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DAYS OF RIPENING AT 56.E 
FIG. 1. Acetic and butyric acids in raw and pas- 

teurized milk C.heddar cheese during ripening (mil- 
ligrams in distillate obtained from 150 g of cheeee 
oil). 
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Research and development building at Cyanamid's Agricultural Center 

COORDINATES 
FACILITIES TO 

SERVE AGRICULTURE 
BETTER 

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

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

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

and universities of the country. 
We constantly review your papers 

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

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

American Cyanamid Company, 
Agricultural Division, Princeton, N. J. 
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F. J. Doan Retires 
T'nolrb:sso~ FH.\s(-IS .I. I)OAS h i ~ s  conelud(.d a 

distiriguishetl carrel. of sc.rviec. to his univer- 
sity and the d ; i i ~ ~  industry. 011 dune 30 he re- 
tired a s  Prot'rssor E:n~c.ritus ; ~ t  the Prnnsyl-  
valiiii Stilt(: rn ivcrs i ty  aftc.r 111orr than 37 p r  
of continuous sc1rric.c in traehing and research. 

Born in 1'hil;icIc~l~~hi;i. Professor Iloan re- 
crived his rduc:~tion in the P11iladelphi;l puhlic 
sc~liools and f r o n ~  thc, Pcn~~sy lvan ia  Sta te  Uni- 
versity, where he earlled K.S. and M.S. degrees 
in Agriculture and Biological Chemistry. 

Followinr servicae in 
World ~ a p  T he joined 
the Sestl6 Foods Prod- 
u c t s  Company i ~ n d  
worked as  a chetnist 
froni 1919 to 1 9 2 " .  H e  
then joined the teach- 
ing staff a t  the Univcr- 
sity of J'faryland, \vl~c,rr 
Ilc taught 1)airy C h ~ n l -  
istry until joining the 
P e n n  S ta t ( ,  staff in 
192.5. 

1)urinz his (2;~~.(.(,r : ~ t  
P t~tni  ~ t i l t e  II(S c:~rric.tl F. J. Doan 
out rc.sc;~rch work in ;I 

wide ar1.a of c1:liry producats processing, anal- 
ysis, nutritivc~ v;~lue, krcsping quality, and 
dairy nherr~istry, thc. rt,sults frorn which Ird 
to the puh1ic:ition of 65 rc.scarch bulletins ant1 
sc~irntific papcrs. Hr tras author of nulnorons 
popular and rrvir\r  articles iu tho d :~i ry  tech- 
nology and c~duciition field. Hc, (20-i~ntliorc~il 
thc JZtlnuttl f o r  Ilairy Alanufac~turing Short-  
courses and is  a contributing author in thc 
Fundi~lner~ta ls  of 1)airy Scicric*e, now heing 
asse~nhled fo r  publication. 

Professor Doan has al\vays bee11 a highly 
con~petent teacher. H e  has taught courses in 
Market 31ilk, Concentrated Milks, and Judg- 
ing of Dairy I'roducts fo r  over 30 y r  and has 
assisted in niany others a h e n  the need arose. 
H e  supervised and taught i1 Market Milk 
Short Course for  over 35 yr  and has assisted 
his associates 11-ith several other short courses 
chacah year. H e  coached the Penn Sta te  Dairy 
Products duclping Tea111 fo r  33 y r  and served 
ns i~dviso~.  to :ill ,junior clnss stndents fo r  ovc3r 
30 yr. 

r .  I 111.oughout his c:lrcv,r, 11(, snpcbrvist.d thc' 
;1(2:1d(b111ic : I I I ~  tli(~sis progrt1111s of 30 31,s. :11i(1 
l'I1.1). c:tr~ciitl;~tc,s :111tl was :I elosc, p c ~ ~ ~ s o n ; ~ l  
:itlvisor of' Irnntl~~cds of nnd(.rgr:idu;~tc. ;inti 
g r ; ~ t l ~ ~ ; ~ t c .  s t n t l ~ ~ i ~ t s .  H e  11;ls sc~rvrtl I'cxnn St;~tc. 
in 1il;lny in~por t ;~n t  r o n ~ i ~ ~ i t t c ~ c . ~ ,  110th nnivc'r- 
sity :~nd  colleg(', and his judgn~rnt  hiis 
hc.t.n frt.clu(,ntly sought on t~cadrnric iind r r -  
srii.~.ch nlatters. The, design and lilyout of thv 
I%orl:~ntl J ~ ; ~ h o ~ ~ : ~ t o r y  huilding W:IS l;~rgt'ly dt.1- 

cbgntccl to hi111 in 1929-32. The f:lct t h ; ~ t  t h r  
; ~ ( * : t d ~ n i i ~ ,  r ( ~ s r i ~ r r h ,  a i ~ d  carranicry srctions of 
this builtling ;lrc, still ~n rc~ t ing  the needs of :i 

growing ur~ivc.rsity ;rnd c*Iianging dairy indns- 
t r y  confirnis t l ~ : ~ t  11r h:~d good vision of the 
I'uturc.. 

Profrssor 1)o:tn liirs scrved the .\nrerican 
1);lil.y S<:ience ,\ssoci:ttion in Illany cap;~cities. 
Sin(.(, 1926 he h:is been srrving on .\.I).S.A. 
Con~n~ i t t e r s  :~llnost continuously. H e  \pas 
Chairnlan of' the Eastc~rn Section of A.D.S.A. 
in 1939; scrvcd on the Editorial Board of the 
Journal from 1954-61; and was nanred to  the  
Journ:il Pfanage~nent Co~mnittee in 1958 and 
served as  Chairnian of that  Co~nn~ i t t ee  in 1961. 
Froin 1959 to 1962 he served on the Executive 
Board. 

EIe has heeri a 111elnher of many industry 
con~~ni t tees ,  including the Committee on Milk, 
Food and Sutr i t ion  Board, Sat ional  Research 
Council fro111 1946-52, arid has served on the  
Conrmittee on Casein, . \n~eriran Society for  
Testing AIatrrials since 1936. 

H e  has received Inany honors, including the 
Uortlen Awilrtl in Dairy Ahlanufacturing, 1949, 
and the Poor I<ic.hi~rtl Cluh Citntion of Merit, 
1950. The J3(.1111 Stilt(, 1)iliry S c i r 1 1 ~ ~  Club ded- 
ioiitetl its 1962 1)air.y ICsposition to  hi111 a s  :I 

grsturc! of apprrciation fro111 the students, ant1 
;it their annu:~l hanclut~t this year the Pennsyl- 
v;lni;~ Dairy S:~nit;i~i;lns honored Professor 
l)o:~ri fo r  his ntany yrars of service ns pro- 
~ R I I I I  c l ~ i i i r t ~ ~ i ~ n  of tlica Annual I);~iry Field- 
!~lc,n's Confrrence. Hc \\-as also honored hp 

( Your uroducers seize the  \ 

@ 1962, Johnson &Johnson, Ch~cago, I l l .  
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Ilis asse~ci:~trs i l l  tllc, 1):liry Scit~nc3c~ I )c.],:lt.t- 
tnent :it I't.nn St:ltc,. 

T't.of'rssor Iloan ant1 Itis \vil'c ;II . I*  colltit~uirl: 
to 111:lkr tllrir 11olnc. : ~ t  711 lI(1ll111'i Strc.cbt. 
St :~tc  C'c)llc~xe, l ' (~nnsylv;~~~i:~.  He, l)l:~ns to 
c.nrl.y on his activc intcarc,;t i l l  tltc. 1):liry Sci- 
ence fir111 :~ntl \v i l l  tlo S O I I I ~  tr:~vt,ling n~ld writ- 
ing. This. tog(btl~(fir wit11 c~11c111rinx i t ~ t t ~ ~ ~ c ~ s t <  in 
g:irdet~i~~g, ~~I~otogr; ipl~y.  I)o\vling ;1ne1 c ~ t l ~ c ~ ~ ~  
sports, will contilulc l'or hiln \vl~:lt 11;1s I)(.~.II  
a very iictivc. life. 

The 2 \ ~ n o ~ ~ i c ; ~ ~ ~  1)iliry Scit~ncc~ Alssoci:~tie)ti, 
we are surr, joins I'rot'rnnor I)oan'.; :~ssoci:ltr.; 
in ~rislling Ilin~ :I long all11 I I H ~ ~ J ~  rilrtArr in 
retiremisnt. 

Dr. B. W. Hammer Honored 
Dairy industry alunlni of Iowa State Uni- 

versity convened this fall for an enjoyable 
and successful reunion on the canlpus in Ames. 
The event was conceived and planned by a 
group of alumni in the Chicago area under 
the leadership of TOM G. MAYNARD and HARLIE 
ZIYMER~KAN, both of Quality Chekd Dairy 
Products Association, and ORVAL H. RUSE 
and HAROLD BRACKET, both of H. C. Chris- 
tians Company. 

Apart from the fellowship which lnakes rc- 
unions pleasant affairs, this one beca~ne a sig- 
nal rvmt, in that the alumni chose to use the 

Some lectures 
will need revision. 

Some opinions 
will need correction. 

Often it takes a long 
time for 
truth to 
become established. 

In one of the most complete 
experiments ever done with 
repeat-breeder cows, Rex 
Wheat Germ Oil has been 
found to improve the concep- 
tion rate. (.Jl. Dairy Science, 
July 1962). 

V I O B I N  C O R I ' O R A T I O N  
MONTICELLO, ILLINOIS 

Orval Ause presents Dr. Hammer with volume of 
letters of appreciation. Dean Floyd Andre (seated) 
was among those who spoke during the program. 

occasion to recognize a great and beloved for- 
nler teacher. The reunion got under way Fri- 
day night, Septenlber 14, with a banquet hon- 
oring DR. R. TV. H A I ~ I E R ,  ~ h o  served as 
professor of Ilairy Bacteriology at  Iolva State 
from 1912 to 1944. More than 100 alumni and 
faculty nle~nbrrs attended. Ton1 RLaynard was 
toastmaster. During the progranl DR. RALPH 
W. IIussoxc,, National Dairy Products Cor- 
poriltion, RAI~PFI S. RAKER, Cherry-Burrell 
C;orpor:"ion, C. Y. STEPHEXS, High's ])airy, 
Washington, 0. C., and DR. FLOYD ANDRE, 
Than O F  the College of A\griculturc, paid trib- 
ute to 1)r. I I i ~ ~ n n t ~ r .  I ~ H .  .J. HILTON, President 
of Iowa State University, also attended the 
banquet. Highlight of the evening was the 
prcsenti~tion hy Orval Ause of a bound volume 
of letters of trihute from Dr. Hanin~er's for- 
mer students. Dr. Hannner responded with an 
enjoyable little talk in which he not only rem- 
inisced ahout his work as teacher and invest- 
igator but also made sonle interesting obser- 
vations about present and future dairy research 

Tom Maynard presents Dr. Hammer with a g i f t  
from friends and former students. 
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KIMBLE DAIRY TEST GLASSWARE ... 
features new utility and economy 

A N  @ PRODUCT G E N E R A L  O F F I C E S  - T O L E D O  1 ,  O H I O  



8.IC 50th Anniversary News.. . 

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

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

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

0-K Department 
PENNSALT CHEMICALS CORPORATION 

3 Penn Center, Philadelphia 2, Pa. 



ilnd t t~~hnology.  Toni 3Ii1yni1rd then pre- 
sented I)r. Han~nlt>r with ;I gift f1.on1 his friends 
;1nd forlllt~r stlldt~llts. 

On Sitturday ~norning tht, staff of the TIP- 
pa.rtn~rnt of 1)iiil.y ilnd Footl Industry con- 
tluetc.tl tours of the. hnilding whith gilvr tho 
;ilunlni ;in op l )o r t~u~ i ty  to st.t. t h r  newly coln- 
])lrtt*tl wing with t';~cilitic.s for foocl trchnology 
~ ~ t ~ s t ~ ; i r e l ~ .  Th t~  I ~ ~ ~ I I I ; I ~ I I ( ~ ( ~ ~  ol' tht. ~ O I Y ~ I ~ O O I I  WIS 

givc.11 to i~ sc,~~lin;~r in \vhicli DR. Y. EI. SIEI.- 
SEN, Head of the l)c>p:rrtnlent of Ilairy and 
Footl Industry, discusst~d recruitnlrnt and 
training progr;inls for  thr  dairy industry. 
Mc1111hers of' thv drl);irt~ncnt faculty then rn- 
trrt:iined thc. ;~lulnni fo r  lunch, wht.reupon 
hosts arid gatbsts \vent to C'lydr \frilli;rms Fiold 
to w;~tch the. lo\v;~ St;itt. ('yclonc.s drfc.;~t the, 
I )r;ilit~ Vnivc~~~si  ty Fh~lltlogs. 

S T U D E N T  N E W S  S E C T I O N  
TIT. T\-. SKYDEK, Editor 

Scction 1)cvotcd to  News of Student ;\Iemher* 

Spotlight 
Tht, ])airy Scioncr Cluh of 1,ouisi;lna Stilte 

Vnivrrsity is the third clnh to htk f r i~ tnrr t l  in 
;I srritbs of' i1rtielt.s dealing wit11 clnh I~istorirs 
;1nt1 ;~ctivities. This cluh 11;1s I I I O ~ V  t11;in 30 y r  
of ;~ctivt, s c ~ ~ v i c t ~  ; ~ n d  is 11npl)y to shtlr' sonic 

of its outst ;~~itIing ; ~ c c o ~ ~ ~ l ~ l i s l ~ ~ l ~ t ~ ~ ~ t s  wit11 otht'~. 
clubs. 

Thc. T,.S.I-. e1111) \\.on tl~c. filsst ;\.l).S..\. tro- 
pliy ;it the ; I I I I I I I ; I~  111eeting ill 1959. I t  h t ~ s  
t)cvan ;I vt,~,y sc,rions con~pcttitor sincae, 1)). I,('- 
vt~iving th t~  ;~\v;~rtl 01: 111vrit in hoth l%iI ;~ntI  
190". 1'c.rhaps tht. ;~c.tivitic.s i111tl i ~ t ~ l ~ i t ~ v t ~ ~ ~ l ~ ~ ~ ~ t s  
o f  this (.In11 I I I ; I ~  scarvtb to ~)rovicle :~tltlition;ll 
sti111111;l tion fo r  hig11t.r goi~ls ;111tl ; ~ t t , i ~ i n n ~ t ~ n t s  
in othctr ;~l'fili;ltc. cl~;iptc>rs. -I\:. TV. SXYI)KT{. 

The Dairy Science Club of Louisiana 
State University 

Fotiittlotiort of f l r 1 8  C l ~ t l ) .  An idea WIS 1)ol.n 
in the. nlinds of a group of foresighted daily 
Audents ; ~ t  Louisian;~. State University a little 
over 30 y r  ago that resultrd in the fo~mat ion 
of a dairy organiziition kno\vn a s  the Creanl 
and Cow Club. The purpose of this organiza- 
tion was mainly to provide 1-ecreation and en- 
tertainn~ent for  students working on tho dairy 
fan11 and in the creaii1ei-y. According to Pro- 
fessor A. J. Gelpi, Jr., a faculty mtlnlhrr a t  
the t i n ~ r  the cluh \\.AS forn~ed, the boys were 
veiy rnthusiastic about their big annu;~l hi~n- 
quet nntl dance. Tlir club also raised nronep to 
sponsor the first l);ti~? Protlncts Judging Tennl 
in 1923 for  tht, cronttbst in Thtroit, AIichiginl. 
Thcl org;~niziltion 1.c1taint.tl the original nillne 
until i t  rt.cc~ivcvl ;I. f'onilal rlimtrr in I935 and 
hrc.;l~nt. kno\vn ;IS tllr L.S.1;. 1):iiry (111111. 'I'lic~ 
;1(dt.ivititbs ;int1 go;~ls o11tIinrt1 hy tl~ts ntbw c11;11tcr 
\vt,rtx I I I ~ I ~ ~ I  h r o ; ~ t l ( ~ ~ ~  ; I I I C ~  niorr c o ~ ~ ~ l > r ( ~ l ~ t ~ ~ ~ s i v o .  

Thc. first ~)llotog~.;lpll a.v;~il;~l)lt~ th;it ;il)l)c.;~rrtl 
in thr 1939 r t l i t i o~~  of' TIIF: (;ITRlliO, tht, 11.S.C. 
stutlc.nt annu;ll p111)lit.a tion. t.c.vt.;~ls 63 I I L ( ~ I I I  hrrs 
of thr org;iniz;~tion. An insc.ril)tio~~ ~~nt l (~~ 'n t . ; i t l~  
this photogr;rpli st:~tt's tl~;lt tl~cb I); i i~:\ .  Club 

wtts fouridetl ~)rilnarily to 11roniote greater co- 
oprrative irltt.rest in tho dairy industry. Onr 
can rrcognizc. totlay in this photograph a. Iargt. 
~ i n n ~ h t ~ r  of very succrssfnl men inclnding col- 
lrgo professors, estt~nsion workers, lawyers, 
t1;iil.y fart~~thrs, ilnd n~i lk  tlistrihutors. 

'l'hr club tlitl not f'~unc.tion i l u~ ing  World W;II. 
TI, hut IV\.:IS so011 r~; l (~t iv i i t~~t l  afttar th(, rnd of 
t l ~ r  \v;~,r. 111 I!).i(i tht. clnh l)eci~nlt~ affiliat,rd 
wit11 th t~  ~4111t~i(*;in I);iiry Scit~nct, Associ;~tion 
;111tl tht. S : ~ I I I ~ ~  y(,;i~. \\.on t l~i~.t l  1,1;1ctb in thc n;t- 

.- . 

AAAS Symposium Volumes 

Spermatozoan Motility 
P:tlitod hy I).\\-II) \\-. HISHOI', A u p s t ,  
1962. .Y;i.50 9'22 p;~grs. 113 illustrat~ons, 
rt.fercncc~s, indes. Pnhsents a wraith of 
previously unpublished data on the rela- 
tion and control of spelmi inotility to 
reproductive processes. A raluable guide 
nnd refrrene.e for  the practitioner of a.p- 
plied rrpi.oductire biology, as well as  
the student and investigator. 
Other titles i~~eluile: 

Germ Plasm Resources, 394 pp., 
1961 . . . . . . . . . . $ 9.75 

Water and Agriculture, 206 pp., 
1960 . . . . . . . . . . 5.00 

Biological and Chemical Control 
of Plant and Animal Pests, 
286 pp., 1960 . . . . . . 5. i5  

Low-Level Irradiation, 138 pp.. 
19.59 . . . . . . 3.iB 

~ h o t o ~ e r i o h i s m  and ~ e ~ a t e d  
Phenomena in Plants and 
Animals, !I?:! 1)11.. 1929 . . . 14.75 

Grasslands, 424 pp., I!I.i!l . . . 9.00 

Order koday from 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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VERY 
BIG.. New 7 cylinder-5000 to 13,000 ga/./hr. 

and built with the same uncompromised engineering 
you get in any @ Multi-Flo Homogenizer 

SAVE on equipment-use now, expand later; capacity range from 5000 to 13,000 gallons per 
hour. More capacity per square foot of floor space. Yet this new giant, designed for today's and 
tomorrow's larger capacity needs, is further evidence that i t  pays to look to CP when you need 
any homogenizer.. . from 75 gal./hr. up. You'll get the same quality in all of them-and advan- 
tages you'll find in no others. For i n s t a n c e . .  .Single-service, Bell-Flo valve or the CP Micro- 
Shear Solid Valve CP's patented space-saving design w Quiet, smooth, gearless, power- 
saving drive Equipped with CP Hydra-Pneumatic Pressure Regulator Clean, functional, 
stainless steel exterior that stays like new for years.. .and many other advances you should 
know now w Contact your CP Representative for full details. 

THE --MFci. COMPANY 
. .u..~.8aR. St.Regis 

* * V E R  C O W ~ . ~ "  

1243 W. Washington Blvd., Chicago 7, Illinois 
Branches in 23 Principal Cities 

CREAMERY PACKAGE MFG. CO. OF CANADA. LTD. 
Toronto 26, Ontario 

5 cylinder-4 models 3 cylinder-4 models 
1000 to 7500 gal.lhr. 75 to 1m gal./hr. 

CONTRIBUTOR TO THE PROGRAM OF THE SPECIAL DAIRY INDUSTRY BOARD 
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tional chapter mting, : I I I ~  :I ('rrtilicilte 01 tnerit. 
The first-place chaptclr tlrvt~rd in 1959 W;IS 

earned by the L.S.U. 1)airy Science! Clul.) along 
wit11 a ciish award ilnd ;I (d(,rtitic;lte of ~nerit .  

The publication of ;I for111a1 ; ~ n t ~ u a l  c5ntitlt.d 
Tht: Bayou Daiymiun \\-as n cluh activity for 
;I nu~nber  of yrars. One of the I I I ~ ~ I I  1)urpostss 
of the :~nnual was to ;~c.cjunir~t prospec:tivr 
L.S.1:. students wit11 thr f:icilities, staff, :III(I 
ac2tivitic.s of the Dairy Svirnccs I)epnrtn~ent of 
thr  College of Agriculturc, along with solur 
infornlntion or1 the nlany types of' carcscbrs av:~il- 
:lhlr in the dairy industry to thost. who :Ire 
clualific.d by apti tudr and training. 

C ~ t r r ~ n t  nirn,s of the Glrtb. The purposes of 
the L.S.U. Dairy Science. Cluh under thv re- 
vised constitution of 1980-61 :Ire: 

1. To itdrance thc. dairy indnstry at  L.S.U., 
throughout Lnuisiana : ~ n d  the r1:ttion. 

2. To provide education;ll and recreational ac- 
tivities for  students in thr :tgrir:ultural field 
intc.resttad in hcing ~ r~c~ t~ lhc r s  of thc~ org:~niz:~- 
tion. 

3. To encourage coopc~atirt. cffort anlong thv 
students and to nl;lintain :I feeling of  nu- 
tual interest and enthusiasm in dairy work 
alllong club nlemhcrs and faculty 111cb111he1~s 
of the Dairy Sciencx. Del)irrt~nct~t. 

4. To devrlop friendship, prolnott. schol;~rshil), 
and le:~de~-strip in the cluh ~ n e ~ ~ ~ h e r s .  

5. To strrngthen the c.onfitlcrlor! of thc. student 
in hituself and in his ~ t o r k .  

6. To encourage and to support evrry hona fitl(a 
organiz:~tion:ll effort o r  progriill1 lookin? to 
the i l ~ ~ p r o v w ~ ~ e n t  ;~nt l  ;~dvancc .~~~ent  of d:l~ry- 
ing. 

7. To devt~lop interest in thc wist. selrction i ~ n d  
judging of dairy ani~~~: l l s ,   ilk, : I I I ~  111ilk 
producats. 

8. To select an outstanding individunl ( s )  in 
the field of dairying from I,ouisian;~ and to 
honor hint (or  them) a t  thc Annual Hz~u- 
quet and Dance. 

9. To srlect the outstanding Senior and F~,c.sh- 
tnan each year. 

Acfic3ities of the Clrrb. One of the first cluh 
;~ctivitics in the fall is to stage a get-acquainted 
supper for  all prospective cluh memhers. The 
faculty of the Dairy Rciencc? 11ep:~rtment and 
the nlemhers of the Diiiry Scienac, Cluh all 
join hands in providing soule type of supper 
and entertainment. This is usually followcd 
by it recreational activity such as  a softball 
game between the faculty and students. The 
new students and prosp~etive rllnnhers are  
111ade to feel that  there is a placr for  thcln in 
the cluh. 

Regular cluh lneetings m e  held the first Mon- 
day night of each nlonth and arc well puhli- 
cized in advance. The main purpose of thrsc~ 
regular lneetings is to transact club business, 
usually presented in the for111 of corun~ittee rc- 
ports. Thr program conr~l~ittee of thr  club ilr- 

Club members and guests enjoyed themselves at  
the get-acquainted party. 

