, 
:' hTumber in ~arentlleses indicates nulnbers of 

cows. 
"Partial regression coefficients. 

of previous investigators ( 2 0 ) .  However, the 
preceding analyses evinced tha t  a t  low digesti- 
bilities variations in milk yield arose front 
variations in feed intake. A t  high levels of 
digestibility the reverse condition was t rue ;  
that  is, milk production was a determinant of 
feed intake. The point a t  which this change in 
level of feed intake occurred f o r  two levels of 
milk production i s  shown in  Figure  4 as  the 
intercept of two logarithmic curves in the high 
digestibility range with the  result f rom the 
low-digestibility group. Thus, the point among 
this series of increasing digestion coefficients 
a t  which physical liinitations on eating ca- 

pacity vanished and the influence of production 
became dominant varied with body size and 
production. 
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E F F E C T  OF SUPPLEMENTAL FEEDING O F  COWS ON PASTURE ON 
MILK COMPOSITIOK AND YIELD 

J. T. HUBER, G. C. GRAF, AND R. W. ENGEL 
Departments of Dairy Science and Biocllemistry and Nutrition 

Virginia Agricultural Experi~nent Station, Blacksburg 

SUMMARY 

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

In  Trial A, significant ration effects were noted for SNF, protein and fa t  
in milk, and nlilk yields. Values for cows on corn and silage, respectively, 
were: 8.65, 322, 3.050/0, and 39.9 Ib; 8.44, 3.11, 3.650/0, and 35.8 Ih. 

In  Trial B, persistency of production was over 80% for all groups. Cows 
on grain and silage had highest milk yields. S N F  decreased as level of corn 
decreased (9.16, 8.92, 8.66, and 8.4'2% for consecutive groups). Milk protein 
accounted for 111ost of the change in SNF. F a t  in milk was lower on high-corn 
rations (2.53, 3.23, 3.50, and 3.59% for consecutive groups). Corn silage 
alleviated milk fat  depression noted on high-corn rations. Treatment effects on 
milk con~position were not complete until the 6th to 8th wk of treatment. 

Feeding high levels of energy to dairy cows 
has generally resulted in an increase in S N F  
in inilk (principally the protein fraction) when 
conlpared with rations of nornial or subnor~nal 
energy content (3, 6, 7, 10, 11, 14, 16). How- 
ever, so~ne studies have reported no difference 
in SNF and protein in milk fro111 rations which 
varied widely in energy (2, 4 ) .  Concurrent 
with the increase in milk protein, there has 
often been noted a decrease in the fa t  content 
of the milk (3, 16). Several investigations have 
shown an incrcasc. in protein from feeding high 
levels of energy, hut no change in fat  (6, 11, 
14). These changes in milk composition (in- 
creased protein and decreased f a t )  have usu- 
ally been inore pronounced when iorage intake 
was very low (3, 9, 11). 

I n  many areas, pastures supply a largc. por- 
tion of the forage dairy cows consume. How- 
ever, very little is known on the effect of 
energy supplementation to cows on pasture 011 

the major constituents of milk. Such knowledge 
would seem important, partirularly because of 
the prohleln of low-fat inilk frequently re- 
ported during the grazing scason. 

The purpost. of this study was to investigate, 
the effrrt upon milk cornposition and yields of 
varying the Icvel and source of c3nergy in the 
ration of lactating dairy cons grazing medium- 
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quality bluegrass pasture. Of further interest 
was the time required for the changes in milk 
composition induced by ration to occur. 

EXPERIMENTAL PROCEDURE 

The study was divided into two trials. I n  
Trial 11 (sunliner, 1961), 11 lactating Hol- 
stein cows in their fifth nronth of lactation werc 
allotted to two groups (five and six per group). 
A simple reversal-type of design was used with 
two 40-day treatment periods. During the first 
period (6/!!  through 7/31), one group of 
cows recrived all of the ground-shelled corn 
they would eat for 3 h r  twice daily (2  h r  prior 
to, and 1 hr  during each milking), whereas the 
other group was allowed high-quality corn 
silage (31.1% dry matter with a grain content 
of about 50%) on the same basis. Treatments 
were switched during the second period (8/1 
through 9/9). Cows were weighed for three 
consecutive days just prior to and a t  the end 
of treatment periods. At 12-day intervals, a 
daily composite of milk was sa~iipled for  com- 
position analyses. F a t  was determined by the 
Rabcocli niethod. 11 modified AOAC method 
(1)  as adapted hy Stone et al. (18) was used 
for determination of total solids, and total pro- 
tein was allalyzed according to the Kofranyi 
Direct Steal11 Distillation Method (12), as modi- 
fied hy Stone et al. (18). Per  cent solids-not- 
fat  and lactose-nlineral were determined by 



difference. JLilk production and cou~position 
data are presented for the last 30 days of each 
treatment period (allowing ten days adjust- 
ment). 

I n  Trial R (sunnner, 1962) 24 lactating Hol- 
stein cows in their third to fifth  non nth of lac- 
tation wcAre used. Cows wclrcL allotted to his 
outco~nt. groups (four per group) on the bahis 
pf age, stage of lactation, aud production dur- 
ing a 21-day standardization period. Duriug 
standardization all c.ows were on pasturch and 
received a daily allowance of 40 Ib of corn 
silage. Additionally, 21 cotn~~~ercial conecntritte 
(16% C.P.) was fed a t  the rate of 1 lb 1 ~ ~ 1 .  
3.5 1b of n~i lk produced. 

One cow from each outco~ne group was thc~n 
assigned at  randorn to one of the following 
treatment groups : 1 ) Ground-shelled corn ; 
2) ground-shelled corn plus corn silagc.; 3) 
ground-shelled corn ( 1  Ib per 6 Ib milk pro- 
duced during standardization) and corn silage; 
and 4) corn silage. All feeds were fed ad 
libitum for 3 h r  twice dai1.y (2 hr  prior to, 
and 1 hr during  nilk king) except for the grain 
in Group 3. Additionally, all cows were fed 
2 lb  soybean meal (44% crude protein) per day. 

Pasture quality and grazing schedules were 
siniilar to Trial A. Treattnent pc~riod was for  
86 days (6/7 through 8/31) which included 
1 5  days of adjustment to ratious. Cows were 
weighed for three consecutive days a t  the 
beginning and end of treatment and at  hi- 
weekly i ~ ~ t e ~ v a l s  during the trial. Daily eoln- 
posite milk samples were ti~lcen twice during 
the prt4iminary period and : ~ t  ten-day inter- 
vals thereafter. Co~nposition analyses of milk 
were similar to Trial A. 

On the last day of trentment, a sample of 
the rumm contents fro111 three cows in eacdh of 
Groups 1 and 4 and fro111 three additional caows 
consuming a norn~al ration of hay (ad lihitun~) 
and commercial concentrate ( I  lb per 3.5 lb 
milk produced) was taken by stomach pump 
approximately 5 hr after the ~norning feeding. 
A 10-ml aliquot of tllc. sample was it~nncdintelp 
 nixed with a 2% solution of H,SO,. Rumen 

sa111p1r.s were stored a t  40 F until analyzed for 
relative proportions of volatile fatty acids, ac- 
cording to the n~ethod dt,scribed hy Bruno and 
Moore (5). 

The method of Snedecor (17) was used for  
statistical analyses of data and significance of 
difference between treat~nrnt means was tested 
ac*cording to Duncan (8). 

RESI-1,TS .\XI) DISCUSSIOx 

Pastures during both trials were of 111ediu111 
quality. Continuous grazing was etnployed and 
sufficient land was available to insure a liberal 
supply of forage during all experi~ncntal pe- 
riods. 

111 Trial A\, n~ilk yields, S N F  anti its compo- 
nents (protein and lactose-mineral) were sig- 
nificantly higher for the ground corn ration 
(Table 1) .  Sinrilar effects on milk composition 
have been noted in other studies where high 
levelh of c.nt2rgy were f c ~ l  (10, 11, 16). Con- 
currc.nt with the increase it1 SNF, there was 
noted i~ significant derrt.ase in fat  content of 
milk. Jlilk fat depression hits illso been reported 
previously, particularly in rations containing 
large a~nounts of grain i~nd very little forage. 
(3, 9) .  S o  difference was t~oted in prnductio~t 
of' R" or weight change. of animals, despite 
the. large differences in (ancrgy intake between 
tho two rations. Becausc, c-hanges in milk ~ O I I I -  

position among eows consun~ing high levels of 
gritill were not con~plc.te after 40 days OII 

trt.atn~ent, a continuouh-type study with a 12- 
wlr treatnrent period was planned for the fol- 
lowing year. 

Suppleune~~tal T1)X per pound of FCN, esti- 
~na t rd  according to 3Lorrison (13), a~nounted 
to 0.60 and 0.30 lb for the grain and silage 
treatments, respt.ctively. I t  is postuli~ted that 
~nuch of this clifference was due to a lower 
intake of pasture by cows on high grain. 

In  Trial 13, tt normal decline in production 
was noted anlong all groups. Cows receiving 
both siliige and grain n~aiutitined the highest 
milk yields (Table 2).  The most efficient pro- 
duction, from a standpoint of supplemental 

TABLE 1 

Intake, milk production, ~reigl~t  gains, and milk composition of grazing cows frd supplemental 
corn or corn silaee (Tri:il A) 

Suppl. 
frecl Intake Milk FCM ADG Prot. L-M SNF TS 

-- ( lb / (?oj / ) -  (ZhJ - (%) 
Grom~d corn 25.6 39.9** 34.0 0 3.05 3.92* 5.46* 8.68** 11.73 
Corn silage " 46.4 35.8 33.7 0.0 3.( iB**3.11 5.34 8.45 10.07* 

' 31.1% dry matter. 
* Significantly higher (P < .05) .  

* *  Significantly higher (P < .0l). 



TABLE 2 
Effect of various sapl~lr~nei~t;~l feeding systellls 011 intake, production, and body weight 

(Trii~l B)" 

Group 

- 
1 2 3 4 

Intakr ( Ib/dag) 
Gro~it~d corn 24.0 22.8 6.9 
Corn silage " 24.1 46.1 54.1 
Soybean heal 2.0 2.0 2.0 2.0 

Milk yields (Ib/day)  
Standardization 44.5 43.7 43.9 43.7 
Treatnlent S(i.6 39.5 38.0 35.0 
70 of Standardization " 80.4t~b 90.4:~ 86.6ab 80.lb 

A r e  dailv vain IEb J 1 . 6 4 ~  1.43a 0.5811 0.64b 

" Avg for 71-day period. 
" 29.9$'0 dry matter. 

Groups not sharing a coinmoli letter arc significantly tliffercnt (P < .05). 

TDS, was again obtained fro111 cows fed only 
corn silage. Suppleinental TDN per pound of 
FCM for Groups 1 through 4, respectively, was 
0.73, 0.70, 0.46, and 0.37 lb. Substantial in- 
creases in body weight were noted for  all 
groups; however, anin~als on the high-grain 
rations gained a t  a much faster rate than those 
in groups where grain was either limited or  
excluded. The greater gains accounted for  
some of the additional energy consumed by 
these groups. I t  is again postulated that intake 
of pasture was lower for cows consuming lib- 
eral quantities of grain. 

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

As has been noted previously (3) ,  the sensi- 
tivity for dectecting s~nall differences in milk 
production and coirlposition was greater in the 
revtarsal-type study; however, the relatively 
long period of time required for the maximum 
change in milk con~position to occur would 
seem to make a continuous-type trial more 
useful in  studies where the effect of ration on 
~ni lk constituents is of prime interest. 

Cows in Group 2, which received both ground 
corn and corn silage ad libitum, co~isuined only 
slightly less corn than cows on con1 alone (22.8 
vs. 24.0 lh per day). The small amount of 
silagc in this ration (24.1 Ih) seemed to pre- 
vent partially the depression in the f a t  content 
of milk, as was noted among cows in Group 1. 

Analyses for volatile fatty acids in rumen 

contents of cows in Group 1 revealed a much 
lower proportion of acetate and higher pro- 
portion of propionate than was shown for  cows 
receiving only silage or a nor~nal hay-grain 
ration (Table 4). Similar effects, but of lesser 
magnitude, were reported previously fo r  lac- 
tating cows on high-concentrate, low-forage 
rations (3, 9). These data also tend to support 
those of English workers (15), in  which it  was 
shown that intraruminal infusion of propionic 
acid resulted in an increase in the per  cent of 

DAYS ONTREATMENT 

FIG. 1. Average cllange from standardization 
in milk protein and fat of cows 011 different sys- 
tems of pasture supplclnentation (Trial B). 
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TABLE 3 

Effect of various suppleiiiei~tal feeding systeins on milk composition (Trial B)' 

Group 

1 2 3 4 

Fa t  2.53(-.82 ' )a 3.23 (-.35)ab 3.50 (+.08) bc 3.59 (+.28) c 
Protein 3.45 (+.57) a 3.31 (+.41) ab  3.19 (+.33) bc 2.97 (+.22)c 
Laetose-mineral 5.71 (-.06)a 5.61 (-.09) a 5.47 (-.11) a 5.45 (-.27)a 
SI\TF 9.16 (+.55)a 8.92 (+.35)ab 8.66 (+.22) bc 8.42 ( 0 . 0 ) ~  
Total solids 11.69(-.29)a 12.15(-.03)ab 12.16(+.32) b 12.01 (+.23)b 

" Avg for 71-day period. 
"Groups not sharing a common letter are significantly different (P < .05). 

Avg change from standardization period. Statistical treatment of all composition data 
is  based on these values. 

TABLE 4 

Mean molar percentages of rumen volatile fatty acids (Trial B)  

Group a CS CS Ca C5 C, : Cx 

f % of total) 

Hay -grain 65.5b 20.4b 10.4a 3.7a 3.21b 

a Groups not sharing a comrnon letter are significnlltly different ( P  < 0.1). 

protein and S K F  in n~ill i  and a decrease in Inilk 
fa t .  

Fur ther  studies are  needed to define nlore 
clearly the effects of various factors such a s  
concentrate-to-forage ratios, sources of eoncea- 
trates and forages, and energy levels, on the  
major  n~ i lk  constituents. The physiological 
mechnnistns involved in such changes should 
also he further investigated. 
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SUMMARY 

The delay period between the liberation of radiostrontiuni and its appearance 
in milk, soil, and grass was studied. Milk samples showed consistently higher 
S.U.8" and StrontiuntW values in October than in August, 1961, and the presence 
of Strontium" was evidence of fresh fallout, proving that the delay period was 
less than two months. The soil samples taken from the site where the cows 
grazed showed no increase of Strontium" and no evidence of S t ron t iu~n~.  
I n  grass, however, there was a sharp increase of both isotopes fro111 Septeni- 
her to November, 1961, the simultaneous rise suggesting recent pollution. 
The effective delay period, therefore, for fallout to be incorporated into grass 
was less than two months. That there was no increase in either isotopes in the 
soil suggests that Strontium" and Strontiunl"" entered the vegetation hy direct 
routes. 

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

I n  a previous report (8),  milk satnples from 
Jersey and Holsteiu cows were analyzed for  
Strontium" and calcium and strontium unit val- 
ues calculated during the spring and suniluer of 
1961. Results showed thttt the S.U. values 
Strontiunl"" per gram of calcium) were sig- 
nificantly higher in the spring (April-May, 
2961) than in the sa~nples (July-August, 1961). 
This difference may have been due to a higher 
calciu~n intake during pasture feeding in the 
sulnmer (9)  or because during the spring 
months the cows were fed silage and hay grown 
in the sunnner of 1960, when the Strontiunlm 
fallout in Ontario was relatively higher than in 
1961. The difference in the fallout rate between 
the spring and summer periods probably ex- 
plained thcl higher levels of StrontiunlSo in the 
spring milk samples. I t  was also shown that 
the S.U. values were somewhat higher in Hol- 
stc>in than in Jersey milk samples during both 
spring and summer seasons. 

Received for publicatio~i Novc~l~ber 2, 1962. 

This paper dc~scribes a further investigation 
using the same cows, fed and pastured under 
the same conditions. Milk sa~nples were ob- 
tained 6 wk after the first announced resump- 
tion of an atn~ospheric nuclear detonation in 
October, 1961, approxin~ately two months after 
the collection of summer samples from July 
17 to August 18. The data obtained have been 
examined to seek evidence whether Strontium*", 
Strontiunlw, and S.U."" values of milk increased 
from the sulnmer to the fall sainpling periods, 
and whether a n  increase in the a~nount of at- 
n~ospheric Strontium" and Strontiunl'" was 
similarly reflected in the isotope content of the 
milk sa~uple of the two breeds of cows. 

The present investigation is illso concerned 
with the Strontium", Strontiunl'"', ant1 calcium 
levels of the grass of the pasture land where 
the experimental animals grazed, and the ver- 
tical distribution of these alkali-earth nletals in 
soil, 4 and 12 wk after resu~iiption of nuclear 
tests. 

MATERIALS AND METHODS 

Milk. Four Jersey and four Holstein cows 
were selected for  this study. The same cows 
were used in a previous investigation (8). No 
efforts were made to select the cows at  random; 
hence, all statements in this paper should be 
iuterpreted with reference to the eight particu- 
lar cows in this study. The Jersey cows ranged 
in production fro111 approximately 8,000 to 



RADIOACTIVE PALLOUT IN MILK AN1) SOIL 69 

11,000 lb of ntilk p(,r lactation and the Hol- 
steins ranged from 10,000 to 18,000 lb of milk 
per lactation. Jlilli was again collected in Oc- 
tober, 1961, 6 wk after the resu~nption of 
nuclear testing, while the cows were still on 
the same pasture as in our previous study (8) .  
A11 cows were more than two ltlonthk past their 
freshening date a t  the time of the April collec- 
tion and still in full production in October. 
This was ituportant, because cnlciuitt and phos- 
phate values of milk fall during the first 5 wk 
and rise again in the last 15 wk of lactation 
(9). The rtlilk sat~~ples  collected represented 35 
~iiilkings. Saturday and Sunday milkings were 
not salilpled, due to scheduling problelns a t  the 
barn. A composite saittple of each cow's milk 
was prepared by accumulatir~g 1% of each of 
her lnilkings throughout the sampling period. 
Two liters of illilk were necessary for  each 
analysis. Duplicate analyses were performed 
for each cow in the suililner, but only for  Hol- 
steins in October because the 1% of the milk 
yield of the Jersey cows was insuffi~i~rit for 
two salnples during the period available. 

The Strontium" content of the milk samples 
was detern~ined hy the method of Grumntitt (7) 
and Brown et al. (5) .  Two methods were used 
to calculate the StrontiumaB activities. I n  the 
first method, the separated strontium was 
counted after :L storage period of 17  days, to 
allow for the development of an equilibrium 
condition with the Yttriumm' daughter product. 
Following this, Yttriumm was separated by the 
method of Grulnmitt e t  al. ( 7 ) ,  and the Stron- 
tium" content was calculated from the Yttrium"' 
count. The count due to Strontium" was calcu- 
lated by subtracting Stroi i t i~ni"~ aud Yttrium"' 
activities from the equilibriuln count. The sec- 
ond rnrthod depended on measuring the decay 
rate of the equilibratc~d strontiunl source thrt.1. 
to four times a t  intervals of 6-8 wk. In  both 
ir~stances corrections were made to obtain the 
Strontiumb" activities a t  the titlie of eollc~ction. 
Calcium was analyzed using a Unicatn SP-900 
flranle spectrophoto~net~r. 

Grass awd soil. S t r o n t i u n ~ ~  and Strotitiuni'" 
detert~~inations in soil and grass are lengthy 
and time-consuming procedures. For  this rea- 
son, the number of sampling sites necessary 
was determined and the samples were pooled, 
as described below. All sa~nples were obtained 
on September 15, 1961 (after the resurnptiori 
of atmospheric testing) and again on Sovem- 
ber 26, 1961 (approximately 12 wk after the 
recommencement of atmospheric nuclear test- 
ing). 

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

The pasture was ploughed and sown with a 
grass-clover-alfalfa n~ixture in 1960. The pas- 
ture soil was Guelph Loam, a well-drained soil 
derivc~d fro111 loani-textured till. This type of 
soil has good depth, is relatively stone-free, 
and is neutral in reaction. A randoin salnple of 
12 plots was selected; each of the saiiiple plots 
nteasured one square y:.rd and was selected in 
this way: The whole pasture site was first 
divided into 533 bands of one yard width and 
a randoni santple of four of these bands taken. 
Next, this same plot was divided into 5'25 bands 
of one yard width a t  right angles to the previous 
strip and three of these bands selected at ran- 
dolit. The two sets of bands were overlapping 
in 12 plots of each of one yard square. The 
grass fro111 each of these 12 plots was cut with 
a mower about 1 in. from the ground, to obtain 
the vegetatiori on which a cow would norlnally 
graze. A 6-in.-deep core of soil with a dialn- 
eter of 3.5 in. was taken a t  raridotn within each 
one-square-yard area, where the grass had been 
removed. The surface soil-the top 2 in. con- 
taining the roots of the vegetation-was removed 
and kept separately, and the ret~~aining 4-in. 
core was also retained (subsurface soil). To 
reduce the number of determinations necessary, 
it  was decided to pool some of the sali~ples. 
Twelve sample units were paired a t  rand0111 to 
obtain six subsan~ples each of grass, surface- 
soil, ; u ~ d  subsurface-soil samples (2-6 in.). 
Thus, there \\-ere six determinations made for  
each of the herbage, surface-soil, and subsur- 
face-soil samples. The six results can, therefore, 
be cousidered a s  six independent ui~biased esti- 
mates of the radioactive containination of the 
salilples. 

Strontiuin" in soil was deteriliined by fusing 
100-g samples with sodium hydroxide and so- 
dium carbonate (11). Corrections were made 
for decay, counter efficiency, and background 
counts. The lower limit of detection with the 
Philips beta counter was 4 ppc. The detennina- 
tion of Strontiu~n" in soil is beset with ana- 
lytical difficulties, because of the relatively low 
Strontiuin"' levels, and the prtlselice of activi- 
ties other than strontium in the samples. For  
this reason, the strontiul~t carbonate samples 
were repeatedly counted a t  suitable intervals 
and the S t ron t iu i~~~"  decay curve carefully 
followed. 

Grass sa~nples obtained fro111 a square yard 
of area were ashed in the presence of added 
strontium carrier and the ash was refluxed with 
6 N hydrochloric acid for  2 hr. The leachate 
\\*as filtered and diluted to 1 N hydrochloric acid. 
This was passed through a Dowex 50 ion ex- 
change coluinn and strontium was recovered, 
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using the method of Grun~mitt ( 7 ) .  The Stron- 
tiumw and Strontium" content was calculated 
as  described above for milk. Calcium was de- 
termined with a Unica~n SP-900 flame spectro- 
photometer. 

RESULTS 

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

TABLE 1 

S P  ppc/100 g sa~nple in surface soil and 
subsurface soil 

September, 1961 Sovember, 1961 

Sub- Sub- 
Sample Surface surface Surface surface 

no. soil soil soil soil 

soil) showed no significant difference from Sep- 
tember to November in soil samples. I n  both 
periods, however, there was a significant differ- 
ence between the subsurface-soil (2-6 in.) and 
surface-soil samples, the latter containing al- 
most twice the activity per unit weight. I n  
none of the soil sarnples was Strontiun~" de- 
tected. 

The levels of Strontiu~n", Strontiumm, and 
calciuin in grass are sutnmarized in Table 2. 
S.U. values have been calculated for both stron- 
tium isotopes. Strontiumw values increased 
from an average of 2.4 ppc/g ash in Septelnber 
to 4.0 ppc/g ash in November. S.U.9Yevels rose 
from 35 to 70. During both periods there was 
Strontium" present, in the September samples 
an average of 33 pCLc/g ash and in Sovember 
293 pP/g ash. S.U.8' values increased from 467 
to 5,142 during this period. The ('t" test was 
applied to test the differences hetween the Sep- 
tember and November samples. The difference 
was not significant for  calcium, but i t  was sig- 
nificant for  Strontiumw, S.U.", Strontium", and 
S.U.", indicating that Strontium" and Stron- 
tium levels, as well as  their ratio to calcium, 
increased at  the satnpling site between Sep- 
tember and November. 

The levels for  Strontium", Strontiumw, and 
The mean values give the best estimates of the c;tlciuln in the nlilk of individual Jersey and 
contamination. A similar average estimate could Holstein are sumlllarized in Tables and 
have been obtained by pooling the 12 sanxples 4, respectively. An analysis of variance was and making just one detern~ination for each perforlned for Strontiulllw, S .U.~,  and calciulll 
type of sample. The advantage of the present 
method is that it tliakes it  possible to determine levels (Table 5).  It appears that S.U.w levels 

and absolute Strontiumw activities are con- whether November averages differed signifi- 
sistently and significantly higher in October cantly from those of September. The values 

of Strontiumw are expressed in ppc,lOO dry 
than in the July-August period (over-all tixne- 

soil. The specific activity of with effect significant). Within each breed not every 

respect to calciurn (S.U.) is not considered to COW Was affected to the same extent (time-by- 
be a unit, because it does not take cow within breed effect significant). As in  our 
into the nonuniform nature of previous report (8) f3.U.'" levels were signifi- 
Strontium"" distributiol~ and the sharp varia- cantly higher in Holstein than in Jersey milk. 
tions which occur with depth in soils (4). A This difference was primarily due to higher 
"t" test of the means (Strontiumw pPc/100 g caalcium concentration in Jersey 111ilk. 

TABLE 2 

Levels of Strontiums0, Strontiumao, Calcium, S.U.", and S.U.RO in grass sa~nples 

September, 1961 

Ca g/ Srmppc/ S F  ppe/ 
gash g as11 S.U.fiu g ash S.U." 

I 0.116 51 438 2.7 23 
I1 0.051 25 484 2.1 40 

I11 0.075 34 450 2.5 33 
IV 0.061 28 462 2.8 45 
V 0.067 36 540 1.6 24 

VI 0.061 26 428 2.7 44 
Mean 0.078 33 467 2.4 35 

Novelnber, 1961 

Ca g/ Srnoppc/ S P  ,.'PC/ 
gash g as11 S.U." gash 8.U." 

0.073 277 3,801 3.4 46 
0.043 375 8,709 5.4 125 
0.050 142 2,841 4.7 93 
0.063 333 5,278 4.4 70 
0.072 311 4,323 4.8 67 
0.054 319 5,901 1.1 21 

0.059 293 5,142 4.0 70 
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TABLE 3 
Calcium, Strontiumm, Strontiumm, S.U.w, and S.U." levels in Holstein milk 

Mean 1.270 2.500 1.966 11 1.150 2.714 2.358 43.463 37.840 

July-August, 1961 

Ca g/ Srm ppc/ 
Sample no. liter liter S.U.80 

3 A 1.35 2.15 1.60 
...... B ...... ,..,.. 

-4% 1.35 2.15 1.60 

October, 1961 

Ca g/ Srm' ppc/ Sr" ppc/ 
liter liter S.U." liter S.U." 

1.21 2.20 1 . 8 2 3 9 . 4 7  32.62 
1.14 2.28 2.00 33.32 29.23 
1.175 2.240 1.910 36.395 30.925 

...... ...... ...... ...... ...... B 1.38 2.18 1.58 
Avg 1.400 2.335 1.665 11 1.41 2.72 1.93 63.3 44.9 

Mean 1.442 2.360 1.636 - 1.380 2.747 1.987 60.95 44.15 

TABLE 4 

Calcium, Strontiu1nm, Strontiu~n", S.U.'", and S.U." levels in Jersey lliilk 

DISCUSSION 

Grass and soil. I n  the migration of con- 
talninants along the ecological chain, soil plays 
an important role, serving both as a site of 
concentration and a place where the contam- 
inant may be fixed in a way rendering it inac- 
cessible to vegetation. For  this reason, the 
levels of Strontiulnw and Strontium"" in soil 

July-August, 1961 

Ca g/ SrW ppc/ 
Sample no. liter liter S.U.m 

61 A 1.35 2.37 1.75 
B 1.48 3.10 2.09 

Avg 1.415 2.735 1.92 

68 A 1.51 1.83 1.21 

Results for grass are expressed per gram ash 
weight. The time required for  the entry of 
strontium isotopes into grass was less than two 
months. This is shown by the significant rise of 
Strontiulll" in November grass sa~nples as com- 
pared with those obtained in September. That 
this increase was, in fact, due to fresh fallout 
is sun~or ted  bv the silnultaneous increase of 

October, 1961 

Ca g/ Srm' ppc/ Srm ppc/ 
liter liter S.U.O liter S.U." 

1.37 "64 1.93 46.2 33.7 
...... ..... ...... ...... ...... 

1.37 2.64 1.93 46.2 33.7 

1.33 2.44 1.83 67.5 50.6 

are of great importance. 1. 

Strontium" in the Novelnher grass samples, a 
I n  our studies, S t r o n t i u ~ ~ l ~  activities in soil 

did not increase froln September to Kovelllber, sign of recent pollution. I t  is of interest to 

1961. Both surface and subsurface soil sa~nples that there lVas no 'ppreciable difference 

(2-6 in.) stayed essentially unchallged ill this iii the distribution of rainfall in the months 

period. This suggests that the period hetween prior to the two sanl~l ing periods. During the 

the liberation of fission into the strat- periods when salnpling took place the amount 
o s ~ h e r e  arid their annearanre in soil in meas- of precipitation was also si~nilar (2.2 in.) in 

* 

urable quantities was in excess of two li~onths. September as well as in Novel~lber. 
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TABLE 5 

Allalysiu of rari:cllce for Jersey and Holstcil~ 111i1k 
.- - - -. - - - - 

Ijrgreex of Meall 
Effect 

--- 
f r e e d ~ ~ ~ ~  - squares 

-- 
F Sigl~ifieanee 

Ca g/l 
Interbrc-rd difTerencr 1 O.:i30 183.39 * :- 
aver-all ti11ie-effect 1 0.065 36.00 * :i 
1ntrahrec:d diff creacc (i 0.014 7.78 + .' 

Timr 1)y I~rerrl effect 1 0.004 .) -.-- .I.) 

T~III(.  I)$ cow rrvitl~iii I ~ r ~ e d  ~Keet ti 0.007 3.61 
Error 1 0  0.003 

Total 25 
- -- - - - - - - -- - - - 
Sr"" ppc/l 

Interl,reed difference 
Orer-;ill tillle-efft.ct 
Intrabreerl difference 
'I'ime Inv breed effect 
' I ~ I I I ~  11;. row rritllin I)~.(*t~tl cffc~t (i (1.54 3.93 
ISrror I 0  -- 0.14 

Total 25 
- - - -- - - - - - 

S.U." 
I~~terbrccd dill'c~re~lco 1 0.96 11.82 
Over-all t ime-r~~e. t 1 1.10 13.30 
Ii~trabrrcd (1ifTerr'llcc. (i O.(iY 8.27 
Ti111e 1)y brcctl effect 1 I I 0.04 
Tillbe 11. cow rvitlliil Imeed effect 6 0.88 4.56 
Error 10 11.08 

Tot:ll "5 - 

It was suggested (19) that fallout lllily bv 
ilicorporated into tht, vegetation by several 
routes; such as  by ahsol-ptiorl through the roots 
from soil, by which previously deposited cumu- 
lative fallout enters the pl;~nts, and by direct 
contamination of plants. This niay occur by 
a t  least threr different mechnnisn~s: it) foliar 
absorption, which refers to the direct ahsorp- 
tion of isotopes through plant strnl and leaf 
surfaces; b)  floral absorption, which describes 
the incorporation of niaterial through develop- 
ing of influorescences of plants; c)  plant-base 
;~hsorption-absorption of niaterial which has 
hen1 previously canicd down to thc has:ll parts 
of plants, enrollrd Ir:lves, and shallow roots. 

The simultaneous increase in Strontiuin" and 
Strontium' levels of grass in November as  
compared with September, and the lack of con- 
current increase in the soil samples, suggest 
that the strontium isotopes entered the vrgeta- 
tion primarily by direct routes. 

Although the soil was ploughed as recently 
as 1960, the top 2 in. contained Inore Stron- 
tiumW in all sa~~lp les  than the suereeding 4 in. 
This is in agreement with other published re- 
sults (1, 2, g) ,  and with the results of TCulp 
(lo), who found that S t ron t iu~l i~  concentra- 

tion dec.reases exponentiully with depth in all 
types of soils. 

Milli. An analysis of variance was per- 
fornled for Strontiuln"' S.U."' levels and cal- 
ciunt. For  this purpose the niissing observa- 
tions in Tables 3 and 4 were filled in by dupli- 
eating the it nie:~suretllents of the saiiie cell 
and, following this, the total variance was par- 
titioned according to three nlain effrcts ;ind 
their interactions. The first effect is the over-all 
time-effect, due to the difference between con- 
tamination conditions in the July-August pe- 
riod, and in October, 1961-6 wk after the re- 
sunlption of atmospheric? nuclear testing. The 
second effect is the inter-breed difference, which 
shows whether there is a consistent difference 
in S.V."' and Strontiumm'activities hetween thr  
Jersey and Holstein rnilk tested. The third 
niain effect is the intrabreed difference, which 
measures the difference between the milk of 
individual cows of the same breed. The other 
effects are interactions of the three ahove- 
mrntioned effects; these are the time hy hreed 
effect and the tinle by cow within hrred effect. 

i\. I l ~ t ~ r b r e e d  uiad i t t trubr~ed difercgoce. I n  
a previouq report (8) ,  we found that the aver- 
age S.t-.%' v:,lues were higher in the Holstein 
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tuilk than in tllilk obtained fro111 the Jersey 
cows tested. Our present analyses show that 
it1 the 0ctohc.r si~tnples there \\.as a similar 
difference hetwcv.11 n ~ i l k  of the two hreeds, a s  
rt1presc~ntc.d hy the eight selected cows. The 
nlean S.U."" values were 2.35s fo r  Holstein 
nlilk as c.ot~tpart.d with 1.987 for  .Jersey samples. 
This signiti~ant difference hetween the milk 
sattlplc~s of the two hreeds of aows was nlost 
liktaly due to the consistently higher levels of 
ci11ciut11 it1 .Jersey nlilk in Ocxtoher, 1961 (1.380 
g/'litchr for  .Jersey, ant1 1.150 g/liter fo r  Hol- 
st t in t~ti lk) . The intr;thrc.cd differences con- 
tinuecl to he significant for  hoth S t r o n t i u ~ n ' ~  
i~tld S.C."' levels, irtdieating that the four  cows 
withilt each of the hrrc.ds differ greatly. It is 
ciifficult to rxplaiu why there is  no interbreed 
diffc.lr.nce in Strotttiut~i"' It.vels, although i t  is  
possihle that  the error of the determinations wa.s 
too great fo r  sn~a l l  differences to show up. 

H. Effect of ranrtoc,rl tcstiteg. The eonipari- 
sou of ~ n i l k  analyses in August and October, 
1961, sho\vs that Strontiunlm levels increased 
significantly from August to Oetohrr i1.11d that 
the. S.U.'" va1uc.s were also significantly higher 
in the san~ples  taken af ter  nuclear testing was 
resunled (over-all time-effect signific:~nt). There 
was no signific*ant difference in Strontiunlm lev- 
rls and S.T:.'" values between the two breeds 
tested ( t i~ t te  hy hreed effect not significant). 
The levcls of calcium, however, were lower in  
the Ortohrr satnples; thus, the rise in S.U.m 
levels was also due to a fall in caleiun~ concen- 
tration. 

The ittcressc! i n  Strontiuttl'"' in the October 
~ni lk  siitt~ples was si~nultant~ous with the appear- 
:Ince of Strontiun~*'-provi~~g that  the rise was 
due, to fresh fallout. Thus, the delay period 
bcltwc.c.11 the injection of ~ ~ u c l e n r  dehris into the 
stratosphere and its ;lppc.aranee in n ~ i l k  was 
t ~ o t  ttlorc than 6 wk. 

.lnderson et al. (3) studied the c~ffeet of 
filllout rate and accu~l~ulated fallout on Stron- 
tiuln'" 'ictivities in t ~ ~ i l k .  They found that there 
\vt~s a high corrc!lation hetween the activity 
Ic.vc4s of milk and the amounts of ulonthly 
tlc.positiott. It1 their studies, n~illi i~ctivities 
\vtlre most afft!c.tchtl by the deposition in the 
111ont11 preceding milk production :tnd also 
were affected, hut to a lesser degree, by the 
;rntount deposited in the current mouth. They 
developed :I fortnula (relevant fo r  the Felinfaeh 
area) relating Strontiu111~ aetivitic's in nlilk to 
fallout ratcls and to accun1u1atc.d b l lout .  This 
en~pirical fornlula was very succ.essfu1 in pre- 
tlic>ting St l r )n t iu~n"~ levels. 

Our lt~ilk sa~nples,  oht:iinc.d approximately 

6 xvk after the resumption of atn~ospheric nu- 
clear testing, show a considerable rise in  Stron- 
t iun~" and Strontiumm activities in  both hreeds 
tested. This increase could not have been due 
to an  increase in cutnulative soil levels, hecause 
there was no detectable rise in  the S t r o n t i u n ~ ' ~  
concentration of soil. Thus, it was prohahly 
the increased deposition rate of the preceding 
6 wk which affected the significant rise in  the 
aetivity levels of the milk of both hreeds of 
cows. 
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MAMMARY GLAND GROWTH AND THE ZNITIATIOTi O F  
LACTATION I N  DAIRY GOATS 

G. H. SCHMIDT, R. T. CHATTERTON, JR?, AND WILLIAM HASSEL 
Department of Animal Husbandry, Cornell University, Itllnea, Kew York 

SUMMARY 

The efficacy of estradiol, oxytocin, and bovine sonlatotrophin to initiate 
lactation in goats with artificially induced Itlanlinary gland growth \\.as tested. 
I n  a second experiinent, the anlount of lnatlirnary gland growth resulting fro111 
the oral adlninistration of diethylstilbestrol (IIES) and 6-methyl-17 aceto- 
progesterone (MAP) was determined. 

I n  the first experiment, the milk production of goats previously treated 
for  120 days with estradiol and progesterone was not increased by the injec- 
tions of either estradiol, oxytocin, or bovine solnatotrophin. I n  the second 
experintent, no marked milk secretion occurred in goats fed DES or  MAP for 
150 days until a dose of 1.0 itlg estradiol had been injected daily for 21 7-day 
period. 

The oral administration of DNS or  MAP alonc., or :I combination of tho t~vo, 
resulted in solne mammary gland growth and milk production, but the produc- 
tion was n~uch lower than that resulting from pregnancy. The combination of 
both cornpounds was no more effective than either one alone. The feeding of 
MAP to goats for the last 60 days of pregnancy resulted in higher levels of milk 
production for the first 4 wk of lactation, but the difference was not statistically 
significant (P > 0.10). Thereafter, the milk production was approsinlately 
equal in the treated and the norntal pregnant groups. The correlation bet\vec>n 
previous nlilk production and total alveolar surface area was 0.933. 

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

Most of the work on the artificial develop- 
ment of mammary gland growth has been done 
with injected hormones. I f  the artificial dc- 

Received for publication October 22, 1963. 
' 8upportecl in part by funils provided by the 

regional project KE-41, Endo'rinc Factors Af- 
fecting Reproduction and Lact:~tion in Dairy Cat- 
tle, a cooperative study by agricultural experi- 

velopil~cnt of the nt i~tn~ni~ry gland ant1 tl~c* 
initiation of milk se~r (~ t ion  is to be e~nployed 
nlider practical conditions, it ~vould seen1 th;tt 
oral coltlpounds should prove useful and sever:ll 
on11 progestational conlpounds have rrcc.iitly 
become available. 

The present paper r(3pol.t~ the results of two 
esperilnc1nts. The first was designed to dtl- 
ternline the effect of various horlnones on thtb 
initiation of illilk secretion of goats pli~ncld 
with estrogen and progestt.rone. The second 
experinlcwt was designed to detcwnine the es- 
tent of I I I R I I I I I I R I ~  gland growth and milk pro- 
duction after oral adntinistration of DES and 
MAP. 

EXPERIMENTAL PROCEDURE 

Esperimeizt I. Twenty-seven mature dairy 
goats having had one or  two previous lactations 
were injected with estradiol and progesterone at  
the rate of 3.5 trig estradiol and 490 n ~ g  prog- 
esterone \reelrly. This 15-as il1jectt.d subcu- 
tanc.ously three tintc~s n week for 120 (lays. 
Thirteen of the coats h;~d been ovariertontized 

ment stations in the Northeastern Region and the ,,rc,viouslg. ~t the of the 120-day injec- 
Dairy Husb:rtldry Research Branell, ARS, USDA. 

2 a(l(lrc,ss : Endocrinology Research ti011 period, the goats were assigned to four 

oratorv. Harvard sellool of ~ ~ ~ ~ t ~ l  Medieille, ~ 0 s -  grOUpS. Approximately cbclual nulnbers of ovari- 
ton, ~assachusetts. ec~ton~izcvi and intact gotits were assigned to 
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e;teh group. One group received no additional 
horntonc, the goats in the second group re- 
ceived 0.5 mg estradiol daily, the goats in the 
third group were injected with 50 USP oxy- 
tocin Qaily after the tnorning milking, and 
goats in the fourth gmup received 5 lug bovine 
so~natotrophin daily. The injections were 
caontinued for ten days. Twice-daily milking 
was begun a t  the end of the 120-day injection 
period. Daily milk weights were obtained for 
8 wk. 

E.rj~ari.nir?i,t 3. Forty goats were divided into 
five groups of eight each. Groups I and I1 
each contained four intact goats used in Ex- 
perinlent I and four intact yearling does; 
Groups 111, IV, and V each contained four 
ovarieetotnized does, one intact doe used in Es-  
perinlent I, and three intact yearling does. 

Goats in Groups I and I1 nere bred and 
Group T sclrved as a control group. The goats 
in Group I1 received 18 mg MAP " daily, start- 
ing on the 91st day of pregnancy and continn- 
ing to the day of kidding. The goats in Group 
T I 1  received 2 ~ t tg  diethylstilhestrol (DES) 
daily for 10.5 di~ys and 3 trig daily for an addi- 
tional 45 days. Goats in Group IT received 18  
tng M A P  daily. The goats in Group V received 
:I cotuhinatiot~ of DES and MAP at  the same 
dose levels as those in Groups I11 and IV. The 
DES and 3IAP nere mixed with soybean oil 
tt~eal and this was fed over the grain  nix once 
a day. No difficulty was encountered with palat- 
ability after the first three or four days. 

At the end of the 150-day feeding period, 
twice-daily milking of the goats in Groups 111, 
I\', :u~d V was started. The milk yield of the 

%mour's P.O.P. 
' Calhiochem, Grade B. 
" (i-Methyl-17 acetop~ogcstrrone, kinclly supplied 

1iy R. E. Zirnbelrnan, The Upjol~n Conlpany, Kala- 
111:tzoo, Michigan. 

goats during the first week was very low in 
comparison to those in Experiment 1; there- 
fore, 1.0 ing estradiol was injected daily for 
seven days, starting on the eighth day of milk- 
ing. Milking was continued for  56 days. At 
that time the goats were sacrificed and one-half 
of each udder was fixed for nleasuring the total 
111veoIar surface area, as  outlined previously 
(11). During the last four rnilkings the yield of 
each half was recorded separately to determine 
the per cent of the milk produced by each half. 

RESULTS 

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

Experiment 2. Weekly milk production of 
the goats in Experiment 2 is given in Table 2. 
Data for the ovariectomized and intact goats 
are given separately. Only the data on the 
goats completing the experiment are given in 
Table 2. Three goats assigned to Group I1 
were not pregnant; one goat each in Groups 
I11 and V did not respond to treatment after 

TABLE I 

Weekly milk production (Ib) of goats primed with estradiol and progesterone 
and givc.11 supple~nentary doses of llor~nones for ten days 

Weeks 
Supplementary No. 
dose goats I 2 3 4 5 6  7 8 Total 

Nonc 7 2.7 2.6 3.1 2:4' 2.1 2.2 2.1 1.9 19.1 

Extmdiol 8 3.1 3.2 3.8 4.6 4.8 4.3 4.1 3.9 31.8 
(0.5 mg/day) 

Somatotrophin 5 1.5 1.8 1.0 1.0 1.1 0.9 0.8 0.6 8.7 
( 5  mg/llny) 
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Weekly milk production (lb) of goats in Experinlent 2 - - - 
Weeks 

Orareetomized or No. 
Group illtact a goats 1 2 3 4 5 6 7 8 Total 

I Pregnant Intact 8 24.1 26.7 25.9 25.6 26.2 25.8 23.8 22.8 200.9 

I1 Pregl~al~t  + MAP Intact 3 28.1 29.5 32.0 30.6 27.0 23.3 23.6 23.1 219.2 

I11 DES Ovarer- 4 0 0.4 2.7 3.5 4.6 5.3 5.5 4.6 ?ti.(; 
tomized 

Intact 2 0 0.3 1.1 1.6 1.9 2.1 3.1 2.5 12.0 
Average 0 0.3 2.2 2.9 3.7 4.2 4.7 3.9 21.9 

I V  MAP 

V DES + MAP 

Orarec- 3 0 0.1 0.9 2.1 2.6 3.8 3.5 3.7 16.6 
tomized 

Intact 4 0 . 2 l . 7  3.5 5.7 6.1 6.3 6.1 6.3 35.9 
Average 0.1 1.0 2.4 4.1 4.5 5.0 5.0 5.2 27.3 

Ovaree- 4 0.1 0.7 2.4 3.8 3.8 3.7 4.7 4.2 23.4 
tomized 

Intact 2 0.1 1.5 2.7 4.3 4.5 5.7 4.3 .5.1 27.2 
Average 0.1 1.0 2.5 4.0 4.1) 4.4 4.9 4.5 24.4 - - - 

" Indicntes whether the goats were ovariectomized or 11:1d i11t:lct ov:cric~s at  t l ~ c  start of tllc es- 
peri~nent. 