I';lngcbs to I I ; I V ~  sontca typr of c~d~~c+atio~~:ll  or 
~.ccrc.;~tion:~l activity ill corlllc~rtio~l uvith each 
~~~cc.ting. F:~~lph;tsis is 1)lnc~d up011 \vc~ll-~)l;~nnc~tl 
~~lcc~t ings  that properly ildhcrc. to rulcs of' ordn.. 
r 7 l h e  usually spo~lsors ilhout three 1)artic.s 
that are h(2ld during the yvar ill addition to 
the rrgular ~~ l r r t i ngs .  Tllesch (.vents arc3 c.r~joyc.tl 
by I I I ~ I I I I ) ~ ~ I . S  of' the f';~culty, staff, club ~ ~ ~ c ~ ~ n h e l . s ,  
and thcir guests. 

The student lnust go through ilr1 initiatioll 
pro(.cdn~.c. in orcler to I)er.o~lle a I I I ~ I I I ~ ~ ? ~  of the 
I,.S.lT. Dairy Scicnc~ch Cluh. 1Tnive~sity stn- 
tlc~nts i nd i ca t i~~g  an i~ltclrrst ill thc. field of d;l.iry- 
irlg are cligihlt. f o r  111rn11)t.rshil) 11p011 rec~iving 
a 111a.jority vote fro111 tht! activta I I I ~ ~ I I I ~ ~ ~ S  of 
the cluh. Thr neophytes, students ~lspiring to 
~~lembership, must wear n unifoi~11 for three 
tl;~ys as designated by the cluh, which is a w:~y 
of' puhlinizing thrir  desire to heco111c5 a calnh 
p~ 

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

Dariloid XL@ for your white mixes 
Sherbelizep for your chocolate m b e s  

products of  KELCO COMPANY 



You see no test tubes, microscopes or scien- 
tists in white coats. But swing the camera 
90 degrees to the right and you're looking 
a t  continuous research. For this pond is just 
downhill from the Purina Dairy Research 
Center near Gray Summit, Missouri. 
Here, research is basic and practical. It may 
start in the Purina Research Laboratories 
a t  Checkerboard Square in St. Louis, but 

the next step is out here a t  the Research 
Farm. And the final test is the scrutiny of 
thousands of dairymen around the world 
who feed Purina Chows every day. When 
they open a Checkerboard bag or watch a 
Checkerboard bulk truck unload, it's some- 
thing like looking a t  the scene above. They 
can't see the research behind it, but they 
know it's there. 

Pb@ R 
SERVING ANIMAL AGRICULTURE 

Ralston Purina Company St. Louis 2, Missouri 
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Frank Millican presents a matter of club business, 
with Jessie Rainey acting as club president. 

tnctnber. This uniform ronsists of I\-hite cloth- 
ing, rubber boots, and a bottle of n~illi with 
a plaque attached to it that is hung around the 
neck. The name of the cluh in large letters 
is placed on the plaque, and the student is 
required to obtain the s~gnatures of the faculty 
and cluh memhrrs within the specified tilnc.. 
The initiation ends with some mild hazinc and - 
then a formal accept;unce into the cluh. 

Fund raising within the club is an important 
activity of the ~ne~nhership and is aceo~nplislled 
through a variety of ways. The selling of milk 
and cold drinks by member\ during the annual 
College of Agriculture Spring Livestock Show 
and Kodeo conqtitutes the main source of in- 
come. The c l ~ ~ b  presents an award to the ~nem- 
her who sells the 1:lrgest nunlber of d r i n k ,  
and colnpetition i5 always very keen f o r  the 
prize. Membership dues are $3 per year, \\,hich 
includes a elub key for each new ~nr~nbe r .  The 
records of the cluh for last gear indicate ap- 
prosimately $1,000 in total receipts. 

The Daily Science Club sponsol.s a n  annual 
student judging contest that  is usually scahed- 
uled in early spring. Any student intcrcksted 
in judging is eligible f o r  participation. The 
contest is  divided into junior and senior divi- 
sions in both daily products ant1 cattle. X 
wide variety of prizes and awards are donated 
by breed associations, 111ilk pl:~nts, feed coin- 

panics, d:~iry supply firn~s, and local business 
nlrn. The highlight of the judging contest is  
usually a, barbecue supper, follo~ved by the 
presentation of  wards and prizes. More than 
40 contestants participated in the contest this 

Students preparing for the annual judging contest. 

year, and a. gold watch was awarded to the in- 
dividual with the highest score. 

I ion~econ~ing is a n  annual affair 011 the canl- 
1x1s of L.S.U. and is scl~eduled in connection 
with a home football game. The Dairy Science 
Club participates in the decora.tion contest ant1 
was aw:irded third place last year. Club meln- 
I~ers  u s ~ ~ a l l y  find i t  ncxrssary to nork  all night 
before the contest, since the. rules allow tl~enl 
only n specified period of t i~ne.  Alumni and 
guests are 111ade to feel a t  hotne as they visit 
the dcpartn~ent throughout. the day. 

Two eol l r~iae  iudrinc teams are s~~onso red  
each year hg thLcldb, i n d  their cxpe'nses are 
paid fro111 the sale of a heifer rei1rc.d as a elub 
project. The, 1962S~pr ing  .Judging Teat11 got 
off to a good start  by winning first place in 
Holsteins at  the Southwestern Esposition and 
Fatstock Sl~olv held a t  For t  TVorth, Texas. The 
Daily Products Team conlpeted in the Inter- 
collegiate nrcets in the Southern Division and 

Winners and their awards in the Dairy Science 
Club judging contest. 

also the Sational Conteest. This team won 
first place in ice creani judging a t  the Southern 
1)ivision. 

The outstanding event durinp JIav of each 
year is the ~ n n i a l  Banquet and hance for  
~nenthrrs, faculty, and alu~nni. This is the 
largest social function of the year for  the club 
and ofrers an  opportunity fo r  the cluh menl- 
hers to get together with their d:ltc.s for  clinner 
and cl:incing. This occasion also serves to stiln- 
uletct bettor relations l~c.t\veen students and 
(~llllnlli. 

Thc A ~ ~ ~ ~ ~ ~ ~ i u l  Banquet givrs the club an  op- 
portunity to recognize outstanding acootnplish- 
n ~ e r ~ t s  ol' itltlividual m r t ~ ~ h r r s  : I I I ~  daily fac- 
ulty. T l ~ r  1)1~ogra111 of the evening includes in- 
troduction of guests, recognition of Dairy 
.Judging Teatns, out.standing Senior of the Year, 
I ~ ' ~ ~ ~ S ~ I I I I ; I I I  of the Year, incoming and outgoing 
oflicers, graduates and recognitiotl of the Dairy- 
tlliln of tl~c. Tear. The Di l iyn~an  of the Pea r  
I'or lg(i'2 lV:us Leon R. JCleinpeter, Jr., of Baton 
I~ougr ,  IAouisiana. The club will long remem- 
11c.r the accept:~nce speech of JIr. ICl(,inpeter. 
in \rhic.h he pointed out sowe of the very penr- 
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multi-barrier milk 
protection from 
American Can's new 
plastic coated quart 
This new super-strong plastic coated 
milk container is  engineered from the 
inside out to  keep milk safe and pure 
right to the consumer's door. It's light, 
strong and rigid. Five barriers, plas- 
tic-laminated and heat-sealed, guard 
against leakage. 

INSIDE-a newly-developed polymer bar- 
rier coat inside the carton insures f a -  
vor retention and leak-resistance, yet 
never flakes o r  crystallizes. I t  complies 
with applicable F & DA regulations. 

OUTSIDE -A separate polyethylene outer 
coat means no wax rub-off from carton. 
Result: cleaner refrigerators . . . less 
chance of food contamination. 

95% ABSOLUTE STERILITY-According to 
standard rinse tests, 95% of our plastic 
milk cartons are  absolutely sterile . . . 
the remaining 5% rarely have more 
than one bacterium each. . . that's less 
than 0.4% o f  tolerance level! 

SAFE AND SANITARY -At American Can 
Company, carefully controlled modern 
production procedures insure that  cus- 
tomers receive milk a t  i ts  best in the 
best possible sanitary container. 

MILK CONTAINER 
a, 

- - -  

AMERICAN CAN COMPANY 
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Annual Club Banquet-1962. 

trating ~>rohle~ns  confronting the dairy ill- 
tlnstry today. 

The ])airy Sricance Cluh of Louisiana Stat(, 
University $ truly a student organization that 
h:ls earned a high place of esteem in the Col- 
Icge of Agiicultnre. The laurels of the past, 
111:lbe th(? days of the future more rhallenging. 
('ontinurd success will depend upon the spirit 
: ~ n d  cooperation so prevalent throughout the, 
past years anlong thc students, faculty, and a11 
others associated with the cluh. 

Activities of the Varsity Dairy Club 
University of Nebraska 

The. 1-arsity Dairy Cluh of thc Univc.rsity 
of .\'c,hraska. held three surrc~ssful c2rents dur- 
ing Septen~her and 0ctul)c.r. 

FLAV-0-LAC FLAKES 
and FLAKES 40 

Now A vailable: 
Buttermilk #1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15 
Cheese #I, 2,3,4, 5, 12,13,14,15,16,17,18,19 
Butter #1, 2, 3,4, 5 
Sour Cream #1,2,3,4, 5 
Streptococcus thermoph~lus 
Streptococcus faecalis (D-K) 
Streptococcus durans (S.D.A.) 
Lactobacillus bulgar~cus 
Lactobacillus acidophilus 
Lactobacillus helveticus 
Yoghurt culture (3 strains) 
Propioni bacterium shermani 
Standard "Flake" makes 1 quart  starter. 
"Flake 40" bottle makes 40 quarts culture. 
"40" is unique in the industry, proved in use 
for  23 years. F i rs t  propagation produces 40 
quarts culture . . . no additional incubation, no 
special treatment involved. 
Also available: * Roquefort and Camembert 

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

THE DAIRY LABORATORIES 
2300 Locust Street 

Philadelphia 3, Pennsylvania 

State Fa i r  Booth : The ol)er:~tion of the. 
State Fa i r  Booth is an  annual event. The pur- 
pose of this hooth is to sell dairy produet3 
during the State Fa i r  and to use thr  l)rocc.c.ds 
for  the support of the Daily Judging Te'il~ns 
and other activities of the Varsity 1)airy Club. 
This year Rrnneth I ias t  and Ron Schaf'f(.rt 
were in charge of the projert from Septenlhc.r 
1 through Septernhrr (i. Ilairy product-, from 
the University Crc.;1111ery were featured. 'Fhi. 
vear 300 ~ a l l o n s  of ice erean1 were <old. cross " , n 

sales amounting to $050. 
Fall Picnic: The, fall picnic is :III ;rnnual 

rvrnt. The purpose of the (went is to wc.lc!omr 
frrshlnen and new students to the cluh. This 
year the (.vent n-as held Octoher 4. The I):~rhe- 
curd chickrn n-as cnjoyrd by thc. 85 farulty 
1ne111hers ; ~ n d  stuclents in attend:~nrr. John 
Svohoda and Ron I\-ilton \\-ere in ch;~rgc of 
arrangemel~ts. 3Iiss Phyllis Ritldle was an 
honorary gurst serving in 11t.r dual role as 
Princess of th t  T'arsitq I ) : l i l~  Clluh's Dairy 
Royal and Ilairy I'ri~lt?c~ss of the. Srhrask:~  
.\n~c.rican Dairy i\ssoriation. 

b'irst JIehrting : The first nlerting, Octobcbr 
11, was :~ttclndrd hy 33 ~)t.rsons. inrluding 11 
new men~hers. Ike Anderson, cluh president. 
info1711rd ~ I I C  clul) i111ol1t t h ~  i~ctivitic~s of the. 
Sational Studcant I3mnch of the Anleriran 
I);~iry Scicwtc. Assori:~tion ant1 the annual ~n(lc~t- 
i ~ ~ g  hrltl at  C'ollrge Park,  .\L;trylantl. He ;~lso 
showed colored slid(.s takrn during his t r ip  
t11 the. ;lnnual ~ l~ rc t inp ,  especsi:~lly fei~turing our 
S:~tion;~l C'nl~itol ;it \Y:~sl~i~~gton. I). ('. 

Tennessee Dairy Club Serves Free  Supper 
Tlicl Unirc.rsity of Trnnc~ssee I)i~iry Cluh 

servrcl a. frcbcb supl)cB~' fo r  i l l1  stutlc~nts in the 
School of Agriculture. ~vho were intrrestc.d in 
dairyi~lg hnt had not prc,\-iously ,joined the 
I h i r y  Cluh. The f r c ~  suppcbr, hel(l Ortoher 24, 
1962, was c~specially plannrcl fo r  fresll~nen and 
nr\v students in Agriculturc~. 

31(.1nhe1.s of the Dairy Cluh a t  KT and 
~uc f i~~~her s  of' the I>:~iry I)c.pnrtment Staff \v\.erc 
on 11;lnd to \velcon~c. the guests. Xle~nhers of 
the! Cluh prrparrti the I I I ~ : I I  headed hy Foods 
C'l~:~irman IVayne Scharhrr. It was ~n i~ in ly  R 

gcbt-acquainted t,i~ne for  all involved. 
Cluh 1)resident Gerald JIartin scsrred as 

.\I;lster of Cerrnlonirs and also presented 
pI:~clues to the \ \ - I I I I IP~R in the annui~l Dairy 
.Tndging Contests. Stc~c.  Cntrs, I < c ~ : ~ d ~ i l l c ,  
r 7 I chnncssre, was high nl:ln in Products Judging; 
Ilc~rhert Lackey was high in Cattle .Judging; 
.lol~n IIonsley, Iiicevillr, Tennessee, was high 
ovc~r-all. These plaques will he plarc~tl on dis- 
11l:ly in the D;~iry Builtling, AlcCord I tall. Guy 
\ralkrr ,  Fric.ntlsville, Trnnessrc, told the group 
what his espcrienrc~s in tlrcb Ilaily ('lull 11:1tl 
I I I P H I I ~  to hi111 as a stu(1ent. The l'l.tv> sul,pc3~, 
:lnd 11rogra I I I  prorc~cl to hc, s t ~ c c e ~ s f ~ ~ l .  



Maybe nowhere. But that's part of our basic assignment at Groton- 
trying to improve livestock and poultry production by fitting 

new-found solutions to age-old problems. 

The basic research in the Pfizer Research Laboratory at Groton covers many fields. 
But these scientists with questioning minds are always looking for possible 

applications in what seems to be entirely unrelated areas. . . 

That's why you'll see our agricultural specialists 
keeping close tabs on all the work at  Groton-whether it's 

research on cancer, cardiac problems, or cortico-steroids 
. . . in the search for better production tools. 

This continuous sifting of ideas makes sure that nothing 
important gets left on the shelf. 

And it's why there'll be better things for livestock and 
poultry out of Groton in the future. 

Chas. Pl~zer & Co. ,  Inc. 
Kew York 17, N .  Y .  

Science for the 
zsorld's well-being@ 
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Activities of Minnesota Dairy Science Club 
The first nlceting of the ?*[innc.sota Dairy Sci- 

ence Cluh \\-as held on I\-c,dnesday, 0etohc.r 17. 
Miss Ilarie Jarrinen. presidrnt, presidril 11e- 
fore 36 club ~nrmhers :111(1 guests and sis staff 
n~einhc~~s .  

Ton1 Arnren r r l~or t r ( l  that  a n~illi booth was 
spo~isorerl by the clul) nt the St. Paul Cantpus 
Studrnt. Union Open ITouse. Mr. Duanr Bar- 
tons. a ~ n r ~ n l ~ e r  of I.M.C., was tho winncr of a 
dra\ring miil \\.:IS ~ i v c n  a pen srt. 

Aliss hlarie darrlnrn. onr official delcgate to 
the Student Branch, .Z.D.S.A., reported on 
the studcnt i~ffiliate activities a t  the convention. 
Co~lgratnl:~tions v r r e  rstendrd to Miss J a r -  
vinerl on l118r t.lection l)y the .4.D.S.A. Student 
Branch to thc oficatb ol' Student B~.ancll Secrr- 
tm7-Treasurer. 

1)r. El l r~rr  Tlionlns spoke allout the actiritirs 
of thc D ; l i~y  I'rodncts Judging team. The 19G2 
t c~a~n  nlr1111)c~r.s wero 1)ick Angus, Ton1 A~nr rn ,  
(;(s1.;11d II;~ssc., and l)nrid R m f t .  Dr. J. B. 
11-illiams of' the 1);liry Ilnshandry Depnrt- 
n~clnt pr(,srntcd the. 19W Daily C:~ttle Judging 
tr;rm. Tllc rnr~lll)rrs ~vcrc  Naric Jaminen, 
.I:~rues JI(arl.itt, D;~viil Tlinar, and Iinssel Kricli- 
son. Thc. coach \r:ls Jlr .  Roger Grrrits. 

Ilr. 1Villia1ns introduced J l r .  1Iari-y Raja- 
I I I ; I I ~ I ~ ~ I ~  of Ceylon, \rho entertained the andi- 
rnce \ r i t l~  sleight-of-hand tricks. 

Graduate Student Scientific Paper 
Presentation Contest 

Eac.11 gear a t  the annual meeting the *\lll[,ri- 
can Dairy Science Association sponsors a. sci- 
rntific paper presentation contrst for  graduate 
students \rho ;ire affiliate mern1)rrs of thc. Asso- 
ciation. A scparate contest is conducted in 
thr Production and J1nnuf:returing St~ctions. 
ant1 :I c2;1sI1 a.\rard of $100 is given to the winner 
in c.;~rl~ scc*tion. Only one stuilrnt per college 
or univn.sity Inay c~ntcr each ('ontest. 

l'hr Imrlxlse of this conrprtition is to pro- 
ritl(8 gra(1u:ltc. sturlrnt-: ~r i t l i  :III opportunity to 
~):l~.ticilxttc~ in  t11~ sc~irntilic~ ~rlt.rti~rgs of the 
i\ssoc*iation and to g:.;~in espc~rirncc in tlir prc,l>- 
;~rnt,ion and oral ])rosc~ntation of scirrltific pa- 
prrs. I t  is tlrsiretl th:~t, throngh such partici- 
]);I tion, c:~c+l~ contest;~nt \rill ~.ecognii..' thv inl- 
pol'tance of' ader1u:ite eorll11ln11ic;rtion in thr 

--- - 

LABORATORY SERVICES 
Applied Research and Development 

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

For price schedule and specific 
work proposals, write 

WISCONSIN ALUMNI RESEARCH 
FOUNDATION 

P. 0 .  Box 2217, Madison 5, Wisconsin 

dissr~nination of research information and Inore 
fully appreciate the role of the Association and 
its individual 1nrn111ers in advancing the wel- 
fare of the i ndus tq  through research. 

The Association has sponsored this contest 
for the past 4 yr. I n  1959, a contest was held . 
in tho Production Section only, and there were 
11 contestants. Since thrn, contests hare been 
held 110th in the l'roduction and in the 3Ianu- 
facturing Srctions, ~vit11 the following num- 
11rr.s of participants : 

1960 1961 1962 
Protlnction Srctio~l 10  14 14  
JI:~n~~fa~t~l.ill~rrcturin Section $1 S 7 

Several of the contrstarrts in the previous con- 
tests are no\\, engaged in full-time 1.rsearc11 
\\-ork. 

Thct Student ;Iffiliate Conrnlittee fr('ls that. 
the ctontests have served to improve the gen- 
eral quality of the scientilic paper presenta- 
tions, and i t  is hoped that nlore gradu:~te stu- 
drnts mill ro~npete in the future. The pro- 
rrdnre for  entering the contrsts is outlined in 
thc Call fo r  Papers published in  the JOURNAI, 
OF T).\IRI- ~( ' IESCE.  The 111lcs f o r  the contests 
\rcbre niailcd to the Uepartn~ent Chair~nan. 

E:aell Dairy Clul) is urged to rncoumge a 
gratlnatr stutlent to enter c~aeli contest. 

TA. J. R o ~ n ,  Chnirlnnn 
Student Affiliate Con~lnittce 

UNIVERSITY NEWS 
11th National Engineering Conference at 

Michigan State 
The rlrrenth Annual S:~tional Dairy 1Sngi- 

neering Conference r i l l  be held on F t b l ) r n a ~ ~  
2G-27, 1963, a t  the ICellogg Crntrr. Tht. Con- 
ferencr is sponsored hp  the 1)cpartnirnts of 
hg~,ienltural  JCnginerring ant1 Food Science a t  
JIirlligan State University. 

This Conference  rill he tlcvotrd to ]went  
de\-cilolw~~ents in the procc.ssing of ~rlilli antl 
niill< 1)roducts. These \rill 1 ) ~  l~rcsentc~d more 
or lrss in the order of flow through the plant. 
Latcst rnginrcring developll~c.nts in ~.c~c.riving, 
proerssing, lx~rkaging, storagr, antl tlistrihu- 
tion of' ~n i lk  and ~nil!i l~rodrlr*ts \\*ill IIC r~npha -  
sizrd. 

Rutgers University Dairy Science 
Graduates Accept Positions 

Rutgrrs, The St:ltc Cn i r~ r s i t y ,  S C ~  B~UIIS-  
~ricak, announces tll;~t two oC their rrccnt re- 
cipirnts of the T)octor's 1)rgree hare accepted 
positions. 

PHILT~IP R. IV):r.r.s, \vl~osc. thesis was titled 
C'hm~grs Relatrtl to Casein Precipitation in 
Concentrated IIillc During Frnzc.11 Storage, 
and who forrncrly was ;I graduate ;~ssist;unt in 
the Dairy Scienc.r Depart~nent a t  Hntgrrs, has 
:~cceptrd a. ~.csc.;~rch position with Cnlgate- 
I';~llrlolirc~ Rrnr:~~.ch Centc~r in S r \ r  Bnn~s\ r i rk .  
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XAGESH S. MHATRE recently accepted a re- Protein and Solids-not-fat Content of Milk, 
search position with Miles Laboratory, Inc., discussing their accuracy and readiness for  
Elkhart, Indiana. H e  was also forlnerly a field use. 
graduate assistant and had finished his thesis Other program participants were DR. DAVID 
entitled: Effects of Slnall Electric Currents WIECICERT, l e ~ , t i l r ~ r  in Anil~inl Industries, SIU, 
upon the Heat-Induced Changes in i\lilk Pro- who discussed possihilitics in selecting dairy 
teins arid Salt System. cattle on the basis of protein and solids-not- 

f a t  content of niilk rather than milk f a t  nro- 

Rutgers Represented a t  Kentucky Conference 
A Rutgers University faculty member, DR. 

.JOSEPH G. LEEDER, Professor of Daily Indus- 
try, presented two papers a t  the University of 
Kentucky Dairy 1Ianufactuling Cionference 
held November 19 and 20 a t  Lesington. H e  
also had charge of the Chocolate Ice Cream 
Clinic. 

Titles of his papers were: Selection of In-  
gredients f o r  Quality Ice Creanl, and Observa- 
tions on the Operation of a Plate-Holding 
HTST Pasteurizer. 

Dairy Day Program a t  Southern 
Illinois University 

Eighth Annual Dairy Day was featured a t  
Southern Illinois University, Carbondale, on 
December 4, 1962, a t  the BIuckelroy Audi- 
torium, Agriculture Building. 

I n  addition to planning the program, DR. 
I I o ~ v ~ n n  11. Or,sox, Associate Professor, S IU 
School of Agriculture, Department of Anirnd 
Industries, reported on New Tests for  Finding 

duction. DR. DONALD II~r,r,nrax, Associate Pro- 
fessor, Dairy Estension, Michigan State Uni- 
versity, reported on findings in high grain 
feeding practices with daily cows, as reflected 
in greater inilk production. 

Dairy Day also included discussions by GUY 
M. CREWS, Prograin Director of the American 
Jersey Cattle Club, and 1 1 . 1 ~ ~ ~  EATOX, Moor- 
inan Manufacturing Company, Quincy, Illinois. 

Grant to Washington State University 
fo r  Mastitis Study 

A $24,000 grant to study the effects of mas- 
titis on the efficiency of milk production and 
profits has been made to Washington State 
University by the TITashington Dairy Products 
commission. The economic penalties levied 
against dairy producers by the injury-induced 
udder infections will be determined by DRS. 
T. L. FORSTER, U. S. ASHWORTH, and L. 0. 
LEUDECKE, of the Departnlent of Dairy Science. 
This research team will attempt to determine 
costs of inastitis in ternis of lowered milk 
production. Losses caused by varying degrees 

SHERBET F L A V O R S  

Ramsey Ml&, Sherbet flavors are exactly what the name implies-FRESH. T h e  

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

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

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

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

with Ramsey wl&, flavors and formulas especially created for full compliance 

with the new Federal Standards. You can not get a more complete slrerbetjrogram from 

c ~ ~ y  other sourre. Now, from one single source you are able to procure flavors with 

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

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

PROVEN.  FORMULAS to LABORATOR'ES' IN'- lithography and three sizes. 
2742  Grond Avr  i l e v e l o n d  A ,  Ohlo 

insure you o f  quality. ,,,,, ,,,, ,,,,,, , , , , , LABELS for plastic containers. 
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KLENZADE 
PROCESS AND C.1.P 

AUTOMATION 
SERVICES 

of srverity of uddet. dau~:tge \\*ill ;~lso be tle- 
tc.rtnirred. 

A  nilk kine machine which shunts ~ni lk  fro111 
c,:l.eh quar t t~r  of the c.ow's utltler into four  
sclparato ront:~inc.rs will he used. Nilk s a n -  
ples fro111 500 to 1,000 covs mill hr weighed 
;t.nd analyzed f o r  ~11e111ienl and hac~trriological 
contt.nt. P:':spc.ri~~~cwt Station lterds a t  Pullttian 
:lnd l'uyallul), S ~ I I I P  fro111 other state institu- 
tions, and sotnct private herds will be studied. 

D. A. Seiberling and R. B. Douglas work with plant management 
in reviewing operating requirements and applying the latest 
proven developments in processing and sanitation techniques for 
maximum plant efficiency and product quality. 

A well coordinated engineering staff consisting of B. N. Pavlo- 
kovic, E. N. Brunsell, R. R. McCourt and L. Mahler designs and 
supplies specific systems and equipment recommended i n  the 
Engineering Analysis. 

P. F. Smith, H. J. DeBruin and V. Christensen, specialists in proc- 
ess piping fabrication, control system design, and automation 
cleaning equipment, put complete engineered systems into 
o~erat ion.  

forniation in suitahle experinlental aniulals or 
in inan. Studies caoncenling the nutritional 
value of milk f a t  o r  the fartors modifying the 
p~opor t ions  of the ~na,jor o r  minor coinponents 
of dairy foods influencing dairy f a t  utiliza- 
tion also nlay he caonsitlc,red. Investigations 
which sinlultancously provide fundamental ill- 
forn~ntion ahout dietary factors in rardiovas- 
culnr clisc.;~sc :ind also provide guidance for  
the dt!vt~lopnic~nt of nutritionally superior dairy 
proclucts :irv p:~rtirularly (.nrour:lged. Srirn- 
tific guidanc*r will h c .  provided hy a ro1nn1ittc.c. 
of outsti~nding sritwtists from :~cadrlnic, gov- 
erninent, and dairy industiy lnhoratories. In- 
ttarested investig:~tors in nlt~diral o r  university 
1a.horatories should apply to DR. ~IERRII~I .  S. 
READ, Secretary, Scientific Advisory Colnnlit- 
tee, Special Dairy Indusbiy Board, 111 Sor th  
Canal Street, Chicago 6, Illinois. 

U.S. Public Health Service to Conduct Courses 
The Public IIealth Service, through its Di- 

vision of Environinental Engineering and Food 
Protection, will present two related 1-week 
training rourses, Laboratory Examination of 
Foods, February 4-8, 1963, and 3Iierohiolog- 
ieal Examination of Daily Products, Fehruary 
11-15, 1963, in Cincinnati, Ohio. The first 
coursc presents advanced technical informa- 
tion of special interest to laboratory and su- 
pervisory pc~rsonnel concerned with exam in:^- 
tion of foods f o r  bacterial o r  chen~ieal ron- 
taminants. -~ ~-~ 

The second course is  offered fo r  professional 
prrsonnel in responsible positions in state, 

CHEMICALS APWCAT 
ENGINEERING SERVICES 

DEPT. ZOM BELOIT, WIS. 

t~~ tu~ ie ipa l ,  and other laboratories ong?grd in 
tnilk analysis and dairy products exan~~natiori. 

A third related course, Recent Developn~ents 
in \T7ater Bacteriology, follow7s Fehrunry 18-22, 
1963, f o r  the convenience of those desiring to 



(*III.oII it1 111th tl11.(~1. c . o ~ ~ s ( ~ c ~ ~ t i v e  ~~~ic.t~ol)iologic~:~l 
('OIIrScs. 

Address ~ .c~ln(~s ts  for illl 'nn~l:~tiol~ to thv 
C'hic4', Tr:iiuing f ' r o g r : ~ ~ ~ ~ ,  I<ohert A. '1';~ft Siln- 
itary b;~~giut~erittg ( ' ( ~ ~ ~ t c ~ r ,  4676 CoIu1111)in 1':lrk- 
\ray, Cilrtinni~ti 26, Ohio, or to :I I'I-IS Rc- 
piol~;ll 0flic.v. 

INDUSTRY NEWS 
American Can Company Builds New Factory 

SE('RF:'~.\XY o~ THE TSTERIOII ST[~.~I{-I-  T, 
I - n s r .~~  hi~s  iu~t~omlcetl that d l l ~ c ~ r i c : ~ ~ ~  S: I I I I~: I  
Ilns c.otrtrac,tc>tl to awal.d a 50-yr least. to tlic 
.Il~l(~ric.:in Cli111 C O I I I ~ ~ I I ~  of Snttlon, s u h s i t l i a ~ ~  
of ;\~~~cht.icnn C':III Cot~~l,nng. ?Jc.m T'ot4i (:ity. 
to I)uiltl ; ~ n d  o1)rr:ite ;I f'actory ill thr tc.~.rito~? 
to supply prc~schnt ;lnd i 'u tu~~a I'ood ~)t.oc.c.ssin~ 
plnl~ts t h n r .  

At t111ia-l):ic.liing p1:111t is :~lr(~:~(ly ol)(>riitii~g 
in .At~lcric;in Snn~oa. The tc.rritory governor, 
H. I{EX LEE. rcccwtly signed a. eotltr:~c.t wit11 
:I scsc.o~~d tuna-packing fir111. Enrlie~* this yeill. 
hr c.olnplrtc.tl 1iegotiat.ions wit11 n third caoltl- 
1):111y to 1)uiltl a f';~ctory for  processing eoc.o- 
11nts. Thc. nt.\r citn factory will scxrvc hotl) 
tnn:t c.an11c.ric.s and the cocount fitctoly. 

Olin Mathieson Appoints Market Analyst 
A \ ~ . ~ ~ ~ r ~ y  -4. XP;I,SOX has h(v111 appoitlted 11t:lr- 

A. A. Nelson 

ol)(.ri~tious, I'i~c.k:~ging 
I)ivision of Oliu 1l:lth- 
ic~sotl C h ( - ~ ~ ~ i c i ~ l  Corpo- 
rt~tion, \V(ast 1\L011roe, 