3 wk of milking; one goat i n  Group I11 was 
pregnant; and one goat in Groups I V  and V 
died during the experiment. 

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

S o  significant differences occurred in inilk 
production between the groups of animals with 
artificially induced rnan1mal-y glands. I n  all 
cases, milk production during the first week was 
very close to zero and did not increase greatly 
until the supplementary dose of estradiol was 
used. This is  in contrast to the milk production 
of goats in Group I, where the milk production 

of all groups was quite high the first wclek, ercBn 
without the use of a supplenlental~y dose of 
estradiol. 

The histological observations on the go t~ t  ud- 
ders removed a t  8 wk of  nilk king a re  given in 
Table 3. Analysis of variance indicated that 
there were no significant differences in any  of 
the measurements between the ovariectomized 
and the intact goats; therefore, these nleasure- 
~nen t s  were coinbined f o r  Groups 111, I V ,  and 
1'. I n  Table. 3, i t  will be noted that the pre- 
vious ntilk yield and the total alveolar surface 
area of the pregnant groups were significantly 
higher (P < 0.01) than those of the other 
groups. The increase. in alveolar surface area 
was due to the significant increases in the 
weight of the re~noved Inamnlaq- gland and the 
nutnbc>r of alveoli pe r  area of tissue, a s  shown 
hy the porosity index. P\'o signifieallt differenrcls 

TABLE 3 
Histological observntions of mammary gl:intls of goats ill Espc~riment 2 

Milk W t  of Alveolar 
No. from excised excised Porosity surface Asymmetry 

Treatment goats llalf-28 days half indcx a rea index 

( z b )  ( Q )  (m') 
Pregnant 8 50.0' 424' 208" 8.8" 54 

Pregnant + MAP 5 50.6" 467' 222" 10.7" 53 

DES 6- 9.4b 117d 160d 2.5" 57 

MAP 7 10.lb 187' 152'' 3.0'' 65 

DES +MAP 6 8.5b 137' 14gd 1.7b 52 

a > ", P < 0.01 ; > ', P < 0.05 ; within each measurement. Observations within each 
measurement having the same superscript are not st;~tisticallg differel~t, P > 0.05. 
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occurred in the asy~utnetry index; however, the 
asym~rretry was so~r~ewhat higher in goats receiv- 
ing the individual corr~pounds in co~nparison to 
n combination of the two or pregnancy. One 
goat in the DES group showed abnormal fold- 
ing of the alveoli as reported by Cowie et al. 
( 3 )  ; however, no other histologioal ahnormali- 
ties were observed in any of the other goats. 

The correlation coefficient between previous 
Illilk production and the total alveolar surface 
was 0.935, in close agreement to that found in 
two previous studies (10, 1.1). 

DISCIJSSIOZ 

Levels of estrogen and progesterone used 
ill  Experilllent 1 are the same as those used by 
Renson et al. (2)  when they tested the effect 
of triggering doses of estrogen on the initiation 
of milk secrebion. I n  the work by Benson 
cat al. (2) hexoestrol was used, and the goats 
were injected for 150 days, whereas in the 
present study estradiol was used and the in- 
jection period was only 120 days. Results of 
Experilllent 1 are in agreelnent with those of 
Benson c.t al. (2) ,  whereas in Experiment 2 
it appears that the estradiol was involved in 
the initiation of ~ni lk secretion. Positive proof 
of this is not available because of the lack of 
control aninlals not given the supplementary 
doses. This lends support to the belief of 
3leitcs (8) ,  that the dose of estrogen in rela- 
tion to progesterone used by Benson (2)  and 
reported in Experiment 1 was sufficic,ntly large 
to initiate lactation without additional estrogen. 
The anlount of estrogenic a.ctivity entering the 
1)lood stream from DJCS feeding is probably 
n~uch less than that entering fro111 the sub- 
c.utaneous injection of 0.5 mg estmdiol. Mix- 
ner et al. (9)  found that DES andministered 
orally .\\*as iihout 1% as effective iri inhibiting 
lactation in goats compared to its effect when 
;td~ninistered subcutaneously. Lewis and Turner 
( 7 )  found that the dose of DES needed to 
produce mammary developnlerit in illale 111ice 
was six tin~es higher when adnrinistered orally 
1vhe11 c o ~ ~ ~ p a r e d  to subcutaneous injections. Fol- 
ley and JZalpress ( 5 )  report that less than 10% 
of ori~lly administc?red estrogens are utilized by 
the body. The a~llouut of MAP used was cal- 
c*ul;ited a t  a level of 0.2 I I I ~  per lb of body 
weight daily. An average weight of 90 lb was 
esti~l~atrd. Average weight of the goats in 
Groups 111, IV,  and V was 77 lb; thus, the 
nverage daily MAP intake was 0.23 mg per 
pound of body weight. This level is slightly be- 
low the level per pound of body weight re- 
cluirc!d to inhibit ovulation and estrus in the 

bovine [reviewed by Hansel (6) 1. Inspection 
of the data indicated that there was no associa- 
tion between the weight of the goat and the 
amount of illilk produced or the amount of 
alveolar surface area in Groups 111, IV, and V. 

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

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

I t  is interesting to note that three of the 
goats produced considerable i11amma1-y gland 
growth on MAP alone without a major source 
of estrogen. This is in agreement with the 
reports indicating that suitable doses of prog- 
esterone given alone to ovariectomized guinea 
pigs (2) ,  rats, mice, and monkeys [reviewed by 
Folley (4) ]  will produce some mammary gland 
growth. 
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E F F E C T S  O F  OXYTOCIN UPON T H E  REPRODUCTIVE TRACT O F  
T H E  LACTATING BOVINE 

- K. W. CAMEROS AND 0. T. FOSGATE 
Dairy Depwtlnmt, TJnivernity of Gcorgia, Atliens 

Twenty-four lactating, multiparous Holstein and Jersey cows were used in 
the study. Twelve cows were injected with 200 and 150 USP units, respectively, 
of oxytocin (P.O.P.) for  42 days; the other 12 cows received nothing and served 
as controls. Average intervals from parturitio~l to uterine involution were 41.0 
and 42.7 days; to ovulation, 27.5 and 24.7 days; to first estrus, 41.3 and 40.9 
days, for tho treated and untreated groups, respectively. Daily injections of 
400 USP units of P.O.P. fro111 Ilay 0-4, inclusive, of the estrous cycle had no 
(affect upon the lungth of diestrus in 13 ~nultiparous, lactating Holstein cows. 
('onception rates were not affected by treatments. 

Most studies on tile control of reproductive \lTeekly rectal palpations of the cervix, 
cyr1c.s ill far111 anilllals havr rentrred around uterus, and ovaries were started 10 to 16 days 
the use of gonadal horltlones or their deriva- post-partum and continued until uterine invo- 
tives. ITo\veorr, atndies by lTays and VanDe- lution was judged to he complete, ovulation 
11l:n.k ( 5 )  itnd JIarion et al. ( 6 )  htlve suggested had occurred as evidenced by a new corpus 
an iissoci;~tion hetween the rc.leasc. of oxytocin luteum, and estrus was ohserved. Uterine in- 
a11d gon:ldotrophic secretion. Armstrong and volution was judged to be colnplrte when the 
H n ~ ~ s e l  (1 ) and IIansrl et al. (3, 4) have re- uterine horns had rrturned to or near the pelvic 
ported that injections of oxytocin were effec- region and had returned to nor~tlal tone and 
tivc. in shortening dit1strus in dairy heifers. consistency. 
Cl:~pp (2 )  and ll-ilthi~nk and Cook (7)  have 1, 1962-63, 13 ~ ~ l ~ t ~ i ~  cows, 42 to 73 days 
rcbportetl that the aoncdycling post-partulll in- post-partum, were injected with 
tc.rval was longer for  nursed cows than for  400 c f i p  units of p.0 .p .  daily for five days, 
c.o\vs inilked twice daily. starting with the day of estrus, and then bred 

This study is an iittetllpt to evaluate the a t  the first estrus subsequent to treatment. 
c.ffeet of oxytocin on interval variation from c~,,.~ ,,.ere exalllined for at 28 to 
l~arturitiou to uterinr involution, first ovula- 35 dilys post-breeding. 
tion, and first chstrus, AS well as the conception 
r:itrs for osytociti-trc.:lted rows. RESUT~TS AKD I)ISCUSSIOX 

'Avrrages and Inean squares for  intervals 
~1ATERIAI.S B S D  3IETHODS from parturition to uterine involution, ovulw- 

During the 1961-62 fall and winter calving tion, and estlus are in Table 1. Treat- 
season, 23 niultiparous Holsttlin and Jersey Itlent with oxytocin did hastell 
cao\vs 1vllic.11 hnd c:llved norltlally were alter- involution. ~t Inight be theorized that cOntmc- 
natcly assigncd to tretrtc~d or untrrated status. tions of slnooth lllusele fibers ill the lllyo- 
The eight trr:tted TTolstrins rchceivrd 200 U S P  Illetrium as a result of the action of oxytocin 
units of' osytorin (P.O.P.),  alltl the four ,vould shortell the interval to involution. How- 
trcwtrd drrsrys e:~ch i~oceivcd 150 USP units ever, the illdicnte that the of 
P.0.1'. d:~ily for $2 days follo\~ing parturition. oxytoc~ll on the uterus during the post-partulll 
The. daily doses' were divided into two equal interval to utc,l+ne involution is negligible. 
sul)eutanc!ous injections a t  ilpprosilnately 12-hr The interval from parturition to ovulation 
intc.rr:~ls follo\ving thr a x  :~nd  PII nlilkings. was not significantly altered due to trratnlent. 

But, the intc.rva1 variation ainong treated Hol- 
Iteceivccl for 1)ol~lic:~tion Octobcr 10, 1963. steins was significantly greater than for the 

.Jourllal ~ : ~ ~ ~ ~ r '  So. 398 of tllr College Esperi- u11t'e"tt'~ group (P < .05)- The mnge for 
lnrllt, ~ t : ~ t i ~ ~ ~  of tile ~nirel.sity of Georgia College the treated group was 13.5-58.5 days; for  the 
of Agrirultluc F:xperilllcnt Statiol~s. untreated, 10.5-29.5 days. The ovulations in- 
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TABLE 1 

I~ltervnls fro111 pi~rturition to uterine involution, ovulation, and estrus in oxytocin-treated : L I I ~  

nntrentecl dairy cows 

Tre:itetl " TTntreatr(l 

1ilterv:rl f rolli Xo. h-0. 
parturition cows Ava M.S. cows Ave 11.1.8. 

Both breeds con~bi~led 
IIolsteins 
Jerseys 
Both breeds rolnbined 
Holsteins 
Jerseys 
Both breeds c o ~ ~ l b i ~ ~ e d  
Holsteins 
Jerseys 

Uterine involution 
Uterine involutioll 
Uterine involution 
Ovulatioii 
Ovulatioll 
Ovulation 
Estrus 
Estrus 
Estrus 

- 
211 
158 
151 
174 
3 1 

35 3 
( i l l  
753 
325 

"Holsteins received 200 TJSP uuits d:~ily; Jerseys 150 USP units of oxytoein. 
* Signifiea~ltly ( P  < .05) different from untre:ite(l. 

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

Oxytocin per se seems to have no significant 
effect upon the interval from parturition to 
estrus. That estrus is delayed in r~ursed coxvs 
has been reported by Clapp (2) and wiltbank 
and Cook (7).  Nursing apparently stinlulates 
the hypothalalnus to secrete and release oxy- 
tocin. At the same time, gonadotrophins are 
released as an  indirect response to the nurs- 
ing stimulus. Pituitary gonadotrophins, alone 
or in combination with oxytocin, ~ u a y  be the 
hor~nones responsible for  delaying estrus in 
nursed cows, rather than oxytocin itself. I n  
this study three of the treated Holsteins and 
all four treated Jerseys exhibited estrus during 
the 42-day treatment period. Conception rates 
based upon pregnancy diagnosis were 84.6 
and 88.8% for  the treated and untreated groups, 
respectively. 

Table 2 shows the effect of injecting lactat- 
ing cows with oxytocin on Ilays 0-4 inclusive, 
where Day 0 was the day of estrus. Three of 
the cows apparently skipped one estrual pe- 
riod as they came back into estrus in 42, 44, 
and 47 days, respectively. The other ten cows 
had estrous cycles of 19-23 days. The concep- 
tion rate for  the 1 3  cows was 86.6%. Rectal 
palpation on the day of estrus and again five 
days later confirn~ed that all cows ovulated and 
that a corpus luteuni forn~ed a t  the ovulation 
site. Some of the corpora lutea nere  s~nall, 
which is in ag~eetnent with reports fro111 other 
studies (1, 4). Hansel and Wagner (4) were 
successful in shortening diestrus in eight out 
of 12 cows, using injections of 200 USP units 
of oxytocin twice daily on Days 1-6 inclusive. 

I n  this study, using the satlre dosagc. levc~ls, 
twice-daily injections were started 24 hr  earlier 
and continued for five days. IVc! noticed the 
same reduction in daily n~ilk yield and observed 
nlilk dripping front the ends of the teats he- 
tween tnilkings, as previously reported by Han- 
sel and Wagner (4) .  Milk yields returned to 
pretreat~nent levels following end of tre;ittner~t. 
But, in contrast to their work, no cows w- 
turned to estrus in less than 19  days. EIowever, 
this does parallel thc.ir findings with Holstein 
heifers, as they reported that injections of 100 
USP units of oxytocin on 1)ays 0-2 and 0-4 
nere  ineffective in shortening the estrous cycle. 
I f  prec.ocious estrus is dependent upon the de- 
gree to which lutclal inhibition is acco~nplished, 

TAIILE 2 

Cows trr:lteil wit11 100 1:SP tn~itx of osytocin for 
five days starting oil thc, day of rstrus -- 

1)ays 
Days f roil1 
froni 1,c.gili- 

calving ]ling of 
to start treat- St~rvi('1~s 
of treat- n~c~nt to per con- 

Cow no. n ~ e i ~ t  estrus (.~1)tio11 
- -- 

185 63 19 1 
131 ti 7 20 1 
160 73 ' 1 1 
193 71 47 - , 
130 5 (i 20 1 
186 60 20  1 

Mt>:11i 63.3 -06.2 1.15" 

" Conce~tiol~ rate = 80.(i%,,. 
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then it would appear  tha t  injections of oxytocin 
started af ter  ovulation a re  nlore effective in 
inhibiting the formation of normal corpora 
lutea. Oxgtocin does not directly affect lengths 
of diestrus. Apparently, i t  exerts i ts  influence 
through inhibiting gonadotrophic secretions 
fro111 the pituitary eonlplex, either directly o r  
indirectly through a n  associated neurohu~nond 
substance. 
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PROGESTOGEN TREATMENT IS; RELATION TO TIME O F  
INSEMINATION AND ITS E F F E C T  ON T H E  BREEDING 

EFFICIE,NCY O F  DAIRmY COWS 

N. H. SLACK, K. 0. PF'AT', J. P. MIXNER, AND A. C. MENGE 
New Jersey Agri(.ultur:ll Exper i~ i~e~~t  S t i ~ t i o ~ ~ ,  New Bmnx\\-ick 

V. HURST 
South (':trolina Agrienlturnl Eul)erimei~t Station, Clemso~~ 

AND 

A. D. RANKIN 
The Squil)l) Institiite for Me(lic;~l Research, Selv Rru~is\vick, Sew Jersey 

The effect of routine therapy with 500 111g of progesterone caproate (PC) 
alone or in eon~bination with 0.5 lng of estradiol valerate ( P C  + E Y )  on 
breeding efficiency was deternlined with 594 Holstein and 282 Guernsey fenlale 
reproductive rycles. In three controlled trials the drug was injected intra- 
nluscularly at  0, 2, 10, or 14 clays after artificial insernination on the first and 
(if necessary) the second insen~ination during a reproductive cycle. 

I n  the first trial, when P C  was adn~inistered a t  zero day, breeding efficielley 
values were 20.7% lower for Holsteins and 13.5% lomc~r for Gucarnseys than for  
the controls. When P C  was ad~ninistered two days after inse~nination, the breed- 
ing efficieney of the Holsteins was almost equ;ll (3.1% lower) to that of the 
controls, though it \\-as ~narkedly lolrer (15%) for the Guerrlst.ys. Such early 
tr~atinents showed a detri~nental cxffect on breeding efficiency. 

When PC was adlninistered alone or in con~hination with NV at  tc.11 days 
in Trial I1 to both breeds and a t  14 days in Trial I T 1  to Holsteins, breeding 
efficiency values were only slightly below those of the control group, except fo r  
the PC + EV group in Trial IT, in which the Holsteins averaged 17.7% helow 
their controls. S o  l,t~neficial effects were sclm in any of the treatment groups. 

Other coniparative analyscs of the data yieldrd no conclusive evidence that 
the trc.atnlmts wero causing prolonged injurious effects on the reproductive 
syste111. 

Infertility in bovine females inay have many bryonie mortality as the predon~inant factor of 
causes, though embryo ~nortality may be asso- low conception. 
eiated most frecluently with this deficiency. E~nhryo n~ortality has often heen ascribed to 
With repeat-breeder eo\rs embryo ~nortality an inadequate intrauterine environment, 130s- 
was found to be nccountablo for np  to 65% of sibly resulting froln a deficiency or imbalance 
all fertilizations (10, 15) ; with efficient con-s of ovarian hormones. Progesterone alone or in 
it nlay be as lo\v as 10% (2), whereas in a combination with estrogen has been used suc- 
random population it has been estimated to cessfully in nlaintaining pregnancy in ovariec- 
acconnt for about 15% (10) of the insemina- tolnized eattlr (3, 4, 7, 9, 11, 14) .  On the other 
tion fai1urc.s. Thew esti~n;ltc.s xvould rank em- hand, treatnlent of intact frnlales with these 

hormones has produc~d varying results in rela- 
~ ~ ~ i ~ ~ ( l  for pul,liration ~ ~ \ - e ~ ~ ~ ~ , e l .  4, 1 9 ~ 3 .  tion to fetal ~nortality. Several ~vorliers (1, 5, 
1 paper of tile Jourll:ll Serjrs, New .Jersey Agri- 16) reported increasc'd conception rates with 

culturd Experiment Station, I<utgn.s-The State progest(".one in repeat-breedcar cows; others 
University, Srw Brunswiek, :~nd te~l~nical coiitri- (6, 8) I-tlported improved hreeding efficiencies 
hu t io~~ 456 of the Soutl~ C':~roliiin. Agricultural ill norln211 cows, Tvhich usuallr rollceived on thts 
Experiment St:ition, pul)lishr(l by porinissio~~ of first or still others (13) rc.- 
the director. Tllis study was p:lrt of NE-41 (re- ported (letrimelltal results. ~ ~ i ~ l ~  her- 
vised), E~~docrinr Factor3 Affcctilig I<cproduction 
ill the E.elllale, study by illones sucdh as (.horiollic gonadotropins (17) 
agricultural espcbri~ne~~t stations hi the Northeast, an(l estradiol ( I2)  did not inll'rOve tho con- 
and tho Dairy C'attlc IZcsearch Rrancl~, Ani111a1 cel'tion rates. 
IIusbandry Rese:~reh Division, USDA. The present study was initiated to detern~ine 

82 
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whether routine treatinents with a long-acting 
progestogen alone or in con~bination with es- 
trogen given a t  different ti111e intervals after 
the day of insemination would improve the 
conception rate of dairy cows. 

IIZETRODS AND MATERIALS 

Three trials were conducted from October, 
1958, to Xoveniher, 1962, each utilizing Hol- 
stein and Guernsey females of breeding age in 
the New Jersey Agricultural Experiment Sta- 
tion's herd located a t  Sussex. I n  addition, 
Holstein and Guernsey females of breeding age 
in the South Carolina Agricultural Experiment 
Station's herd located a t  Clemson were used 
in Trial I1 and part of the Clemson Holstein 
herd was used in Trial 111. A total of 876 Hol- 
stein and Guernsey first-service cycles was uti- 
lized: 142 in Trial I, 4.59 in Trial 11, and 275 
in Trial 111. 

Trc~atment consisted of 500 mg of progester- 
one caproate' (PC)  alone or in combination 
with 0.5 mg of estradiol valerate (PC + E V ) ,  
adiiiinistered intramuscularly a t  0, 2, 10, or 14 
days after artificial insemination on the first 
and (if necessary) the second service. I n  all 
trials the animals were randomized in trios: 

' 17-a-hgdrosyprogestero~~e-17-n-eaproate (Dela- 
lutin, E. R. Squibb & Sons, Division of Olin 
Mathieson Chemical Corp. ) . 

Trial I, control, PC a t  0 day, and P C  at  2 days; 
Trial 11, control, PC a t  10 days, and PC + E V  
at  10 days; Trial 111, control, PC a t  1 4  days, 
and P C  + E V  a t  1 4  days. 

Animals not returning to heat were checked 
for pregnancy by rectal palpation about 70 
days from the last service. Conception rates 
were calculated for first and second services; 
hreeding efficiency for the two services combined 
was calculated by dividing total conceptions 
by total services. Since conception rates were 
generally consistent with breeding efficiency 
values, only the latter are presented. Treat- 
ment effects were evaluated by Chi-square analy- 
sis of hreeding-efficiency values. I n  an attempt 
to determine whether there occurred any lasting 
effect of the treatments on the reproductive 
system, analyses were made in regard to the 
intervals fro111 first insen~ination to conception 
and to the percentages of animals disposed from 
the herd for infertility reasons. 

RESULTS AND DISCUSSION 

Since breeding efficiency values of the Hol- 
stein and Guernsey control groups differed by 
10 to 15%, results were analyzed within breeds. 

The breeding efficiency values in Trial I 
(Table 1 )  for  the PC group treated on zero 
day were considerably lower than the values 
for the control groups for both Holsteins 
(20.7% lower) and Guernseys (13.5% lower). 

TABLE 1 

Effect of Ilorn~onal treatments on the breeding effiriency of Holstcin and Guernsey females 
in terms of combined first,- and second-service conception rates 

Treatment Holsteins Guernseys 

Inter- 
val 

from Breed- Breed- 
insemi- Scrv- ing effi- Chi- Serv- ing effi- Chi- 

Group PC EV nation ices cienry square ices ciency square 

1 Control 
-> PC" 500 
3 PC 500 

4 Control 
5 PC 5l)O 
6 PC+EVd 500 

fmg) (days) (no.) f % )  010.) f % )  
Trial I 

... 48 52.1 0.56"l vs. 2) 26 38.5 <1.0 
0 51 31.4 1.94" (2  vs. 3) 24 55.0 <1.0 
2 49 49.0 0.05 ( 1  vs. 3)  34 23.5 <1.0 

Trial I1 
105 59.0 1.08 (4  vx. 5 )  144 9 .  <1.0 

10 107 48.6 0.67 (5 vs. 6 )  93 38.7 <1.0 
0.5 10 121 41.3 3 .56"(4vs .6)  1 40.9 <1.0 

Trial 111 

" P < 0.10. 
P < 0.20. 
' Progestero~~e caproate (17-a-hydroxyproge~tero11e-17-11-~roatc). 
" Progesterone caproate + estradiol valerate. 



The difference by Chi-square for the Holsteins 
was reliable a t  the 20% probability level, which 
for breeding data may well indicate a real dif- 
ference. With the li~nited nu~nhers involved, 
the difference for the Guernseys was not great 
enough to give a high Chi-square value. I t  was 
apparent that this treatn~ent was fa r  from bene- 
ficial and warranted an early ter~nination in 
both brec~ds. The PC trcatmellt ad~ninistered 
a t  two days gavv very different results in the 
two breeds, the Holsteins being only 3.1% 
lower than the respeetive control groups, 
whereas the Guernseys were 15.0% lower. 

When PC adn~inistration was delayed to the 
tenth day in Trial I1 (Table 1) the breeding 
efficiency values for both breeds were only 
slightly below the control values. It was thought 
that the addition of estrogen to the progestogen 
a t  1:1,000 ( P C  + RV) might increase the 
effectiveness of the progestogen; however, as 
can he seen in Table 1 ,  the result was the op- 
posite for tht. Holsteins, with .a marked reduc- 
tion in the breeding efficiency of 17.7% ( P  < 
0.10) below the control group. Breeding effi- 
ciency for  the Guernseys with P C  + RV treat- 
ment was essclntially the same :is that of the 
control group. The exceptionally high breed- 
ing efficiency of the Holstein control group 
accentuated so~newhat tht. co~nparisons for both 
treatn~ellts in Trial 11. 

The further de1n.y of treatment administra- 
tion to the 14th day in Trial 111 resulted in 
breeding-~.fficiency va1uc.s very sin~ilar to the 
control vnlue. The PC + RV treatment did 
not appmr  to be detri~nmtal in  this trial when 
co~npared anlong herds (Table 1 )  : when coln- 
pared within herds, howevtlr, there was an in- 
explicable inconsistency with the treatment 
group, inferior to the col~trol g ro~ip  ill tl30 
Sew Jersey herd and superior to the control 
group in the South carol in:^ herd. All other 
within-herd eo~nparisons were consistent I\-it11 
each other. 

I t  was quite apparc.nt for  both hrecads that 
PC treatment on the tlny of inse~nination was 
detri~neatal to conceptio~~, possihly due to an 
upset of the ovarian hornlone balance by the 
added progestogen at a time when the animal 
was still in the estrous phase of the cycle. 
Stott and Willia~us (13) reported similar re- 
sults when progestc?rone was given 12 h r  after 
insenlination. nrlny of the PC trratment until 
two days after insen~inntion continued to inter- 
fere \\.it11 conception anlollg the Guc~rnsey breed, 
whereas the Holsteins were unaffrcted. These 
findings do not agree with those of Johnso~l 
( B ) ,  and .Johnson r t  al. ( 8 ) ,  who have reported 
marlted i~nprovement in  breeding efficiency fol- 

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

When PC treatment was further delayed to 
10 and 14 days after inselnination there was 
no effect, beneficial or detrimental, on concep- 
tion. Addition of estrogen to the progesterone 
had no effect on the Guernseys and a detri- 
~nental effect on the Holsteins when adminis- 
tered on the tenth day, and no effect on Hol- 
steins when administered on the fourteenth day. 
Recent work by Hawk ( 3 ) ,  who attempted to 
~nnintain pregnancy in both first-service and 
repeat-breeder ovarieeto~nized cattle with prog- 
estc.rone alone or in rombination with estrogen, 
indicated that an ovarian hor~none imbalance 
or deficiency was not solely responsible for  
eunblyo fatality in repeat-bretder cattle. The 
proble~n might possibly involve sonle ~netaholic 
failure in connection with hor~none utilization 
by the uterus. 

Analysis of the intervals fro111 first service 
to conception (Table 2) revealed a highly sig- 
nificantly greatc~r (P < 0.01) mean interval 
length for the treatment groups in Trial I than 
for the control group. 

In  Trials I1 and I11 no significant differ- 
ences in co~~ception intervals could be found 
ht.tween treatment groups. The absence of such 
differences might be attributed to an increase 
in the interval length of the control groups 
rather than to a decrease in the treatment 
groups. With the rand0111 selection of animals 
for treatments, i t  is possible, though doubtful, 
that this eould indicate a carryover of treat- 
~ n m t  effects to the next reproductive cycle. 

Chi-squarcl analyses of disposal peremtages 
(Table 2)  rtvealed that in Trial I the number 
of treated Holsteins removed for infertility 
were not significantly different fro111 the one in 
the control group. However, significantly more 
ani~nnls ( P  < 0.05) were ren~oved fro111 the 
group treated with P C  on Day Zero than from 
the group treated with PC on Day Two, indi- 
cating a possible harmful effect on thc. conV's 
reproductive system when treatments were 
given (luring estrum. Another indication of a 
possible harmful effect could be found anlong 
Guernseys in Tri;~1 11, where sig~iifieantly Inore 
PC-treated animals ( P  < 0.05) were renroved 
for  infc>rtility than eontrol ani~nals. I n  addi- 
tion, only a slightly harn~ful effect was indi- 
cated among the Guernseys in Trial I1 and 
among the Holsteins in Trial I11 when treated 
with PC + EV. Since these results were of 
inconsistent nature and hased on relatively 
small numbers, i t  left considerable doubt as  to 
whether the ditTereacc.s proved real and repeat- 
able. 



BREEDING EFFICIENCY O F  COWS 85 

TABLE 2 

Analyses of intervals from date of first insemination to conception, and of disposals for 
infertility 

Treatment Conception rate Infertility disposals 

Inter- Animals in 
val Analysis of trial Analysis 

from Total Mean variance 
Breed insemi- conccp- inter- Dis- Chi- Compari- 
group nation tions val F Comparison Total posed square son 

(days)  (no.) ( d a j s )  (no.) 
Trial I 

Holstein 
1 Control .. 25 9.48 
2 PCo  0 22 36.18 
3 PC 2 31 24.97 

4.92** (Among l,Z, + 3)  27 
i.97** ( 1  vs. 2 + 3)  29 
1.87 (2 vs. 3) 32 

( 1  vs. 2) 
(2 rs. 3)  
( 1  vs. 3) 

Guernsey 
1 Control .... 12 24.50 
2 PC 0 11 39.91 
3 PC 2 15 52.73 

40.84" (Among l , 2 ,  + 3) 15 
65.64** (1  vs. 2 + 3)  13 
16.04" (2 vs. 3) 19 

Trial I1 

( 1  vs. 2) 
(2 vs. 3) 
( I  vs. 3) 

Holstein 
4Control . . .  37 
5 PC 10 40 
6 P C + E V d  10 34 

1.32 (Among 4,5, + 6) 39 
42 

(4 vs. 5)  
( 5  vs. 6 )  
(4 vs. 6)  

Guernsey 
4 Control .... 50 
5 PC 10 24 
6 P C + E V  10 45 

(4 vs. 5 )  
( 5  rs. 6)  
(4 rs. 6)  

0.18 52 
29 
5 1 

Trial 111 
Holstein 

7 Control .... 64 
8 PC 14  64 
9 P C + E V  14 58 

1.15 (Among 7,8, + 9) 66 
66 
64 

(7 1.8. 8) 
(8_ rs. 9)  
( I vs. 9)  

- 
* P < 0.05. 

** P < 0.01. 
= P < 0.10. 
P < 0.20. 
Progesterone caproate (17-a-hydroxyprogesterone-17-n-caproate). 

" Progesterone caproate + estradiol valerate. 
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BOVINE SEMEN METABOLISM. VI. COMPARATIVE E F F E C T S  O F  
ISITIAL FRUCTOSE LEVEL AND INCUBATION TEMPERATURE 

ON FRUCTOLYSIS AND SPERM MOTILITY 

S. SASHED,' J. P. MIXNER, AND R. E. MATHER 
Departlliel~t of Aninla1 Scie~~ces, New Jersey Agricultural Experiment Station, Susscs 

SUMMARY 

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

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

Spern~atozoa n~otility and metabolic activity nlent Station. I~nmediately after collection the 
are markedly affected in vitro by changes in  spermatozoa concentration of each sample was 
their environment. Recent reports (3, 4) have determined turbidimetrically with a Klett-Sum- 
indicated that increases in the initial fructose inerson photometer and the motile spermatozoa 
concentration resulted in  increased fructose uti- estimated to the closest 5%. 
lization during 20, 60, and 120 min of incuba- A 3 X 3 factorial experiment was arranged 
tion a t  37 C. t in  increase in rate of fructolysis with three initial fructose levels and three in- 
also occurred when the temperature of incuba- cubation temperatures. The initial fructose 
tion was increased from 27 to 37 to 47 C (5). concentrations were adjusted approximately to 
A decline in the rate of fructolysis was noted 1, 2, or 4 mg/ml after the addition of 0.5 ml 
during the third hour of a 3-hr incubation pe- of semen to 2.0 ml of 2.9% solution of sodium 
riod a t  47 C. This decline was postulated to be citrate dihydrate. Subsa~nples from each fruc- 
due to the eshanstion of fructose in the sub- tose level were incubated in water baths a t  27, 
strate. 37, and 47 C. Initially and after 1, 2, and 3 h r  

This study was designed to further examine of incubation, the per cent of   no tile sperma- 
the interaction of incubation te~nperature and tozoa was estimated and a 0.5-1111 sample of 
fructose su1)strate concentration upon fruc- diluted semen was deproteinizcd with 3.5 ml 
tolysis and ~notility of bull spermatozoa. of 10% trichloroacetic acid and preparcd for  

fructose assay. 
;\I.ITERIALS AND METHODS Fructose determinations were according to 

Forty-four semen samples were collected by the  neth hod of Roe (7), as modified by Erb (1, 
use of an t~rtificial vagina from 12 Holstein and 2) .  Fructose utilization was espresscd as  milli- 
Guernscy hulls located a t  the Dairy Research grams of fructose utilized by lo9  sprr~natozoa 
Center of the Sew Jersey i2griculturrtl Experi- in a given period of time. Analysis of variance 

way calculr~ted according to the procedures of 
Receivcd for publication .Tul- 1.5, 1963. Snedecor (8).  

' Paper of the Journal Scrics, New Jersey Agri- RESULTS AND DISCUSSION 

cultural Esperimnit Station, Rutgcrs-The State ~l~~ sperlnntozoa concentl.ation of the 
University, Sew Brunsmick. This work mas sup- senien sa~rrples was 1.194 x 10' per ml, with ported in part by a grant-in-aid from the Na- 
tional Association of Artificial Breeders. a mean initial nlotility of 74.8% and a inean 

z present ad,lress : ~~~~~~~~~i~~~~ D. cllirurg. initial fructose concentration of 6.25 mg/ml. 
univ. ]<linik, ~ ~ ~ ~ t ~ t t ~ ~ ~ t ~ ~ ~ ~ ~  55, Freiburg 1 Treatment means for fructolysis and motility 
Br., Germany. are presented in Tables 1 and 2, respectively. 
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TABLE 1 

Effcct of initial fructose levcl and i~~cubation tcmperaturc on thc n~ean fructose utilization 

I"uctose utilization per 10' sperm in minutes 
Fructosc level Tneubatio~l 

in incubating fluid toiiperaturc 0-60 60-120 120-180 0-180 

(?nq/?112) f c) --Ow) 
A. All treatmclits 

1.29 27 0.69 0.28 0.25 1.23 
1.26 3 7 0.77 0.50 0.39 1.66 
1.21 47 1.78 0.73 0.50 3.00 

B. Across tcmpcraturcs 
1.25 Comhincd 1.08 
7-96 Comhinrd 1.71 

C. Across fructose Irrels 
2.72 27 1.48 .91 .42 2.82 
2.70 37 1.70 1.10 .75 3.55 
2.62 47 2.04 1.18 .SO 4.02 

r). Ovcr-all incans 1.74 1 .06 .66 3.46 

TABLE 2 

Effect of fructose level and incubation temperature on the mcnn percentage niotility 

Motilit~ 

Fructose level in Inenbation After After After 
incubation fluid temperature Initially 1 hr 2 Irr 3 111. 

( n v / m l )  (C) 
A. All treatments 

1.29 27 
1.26 37 
1.21 47 
2.00 27 
1.97 37 
1.91 47 
4.86 27 
4.85 3 7 
4.71 47 

B. Across temperatures 
1.25 Coml~ined 
1.96 Combincd 
4.81 Coml~ined 

C. Across fructose lcrcls 
2.72 2 7 
2.70 37 
2.62 47 

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

periods, below that of the mediunl fructose 
level (1.92 mg/ml) and the 47 C temperature. 
This was the cause of significant interactions 
between fructose substrate levels and incuba- 
tion temperatures. These results confirm and 
extend the results of Freund et al. (3-5). 

Motility of spermatozoa was only moderately 
affected by temperature changes (Table 2), 
higher temperatures resulting in higher motility 
estimates. The middle level of fructose concen- 
tration (1.96 mg/ml) stimulated motility a t  all 
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te1npc1raturc.s ovtBr the corresponding low level 
of fructose (1.25 I I I ~ / I I I ~ ) .  The high level of 
fructose (4.81 ~ng/lnl)  ~narkedly  depressed mo- 
tility helow that  of either of the other two 
fructose Irvels. Thus, the high level of fruc- 
tose and the higher incuhation temperature de- 
pressed the n~otil i ty of spern~atozoa sooner and 
  no re severely than it did the fructolysis. .In 
analysis of variance of the inotility data showed 
highly significant effects of initial fructose 
levels, temperature of incuhation, t i ~ r ~ e  of iticu- 
bation, and the interactions of fructosr Iclvel 
with both the tiine and tenlpc.raturc of incu- 
bation. 

The depression in  frnctolysis aucl n~otil i ty 
a t  the higher fructose i ~ n d  higher ten~peratures 
was not due to  snhstratch c~shaustion. The effect 
of the high fiuctobr level when cotnhined with 
a high te~npera ture  could he a hyperstilnu- 
latory action. This possihly caused enough 
interference with the recycsling of ATP-ase, 
resulting in a reduction in hoth fructolgsis and  
niotility (6).  Also these effects conceivably 
could cause structural changes ill the sperm 
proteins (denaturation?) leading to paralysis 
of the contrachtilc 1neoha11is111 hefore actual cell 
clcath. 
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TECHNICAL NOTES 
E F F E C T S  ON 1'ROl)UCT QUALITY O F  CROSS-C!IRCULA~TIO?r' 

AIR DRYING O F  WHOLE MILK FOAM 

Cross-circulation drying of whole milk foam 
was studied a t  the Engineering and Develop- 
ment Laboratory of the Eastern Utilization Re- 
search and Development Division, Agricultural 
Research Service, United States Department of 
Agriculture, as part of a broad program 
directed toward the developlnent of a com- 
~nercially feasible process for  preparing 
l~everage-quality dry whole inilk of rapid dis- 
persibility and adequate shelf life. -1 beverage 
quality product is one possessing flavor similar 
to flash-pasteurized fiuid luilli and is free of 
the characteristic cooked flavor of present dry 
lnillts. Techniques for drying whole milk foam 
under vacuu~n and sonle properties of this 
product have been reported (1, 4, 5, 9). The 
spray drying of whole milk foal11 is also under 
study in this program (6) .  In  addition, cross- 
circulation drying of whole lnilk foam was 
begun at  the Eastern Divikion in 1959 after 
Morgan et al. (8 )  of the Western Division had 
devised a new method which they c:~lled foaln- 
Inat drying. I n  the course of their work with 
a wide variety of foodstuffs, they prc,pared dry 
whole milk of good dispersihility. Their ~ncthotl 
involved addition of a stabilizing agent to ~nillc 
concentrates, .preparation of a foam hy in- 
corporating alr or an inert gas, application of 
this foam to a tray or a ntovirig helt and ex- 
posing it to a hot air streal11 until dry. Since 
good dispersibility was one of the important 
goals of our work, a special dryer was built i,t 
the Eastern Division and a continuous unit 
was set up  to study the mechanism of drying 
and to provide infortnation needed to adapt 
drying conditions and techniques to obtain the 
best product quality. The purpose of this 
paper is to report the effects of drying condi- 
tions on the quality of the resulting product. 

panel consisted of 8 to 11 trained judges. 
The final flavor score reported for each saniple 
was the panel's arithmetic average score for 
that sample. 

RESUI,TS 

Drying.  11 co~nprehensive report on the 
engineering aspects of the drying study may 
be found tblsewhere, along with supporting 
experinlental evidence (7). Findings pertinent 
to this report are: (a) Drying time between 
two given moisture contents varied as the square 
of the rope diameter. (b )  Foam tenlperature 
during drying was an ilnportant variable af- 
fecting drying rate. (c) Relative huinidity 
had no effect on drying rate, but only on the 
final moisture content that could be attained. 
(d)  Air velocity had a slight effect on drying 
rate which could be explained on the basis 
of its effect on f o a ~ n  tettrperature. 

Flavor. Products prepared using a wide 
range of drying temperatures and drying times 
were presented to a trained taste panel for  
flavor evaluation. In  all cases these products 
were found to be unsatisfactory, due to the 
develop~nent of an oxidized off-flavor (Table 1). 
although results indicate some i~nprovenlent in 
fiilvor with decrease in drying time. 

FI:~ror er:tluatioltx 
~ . . . . -- - - - 

Avg 
s('or0 

of 
I)ry- fresh Arg Most 

Total 1 wl~olt! scorc objec- 
drying I 111ilk of tionable 
t i~ l~( ,  I s : 1 1 1 l  1 1  flavor 

( n ~ i n )  (F) 
EXPERIMENTAL PROCEDURES 6.0 143 88.8 08..5 Oxiilized 

5.1 121 39.5 28.1 Ositlized 
Figure 1 is a flow sheet of the pilot plant 4.6 174 39.5 30.0 Oxidized 

used in these studies. Concentrate of 40 to 46% 3.4 174 39.5 31.0 Oni(1ized 
solids made from whole milk flash-pasteurized 3.2 209 39.5 35.5 Ositlized 
at  162 F for 16% scc was chilled to below 1.8 009 39.3 34.4 Ositlized 
50 F. Nitrogen was then dispersed in the 1.3 509 3 .  36.7 Ositlize(1 
concentrate by means of a gas-liquid mixer 1.1 209 39.3 36.1 Oxitlizcd 
to yield a foam of 0.4 g/cc density. I t  was 1.0 2 R9.0 1 .  Osirlizctl 

0 . 9  2 X9.0 2 . :  Osi~lizccl 
found that a stabilizer was not required for  the 
preparation of suitable foan~s. The foam was 
applied in the form of ropes to the belt of Heat damage. The AD311 Solubility Index 
a continuous, cross-circulation air dryer. Rope Test mas used as a measure of the heat damage. 
diameters ranged from 0.06- to 0.10-in. Air to the product. Experiments were made to de- 
conditions studied were : velocity from 240 to termine the effect of dry-bulb temperature al~(! 
710 ft/min, dry-bulb tenlperature from 112 to drying time on the solubility index. Results 
232 F, and relative humidity from 1 to 24y0. are given in Table 2. They show that the 

Product quality was ineasured by the Solu- dry-bulb temperature must he restricted to 
bility Index Test of the American Dry Milk meet the standards of solubility index, that 
Institute (3) ,  and by an organoleptic scoring this temperature lintit is about 232 F with 
test similar to the one adopted by the Ameri- ropes of 0.05-in. dial~~eter,  and that it is 
can Dairy Science Association (2). The taste lo~rer  with thicker ropes. 

9U 
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TARTAE 2 
Heat damage due to drying 

Dry- 
bylb 
alr 

te~nll 

f F )  
174 
174 
174 
209 
409 
'709 
209 
209 
409 
'732 
232 

Rope 
diameter 

( i n  .) 
0.05 
0.075 
0.10 
0.048 
0.048 
0.05 
0.075 
0.10 
0.1 0 
0.048 
0.048 

Drying 
time 

(min) 
2.1 
3.0 
6.3 
1.8 
1.3 
2.2 
3.2 
5.47 
3.3 
1.0 
0.92 

Solubil- 
ity 

Moi~turc index 

( <h' ) (ml) 
3.47 Trace 
3.53 Trace 
2.82 Trace 
3.13 0.1 
3.36 Trace 
3.47 0.3 
3.52 0.6 
3.73 0.4 
4.55 1.0 
3.05 0.4 
3.57 0.5 

B E L T  - 

I  I 
PROOUCl  
RECEIVER 

FIG. 1. Plo\v sheet of the pilot plant used to 
study the cross-circulation air drying of whole 
niilk foan~s. 

DISCUSSION 
The main lin~itation in applying this process 

to whole milk is the development of an oxidized 
off-flavor. Results of this work show that 
less oxidized off-flavor is developed as drying 
time is decreased hy cn~ploying higher dry-bulh 
tc~irperatures. However, dry-bulb temperature 
hns an upper limit because of heat damage, 
as evidenced by solubility index. Even when 
drying a t  the upper limit, sufficient oxidative 
defect is developed to render the product 
nnsatisfactory when dried in air. 

I t  is common practice when drying food 
products to lower the dry-bulb te~nperature 
as  drying proceeds to reduce heat-induced 
drteriorative reactions. In  this case, the chief 
problem \\-as the develop~nent of an oxidized 
off-flavor shown to increase as the dry-bulb 
te~nperature was lowered (drying time in- 
creased). Thus, temperature lowering as dry- 
ing proceeds did not offer a solution to the 
oxidation problem. 

There are other nleans that may be con- 
sidered for  overconling oxidative deterioration 

during processing of milk. Heat-treating the 
fluid milk prior to spray drying is commonly 
employed to inhibit fa t  oxidation. However, 
this treatment imparts a decided cooked flavor 
to the product, inconsistent with the objectives 
of this work. Jlorcover, other work (5) has 
shown that heat treatment impairs dispersibil- 
itg of the dry 111ill< on storage. Drying in an 
inert gas atmosphere would inhibit oxidative 
deterioration, but would add substantially to 
the cost and complexity of the operation. 

Although drying time can be decreased by 
the use of rope diameters smaller than the 
0.05-in. used in this w-ork, it  would be difficult 
to approach the short time of exposure to 
oxidation possible in spray drying. Spray dry- 
ing is cheap and, with the recent development 
of spray drying of foamed concentrates (6), 
improved dispersibilities can be had. Moreover, 
dry whole milk of excellent initial flavor and 
dispersibility can be made by the continuous 
vacuum drying of foamed concentrates (1). 
Through pilot-plant research the cost of the 
vacuum process is now approximating prof- 
itability. Work on cross-circulation drying has 
been discontinued, as it  offers little prospect 
of yielding a product of the desired proper- 
ties a t  a reasonable cost. 
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A SIMPI,E METHOD FOIL ESTTMA'l'IS(+ ('1-111) 
FINES I N  COTTAGE CHEESE \VHE\v I 

1)uring the n~anufacture of Cottage cheese, 
shattering of the curd detracts froin the appear- 
ancr of the product marketed. Unless curd fines 
arc. recovered from the whey and wash water, 
loss in yield may be substantial. 