1,:t. He II;IS c.xpc~l.ic.~~cr 
i l l  pack:~gittg pt~ocnre- 
I I I ( ~ I I ~ ,  gr;~pltic :11*ts, :lnd 
o r ~ l ~ t i c .  c.l~(~n~i(*:~l 1)roc- 
cbss~llg:.. Xc.lsoti ~.c.cacived 
:I U.I(.A. cl(bgrc1c. in 19.51 
f'ronl thc~ Ullivc.rsity 
of Cillcinnati illid an 
M.B.A. in 1957 f r o n ~  
S;lvic.r I'nivc-rsity in 

Dairy Technology Societies 
Central Illinois-The Novc.tnher 14 lt~ectirlg 

nits held ill 1)ectrtur a t  thc. F:lks C!luh, with 
H:~lph Btlker, Vie(,-I'residc.~~t, Chc.rry-Rurrc.II 
C'orporation, Chic;~go, as spcwker. 1 l is topic : 
1Iighlights of thc, 1962 1):tiry Supplies Ex- 
position, \\.it11 E:n~l)l~asis on Cherr?.-I3url~ll I)(.- 
vc.lop~ller~ts. The I)ecel~~h(.r 111eeting fmtu~.t.d 
IAadit-s' Sight. ;lnd was a t  the Urh:ul;~-Liltcolt~ 
3lotor Inn Gt~rden ROOIII, Urbanit. 

Chicago-Drcc.111l)er lnrcting \\.:IS 11t.ld :it the 
I 'u~l~itulu Cluh of Ar~~er ica  headclu;~rters. 111.. 
.John Hetrick, Director of Rest.arc11, 1)ran 
Milk Cornpany, Rockford, addr(,ssed the SO- 
caiety, rcsporting o n  his i~~~pr t~s s io t l s  of the* In- 
terlii~tiorlnl Daily Collgrt.ss hcltl I;~st SIIIIIIIICI.  

: ~ t  Cop(vlhagell, Dennl:~t.k. 
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Massachusetts-John IIilknc, Vice-l'resident 
ant1 Genclnl Production Manager, Dorothy 
Jluricl Baking Conlpany, spoke a t  the S o -  
venlher 19 ~lleeting o t ~  the mc.5 of dairy prod- 
ucts in a bnklng operation. Tlle Questlon Box 
was conducted by Arthur Fmser. 

Metropolitan-Spci~kcr a t  thc Sovclt~bcr 13 
meeting of this group was Chri.; Annstos, As- 
soelate Editor of Olwn Publ~cntions, ~vlto dis- 
cussed Dally Industry of the Future. 

North Carolina-Controlling Psyclirophllic 
Bacteria in Dalry Products wns the subjcct of 
n. talk by Dr. ,\[. L. Speck, Food Scicwvc. De- 
partnlent, Korth Carolina State College, : ~ t  the 
Sovetnhcr 14 and 15 nleetings. 

Oklahoma-The Sovenlher nleeting of the 
\ocletv wns held ioitltlv w ~ t h  the lIair\- Indus- 
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t ry  donf'c.rence 011 the cnttlpus in ~ti l l \vater.  l<lc~~lzade 'Products, Inc... . . . . . . . . . . . . . . . . . .  20 
The lnerting was n lunchron event, with Dr. 
0. S. ~ y i l l h ~ ~ , , ,  president, ~ k l ~ h ~ ~ ~ ~ ~  s t n t e  National Prctin Products Co ........................... 21 

............................. Vniversity, speaking on The International As- The Sestlit CO., Inc  3rd Cover 
11ects of Agriculture. Deeelnber 14 was re- ()wc~lls-Illin~)is Glass Co . . . . . . . . . . . . . . . . . . . . . . . .  7 
served fo r  Ladies' Snight, in Tulsa. 

. . . . . . . . . . . . . . . . . .  P h i l a d e l p h i a l h .  J o s e ~ h  G. Let.tlt~r, pro- Pcnnsalt C I ~ ( ~ ~ l ~ i c a l s  (:or)) S 
fcssor of Dairy ~ n d u s t r y , ~  Iiutgers, 'The' ~ k t e  Chas. Pfizer & Co., Inr..:. . . . . . . . . . . . . . . . . . . . . . . . . . .  .I7 
University, New Brunswick, gave a speech a t  
the ~ o v r t t l b e r  8 Illt,c.ting elltitled: ~ ~ ~ d i ~ ~ ~ ~ ~  Rnlston Purillu Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

.............................. in Ice Creanr. A discussion ~ ~ e r i o d  followed. R a ~ ~ l s e y  Laboratories, Inc 19 
ill \vllieh sollle interesting 'rl:ltionshi~s were ~ i o l l i l l  corl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (i brought out hrtween silndiness and ingredients 
and flnvors. Wisconsin Alulr~ni Rese:~rcli Foundation.. ..... l S  
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@a&e@ic " PROCESSORS 
L e a d i n g  dai ry  products p l a n t s  across t h e  

nation h a v e  found the answer t o  consistent ly  

e f f e c t i v e  starter control w i t h  new Gir ton A s e p t i c  

Starter Processors .  T h e  Girton uni ts  a r e  com- 

p lete ly  sealed and equipped w i t h  foalproof 

inoculant  handl ing accessor ies .  C l o s e  temper- 

ature control, e lectronic  batch measuring, and 

C - I - P  a r e  other features. 
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1 100 through 2000 I 
gallon capacities! 
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EFFECT OF GdJIMA RADIrlTION ON LACTOSE. 11. ISOLATION A S D  
TDESTIFICATION OF PISONOSACCIIARIDES AND TIIEIR 

DERIT'ATTVES FORMED 1N lR,RADTATED 
LACTOSE SOLUTION 

SUSUMU ADACHI ' 
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The Pennsylval~ia Agricultural E~pcriment Statioil, T:ilivr1.sity Park 

SZTJLJI \RT 

The effect of gan1nia radiation on 0.15 31 lactose solution a t  a dosage of 
2 x 10" rep was studied, to identify the lnonosaccharides formed. Lactose was 
tmnsfonned into a t  least ten fmglnrntation products which give positive color 
reaction mith anilinhydrogen~?hthnl;~tc reagent. So~ne  of these substancec; wcre 
fractionated by charcoal-, relit?-, and ion exchange resin-column chromatog- 
raphy. Fro111 thi\ fractio~iation, n-palnctose, D-g~ucose, D-lyxose, and galactonic 
acid were idrntitied as ci-ystalline d(*rirativcs. Two mechanisms fo r  cleaving the 
disaccharidr linltage of lactow dnriug irradiation are proposed. 

lonlzlng r a d ~ a t ~ o ~ l  with a doii~ge :it or above 
tlie \teril~zation lrvel induces ch(.lniral changes 
in milk. The changes that lead to a brown dis- 
coloration and tlevelopment of undesirable fla- 
vor arc anlong those of practical ilnportance. 

TVerthe~m et al. (29) have reported that i n  
r~diati011-inilnce(1 browning of casein-lactose 
systems, amino groups of casein do not appear 
essential 1)ut that lactose plays an  important 
role and that carbony1 compounds, the brown- 
ing precursor of mill<, are formed from lactose. 
Day et  al. (8) have shown that in gamma- 
irradiated ~ltirnmillr a carnnlelized flavor origi- 
nate~: pri1nilrily from the diffusible fractlon of 
tlie ~kimmill; and is associated lvith browning; 
and that lactose may be n source of the acidic 
taqte 111 irradiated milk. Although these obser- 
vations do not necessarily lead to the conclu- 
sion that lactose is the only active factor in  
these changes, i t  se(>~ni  reasonable to assume 
that lactose deconlposition products are in- 
volved. There IS no report, however, on the 
identificatlon of the degradation products of 
lactose by ionizing radiation. 

The present paper is concerned with identi- 
fication of monosaccharides and their deriva- 
tives fonned in irradiated lactoie solution. 

Recciverl for publication Deccniber 1 7 ,  1961. 

I Authorized for publicatio~l on August 25, 1961 
as Paper No. 2596 in the Journal Series of The 
Pennsy11-nnix Agricultural Experiment Station. 
' Permanent address: Department of Animal 

Prodncts Tecl~~iology, Collcgr of Agriculture, To- 
hoku T7ni\-rrsity, Sendai, .Tnp:111. 

I 

EXPERI3IENT.\L PROCEDURE 

Jfrctc~ictTs. Nost of tlie carl,ohydrates nsc,d 
in  this investigation wcre co~nmercial products 
as Sollows : n-arabinose and ~-galaCtose, Fisher 
Scicwtific Co.; D-glucose, J. T. Baker Chcnl. 
Co.; lactose, Smith, Klein & French Co.; D-ITS- 
ose m ~ d  11-xylose, Nutritional Biochem. Carp. 
Tt~cbsc substances gave a single spot on paper 
cliro~iiatograms developed mith various solvent 
systems, and mere used without further puri- 
fication. Authentic lactnlose was prepared fro111 
1:ietose by a modification (3 )  of the alkaline 
iso~uerization ~ n r t l ~ o d  of Jfontgomery and Hud- 
son (23). G2ilnc.tonic acid and gluconic acid 
were prep;~rrd froln galactose and glucose, re- 
spectively, 1)y bromine-oxidation in the presence 
of calcium c:~rhoiiate. I n  the course of purifica- 
tion, calcium mas removed by passing the re- 
action lnisture through a colmmn of Amberlite 
IR-I20 in the hydrogen form. The calcium-free 
solution wa.s concentrated and lyophilized. The 
prodnets from the two sugars were syrups, 
130th of xvl~ich gave thrcc spots on paper chro- 
ni:~togmms that correspondeil to the y-, and 
6-lactm~es and the free acids. 

Papcv. chvo m atogra.11hy. Chromatograms of 
were prepared by spotting the 

sa~nple  solution 2.5 cln from the end of a piece 
of TVhatman KO. 1 filter paper (43 by 28 em), 
along with the solutions of authentic salnples. 
The ehromatogi-ams were developed by uni- 
directional ascending technique in 45- by 14.5- 
cm glass jars which were kept in s eonstant- 
temperature (20 i 1 C)  room. After removal 
from the jars, the chroniatogralns mere allowed 



to ; ~ i r - d ~ < y  ill ;I hood. 'Po i~~crtbase Rf  valuos, 
imd to ohtain hettrr rrholution of sugar mix- 
tures 011 t11r paper shetxt, thr  techuique of 111ul- 
tiple dcvc.lol)t~~ri~t (17) w:~.; sonletimes carricvl 
out. 

Thr c.h~.onlatogra~l~s of free sugar were de- 
vrlopc~l with the following wlvent nlixturc>s 
prrptllx=d ri1c.11 day : Solvent ,I, 11-hutanol, 
pyr~d~l~cx,  i ~ n d  water, 3 :2 :13 hy volumch (17) ; 
Solvrnt R, c.thylacetate, pyridine, a11d water, 
40:11:6 (10) ; Solvent C, the top phase from 
the mixturc ethylacetate, pyridinr, and water, 
2 :l :2 (16).  Thr air-dried papers \vrre spra>-ed 
with a-lwphthyla~ninc trichloroac.etttte, diphe- 
113 laminr trichloroacct:~te, resorcinol ( 14) ,  o r  
d ~ p p r d  into aliili~~hydrogenphthlllate snlutioli of 
1<t1;1r ( - 5 ) .  The paper chromatograms treated 
wit11 these reagents, other than resoreinol, wclre 
I~cl;~tchd 5 min a t  110'7, to produre spots in- 
t11c;ltirr of the ~ j i i l r h .  The papers .;prayed 
tvith rc.\orrinol rt.agc111t were heater1 5 nlin at  
SO ('. 

P;I~)(~I. cIirol~~atogral)l~y of nronic acids, lilc- 
toll(+, : I I I ~  deoay-wgars was cilrried out hy the 
111rt11ods of Gee and l l rCreadp (ll), ~\hd~ , l -  
.\kh(hr : I I I ~  Blllith ( I ) ,  and P b h ~ n  and 1l;cisc.t. 
( 2 s ) .  rr~pectively. 

; I ~ C I I S I I , ~ P I ? I P ~ I ~  of ~ I I I ~ P T I ~ ~ L , ~  p o i > ~ t s .  ,111 lnelting 
points ulrrr deterniined on ;I Fisher micro melt- 
ing 1)oillt i11)paratus. 11clti11g temgeraturcbs 
\\-err 11ot eorrrcted. 

Thr r;idi;ltion ttvluiiqurs nsetl in this investi- 
gi~tion n.c3~.c3 thr same as  thosc described prc- 
riously ( 2 ) .  

RESULTS 

G~wrrrrl l ) ~ ' o p c ~ v i i r , ~  of the irrt~rJic~ted lactosc 
.vol~ction. Kef'ortr hreaking the seal, the irra- 
dia.ted lactoso sollltioli was refrigerated four 
(lays. 011 opening, this solution showed no bac- 
tc>~.ial eolollies hy the standard agar  plat(: ~llethod 
using J[.P.IS. 111ediun1 (4) .  

Thr irradiated solution had no flavor hut had 
;II I  itcidir taste and slightly yellow color. Thc 
1)H oC the solution was 2.35 :ind 3.1 1111 of 0.1 s 
sod inn^ hydroxide solutioll were required to 
nc~ltril.lixe 100 1111 of i t  to the nlethyl red rnd 
1,oitlt. Various color I .C; IC~~DIIS  were applied 
to this solution fo r  the pul.l)osr of qualitativrly 
tlrtc.cti~~g carhohydrtttes fonned. According to 
thr  nhl1;11 ~rocedures ,  Srliwa~~off's, Ihl-I'rch- 
III;III 'S i~.nd Tollen's and Rinl's reagents werr 
usctl for the detection of ketose and aldo- 
pentosc, rc.sl)ectively. All of these tests were 
positive.. However, the control lactose solution 
stored uu(1c.r t,hc same c~oadition as the irradiated 
solution yic.ldrc1 negative results in these tests. 

The inf(~rc~ncc that ketose n ~ ~ d  aldopelltose 

were fornlrd 1)- i r r id ia t io l~  mils further coa- 
t ir~ned hy thr rc.snlts of the following paper 
ehron~atogr:~.pl~i(d analysis : Irradiated lactose 
solution (400 1n1) was concentrated to 70 1111 
nnder reduced pressure and the sirup o h t a i ~ ~ e d  
~ r t ~ s  kept at  2 C f o r  a dnr,  with the i~ddition of  
150 1111 of methanol. ~1ftt.r removal of crystal- 
l i~~c.  Ii~.ctose hy filtl.:~tion, the filtrate ~ r a s  suh- 
~nittc>d to vacuuln cv;~l)o~.i~tion and the cdonc2c,n- 
t,ratr spotted on chron~atogri~phy paper. 'I'hr 
l)c,st rrsolution of earhohydrates and othrr re- 
lated eo~npouads in this sample was :tcyo~n- 
plis11t.d hy ~nultiple (four times) develop~l~c.ut. 
using Solvent C. T3Thc.~~ this paper  chromato- 
granl was trrnted with :ulili11hydrog:el1pht11;11i1t(~ 
reagcwt, 11 spots \rere ohsc.rvcd, as  shown in 
Figure 1. The hehaviors of thrsc. s l~ots  towartl 
various caoloring reagents arc. slro\rn in Table 1. 
Thus, thc conclnsioas fronl thc paper ehro- 
matographin d i~ tn  \\-ere supportrd hy the results 
of qualitativca t l t tc~n~inat ions  hy thcs color re- 

FIG. I .  Paper cllromatogranl of carbol~ydrntes 
ill irraclintetl lactose solution. 

A = Cnrbol~ydrntes ill irradiated lactose soliitioi~. 
I3 = Authentic carbol~y(lmtc. 



TABLE 1 

('h:~rartcristics of the spots on pnpcr cl~ro~natograms for substnnccs obtnincd from irmtli:~trd 
lactose solutio~~ 

- -- 
Spot color 

Uipllcl~yl- a-Xnpl~thyl- 
Sl~ot"* A~~i l in -  nmine nminr 

Spot ronrnl- Ilytlsoge~~- trirhloro- t~.ic.l~loro- Hcsor- Corrc- 
110. 

H+ , t r ; ~ t i o ~ ~  ~)llthal:~tr :tcrt:ltr :rrct:~tc. cinol sl'ondo~cr 
. . . .  . - - 

........ . . . . . . . . .  .......... I 0.33 ++ RYOWII 
. . . .  . . . . . .  ......... 2 0.64 + Brow11 

. . . . .  3 1.00 ++++ Brow11 Rrown 13row11 Lactose 
4 1.36 ++ Brown Brown RI.OWII Pink T,actulosr 

.......... i) 2.18 +++ lirolv~l B r o m ~ ~  Bro\t~n D-Galact,ose 
. . . .  6 2.54 +++ RSOWII R~OII-II 1irow11 D-Glucose 

. . . . . .  . . . . . . . .  .......... 2.96 +  brow^^ 
. . .  ......... A 3.411 +++ Pink nro\~rn 

. . . .  .. 9 3.80 + Brown Purple Green , D-Lysoso 
. . . . . .  .......... ......... 10 4.50 - Rrolr.n L 

......... ...... ... . . . .  11 fi.05 + - Bro\rn , , , , , 

Distance travelled by sugar . * R I . % C ~ O , ~  = Distance trarelled by lactose 
** The spot concentration is presellted ns color intensity for tllc n ~ ~ i l i ~ ~ l ~ y d r o g c ~ ~ ~ , l ~ t l ~ : ~ l n t c  

rrngcnt :IS follows: Strong, St++; Aledium, +++; Sligllt, +; E':ri~~t, *. 

:lctior~s. 'I'hc ~llohilities of tl~escl spots were 
found to coincide with those protluecd by au- 
thentie sa~n))lcs of n-galactose, n-glucose, lac- 
tose, li~ctulose, and n-lysosc. i\s n-lyxosc is 
111ovc*(1 alnlost itlcnticnlly to 11-sylose on paper 
t1cvt~lopc.d with v:n.ious solvt,nt syste~ns, i t  was 
genc~r:llly tlifficult to (1iffc.rentiate these suh- 
stances. ;\f'tc.r a rlunlher of tri:rls, however, the 
lwssihility of' D-lysoscl being confused with 
1)-syloscb was ron~pletcly eliminated by four suc- 
t.t.ssivt. dvvt.lop~nents of' the chron~atogra~n with 
Solvc.nt H.  Under these conditions, spots fo r  
the two p t ~ n t o s e ~  xvcre sharply separated. 

Paper  vl~ro~~latograplly by the method of 
-\hdel-.\Lher and Smith (1) 5110wed two spots, 
the nlohilitlei of which were found to corrc- 
spond to thoie produced hp galactonic acid y- 
and 8-lacto11r,. Spots for  galacturonic and 
glucuronic acid.; and deoxy sugars were not 
observed on the paper chromatograms. 

Ipoltrtroil of cnrbo1t:ydrntrp fo r~nrd  in the ir- 
ictrlicctc~rl lactosr solutiou. The proredures f o r  
iiolation ot the secondarily forlned carbohy- 
tl~.ate.; from the irradiated lactose solution are  
out1i11c.d 111 Figure 2. 

S t r p  1. .\fter breaking the seal of the can, 
0,300 1111 of the irritdiatrcl solution were irnnle- 
diately co~~centr;~tecl to 800 1111 hy :L c i r t~~~ la t ing  
evaporator of' l\litehell et al. (22).  1feth:~nol 
\\-:IS :tdded to the (.oncentrate and most of the 
unch;lngt.d lilvtosc that crystallized x a s  rernoved 
1)y filtrat~on, af ter  standing in the cold. The 
liltrate \*-as c.vc~porated further and extracted 
with (,thy1 ether for  'TO h r  in a continuous 

liquid estrnctor. Lactosc., crystallizing d u r i ~ ~ g  
the cstrartion, w i~s  sepnratrd hp filtration. 
After \v:~shing the el-ystals with n~r t l~anol ,  the, 
filtrate was diliitrii \\-it11 :ttldition of' w:~ter and 
conc~c~utr:ltt.d to :L sirup to relnovc, thc organic: 
solvrnts. Fro111 thc, (.tl~cxr cstr:~c:t 0.2 g of it 

sirnpy rcbsidue was ohtain(.tl 1)y cv:~l)o~.:~tion ot' 
the solvcbnt (Fraction 1). 

Stcy ,?. .\ ~l~otlilic:~tion of Jlac.hc,ll's 111tbthot1 

Evaporated and mixed with methanol 

F i l t ra t i on  

---------- 

Step 2 

.El l tra~ted wlth e t h y l  ether 

1 

[ ~ x t r a c t a  ( ~ l g e t i o n  1 1 1  

-Chromatogaphad on anion exchange r e s i n  
(carbonate form1 colvrm 

-Washad with water 

rdsdrbent 

L~1ut .d  with N-amnlum 

---------- 
I 

Washings 
I 

Step 3 Chmratopphad  on charcoal-cel i ts  
column with water and 5 p r  cent  ethanol -- 

~ ~ ~ a t e  *om water r ~ l u a t ~  from 5 p r  cent  a t b l  ---------- 8 

pVawlated and lyophil lzed 

------ , p**actedwithwr 
Extract (Fraction 41 

l<'rc;. 2. I so l ;~ t io~~ s(<llcn~e of rns1)ollydrates in ir- 
1:1(1i:lte(l I:~rtose solution. 
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(20) war e~nployed for  separating lactones from 
the> aqueons concentrate ohtaincd in Step 1. 

Fif ty  milliliterr of tlie concentrate was di- 
luted to 100 ml with water and treated with 
40 g of Amberlitc IR.\-400 carbonate fo r  8 h r  
a t  roo111 temperature. The adsorbed snhstanccs 
were eluted from the rc.;in with 200 ml of 1 
N-amn~onium c:lrhonate. The eluate was then 
stirred with a large an~oun t  of Ambcrlite IR- 
120 in the hydrogen for111 to remove the am- 
moniunl ion. The resin was renioved by filtra- 
tion and washed with water, the combined fil- 
trate and washings mere evaporated to a sirup 
and lyophilized in a vacuum desiccator. Three- 
tenths grams of sirup were obtained (Fraction 
2).  

Step 3. The 100 ml of aqueous concentrate 
from Step 2 was poured into a charcoal-celite 
coluinn prepared by packing with a mixture of 
75 g of active carbon (Eastman Kodalr Co.), 
150 g of Celite (Johns-?lfanville), and several 
parts of water in a tube (58 hy 4.6 em), giving 
a colurnn 37 cm in height. The carbohydrates 
in this solution were chro~natographed a t  a 
tlo\\- speed of 60 ml/lir by succ~ssive displace- 
~ n e n t  wit11 water and 5% ethanol, according to 
a tecahnique essentially siniilar to that of Whis- 
tler and Durso (30).  Five and four-tenths and 
2.1 g of amorphous powders were obtained from 
the water- and ethanol-eluting fractions, re- 
5pectively. 

Step I .  To separate further the material ob- 
tained by water elution, celite column chroma- 
tography according to tlie procedure of Le- 
nlieux e t  al. (18) was applied. The sample 
(0.5 g) was fractionated on a Celite column 
(34 by 4.6 c ~ n )  with 1,500 ml of water-satu- 
rated ez-butanol a t  a flow rate of 20 ml/hr. 
Before use, the column was packed with 160 
g of Celite and washed with 1,500 ml of water- 
saturated ez-butanol, to remove completely bu- 
tanol-soluble substances in the Celite. The 
eluate obtained (500-700 ml) was evaporated 
and lyophilized. Five-hundredths of a gram of a 
lyxose-like amorphous substance was obtained 
(Fraction 3).  The column paclring was ex- 
truded from the tube, and 0.28 g of a amor- 
phous powder was obtained fro111 the extracting 
solntion of a zone of the colu~nn (Fraction 4) .  
To obtain sufficient mnounts of these fractions, 
the procedure was repeated twice. 

I(I~~zfificat~.oez of carbolryilrntcs in each frac- 
tioez. 

Fmc-tio~t 3. The sirup contained three sub- 
s tance~,  with Rf  values of 0.42, 0.37, and 0.25. 
The paper chro~natograrn was developed by the 
solvent mixture of 11-l~utanol, formic acid, and 
water (10 :2:5) and sprayed with 0.05% of 

hron~cresol grccn alcoholic solntion. T11v suh- 
st:uiccs wcrc not further investigatctl. 

Fractiou 2. The sirup gave two s l~ots  cnrre- 
sponding to gtllnctonic acid y- and 8-lacztones 
on paper chrornatogmmn and £;tiled to reveal 
any spot of recluei~~g sugars with Solvent h 
m ~ t l  spray re:igrnts a - ~ ~ n l ) l ~ t l ~ ; y l a l ~ ~ i ~ ~ c  trichloro- 
:tc?t!tilte i ~ n d  r(~sorcinol. Th(' sirnp IV:IS heated to 
condense with o - p l ~ c ~ ~ y l e n e d i a ~ ~ ~ i ~ ~ c .  in a glyc- 
erin bath a t  130-140 C in the lnanner of Moore 
:tnd Link (24).  -\fter cooling, the dark-colored 
material was dissolved in water and then cen- 
trifuged. Concentrated aa~monium hydroxide 
was added in to the upper supernt~tant solu- 
tion under stirring, until a precipitate foru~ed. 
The precipitate was separated by filtration, dis- 
solved in a small an~ount  of diluted acetic acid, 
and decolorized with charcoal. Concentrated 
ainn~oniunl hydroxide was then added to the 
clear filtrate until no inore white crystalline 
substance was formed. This precipitate was 
filtered arid washed wit11 ethanol. After three 
times recrystallization, as descriRed above? i t  
n~elted a t  248-250 C. 

i211:1lysis. Calculated for  C,lI,,0,K2: C'. 53.70; 
II, 60%; r\', 10.45. 
Found: C, 53.53; H, 6.53; S. 10.39 

The picratc of this substance, 1)repared hj -  the 
method of Moore and Link (24),  wixr itlen- 
tified as D-g:~lactohenzi111idazole picrate by ~ n i s -  
ture melting point detcrn~ination. I t  mrlted a t  
217 or  219 C \vithout decomposition. 

Fraction 3. This pol\-der colltained a uom- 
pound indistinguishable fro111 D-lyxose (Rf 0.48) 
on the paper chromatogmmn developed with 
Solvent A. Confir~natiou of the suggested iden- 
tity was obtained by means of the absorption 
spectrum in concentrated sulfuric acid by the 
method of Ika~va  and Xieman (15) and Bath 
(6 ) ,  with minor modification (Figure 3 ) .  From 
the data of Table 2, i t  is evident that the spec- 
trophoto~netric characteristics of the cornpound 
coincide with those of D-lyxose. The prepara- 
tion of D-lyxose 2,4-dinitrophenylhpdrnzone 
fro111 this fraction was carried out by the 
method of Lloyd and Doherty (19) .  After re- 
crystallizations from hot 9.556 ethanol, the 2.4- 
di~~itrophcnylt~ydrazone melted a t  168 C. 

Practioea 4. Paper  ehrolnatogralns of this 
frirction, developed with Solvent A, gave two 
spots :rt Itf 0.39 i111d 0.34 by anilinhydrogen- 
phthalatc rc.:tgcnt. The mobilities of these un- 
knowns wcre coincident with known samples of 
n-glucose and D-galactost~, respectively. 

IsoZatio+~ of D-gnlnctose ykenylhydrazont? and 
D-glzrcose pl~e~zy7o.snro~ze fvorrh the Frac f io )~  4. 
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TABLE 2 

Comparison of the spectropliotometric properties of a substance obtained from irradiated 
lactose soluiton with those of pentoses by Bath's nietllod (6) '  

Substance Mas (m) En, , ,  Min (m) 

11-~4rabi1iose 

D-Lyxose 

D - X ~ ~ O S ~  

Sample from Fraction 3 

"These data were obtained from t l~e  result shorrn in Figllrc 3 

I"~vc.-tc~~iths of a :ran1 of Fraction 4 was dis- 
qolved in 2 in1 of ~v:~tc.r, together with 1.7 g of 
~)l~cnylhydraziae and 2 ml of absolute ethanol. 
Thr lnisture was allo~vrd to stand a t  20 C for 24 
hr. Upon addition, with stirring of 3 1111 of 
~virtc.r, a white crystslline suhstance was obtained 
11y filtration. The yield of dried conlpound was 
1.2 g (Derivative A).  Sodium acetate, 0.45 g 
arid 0.9 of phenylhydrazine hydrochloride were 
adilcvl to the filtrate. The mixture was heated 
on a boiling water bath for 1 h r  and then 
allowed to stand in a refrigerator for one day. 
One-half gram of a yellow crystalline substance 
~ v a s  ohtalnrd by filtration and rinsing with 
n-ater (Derivative R )  . Aftcr recrystallization 
from hot ahsolute ethanol, the melting point 
of Derivative A was found to be 161-162 C with 
de~omposition. -\fter reei-ystallization from 
hot 80% ethanol, the inelting point of Deriva- 
tive B was found to he 209 C. 

Conversion o f  D ~ r i v a t i u e  A into D-galactose 
dip7aenylforntazo~w. Three-tenths gram of De- 
rivative A was added to a solution of 0.5 g 
phenylhydrazine in 0.2 1111 pyridine and 0.2 ml 
water. The solution was stirred until the crys- 
tals were dissolrrd. The solution was kept a t  
20 C for 24 hr, a f t r r  which i t  was chilled by 
ice-water and shalcen while fresh diazoniurn 
reagent (21) was slowly added dropwise. After 
standing 10 inin, the solution was poured into 
10 g of ice and snh<equently stored in the rc- 
frigerator for  24 hr. A dark-red crystalline 
snhstaiice (0.4 g) Tvas obtained by filtration 
and washing with a sillall amount of cold water. 
The derivative, recrystallized fro111 hot 50% 
ethanol, n~elted at 168-169 C without decom- 
po.ition. 

dnalyqiq. Calculated for  C,,II,,O,S, : C, 57.71; 
R, 5.92; N, 14.97 
Found: C, 57.41; H, 6.15; K, 16.21 

Co>~i.etaion o f  D(.ricntive B into D-glucose tri- 
n:ol<. Fonr-te~itll< of a grain of Ilerivative B 

was suspended in 100 ml of water and, with the 
addition of 0.3 g cuprous sulfate, was heated 
for  2 hr. The dark-red precipitate that formed 
was removed by filtration of the hot solution, 
and discarded. The filtrate was concentrated 
to 10 ml by evaporation and allowed to stand 
in the refrigerator for  24 hr. From this solu- 
tion 90 n ~ g  of a white crystalline substance was 
obtained by filtration and washing with ethyl 
ether. The derivative was recrystallized from 
hot water, and melted a t  168-169 C without 
decomposition. 

Analysis. Calculated for  CI2H,,O,N, : C, 54.33 ; 
H,  5.70; N, 15.84 
Found: C, 54.38; H ,  5.71; N, 15.82 

WAVE LENGTH (mp) 
-.-.-ARABINOSE ---- XYLOSE 
......... LYXOSE -SAMPLE 

FIG. 3. Absorptiori spectra in concentrated sul- 
furic : ~ c , l c l  of pentoses a1111 n substance obtained 
from irradiated lactose solntion. The conrn~tra- 
tion of the autlientic prntoses mas 50 pg/ml. 



TABLE 3 

Conrp:~rison of the n~elting p o i ~ ~ t s  of derir;ltivrs ol~tained from irradi:~ted lactosc solution wit11 
those of a l ~ t l ~ e ~ ~ t i ~  sample8 

-- 

Substanrr O l ~ i r r ~  r(1 Anthentie Miucxtl Reported (1tc.f. ) 
-- 

I)-Galnctobenzimidazolc 2 4 - 2 0  247-248" 2 7 - 2 4 ! '  245 (24) 
1)-Gnlactob~nzimidazole picratc 1 7 - 2 1 !  217-218 217-219 2 l 7 *  ( 2 4 )  

I)-Glucose pl1eng1os:~zonc 
n-Glucose triazole 

1)-T~yxosc2,4-di11it~opl1rnyll1ydmzo1~c I - !  160-170 l( i9-170 160-17(1 (19'1 
-- 

" Decomposition points. 

From thr  papc8r chron~atograpl~ic results 
given ht.rc.in, i t  is evident that laet,osc, is de- 
graded into a t  Ic.ast ten fragmentation products 
which a.rct color-productive with a.nilinhydro- 
genphthalatc. rc,:rgent. Compa~isons of the n~elt-  
ing points of' the clerivatives ohtairled from the 
irradiated Iartose solution with those of the 
authentic s;ilnples and references are  shown 
ill Table 3. These data eonfir~n that the carbo- 
hydrates isolateii are galactonic acid, D-galac- 
tosc,, n-glucose, and D-lyxose. 

The dvgradation of lactosc in aqueous solu- 
tion hy ionizing radiiitiol~ is so complex that 
a procaise ~nechanis~n cannot he presentrd at  
this ti~ne. That the galactonia acid is not forn~etl 
l>rinlm.ily fro111 galactose liberated from l;tct,osc 
is rvidrnced by the f;lc-t that the concentration 
ilnd area of spots of galactose and gluc~osr were 
approxi~n:itrly equal on paper chromatogra~ns. 
Rather, i t  may hc rc~i~sonable to assulnc that 