Several reports ( 1 4 ,  6, 7) have shown that  
sollie of the ~llost  important f i~ctors which affect 
the amount of shattering during the coolting 
and washing of Cottage c*lleese curd arc :  1. 
Quality and solids rontrnt of s l r i ~ ~ ~ n ~ i l k  used; 
2. type and activity of culture used; 3. tirn~ness 
of eoagulum and acidity a t  cutting; 4. 111c.thod 
of cutting and cooking the curd; 6. type. and 
rate of agitation used. 

Kosikowslzi (5) reported a  neth hod of nlrtlsur- 
ing curd unit'or~nity fo r  ('~.c.atncbd Cottage 
chrese. Using a series of sieves, II(. separ:lted 
thr curd into scvrral size ranges. 13y conlpar- 
ittg weights of line (surd to uni for~n desired 
curd, degree of curd hrea!i;~gtb was c~stahlished. 

F o r  research on the cooking of Cottage 
cheese curd, a sinlple and rapid srn~ic~uantitativr 
~ l ~ e t h o d  to detc~rn~ine curd f ncs in the Cottage 
cheese whey was needed. J\ proethdure using 
calibrated centrifuge tuhes for  ~ncaasuring the 
quantity of curd fines was tlt.vt~loped. With the 
exception of calibrated centrifuge tuhes, all of 
the equipntent required for  the method reportetl 
in this paper  is normally av;~ilahle in the dairy 
p l iu~ t  I:~l~omtory. 

EXPERIhllKTAL PROCEDURE 

\Yhe~l Cottage chrrsc~ was cooked to tho de- 
sired f i r ~ ~ ~ n e s s ,  the agitator \\-as stopped and the 
str:~iner insertetl in the outlrt of thc eheesc vat. 
Sufficient whey was l)c>~~tnitted to drain to re- 
move the curd t ~ i ~ p j ~ c d  in the r a l r r  outlet l)y 
tht. strainer. Following this, a pint s:unple of 
whey TV:IS collc.c+c~d. Tlre whey mist~tl \\-(.I1 and 
30 1111 TI.:IS t1.:111f'rrret1 to each of two 30-1111 
~ o t ~ i ~ a l - l ~ o t t o l ~ ~  gr~rtlnatod centrifuge tuhrs. The 
tnhcs cont:~ining t l ~ c  ~vl~e>-  were centrifuged 5 
I I I ~ I I .  a t  ST0 rp111 in a Ii:ihcorl< centrifuge. The 
ct~ntrifugr cul)s were lined with cloth o r  paper 

'This papor II:IS bcen arrcl~tctl :is Journal 
Paper no. 2000 of the Purduc r2gricultural Ex- 
periment Station. Work supported in part by a 
grant from the American Dairy Association. Pre- 
sented as part of Paper 3150 at, thc 58th Anllual 
A.D.S.A. lleetillg, June 16-19, 1963, Lafayette, 
In~liana. 

to acconlmod;~te the. special centrifuge tubes. 
The volun~e of curt1 fines, to the nearest 0.1 
1111, was read from the graduatrd centrifuge 
tube. 

The dry wc.ight of curd fines fro111 cluplicatr 
30-1111 san~ples of several lots of whey was 
detertninrd hy potlring off the \vI~chy and trans- 
ferring thr curd fines to weight.tl JIojonnier 
solids (1isht.s. Two 1n1 of t1istillc.d water wertb 
added to transfer curd fil1c.s to tht. solids dish 
and to hrll) spread the c8urd  tint^ in an  eve11 
layer in the dish. f l f t e~ .  this, the water was 
c.valxw>\tt~d on a 3Iojonnit.1. solids plate, tht. 
stt~nplt, in thr dish plact.tl in the Mojonnic!~. 
vnculull ov r t~  fo r  10 I I I ~ I I ,  t ( , ~ ~ ~ p e r t d  fo r  10  inin 
to r o o ~ ~ t  trtnperature it1 :I dtasic~atol., ;III(I  
weighc~d. 

KESULTS ANI) I)E(!ISIOS 

I.'ig~u.c. 1 is a photograph of three con~pleted 
tcists illustrating the appcbaranee of the test 
i~n( l  thtl type of centrifuge tube used. Salnplc. 
1 (0.5 1111)~ Sa111plc~ 2 (0.3 I I I ~ ) ,  and Sample 3 
(2 .7  1111) are Cottage cheese whey fro111 co111- 
111erci;tl dairy plants and reprc1sent losses of 
'7.4, 11.9, and 40.1 lh of curd per  100 gal of' 
whey. Thew figurrs were calculated using the 
\vc.igl~ts of t1ric.d curd fi11t.s in 30 1111 of whey. 
These weights were converted to the weights of 
curd fines wit11 SOY{> tnoisture that  would be con- 
tained in 100 gal of the whey sun~plc!. The 

l,'11;. I. 1'110tugr:1~111 of  ro111111~te(l test, i 'or  ~ * I I Y ~ I  
lillc*s 011 tlnec rl iff~.rr~~t s:l~ll[)lrs of ( 'ott:~gr cllc~ast! 
whey. 



saine procediirc~ \+-as used in  deter~niriing the 
points plotted in Figure 2. The tlbove sariiples 
were taken fro111 vats of Cottage cheese when 
eurd break:.gt, was a problem. Results of deter- 
ininirig thv anlounts of curd fines on whey from 
over 30 vats of Cottage cheese indicate that 0.4 
1111 o r  less of curd fines per  30 1n1 sample of 
whey is desirable. 

Figure. '1 relates the voluine of curd fines in 
30 1111 of whey to the pounds of curd fines pe r  
100 gal of \\.hey. The pounds of curd lost per  
100 gal of whey can he read directly from tho 
graph when test results are  available. 

I n  Table 1, results are presented f o r  quad- 
ruplicate deterillinations on seven lots of whey 
rounded to the nearest 0.1 ml of curd fines. 
Varit~tions between duplicate tests were 0.1 n11 
o r  less in all cases. Also included in Table 1 
;ire the average dry  weights of curd fines fo r  
the four determinations on each lot of whey. 
A direct relationship exists between volume of 
(turd and weight of dry curd fines obtained. 
This infortnation was used to prepare the graph 
shown in Figure 2. 

Other than tht. centrifuge tuhes, the equip- 
~ n e n t  needed is available in  inoat dairy plant 
lahoratories. The test is  a useful research tech- 
nique to de~nonstrate loss of curd in Cottage 
cheese whey due to curd hreakage. It also 
serves a s  a siinple procedure f o r  daily checks on 
curd breakage in coniinercial Cottage cheese 
operations. 
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Volume. and dry weight of curd fines in diRerent 
lots of cottage cheese url~ey ' 

Lot Yolu~ne of Dry weight of 
110. curd fines curd fines 

(8)  
1 0.3 .0364 , 0.5 .a644 
3 0.6 .0705 
4 0.8 .0884 
5 1.5 .I785 
6 1.8 .2185 
7 2.0 .2449 

"Average of fonr determinations on each lot 
of whey. 

Pnvldl Of Cud 

FIG. 2. Co~nparison of ml of curd fines in 30-ml 
aliquots of whey to lb of curd fines lost in  100 
gal of \vhey. 

J. A. RAAB, JR. 
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C. E. PARNELEE 
Department of Animal Sciences 
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ELI?tlTNATION O F  2-METHYL-4-CHLOROI'HEX0XyACETIC ACID AND 
4-(2-METHYL-4-CHLOROPHEN0XYBUTYR)IC) ACID I N  

T H E  URZKE PROM COWS 

The herbicides 2-methyl-4-chlorophenoxyacetic Using electron affinity gas chromatography, 
acid (MCP)  and 4-(2-methyl-4-chlorophenoxy- the herbicide 2,4-dichlorophenoxyacetic acid 
butyrie) acid (MCPB) are  used fo r  broadleaf (2,4-D) was found in the urine of Holstein 
weed control i n  forage and other crops. It is, steers fed either 2,4-D or  4-(2,4-dichlorophe- 
therefore, essential to know the mode of metab- noxyhutyric) acid [4-(2,4-DB)] (3). I n  the 
olism of these compounds when ingested by work reported, J I C P  was found in the urine 
cows a s  herbicide residues on forage. of animais fed 3ICP o r  MCPB. 
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EXPERIMENTAL PROCEDURE 

Two Holstein cows were catheterized and fed 
2.5 and 5 ppm (based 011 a 50-lb daily ration) 
of MCPB on Noven~ber 1, 1963. The pure 
herbicide in absolute ethyl alcohol was mixed 
with the grain. A Holstein steer was fed 5 
ppm (based on a daily ration of 50 lb) of JICP 
on October 8, 1963. The purc herbicide in 
absolute ethyl alcohol was silnililrly mixed with 
the grain. The total urine salllplrs fro111 all of 
the animals were weighed and collected the day 
before feeding (control sampl?) and daily for 
six days after feeding the herbicides. 

Method of analysis consisted of blending 25 
g of the well-mixed, daily total urine sa~nple 
with 70 ml of distilled acetone and 1 in1 of 85% 
phosphoric acid for 2 ~nin.  The mixture \\-as 
filtered and the filtrate made to a total volulne 
of 100 ml with aceton?. ,\ 4-1111 portion of the 
filtrate was transferred to a 100-m1 beaker and 
the acetone evaporated with air. The remainder 
of the procedure involving extraction of inter- 
ferences into diethyl ether at  p H  7.7, nitration 
and methylation of the herbicides, and electron 
affinity gas chromatography of the nitrated 
ester derivatives is identical to the procedure 
described previously (1) .  Nitration produced 
the sensitive electron capturing five and six 
nitro derivatives of JICP and MCPB methyl 
esters. The un-nitrated esters would not have 
had the requisite sensitivity for this study. 

RESULTS AND DISCUSSION 

Figure 1 shows chromatograms of (A) urine 
from the MCP-fed steer three days after feed- 
ing and (B)  the prefeeding control urine 
sample. The peak appearing after approxi- 
mately 11 min represented one of the nitrated 
MCP methyl ester derivatives. The peak for 
the other nitrated derivative appeared after 8 
min, but was obscured by other early-appearing 
interferences. I t  was necessary to nlanually zero 
the recorder pen just before the appearance of 
the 11-min peak, to allow it  to he observed. 
The height of either peak (appearing when 
nitrated and methylated 3ICP standard was in- 
jected) was linear with MCP concentration. 
The recoveries of 0.4 ppm of MCP added to 
urine were 106, 75, 93, and 119%. The method 
was sensitive to about 0.1 ppm of MCP. 

Table 1 lists the daily concentrations and the 
total quantities of MCP excreted in the urine 
(probably as  the sodium salt) and the total 
daily urine production. No MCP was detectable 
in the urine of either of the MCPB-fed animals 
after the first day. The RICP-fed steer showed 
MCP in its urine up  to four days following 
feeding. The lower urine production of this 
animal probably accounts for  this difference. 

The total r~mount of MCP fed to the steer 
was 113.5 mg. The total a~nount found in the 
urine was 140.8 mg. Considering experimental 
error, this may well indicate complete eli~nina- 
tion of MCP in the urine of the animal. 

V I I 

0 6 12 IQ 
TIME, MINUTES 

FIG. 1. Cllroinatograms of (A) urine from t l~c  
MCP-fed steer tliree days oftcr feeding and (B) 
prefecding control urine. 

The total :~~nounts of JICPB fed to the 2.5 
and 5 p p ~ n  fed cou7s were 36.73 and 113.5 lag, 
respectively. The total an~ounts of MCP 
eliminated represent 5.25 and 9.64 nig of 
MCPB eqnivalent, respectively. These values 
represent, respectively, 9.2 and 7.2y0 conver- 
sion of MCPB to IMCP. I n  the study reported 
earlier (3 ) ,  7.3% of the 4-(2,4-DB) was con- 
verted to 2,4-D in a steer. MCPB was also 
found to convert to MCP on bean leaves, pre- 
sumably by beta oxidation (2). 

The MCPB-fed cows consistently showed 
(based on repeated analyses) the characteristic 
nitrated MCPR methyl ester peaks appearing 
after 16 and 48 min (1) in their first day's 
urine. Based on the height of the 16-min peak. 
the 2.5 and 5 pprn level animals showed re- 
spective MCPB concentrations of 0.35 ppni 
(4.56 mg total) and 0.55 p p ~ n  (8.37 ing total). 
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TARLE 1 
NCP fou~ld in thc urine and daily urine production 

Cow feil 0.5 ppni MCPR 

First 
Day 

Urine (kg) 13.05 
MCP ( P P ~ )  0.35 
Total MCP (n~g)  4.56 

Cow fed 5.0 pprn MCPB 

First 
Day 

Urine (kg) 15.22 
3ICP (ppm) 0.55 
Total RICP (mg) 8.37 

Steer fecl 5.0 ppm MCP 

First Sceond Third Fourth 
clay day day day 

Urinc (kg) 4.38 4.95 4.86 6.33 
MCP ( P P X ~ )  1.90 3.60 22.40 0.95 
Total MCP (mg) 8.30 17.80 108.80 5.90 

Howcver, recovely of i\lCPB added to urine 
was not satisfactory, and these results are, 
therefore, not listed in Table 1. 

Retention times for  the observed MCP (and 
MCPB) peaks were identical with the pure 
standards. I n  several cases, addition of the 

herbicides to the urine sainple simply increased 
the height of the respectively observed peaks, 
thereby indicating further that the compounds 
were identical. 

C. A. BACHE 
D. ,T. LISK 
D. G. WAGNER 
R. G. WARNER 
Departments of Entomology and 

~\nimal  Husbandry 
Cornell University 
Ithaca, New York 
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OAT PASTURE FOR LACTATING COWS 

Several reports (1, 2, 4, 7, 13) have indi- 
cated that green oat forage stimulates Inilk 
production. Copeland (1)  found that cows 
produced 4 to 5.5 lb Inore milk daily when 
grazing oats compared to periods when oats 
were not grazed. McClymont (8) reported a 
drop in lnilk fat  test f r o n ~  4.3 to 2.6% within 
a week following the start of grazing oat pas- 
ture. The anin~als were changed to another 
type of roughage and the milk fat  test rapidly 
returned to normal. Several workers (2, 3, 8, 
10) have studied the effects of various supple- 
ments on the co~nposition of milk produced by 
cows grazing oat pasture. Generally, little or 
no benefit was realized from supple~nenting 
the rations of cows grazing oats with high-fiber 
or bulky ingredients (2, 3, 10, 13). 

On the dry matter basis immature oat forage 
was reported to contain 12 to 33% crude pro- 
tein (2, 7, 9, lo ) ,  20 to 33% crude fiber, and 
32 to 40% nitrogen-free extract (3, 9, 10). 
Hawkins and Autrey (4) determined the di- 
gestibility of the dry matter of harvested im- 
mature oat forage to be 79.4%. 

The apparent high quality of oat pasture 
appeared to warrant additional study, espe- 
cially relative to its value as  the complete ra- 

'Published with the approval of the Director of 
the Arkansas Agricultural Exporirncnt Station, 
Fayetteville. 

tion for lactating cows. This experiment was 
conducted to evaluate oat pasture in terms of 
its composition, palatability, digestibility, and 
its effect on the lactation curve and milk coln- 
position. .1 secondary objective was to com- 
pare methods of estimating pasture intake and 
digestibility. 

EXPERIIIENTAL PROCEDURE 

Five Holstein coas were pastured continu- 
ously, except for about 2 h r  twice daily when 
removed for milking. Four of the cows had 
been lactating four or five months when placed 
on experiment. The other cow had been lactat- 
ing eight months and was used only in the 
digestion-intake phase of the study. 

Cows grazed fall-seeded oats, starting March 
27, for  a 1-wlc transition period followed by 
six weekly experimental periods. Except for  
mineral supplements available on pasture, no 
additional feeds were allowed. 

At the start of the grazing season there was 
a good stand of oats about 6 to 12 in. high, 
with relatively few weeds. The available forage 
was regulated by using put-and-take cows a t  
intervals to keep the growth to an average of 
about ten in. tall. Grazing tended to keep the 
plants vegetative; however, some heading was 
ohsewed during the last 2 wk of the experi- 
ment. 
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Digestibility was estimated by three luethods : 
the ehromogen formula of Reid cat a1. (11) ; 
fro111 the intake forniula of Laneaster ( 6 ) ,  
based on fecal nitrogen plus fecal dry matter 
output data; and the chromogen ratio (feces: 
forage) method (12). Chromogens were deter- 
mined by the method of Reid et al. (12). Fecal 
dry matter output was determined, using chro- 
mic oxide as an indicator (16). Chroinic 
oxide was analyzed by the method of Sehiirch 
et al. (15). Intake of forage was esti~nated 
from the digestibility and intake data (16). 
The first fecal collection period was preceded 
by a 1-wk preliminary grazing period. During 
this period cows received 8 g of chro~nic ox- 
ide daily in gelatin capsules. Grab samples of 
feces were taken a t  6 AM and 4 par and were 
composited for each weekly period. 

Forage samples were taken daily by hand- 
plucking to siniulate grazing. Proximate analy- 
ses of forage and feces were nlade bv conven- 
tional methids. 

Milk yields were recorded a t  each  nilk king 
and milk fa t  and total solids analyses we& 
made weekly on a one-day (AM and PM) coin- 
posite sample. Body weights were taken weekly 
on two successive days. 

RESULTS AND DISCUSSION 

Pasture evaluation. The composition of the 
hand-plucked samples from the oat pasture 
during the various grazing periods is presented 
in Table 1. The dry matter and ether extract 
declined gradually from the second through 

the sixth week of grazing then increased slightly 
the last week. The other constituents varied 
slightly, hut inconsistently, during the advanc- 
ing season. The average values obtained cor- 
responded well with those previously sum- 
~narized (9).  

E'orage intake and digestibility data, a s  
measured by three methods, are presented it1 

Table 2. Dry matter digestibility averaged 
77.5% and daily intake 32 lh for the chromogen 
and nitrogen formula methods. Hawkins and 
Autrey (4)  reported a dry matter digestibility 
of 79.4% for  harvested, immature (6-12 in.) 
oat forage; however, no previous reports on 
the digestihility or intake of pastured oats have 
been found. 

Although small weekly fluctuation occurred 
in both intake and digestibility, there W:IS no 
apparent quality deterioration during the suc- 
cessive weeks of this trial. Intake of forage 
dry matter averaged 3 lh/cwt. The mean eon- 
sumption of green forage, based on the aver- 
age of 17.8% dl37 matter, W;IS 1 H O  lh/co~v 
daily. 

The chromogen and nitrogen for~llula* used 
in evaluating digestihility and intaltc. irgreetl 
closely; however, estiniates obtitinr.d by the 
chro~nogen ratio rnethod were about five per- 
centage units lower. These results suggest that 
forage of higher chromogen content was oh- 
tained in manual sampling than was artually 
grazed hy the animals. Therefore, it appears 
that the ratio method is not as  satisfactory as  
the other two gent3ra11y Inore acceptable ~neth- 

TABLE: 1 
Composition of oat pnsturt. 

Week of Dry Crude Ether Crudu N-f ree 
Erazmfz matter nrotei~~ extract fi1)c.r txxtract Ash 

--('/o of dry a la t to)  
20.7 23.8 4.3 18.4 44.6 8.9 
18.6 20.1 3.2 17.7 48.9 10.1 

TABLE 2 

Consurnl)tion rate nrlcl digestibility of oat pasture by clairy cattle 

Week of 
grazing 

L)ry rnattcr digestibility 1h.y 111atter consu~~lptio~~ 

Chromogen Nitrogen C'l~romoge~~ Chrornogen Sitrogen Chromogen 
formula f ormul:~ ratio formula formula ratio 

f YO) fIb/dayJ 
80.9 76.2 70.9 34.9 27.6 22.7 
78.9 77.2 69.1 32.2 29.8 22.0 
73.6 76.8 76.1 25.7 29.2 28.5 
79.6 79.6 74.3 86.8 36.8 29.1 
75.6 78.9 73.7 97.6 31.6 25.6 
77.0 75.9 73.1 36.4 34.6 31.0 
77.6 77.4 72.9 35.3 31.6 26.5 
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ods. Others (5, 14, 17) have also reported 
close agreement between the chroinogen and 
nitrogen methods for evaluating forages of 
quality apparently siii~ilar to that used in this 
study. 

An approsimation of the TDN value of oat 
pasture was made, using digestibility values 
computed fro111 Reid's formula and coinposition 
of the forage samples. Estimates of mean ap- 
parent digestibility were : crude protein, 77.97, ; 
ether extract, 4.6%; crude fiber, 83.2%; NFE, 
88.8%; and ash, 35.0%. The resulting TDN 
\{-as 74.5%, on the dry matter basis. I t  is rec- 
ognized that these values are biased to the 
extent that the forage sampled might have dif- 
fered in coinposition from that consumed by 
the animals. Since the digestibilities of the 
iiiajor constituents did not greatly ditrer, i t  
seems unlikely that the TDN value is seriously 
biased. 

Cozu performa9ace. The lactation curve for  
cons in this study is shown in Figure 1. The 
significance of milk yields in this study is 
limited by the small numbers of cows and their 
low production levels. The two cows most ad- 
vanced in lactation (seven months) dropped 
sharply during the last h k  on the experiment. 

Figure 1 also shows the total milk solids and 
iliillr fa t  percentage curves. Although there 
\+-as a slight increase in milk f a t  per cent dur- 
ing the first week of grazing, the values sub- 
sequent to the preliminary week averaged 3.3% 
and were nearly constant. I n  contrast, MeCly- 
~ilont (8) reported a severe drop in milk fat  
test when cons grazed oat pasture; whereas, 
others (2, 3, 7, 10)  observed no appreciable fat  
depression. Total milk solids averaged 11.9% 
and did not appear to vary appreciably during 
the course of the experiment. 

Mean body weight of cows just prior to  

a 

23 - , 

> 

' 13.0, TOTAL MILK SOLIDS 

- 1 1 2 3 4 5 6 7  
WEEKS O N  PASTURE 

FIG. 1. Lactation perfor~nance of cows grazing 
oat pasture. 

pasturing was 1,078 Ib. During the first week 
of grazing, weight loss averaged 37 lb per cow. 
About one-half of this weight loss w7as regained 
during the following week and by the end of 
the experiment the average cow had gained 
41 lb, conlpared to her hody weight before 
pasturing. 

P. G. OWEN a 

Department of ~ l n u n a l  Industry and 
Veterinary Science 

University of Arkansas, Fayetteville 
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COL~JECTION O F  BLOOD 
SINUS IN 

Fluhillan ('7) first denlonstrated pituitary 
gonadotropins in human blood when he injected 
3.0-5.0 ml serum from ovariectomized women 
into infantile mice producing follicles and 
corpora lutea. Several authors (1, 3) have 
described methods of fractionation of plasma 
proteins with the isolation and detection of the 
gonadotropic fraction. Apostolakis (2) has 
described a method of concentration of plasma 
rendering it less toxic to bioassay animals. The 
method involved precipitation with acetone and 
dialyzing against normal saline. 

Ganong and Hume (a), using a surgical ap- 
proach, collected cavernous sinus blood in the 
dog and demonstrated the presence of ACTH. 
McFarland, Clegg, and Ganong (10) and El- 
lington, Contopoulos, and Clegg (6) were able 
to detect corticotronic. eonadotro~ic. and . , -  
growth hormone activities in cavernbus sinus 
plasma collected from ponadectomized, un- 
anesthetized sheep. The brood was collected by 
passing a needle through the foramen ovale. 

I n  sheep, Daniel and Prichard (5) have 
shown that much of the pituitary venous drain- 
age is into the cavernous sinus, and a similar 
situation has 'been observed in the cow [Cum- 
mings (4)] .  These circumstances led to the 
development of a technique in the cow to obtain 
cavernous sinus plasma by passing a needle 
through the foramen ovale. . 

(16) SXITH, A. M., AND REID, J. T. Use of 
Chromic Oxide as an Indicator of Fecal 
Output for the Purpose of Determining the 
Intake of Pasture Herbage by Grazing 
Cows. J. Dairy Sci., 38: 515. 1955. 
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FROM THE CAVERSOUS 
THE COW 

aimed for  was two-thirds the distance from 
the orbital rim of the frontal bone to the base 
of the horn, and one-third to one-half the dis- 
tance from the lateral border of the frontal 
crest [Crista frontalis ext., Nickel, Schummer, 
and Seiferle ( l l ) ]  and the midline (Surtura 
frontalis). 

The foramen is 3.5-5 in. along the path of 
the needle in 600-800 lb heifers, and the fora- 
mina examined were about 1 em in diameter. 
I n  some ani~nals there was barely space for the 
entrance of the needle, because of the angle a t  
which the needle approached the foramen. The 
direction of the foramen is dorso-ventral; the 
needle approaches from a postero-lateral direc- 
tion. 

Besides the mandibular nerve the foramen 
also contains a small inconsistent artery, a 
branch of the internal maxillary, called the 
proximal branch of the rete (proxiinaler Re- 
teast) by Nickel and Schwarz (12). 

The penetration of the foramen is character- 
ized by increased resistance, followed by release 
of pressure on the needle, after which a free 
flow of blood occurs. As the needle penetrates 
the foramen there is a characteristic general 
reaction from the animal. Care must be taken 
not to penetrate the diaphragma sellae and not 
to pass into the brain. 

A ventral anbroach froin the inteimandibular 
NATERIALS AND METHODS space is pr&ented by the stylohyoid bone. 

Some variation in the point of aim occurs, A number of skulls were examined to locate mainly as a result of variation in the point of 
and prove a passage the foramen entry. Therefore, the lnuscular process of the 
into the cavernous sinus. temporal bone, the temporal condyle, the ar- The were restrained in an 'perating ticular process of the mandible, the hulla tym- 
stall with their heads tied to the side. The area panics are useful landmarks can some- 

the ear was and an- times be recognized with the needle (Figure 1). 
esthetized with 3% procaine. A 12- or 14-gauge ~h~ blood lllay be drawl] a syringe, by 6- or 9-in. needle was used. The starting point a partially evacuated flask, or by a plastic 
was half-way between the angle of the mandible cannula left in the for periodic sampling. and the zygomatic arch a t  the level of the caudal 
border of the mandible. The needle was directed 
a t  right angles to the mid-saggital plane, RESULTS AND DISCUSSIOW 
toward a point on the opposite side of the skull Up to one liter of blood has her11 collected 
located by one of two different methods. I n  one from each of the 40 heifers and c:tlves. Twice, 
method, the point was located 1/2 to 1 in. above in early attempts, collection was unsuccessful 
the supraorbital foramen, whieh can he palpated and in another cow there was no passage 
in most cows. I n  the second method, the point through the foramen ovale. Occasionally, when 
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FIG. 1. The path of tlie 11c3cdlc is sl~own p:lssil~g 
over the conearc posterior 1jordc.r of thc innndil>lr, 
:ilia tlirougl~ the fora~nen ovalc on the skull of :I 

Holstein heifer. 1. Rulla tympanien. 2. h l~~scular  
proeexs of the tc.mpora1 bone. 3. Zygomatic arch. 
4. Anglc of m:tndiblc. 5. Condyle of niandible. 

the restraint has ;illowed head niovement, the 
brain has heen penetrated. 

Blood plasnla eollectrd in  this  way fro111 
nortnal colvs i s  being assayed f o r  gonadotropins, 
T S H ,  and  growth hornione. 

Resides providing better access to  pi tui tary 
iTenous drainzge the approach offers the pos- 
sibility of producing h r a i ~ l  lt~sions in the hypo- 
thalarnie area. The needle did not  usually enter 
the p i t u i t a l ~  hut  passed near  i ts  posterior dorsal 
border, and the possibility of introducing 
necrotizing substances t o  destroy pi tui tary tis- 
sue can be considered. 

Care 1111ist he talien no t  to  reniain in  the 
foramen ovale and  draw hlood f rom the proxi- 
lnal branch of thc retc. This can happen when 
the angle of the  needle is  such t h a t  i t  will only 
pass into h u t  n o t  through the foramen. The 
nature of the blood collectt,d could not  he 
provecl. It appeared prc.do111innnt1y venous, 
though on  certain occasions sollie hrightening 
of the color of the blood occurred, o r  n. Small 
pulse was evident. This blood was probahly 
frolrl the rete lnirilbile and  the pulse could be 
stopped by slight repositioning of the needle. 

Johnston and  Callow (9)  described a surgical 
approach f o r  brain inoculation and  biopsy 
nhich  caould xvell be done hy  passing the needle 
through the  foramen ovale and  into the brain. 

L. E:. I ) o s a ~ . n s n x  
AS11 

n'11.1,r.i~ H A ~ S E I ,  
Cornell University, I thaca,  S e w  P o ~ . l i  
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UTILIZATION O F  CENTRIFUGAL FORCE FOR R.EMOVAL OF 
31ICROORGAlVISMS FROM MILK 

G. A. HOURAN 
The De Laval Separator Company, Poughkeepsie, Kew Pork 

The process fo r  retnoving bacteria from a 
liquid, cA.g., ~nilk,  by Illcan5 of ccwtrifugal force 
has been tchrmed conlrnerci;~lly as hactofuga- 
tion. I t  is s in~ i l i~ r  to the force of that in a milk 
clarifier. This type of cc~ntrifuge is named 
hactofuge. The ;~ctual sep;uation of bacteria 
ocrurs in the gravity field of the iliachine. 

About 10 y r  ago, Professor Sinlonart a t  the 
University of Louvain, Belgiuln, helieved that 
bacteria eould be sc1parated from ~r~illc by ccan- 
trii'ural force. H e  carric.d out the first experi- 
menii with a snlall Alfa- 
Laval clarifier. H e  soon 
found that this machine 
was able to remove hac- 
teria. However, the effi- 
ciency of the removal 
lasted for only a few 
minutes. When the bowl 
of the clarifier was 
clean, efficiency was 
high. After about one- 
half hour the efficiency 
had dropped to zero, be- 
cause the sediment space 
of the bowl was filled 
with bacteria and sedi- ~~ ~ ~ - -  - ~ - ~ - -  

111c.nt. An equilibrium had then been reached, 
and the same ainount of bacteria was reinfect- 
ing the milk. I t  appeared that Professor SI- 
monart's progress mould end, due to this equi- 
librium. 

Professor Sitnonart found succrss with the 
bactofuge process by chance. During one of 
his test runs the rubber gasket of the clarifier 
howl was dan~aged, resulting in a bowl leak. 
The analysis of the salnples taken from this 
test showed that the efficiency of bacteria re- 
~noval was maintained a t  a high level through- 
out the running pc.riotl. Systematical work 
with the lealting bowl confirmed that continuous 
bacteria ren~oval was ilnportant. A new centri- 
fuge xvas built which hati :I s~ntlll hole tlrilleii 
through t h ~  vertical wall of the howl. 

Successful work with this ntachine led to 
the design of new machines \vith capacities u p  
to 13,000 11) per  hour. Professor Sitnonart 
discovered that optimutn conditions were oh- 

' Prescwted in the Dai1.y Manuf:~cturing Exten- 
sion Sul~section, 58th Aiinu:ll Meeting of the 
Alnrrican Dairy Sciencc Assoriatioli, .Tune, 1963, 
Puvdue Vniversity, T~afayctte, Indiana. 

tained a t  tt~nlperatur(~s hetw(~en 149 ilnd 167 F, 
with a caentrifugal force. of 9,000 to 10,000 g. 

The hactofuge utilizes the differencc! in spe- 
ciiie gravity betwc.en 11actt.ria and the other 
constituents of inilk. The specific gravity of 
bacteria varies between 1.07 and 1.13. Varia- 
tion in their size is betweell 0.5 tlnd S p. The 
specific gravity of skinlu~ilk is about 1.03.5, with 
eascain playing an iinportant role. Specific 
gravity of the casein particles is l.O(i(5 and 
their size varies between 500-SO0 pp. 

The differenccl between the s~nallest bacteria 
and casein particles ~nakes possible separation 
of bacteria from milk. However, for  practical 
reasons t h ~  separation cannot he total. Diffi- 
culty in obtaining an  ideal flow through the 
howl of the centrifuge causes a decrease in 
wparating effect. Present machines operate a t  
an  efficiency of about 90% of the bacteria re- 
moved froln the inilk. 

The bactofuge is similar to a clarifier with 
the milk flowing through a hollow spindle into 
the bowl. The lrlilk passes the distributor and 
flows into the disc stack th rou~ l l  the holes in 
the discs. The haetofugated lr~ilk passes into 
the center of the bowl and is discharged on top. 
Sedirnent and bacteria-concentrzlted nlilk are 
thrown against the vertical wall of the howl 
and evacuated through two 0.3-IIIII~ holes. 

The bacterial concentrate, whieh arnouuts to 
1.5% of treated milk, is  gathered in the bowl 
easing. This is equipped with a special sludge 
groove for removal of the concentr:rte and cool- 
mg air. Air and bacterial concentrate are sep- 
arated fro111 each other in a cyclone located 
close to the bactofuge. 

The frame hood and the bowl are douhle- 
jacketed. Cooling water is circulated in the 
jackets while the bactofuge is running. Cool- 
ing prevents the bacteria-concentr;~ted milk 
from haking on to the inner surfaces of the 
hood and howl casing. 

NEED FOR HEAT TREATMENT 

The partial elitnination of bacteria with the 
haetofuge makes it necessary to combine baeto- 
fugation with heat treatment. Heat is  also 
esscmtial to inactivate enzymes. I t  must be 
strongly emphasized that bartofugation cannot 
replace pasteurization, but will serve as an  
aid in attaining low total bacteria counts in 
processed milk. 
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RESULTS I N  BELGIUM 

The first bactofuge was installed in Belgiunl 
by Cie Lacsoons of Rotselaar, in 1962. The 
plant is designed for  two operating conditions. 
The bactofuges can be used either in  connec- 
tion with normal pasteurization or with steri- 
lization by stealn injection. 

Milk enters the balance tank and is pumped 
to the plate heat exchanger, where it  is pre- 
heated by regeneration and then heated to the 
pasteurizing temperature of 162 F with vac- 
uum stearn. Then the milk flows to the first- 
stage bactofuge and then to the second stage. 
After the bactofuge, the milk returns to the 
plate heat exchanger for regenerative cooling 
to the homogenizing temperature. More regen- 
erative cooling follows and finally the milk is 
cooled with water and brine. Holnogenization 
takes place after pasteurization, to reduce fat  
losses. 

The bacterial concentrate from each bactofuge 
atnoullts to about 1 5 %  of the treated quantity. 
The concentrate leaving the first bactofuge has 
a very high bacterial count, but that collected 
from the second bactofuge has less than 10% 
of the bacteria found in the first-stage concen- 
trate. To lessen losses fro111 the double-stage 
process the eoncentrate from the second bacto- 
fuge is returned to the illtake and recirculated. 
In  this way, the total losses amount to only 
1.5 instead of 3.0%. 

In  addition to significant reductions of bac- 
teria, the lreeping quality of the treated milk 
was tested a t  59 and 65 F. The average keep- 
ing quality for 40 samples was 11 days at  59 F 
and seven days a t  6.5 F. 

OTHER APPLICATIONS 

Future prospects for application of the bac- 
tofuge are being studied. One application which 
has been discussed is in cheese-making. Trouble 
caused by spore-forming bacteria can be seri- . 
ous. I f  spore-formers are eliminated from the 
milk, better-quality cheese can be expected. 
Tests show that niorc than 99.0% of the spores 
are removed from ~nillr with single-stage cen- 
trifugal treatment. Systen~atic investigations 
are planned in cooperation with the Dairy 
Researrh Station a t  Alnarp in Sweden for 
further studies on spore relnoval. 

Spore-forming bacteria also eause trouble in 
the production of sterilized milk. I f  it is pos- 
sible to lessen the heat treatment in sterilizers, 
an improvelnent in the quality of sterilized 
milk should result. Evaporated milk made from 
bactofugated raw milk has de~nonstrated the 
need for  less heat treatment in sterilization. The 
quality of this evaporated milk was correspond- 
ingly better. 

The bactofuge may also be useful in reduc- 
ing the ultimate bacterial count in dry milk, 
which will improve quality. 

SUMMARY 

Relnoving bacteria from milk centrifugally 
has passed the experimental stage and is ready 
for a wider application. A plant in Belgium 
has produced milk of better quality than com- 
mon pasteurized milk. Through the removal of 
cells, bactofugated milk has better hygienic and 
colnmercial qualities. 

Since the bactofuge is not a complicated 
machine, including it in various types of heat 
treatment systems is possible. 

CENTRAL LABORATORIES FOR DETERMINING T H E  IIYGIE'NIC 
QUAIJITY O F  MILK FOR MANUFACTURING ' 

J. C. PALMER, 0. R. IRVINE, AND A. G. LEGGATT 
Dairy Branch, Toronto, Ontario 

ICemptville Agricultural Schools, Kemptville, Ontario 
Departmeut of Dairy Science, Federated Colleges, Guelph, Ontario 

I n  several large areas in the province of 
Ontario nlost producers sell their milk exclu- 
sively for  manufacturing purposes. The price 
is considerably lower than that paid for  milk 
for  fluid consumption. As a result, the hy- 
gienic quality is sometimes poor. Comparatively 
few Ontario manufacturing milk shippers have 
bulk tanks. This has also delayed improvement 
of the manufacturing milk supply. 

Since 1954 provincial regulations have re- 
quired manufacturing plants purchasing milk 

' Presented in the Dairy Manufacturing Exten- 
sion Subsection, American Dairy Science Associa- 
tion Annual Meeting, June 18, 1963, Purdue Uni- 
versity, Lafayette, Indiana. 

0. R. Irvine 

to grade i t  on flavor, 
sediment, and bacterial 
activity. Con~petition 
among plants for in- 
ereased patronage, how- 
ever, has frequently re- 
sulted in grade stand- 
ards being poorly en- 
forced. The general 
level of milk quality 
suffered severely. 

Milk destined for 
fluid consumption is ex- 
amined by laboratories 
maintained by dairies 
and also by 18 regional 
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laboratories of thr 1,rovincial T)epartt~~t.nt of 
Health or 1))- tl~unicipal authorities. I n  1961 
the Depart~nent of' Health expanded this serv- 
ice and hegiln testing nlilk for ~~~ilr~ufa(sturing. 
Marked i n ~ p r o v r ~ ~ ~ e n t  in quality has resulted. 

The ~rliiin test wed by t11t.sc 1al)oratories on 
~ n a n u f : ~ c t ~ r i g  n~illc is the 3-111. Itc~sazurin Test. 
But thc, dirc.c*t %Iinroscopic (:onnt or the Danish 
Mastitis Tcst is also used. The, 1)anish Mastitis 
Test is c.ssrntia1ly the s;inle :IS the California 
>lastitis T ~ s t  and henceforth will be rcfrrred 
to as the, (;el Test. 

111 two large ~nilk-prod~~cing districts 11ot 
served I>y the I l ep i~r t~n(~nt  of Health, the 011- 
tario I)c:p;~rtrnent of .\griculture agrtacatl to 
establish two laboratories. One of these was set 
up a t  the l)epartt~lc.nt of 1)iliry Sciencr, Fed- 
c,rittetl Colleges, Ou~lph ,  and the second at  thr 

FIG. 1. T'l~loadil~g :I (>;IS(, o f  2-02 1)ottlvs :IS 
recriw~l from field ht:lff. 

Dairy T)irision, Kemptville .\jiricultural School, 
I<e~nptvillc. The tlvo lahor:~tories are no\\- op- 
erating sn~oothly, the forn~er  testing approsi- 
~nately 2,600-3,000 samples ~nonthlp, while t11~ 
latter handles 3,600-4,000. Individual r ~ p o r t s  
:Ire n~ailrd to the produeer, plant, and fielt1111en 
concerned. 

3IETHOI)S EJIPLOYED 

Each Iaborato~y ~.chcluires the full-time scXrv- 
ices of two u7o~uthn--;~ technician who perf'ortns 
the tests and a typist who prepares the reports. 
Two part-time jut~ior fieldmen take m:tny of 
the sa~nples and tr:~nsport the111 to the lal~ora- 
tories. Alaintaining accurate mailing lists is 
important, particuli~rly when producers switch 
from one lnarltet to mother. 

Except for hulli tank ~nilk, san~pling is done 
a t  the neigh ta111i either by one of the junior 
fieldmen of the Department of Agriculture or 
an  employcte of t,hc plant. Approximately 1.5 
fluid ounccs of n~illi is collecteil into a square, 
screw-cap 2-oz bottle. The s:um~)lrs are placed 
in an ice. I)ilth innl~ediately zind later assenibled 
in styro1'0i1111-i~~sulated cases which are kept 
cold wit11 s l~~j i s .  With reaso~~:ihlo care it has 
11een possihle to have s:~t~~pl(.s rcb:~cti the 1ahor;t- 

FIG. 9 .  A ~.cs:czit~.in tcst is cli~~ckr(l :~p:linst color 
standard iin~lrr i~niform eontlitiol~h of ill~lmination. 

tory no hight~r than 45 F, cvcln ill July. The 
temperature. of  each casr is ~ h ~ ~ c l i c d  on arrival 
a t  thc I , z l ~ o r : ~ t o ~ ~ .  

i\pprosin~ntrly one-half of the samples reach 
the 1;ll)oratory cvtrly enougl~ in the day for im- 
n~c,diiltc, rc,s:~zurin testing. T l ~ e  relnainder are 
tested the following ~norning. Su~al l  vari:ltions 
in 111~t11ods are permitted I)et\veen labor at or it.^, 
hut generally the 3-hr t ~ s t  21s described in the 
;\.P.II..\. Standard JIc.thotls is follo\ved (1 ) .  
P:lrticuIar attelltion is givc.11 to proper illun~i- 
nt~tion when reailing r(.s~ilts, and all borderline 
c-olor chznge eases are cwn~pared to the 5P 7/4 
color standard. Gradvs i ~ 1 . t ~  recorded as So. 1, 
2, 3, or  4. S:l~nplc>s which reduce in 1c.s~ than 
30 n ~ i n  are specially ~narkthd. 

Over the pitst f'(.\v ycL;lrs the Departl~~c.nt of 
Tlc~:~lth 1~abor;~torit~s 11:1ve gained considerable 
espc'rience in tipplying the Gel Test to sanrples 
of herd milk. While the results of this test 
:~r(. undoubtedly of tnuch Inore significance 
\VIIPII app1ic.d to udderquarter sa~~lples ,  good 
correlation 11as I,c.en found bet\vc.rn Gel Test 
results and 1c.ucoryte rounts on herd samples 
(2, 3 ) .  

The test is pc.rfor~ned by pipetting 3 1111 of 
~nilk into a flat-hottonled, white plastic dish, 
adding an equal quantity of test reagent and 
swirling the cup ten times in a period of '7 sec. 
Absence of any thickening indicates that the 
milk is Nonrc.active (NR) .  On the other hand? 
a trace of coagulation or dctfinite gelling is 
classitied as Weakly Reactive (WR) or  Reac- 
tive ( R ) ,  respectively. I f  ,z sa~nple shows a 
detinito reaction it is a cle;~r indication that 
nl;lstitis esists in the herd. -1 weakly reactive 
test ~ ~ ~ u s t  he interpreted wit11 considerable cau- 
tion, hecause co~x-s in early and especially in 
lato st:tges of lactat io~~ often produce milk 
sIio\\~ing a slight reiiction with this test. 

The Gel Test is useful in several ways. The 
producer can be ;~lcrtecl of trouble in his herd. 
Cheese-factory oper:ttors :IIT aided if they linow 
when ahnorn~al ~nilli is received. H~su l t s  of 
thc tcst are sot~~et in~es helpful in csplitining a 
Gr:rde of So. 2 o r  3 frotn the resazurin test. 
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PIG. :i. Oel T(>ht r(,ngent is addetl to a series of 
five sn~~iples. 

Excessive leucocytes o r  other rc.ducing agents 
may hr present to such :tn extt~nt that produc- 
tion of Xo. 1 tiiilk is difficult. 

I n  addition to the junior fieldn~en who obtain 
the satnples, other government-e~iiployetl field- 
nten work closely with the Iahoratories. Per- 
haps the major adv;u~tage of initiating this 
program was in allowing these men to  spend 
Inore time ralling on far~ns .  They are  furnished 
with complete infortnation on test results and 
nrust lnake a personal visit to a far111 hefore 
shipnlents can he stopped. The latter action is  
taken if three tests in succession are  Grade 4. 
To he reinstated, a producer must produce milk 
of Grade 2 o r  higher. Since the governtnent 
undertook this program, dairy plilnt lahora- 
torics concentrate on follow-up work. This has 
also bet.11 of real help in itnproving quality. 

Another advantage of thc systen~ 1s in pro- 
viding a large 11u111her of samples fo r  research 
programs. Protein deternliuations hy the Arnido 

Black  neth hod arca being 111ade on approxitnately 
100 san~ples  per month. 21 program of testing 
for  antibiotics and freezing point twice each 
year is also under way. 

The cost of operating this service has not 
been estin1att.d too prrcisely, hut is undoubtedly 
high if calcnlatcd ou a per-satuple hasis. I n  
genctral, however, its reception has been very 
t'avorahle. Both protlucers' :md pi-occssors' or- 
~an iza t ions  have gone on revord as  being will- 
111g to share the cost of the ccbt~tral lahoratories. 