giil;~c.tonic acid is f o r n ~ r d  mainly fro111 the 
galactose portion of lactose by oxidative degra- 
dation. I t  seems re:tsonable that D-lysose is 
derived from gi~liietonic acid by decarhosyla- 
tion. I n  this connc>c~tion, Bourne, Staccy, and 
Vaughan (7)  havo suggested that sinc.c. lactic 
:&(:id gives 111ilir11y acetaldehyde, with ;I large 
dose of ~ ~ I I I I I I ~ L  ri~diatioli in the ahsence of 
oxygen, a g h ~ r o ~ l i c  arid could he converted illto 
the next-lo~vi\.c.~~ aldose. Phillips, Moody, and 
JIattolr (27) 11;lve considered that the n-arahi- 
nose in ~; I I I I I I I ; I -  and elecatron-irri~diated glu- 
cose so111tior1 is prahahly for~nc,tl from gluconir 
nciti in the S ~ L I I I ( >  I I I ~ I I I I C ~ .  \f701fronl ct al. (32) 
rt~rc.ntly I.r:ivc~ rc,ported that ;I pentost, is for~ned 
~'I .OIII  thc~ t ~ c s t  higher hcsitol hy a selective osi- 
d:it,io~~ ol' t t ~ r  tc~~.~ninal pr in~ary  11ydroxyI group 
of Irc~sitol O I L  il.radi~tion in ;i(lueous solution. 

13;lscbtl npon the ahovc, ovidence, a possible 
I I I ( ~ ~ I ; ~ I ~ ~ S I I I  1'01' degradation of lactose ill aqur- 
011s solution by ~ R I I I I I I : ~  r i~dii~tion is S~IOIVII ,  in 

part, ill 1"igure 4. I f  prohahilities: of the 
cle:lv:~gc~s of the glycosidic linkage of l a ~ t o s ( ~  
arc thch same, the an~ounts of galactose. ant1 
g l~~ros t .  sl~ould he equal. Althougl~ the clnitnti- 
tativcb d(terrninatiol1 of tl~c~scl carhohydr:~trs \v;ls 
not c.;r~.ried out, the 1~11wr (:hro~natogl.;rpt~ic rr- 
sults st~.ongly suggest that the arnounts of thwr 
sugars lllay be equi~nol:lr in the irradiated lac- 
tose. I t  appears th ;~t  there should he two 
~nod(,s of cleavage of the glycosidic linkage in 
thr lactose degradiition hy gamma ~.;~diation. 
I'hillips and Moody ( 2 6 )  postulatrd such a 
111c~c.11anisnl fo r  the degradation of sucrose in 
;I(III(~OUS solntio~r 1,- g:.;lnlma radiation. I n  this 

LACTOSE 
I '  

I 1 ;  
, . - . - , - . - ,.._............ __._.., - *' 

CHOH COOH CHOH 
HCOH 1 HCOH HCOH 

HOCH HOCH ? HCOH 
HCOH HOCH HCOH 
HC-OJ HCOH HC-0 

CH,OH CH,OH 

I 
C H,OH 

D-GLUCOSE GALACTONIC D-GALACTOSE 
ACID 

C 
CHO 

HOCH 
HOCH 

HCOH 
CH,OH 

D-LYXOSE 
FIG. 4. .\ 11ropohc~1I I I ~ ~ ~ * I ~ ; I I I ~ S I I I  f o ~  t 11~  for111ati011 

of thc n~onos:~vc~I~:~ri~lrx ~ I I  ivr:r(li:~t(~l I:~vtosc solu- 
tiol~. 



~ v ; ~ y ,  D-glucose. and galactonic acid should he 
proclucecl fro111 the cleavagc a t  the poiilt of ' ,  
ai1~1 D-gal:~etosr and other uitknow~l suhstance(s) 
should br  f o r ~ n e d  hy  the cleavage of + point. 
I n  the lat ter  case, tht. glucose residue of lactose 
may be decomposed into two three-carbon o r  
four-  and two-carbon fragments, because evi- 
d m r e  f o r  the presruce of hexuronic acid and  
dcosy sug:lr was not  found on the paper  chro- 
matograins. Sonle of the unknown spots  on 
the paper  chroinatograms, therefore, a r e  proh- 
ably derived froin this source. 

111 attclir~pting to  underst:~nd fully thc for-  
 nation of galactosr and glucose, ho\rcvrr. one, 

cannot neglect the possibility of hydrolysis of 
lactose to its constituents by r:ldiation. Phillips 
and  Moody (25) have isolated glucose, ison~al-  
tose, iso~naltotriosr, gluconio acid, and glucur- 
ouic acid a s  major  products from irradiated 
aqueous destran solution; and they have sug- 
gclsted that  one of the main processes of the 
tlestran degradation is  hydrolysis to glucose 
and other si~c.eharidcs. Moreover, Wolfroin e t  
al. (31. 33) have reported that  sucrose, 111al- 
tose, crllehiosc, and raffinise a r e  degraded to 
their constituent n~onosaccharides hg ioniziug 
ri~diation. They have also reported that  the 
hydrolysis order is qualitatively that  found 
with acid hydrolysis. Thus, these findings seem 
to support  the possibility of lactose hydrolysis 
by gamma radiation. 

The results of identification of a substance 
in the ainorphous powder obtained from 5% 
etl~anol  eluting fraction on the ch:~rcoal coluim~ 
\\-ill he givrn in a paper  of this series to follo~v. 

'I'hr autl~or is grateful to Dr. Stuart Patton for 
his inralual~lr help m1c1 for reading the manusrript. 
R e  also wishes to express his appreciation to the 
\taffs of the Department of Dairy Science, Penn- 
s ~ l m n i a  State University, who made this work 
possible; to F. J. Remick, Department of Knclear 
b:ngineering, Pennsylvania State University, for 
~adiat ion of lactose solution; to A. Steyermark 
:tilt1 stnff, Hoffmann-La Roche, Inc., for can?ing 
out the ele~nrntary analysis; to Mrs. Carolc L. 
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FACTOIZS RETATED TO FLAVOR ST, \RII~ITT O F  FOA31-DRIED 3IILK. 
11. E F F E C T  O F  HEATING MTliIC PRTOR TO DBPlNG 

A. TAMSMA, 7'. J. MUCHA, .\SD 31. J. 1'4\T,I,hSSCII 

Dairy Products Laboratory, En5tcrn Utilization Rcsem'rh a1111 Development Division, USDA 
Wnshington, D. C. 

SUMMARY 

The flavor of stored samples of vacuuln foanl-dried ~vhole n~i lk  powders illade 
fro111 milk heated prior to drying was determined organoleptically. Hea t~ng  
milk a t  1 6 5 F  for  30 min, 170 F for 6 min, and 195 F fo r  1 5  sec effectively 
stabilized the flavor of air-packed samples during sis months of storage a t  80 F. 
These treatments had little or no effect on the flavor stability of samples packed 
in nitrogen containing either 1.0 or 0.1% osygen. As oxidative deterioration 
during storage was chrcked by heat treatnlrnts in excess of pasteurization re- 
quirements, increased cooked flavor in and staling of the dried products n-as 
noted. 

I n  c~ur laboratory, it was found that extend- 
ing tlie shelf life of foam-drird whole milk by 
gas paclting requirrtl in-package oxygen lcvels 
below those obtain:lhle with commercial gas- 
pacliaging equipnle.nt (10). Therefore, it be- 
came desirable to farther study other means of 
stabilizing the flavor of this product. 

Other authors' studies (1, 3, 5, 7) have shown 
that heating milk in excess of pasteurization re- 
quirr~nents, prior to dlying, conferred on spray- 
dried ~vholr Inilk :I stability against oxidative 
change. 

This paper presents data pertaining to the 
flavor of stored samples of vacuum foam-dried 
powder made fro111 milks subjected to a variety 
of heat treatments. The effect of these heat 
treat~nents on the flavor of gas-packed samples 
also is included. 

Lack of suitable chemical and physical tech- 
niques (8) limited the evaluation of flavor 
quality of thr samples to an  organoleptic 
method. 

JIETHODS d S D  3IATERIALS 

Pilot plant capacity restricted this study to 
four heating variables per  lot of milk used. 
Possible variation in composition of nlilk dur- 
ing tho coulsse of the work was reduced by 
using inixed-herd milk from cows maintained 
on an  invariant husbandry regime a t  the Agri- 
cultural Research Center located a t  Beltsville, 
3laryland. 

concentratcls ~nildc fro111 heated milk (9).  Vari- 
ations in the heat treatlllcnt of the milk were 
earried out during the pasteurization step in 
all casrs except one, where additional heating 
of the concentn~te pric)r to dlying was carried 
out. 

Heating milk 6 ~ n i n  or longer was done in a 
steam-jacketed pan equipped with a stirrer, 
or in a 150-gal capacity Cherry-Burrell1 spray 
pasteurizer. Plate 1ir:lting and steam injection 
were carried out 11y using a custom-designed 
cleodorizer-pastenrim of 5,000-lb/hour capacity 
(4). ,i lIallory tubular heater having a 100- 
gal,honr rapacity n;i- uqed for high tempera- 
ture-\hart timc worli. 

Thc~ po~vdrrc: containing 26% f a t  and approx- 
i~nately 2.5% moisture were packaged in her- 
metically sealed tin cans. Conditions were con- 
trolled in such fashion that reprcsmtative sanl- 
plcs of each type of powder were packaged in 
air, nitrogen containing 1.0% oxygen, and nitro- 
zrn  containing 0.1% osvgcn. - 

Lill powder salnples were stored a t  80 F and 
~eronstituted for  flavor c.valuatio11 a t  two-month 
intervals. 

,\ ten-nlaa taste panc.1 evaluated tlie flavors 
of all stored sanlple<, using the nlethods and 
score-c:~rd previously dricribcd (10). Data ob- 
tained in this fashion were analyzed statisti- 
cally. Prelin~innry htndy 911owed such wide 
variance of judge reiponse to strong off flavors 

Experin~ental s:rn~ples of powder wereb pro- 
% The use of trade names is for the purpose of 

duced by drying, under high vacuum, foalned identifiration only, ant1 does not imply endorse- 
ment of the or its nlanufneixlrer by the 

Received for publication Pcbl.unry 9, 1DG2. 1'. S. Departrncnt of -igriculture. 
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TABLE 1 

Interaction of ill-pack oxygen level and heat treatment observed in series So. 26. Mean flavor 
scores. (3IFS) averaged over 2, 4, and 6 months of storage at 80 F 

- - - --- -- -- 
In-pack 
0 2  level 

Heat trr:~tment MFS Rmlk 
-- f%) 

1 (is F 15 see P1:itc 0.1 36-14 a 
163 F 15 sec Stea~il injection flash deodorize to 140 F 0.1 35.94 ab 
163 F 15 see Ste:ll~l ~njection flasl~ deodorize to 150 F 0.1 35.94 ab 
165 F 30 min Holder 0.1 35.67 ab 
165 F 30 min Holder 1.0 35.44 ab 
163 F 15 sre Plate 1.0 35.17 ab 
lfi5 F 30 min Holder Air 34.73 b 
163 F 15 ser Steam injection flash deodorize to 140 F 1.0 33.90 c 
163 F 15 see Steam injection flash tlrodorize to 150 1.' 1.0 33.70 e 
163 F 15 see Steam injectio11 flash deodorize to 140 b' Air 32.21 d 
I63 F 15 sec Plate Air 31.95 e 
163 F 15 ser Rtmmn in.ieetion flnsh rleotlorize to 150 F Air 31.X!) e 

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

tliiit all scores hrlo~v 30 were automatically 
raised to this level to nonlialize the data for  
colnputation. 

Each schries of four c1sl1erin1ents performed, 
using a single lot of mill;, was analyzed as  a 
srp:~rate c~ntity, using the! analysis of vnrianct. 
( 2 ) .  JVherc. significance \v:is found in the analy- 
sis, :L ~ n r i ~ n  C O I I I ~ ) : I ~ ~ S ~ I I  was made, using 
I)unc:u~'s 3Iultiplc liaage test. Using the stand- 
art1 chrror of the Inriin, ant1 tlie degrees of free- 
do111 f'or error in thc. analysis of v:~.riance, the 
ra1nc.s obtained fro111 N 5% Signiiitant Student- 
ized Iianges table wore adjnstrd. The resulting 
v:alutts Tvert, tlie ~ninilnuni differencc~s between 
nieans which, if t.srt.cded, indicated that the 
c ~ o ~ i ~ l ~ ~ ~ ~ c ~ d  I I I ~ ' ~ I I I S  \vtw2 difftwnt. 

The ~,cq)rodnc.ihilit;\. of datii of the type pre- 
srnted in this Ixiper \\-as detc,r~nined by trip- 
licating a study of thr flavors of stored air- and 
gi~s-p:1(:1<(1d salnplcs of vitcuun1 fo:im-dried pow- 
ders made fro111 liiillrs r(.c.c?iving heat trc~atments 
rclual to and in cneess of those required for  
pasteurization. P:xcellent :~gre(>inent in the rc- 
sults of thcse studies \vas noted, with the mein1 
separations verifying the previously reportetl 
cffevt of dtbcreasing ox~-gc,n level in the packages 
on iniproved flavor stability (10).  The er -  
pectcd inlproveinent of flavor stability in pow- 
ders made from milk heated in excess of pas- 
teurization requiren~euts was also noted. The 
analysis of variance indicated interaction be- 
tween heat treatment and the oxygen level in 
the packagrs. Table 1 presents this interaction 
and the relative ranlc of the inem flavor scores 
(MFfi)  of the two-, four-, and six-month-old 
salnples. All 3 IFS  having a sill~ilitr letter in 
c.onluion in the ranlring colunnl are ~tatist ieall3~ 

indistil~guisllat~le. These d:~ta pertain to one of 
tlie rrplici~te series. All others were similar. 

Sinlilar interactions between oxygen level in 
pa.cl~:~gcs iind heat treatment are  shown in Ta- 
hles t', 3, and 4. Each tahle represents data 
ohtainrd from powders n ~ a d e  from a single lot 
of 111i1l<, divided and heat-treated, using a 
vi~rirty of renditions designed to determine the 
optin~iun heat treatment f o r  maximurn flavor 
stability of the product stored in a i r  and gas 
packs. 

The type of flavor in the samples, as  de- 
tcacted hy the judges, is partially reported. F o r  
simplicity's sake, the flavor in each sample con- 
sidered   no st objectionable by the judges has 
1)rrn tabulated. The four most commonly oe- 
('url.ing dc.t'ects ;ire considered individually; all 

Tnternetio~~ of in-pack oxygen Irvels a11d heat 
t r rn tmc~~t  observed in srries No. 19. Mean 
flavor scores (BIFS) averaged over 2, 4, 

ant1 (i lnontlis of storage a t  80 F 
- . -- 

In-naclc 

146 F :'dl nlin PIub 
16.5 1.' 30 I I I ~ I I  on cone. 

145 >' 30mil1 
165 P :%I1 mi11 
165 F 30 mi11 
185 F :30 mi11 
185 F 30 Inill 
145 F 30 mill Plus 
165 F 30 lnin 0x1 cone. 

l(i3 F 30 rnin 
1-15 F 30 ~n in  
18.5 F 30 mi11 
145 E' 30 ~ n i n  Plus 

165 F 30 min on cone. 
14.3 F 30 ~n in  

0.1 
0.1 
1.0 
(1.1 
1 .0 
11.1 

1.0 
Air 
1 .o 
Air 

Air 
Ail. - 
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TABLE 3 

Interartion of in-pack oxygen levels and heat 
treatment observed in series No. 44. Mean 
flavor scores (MFS) averaged over 2, 4, 

and 6 months of storage a t  80 F 

In-pack 
O? ieve~ 

Heat treatment (Fj0) MFS Rank 
- 

150 F 6 rnin 
145 F 30 rnin 
190 F 6 min 
1110 F 6 rnin 
170 F B rnin 
170 F B mill 
190 F 6 rnin 
170 F 6 rnin 
150 F 6 nlin 
145 F 30 rnin 
145 F 30 rnin 
150 F 6 ~nin 

0.1 36.23 
0.1 36.00 
0.1 35.60 
1.0 35.46 
1.0 35.45 
0.1 35'.33 
Air 35.01 
Air 34.97 
1.0 34.45 
3 .O 33.71 
Air 30.00 
Air 30.00 

a 
ab 
abc 
abc 
abc 
bc 
cd 
cd 
de 
e 
f 
f 

o thns  have been consolidated. The effect of 
the oxygen level in the packages on the type 
of flavors found in the variou.; groups of sam- 
plrs is 5honn in Table 3. The effect of the 
individual heat treatments on the frequency of 
fl;ivor occurrence in all stored packs during the 
entire I I ~ Y I O ( ~  is ~ h o w n  in Table 6. 

Consideration of the data in its entirety dem- 
onstrates that like the flavor of spray-dried 
whole inilk, the flavor of foam-dried whole milk 
sainples pi~clted in air or commercial type gas 
packs can be st;thilized against oxidative changes 
during storage by applying a variety of heat 
tre:stn~ents in excess of conventional pasteuriza- 
tion. Tile flavor of the more stable products, 
:L c~o~nhin:~tioil of detinite cooked and slight 

TABLE 4 

Interaction of in-pack oxygen levels and heat 
treatment observed in scries No. 50. Mean 
flavor scores (MFS) averaged over 2, 4, 

and 6 months of storage a t  80 F 
-- -- - 

111-pack 
Ol level 

Heat treatment ( )  MFS Rank 

275 F 15  sec 1.0 36.01 z 
165 F 30 mi11 0.1 35.79 ab 
275 F 15 sec 0.1 35.48 ab 
165 F 30 mi11 1.0 35.45 b 
250 F 15 sec 1.0 35.44 b 
225 F 15 see 0.1 35.43 b 
225 F 15 sec 1.0 35.40 b 
165 F 30 mill Air 35.35 b 
250 F 15 see 0.1 35.25 b 
250 F 15 sec Air 34.62 c 
225 F 15  sec Air 34.54 c 
275 F 15 sec Air 33.92 d 

stale, cannot be considered like that of fresh 
market milk. However, the optimum heat treat- 
ments did produce readily soluble products 
which can be considered palatable. 

While a relatively simple picture of change 
in flavor is presented by mean flavor score 
ranking, i t  must he realized that it is highly 
deceptive without a consideration of the types 
of flavor which, in a somewhat arbitrary fash- 
ion, dictate the magnitude of the given score. 
Fo r  instance, in the scoring system used in this 
study, a definite cooked flavor in milk produces 
a relatively higher score than a slight oxidized 
flavor. If 110th defects were equally weighted, 
the results of the investigation, as presented 
by mean flavor scores alone, would have been 
somewhat different. Therefore, the type of fla- 
vor detected in the samples by the judges must 
be considered in evaluating the data. 

The consumers' acceptance of the flavors typ- 
ical of foam-dried powder made from heated 
milk is undergoing study a t  present, along with 
the relationships between consumer acceptance 
and the weighting factors u s ~ d  in the develop- 
ment of the score-card used in this study. 

CONCLUSIONS 

The flavor stability of vacuuin foani-dried 
whole milk packed in air  can be inlproved by 
heating milk to 165 F for 30 niin, 170 F for  
6 inin, or 195-225 F fo r  16 sec. Heating above 
these levels result9 in no real further inlprove- 
~nen t  of product, since the high levels of cooked 
flavor become objectionable. 

The stabilizing effect of heat treatment de- 
creases with decreasing oxygen level in gas 
packs. Heating milk in esccss of pasteurization 
requiremc~nts, prior to drying, actually had 
little or  no effect on the stahility of products 
packaged in nitrogen containing 0.1% oxygen. 

As oxidative changes in the sanlples were 
checked, stale flavor beca~rie the predominant 
defect in stored saniples. 
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TABLE 5 

Effect of in-pack 0? level on frequency of dominant off-flavor i n  products of all series. -111 
storage times and heat treatments averaged together for  con~putatioll 

- -- 

In-pack Per  cent total judgn~entx per specifie fluror 
Series O? level 

110. Astr. Cooked Oxidized Stalc Otl~ers 

0.1 
1.0 
Air 

0.1 
1.0 
Air 

11.1 
I .0 
Air 

TABLE G 
Effect of heat treatment of milk on frequency of dominant off-flavor in  l~ ro~luc t s  of all series. 

- .- 
All storage t in~es  and osygen levels averaged togc3tller for  con~putation 

. . - - 

Per cent total judgments per specific. flavor 
Series 

no. Heat treatmellt, Astr. Cook(v1 Osid. Stale Otllers 
- 

19 145 F 30 ll1i11 4.5 4.5 68.5 12.4 10.1 
I!) 145 1' 311 n ~ i n  + 165 F 30 min on cone. 4.5 12.4 li1.8 9.0 12.3 
19 165 F 30 niin 4.5 24.7 51.i 10.1 9.0 
19 185 F 30 mi11 7.9 19.1 34.X 19.1 1!).1 

26 l f i3  F 15 see 5.6 
26 lli3 F 15  see SIFD" to 140 F 7.8 
26 163 F 1 5  sec SIFI)" to 150 1' 6.7 
2 lti5 J? 30 mi11 5.6 

44 145 F 30 lnin 2.5 
44 150 F 6 nlin 7.5 
44 170 F fi nlin 4.4 
44 1!)0 F li nl i~l  7.8 

4li 165 F 1 5  see 6.3 
46 165 F 30 min 5.6 
4 1  It15 F 1 5  src 5.1; 
4li 225 F I.? see 0 .I -.- 
30 I (iB F 311 n ~ i n  7.S 
50 225 F 1 5  scc 7.8 
30 250 F 15  sc.e 4.4 
50 275 F 15  sc2e 7.8 

-. - 

'' S I F D  : Stcs:tnl injrction flnsli ~lrodorizc~l. 
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of the manuscript by S. R. Hoover also are 
aekliowledged. 
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FACTORS AFFECTING THE APPARENT ACTIVITY AND HEAT 
SENSITITTITY OF XANTHINE OXIDASE I N  MILK 

G. V. GUDNASON2 AND W. F. SHIPE 
Department of Dairy and Food Science, Cornell TJniver~ity, Ithaca, New York 

SUMMARY 

The xanthine oxidase activity, expressed as 0 Jnll/hr, was measured by 
the Warburg manometric technique. The activity in fresh milk increased as a 
result of storing a t  4 C, heating to 70 C for  5 min, homogenization, and incu- 
bation with commercial enzymes of proteolytic and lipolytic nature. These in- 
rreases were acronlpanied by increases of activity in the skimmilk phase, with 
a corresponding decrease of activity in the f a t  phase. The changes in apparent 
activity were attributed to the release of aggregates of enzytne microsomes from 
the f a t  globule membrane. 

The heat sensitivity of xanthine oxidase in milk increased on storage and on 
homogenization. The increase in heat sensitivity is believed to be due to a solu- 
bilization of the enzyme microsomes. I n  this case, a disintegration of the micro- 
some seems to be ~nrolved, whereas increases in apparent artivity seem to in- 
volve a simple dispersal of tnicrosomal aggrcyptes. 

I t  has been known for  about 60 y r  that an  
oxidizing enzyme, now generally called xanthine 
oxidase, exists in rather large amounts in mill< 
and various rnilk products. The characteristics 
of the concentrated or  purified enzyme have 
been studied extensively. However, the be- 
havior of xanthine oxidase as it occurs in milk 
is not clearly elucidated. Iiclatively large varia- 
tions in the activity, heat sensitivity, and dis- 
tribution of the enzyme 1)etween the f a t  and 
slritnmilk phases have been rcportt,d. This study 
was undertaken to detertnine the factors re- 
sponsible for  these variations. 

HISTORICAL 

Wieland and Macrae (19) observed that stor- 
age a t  low temperature resulted in an  increase 
in xanthine oxidase activity. They reported 
that the xanthine oxidase activity of fresh milk 
increased slowly, reaching a maximum after 
two to four days, when the activity measured 
three to four times the original value. They 
also found that shaking the milk in a i r  or  
nitrogen atmosphere increased the activity two 
to three times. Bengen and Bohm (3)  also 

Received for publication July 26, 1962. 

rcaported that storage of fresh, raw milk a t  
0-5 C resulted in an  apparent increase in xan- 
thine oxidase activity. They suggested that the 
oxygen in nlilk was used up by bacteria during 
storage, so that there was less oxygen available 
to reoxidize the methylene blue, thus decreasing 
time needed for discoloration. Such an effect 
would be interpreted as indicating an increase 
in erlzytrle activity. 

Booth (6) was :lot able to confirtn Wieland's 
observation that the activity increased on stand- 
ing. I n  fact, he observed a slight decline. I n  
1939, Ball (1) confirmed that the enzyme ac- 
tivity increased on standing. Worden (21) ob- 
served a four- to scvenfold increase in xanthine 
oxidase activity after 36-hr storage a t  low 
temperature. 

Ball (1) reported that a largc par t  of the 
xanthine oxidase was associated with the f a t  
fraction. Since the portion in the skim fraction 
increased as the milk aged, he suggested that 
the enzyme was adsorbed on the f a t  droplets, 
and could be forced into solution by causing 
the f a t  droplets to coalesce. This was in agree- 
ment with the explanation of Wieland and 
Macrae (19). They believed that in fresh milk 
the finely divided f a t  globules adsorb the en- 
zyme so that i t  is largely passive, but when the 

' These data were taken in part from a thesis f a t  surface decreases, such as by coalescing, presented by the senior author in partial fulfill- 
ment of the requirements for the degree of Doetor the enzyllle 's and becomes active' 

of Philosophy, Cornell University. Wieland and Rosenfeld (20) reported that on 
a present address: university Research  ti- separating milk most of the xanthine oxidase 

tute, Reykjavik, Iceland. went with the cream and there was a four- to 
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fivefold increase in the over-all activity. They 
attributed this increase to an  activation by the 
fat. However, Kiern~eier and Vogt (10) in 
1956 stated that there was no increase in the 
total activity as a result of separation. 

In  1947, Polonovski et  al. (16) found that 
OII cooling milk there was a marked increase in 
rnzyme activity when the milk reached 20 C. 
This increase leveled out a t  1 5  C, which is ap- 
proximately the solidification point of the milk 
fat. Polonovski and coworkers (15) also found 
that treating ~ r ~ i l k  with alkalis, organic solvents, 
imd surface-active cotnpounds released the en- 
eynle fro111 the f a t  globule. 

The 11:lture of the relationship of xanthinc? 
oxidase with the f a t  was explained by ILorton 
(11) in 1953. H e  reported the isolation fro111 
milk of lipoprotein particles with which xan- 
thine oxidase, alkaline phosphatase, and sev- 
eral other enzylnes were associated. H e  sug- 
gested that these particles should be called milk 
t~~icroson~es, since they are quite similar to 
animal tuicrosome particles, and especially the 
ones found in the cow's mallllnary gland. H e  
found that the n~icroso~nes, which range in 
sizes from 30-200 mp, have a tendency to be 
adsorbed on the proteinaceous milk f a t  globule 
n~etnbrane. 111 another paper he (11) concluded 
that milk xanthine oxidase is wholly bound to 
the milk microso~nes, and considered i t  quite 
possible that alkaline phosphate was bound to 
t,he same particle. Zittle et al. (22) confirmed 
.\Iortonls results, but added that x:u~thine oxi- 
( h e  activity was probably connected to a dif- 
ferent ~nicrosome, and that  the xanthine oxi- 
dase n~icrosomes werc! s~naller and less easily 
srdimented. The n~i lk  n~ ic roso~~~es ,  of coursc, 
:II.(. colloidal and, thrrc.fore, not in true solu- 
tion in the 111ilk. 

Various investigators havc reported on the 
tru~per:~ture necessary to inactivate xanthine 
oxidasr in milk, eithrr parti:~lly or completely. 
Thr rrports do not agree v e ~ y  well and are 
difficult to coinpare. Bergel and Bray (4) stated 
that the, pure rnzytne is inactivated a t  56 C fo r  
3 hr. Booth (5) reported that the enzyme in 
his prrparation was partially inactivated a t  
67 C fo r  1 hr,  but on more prolonged holding 
thcb cbnzyrne wi~s  completely destroyed a t  that 
tc .~~~per ;~ture .  According to Schwarz (18),  the 
enzynle in butter~nilk is cotnpletely inactivated 
:if'tc,r ~ ~ ~ o n ~ e n t : u y  heating to 80 C. Dixon and 
Thurlow (8) found that by heating a t  70 C for  
3 n ~ i n  70% of the enzyme was destroyed. 
Barthel (2)  reported that the enzytrlc was de- 
stroyed hy 11r:lting to 75 C fo r  1 5  ~ n i n  o r  80 C 
fo r  5 tnin. Brand (7) stated that the enzyme 
was con~pletc>ly inactivated a t  80 C. Pien (14) 

detrnnined various t i n ~ r  and tetnper:lture re- 
lationships necessary for  inactivation. I Ie  found 
that 10 sec a t  80 C, 30 sec a t  79.5 C, 2 inin a t  
77 C, etc., inactivated the enzynte. Iiiertneier 
i ~ n d  Vogt (9)  studied the inactivation of xan- 
thine oxidasr in a large number of satnples of 
milk. They found that significant irregularities 
in the inactivation occurred in the rrgion of 
60-70 C, both in milk and creatn. In some 
sa~nples they even observed increases in the 
activity of the enzyme., when heated to tem- 
peratures in this region. Temperatures of 70 C 
or ahovc! always clecreased thr activity, but 
in ordrr to completely inactivatc~ the enzyme, 
ten~pert~tures of over 85 C (for 35 see) were 
necess:try. These investigators did not explain 
the anomalies -a-hie11 they observed. Polonovski, 
Robert and Robert (17) also studied the effect 
of rlrvated trn~peratures on xanthine oxidase 
of ~nilk. Thry found that by subjecting fresh, 
uncoolrd ~ni lk  to short exposures of heat, ac- 
tivation occurred a t  first, hut when exposed for  
longc~r periods of time, inactivation occurred, 
if the temperatures were over 60 C. For  ex- 
: I I I I ~ ~ C ,  a san~plr  heated to 69 C reached a max- 
~ I I I U I I I  after  2 min of 1ic.ating. After 3 more 
tnin of exposure, only 40% of the maximun~ 
:~.ctivity remained. Reccbntly, Pereira, Kristof- 
fersen, and I larper  (13) reported that heating 