Some of the main features of two govern- 
IIICII~-sponsored milk-testing laboratories have 
heen drsrribed. Sanlples of raw tnilk sold fo r  
ninnufacturing purposes are collreted and ex- 
atnilled 111onth1y. The Resazurin :~nd Gel Test 
a re  being used to detern~ine quality. The pro- 
granl has been found to have a number of ad- 
vantages and has had a ~rrarked effect on quality 
improvolnent. Milk protlucers have contidence 
in test results and fieltltnen have niore time 
available fo r  far111 visits. Having a large num- 
her of samples available 111 the laboratorr i s  
also advantageous f o r  research purposes. 
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tation of California M:~stitis Tests Results. 
J .  AIII. Vet. hIcd. A ~ ~ o c . ,  136: 1!)5. 1960. 
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MEMORIALS 

D. V. KOPLAND 
The I)airy Industry lost one of its niost 

devoted servants in the death of D. V. KOPLAXD 
on Septeniber 12, 1963, in Logan, Utah. He 
was born on January 26, 1899, in Wellington, 
Kansas, son of John K. and Daisy Irene Pickell 
Kopland. He was reared and schooled in South 
Dakota. ~ r a d u a t i n ~  from South Dakota State 
~olleg; GI 19221. " 

After nranaging the 
South D:~kota State 
herds, Professor ICop- 
li~ntl was r~nployrd by 
the USDA a t  Ardmore, 
South Dakota, and was 
later assigned to the 
I I u n t l e y ,  M o n t a n a ,  
Field Station, where he 
was in charge of dairy 
research for  about 32 
years. I n  May, 1961, 
the USDA nloved the 
Dairy Research Center D. V. Kopland 
to Utah State Univer- 
sity, Logan, Utah, and Dave ICopland 111oved 
with his cows which hnd beco~nc so nruch a 
part of his life. 

Contributions to thc? 1)airy Industry were 
Inany through the years. H e  helped pioneer 
the proved sire progranl for which the USDA 
has heen so well known. l l i s  pasture research 
helped dairymen recogniac! the c.conomic po- 
tential of this use of land. Anlounts and 
types of grain to feed were studied and the 
rates of milk flow i ~ ~ n o n g  many different cows 
were evaluated. 

Dairymen relied on Dave's understanding 
of dairy c o t ~ ~ s  and asked his advice personally, 
as well as listened when he spoke. Many of 
tllen~ attributed their success to the use of 
his methods and programs. Montana dairymen 
elected him as  their delegate to the IIolstein- 
Friesian Sssociation of An~erica severi~l tinics, 
including the year he n~oved to Utah. FIe has 
been a long-time 111c.111her of the American 
Dairy Science Associi~tion. 

His passing was unexprctcd, following a 
brief illness and surgery. Friends and pro- 
fessional collrngues will miss him, as he was 
n n~ost rharitahle, kind gentlen~an at  a11 times. 

He was a baptized inetnber of the Methodist 
Church and a Inember and leader in the Masonic 
Lodge. IIe routinely contributed to charities 
and to the Billy Graham crusades. 

Surviving are his widow, Janet Buyers Kop- 
li~nd of S~nithfic>ld, Utah, who111 he married 
1)eeemher 10, 1962, and x sister, Mrs. Lucille 
Vi~gner of Rawlins, Kyolning. 

HENRY SOBORG 
Ilis Inany friends were saddened to learn of 

tlica death of HESRY SOBORG, Manager of the 
Sr\v England Selc.ctive Breeding Association, 
I\-oodhridgc!, Connc~ct- 
ieut. Mr. Sohorg had 
her11 with SESBA since 
Sovelnber, 1960. 

Mr. Soborg came to 
the 1:nited States in 
194s :IS a 111en11)er of the 
staff of the Cooperative 
Artificial ~ r e e d j n g  As- 
sociation So. 1 of Clin- 
ton, xcw Jersey. H e  
was named iuannger of 
that Association in 19.50 
:~nd  served in that ca- 
pacity until he joined Henry Soborg 
the Southern Illinois 
I<rc.c>ding Association as Sire Analyst in 19.73. 
116, servtld as J11111ager of SIBA f r o n ~  July, 
1959, until going to SESBA. 

A graduate of the Royal Veterinary and 
;igrieultur:~l College of Copenhagen, Denmark, 
So1,org was farm inanager of large dairy 
farnls in Germany and Denmark, and for  1 4  
years owned and operated a large dairy farm 
with over 300 head of dairy cattle. During 
this period, Sohorg served as director of various 
cool)erativrs and noncooperative enterprises. 

Iluring the Gennan occupation of Denmark, 
he served under ?iIajor General V. Bennike as 
:I ~ i ~ c n ~ b e r  of the Danish Resistance Movement. 
He also was an active niernber of the Jutland 
Staff, n sabotage group under the leadership 
of Captain Brandenburg of the United States 
Anny. 

H e  leaves a widow, Ingar, and two sons, 
Chris and Jack, aged 13 and 10. They will 
reside in Sorway. 
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To tine Members of the American 
Dairy Science Association: 

The University of Arizona extends a c o r d i a l  i n v i t a t i o n  t o  the American 
Dairy Science Association t o  hold i ts  f i f ty -n in th  annual meeting on the 
University campus i n  Tucson June 22-24, 1964. 

You w i l l  receive a hear ty  welcome from the University's facu l ty  and 
s t a f f  and from the Tucson Chamber of Commerce and Sunshine Climate 
Club. on behalf of a l l  Tucson ci t izens.  We w i l l  do a l l  we can t o  
make your visit an  enjoyable and prof i t ab le  one. 

m e  f a c i l i t i e s  and personnel of the University of Arizona w i l l  be de- 
voted t o  the success of your meeting. Comfortable and spacious rooms 
i n  severa l  modern, air-conditioned buildings w i l l  be ava i lab le  f o r  
general and spec ia l  meetings and committee sessions. The University 
of Arizona has experienced remarkable growth i n  the p a s t  decade and 
numerous new buildings have been constructed on our 136-acre campus. 
They provide a wide range of f a c i l i t i e s  admirably s u i t e d  t o  the re- 
quirements of the American Dairy Science Association i n  planning i t s  
meeting. 

Housing i n  air-condit ioned residence h a l l s  w i l l  be ava i lab le  f o r  about 
300 men who wish t o  room on campus while a t t end ing  the meeting. For 
o thers ,  Tucson has a wide range of h o t e l s  and motels i n  which accommodations 
a r e  ava i lab le  and which w i l l  be espec ia l ly  s u i t a b l e  f o r  those accompanied 
by t h e i r  wives o r  famil ies .  

The r e s o r t  f a c i l i t i e s  of the Tucson a rea  a r e  among the  f i n e s t  i n  the 
country and a t t r a c t  year-round v i s i t o r s .  i lecreat ional  opportunit ies  
include outdoor swinrming pools, go l f ,  tennis ,  horseback r id ing  and 
excursions t o  o ld  Heldco o r  the pine f o r e s t s  of adjacent  mountains. 
Special  programs being planned f o r  the wives of members include s igh t -  
seeing t r i p s  t o  major points  of i n t e r e s t .  

Assuring you of f r i e n d l y  Arizona h o s p i t a l i t y  and with b e s t  wishes f o r  
a successful  meeting. 

Sincerely. 

ilichard A. brvill  
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ABSTRACTS OF' PAPERS PRESENTED AT 
ITTESTERN DIVlSION MEETING OF A.D.S.A. 

OREGOS STATE TTNTVERSITY, CORVALLIS, AUGUST, 1963 

Significance of California Mastit is  Test  
t race  and one reactions in quarter milk ( I )  
yield of milk. T. L. FORSTER,+ U. S. ASH- 
XVORTH, AND L. 0. LUEDECKE, \tTashington S ta t e  
University, Pullman. 

One hundred and fifteen cows in University 
rind privatelr  owned herds were quarter-milked 
once, the CMT performed on the ~nixed-quar- 
ter  milk, and the milk f rom each quar ter  
\veighed and sampled. Using opposite quar- 
ters of the sanic udders a s  controls. 47 neza- 
tivcl-trace, 1 8  negativc~-one, and 40 trace-cyne 
c~onlparisons were ohti~ined. Average decreases 
in yield of milk per  niilking, attr ihutahle to  
the higher CMT reartion, for  each of the com- 
parisons ~nentioned above were 0.3.5, 0.93, ;tnd 
11.84 lb, respectively. These differences -\\.ere 
sipnifieant a t  values of P less than 0.05. 

Significance of California Mastit is  Test 
trace and one reactions in quarter milk (11) 
leucocyte count. I,. 0. LUP:I)RCKE," T. L. FORS- 
TER, ANI)  1;. S. *\SHIVORTII, \ \ 7 i~~ l i i~ lg ton  S ta t e  
1-niversity, Pullman. 

Leucocytc c.ounts were t11;1(1e on quar ter  
milk sa~uples  showing negative,, tr:icAe, and one 
C l I T  reactions. Co~i~par isons  of leucocyte 
counts were ~ n n d c  from opposite q11artel.s show- 

' Author wllo prese~~tcd paprr. 

ing  negative-trace, trace-one, and negative- 
one reactions; 47, 38, and 18 comparisons were 
made, respectively. Statistical analysis showed 
t h a t  i n  each of the  three comparisons the 
leucocyte count of t he  samples with the  lower 
CMT reading was  significantly lower (99% 
level) than the leucocyte count of the  samples 
with the higher CMT reading. Similar re- 
sults were obtained when the results of the 
catalase tes t  were compared using the  sarnples 
and comparisons mentioned above. 

Significance of California Mastit is  Test t race  
and  one reactions in quarter milk (111) com- 
position. U. 8. ASHWORTH," T. L. FORSTER, 
AYD L. 0. IAUEDECKE, Washington Sta te  Uni- 
versity, Pullman. 

Small hut significant differences in  con~posi- 
tion of 40 samples of inilk produced from op- 
posite quarters were found when rolnparing 
trace with on(? reactions of the  CMT test. 
Solids-not-fat dropped on the averagtl O.OR%, 
which proved to  be significant a t  a P value 
of 0.01. Likewise, lactose showed an  average 
drop of 0.10% between trace and onc reae- 
tions, significant a t  P = .01. 

The average increase in p H  found fo r  these 
same samples was .03R unit, measured on a n  
expanded scale p H  ~nettlr. This snlall differ- 
rnce had the same level of significance, P = 
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.01. I t  is concluded that subclinical n~astitis ketone production near 140 (:. Total k(.tones 
does affect the con~position of milk. produced are dependent on the conditions of 

the treatment. jiaxirnuln amount of ketones 
Oost upgrading dairy farms for Grade A forn~ed in wet f a t  heated under vacuum was 

milk-powder production. R. v. T V I ~ H E R ~ ,  Idaho 1,364 mlnoles per kilogram fa t  and in an- - - .  . - -  btate university, icloscour. 
I n  1960, a study was begun attempting to 

determine the effect of upgrading the produc- 
tion of milk for milk powder. A 20Jo random 
sample of farmers selling to milk powder 
plants was drawn in the Boise T'alley and 
Twin Falls areas of Idaho. Each farm was 
visited and the dairy facilities inspected. Par t  
of the farmers cooperated hy keeping rather 
complete records of time spent and receipts 
and disbursements. 

Cost of upgrading the dairy facilities, and 
alternatives to d a ~ r y  production, including 

hydrous fa t  w>s 1.145 ~nmoles per kg. Addi- 
tion of water to  f a t  samples enhanced total 
ketone production. Icetone con~position was 
nearly constant for all samples. Acetonc. was 
%yo of the total, 2-heptanonc 22%, and 2- 
pentadecanone 18%. The other ketones were 
present in amounts 1es.i than 15% of the total. 
When fat  u7as heated in air, 2-pentademnone 
represented 21% of the total. The analytical 
procedures usc.cl were quantitatively evaluated. 
The hydrolytic ability of water as related to 
ketone ftnrtl:~tion from the fa t  will he dis- 
,..,,,a 

costs of convertine eiist'lnz buildinzs to othir 
cuoJcu' 

enterprises, were studied. 

Acid degree value and flavor of raw milk 
as influenced by certain selected factors. R. C. 
HUNTER AXD D. D. DEANE," University of 
Wyoming, Laramie. 

Milk samples were collected semimonthly 
for  one year from 22 purebred Holstein cou-s. 
The cows were fed alfalfa hay, small grain 
silage, and concentrate, with no access to  
pasture until their dry period. 

The ADV, determined by titrating an ether 
extract of the raw milk, varied considerably 
during the lactation of individual cows. The 
average ADV of fresh milk increased fro111 
1.08 the first month of lactation to 1.38 the 
fourth and fifth months; then varied some- 
what during the remainder of the lactation 
period, with a maximum ADV of 1.40 the 
tenth month. 

The lowest ADV (0.96) was found in Feh- 
ruary, with an increase to 1.58, 1.44, and 1.49, 
respectively, in April, May, and June, fol- 
lowed by a drop to 1.10 in September and a 
second high of 1.38 in December. A rancid 
flavor was detected in fresh raw n~illi  of only 
one cow, in December. Storing 48 h r  a t  35 * 
2 F  blightly increasc~d the ADV and occur- 
rence of a rancid flavor. Agitation of raw 
milk in a Waring Blendor for 40 sec a t  6,000 
rpnl, before cooling, cauqed a marked increase 
in AIIV and definitc~ly increased the occur- 
rence and intensity of rancid flavor. 

Factors influencing methyl ketone formation 
in milk fat. .J. E. LANGLER AND E. A. DAY," 
Department of Food Science and Technology, 
Oregon State University, Corvallis. 

The ketone-producing ability of milk f a t  
was studied quantitatively under various con- 
ditions. The characteristic series of odd-num- 
bered methyl ketones (C3 to C,,) were identi- 
fied. F a t  samples were heat-treated a t  tem- 
peratures ranging from 40 to 200 C for 30 
min. Samples heat-treated in which the fa t  
was sealed under vacuum to eliminate the 
presence of oxygen approacht>d a plateau in 

Influence of milk citrate concentration on 
associative growth of lactic streptococci. E. R.. 
VEDAMI.THT< TI-. F:. S\UI)ISE, ;SD P. R. EL- 
LIKER, Oregon Agricultural b:speri~nent Sta- 
tion, Corvalli~. 

In  a study of the growth relationships in 
mixecl cultures of lactic streptococci, separate 
mixtures of Btrrptococc~ts diacetilnctis 8a with 
Streptococcrrs evernoris I<H and Streptococcus 
1acti.s 8h were grown for 20 hr  at  2" in 100J0 
nonfat nrilk fortified with different levels of 
citrate and plated on agar medium. Colonies 
were picked a t  rando111 and identified as to 
species. The ratio of S. cremoris to X. diacrti- 
lnctis was 1 :3  in milk containing no added 
citrate and 1:99 in milk fortified with 0.2 to 
1.0% citrate. In  milk containing no added 
citrate, the ratio of S. lactis to S. dincctilactis 
was 3 2 ;  this ratio changed to 1 :l, 1 :3, and 
1:2.3 as the added citrate wa.i 0.2, 0.6, and 
l.OOJo, respectively. I t  was felt that the ahility 
of S .  dincelilnctis to rapidly fertnent citrate 
accounted for  this strain do~r~inancc. Consider- 
ing the wide sc1:tsonal fluctuations in ~nilk ci- 
trate, this pheno~l~enon may hcb itnothcbr reason 
for starter culture variation. 

Factors affecting isolation and survival of 
bacteriophages for lactic streptococci. D. R. 
HENNING,~  :'I)oNA KIEXI~E, IT. N. SAXDINE, -4SD 
P. R. NI~LIKER, Oregon Agricultural Experi- 
ment Station, Corvallis. 

Survival of hacterioph:~ges for Streptococctrs 
cren~oris 8, Streptococcus lactis C2, and Strep- 
tococcirs rlincrtilnctis 18-16 was studied to eval- 
uate isolation procedurc.~. St.utralization of 
phage-contni~~ing whey rc.duc.ed survival for 
the S .  cvc,n~oris phage!; 84y0 survived storage 
for 1 wk in whey (pTI 4.7) a t  2 C, whereas 
52% survived a t  p H  7.0. Storage a t  2 C for 
1 wk dicl not provide survival advantage over 
storage a t  25 C for the 5'. lactis and S .  cramoris 
phages; 50% of the S. cliacetilactis p11:tges 
were inactivated under these conditions. Only 
48 to 67% viruses could he recovered from 
acid-coagulated ~nilk. A tenfold incrr:~se in 



ASSOCIATION AFFAIRS 111 

phage titer was accomplished by concentrat- 
mg whey preparations in dialysis tubing by 
packing them in polyethylene glycol. Re- 
peated freezing and thawing ( 4  X )  of phages 
suspended in ~iiilk did not reduce the titer more 
than one log cycle. Glycerol afforded slight 
protection for  phages storcld up  to 34 days 
a t  -20 C. Only 2 to 24y0 of phages could he 
rerovered following Seitz filtration, whereas 
92 to 99% were recovered following steriliza- 
tion by membrane filtration. 

Enumeration of thermoduric bacteria i n  
milk. W. R. THOMAS,' University of Wyo- 
~ n i n g ;  G. TIT. REINBOLD, Iowa State Univer- 
sity, Ames; AND F. E. NEI~SON, University of 
Arizona, Tucson. 

Effect of the plate incubation temperature, 
incubation period, p H  of the plating medium, 
and type of bacter~ological peptonc. included 
in the plating medium upon the enumeration 
of pasteurization-resistant bacteria in milk 
was studied. Effect of the various plating pro- 
cedures upon the recovery of pure cultures of 
soine thermodurics before and after labora- 
tory pasteurization was examined. 

Of the plate incubation temperatures, 35, 
32, 28, and 21 C, inraubation a t  28 C for  four 
days was found, on the average, to be optimum 
for  determining the maximum bacterial popu- 
lation of laboratory-pasteurized milk. The 
type of hacteriological peptone employed i n  
the plating medium influenced the thenno- 
duric colony count, partivularly with milk 
containing appreciable nun~bers of thermo- 
duric streptococci. Of the p H  levels, 6.5, 7.0, 
F - 
1.9. 8.6, and 9.1, the maxi~num mean thermo- 
duric colony count was obtained with Plate 
Count Agar adjusted to p H  7.5. 

Thermoduric cultures of Arthrobacter sp., 
3Ilcrococcu.s sp., and Streptococcus sp. grew 
over a much wider teniperature and p H  range 
prior to than after being subjected to labora- 
tory pasteurization. Xo appreciable differ- 
rnces in colony counts were observed when 
the unheatc.cl vulturer wrre plated with media 
prepared with various peptones but, after 
laboratory pasteurization, colony counts dif- 
fered sub\tantially. 

Intracellular proteinases of some bacteria 
commonly associated with dairy products. 
D. V. VADEHRA ASI) J. C. BOYD," Xontana 
State College, Bozetnan. 

Sevcn organisms (Streptococc~is lactis, T,ezico- 
~ lo z foc  dextrunicnirn, Lactobacilltis casei, Protenis 
a~tlgaris, Bacillzts subtilis, I'seudomonas fEuo- 
rescells, and Stuphylococczts arireus) were se- 
lected and grown on liquid niedia. From these 
organisms the i~~tracel lular  enzynles were sep- 
arated and studied for  their proteolytic activ- 
ity on casein and whey protein substrates. 
Tlic proteolysis was followed by the Folin- 
Ciovaltru method, with rc?sults being c~sl~rrssed 
in pg of tyrosine and tryptophane. 

Optinlum p H  for the various enzymes was 
found to be within the range of 6.0 to 7.0, al- 
though S .  lactis showed a second peak at  p H  - - 
5.5. 

The age of the cells was found to be a 
factor and proteinases production increased 
as the age of the cell increased u p  to 96 hr. 
Cells 144 hr  old showed a decrease in pro- 
teinase production. 

The addition of gelatin and casein to the 
medium used to grow the organisms increased 
the proteolytic activity of the intracellular 
enzyne spstem, whereas addition of Casitone 
(Ilifco) had no effect. The absence of carbo- 
hydrates from the growth medium also in- 
creased the proteolytic activity of these en- 
zymes. 

Observations on the volatile flavor fraction 
of blue-vein cheese. D. F. ANDERSON" AND 
E. A. DAY, Departntent of Food Science and 
Technology, Oregon State University, Cor- 
vallis. 

F a t  was obtained from blue-vein cheese by 
centrifugation a t  30,000 x g for 20 min. Vola- 
tiles were removed from the f a t  by passing 
it  through a Roto-film nlolecular still operating 
a t  40 C and 4 p pressure. The fa t  was redis- 
tilled a second time a t  100 C. 

The volatiles were trapped in a glass bead 
t rap inlmersed in liquid nitrogen. Portions 
of the volatiles from the 40 C distillation were 
gas-chromatographed on polar and nonpolar 
columns a t  70 and 100 C. The distillate from 
the 100 C distillation was taken u p  in ethyl 
ether, the ether removed by a stripping col- 
umn, and the residue gas-chromatographed a t  
160 C on a phosphoric acid-treated polar 
column. 

Analysis of the chromatographic data indi- 
cated there were a t  least 24 volatile compo- 
nents isolated from the cheese fat.  Compari- 
sons of relative retention times of authentic 
compounds and the unknowns were used for 
tentative identification of the chromatographic 
peaks. Jlembers of the classes of compounds 
identified, which included aldehydes, ketones, 
fa t ty  acids, and alcohols, will be discussed. 

Relationship between arylesterase of milk 
and mastitis. R. R. MARQUARDT AND T. L. 
FOKSTEA,' IIrashington State University, Pull- 
man. 

Comparison of chloride (11 = 120), catalase 
( n  = 530), California Mastitis Test CMT (n = 
330), and leucoeytes (n = 382) with those of 
arylesterase (phenylacetate hydrolyzing en- 
zyme present in high levels in li~anttt~alian 
blood and not inhibited by organophosphorus 
co~iipounds such as parathion) for  foren~ilk 
san~plrs  drawn from individual quarters, in -  
dirnted that tht. level of arylesterase (A-ester- 
ase) activity is associated with severity of 
rnastitis. A-esterase values were also com- 
parrd with catalase, CMT, and leucocyte values 
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on the mised milk ohtained from individual synthesized hy inore than one meta1,olic path- 
quarters by complete quarter milking. The way. This, in turn, implies that the dimin- 
coefficients of correlation (P < 0.01) between ished lipogenesis from acetate noted during 
the 425 milk samples were: it-esterase X ketosis is prohahly not due to a simple en- 
catalase. 0.59: A-esterase x CJIT. 0.53: and zvtnatic defect. 
A-esterase X leucocytes, 0.66. 

Another phase of this study involved a 
co~nparison of the per cent of herd quarters 
which had a CMT rating of three, with the 
A-esterase, catalase, and leucocyte valurs for 
milk taken frorn the hulk tank. The eorrela- 
tions between the per cent of herd quarters 
with a CMT rating of three and hulk tank 
A-esterase, catalase, and leucocgte values were 
0.76 (n  = 43), 0.79 ( n  = 43), and 0.74 ( n  = 
32), respectively. These correlations were all 
significant a t  the 1% level of probability. 

Current research on aryl-esterase in bovine 
blood. s. S. CHOI AND T. L. F O R S T E R , " ~ ~ S ~ -  
ington State University, Pullman. 

Partial purification of the arylesterase of 
bovine hlood plasm was acooinplished hy a 
co~nhination of (NH,),S04 fractionation, fol- 
lowed hy column chromatography on DEAR 
cellulose. Methods used were as follows: 
Blood plasma was made 50-55% saturated with 
(NH,),SO, and the filtrate dialyzed against a 
0.005 XI Tris-HC1 buffer (pH 7.8) containing 
a 0.1 nf NaCl and 0.004 M CaCl,. Twenty milli- 
liters of dialyzed filtrate were placed on a 
DEAE cellulose column 36 by 2.2 ern and 
eluted with the above-described buffer. The 
S a c 1  content of the eluting huffer was then 
increased stepwise. Three inajor protein peaks, 
designated I, 11, and 111, were observed. Peak 
I ,  the hreakthrough peak, was ohtained a t  0.1 
>r KaC1 concentration, and Peaks I1 and I11 
a t  0.231 and 0.3 M NaCl, respectively. The 
highest specific activity was ohtained a t  Peak 
111 and purification was 12.1-fold. Peak I11 
enzyme showed characteristics siniilar to the 
pre-alhu~nin esterase which other workers oh- 
tained hy electrophoresis. This enzyme was 
lahile and EDTA-sensitive and appeared to he 
the principal phenyl acetate hydrolyzing aryl- 
esterase of hovine plasma. 

Fatty acid synthesis during fasting and bo- 
vine ketosis. J .  R. LUICK" AND L. Dl. SMITH, 
Departments of Animal Husbandry and Food 
Science and Technology, University of Cali- 
fornia, Davis. 

I t  appears that one of the most character- 
istic hioche~nicnl aberrations attending fast- 
ing and hovine ketosis is the marked fall in 
the low molecular fat ty  acids. This fall 
aluounts to 36 mol per cent for ketotir cows 
and 64,11101 per cent for cows fasted five days. 
Further study reveals that the individual 
fat ty  acids are not uniforn~ly depressed. On 
the contrary, the loss of each acid appears to 
be approximately proportion:ll to its roncen- 
tration in normal milk fat.  This suggests that 
the short-chain fatty acids of milk fat  are 

Variations between breeds and among indi- 
vidual cows in levels of Cesium'" secreted in 
milk. GERALD M. WARD,* J. E: . ~ H N S O S ,  9 N D  
H. F. STEWART, Colorado State University, 
Yort Collins. 

While studying the metaholism of the fission 
~)roduct CsIa7 and potassium, the major ele- 
ment which   no st closely resenlhles cesiuin 
hiochemically, i t  became of interest to in- 
vt~stigate variations in the level of these two 
elonents in milk which might he ascribed to 
hrecd or individual effects. 

I)rter~ninations of hoth CS''~ and K40 were 
made with a 4- hy 8-in. Xal (Ti) crystal and 
400-channel pulse height analyzer. 

Levels of Cs'" and potassium in the milk of 
individual Holstein cows were found to he sig- 
nificantly different when a large volu~ne of 
milk (5.4 liters) and a counting of 120 min 
were used. Statistically significant differences 
were also found hetween composite sainplcs 
ohtained from groups of co~vs containing 
either mised Holsteins and Brown Swiss or 
Guernsey or Jersey cows. 

To date, it has not hcen possihle to estah- 
lish clear-cut relationships hetwcben either 
nuclide and the level of milk prodnc.tion, the 
chc~tnical composition of rnilk, or the stage of 
lnctation. 

Effect of quality of hay and level of concen- 
trate fed in conjunction with high-moisture 
grass silage on milk production and composi- 
tion. F. R. ~I~:RDocK"' A X D  A. S. HODGSOX, 
lV(~stc~rn JVashington Experilllent Station, 
Puy:lllup. 

Two qualities of hay, a high-quality alfalfa 
and a poor-quality grass, were fed on a lim- 
ited basis ( W  lh/100 lh hody weight) to milk- 
ing Holstein cows in conjunction with grass 
silage ad lib. Also, two levcls of concc~ntrate 
were superimposed on each of the hay quality 
treat~nc~nts in an extra-p~riotl Latin-square 
design. 

Although rows produced slightly Inore i~iilli 
on the high-quality alfalfa hay ration, the 
cliderences hetween qualities of hay were not 
significant (P  = > 0.05). FCJI production 
was significantly higher ( P  = < 0.01) for  
cows fed the higher level of concentrates. 
There was no significant interaction hetween 
qualities of hay and levels of concentrate. 

K'either the percentagcls of fat ,  protein, nor 
S S F  of the ntillr prndu~eil were significantly 
nltchred (P  = > 0.05) by the ration treat- 
lllt~llts. 

I<c.sults of this experinlcnt suggc.st that thc 
clu:llity of hay is not of great iiuportance when 
dairy cows arc! fed a ration of l i~n i t~c l  hay 
and good grass silage ad lih. 
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Utilization of volatile fat ty  acids by goat pionic and valeric and longer-chain acids than 
liver. R. 31. COOK" A N D  R. H. ROSS, Univer- froin cows on Treatment 1. 
sity of Idaho, Moscow. 

Rumen vein, portal, carotid, and hepatic 
vein blood was sampled in anesthetized goats 
3 h r  after feeding. The lnolar per cent of 
acetate, propionate, and butyrate in rumen 
fluid of goats fed hay was 67, 25, and 8, re- 
spectively. 

Concentrations (pnole per cent) in blood of 
propionate, acetate, forinate, and B-OH-bu- 
tyrate, respectively, were : arterial, 5, 116, 
86, 28; rumen vein, 162, 592, 56, 47. The con- 
cei~trations in portal and hepatic vein blood 
were the sanle and were 34, 160, 90, and 32. 
Butyrate was not detected in any of these 
blood samples. The molar per cent of acetate 
propionate and butyrate in rumen fluid of 
goats fed grain was 57, 25, and 18, respec- 
tively. Concentrations in blood of butyrate, 
propionate, acetate, forinate, and B-OH-bu- 
tyrate mere: arterial, 0, 12, 116, 78, 30; rumen 
vein, 14, 125, 394, 30, 55; portal, 64, 302, 722, 
34, 104; hepatic vein, 2, 13, 187, 38, 47. 

For  hay dirts the data indicate little vola- 
tile acid absorption from the intestine. When 
the diet was grain, considerable quantities of 
volatile acids were absorbed from the intestine, 
since their concentrations were much higher 
in portal than in rumen vein blood. The liver 
removed considerable amounts of butyrate, 
~ r o ~ i o n a t e .  acetate, and B-OH-butvrate. 

Effect of feeding different roughage levels 
and sodium acetate in high grain rations on 
milk production, milk constituents, and rumen 
volatile fat ty  acids. R. W. STANLEY, K. MO- 
RITA, AXD E. UEYAMA, University of Hawaii, 
Honolulu. 

Two trials, ten animals in Trial 1 and 12 
in Trial 2, were conducted to study the effect 
of feeding program on dairy cattle perform- 
ance. Treatments in Trial 1 were: (1) 10 lb 
of pineapple bran plus concentrate, (2) Treat- 
ment 1 with 2.91% sodium acetate in  concen- 
trate, (3) 12 Ib of pineapple bran, 50 lb of 
chopped Napier grass and concentrate. Treat- 
ments in Trial 2 were: (1) 10 lb of pineapple 
bran plus concentrate, (2) Treatment 1 with 
2.83y0 sodium acetate in concentrate, (3) Treat- 
ment 1 with 5.66% sodium acetate in roncen- 
trate. Data froin cows in Trial 1 on Treatments 
1, 2, and 3, respectively, were: 4% FCM 35.35", 
37.13", and 38.74" lb;  milk f a t  2.79", 2.94", and 
3.79" ; total solids 11.05", ll.lOa, and 12.44" ; 
SNI? 8.22", S.16", and 8.45b%. I n  Trial 2, the 
values for  Treatments 1, 2, and 3 were: 4% 
FCM 30.30a, 32.85b, and 34.17" lb; milk f a t  
3.42", 3.96b, and 4.18b%; total solids 11.94", 
12.49", and 12.63b%; S N F  8.50", 8.50a, and 
8.43"%. Values in  the same category with dif- 
ferent superscripts are significantly different 
by Duncan's ~nnltiple range test. Rumen fluid 
from cons on Treatment 3 in Trial 1 con- 
tained significantly inore acetic and less pro- 

Comparative losses of carotene in alfalfa 
hay stored in the bale, or as wafers or pellets. 
I. R. JONES,% L. A. HOGAN, AND P. H. WESWIG, 
Oregon State University, Corvallis. 

Three lots of second-cutting irrigated al- 
falfa hay grown on three different Eastern 
Oregon farms in 1958, 1959, and 1960 were 
obtained in baled, wafered, and pelleted form, 
stored in the Univcrsity dairy barn loft, and 
sampled a t  intervals for  carotene determina- 
tions. The carotene values expressed as  mg 
per lb of the 1958 baled alfalfa a t  10, 24, 34, 
and 48 months were 40, 19, 15, and 9, respec- 
tively. A t  the same sampling periods, the 
wafered alfalfa had values of 23, 9, 7, and 6 
and the pelleted alfalfa 19, 3, 2, and 1. 

The 1959 baled, wafered, and pelleted alfalfa 
decreased from original carotene values of 
40, 26, 18, respectively, to 27, 15, 10 a t  one 
year, to 10, 4, 3 a t  two years, and 7, 3, 2 a t  
three years. 

The carotene values for  the 1960 baled, 
wafered, and pelleted alfalfa mere 33, 31, 27 
a t  two months, 27, 25, 25 a t  seven months, 
19, 13, 12 a t  twelve months, and 14, 12, 11 a t  
twenty-two months. 

Results show the inarked loss of carotene 
in hay processed into wafers and pellets and 
in baled and processed hay during storage. 

Relationships of various digestibility meas- 
urements and stage of maturity of orchard- 
grass and a timothy-Ladino clover mixture. 
F. R. MURDOCK," A. S. HOWSON, G. D. 
RAMAIAH, JV. J\'. HEINE?.~ANX, AND T. H. 
BLOSSER, Washington State University, Pull- 
man. 

Digestible dry matter (DDM) and digestible 
energy (DR) were determined on first-cutting 
orchardgrass (S-143) and a mixture of Cli- 
max timothy and Ladino clover a t  varying 
stages of maturity with yearling dairy heifers. 
The forages were cut daily and hand-fed. 
Sainples of forage were dried, ground, and 
analyzed chemically. Portions of these dried 
samples were subjected to in vitro digestion 
as well as in vivo digestion by the nylon bag 
techniyue. 

Ilighly significant correlations were obtained 
between DDM and DL' as determined by di- 
gestion trials and percentages of lignin, crude 
fiber, crude protein, and cellulose in  the for- 
ages. 

I n  the in vitro studies the amount of cellu- 
lose in  the residue was the independent vari- 
able   no st highly correlated with DDM and 
1)R as  determined in digestion trials. Of the 
variables studied by nylon bag digestion, di- 
gestible dry matter was the one inost highly 
correlated with 1)L)M and DE. 

Effects of feeding high molybdenum alfalfa 
hay to dairy cattle. JJ-ALTER B. DYE, JOSEPI-I 
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F. STEIN. LEGRAND WALKER, Max C. Fleisch- below reported tolerable limits, further indi- 
mann College of Agriculture, University of cating that the appearance of severely af- 
Nevada, Reno, AND MARY RUTH SWOPE, East- fected teeth should not he used as the sole 
ern Illinois University, Charleston. criterion upon which to make a diagnosis of 

Under the conditions of this preliminary definite fluorine toxicosis. 
reversal experiment with two lactating Hol- 
stein cows, -it was found : 

- 
Blood. There was a direct correlation be- 

tween the molybdenum content of the forage 
ingested (alfalfa hay) and molybdenu~n con- 
centration of the blood serum; conversely, 
there was little if any correlation between 
molybdenum content of the forage and copper 
concentration in the serum; erythrocytes, he- 
moglobin, and hen~atocrit values were not 
influenced by the molybdenum content of in- 
gested forage. 

Milk. Xanthine oxidase concentrations in 
the milk were not correlated directly with the 
concentrations of molybdenum in the diet; 
xanthine oxidase increase in the milk did not 
follow or  parallel the observed increase of 
~nolybdenum in the blood serum or milk; 
organoieptic results: 1. When Cow A was on 
low Mo hay there was no detectable oxidized 
flavor in the milk; with Cow B on the same 
hay, only a slightly oxidized flavor was de- 
tected. 2. When Cow A was on high Mo hay 
a ~nildly oxidized flavor was detected in  40y0 
of the milk sa~nples; with Cow B on the same 
hay, all three judges rated the samples as 
having a strongly oxidized flavor. Natural 
high Mo in hay appears to enhance oxidized 
flavor in milk. 

Dental changes as related to fluorine con- 
tent of teeth and bones of cattle. F. S. 
R~ORTEKSON," L. G. TRANSTRUN, W. P. PETER- 
SON, AND ITT. S. WINTERS, Agricultural De- 
partment, Columbia-Geneva Division, United 
States Steel Corporation, Provo, Utah. 

Incisor teeth, mandibles, and n~etacarpals 
of cattle fro111 herds in fluorosis and nonfluo- 
rosis areas were studied. The teeth were 
classified into six drgrees of severity, 0 through 
5, for  fluorine effects. Bones and teeth were 
analyzed for fluorine and amount of enamel 
in the teeth determined. 

A close relationship was found between 
incisor score, fluorine content, and a~nount  
of enan~el. As incisor scores increased in 
severity, fluorine levels increased, and the 
percentage of ena~r~e l  decransed. Average fluo- 
rine contc.nt of enmnel wns less th:~n one-hill€ 
that contained in the dentin. Thesc. and other 
data obtained f r o n ~  nnernpted teeth indiaz~te 
that enamel is f o r ~ l ~ r d  and acquircls its fluorine 
before the incisors erupt from the gums. 

Xandihles were found to contain the highc~st 
levels of fluorine, with ~~~c~t i t ca rpn ls  and \\.hole 
incisors containing 96 and 84%, respectively. 
Some incisors were rated in Class 5 severity, 
even though fluorine conte~lt of hones and 
teeth from the salne animal was decidedly 

Measuring the performance of 12,184 proved 
sire daughters i n  75 large dairy herds i n  
California. HARLAN R. KOCH" AND ROBERT E. 
WALTON, American Breeders' Service, Palo 
Alto, California. 

All available records started since 1951 
were collected from 75 unselected Holstein 
herds and standardized to a 2 x ,  305-day, ME 
basis. A total of 12,184 daughters with 29,317 
records average 14,803 Ib milk, 543 Ib milk f a t  
a t  3.6% test. 

Records for  the dams of 10,183 daughters 
were available fo r  comparison : 10,183 dams 
(46,202 records)-13,417 m.-3.63%487 f. 
10,183 daughters (24,272 records)-14,827 
m.-3.660Jo-543 f. Difference : + 1,410 In.; + .03%; + 56 f. 

ABS daughter-herd-mate and ABS daugh- 
ter-Non-ABS daughter contemporary compari- 
sons were made. First- and second-generation 
contemporary daughters were also compared 
to show the effect of one generation of the 
bulls' inheritance. 

The resulting 1,155 effective comparisons 
show a difference of +231 lb milk and +10 
Ih milk fat.  Therefore, a genetic gain of +231 
milk and +10 milk f a t  resulted in a daughter- 
dam difference of +1,410 Ib milk and +56 lb 
milk f a t  in the herds studied. 

Detection and intensity of estrus in dairy 
cattle. I<. R. JOHNSON," University of Idaho, 
Moscow. 

Difficulty in detecting certain animals in  
estrus is one of the more common causes of 
delayed breeding or prolonged calving inter- 
vals in cattle. A11 fe~nsles  were observed for  
signs of estrus five times daily a t  4-hr inter- 
vals. Estrus expectancy lists were used and 
aniu~als were examined, per rectum, on day 
due in estrus or beginning 30 days post- 
partum, to aid in estrus detection. A scoring 
system of 1 to 4 was used. A score of 1 was 
given when no external signs of estrus were 
visihle, hut estrus was determined by rectal 
palpation; a, score of 4 was given to aninials 
that stood to be mounted. I n  1961, of 215 
estrous periods scored, 26% were given scoreE 
of 3 or less. The percentage dropped to 13% 
in 1962 and 9y0 in 1963. This would indicate 
that proper training and more careful ob- 
servation will enable the detection of most 
anitnals in standing estrus sometime during 
the estrous period. I t  also indicates that the 
period of standing estrus is very short for  
some dairy coxvs and easily missed. The fer- 
tility of co\vs with lo\vered estrous intensities 
was not ilnpaired. 
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Corticosteroids in bovine jugular vein blood. 
V. L. ESTERGREEX," Washington State Uni- 
versity, Pullman. 

Approximately one-liter samples of jugular 
vein blood plasma from three niature, non- 
pregnant cows were extracted with organic 
solvents to determine the free and con,jupated 
corticosteroids present. Cortisol was isolated 
and identified by chromatography of the free 
and acetylated compounds in three paper chro- 
matography systems each .and by its ultraviolet 
absor~t ion soectrum . in methanol. Levels of 
5.45, k.40, an2 6.73 pg/100 ml plasma and 1.84 
and 2.04 pg/ml packed cells were found by an 
isotope dilution technique using cortisol -4C1'. 
A substance was isolated which absorbed ultra- 
violet light and chromatographed in two paper 
and two silica gel systems like corticosterone. 
However, the substance had an atypical ultra- 
violet absorption spectrum and did not form 
a chromogen typical of corticosterone. Two 
substances more polar than cortisol, one of 
which could be acetylated, were separated on 
paper chromatograms. Xeither of these sub- 
stances possessed ultraviolet absorbance typ- 
ical of a A', 3-ketone. No progesterone or  
conjugated 17-ketosteroids could be isolated 
from the blood samples. 

Biochemistry of fractionated ejaculates in  
the bovine. L. FAULKNER,' J. F. MASKEN, 
AND M. L. HOPWOOD, Colorado State Univer- 
sity, Fort Collins. 

Lutwak-Mann and Rowson (J. Agr. Sci., 43 : 
131. 1953) used electric stimulation to obtain 
split ejaculates from the bovine. The sperm- 
rich fraction contained high levels of fruc- 
tose, citric acid, and 5-nucleotidase. The pre- 
sperm fraction, said to be of urethral origin, 
was clear, slightly viscous, and had no fruc- 
tose o r  citric acid and little protein. 

With relative ease we have been able to 
obtain both of these fractions using the arti- 
ficial vagina. An additional post-sperm frac- 
tion has been obtained with greater difficulty. 
This fraction wns essentially sperm-free and 
was intermediate between the prespenu and 
sperm fractions with respect to nitrogen and 
fructose content. 

Fractions collected with the artificial vagina 
were compared to similar fractions obtained 
by electric sti~nulation. By electroejaculation 
the presperrn fraction was lowest in fructose 
and spernl concentrations, but was not com- 
pletely free of the components. The post- 
ejaculate fluid mas of variable nature, having 
from 0 to 843 ing fructose per 100 in1 and be- 
tween 10,000 and 89,000 spenn per 111ms. 

Freezability of spermatozoa obtained with 
the electro-e.iaculator and with the artificial 

vagina. C. W. COT.I,EARP AND hf. H. EHLERS," 
Department of Dairy Science, Washington 
State University, Pullman. 

Experience in this laboratory has indicated 
that semen collected by the electro-ejaculator 
might have satisfactory initial spermatozoa 
~notility, and yet not undergo successful freez- 
ing. These observations were based on bulls 
collected by eleetro-ejaculation because of 
failure to respond to the artificial vagina. 

An experiment ( I )  was designed to compare 
freezability of electro-ejaculator and artificial 
vagina ejaculates collected on the same day 
fro111 each of four Angus bulls. Collection 
procedures worked satisfactorily on a given 
week, near the beginning of the experiment, 
when the artificial vagina was used first and 
electro-ejaculator second. However, an in- 
creasing reluctance to serve the artificial va- 
gina was noted. This experiment was aban- 
doned after 8 wk because of a n  escessive 
number of failures. 

A further experiment (11) was designed to 
collect two ejaculates, by the use of the arti- , 
ficial vagina, from each of two hulls and two 
ejaculates from each of two bulls with the 
electro-ejaculator. On the following week the 
collection method was alternated between the 
two pairs of bulls. Occasionally during the 
8 wk of the experiment failure to secure two 
satisfactory ejaculates from a given bull was 
encountered. 

Freezability comparisons indicated little dif- 
ference between semen collected by the two 
nlethods, particularly for  samples having simi- 
lar original quality. 

Seminal fructose levels following induced 
hyperglycemia i n  bulls. S. HARDWICK,' J. F. 
MASKEN, M. L. HOPWOOD, AND L. FAULKNER, 
Colorado State University, Fort  Collins. 

Alloxanized rabbits had elevated levels of 
seminal fructose diminished by administration 
of insulin (Mann and Parsons, Hiochem. J., 
46 : 440. 1950). I n  the present study, the re- 
lationship between blood glucose and seminal 
fructose levels was esamined. *4 Holstein 
Imll was injected intravenously with 250 g 
of ~-gluCose. Blood and senten samples were 
obtained a t  intervals of 3 min to 24 h r  follow- 
ing infusion and analyzed for  glucose and 
fructose. Blood levels peaked a t  633% above 
preinfusion levels in 5 min. Senlinal fructose 
levels were maximal a t  52 to 53% above pre- 
infusion levels a t  20 to 40 nlin after glucose 
adntinistration. At  24 hr after injection the 
blood glucose was still 43% above the pre- 
infusion level, whereas seminal fructose a t  
this time was only elevated by 5%. S o  glu- 
cose was found in semen despite its elevated 
conc*c~~itration in blood. 



BOOK REVIEW 
THIN LAYER CHROMATOGRAPHY (TLC). J. M. 

Bobbitt. Reinhold Book Division, 430 Park 
Avenue, New York, New York. 208 pp. $8.50. 
1963. 

Dr. Etobbitt of the University of Connecticut 
has compiled a most useful book on the funda- 
mental and applied aspects of TLC. This book 
will sellre the beginner as .well as the more 
mature researcher. It provides theory and 
working applications of experimental proee- 
dures in  considerable detail, including reagents, 
binders, layer preparation, glass plates, sep- 
aration equipment, development of chro~nato- 

grams, and interpretations of Rf values. 
Analytical procedures include organic, inor- 
ganic, biochemical, and physical applications. 

The historical aspects and personalities in- 
volved in the development of TLC are given 
concise, but adequate, treatment. This book .' 
will serve as a basic guide to the selection of 
techniques to solve specific problems. It sets 
forth clearly the applications and limitations 
of TLC. 

E. 0. HERREID 
University of Illinois 
Urbana 
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Bacto-MacConkey Agar Bacto-Selenite Broth 
Bacto-Bismuth Sultite Agar Bacto-Tetrathionate Broth Base 

Diflerentiution 
Bacto-Triple Sugar Iron Agar Bacto-Purple Agar Base 
Bacto-S I M Medium Bacto-Urea Broth 
Bacto-Purple Broth Base Bacto-Urea Agar Base 

ENTEROCOCCI 
Bacto-Azide Dextrose Broth Bacto-Phenylethanol Agar 
Bacto-Azide Blood Agar Base Bacto-Enterococci Presumptive Broth 
Bacto-S F Medium Bacto-Enterococci Confirmatory Broth 
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ENDAMOEBA HISTOLYTICA 
Bacto-Endamoeba Medium 

with Bacto-Horse Serum and Bacto-Rice Powder 

T H E  DlFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 

is available on  request. 
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