to 170 F for 18  sec resnltrd in a 27% decrease 
in activity. They did not reveal the previous 
trn~l~rri i tmc. history of thrir sa~nples. 

1'~XI'ERIiVlRh'TAI~ I'ROCE1)LIKE 

JIill,. scrtnples. The samples of milk were 
rol1ectc.d f r o n ~  individu:ll cows in the University 
herd. Tho sa~nples were iunnediately brought 
to the l:tbor;itory :~nd  \\-ere either analyzed a t  
once without cooling or after drfinite periods 
of storage in thr rthfriger:~tor. 

Scpwcition. Thch ~nilli was sc~parated at  3% C 
in n s t ~ ~ a l l  UeLav:ri (Jlodel 100) separator. The 
f a t  content of thc. crealus obtained in this way 
varied from 2-28?;. The f a t  content of the 
skin~n~ilks mnged fro111 0.01-0.06%. A11 f a t  
percc.ntages ~vc.rc determined by the Babcock 
~ ~ ~ c t h o d .  

Tfo?i~ogenistctiolz. Samples were homogenized 
at  85 C, using R s~nall, two-piston liihoratoiy 
110111ogenizer ( Logeman). 

Heating of sa~i?ples. A pyrex jar 1 8  in. 
high and 12 in. in dinmcter was used in making 
:I water hi~th. An alutr~inum cover with a 
I I I ~ I I ~ I I ~ U I I I  of openings for  instrun~ents was 
placed over the jar  to retard evaporation. The 
hath tempt.mtiire was co~ltrolled by means of a 
thermostat and cirrulntion pump. The samples 
\\-ere heated in thc. following way: h glass 



1442 G. V. (;UI)N.\SON AND W. I". BHIPE 

U-tube (4  nlm internal diiuneter) with a hori- 
zontal sidearm was placed in the bath so that 
the bulk of the U-tube was immersed. The 
sidearni was then connected to a 250-1111 Erlen- 
meyer flask, partially itnulersed in water a t  
mom temperature. Suction was applied to the 
flask by means of a water aspirator. After 
allowing the U-tube to equilibrate in the water 
bath for  a t  least 5 min, approximately 8 ml of 
sample was poured through a funnel into the 
U-tube in such a way that the sample was in 
the i ln~~lersed portion of the tuhe. The internal 
diameter of the funnel was necessarily smaller 
than the diameter of the U-tuhe to lrlinimize 
entrapment of a i r  in the milk. Both ends of 
the heating tube were left open to the a i r  dur- 
ing the filling operation fo r  the same reason. 
The milk was held in the tube for exactly 5 min. 
By  applying suction the sample was rapidly 
drawn into the Erlentneyer flask, and thus 
caooled to rootrl tetnperature ilnll~ediately. 

Dcterwzit~ntiolt  of .~nlzthiize o , ~ ~ t l a . s e  nctiait!/.  
The activity of xanthine oxidasc, was detcr- 
mined by the method of Ball (1) .  This method 
consists of measuring rate of oxygen uptakv 
during a period of the enzyme-catalyzed reac- 
tion with a suitable suhhtrate, using the War- 
hurg manometric apparatus. The Warhurg 
flasks contained the following : 

1 .  Main chamher : 
a. For  milk and ski~nniilk: 1.0 1111 0.1 31 

phosphate huf- 
f e r  ( p H  7.2), 
1.6 ml milk or  
skimmilk 
1.6 ml 0.1 M 

phosphate huf- 
f e r  ( p H  7.2), 
1.0 in1 cream 

h. F o r  creatll: 

2. Gidear~n: 0.4 1111 of a 0.05 M solution of 
hypoxanthine in 0.05 &r NaOH 

3. Center well: 0.2 1111 5% ICOH (aqueous 
solution). 

4. Total volume in the flasks: 3.2 ml. 

The Warburg bath was maintained a t  37 C. 
Atmospheric oxygen was used a s  the source of 
oxygen in the reaction. Only 1 - n ~ l  samples were 
used in the cream, to reduce any possible error 
due to the higher viscosity of cream as com- 
pared with milk or skimn~ilk. 

The flasks were equilibrated in the Warburg 
bath for  a t  least 1 5  mill hefore tipping the 

'Mann R,esearell Laboratories, New York 6, 
Kew York. 

rontents of the sidearm into the main compart- 
~nent.  After tipping, readings were taken a t  
5-niin intervals fo r  a period of 30 min. I t  wa5 
found that the oxygen uptake during the first 
.5-min period was erratic; the first reading was, 
therefore, omitted. The reaction rate had gen- 
erally started to decline markedly after 25 min. 
I t  was, therefore, decided to use only the four 
highest readings fo r  the calculations of activity. 
Genel-ally, these fell between the first and the 
fifth readings. 

Thr changes in pressure read on the Inan- 
o ~ ~ ~ e t t . r s  were then converted to microliters of 
oxygen, and the results expressed as ~1 02/1n1/ 
hr. The for~nula  for  the conversion is as fol- 
1o\\-s : 

R = Sun1 of four highest readings 
(i.e., ~1 Og/ml/5 win) 

K = Flask constant 
S = Size of sample in ~nilliliters 

Since the fa t  percentages of the creatlis varied 
so much that their enzytlle activities could not 
easily be cotnpared, i t  was necessary to calcu- 
late the activities per gralli of fat .  Activities 
could then readily he con~pared. I n  these calcu- 
lations it was assun~ed that milliliters and 
grixtlis of f a t  w t ~ e  equal. This may distort the 
true activities son~ewhat, hut since the error 
is similar in all the calculi~tions, and the pur- 
pose was only to conlparc the values, it was 
felt that this ; ~ s s u t ~ l p t i o ~ ~  was justified. The 
following forlnulns were derived fo r  thc: calcu- 
lations of activity in the f a t :  

1. Activity per g of f a t  = ( a  X b )  - ( c  X d )  
e X 10 

T17here : 
a = Activity per 1111 of crea~n 
h = M1 of creanl per 1,000 1111 of 

milk (see Forn~u la  2) 
c = 311 of ski~~nni lk  in cream (see 

Forlnula 3)  
d = Activity per ml of ski111111ilk 
c = F a t  per cent of milk 

1,000 X fa t  % in milk 
6 = 

F a t  % in cream 

3. c = 1111 cream - 1111 fa t  

These formulas are only valid if the1.e is  
1000J, recovery of the f a t  in the crealn. F o r  all 
practical purposes, this was the case. 
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EXPERI3fE\-T \I l  RESCI.TS 

'C'nricttiotsc in rf,,-?/me ncticity. The first ex- 
periment was conducted to obtain more infor- 
 nation concerning the increases in santhine 
oxidase activity which hare been reported to 
occur after eooling and storing milk. For  this 
purpose ten samplrs of individual cows' milks 
\vrre collected and the activities were deter- 
111ined heforc cooling (within 2 h r  of milking) 
and after storage a t  4 C for 24 hr. They were 
then stored for an additional 2-1-hr period and 
netlvit~es dt~term~ncd once again. T:lhle 1 shows 

The activities of these sa~nplrs re~nained con- 
stant within the experi~nental error. 

The increases in xanthine osidase activity on 
storing and cooling have heen attrihuted by 
Ball (1) to a release of xanthine osidase from 
the f a t  glohule membrane. I n  view of this 
theory, additional experiments were conducted 
to deter~nine if other treatments which might 
he expected to bring about a release from the 
f a t  glohul(. would produce an  increase in ac- 
tivity. The treatments chosen for  this purpose 
were heating, homogenization, and elizy~iiatic 
action. 

TABLE 1 Seven samples were tested in the erperi~iients 
i~lvolving heat treat~nent. The santhine osi- 

Tnrrmse in santl~ine osidase activity of milk after 
storage a t  4 C  di~sc. activities were determined in the fresh, 

- - -- mieooled s a ~ ~ ~ p l r s  and in the samples after they 
Apparent enzyme artirity - hiid been heated to 70 C for .i niin. Preliminary 

Freslr rsperi~nt~nts had indicated that heating to 70 C increase 
Sample uncoole(l nfter ~ f t ~ ~  after pcoducc.d s greater increase in activity than 

110. milk 2C hr 48 11r storage (bither hizher or lower temveratures. Table 2 

the results fro111 this csperi~nent. Gencriilly, 
tlie activity had reached a i n a s i ~ n u ~ ~ ~  level after 
24 hr a t  4 C. At  that time the activity usually 
had about doublcd, although the increase was 
1)y no means unifonn. Although not shown in 
the table, several of the sanlples were tested 
once 111ore after five days of storage a t  4 C. 

hho\vs the inereases produced by the 70 C treat- 
ment. The increases varied from 53 to 102%. 
The effect of ho~nogenization is also shown in 
Table 2. IIo~nogenization of fresh, uncooled 
nlilk resultrd in increases in activity from 59 
to 89%. I'ereira, ICristoffersen, and Harper 
(13) elai~ncd that homogenization reduces ac- 
tivity. However, they did not indicate whether 
the raw control had been cooled before testing. 

Lipolytic and proteolytic enzymes also in- 
creased the xanthine oxidase of uncooled milk. 
Tlicl effect of four enzymes is shown in Table 3. 

Vnricctiotzs itc the distribictio?t of enzyme. 
Tl~c. effect of cooling, heating, hon~ogenization, 
ilnd enzymatic action on tlie activity of santhine 
osidase might he explained on the basis of the 
rcblrttse of the enzyme from the f a t  glohule mem- 
t)r;~ne. To teht this hypothesis, esperiments - 

TABLE 2 

Increase in s:intl~illc~ osidnsc activity of fresh uncoolrd Inilk on llrating to 70 C and on 
l~omogenieation 

-- 

EfYert of lleating Effect of honlogel~ization 
-- 

Heated IIon~og- 
S:iml~lc ' Fresh to 70 C Frcsl~ enizc~l 

no. ra !I for 5 mi11 Increasc raw u~~cooled Incrrnse 
- --- 

1 O / i i i l / ? ~ r )  (7'0) ( 1  O / ~ i l / l )  (%) 
1 67 127 90 61 108 77 
2 72 140 94 73 116 59 
3 7 :1 140 $13 73 138 89 
4 i S  134 72 7 (i 126 (it; 
5 84 146 74 8:! 140 7 1  
f i  103 211 105 87 162 87 
I 10.5 168 60 105 178 70 

' With the exec.ption of Sntnples 3 and 7, t l ~ c  sa~nples used for the hon~ogenization trials 
\Yere different from tllose used in the lleating trials. 



TABLE 3 

Illcrease of x a n t l ~ i ~ ~ e  oxiilase activity of fresh, 
nncooled milk on incubation with somc 

co~nmercial li1)olytic and proteolytic 
enzymes 

Activity expressed 
as PI OJ/ml/hr 

Sf te r  
incuha- 
tion " 

E ~ ~ z j n ~ e  Frrsl~ with Per cent 
added ~~ncoolcd cnzynic. ~nerease 

- -- 
Steapsin " G i  132 97 
Lactivase ' 73 153 110 
Panereatin " 67 128 91 
Pancreatin " i 3  131 80 

--- 
" Samples \ ~ ~ e r e  incn1)aterl at  room temperatnrc 

for 90 min. 
" Eimer fi- Anlend. 
' P a u l - L t ~ i s  Laborato~ ics. 

J3anscl1 L Lomb (two separate prcpamtions). 

jverr conducted to determine the effect of 
various treatments on the distribution of san-  
thine oxidase between the f a t  and skimmilk 
phases of milk. 

To determine the r ~ o r n ~ n l  amounts of activity 
in the f a t  phase nnd the skimn~ilk phase of 
cooled inilks, nine samples which had been 
stored a t  4 C f o r  24 h r  were separated meehan- 
ieally. The activities of the milks, creams, and  
the skin~tnilks were then determined. F a t  per- 
centages of the milks, crc.anls, and skimmilks 
were also dett.rn~inetl. The activities per  liter 
of the  original milk were compared with the 
amount recovered in the corresponding skim- 
milk and f a t  phnses. Table 4 shows that  there 

was remarkable consistency in the percentage 
of santhinr  oxidase activity found in the skim- 
milk phascl. I t  varied only from 66-80%. Thc 
sum of the recovered activities generally was 
clnitca closcb to the theoretical. The variations in  
rerovc,red activities and percentage of activity 
in thca ski t~ln~ilk were of ahout the same order 
of tr~:~gnitude. 

To study possible redistribution of the en- 
zymatic activity hetneen the f a t  and the skim- 
nrilk phases on cooling of fresh milk, three 
samples of individual cow's milk were collected. 
Nach sample was dirided into three portions. 
One portion was separated and tested innne- 
cliatcly without cooling. The second portion 
~ r i ~ s  separated immediately and stored for  24 h r  
a t  4 C hefore testing. The third portion was 
roolcd to 4 C and stared f o r  24 h r  before sep- 
ar:rting. As is shown in  Table 5, the activity 
of both the milk and cream increased on storage, 
~vhc>reas there was no activity increase in the 
skittln~ilk. However, skimmilk which mas ob- 
tained by separating after  24 h r  storage showed 
;tn increase, in activity, whereas the correspond- 
ing eream showed a decrease. To determine if 
further  redistribution between the skim and 
f a t  phase ~vould occur on prolonged storage, a 
portion of the third sample was held 120 h r  
before separating and testing. Two additional 
samples \\-ere also stored 24 and 120 h r  hefore 
separating. The rc.sults, a s  shown in Tahle 5,  
indieat? that no significant redistril~ution took 
place after  24 hr. 

To  show whether Iieating also produced re- 
distribution, three samples of fresh, raw tnilk 
were collected and divided into two portions. 
One portion of each smnple was separated iin- 

TABLE 4 

Relative amonnts of xantlline oxidase activity in  whole milk, f : ~ t  phase, an11 skimmilk pllase 
from ~r~i lks  sepamterl after at  least 24 lir storage at 4 C 

- - -- -- 
Per cent 

Sample Amount Amount in Amount in Recovered in 
no. in milk " fat  phase skim phase 'I total ' sltin~milli ' 

-- - 

1 !ll,00n 26,000 (i0,OOO Nli,000 i C l  

2 l(i1,OOO 44,000 !)i,OOO 141,000 (i!) 
3 182,000 34,000 140,000 li4,OOO Sll 
4 I 63,000 52,000 !l!l,O00 151,000 (Xi 
D 168,000 19,000 107,000 156,000 (i'l 
G 224,000 54,000 163,000 217,000 I i) 

- - 
I 23,2,000 50,000 173,000 223,000 78 
8 133,000 :3X,000 96,000 134,000 it' 
!) 127,000 4!),000 !)1,000 140,000 65 

- - 

"Activity computed from PI 03/ml/hr. 
Activity per nlilliliter milk X 1,000. 
Aet,ivity per gram of f a t  X fa t  per cent of milk X 10. 
Aetivity per milliliter of skimmilk X nlilliliter skimmilk per 1,000 ml of milk. 

" C plus d. 
' Aetivity in skimmilk pl~ase as per cent of total recovered activity. 
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TABLE 5 

Comparison between the xanthine oxidase activity in skimmilk and fat phase from milks 
srl)arated uncooled and milks separated after storage at 4 C 

Hr stored at  4 C Activity in PI O?/ml/hr 
-- 

Sample Before After 
110. separation separation Milk Fat ' Skimmilk 

- -- 

1 0 0 72 1,060 43 
0 24 127 1,930 3 1i 

24 0 127 !I80 l O ( 1  

2 0 0 86 1,000 3 3 
0 24 162 2,800 33 

24 0 162 1,080 123 

3 0 0 103 l , i l n  42 
0 24 224 1 ,!I00 42 

24 0 224 1,070 171) 
120 0 232 1,010 182 

4 24 0 174 800 82 
120 0 163 800 !) 2 

5 24 0 168 936 10 i  
120 0 168 910 1117 

- -  - 

' Act~rities of the creams were conrrrtcrl to activities per n~illiliter of fa t  to (.o~nl)el~hi~te 
f o ~  differences ill the fat content of t l~c  c.reanls. See E\-pe~i~nr~~t : i l  Seetio~i for ntctl~o~l of 
converslnn. 

nrediately and the other portion was heated 
~uon~c~ntari ly to 70 C:, then separated. The ac- 
tivities of the ski~~nnilks obtained from the 
unheated portions were 43, 32, and 43 OJ 
nil/hr and 87, 61, and 69 fo r  the corresponding 
heated portions. Thus, i t  appears that heating 
produces a redistribution of the enzyme. 

To test the effect of homogenization on the 
distribution of enzynle, two samples were col- 
lected and divided into two portions. One por- 
t,ion was separated i~n~nediately and the other 
\vas holnogenized Arst and then separated. Thc 
;~c.tivity in the ski~n~nilks from the unhomog- 
cwized s:r~nple .rv:~s 32 and 43, whereas the values 
for the corresponding homogenized portions 
were 74 and 71. (Inc*identally, it was necessary 
to l un  the hon~ogenizcvl milk through the sep- 
arator 20 times to reduce the f a t  test in the 
skinrn~ilk to a reasonable level.) 

Vnrictiioizs i i z  brut sensitivity. The reqults 
obtained in the studies of the effect of heat on 
santhine oxidase activity of uncooled niilli (see 
Tablr 2) suggested that there were varintions 
in the heat sensitivity of the enzyme. Addi- 
tional esperiments were conducted to obtain 
Inore information on this effect. 

I n  the first expc.riment a sanlple of milk was 
storrd for  24 hr  a t  4 C, then subjected to tem- 
perature treatments at  2.5 C intervals from 
60-80 C, with a 5-~nin holding time a t  each 
trn~perature.  The acntivities of the heat treated 

:~nd  r:~\v snn~l)lc.s wrrr  then de t e r~~~ ined .  An 
;rliquot of the sample ~ v a s  stored fo r  four more 
days and the tc.~nperaturc trc>ntments and mcas- 
ure~nents repcwted. The, results 1vel.t. c.spressed 
as percentage of the raw 111ilk activity which 
ren~ained after heating and storagr. Figure 1 
shows that the heat sensitivity of the enxglne 
is incrcvtsed hy aging of the milk, and that this 
increase is greatest in the rcagion of 70 C. 

To determine whether aging ge~lrrally pro- 
ducts an inc:rc.ase in heat scmsitivity, seven more 
sanrples were stored fo r  24 hr  a t  4 C. They 
wcw then heated to 70 C for 5 111in and the 
:~cativities of both the raw and the heat-treated 
s a ~ ~ ~ p l e s  deter~ninetl. .Ilicluots of the raw sam- 
ple,~ werc stored nt 4 C  for four Inore days, 

TEMPERATURE IN DEOREES CEMIGRMJE 

FIG. I. Compariso~~ of the heat in:rc.tiration of 
r a ~ ~ t l ~ i ~ ~ e  oxitl:rse in a sanrlrle of n~ilk after one 
~ I I I ~ I  five d a ~ s  of sto1,:rp.c : ~ t  4C.  
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TABLE 6 
Effert of \torage at  4 C on the heat sensitivity of 

-- - xanthi~le o~idase in milk 

Per cent activity left 
after I~eating " 

- 
1)ays of storage 
1)efolcx l~eating 

S:t mple -- 1 5 

I 88 47 , i :i 48 
:i i 3 40 
4 4 (i 50 
1 9 1 4!) 
(i 82 55 
I 90 51 

' Tl~e :~rtivity left is c.\p~essed :IS percentage of 
tllc activity in tllc conl])alnble unheated smnple. 

'Sanllllrs ~r-erc Ilrntr~l to 70 C for 5 1ni11. 

then heated, and the activity deterlnirlations 
repeated. Again, the raw santl>les showed no 
change on storagr, and all results were expressed 
as percentage of thr rally. As 111tl;y be seen fro111 
Table 6, the srnsitivity of the san~ples after one 
day's storage varied somewhat from san~ple  to 
sample. Rut the h t ~ i ~ t  sensitivity of the enzyme 
in each sa~nple  was significaantlp greater after 
aging for five days. 

To ascertain whet11c.r the c8h:tnge in sensitivity 
was 5 gradual one, two sil~nples were heat 
treated (70 C f o r  5 111in) fresh and after storage 
a t  4 C for one, two, and five days. Approxi- 
mately the samc results were obtained fo r  both 
samplrs. The average percentages of activity . 
left after  the heat t~tantn~ent were 95, 80, 60, 
and 45 for  the fresh, one-, two-, and five-day-old 
samples, resprc.tivelp. These results indicate 
that thv heat sensitivity of the n ~ z y n ~ o  gradu- 
ally incrrases with age. 

To sec3 if the s a n ~ e  changes occurred in creaiu 
and skinln~illi, a portion of 5 milk sanlple was 
separated after storage at  4 C fo r  two days. 
The activities of the raw san~ples wero deter- 
n~inc.d ant1 also the activities rr~naining after 
holding earh of thclse at  70 C fo r  5 1ni11. These 
sa~nples \\-ere then stored fo r  three additional 
d:lys and the treatnlents and measurenlents re- 
peated. The increase in sensitivity proceeded in 
a sinlila~. 111anner in the ~iiilk, cream, and 
skiln~~lilk. 

The effect of honlogenizntion on the heat 
sensitivity of santhine osidase in milk is shown 
in Table 7. I t  may be seen that initially, homog- 
enization had very little effect on the heat sen- 
sitivity of the enzylne. However, after  standing 
for  24 h ~ .  a t  4 C, the l~on~ogerlized san~ples were 

considerably more sensitive to the heat treat- 
ment than the unho~nogenized samples. 

An experiment was conducted to detemiine 
if the sensitization of the enzyme in both ho- 
~nogenized and unho~nogenized sanlples could 
he increased by increasing the temperature of 
storage. The activities of fresh, uncooled saln- 
plrs of homogenized and unhon~ogenized milk 
were determined both before and after heating 
to 70 C fo r  5 min. The samples were then di- 
vided into two portions each. One portion was 
incubated a t  37 C and the other portion was 
cooled i~nlnediately to 4 C. After 4-hr storage 
alicpots from each portion were tested before 
and after heating. The enzynre in the portion 
helcl a t  37 C had hecome Inore sensitive to heat 
than in the portion held a t  4 C, as  shown in 
Teblcl S. 

DISCUSSION 

The increases in apparent xanthine osidase 
activity which occurred when fresh milk was 
subjected to rooling, heating, honlogenizatiori, 
and cnzyrnatic activity (Tables 1, 2, and 3)  
indicate that sorne of the enzyme is not active 
in fresh uncooled milk. On the average, these 
t r ea t~nmts  produced about a tn~ofold increase 
in activity as determined by the manometric 
technique. Some uwrkers (19, 21) using the 
~nethylme blue reduction test have observed 
three- to sevenfold increases. Results obtained 
in this study as  well as  those of others (1, 10, 
15, 16, 20) indicate that  initially the enzyn~e 
is bound in solne for111 to the f a t  phase. The 
incarease in enzyn~e activity is always acconl- 
parlied by a great increase in activity in the 
skinnnilk phase. This observation has given 
rise to the hypothesis that the activity increase 
is  related to the redistribution of the enzyme. 
In:is~nuch as Morton (11) has shown that the 

TABLE 7 

Effert of l~ornogenization on the heat sensitivity 
of u:nlthine oxidase in milk 

- -- -- 

Per cent activity left " 
after l~eating 

Age of Cnl~on~og- IIomog- 
sanlplcs enized enized 

"Expressed as percentage of the same snn~ple 
r:la and cooled. 

"Samples were lleated to 70 C for 5 min. 
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TABLE 8 

Coml~:$rison of tllc. 11e;1t sensitivity of xanthine 
osidase in s~mples of milk incubated 4 hr 

: ~ t  4 a ~ ~ d  3 7 C  

Per cent activity left " 
after heating to 70 C 

for 5 min 

Sample Unhomogenized Homogenized 

2 80 66 73 64 
3 82 75 7 (i 58 

' Expressed as peret,ntage of the same sample 
raw and rooled. 

enzyn~e occurs in n~ierosornes, i t  is assumed 
that a desorption of the lnicroso~nes f r o n ~  the 
f a t  is  involved. 

This study indicated that only a part  of the 
microsonies in qurstion are held tenaciously by 
the f a t  portion of the milk. I n  none of the 
samples studied was there less than 20% and 
usually about 30% of the enzyme associated 
with the f a t  in cooled milks (Table 4). It was 
also dcmonstri~trd that there was essentially no 
change in the atrlount of activity per gram of 
fa t  hetween 84 and I'2O hr (Table 5 ) .  This in- 
t1ic.ntt.d that n rather definite portion of the 
tnicroson~es was held much more tenaciously 
than the rest. Prrhaps the reason that some are 
not held as tightly as others is that of position, 
i.e., the? are not in contact with those substances 
on the fa t  globule me~nbrane which hest absorb 
them. Perh~ips  they are aggregated around 
the ones that are more tightly bound, and form 
layers or  cltunps of ~~~icrosoines.  I f  this is the 
case, penetration of the substrate or the hydro- 
gen acrrptor to the site of reaction might be- 
come a limiting factor in the determination of 
activity. Once the outer~nost layers of micro- 
somes hare heen shed, such as by cooling, the 
total artirity of the enzyme is easily measured. 
In  the nlano~nrtric tilethod the samples are 
shaken continuously during the reaction, per- 
haps improring the penetration somewhat. I n  
niethods other than the lnailo~netric one, no 
agitation is elr~ployed. As a result, one might 
expect to be ahle to lneasure more of the en- 
zyme in uncooled milk with the Warburg 
 neth hod than with the other niethods. Calcula- 
tions of data reported by Worden (21) lend 
support to this theory. His  data show that after 
36-hr storage a t  low temperatures a 1.5-2.8-fold 
increase in activity was observed when he used 
the manon~etric method; whereas, a 4.0-7.2-fold 
increase occurred when he used the Inethylene 
blue reduction test. Ohviously, one should be 

careful in interpreting results obtained by dif- 
ferent inethods of analysis of xanthine oxidase, 
especially in the case of uncooled milk. 

A s  was pointed out by Kiermeier and Vogt 
(I)) the litrmture on the heat sensitivity of 
xanthine oxidase shows gross inconsistencies, 
especially in the region of 60-70 C.  The dis- 
crepancies have not been explained a t  all, or 
have been attributed to differences in the gen- 
eral composition of the milks. 

Data ohtained in this study indicate that the 
heat sensitivity of the enzyme gradually in- 
creases with age. Since even a few hours' dif- 
ference in age affects the heat sensitivity,, it 
seems reasonable to assume that some of the 
discrepancies in the literature may be due to 
the effect of aging. Earlier investigators were 
not aware of the aging effect and consequently 
they did not report the age of their samples. 
Another possible misleading factor is  the in- 
crease in activity of uncooled samples upon 
heating (Table 2 ) .  I t  should be pointed out 
that the heat treatment of cooled salnples never 
resulted in an increase of activity. 

One is led to speculate on the cause for the 
increase in heat sensitivity on aging. It could 
hc1 that  protective substanc.es are gradually de- 
stroyed, or that substances which accelerate the 
destruction by heat are produced. Another and 
more likely possibility is that the enzyme be- 
co~ries gradually solubilized. This is particularly 
true in view of the microsoma1 nature of milk 
s:~nthine oxidase, since ~nicrosonlal or  particn- 
late enzymes are more heat-stable than those 
in aqueous solution. Xanthine osidase in milk, 
for exa~nple, generally appears to he conipletely 
inactivated only if subjected to temperatures 
of ovrr 80 C.  Holding milk 4 hr  a t  60 C does 
not affect the enzyme activity a t  all (17), 
wheretis purified solutions have been reported 
(4) to be destroyed a t  56 C for  3 hr. I n  the 
present study the milk enzynle was destroyed 
after 5 min holding at  66-68 C after butanol, 
a well known solubilizing agent fo r  marly en- 
zynteh, had been added to the milk. 

To solubilize xanthine oxidase from the micro- 
sonla1 particleq, the materials holding the par- 
ticles together must be disrupted. It was sus- 
pected, because of the gradual nature of the 
process, that it was enzymatic, i.e., that an  
enzyme or  enzymes in the milk slowly attacked 
the cementing materials, thus releasing the en- 
zyme fro111 the microsomes. 

The increase in sensitivity produced by ho- 
mogenization (Table 7) supports the solubiliza- 
tion theory. Furthermore, homogenization, as 
is well known, speeds u p  milk lipase activity, 
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t ~ n d  could possibly speed u p  the activity of 
o ther  enzytnes. The f a c t  tha t  samples incubated 
a t  37 C f o r  4 h r  exhibited greater  heat  sensi- 
t ivi ty  than  their  counterparts  stored a t  4 C 
nlso seenls to  s u p p o r t  the enzymatic soluhiliza- 
tion theory. 

The authors  helieve t h a t  there is a distinct 
difference between the dispersal of ~ n i e r o s o n ~ e s  
a n d  the soluhilization o r  disrupt ion of indi- 
vidual microsolnc!~. The dispersal of microsomes 
is hc~lieved to  he associated with increases i n  
activity, whereas soluhilization is associated 
with inmeases in  sensitization to  heat. The  evi- 
dencc. indicates tha t  dispersal can be  hrought  
abou t  by relatively nlild t reatment  i n  a shor t  
period of time. On the other  hand, the studies 
pertaining to heat, sc~nsitizatiotl suggest t h a t  
soluhilization requi~.es inore time o r  more vig- 
orous t r ( l : ~ t ~ ~ ~ ~ n t .  
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The flavor of rnultivitan~in tnineral (BfVBl) milk was not affected when it 
was processed in a conver~tional I-ITST pasteurizer-hotnogenizer system. How- 
ever, when i t  was subjected to a steam-vacuunl treatment, in addition to pas- 
teurization and homogenization, an  oxidized flavor developed. The off-flavor 
developed regardless of whether the MVhI prepat-ation was added before or after 
processing. This indicates that alteration of the milk, rather than the JZVAI 
preparation, was involved in the development of the oxidized flavor. 

I t  ~ v a s  observed that hotnogenized-treated nlilk frotu another milk plant did 
not develop an oxidized flavor when fortified with MVM mix. Results indicated 
t,hat the differc!nce in susceptibility between the hon~ogenized-treated milk fro111 
the two plants was due to processing dift'errnces. 

The iron co~npound, ferric pyrophosphate soluble, was identified as the in- 
gredient in the J9VM preparation causing the oxidized flavor. Fortification of 
homogenized and hotnogenizcd-treated milks with ferric and ferrous compounds 
showrd that both nlilks developed oxidized flavors when fortified with ferrous 
iron. However, the homogenized-treated milk was more susceptibltt than the ho- 
i~ iog~nized nlilk ~11er1 ferric iron was added. It was suggested that the difference 
in stisceptibility hetween homogenized and homogenized-treated milk is a dif- 
ferrnce in the capacity of these ~nilks to reduce ferric iron to the stronger pro- 
oxidant ferrous fortn. Mri1surenlc.nts of the relative amounts of iron rrduced 
1)- these nlilks substantiate this esplan:~tion. 

In recrnt years, ttlultivitattlin nlinrral (31VhI) This study \vas u~rdertaken to dctrrlrline the 
nlilk has 13~~cotne an  important coltltnercial prod- factors resporlsible for  the oxidized flavor de- 
nrt. As nsc.d in this paper, 31VN Inilk refers veloptnent in the hon~ogcanized-trclated milk. 
to tnilli containing a t  least 4,000 USP units of The initial objective! was the identification of 
vitan~in it, 400 LS1' units of vitattlin I), 1 mg the cotttponent or cotnponents in the JIVlf con- 
thiilminr, '2 rng riboflavin, 10 ing niacin, 10 mg centrates which were involved in the off-flavor 
iron, and 0.1 111g iodine per quart. devc.lopment. The sc.cond objective was to eluci- 

Some dairy plants reported that off-flavors datc. the effect of the steatll-vacuutri treatment 
develop in MVJI ttiilk. The first tirile this prod- on the suscrptibility to oxidation. 
uct was preparcvl a t  the University dairy plant 
it developed all-oxidiztd flavor. I n  this first run EXPERIMENTAL I'ROCEDURE 

the milk had been subjected to a steam-vacuulll ,3fnlti~.iturwin-mivteraZ co~ice~atrntra. Thca 111u1ti- 
treatment in addition to conventional HTST vitatnin-mineral (3ITT3!) conec?ntrates used 
pasteurization and honlogenization. Subsequent in this study were co~nmercial prctparations sup- 
processing t.rials revealed that the off-flavor did plied by General Mills, Inc., Jlinneapolis, and 
not develop ~vhen the product was tllerely sub- the Sopco Chemical Contpany, I-Iarrison, New 
jected to conventional pasteurization and ho- .Tersey. The tern1 BfVM tmis, as  used subse- 
~nogenization. Nilk processed in this latter man- clue~ltly, refers to the water-soluble col~lponents 
ner will be referred to as  homogenized milk, of a t~~ultivitat~~in-mineral preparation. The 
whereas milk snbjeetrd to the additional steam- iron cot~lpound in the preparations was present 
vacuun~ tre;it~nent will be referred to as homog- as ferric pyrophosphate soluble. 
enized-treated milk. Preparation of samples. Unless otherwise 

stated, the preparation of sanlples was as  fol- 
lieeeived for publication August 3, 1962. lo~vs: Additives were weighed out and trans- 
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ferred into sanitized a111her hottles. The bot- 
tles were half-filled with milk, capped, and 
shaken to dissolve the additive. The bottles 
were then filled with milk and poured hack and 
forth from one bottle to another to insure  nix- 
ing. After capping, bottles were stored a t  40 F 
until judged. 

Processi+z!j eqttil~nlal,t. Conin~ercial process- 
ing c.quipment was used in this study. The 
niilk was heated a t  169 * 1 F fo r  16 sec in a 
HTST pastrurizer, then homogenized a t  1,700 
psi prc'ssurr. After homogenization, the rnilk 
was c.ooled to 40 F in the regc>neration and cool- 
ing sections of the HTST unit. Milk processed 
in this inannrr is referred to as ho~r~ogenized 
111i1k. The tern1 ho~~~ogenized-treated milk ap- 
plies to 111i1k which had heen exposed to a steanl- 
r:lcuulll treatn~c>nt in addition to the regular 
lio~nogenieer trc~atnient. The vi~euunl treatnlent 
was ~eeornplished with a douhle-chanlber 
Clherry-Rurrell Aro-Vae Model AV-A unit. An 
rl tra-High Temperature (UHT)  direct steain 
i~ljrctor \\.:IS used to heat the 111i1k to 200F. 
The niilk w:is first pasteurized at 169 * 1 F in 
the HTST unit, t h ~ n  heated to 200 F and held 
for  about 1 sec in the CI-IT heater. The milk 
passed into the first chau~ber of the Aro-Vac 
unit, where the te~l~perature  dropped to ap- 
prosinlately 190 I?. The ~ni lk  was drawn froill 
the tirst to the second c,han~ber hy the lower 
pressure in the second chal~~her .  The ten~pera- 
ture of the n~i lk  in the second ehanlher was 
approsi~natt,ly 165 F. A centrifugal purllp was 
used to p u ~ n p  the r ~ ~ i l k  to the homogenizer, where 
it wits hon~ogenized a t  1,700 psi pressure. The 
~ni lk  mas then cooled to 40 F in the regeneration 
i ~ n d  cooling secations of the HTST unit. 

Ho~nogenized-treated rnilk processed through 
different equipnlent a t  a dairy plant in Albany, 
Sew York, was used for  con~parative purposes 
in this study. The sequence of processing ho- 
111ogenized-treatc>d n~i lk  was the same in the 
Albany plant as in the Cornell dairy plant. 
Ilowever, there were solue differences in equip- 
n~en t  and processing rates. The vacuuni treat- 
~ n e n t  was aecornplished with a single-chamber 
Cherry-Burrell Aro-Vac unit a t  the Albany 
plant, whereas a double chamber unit was used 
a t  Cornell. The milk was held a t  190 F or above 
fo r  3-4 sec in the double-chamber unit (4).  A 
holding time of 5 . 6  sec a t  200 P was calcu- 
lated for the single-chamber unit. This cnlcu- 
lation was based on the pipe diat~lrter and av- 
ertlge flow rnte. Milk was processed a t  a rate 
of 20,000 lh/hr a t  Albany as conipared to 
4,000 lh/hr at  Cornell. 

O.ryge1zatioi~-c7eos~j.qe?zation ezperi*ment. Ap- 
proxin~ately 20 qt  of 111i1k were put into a 40-qt 

stainless-steel niilk can. Deoxygenation was 
acco~nplished by introducing nitrogen gas into 
the hotto~n of the milk can through tygon tubes 
and d~spersed into the nlilk through fritted glass 
aerators on the ends of the tubes. It took ap- 
proxitnately 30 niin to deosygenate to the de- 
sired oxygen content (i.e., 3-4 mg per liter). 
L)eoxygcnation was carried out in a 40 F cooler, 
40 that the te~nperaturc of the Inilk would not 
he affected. Milk was oxyge~~ated by shaking 
a quart hottle one-half full of ~ni lk  and then 
pouring the n~ i lk  fro111 one bottle to another 
several tittles. 

To lriinin~ize changes in the oxygen levels in 
the san~plrs,  special handling was used. I n  this 
case, the iron was added in a concentrated solu- 
tion rather than as :I dry preparation. Further- 
  no re, sa~nples were siphoned into the sanitized 
bottle5 through tygon tubes, so that the bottles 
could be filled f r o n ~  below the surface of the 
Inilk in the hottle. 

F'lnl:oq- et;ctlztutiolrs. An experienced panel 
was used to evaluate the sanlples of milk. A 
code was used so that the judges did not know 
the idcwtity of the san~ples. The saniples were 
te~npc.red to 60 F hefore they were judged. 

Iro, i~ cleter+tti~zc~tio~zs. A 111ethod devised by 
Ruegrr~ner, Michaud, and Rlvehjen~ (6)  was 
used to determine the irori content of nlilk. 
Glass-distilled water was used in nlaking up  
the reagents. Glassware was soaked in a dilute 
versene solution for  24 hr prior to use. The 
vcmene solution was rinsed fronl the glassware 
with distilled water and the glassware was al- 
lowed to dry. The an~ount  of iron present in 
the santples was calculated by reference to a 
standard curve (2) .  

Redltced ascovbic acid deter+ni?zut io~~s.  Titra- 
tions with 2,6-dichloroindophenol of metaphos- 
phoric-trichloroawtic acid filtrates prepared 
according to Doi~n and Josephso~i (1) were 
used to deter~nine reduced ascorbic acid. The 
dye was prepared and standardized as recom- 
n~er~ded by Stewart and Sharp (9) .  

Oxygen. Dissolved oxygen was determined 
by the ascorbic acid oridase method of Sharp, 
Hand, and Outhrie (7) .  The crude ascorbic 
acid osidase was conccntrated by pervaporation. 

2,2'-Ri1)yrztline test to determine ferroz~s iron. 
The following procedure was devised to nleasure 
the relative reducing capacities of different 
~uilks. 1)iberent aliquots of milk to be tested 
were fortified with ferric and ferrous iron. For  
this purpose, 10 ing of ferrous sulfate and the 
ecluivalt*r~t arnount of ferric pyrophosphate sol- 
uhlr in the forni of the 31YN rnix were added 
1wr quart of milk. 
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The fortified milks were stored a t  40 F fo r  
6 hr. Then 25 ml of each aliquot were pipetted 
into 125-ml Erlenmeyer flasks rontaining 1 1111 
of a 21% 2,2'-bipyridine solution. 2,2'-Bipyri- 
dine reacts specifically with ferrous iron to 
produce a pink color (2) .  Two drops of chloro- 
form were added to each flask to prevent bac- 
terial action. Stoppers were put  on the flasks; 
the flasks were left in a dark place a t  roo111 
temperature for  6 hr for color development. 
Twenty-five milliliters of fully saturated am- 
monium sulfate were pipetted into each flask 
to precipitate the rasein. The flasks were gently 
swirled to mix the contentq. The contents of 
each flask were then filtered through Whattuan 
So.  40 filter paper into a second 125-m1 Erlen- 
meyer flask. The an~ount of color in each fil- 
trate was determined in a Rausch and Lolnh 
Spertronic 20 coloritneter a t  520 mp. The fil- 
trate of a milk that had no iron added was used 
for the blank. The optical densities of the 
filtrates showed the relative amounts of ferrous 
iron in the ~nilks which indicate their relative 
reducing capacities for the iron system. This 
method will subsequently be referred to as the 
2,2'-hipyridine test. 

Preliminary experintents indicated that the 
method of handling the milk could affect the 
"2'-hipy~idine test. Bottled homogt~rlized- 
treated milk was found to give higher values 
than holnogenized-treated tnilk collected in a 
milk can. Therefore, the method of handling 
milk for  the 2,2'-hipyridine test was standard- 
ized as follows: Samples were rollected in 
stainless-steel rnilk cans from a valve located 
on the output side of the cooling section of the 
I-ITST unit. The ingredients to be added to 
the niilk were weighed out and placed in sani- 
tized amber bottles. The milk was siphoned into 
the bottles through a piece of tygon tubing and 
the ingredients Rere mixed by placing plastic- 
covered magnets into the bottles and mixing for  
several minutes on rnagnetic mixers. The mag- 
nets were rernoved from the bottles and the 
bottles were capped and stored a t  40 F. 

RESULTS AXI) DISCUSSION 

Preliniinary experilnents confirnled the re- 
port that hotnogenized-treated MVM milk de- 
veloped an oxidized flavor. Furthern~ore, when 
MVM concentrates were added to homogenized- 
treated milk an  oxidized flavor also developed. 
The faet that the off-flavor developed without 
the MVM concentrates having been exposed to 
the stenln-vacuu~n treat~nc>nt indicates that the 
\team-vacuum trc.atnlent causes a change in 
the milk rather than in the 31VAI concentrates, 

which makes homogenized-treated 311-A1 milk 
susceptible to oxidized flavor. This made i t  
possible to continue the investigation by adding 
concentrates to ho~nogenized-treated niilk rather 
than by processing the fortified milks after the 
concentrates had been added. 

Selectil~e addition of' v (~v io t / s  c o ~ ) ~ p o ~ ~ e n t s  of 
M V M  mi.rt~tves. There w e  two parts to the 
complete MVJI roncentrates. One par t  con- 
tains the fat-soluble vitamins A and D and the 
other par t  contains the water-soluhlr vitamins 
and minemls. These two parts were added 
separately to hon~ogenized-treated nlilk. An 
oxidized flavor developed in the niilk to which 
the water-soluble ingredients (MVN mix) had 
been added. The milk containing only the fat- 
soluble ingrvdients did not develop an off-flavor. 

Special JIPAf ~ r~ ixes  11-ere prepared so that 
each  nix was 111i1lus one of the water-soluble 
co~nponents. The milk fortified with the mix 
lacking iron (lid not develop an oxidized flavor. 
All of the other special lnixes did rause oxi- 
dized flavor. This indicdntes that the iron com- 
pound is the conlponent responsible for causing 
the off-flavor. I n  his review of the literature 
on oxidized flavor, Riel (5) poiuts out that the 
pro-oxidant effects of iron have been demon- 
strated by inany inrestig;itors. 

The possibility that the! UHT direct steam 
injector was adding iron to the niilk u-as con- 
sidered. Iron deterlninations were run 011 milk 
hcbfore and after i t  passed through the direct 
stealn injector. No significant difference was 
observed in the iron content of the milk taken 
before and after the injector. 

Co~nyarison of slcsceptibility 01' caclcum- 
tvrated millc fvom two differei~t plants. Reports 
had been ~eceived that homogenized-treated 
hlVLM milk froln a plant in Albany, New York, 
did riot develop an oxidized flavor. To verify 
this report homogenized-treated milk from both 
the Albany and Cornell dairy plants were forti- 
fied with NVM mix. The treated milk from 
Cornell developed an oxidized flavor, whereas 
the milk fro111 Albany did not develop an oxi- 
dized flavor. 

There are two major differences between the 
lionlogenized-treated milk a t  Cornell arid the 
hon~ogenized-treated milk from Albany. The 
two inilks come from different sources and are 
processed through different equipment. I n  an  
attempt to deter~nine which variable was re- 
sponsible for  the difference in the susceptibil- 
ities between thc two nlilks, milk from the 
Albany source wns processed through the Cor- 
nell milk plant. Raw luilli from Albany was 
transported to Cornell in stainless-steel milk 
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TABLE 1 

FI:i\-or er:tlii:ltiotis ' of five-d:ly-old 11011iogeiiizetl-treated milk from two different sources 
~)rocesned ill  two different plants 

Milk Processing 
source plant Additive Trial 1 Trial '7 

Cornell Univ. Cornell Univ. None 
Cornell Unir. Cornell Univ. MVM n~ix 
Albany Cornell Univ. None 
.\lbany Cor~~ell Univ. MVM mix 
.\lhany All)any Kone 
Albany Alh:~ny MVRI 111ix 

No. of indres 

' The values indicate tlie number of judges 

eans. The ten~perature of the milk raised from 
34 to 40 F in transit in Trial 1 and from 36 to 
60 F in Trial 2. The inilk was steam-vacuum- 
treated a t  the Cornell plant and fortified with 
31VJI nrix. Fo r  comparison, milk from the 
s a ~ n e  storage tank lvas treated a t  Albany and 
transported to Cornell under refrigeration. This 
inilk was also fortified with MVM mix. Table 1 
shows that the ~nilks proressed a t  Cornell de- 
veloped an  oxidized flavor, nhereas the milk 
processed a t  Alhany did not. This indicates 
that a difference in the process between the two 
plants is involved in the difference in suscepti- 
bilities between the two ~uilks. 

Both steam-vacuuin units wcre operated a t  
200 F but, as indicated earlier, the milks are 
held a t  the elevated te~l~peratures for  a longer 
period of time in the Cornc?ll steam-vacuum 
unit than in the Alh:iny unit. Whether this 
time-interval a t  the elerated teiiiperature is 
critical in the development of oxidized flavor 
is a subject that needs further study. Of course, 
it is possible that a difference in susceptibility 
between the two raw lnilks also may bc involved. 

I)ifevewccs bet l f le~l l  homogenized and homog- 
c~ri~er l - t reute t7  mill;. Icleyn and Shipe (3)  
studied the differt~nres between homogenized- 
treated and homogenized n~ilks. They found that 
Iiol~~ogenized-treat(<d milk had a lower oxygen 
I(.vel, higher sulfhydryl content, and a longer 
rc>tention of reduced ascorbic acid than hornog- 
t~nized nlilk. These differences were studied to 
see if they account for the difference in suscepti- 
bility between holnogenized-treated and homog- 
enized lriilks fortified with MVM mix. 

Honiogenized milk with an  initial oxygen 
content of 10.7 I I I ~  per liter was deoxygenated to 
3.35 nig per liter. Homogenized-treated inilk 
with an initial oxygen content of 3.05 111g per 
liter was oxygenated to 8.20 nig per liter. 

The difference in sulfhydryl values between 
liomogenized inilk and homogenized-treated milk 
was reported (3 )  to he approximately 3.3 mg 

who criticized the sanlple for being oxidized. 

per liter, expressed as cysteine hydrochloride. 
Therefore, 3.3 mg per quart of cj~steine hydro- 
chloride were added to homogenized and de- 
oxygenated homogenized milk. 

Flavor evaluations of these samples are 
shown in Table 2. The fortified deoxygenated 
ho~i~ogenized milk did not develop an oxidized 
flavor and thc fortified oxygenated homogenized- 
treated milk did develop an oxidized flavor. 
The fortific~d homogcmized milks with added cys- 
tcaiile hydrochloride also failed to develop an 
oxidized flavor. This indicates that the differ- 
rnce in oxygen content, by itself or  with added 
cysteine, does not account for  the difference in 
susceptihility between the fortified homogenized- 
treated itnd the fortified homogenized milk. 

Redup,ed ascorbic acid dete~niinations were 
perforn~ed on fortified ho~nogenized milk, forti- 
fied ho~llogenized-treated lnilk, and fortified ho- 
mogcnised-treated milk containing hydrogen 
peroxide (.025 1111 of 30% hydrogen peroxide 
per quart of milk). Table 3 shows that the 
NVM niix caused an increase in the rate of 
disappearance of reduced ascorbic acid in ho- 
iiiogeiiized and homogenized-treated milk. The 
addition of hydrogen peroxide prevented the 
development of oxidized flavor, but i t  increased 
the rate of disappearance of reduced ascorbic 
acid. The fortified homogenized-treated milk 
had a more stable ascorbic acid system than 
the other fortified rnilks, yet i t  was the only 
fortified inilk that developed an oxidized flavor. 
One interpretation of this is that the milk with 
the stronger reducing system is more prone to 
develop an oxidized flavor when fortified with 
MVM n~ix.  

Addit ion of ferric and ferrous i ron  compounds 
to homogelzized and homogenized-treated milk .  
In view of the reports (10, 11) that ferrous 
iron is a much stronger pro-oxidant than ferric 
iron, different ferric and ferrous compounds 
were added to homogenized and homogenized- 
treated 111ilk. The flavor evaluations in Table 4 
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TABLE 2 

Effect of oxygen content and added cysteine hydrochloride " on the development of 
oxidized flavor 

Flavor evaluation 
Oxygen 

Sample Additive bs content 1 day 2 days 5 days 

(mg per liter) 
Homogenized-treated None 3.05 0 0 0 
Homogenized-treated Iron 3 4 3 
Homoaenized-treated None 8.20 0 0 0 

(oxygenated) 
Homogenized-treated Iron 2 3 4 

(oxygenated) 
Homogenized None 10.70 0 0 0 
Homogenized Iron 0 0 0 
Homogenized Iron + cysteinc 0 0 0 

HCI 
Homogenized None 3.35 0 0 0 

(deoxygenated) 
Homogenized Iron 0 0 0 

(deoxygenated) 
Romogenized Iron + cysteine 0 0 0 

(deoxygenated) HCl 

No. of judges 4 4 4 

' The values indicate the number of judges who criticized the sample for being oxidized. 
Iron additive-10 ma of iron in the form of an aqueous solution of ferric pyrophosphate - 

soluble. 
' 3.3 mg of cysteine HC1 per liter. 

show that hon~ogenized-treated milk is  suscepti- 
ble to oxidized flavor development when forti- 
fied with either ferrous or ferric iron. However, 
homogenized milk is much more susceptible 
when fortified with ferrous iron than when 
fortified with ferric iron. One way of explain- 
ing the difference in susceptibility between ho- 
mogenized-treated and homogenized milk when 
fortified with ferric iron is that the ferric iron 
in the homogenized-treated milk v a s  reduced 
to  ferrous iron. This is  in line with the obser- 
vation of Smith and Dunkley (8), tha t  reduc- 
tion of copper was involved in  the development 
of copper-induced oxidized flavor. 

The addition of ferric orthophosphate and  
sodium ferric pyrophosphate t o  homogenized- 
treated milk failed to produce a n  oxidized fla- 
vor. However, further investigation revealed 
that  the solubility of these compounds was less 
than 10 mg iron per  quart. A previous experi- 
ment indicated that  levels of ferric iron below 
5.0 mg pe r  quart  did not produce a n  oxidized 
flavor in homogenized-treated milk. Therefore, 
the low solubility of these compounds could ex- 
plain why they did not produce a n  oxidized 
flavor i n  homogenized-treated milk. 

Determination. of reducimg capacities of dif-  
ferent milks. The 2,2'-bipyridine test was used 

TABLE 3 

Reduced ascorbic acid contents and the flavor evaluations of fortified homogenized milk, 
fortified homogenizecl-treated milk, and fortified homogenized-treated milk plus 

hydrogen peroxide 

Reduced ascorbic acid 
(mg per liter) Flavor evaluation 

Milk Additive "I. day 2 days 5 days 1 day 2 days 5 days 

Homogenized None 13.1 13.3 11.0 0 0 0 
Homogenized MVM mix 11.3 11.0 5.7 0 0 0 
Homogenized-treated None 13.5 13.5 13.3 0 0 0 
Homogenized-treated MVM mix 12.5 12.2 11.4 3 3 3 
Homogenized-treated MVM mix plus 

Hz02 9.1 8.5 7.2 0 0 1 

So. of judges 4 4 3 

" The values indicate the number of judges who criticized the sample for being oxidized. 
,025 ml of 30% HzOl per quart of milk. 
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TABLE 4 

Flnror eralnations " of homogr~lizetl m~tl  l~onlogcnized-treatrtl n~illrs fo~tificd with fvrrous nnrl 
ferric iron compounds 

F1:lvor evaluation 
.. . 

Milk Aclilitire 1 (lay '7 days .5 11:1ys 
~ 

EIomogr~~izcil-treatril Sono n n 0 
FTo~r~ogc~~izrd-treated Ferrous sulfate 4 1 4 
Ho~nogcnizctl-t,lea ted Ferrous ammonium snlf:ct,c 4 4 4 
ITomogr~~izeil-treated Ferric sulfate 3 3 2 
Homogcnize(1-treate(1 Ferric ammonium snlfatc 4 1 4 
Homogrnized Sonr,  n 0 n 
Romogenizcd E'crrous sulfate 4 4 4 
Romogcnizetl F c r r o n ~  ammonium sulfate D '7 n 
Bomogc~nizc:il I''~.r.rir sulfate 0 0 1 
T-Iomogenizrcl T.'rrrir :~mmoniun~ sulfate 0 0 1 

KO. of judges 4 4 4 

The m1uc.s ii~ilicate the nnnrbrr of judges who criticized the sample for hci l~g oxidizerl. 
The ferrous anrl ferric compom~ils were addeil in s11rI1 qn;~ntitirs that :~l~proxinlately 

10 mg of irou W:IS atldril per quart of nrilk. 

to  tlrternnne the effcct of trentlnent on the abil- 
i ty of milk to r rdur r  f'rrric to ferrous iron. 
F o i  this p u r ~ o s e ,  th r  rrducing capacities of 
h o ~ ~ ~ o g c ~ r ~ i z e d  milk, ho~nogcl~lzed-treated n ~ i l k ,  
and  hon~ogenized-trented n ~ i l k  with added hy- 
drogen prroside were eonlpared. The optical 
densities of the filtrates f rom these milks a r e  
shox-n in  Table 5. These rrsnl ts  show tha t  the 
filtrate.; from the homogeni7ed-trcnted ruilk con- 
tained Inor(. fcrrous i ron  than the filtrates f rom 
the o thr r  ~nillrs, regardless of ~vliether  the iron 
was adtlrd in  the ferr ic  o r  f r r rous  forin. This 
indicates that  the homogmized-trrated milk 
had a stronger reducing sys ten~ f o r  iron than 
did the two othc.1. ~ r ~ i l k s .  

The f a c t  tha t  homogenized-treated ~ n i l k  re- 
ducw Inore f r r r ic  iron to  the stronger pro-oxi- 
d a n t  ferrour form could explain why homog- 
enized-treated nnlk i4 more susceptible to  oxi- 
clized flavor when fortified with certain ferr ic  
con~pounds.  

TABLE 5 

Rclntivc amounts of ferrous iron in  different lnilks 
fortified with RCV,M mix anrl ferrous sulfate 

Optical densities 
\vhen fortified 

with : 

MVM Ferrons 
mix " sl~lfate 

Homogenized-tre:zted .n757 .1073 
Homogenized-treated + HzOzc .0269 .0969 
Homogrnizrtl ,0410 .0783 

"I ron  con~ponnd in MVRt miu: Ferric pyro- 
phosphate-soluhlr. 

10 mg of iron in the form of forlous sulfate. 
' ,025 1111 of 30% HIOz per qnart of milk. 

The addition of hydrogen pelsoside retarded 
the reduction of iron in  fortified ho~nogenized- 
treated inilk (Tal)lc 5). This could explain the 
observation that  adding hydrogen peroxide t o  
fortified lio~r~ogc~llized-treeted milk prevented 
the development of osidized flavor ( T a l ~ l e  4). 

The ~ncreased susceptibility of holi~ogenized- 
t rrated milk appears  to involvc a three-step 
process. F i r s t ,  the stean-vacuum treatnrc.nt in- 
rrrxscs the reducing properties of the milk. 
Sreond, added ferr ic  Iron is  reduced to  the 
strongrr  pro-osidant ferrous forin. Third, the 
ferrous iron, being a strong pro-osidant, cata- 
lvzrs the o ~ i d a t i o n  of the niilk. 
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Mr. A.  C. O'Sullivan in the flavor eraluations is  
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FORCED-CONVECTION HEAT-TRANSFER CHARACTERISTICS O F  
FLUID MILK PRODUCTS DURING COOLING 

Y. L. PEEPLES 

Department Dairy Industry, Texas Technological College, Lubbock 

SUMMARY 

The cooling characteristics of four milk products were investigated. A 
tubular heat exchanger (cooled with refrigmated water) equipped with wall 
and stream thermocouples was used. The ~nass  flow rates were regulated to 
effect a Reynolds Number range of 5,000 to 250,000. 

The Nusselt-type equations which described the cooling characteristics of 
each of the products investigated follow: skimmilk (8.8% SNF) ,  Nu = 0.204 
Reo.68BPro.4; whole milk (3.8% fat, 8.7% SNF) ,  Xu = 0.118 Reo."ogPro'; 10% 
milk (10% fat, 7.5% SNF),  Nu = 0.708 ReomqPro'; 25% cream (25% fat. 
6.7% SNF)  , Nu = 0.026 Reo '*Pro.'. 

A general equation which described the cooling characteristics of all four 
products was Nu = 0.11 (Re")oa8BPr" where ct was a factor for correcting the 
water equation to reflect the cooling characteristics of the dairy products. The 
a values for the products were: skimmilk-0.8454; whole milk-0.8032: 10% 
milk-0.8234; 25% cream-0.8594. 

The ohjective of the study was to develop 
thermodynamic expressions which describe the 
forced-convection cooling chararteristics of four 
fluid milk products. 

EXPERtMENTAL PROCEDURE 

E q t ~ i p ~ i z r n t .  An apparatus similar to the one 
used in earlier work (5) was utilized in this 
study. The cooling portion of the apparatus 
was the testing section and consisted of a 10-ft 
length of stainless steel tubing (1-inch diam- 
eter) with six eqnally spaced wall and stream 
t,hermocouples. The cooling medium was re- 
frigerated water at  34F .  The dairy product 
under study was recirculated through the test- 
ing section by means of a centrifugal pump 
and flow rate was controlled with a throttling 
valve ahead of the pump. The heating medium 
was saturated steam a t  40 psi. The temperature 
range over which the experiment was conducted 
varied from 100 to 200 F and the approximate 
flow range was from 1,000 to 15,000 lb per hour. 
9 sample size of approximately 120 lb of prod- 
uct was used in each trial and a water-dilutable 
dispersion of a silicone dcfoaming agent ( 5  ml 
per 10 gal) was added, to prevent the product 
from foaming during the experiment. 

Viscosi ty  determimation. A Macilfichael vis- 
eosimeter was used for  making viscosity meas- 
urements. The instrument was calibrated against 
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5ucroie and viscosity detenninatiou- were made 
on several samples of each product to be in- 
vestigated. The various viscositiec; compared 
favorably with those reported in earlier work 
(5).  

Dniry products. Duplicate trial.; of 20 runs 
each were made on each of the following prod- 
ucts: 25% cream (25% fat  and 31.7% TS), 
10% milk (10% fat  and 17.5% TS), 3.8% milk 
(3.8% fat  and 12.5% TS),  and reconstituted 
ski~nnlillc (8.8% MSNF). 

The thermal conductivity and ipecific heat 
values were obtained from published informa- 
tion (3).  

Stnndardizat ion of instr l i~ne nt readb~rgs. Fifty 
trials were made with water and the results ob- 
tained were utilized in standardizing the in- 
strument readings to correspond with the Nus- 
selt type expression for water obtained in 
earlier work ( 5 ) .  The expression was Nu/Pr" = 
. l lReO """. This was in accordance with the rec- 
ommendations of Brown and Marco ( I ) ,  in 
that the recommended formula for describing 
the cooling characteristics of water i.; the same 
as that for describing the heating character- 
istics of that product. 

RESULTS AND DISCUSSIOS 

After establishing the accuracy of the ap- 
paratus, the heat-transfer characteristics of four 
fluid milk products were investigated. The 
summary graphs which represent the relation- 
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ships of lleynolds (Re), Nusselt (Nu), and 
Prantl (Pr)  numbers for whole milk and skim- 
milk are shown in Figure 1, and similar rela- 

SKIMMILK 8.6% SNF 

I .  - 
-- - HEAT 

,/ ,.' COOL 

FIG. 1. Comparison of the forced-convection 
cooling characteristics of skimmilk and whole milk. 

tionships for the two high-fat products are 
given in Figure 2. The heating curves in these 
two figures were taken from earlier work (5), 
for the purpose of comparing the heating char- 
acteristics to the cooling characteristics of the 
various products. These figures show that the 
rates at  which heat can be transferred from 
the dairy products during cooling are less a t  
particular Reynolds numbers than the rates at 
which heat can be transferred to the products 
during heating. 

For example, from Figure 1 it can be seen 
that at Ileynolds number of 10,000, the Nu/ 
Pr" value for heating reconstituted skimmilk 
containing 8.8% SNF was approximately 57; 
whereas, the Nu/Pr4 for that product during 
cooling at  the same Reynolds number was 45. 
Also, from Figure 2, during heating the Nu/Pr4 
value for milk containing 10% fat  was approxi- 
mately 240 at a Reynolds Number of 100,000; 
whereas, the corresponding Nu/Pr4 value dur- 
ing cooling was about 160. Similar results are 
shown for the other products. 

Analysis of these data reveal that, in general, 
the heat-transfer coefficients for the respective 
products during cooling are from 65 to 75% as 
great as are the heat-transfer coefficients dur- 
ing heating a t  any particular Reynolds number 
within the experimental range of this study. 
This is in agreement with the findings of work- 
ers who have done similar work with other 
products (2). 

The data represented by Figures 1 and 2 were 
tested by regression analysis techniques and 

the evaluations pertaining thereto are shown 
in Table 1. The values for b and a in this 
table were utilized in formulating Nusselt-type 
expressions for describing the cooling charac- 
teristics of the daily products. The resulting 
expressions are given below. I t  can be seen 
that the expressions differ remarkably between 
products of varying compositions. 

Ski~nmilk (8.8% MSNF) 
Nu = 0.204 Re0.5mPro'4 

Whole milk (3.8% fat ;  8.7% MSNF) 
Nu = 0.118 Reo.BogPr0.4 

10% milk (10% fat ;  7.5% MSNF) 
Nu = 0.108 Reo'"'Pro.' 

25% cream (25% fat ;  6.7% MSNF) 
Nu = 0.260 Reo'6nPro.' 

A single expression which described the cool- 
ing characteristics of the several products was 
developed according to the method used by 
Peeples and Eastham (4). Essentially, the 
water equation which is N u / P ~ ' ~  = O.ll(ReO'BSB) 
was modified as follows : Nu/Pr4 = 0.11 

where a is a parameter for modifying 
the water equation in such a manner that it  
will describe the cooling characteristics of each 
of the individual products. 

To obtain values for a,, the values ofNu/Pr0.' 
and Re were taken from the original data; then, 
using the values for N I ~ / P ~ ~ . ~ ,  corresponding 

2 5 %  CREAM 

-v-v-HEAT 
- r - r -COOL 

10 
(0 20 30 40 60 80 100 200 

I I 1 1 1 1 1 1 1  I 

R E  x 10-3 
FIG. 2. Comparison of the forced-convection 

cooling characteristics of milk products containing 
10 and 25% fat. 
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TABLE 1 

Statistical evaluation pertaining to regression analysis of the logarithmic relationsliip of 
Nu/Pr0.' to lie for the dairy nroducts 

Product b a ST/ 

Reconstituted skim (8.8%) .5863 - 391  .0714 
Whole milk (3.87'0 F ;  8.7% SNF) .GO90 -1.230 ,05798 
Cream (25% F ;  6.7% SNF) ,5710 - 377 .06884 
Milk (10% F ;  7.57'0 SNF) .6321 -1.264 

-- 
.046? - - - 

y = log Nu/Pr0.'; x = log Re. 

R E ~ X  10-' 

Fro. 3. Results of treating experimental data 
according to the equation Nu = 0.11 (Re")' '" com- 
pared to the plot of Nu/Prn.' rri. Re for water. 

Reynolds numbers were calculated from the 
water equation. After obtaining these values, a 
was calculated by the following formula and 
the average a value deterinined fo r  each product. 

a = log Re,/'log Re, 

Product a value 

Reconstituted slcimmilk (8.8% ITSSF)  0.8454 
Whole Inilk (3.8% fa t ;  8.7% h lSNF)  0.8032 
10% milk (10% fa t ;  7.5% J I S N F )  0.8234 
25% cream (25% fa t ;  6.7% MSNF) 0.8594 

To show the accuracy with which the modi- 
fied equation ilc~scrihes the cooling eharacter- 
istios of the dairy products, a graphical repre- 
sentation was made (see Figure 3).  The solid 
line in this graph represents the water equa- 
tion, a.nd superitnposed over this line are the 
various points obtained by treating the experi- 
tnental data according to the modified equation. 
A study of this g r a p l ~  reveals that  the modified 
(quation has practical value, in that the heat- 
transfer coefficient a t  a particular Reynolds 
nurnher for  any of the dairy products studied 
can he estimated. 
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RMPEROTvIETRIC TITRATION O F  SULFIlYDRYL AND DISULFIDE 
GROUPS IT\' MILK PROTEINS 

UMEO YOSHINO, H. K. WILSOK, A N D  E. 0. IIERREID 
Department of Food Tcclmology, Tii~ircrsitg of Illinois, Urbxna 

Sulfhydryl (-SH) and disullide (-SS-) groups in milk proteins were esti- 
mated amperometrically with silver nitrate. Cysteine, j3-lactoglobulin, milk, 
and whey were titrated a t  different p H  levels in sodium acetate, ammoniuni 
nitrate, and tris buffer solutions. This was done to study the fate of -SH and 
-SS- groups in some fluid milk products heated a t  high temperatures and their 
possible relationship to flavor and physical defects that appear during storage. 
Cysteine yielded result.; 5 to 50% higher than the theoretical values, depending 
on the titrating conditions. The cysteine content of 8-lactoglohulin in sodium 
acetate buffer a t  p H  10.25 was 95.7% of the theoretical amount. Adding 1% 
sodiuin laurgl sulfate to the titrating medium made more -SH groups available, 
whrreas 8 M urea decreased them. Decreased titers of -SH groups in heated 
~ d i l k  coincided with the denaturation of serum proteins and they were oxidized 
to -8s- groups. Disulfide was stable a t  95 C for  30 ~nin .  During sterilization 
of conceritrated milk, titratable -SH decreased and -SS- increiised. 

Sulfhydryl (-SH) groups are the i~lost re- 
active oires in proteins. Investigators have 
studied them in milk in relation to the heated 
flavor rcasulting from high-temperature process- 
ing (8, 11, 18).  The -SH groups are also oxi- 
dized to disulfide (-SS-) or interchanged with 
another -8s-, resulting in deforination of na- 
tive protein molecules (10, 12).  

Sulfhydryls have been estimated by methods 
other than amperometric (9, 14, 15 ) .  EIutton 
and Patton ( l l ) ,  Zweig and Block (18), and 
Burton (4) investigated heat activation and 
distribution of -SH groups and their relation- 
ship to the heated flavor in inilk. These investi- 
gators used variable titrating procedures, re- 
sulting in somewhat different conclusions. 

Experimental conditions fo r  titrating -SH 
and -SS- groups in casein, j3-lactoglobulin, and 
milk, and the effect of two denaturing agents 
were investigated. This was done to study the 
fate of -SIX and -8s- groups in fluid milk 
products suhjeeted to sterilization tempera- 
tures and their possible relationship to flavor 
and physical defects that appear in these prod- 
ucts during storage. 

EXPERIMENTAL PROCEDURES 

The electrolyte solutions used were sodiuin 
acetate, ammoniunl nitrate, and tris (tri-hy- 
droxy-methyl aminomethane) adjusted to p H  
levels of 7 to 11, by the addition of concen- 

trated anlrt~oniutn hydroxide. All of them mere 
0.1 1% and contained 10." ethylenediamine 
tetraacetic acid disodium salt (EDTA).  It was 
not nc,cac.ssary to purify the urea when EDTA 
mas added (6, 17) .  Oxygen-free nitrogen gas 
\\-as passed into the buffer solution through a 
sintered glass bubbler and only before the sam- 
ple mas added. The p H  of the titrating medium 
was determined with a Beckman Model G in- 
strument. Silver nitrate, 0.001 M, was added a t  
half-minute intervals until the end point was 
attained. The method fo r  making the ampero- 
inetric titrations has been described (1). 

/3-Lactoglobulin was dissolved by adjusting 
the p H  to 6.6 with 0.1 N NaOH. No salt was 
used. I t s  concentration was 0.7753%, estimated 
by the Kjeldahl inethod, N X 6.38. The milk 
used in these experiments was obtained from 
the University Farm. 

Sodium caseinate was prepared by acidifying 
raw skimmilli with 1.0 N HCl, collecting the 
casein by filtering, redissolving with 1.0 N 

NaOI3, and precipitating again a t  p H  4.6. It 
was washed three times with demineralized water 
and dispersed with 1.0 N NaOH a t  p H  6.6. 
The casein concentration was 2.72% (N  X 
6.38). 

RESULTS AND DISCUSSION 

Titvcttio~a with cysteine. Some mereaptans 
like cysteine do not yield theoretical -SH values 
b r  the am~erometric titration (1. 5. 16).  Figure ~. , , - 
1 shows the results of titrating cysteine in 

Heceived for publication July 20, 1962. three buffers a t  dze ren t  p H  levels. The results 
' This research was supportctl by U. S. Public are expressed in percentages of the theoret- 

Health Grant EF-141. ical. The end points of titration differed greatly 
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and the theoretical value was not obtained in 
the buffers used. Five to fifty per cent error 
resulted from the excess binding of silver ions 
as RS Ag (mereaptide), forming complexes 
like (RS Ag), Ag', (RS Ag), Ag', or (RS Ag),- 
Sg' (1, 13). Because titrating with Ag' is not 
specific for -SH groups, Burton (4) expressed 
his results in an arbitrary way, without giving 
a specific meaning to the end point unless an 
independent verification of the -SH content 
was available. Our results are expressed as 
cysteine or oystine, to make them comparable. 

% w 

w 
a 
1 
a 
0 120 
I- 
W 

(L g 100 
I- 

Titrat ing milk and t lac to globulin. Figures 
2 and 3 show that sodium acetate a t  p H  10.25 
yielded the highest values for  both milk and 
8-lactoglobulin. The titratable -SH groups 
were 0.235 miw per liter of milk as compared 
to 0.264 miw reported by Zweig and Block (18). 
The highest value obtained was 0.235 and the 
lowest was 0.185 ma1 -SH per liter of milk at 
p H  10.25. Such variations have been reported 
(18). The highest titers in an~iiioniuin nitrate 
and tris buffers were 0.18 and 0.22 inM -SH per 
liter of milk, respectively. The -SH groups in 
raw milk titrated in aninioiiium nitrate buffer 
were higher than the data reported by Hutton 
and Patton (11) for titrations inade in 50% 
alcohol. 

Brand et al. (3) reported 1.11% for the 
-SH content of 8-lactoglobulin (cysteine) ; 
whereas, our titrations in sodium acetate a t  p H  
10.25 yielded 1.0626%. This figure was ob- 
tained by titrating 5 in1 of a 0.7753% solution 
of ,B-lactoglobulin, which required 3.40 ml or 
an equivalent of 680 ml of silver nitrate for 
7.753 g of this protein per liter. Therefore, 
8.7708 ml of M silver nitrate will conlbine with 
100 g of 8-lactoglobulin (680 X 100/7.753 = 
8,770.8 of 0.001 M or 8.7708 ml of M silver ni- 
trate) and this is equivalent to 1.0626 g of cys- 
teine (121.15 x 8.7708/1,000 = 1.0626). This 
figure is 95.7% of the one reported by Brand 

et al. (3) (1.0626/1.1100 X 100 = 95.7%). Ti- 
trations with tris and ammonium nitrate buf- 
fers yielded 70.3 and 86.5%, respectively, of 
the cysteine in 8-lactoglobulin. 

Tris buffer a t  p H  7.4 was used in the ampero- 
metric titration of -SH groups in proteins (2 ) .  T\ However, were titrated. a t  a According higher p H  to more Burton -SH (5)) groups more 
-SH groups in 8-lactoglobulin were titrated 

state are expected to becolne titratable. These 
groups were titrated in the presence of 1% 
sodium lauryl sulfate (SLS) and in 8 M urea. 
Results are shown in Figures 4 and 5. 

Adding 1 %  SLS to three solutions increased 
the titratable -SH in both skimmilk and 8-lac- 
toglobulin, and especially in ammonium nitrate 
and tris b d e r s .  The highest titers for milk and 
8-lactoglobulin in each buffer with SLS agrced 
closely. 

Lower -SH titrations mere obtained in sodium 
acetate and tris buffers ~vhich contained 8 M 

urea. The effect of urea was dependent on the 

7 8 9 10 1 1  I\ in tris buffer as the p H  was decreased, but we 
pH obtained fewer -SH groups in cysteine, 8-lac- 

PIG. 1. Amperonletric titration of cysteine HC1 t o ~ l ~ b u l i n ,  and mill< with this buffer when the 
HzO in sodium acetate 0, ammonium nitrate p H  was decreased. 
-A-, and tris -0- buffer solutions. Effect  of denaturing agents. When protein 

is denatured, inactive -SH groups in the native 

FIG. 2. Amperometric titration of raw skim- 
milk in sodium acetate 0, ammonium nitrate 
-A-, and tris -0- buffer solutions. 

FIG. 3. Amperomctric titration of j3-lactoglobu- 
lin in sodium acetate 0, ammonium nitrate 
-A-, and tris -0- buffer solutions. 
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TABLE 1 

Effect of urea and SLS in sodium acetate buffer on titration of -SH groups in raw ~nilk" 

mnc -SH lnnr -SH 
Urea per SLS per 
moles liter Per cent % liter Per cent 

0 0.185 100 0 0.185 100 
2 0.165 89 0.2 0.195 105 
4 0.147 80 0.6 0.215 116 
6 0.137 74 1.0 0.210 113 
8 0.133 72 1.5 0.215 116 

2.0 0.210 113 

" Amperometric titrations were made in sc 

FIG. 4. Amperometric titration of raw skim- 
milk in the presence of denaturing agents. (+ 
buffer only, -A- 8 v urea in buffer, and -.- 1% 
SLS in buffer.) 

)dium acetate buffer at pH 10.25. 

p H  of the ammonium nitrate b d e r  as lower 
-SH titrations were obtained in the more alka- 
line solution. 

Sodium lauryl sulfate was more effective in 
lower concentrations for activating -SH groups 
in raw milk proteins; whereas, urea decreased 
the -SH titer (Table 1). Benesch et al. (2) 
used tris buffer containing 8 M urea at  p H  7.4 
and found that -SH groups in some proteins 
were not activated. 

Effect of heat. Individual samples of the 
same milk were heated at  65, 75, 85, and 95 C 
for 30 min in a tightly closed container. Whey 
was prepared from each one by precipitating 
the casein with HC1 at  p H  4.6. Titrations for 
-SH groups in the milks and wheys are shown 
in Table 2. There was no activation of -SH 
groups in the heated milks. Their oxidation 
may have exceeded their activation. I t  is evi- 
dent that the heat-denaturable sermn protein 
precipitated with casein at  p H  4.6 did not con- 
tain -SH groups. When milk was heated a t  
85 and 95 C, the serum protein which still had 
free -SH groups was precipitated with the 
casein. 

Disulfide determinations. The decrease of free 
-SH groups in heated milk is due to oxidation 
to -SS- or production of other sulfur com- 
pounds which cause the cooked flavor. The 
-SS- groups in milk proteins were estimated 

TABLE 2 
Effect of heating for thirty minutes at  different 

temperatures on the -SH groups in milk 
and its whev ' 

Temp Milk Whey WheyN 

(GI (mu -SH per later) $:; 
Raw 0.195 0.217 1.147 

65 0.162 0.185 1.072 
75 0.092 0.110 0.770 
85 0.072 0 0.544 
95 0.068 0 0.518 

" Amperometric titrations were made in sodium 
acetate buffer a t  PI-I 10.25. 
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by reducing the~n  to -SH with sodium sulfite 
and urea, 1 M -SS- yields 1 M -SH as  follows: 

RSSR + SO;-+ RS- + RSSO; 
thiol S-alkyl- 

thiosulfatc. 
The disulfide is the difference between the -SH 
content bcfore and after reduction of -SS-. 

V a ~ y i u g  concentrations of urea and sodium 
sulfite fo r  estimating disulfide in niilli proteins 
were investigated. The effect of SLS with the 
sulfite to reduce -SS- was also deter~uined, be- 
cause it was more effective than urea for  acti- 
vating -SH groups. Results are shown in 
Table 3. A concentration of 8 nr urea was the 
most effective with 0.05 nr sulfite to reduce di- 
sulfide, as s h ~ ~ - n  in Table 4. 

I n- 

-Sf[ and -Sf?- in casein, 8-lactoglobulita, aiad 
mill;. Sodium caseinate and 8-lactoglobulin 
solutions and ~nillt were heated a t  65, 75, 85, 
and 95 C for  30 lnin in a tightly closed eon- 
tainer and -SH and -SS- groups were esti- 
mated. Results a re  shown in Tables 5, 6, and 
7. 

There were no -SH groups in casein, which 
has been reported (7, 11, IS) .  The eystine eon- 
tent of casein has been reported to bc 0.34% 
(7) ,  hut we ohtained 0.265% by titrating a 
solution c o n t a i n i l ~ ~  27.2 g of casein per liter, 
which yielded 0.300 rnar of -SS-. I n  100 g of 

TABLE 3 
Effect of conee~~tration of sodium sulfite on tllc 

reduction of disulfide in milk and whey :' 
I . L  

Milk Whey 

Nn?SO, X ar 1% 8 ar 1 70 
mole TTrcn SI,S 1 :  STAS 

-- 
( t i ~ \ ~  -SH + -SS- prr I t / (  r )  

n n.20 0.3ii O.I!I 0.20 
0.01 1.00 0.61 0.71 0.35 

0.4 1111'{ 1 1 1  0.34 0.81 0.41 

TABLE 4 

ICffret, of roncontmtion of urea on rcilurtion of 
tlisr~lfi(lc in milk and 1\~11c;- 11y 11.05 It 

so~lir~ln sl~lfite " 
- -. . - -. - - - -- . - - - . - - - - 

--- 
(~nar  -SIT + -SS- per lzler) 

Control I' 0.20 0.25 
n 0 .3 i  0.26 
2 0.5ii 0.33 
4 0.95 0.64 
ii 1.13 0.85 
8 1.20 0.88 

Amperometrie titrations were made in sodiom 
nretate I~offer containing urea at  pH 10.03. 

" Col~taineil neither urea nor Na2SO.t. 

TABLE 5 
l>r ter~~l i~~at ion  of -SII rind -SS- in  easeirl solutiolls 

Ilc~:~trtl :lt tliffrre~~t tc~mper:ttl~rcs for 
thirty 111i11r1tvs :' 

- ~ .  - ~ -- 

'l'ts1111) Cystrinr (Iysti~~c 
p- -- - - 

(C) (<>)- 
R:I\V n 0.21i5 

(i5 0 fl.2li5 
75 I1 0.0fi5 
!45 I1 Il.2fi5 
!I5 I1 0 . 2 M  

- - - -- - - - - 

" Al~~l~c,ron~c.trie t i t r :~ t io~~s  \\.rrc 111n1lr ill s n i l i u ~ ~ ~  
:cc.ct:lt(. I,uff'rr ront:~il~ing 8 31 I I ~ ( ~ : L  n11(1 0.11.') I1 

Na?S<):t : ~ t  pTI 10.25. 
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TABLE G 
Dct,rrminatio~~ of -SH and -SS- in P-lactoglobulin solut,ion (0.54Xc/,) l~eatctl at  different 

trnlpertttnrcs for thirty n~inr~tc~s " 

Ten111 Cystrine -811 A -SII -St1 + SS ('ysti~~c, -SS- A -SS- 

(c)  ( % I  - ( 7 1 1 ~  p ( ~  1ttm)- f % )  (mnr per Irtrr) 
Raw 0.807 0.365 0.0 n.820 2.00 0.455 0.0 

G5 0.774 0.350 -0.013 0.820 2.06 0.470 +0.015 
75 0.707 0.320 -0.045 0.800 2.11 0.480 +0.025 
8 5  0.597 0.270 -0.095 0 . 7 i 0  2.19 0.500 4-0.045 
9 5  0.531 0.240 -0.125 0.770 9.32 0.530 +0.075 

-- - -- 

' Titration conditions were, the enmr as for Tahle 5.  

casein there mould he 1.103 I ~ I M  of -SS- (0.300 
nix  X 100/27.2 = 1.103). The molrcular weight 
of cystine is 240.30 g ;  therrfore, 240.30 X 
0.001103 = 0.265 g cystinc, as  comparrd to 
0.340 g per 100 g of casein ( 7 ) .  This differ- 
cnce was duc to u rm which activated fewer -SH 
groupq. Tlir -SS- groups in easein were stable 
at  9.5 C (Tahle 3). 

Thr -SH groups decreased and -SS- in- 
rreasrd in the /?-lactoglol~ulin solutions as  the 
trlnprr:tturr was raised. At  75 C the decrease 
in -SF1 was 0.045 mnl, which agrees with the 
increase of 0.0225 mnr of -SS-, theoretically, 
and thr observed value was 0.025 Inx of -SH. 
A t  85 and 95C, increases in disulficlr xverc. 
rlosr to calculated values. However, incrc~asrs 
in disulfide in heated milk cannot be e\-pl:iined 
vntirely by the oxidation of -SF1 g r o u p  (T:I- 
hle 6 ) .  

One per cent SLS was effective only for  ac- 
tivating -SH groups in raw milk and its whey. 
The sum of the -SH and -SS- groups in milk 
remain almost constant during processing, with 
disulfide increasing in the heated milk to a 
higher value than expected. Decreased -SH 
groups in the acdid mhry of sterilized concen- 
tr:~tcd milk resultrd from the precipitation of 
serntn protrin ancl, as rspected, easein had a 
high rystinr eontrnt. Since the casein was 
washed only oner wit11 water, some whey may 
havr hrrn orcludcd, which aocounted fo r  the 
highrr -SS- rontrnt in the raw milk than that 
shown i n  Table 5 .  

l'he autl~ors are grateful to Dr. B. L. Lars011 of 
the Tklir:, Srienrc Department for supplying the 
P-1actoglol)nlin. 

The -SH contents of raw milk and /?-lacto- REFERENCES 
globulin in raw milk a r r  lover than thosr in ( 1 )  A I B A ~ ,  K., HERREID, E. O., AND WILSON, 
Figures 2 and 3, hecausr the titrations wrrc- H. I<. EfTcrt of the Structure of Ro~ne Mvr- 
lnade in the prescncc3 of iirca. captans on Their An~pero~nctrie Titr:ition 

-SH n11c1 -8s- ,qro1019 ill co?rrc~~~trn/r t l  mil l t .  with Silver Sitmte. J .  Dairy Sri., 4 3 :  
Skimniilk was nrrhrated a t  88.9 + 0.5 C for  4 1736. 1960. 
see and concrntratrtl 3 : l .  It was sterilized a t  ( 2 )  BENESCH, R .  E., L ~ R D T ,  'IT. A., AND RCN 
14.5.5 2 0.5 C with no holding time. Titrations ESCR, R. The Sulfhydryl Groups of Crys- 
fo r  -SIT mid -SS- gronps were made on the talline Proteins. J. Biol. Chem., 216:  G63. 
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TABLE i 
l ) c ~ t c r ~ ~ ~ i ~ ~ : ~ t i o n  of -SH :~nd -SS- ill 11111I( 11(~:1t(~11 :it cl~ftcbrc-nt ~ I . I I I ~ ) I . I : L ~ I I ~ I ~ S  for thirty nli1111tes' 

-. 

'rrllll) -SH n -srr -STT + ss -8s- n -ss- 
- -- 

(911 \f p/,Y 11 1 I r )  
l<nw 0.175 0.0 1.150 0.975 0.0 

65  0.1 10 -n.nc;a I .150 1.040 + O . O G ~  
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05 0.01 5 -n.lcio I .130 1.115 1 0 . 1  4 0  

" Titration c~onditions werc the same as for Table 5.  
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TABLE 8 

Changes i n  -SH and -8s- groups in  milk caused by preheating, concentrating, and sterilizing 
- 

Treatment -SH -SH+-SS- Cystine 
of milk Control 1% SLS --- 8 N Urea- 

- ( n t ~  per liter) 

Raw 0.200 0.260 0.192 1.150 0.958 
Preheated 0.195 0.187 0.132 1.140 1.008 

Whey from: 
Raw 0.205 0.285 0.185 0.860 0.675 
Preheated 0.190 0.210 0.132 0.704 0.572 

Rccoustituted coaceiitrated milk 
Unsterile 0.165 0.175 0.115 1.130 1.015 
Sterile 0.110 0.117 0.062 1.100 1.038 

Whey from: 
Reconstituted concentrated milk 

Unsterile 0.150 0.175 0.112 O.FG0 0.548 
Sterile 0.040 0.050 0.042 0.300 0.05R 

-- 

' Titration conditions were the same a s  for  Table 5. 

TABLE 9 

Deterulinntion of -SS- in casein from sterilized concentrated milk" 

Casein 
from Protein -SS- Cystine Cystine 

( % I  ( m ~  per fg pe? 
liter) liter) ( % )  

Raw milk 2.40 0.330 0.0793 0.330 
Preheated milk 2.32 0.390 0.0937 0.405 

Reconstituted concentrated milk 
Unsterile milk 2.27 0.370 0.0890 0.391 
Stcrile milk 2.45 0.634 0.1523 0.622 

" Titration conditions were the same a s  for  Table 5. 
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WHEY PROTEIS PATTERNS OF MILK FROM COWS WITH 
EXPERIMENTALLIT PRODTJCED ITASTITIS 

-1. 1,. BOR.TREE,2 E. .T. CARROLL, AND 0. W. SCRALM 
Depart~nent of Clinical Pathology, School of Veterinary Medicine 

University of California, Davis 

Whey protein patterns were determined on millr samples from cows in which 
experimentally induced mastitis was being studied. I n  two trials in which the 
cows showed increased temperatures, decreased production, and grossly abnor- 
mal milk, there wcre marked changes in the whey protein patterns. I n  the third 
trial, the attempt to produce mastitis resulted in increased cell counts and CRlT 
scores, but no other definite evidence of mastitis. The changes in the whey pro- 
tein patterns of salnples collrcted during this trial were slight. I n  the third trial, 
it appeared that inrreases in cell numbers and C31T scores were more sensitive 
than changes in whey protcins as indicators of inflamtnation of the manlmary 
gland. Whey protein analysis may he useful in studying the physiological re- 
sponses in attempts to experimentally induce nlastitis under controlled conditions. 

Blood serluu albuniin, iimnlunc globulins, a- 
1actall)umin :tnd 8-lactoglobuli~~ are proteins 
found in niilk whey. The first two are blood 
proteins which pass into the milk; the latter 
two are synthcsizcd in the mamlnary gland (1) .  
Increased capillary permeability during in- 
flammation  nay allow the passage of l>lood 
proteins from capillaries to milk a t  a rate faster 
than normal. Under these conditions the rela- 
tive proportion of blood proteins in the whey 
could increase. Increases or decreases in the 
rate of protein synthesis in the malnlnaly gland 
would likewise influence the relative proportion 
of each of t,hc fractions present in the whey. 
I t  has brrn suggcsted that increases in the blood 
protein fractions in whey, especially the blood 
serum alhun~in fraction, may be it sensitive 
indicator of inercascd capillary permeability 
which occurs in inflamn~ation (2) .  

Lecce and Legates (2)  determined whey pro- 
tein patterns in ~nillr from 43 cows with sus- 
pected cascbs of ~nastitis, using paper electro- 
phoresis. The   no st consistent and obvious 
change in ~ ~ ~ i ~ s t i t i s  milk was the appearance of 
a protein fraction which migrated a t  the rate 

Received for publication September 4, 1962. 

' Supportetl in part by the Animal Disease and 
Parasite Research Division, Agricultural Research 
Service, U. S. Department of Agriculture. 
' Veterinary Science Department, P e n ~ ~ s j  lrania 

Agricultural Experiment Station, University Park, 
Pennsylvania. This study was conducterl during 
sabbatical lcare :is National Seicnce Fon~~dation 
Pcllo~v a t  Vnircrsity of California, Daris. 
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of blood serulll albunlin. An increase in the 
relative proportion of immune globulins also 
was 11otcc1. TVeigt (5 ) ,  using similar tech- 
niques, found that blood serum albumin was 
present in the whey in chronic mastitis. He r  
statcnlc.nt that this fraction is ahsent in milk 
from acute cascs of n~astitis is di£f~cult to under- 
stand. Wcigt noted increases in immune glob- 
ulins and concluded that chronic mastitis was 
indicated when the relative portion of immune 
globulin reached 25% or higher. She also re- 
ported an :tbsolute increase in total whey pro- 
tcii, proportional to the severity of mastitis. 
Nilsson ( 3 )  examined milk samples from nor- 
n ~ a l  colvs and from cows with chronic mastitis 
in which Streptococcus agalactiae or  Staphylo-  
cocors arcreus infections were involved. I n  com- 
paring mastitis milk with normal milk he did 
not cletect any changes in the amount of total 
protcain in the milk serum of mastitic cows. 
E~lectrophoretically separated milk seruln pro- 
teins stained with Aniido Black 10 B always 
revc::~lcd four fractions in normal milk and in 
~nillc fro111 q ~ ~ a r t c r s  with chronic infections. 
Hoarver,  when ninhydrin staining was used six 
fractions were usually seen in normal milk and 
scven fractions were present in milk from ani- 
nlals with chronic mastitis. The additional frac- 
tion rcpresentcd 11 to 12% of the total whey 
protein, and it was postulated that the extra 
fraction may rcprescnt antibodies formed lo- 
c;~lly in luammary tissue. 

The ohjectivc of this study was to investigate 
the possibility that chan,rres in whey protein 
patterns may be sensitive and reliable indi- 

i5 
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cators of mild infl:ummation or infla~n~nation in 
its early stages in the In:tmmarjT gl:~nd Fre- 
quent sampling of milk from nor~n :~ l  quarters 
and fro111 rluartrrs in 11,11icl1 mastitis was induced 
111ade it possihle to study the ra.rly changes 
which rrsultccl from indnred n~:istitis. 

Sizable nu11111c.r~ of cows were involved in 
the s t~~t l ies  hy Leccc and Lrgittrs (2)  and 
Silsson ( 3 ) .  JIilk from quarters wit11 chronic 
bacterial inl'rctions or clinical mnstitis was 
ro111p;lrrd ~ ~ i t l ~  ~ililk fro111 1ior111i11 quarters. 111 

this study a rompara1)lr numher of sa~iiples was 
esa~nined, hut only thrc1e rows were involvetl. 
To determine the pattern of changes in whey 
proteins duo to attempted rs l~c~r i~i ie~i tn l  produc.- 
tion of mastitis, quilrtrr sa111plc1s were esaminetl 
prior to inoculation ;tad a t  fr t~qurnt intervals 
thereafter. Samples f'roni n~iinocnl;~tcd cluar- 
ters as  well as  p r e i ~ ~ o c u l ; ~ t i o ~ ~  sa~~il , lrs  sei-vrtl 
as  controls. The ~ v l ~ c y  protrin studies were 
co~~ducted in conjlmction with other rsperimet~ts 
on induced ~iiastitis and, to a rrrt;lin estcnt. 
the choice of cows and ino~n111111s was deter- 
r~iined l)y the ohj(.rtives of' these rsperiments. 

E ~ p c v i m r n t a l  cotus. T l ~ c  ro\vs used in these 
trials \\.(,re high-producing Holsteins in the 

first to third n~onth of their third lactatiot~. 
Complete records of bacteriolog~enl esanilnit- 
tions, leukocyte counts, Cnlifort~i:~ JIastitis 
Tests (CRIT), and milk product io~~ ~vere avail- 
;~l)le. The q u a r t r r ~  were ~dent~firt l  as follows: 
'1-right front, 13-right rrar, C-left front, 
;ind D-left rear. 

At the heginnwg of Ttnial I, ('(I\\ 2441 mas 
shedding Aerobirrter ni tog~?tc+ I'~~orn thc .I 
quarter. CJIT reaction< tor t l ~ r  cluartcr prior 
to this trial varied fro111 one to three and the 
highest cell connts were over onr million. .it 
the same time no organisms of' signifiea~~co \\.ere 
rulturcvl from R, C', aud I) quarters. Only 
occasional trace CRIT reactions were rc.corded 
for these quarters. Quarter sa~r~ples  from Cow 
2414 used for Trial IT were low in cell counts, 
negative to the CJIT test. itnd negative hnc- 
t,csriologically escept for  oce:wioni~l I I O I I ~ ~ I I I O -  
Iytica, coagulase-negative niicroc.orci. JLilk fro111 
thc, C quarter of Cow 2507 nsrd ill Trial 111 
was negative to CMT tests and low in cell 
c.~~unts. The A,  R, and T) quitrtcrs showed low 
to tnoderatr cell counts. Tht* CJIT react io~~s  
I'or these quarters were I'rcsquently trace i111c1 
occasionally one. Rilc~teriologiral ~ s n ~ ~ ~ i n a t i n n s  
of milk from all four qn:irtrrs JT~I.I.  ~~e fa t ive  
f'nr pathogrnic organisms. 

TABLE 1 

Rclntire per cent of whrg proteins, CMT scores, : I I I ~  ( ~ 1 1  C O I I I I ~ S  i l l  Trial I 
- . 

111oculun1 .. ......... Micrococc~~s S a l i ~ ~ c  l\lierococr~~?; Sn l i~~e  
- -- - - - - -. - -- - - - - 

Quarter ...... ...... (' 13 D A C E D 
- - 

Time aftrr 
il~orulation 

-15 hr 
36 hr 
60 hr 

6 d:lys 
9 days 

11. days 
30 t1:lys 

-15 hr 
36 11r 
1x1 I l l  

fi (1:l.v~ 
9 (lays 

74 days 
30 clays 

-1 3 11r 
36 hr 
60 hr 

!I days 
!) days 

14 days 
R n  days 

Scruln al1111min Iln~nullc glohuli~~ 
3.5 1.3 1.4 2.6 29.8 30.3 27.4 

13.7 15.8 (i.4 4.2 58.2 62.2 36.4 
3.3 4.0 I .1 1.3 61.5 61.8 27.7 
3.6 4.!1 2.1 2.1 49.4 52.9 29.5 
4.3 3.7 5.1 1 .2 47.9 49.1; 34.3 
?.!I 2.6 :3.5 3.0 41.3 36.2 34.9 
2.4 ., 0 3.1 4.0 38.6 36.0 36.1 

P-Lactoglobulin a-Lactnlhumin 
50.9 50.0 50.7 47.4 15.8 18.4 2O..i 
19.f; 17.4 23.6 45.3 8.5 7.1; 13.1; 
24.4 23.0 .)?.I 50.0 10.9 11.2 111.1 
34.9 32.4 52.6 50.0 12.1 9.6 15.8 
36.9 34.8 46.5 47.6 11.1 11.!1 14.1 
42.3 47.4 47.7 49.5 13.5 73.S 14.0 
43.4 47.2 45.4 44.0 15.7 14.(i 15.5 

CMT scorc ('cll ronnt X InR 
1 0 0 0 2 0 0 
4 f +  4++ 1 1 .S 6 .;!I .- , 
4 4+ 0 0 34 :< 4 0 
2+ '?+ 1 1 I<..? :3 1 ..i 
2+ 2+ T n 3 3  :4 1.5 
0 0 0 0 .3 0 0 .- .L 

o 0 T T o n 0 
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Cultures. The culture used for  Trial I was 
a nonhenrolytic, coagulase-negative micrococcus 
isolated from the D quarter of the cow used in 
this trial. The inocululn was preparcd from a 
24-hr growth on tryptose agar washed twice 
with saline. The saline suspension contained 
approximately six billion organisnls per milli- 
liter. A. nprogrnrs which originally was isolated 
from a milk sa~rlple and later subcultured from 
an experimental case of mastitis was used in 
Trials I1 and 111. The iuoculums were saline 
dilutions of an 18-hr serum broth culture and 
contnined one and two n~illion organisms per  
n~illilitc~r in Trials I1 and 111, respectively. 

Inoc~tlatiotzs. I n  Trial I (Cow 2481) Quar- 
ters h and C mere inoculated with 1 ml of a 
saline suspension of micrococci. B and D quar- 
ters were infuied with 1 1111 of saline. I n  Trial 
I1 (Cow 2414) each quarter was inoculated 
with a I-ml suspen\ion of A. aerogenes. I n  
Trial 111 (Cow 2507) Quarters A and D were 
inoculated with 1-ml suspensions of A. aerog- 
enes. The B quarter was infused with 1 ml of 
undiluted serurn broth and the C quarter was 
nlaintained as a control. 

Snmplilzg procer(ctrrs. In Trial I, 20 1111 of 
foremilk was collected twice daily in~m~diate ly  
before regular n~i l l~ing and the next 20 ml fro111 
each quarter was collected for whey protein 
detc.r~ninations. I n  Trial I1 the first 20 1111 of 
rnilk froin each quarter was collected for bac- 
teriological exan~ination. From 2 h r  preinocu- 
lation to 24 hr  post-inoculation, sa~nples for 
whey protein analysis were taken from the 
150-m1 quantities of milk drawn from each 
quarter following collcbction of' samples for bac- 
teriological exa~ninations. Thereafter, 20 nll 
of niillr for  whey protein determinations was 
collected in~mediatrly after sampling for bac- 
tc.riologica1 exanlination. On the day of inocu- 
lation the preinoculation samples were taken 
a t  the regular ~nilkillg t i n~e  and ahout two- 
thirds of the nlilk was renloved by machine 
from the udder a t  that time. The cow was com- 
pletely milked following the 10- and 22-hr post- 
inoculation samplings. The intervals of sam- 
pling are shown in Table 2. 

I n  Trial I11 each quarter was niillced sep- 
arately after collccting sanlples for bacterio- 
logical exan~ination. JIillt used for  whey pro- 
tein detenniriatio~~s was an  aliquot of the com- 
plete milking from each quarter. 

C M T  scorcs aiztl cell co~~is t s .  CXIT reactions 
\v(.c.re scorcd from 0 to 4++,  as rec~onlmmded 
hy Sch:lln~ (4 ) .  A 4 was the strongest CAIT 
rei~ction and the + syn~bol indicated alkalinity 
of thr sanlplt.. Cell connts of less than 20.000 
were rccordcd as 0. 
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TABLE 3 

CMT scores and total cell counts in milk from quartem il~oeulated wit11 Aerobacter aeroge)te-s 
in Trial I1 

Chf T Ccll count X 10' 

Quarter ............... A R C I )  A B C, D 

Time after 
inoculation 

Hours -2 0 0 0 0 
0 0 0 0 0 
2 0 
4 3 3 
6 3 3 3 
8 3 3 3 3 

10 3 3 3 3 
22 3 3 3 3 
24 3 3 3 3 
46 3 3 3 3 
70 2 2 2 - > 

94 1 2 - 9 2 

Days 8 0 0 0 1 0 0 0 .8 
10 0 0 0 3 0 0 0 18.0 
30 0 0 0 1 0 0 0 .5 

-- 

Preparation of sanbples. The milk samples 
were centrifuged and the cream layer removed. 
Whey was prepared from a 20-ml milk sample 
by adding 0.3 ml of a 1:50 dilution of rennin 
and 0.2 ml of saturated calcium chloride, hold- 
ing a t  37 C for  20 to 30 min, and centrifuging. 
The whey was filtered and refrigerated or frozen 
until used for determining whey protein pat- 
terns by paper electrophoresis. 

Paper electrophoresis. A Spinco Model R 
Paper  Electrophoresis System was used for  
protein fraction determinations. The procedures 
followed were those outlined "or blood serum, 
except that i t  was usually necessary to increase 
the volume of sample applied to the strips to 
.05 to .07 ml. When whey from quarters with 
clinical mastitis was used a smaller application 
was adequate. Verona1 buffer, p H  8.6, was 
used and the separation mas conducted a t  2.5 
ma. for  16 hr. Strips were stained with brom- 
phenol blue and a Spinco Model RB Analgtrol 
was used to evaluate the stained strips. 

RESULTS 

A clinical case of mastitis was produced in 
Experiment I. Quarters A and C, inoculated 
with a micrococcus, were swollen and the milk 
was grossly abnormal. The B and 1) qutlrters, 
infused with saline, produced normal-appear- 
ing milk. Total milk production dropped to 
about 60% of the preinoculation 1evc.l on the 
day following inoculation, but quickly retunled 
to near the preinoculation level. 

Spinco Division, Beckman Instruments, Inc., 
Palo Alto, California. 

I n  examining data in Table 1, it can be seen 
that following inoculation the relative per cent 
of blood proteins in the whey from all quarters 
increased, whereas those fractions synthesized 
in the mammary gland decreased. The changes 
which occurred in the quarters inoculated with 
lnicrococoi were more pronounced and persisted 
for a longer time than those observed in the 
quarters infused with saline. The blood pro- 
teins present prior to inoculation constituted 
about one-third of the total whey proteins; 
whereas, after inoculations with micrococci they 
made up  more than two-thirds of the total 
whey proteins. 

I n  comparing whey protein patterns, CMT 
scores, and cell counts, i t  ran be seen that niost 
values for the A and C quarters gradually re- 
turned toward the preinoculation levels during 
the 14 days after inoculation, and that there 
was a marked drop in the per cent blood serum 
albumin between 36 and 60 hr  after inoculation. 
Results of a later trial suggest that the peak 
of the change in blood serum albumin may have 
been missed in this trial. 

I n  Trial I1 there were no apparent differ- 
encrs in the quarters of the experimental ani- 
mal prior to inoculation and all quarters re- 
ceived similar inoculations. The time of the 
first sampling of individual quarters following 
inoculation varied from 2 h r  post-inoculation 
for the il quarter to 8 hr  post-inoculatio;~ for 
the D quarter. The blood protein fractions in- 
creased a t  the expense of the fractions spnthe- 
sized by the mammary gland. As in Trial I the 
most evident early change was in the blood 
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serum albumin fraction. Increases in blood 
serum albumin values for the C quarter were 
considerably greater than those for the three 
other quarters. Serum albumin and immune 
globulin constituted about 27 to 35% of the 
total whey proteins in all four quarters prior 
to inoculation. In  samples taken between 10 and 
70 hr  after inoculation, these two fractions in- 
creased to about 50% of the total, except in 
the 24-hr sampling, where the values were 60 
to 70%. However, the 24-hr samples were not 
considered to be comparable to samples taken at 
other times, because the cow had been com- 
pletely milked 2 h r  before this sampling. 

Indications of a clinical case of mastitis in 
the D quarter at ten days after inoculation are 
shown by the data in Tables 2 and 3. Increased 
cell counts and CMT scores were found in the 
D quarter only. The whey protein values at  
this time (Table 2) indicate that the trend 
toward the preinoculation values was somewhat 
affected in all four quarters a t  ten days after 
inoculation. The most pronounced changes were 
the increase in per cent immune globulin and 
the decrease in lactoglobulin and lactalbumin 
in the whey from the D quarter. 

Although the organism used in the attempt 
to produce mastitis in Trial 111 was from the 
same culture used in Trial 11, and the number 
of organisms per niilliliter inoculum was twice 
that used in Trial 11, the only definite effects 
produced were increases in cell counts and CMT 
scores. The quarters which were inoculated and 
the one infused with broth showed slight swell- 
ings and a few flakes were present in the milk. 
At 6 to 1 0  h r  after inoculation there was a 
slight elevation in temperature. Milk produc- 
tion was depressed slightly in the individually 
milked quarters a t  4 hr post-inoculation, but a t  
the nest milking, 10 hr post-inoculation, pro- 
duction returned to normal and remained nor- 
mal (Table 5). In  examining the whey protein 
data in Table 4, there are some suggestions of 
changes in the percentages of blood serum albu- 
min and immune globulin at  10 hr post-inocu- 
lation. However, these changes are not ~nuch 
greater than those which appear to be due to 
nornlal variations. I n  this trial i t  is of interest 
to note that the attempt to experinlentally pro- 
duce mastitis der~ressed milk ~roduction only 
slightly, caused little or no change in whey pro- 
tein patterns and, in general, produced little 
evidence of mastitis other than the increases in 
milk cell counts and CMT scores. The CMT 
scores and cell counts for the control quarter 
did not change throughout the sa~npling period 
(Tables 4 and 5). 
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TAELE 5 

ChlT scores, total cell counts, and m~lk  production in Trial I11 
- - 

Quarter A l l  B C  A D  R C  A D E C  
-- - - - .- 

Before 
inoculation CJCT Cell count X 10' Pounds milk 

6 (laps 1 T T 0 
8 11r T T T O  .3 0 .2 0 3.5 3.2 3.2 3.1 
2 hr T O O 0  .1 0 0 0 3.7 3.3 3.3 3.1 

After 
i~ioculntio~~ 

4 hr 3 3 2 0 38 35 4.8 0 2.4 1.9 2.0 2.0 
10 hr 3 3 2 0  22 12 4.5 0 3.7 3.1 3.3 2.9 
16 hr 3 3 3 0 8 18 2.5 0 3.0 3.0 3.2 2.8 
22 hr 3 3 2 0  5 10 2.5 0 3.6 3.1 3.1 3.1 
28 hr 1 3 1 0  2 7 1.0 0 3.1 2.8 2.9 2.6 
34 hr 1 2  1 0  1.5 2 .8 0 3.2 3.0 3.1 2.8 
46 hr * 1 1 1 0 1.0 .5 .3 0 6.4 3.3 5.4 5.6 
58 hr T O O 0  .3 .3 0 0 6.8 6.0 6.4 5.8 

7 (lays 0 1 T 0 0 3 .3 0 6.8 5.3 5.8 6.0 

" Jfilki~ig interval changed from 6 to 12 hr. 

DISCUSSION 

Whey protein ptitterns werv drter~nined for  
111ill\: san~ples obtainrd before and after i t t t r ~ ~ ~ p t s  
to csperinlentally produce n~astitis. I n  two 
trials where the experilnentallp produced ma\- 
titis resulted in a rise in telnpcrature, reduced 
milk production, and grossly abnorn~al lnilli, 
there were definite changes in whey protein 
patterns. The n ~ o s t  marked early change was 
an  increase in the relative per cent of blood 
serum albumin in the whey. This incre:lse \\,as 
of short duration. The other blood protein 
present in whey, innnulie globulin, increased 
more slowly, continued a t  its peak value after 
the relative per cent of hlood seruln : ~ l b u ~ n i l ~  
had declined, and remained a t  considerably 
ahove preinoculation 1evc.l~ fo r  sevclral dnys. 
The difference in the rates of change for  thtbse 
two fractions suggests that  the n~echanisn~s rr-  
sponsible fo r  thew changes are not identical. 
One possible explnnation f o r  this difference 
is that the increase in blood seruln albumin inay 
he due entirely to changes in capillary permea- 
hilitg, whereas increases in immune globulin 
may be due to active transfer from blood to 
111i1k or to IOCRI production, :IS suggested by 
Silsson ( 3 ) .  The short duration of the increascb 
in blood seruln albu~nin may offer an  exp1;rnn- 
tion of a failure to find it in certain suspected 
cases of mastitis. 

If i t  is assumed that the i~icroase in cell 
counts and CMT scores in Trial I T T  ac!curately 
reflect iiiflan~n~ation resulting from the i t t t ( ~ ~ l p t  
to induce mastitis, it would app ra r  that c:hanges 
in whey protein patterns arc less st.nsitive in- 
dicators of inflammation than are the CJIT 
scores and cell counts. I t  is of p:irticular inter- 

est to note that in this trial, in which only 
slight changes in whey protein patterns oc- 
curred, the attenlpt to produce ~nasti t is  had 
very little effect on milk production. 

Attention should be called to the fact that 
in this study as  well as  those of others rc!lativo 
changes in whry protein fractions were co~l- 
sidrred. Dc>pression in nlarntnary tissue syn- 
thesis of protein fractions, due to mastitis, 
would result in an  apparent increase in tho 
hlood protein fractions. At ten~pts  to drter~niric 
:thsolute changes in the four whey protein frats- 
tions in Trial 111 failed when the whey protein 
],atterns re~nained (~ssentially unchanged. 

While the sn~al l  nuinher of cows involvc~d in 
this study does not allow definite conclusions, 
the results do point out differences in the rate 
of change in the different whey protein frac- 
tions following inoculation of the quarters. I n  
addition, i t  aI)pe:Lrs that irritation sufficient to 
increase cell nun~bers in ~nillr may not alter 
whey protein patterns. 

\They protein patterns may he of value in 
(leternlining sonle of the physiological responses 
of Inannnary tissue to a specific cause of in- 
Ilan~mation. Atternpts to use these procedures 
to detect mastitis milk due to a variety of causes 
or to diagnose mastitis during various stages 
of the course of the disease are liltelp to yield 
variable results. 
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EFFECT OF AD LIBITUM OR FORCE-FEEDING OF TWO RATIONS ON 
LACTATING DAIRY COWS SUBJECT TO TEMPERATURE STRESS 

0. TVAYMAN? H. D. JOHXSON, C. P. MERILAN, AND I. L. BERRY 
Department of Dairy Husl~andry, University of Missouri, Col~ilnbia 

AND 

AER,D, USDA 

SUXIXI.IRS 

Comparison of constant intake with ad libitu~u feeding of dairy cows dem- 
onstrated that:  (1 )  The major decrease in ntilli production a t  high ambient 
temperatures is due to reduced feed intake. (2)  High ambient temperature per 
se causes a decrease in production. Par t  of this effect may be due to decreased 
rate of feed passage through the rnmen. (3 )  Differences in fiber or molasses 
content of rations a t  low or high temperatures showed no significant influence on 
amount or composition of milk produced. (4 )  Increase in  temperature caused a 
significant decrease in production. (5) High teniperatures caused a significant 
decrease (P < .05) in efficiency of energy utilization for  niilk production. (6 )  
Significant interaction of ration and temperature on efficiency of energy utiliza- 
tion for  milk production indicates that ambient temperature qhould he considered 
in evaluating ration effect. 

The influence of environlnental teinperiiture 
on the production of milk by the dairy cow 
has been studied extensively. Interest in this 
factor which affects a dairy cow's response is 
increasing, and nen; facilities are being de- 
reloped to study the problem more intensively. 

According to reviews by Hancock (7) ,  Lar- 
son (13), and Legates (14), most of the studies 
on the influence of controlled temperature and 
relative huriiidity upon milk production and 
con~position were conducted a t  the Missouri 
Station (3-6, 16-20). Larson concluded from 
this work that the decrease in feed intake a t  
higher temperatures is  apparently the major 
reason fo r  decreased milk production. None 
of the reported studies were designed to deter- 
mine whether elevated temperatures had a dele- 
terious effect upon lactation other than that 
which appeared to be directly assocbted with 
decreased feed intake. 

The work of Stott and Moody (22) showed 
that studies of response to environmental tem- 
perature must consider the type of ration. They 
reported that during the summer in Arizona 
there v a s  a highly significant change in cow 

iSesponse i ~ s  hay wa5 decreased and concentrates A 

were increased to provide the same level of 
energy and protein. Body temperature, res- 
pirations per  minute, and milk f a t  test were 
decreased and 4% fat-corrected milk was in- 
creased. These data suggest that when environ- 
mental temperatures are high, the lactating 
dairy cow can maintain nearly normal response, 
except for  f a t  test, if the energy level of the 
ration is kept constant and the fiber content is 
decreased. 

Information on the effect of temperature 
per se on lactation response under different 
feeding conditions would increase our ability 
to understand the component factors of the 
physiology of milk secretion and their inter- 
relation. This study was designed to explore 
these problems. 

EXPERIMENTAL PROCEDURE 

Six Holstein cows just past the peak of lacta- 
tion were allotted a t  random to two groups and 
assigned to a switchback design of three 6-wk 
periods (1) .  Each 6-wk period consisted of 
3 wk a t  low temperature followed by 3 wk a t  
high temperature. Relative humidity was held 
constant i t  50%. 

Received for publication September 13, 1962. The base temperature used was 6 5 F  and 

I Contribution from the Missouri Agricultural the high temperature was predetermined a s  that 
Experiment Station Journal Scrics So. O i Y 5 .  which would cause a 2 F rise in  rectal tempew- 

*present Department of Animal Sci- ture. Previous studies (10) showed that a con- 
once, University of Hawaii, Honolulu. (Papcr No. stant temperature of 85 F was required to ob- 
588, approved by Hawaii Agricultural Experi- tain a 2 rise in rectal temperatnre for  most 
nlcnt Station.) lactating cows. 
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The cows were housed in one chamber of the 
JIissouri psychroenergetic or  climatic labora- 
tory, which provides for  inaintenance of six 
cows per chamber under conditions of con- 
trolled temperature and relative humidity. They 
were kept in individual stalls arranged to per- 
mit collection of separate feed and water con- 
sunlption data on each cow, as described by 
Brodp ( 3 ) .  

TABLE 1 

Rations fed 

Ingredient Ration A Ration B 

Cnne molasses 10.0 30.0 
Alfalfa hay (1-2-in. cut) 45.0 35.0 
Soybean mcal (44% protein) 5.5 5.5 
Shelled corn, No. 2 

(:Yc -ill. grind) 37.5 2 7 3  
Salt 1.0 1.0 
Boncmeal 1.0 1.0 

Total 100.0 100.0 

Two complete mixed rations of chopped hay, 
concentrates, and molasses, as shown in Table 1, 
were fed during the trial to provide a test of 
the influence of reduced fiber a t  high and low 
temperatures. Both rations, when eaten in 
normal amounts, provided nlore protein and 
energy than the recommended allowances for  
thc .cows on tcast. Proximate analysis and en- 
erg!- content of the rations are shown in Table 

Two cows in each group were provided with 
runien fistulas, closed with a lucite cannula 
having an  inside diameter of 3% in., to permit 
force-feeding. The third cow in each group 
was left intact as an  ad libitum control. 

During a preliminary 2-wk period a t  65 F 
and 50% relative humidity, the cows were all 
fed ad lib. on the 10% cane molasses ration 
shown in Table 1. The amount of feed eaten 
during this period determined the level of feed 

intake of the fistulated cows during the 18 wl; 
of the trial. Any feed refused by these cows 
during the experiment was weighed back and 
inserted through the cannula. I n  an  attempt 
to provide uniformity in the amounts fed 
through the cannula throughout the trial, 20% 
of the daily allowance of each fistulated cow 
was allotted for cannula feeding. 

Feed was mixed a t  the beginning of each 
3-wl< interval of the trial, and allowances for  
each fistulated cow were weighed into heavy 
paper bags for  each feeding. Amounts to be 
fed through the cannula were bagged separately 
fro111 the oral offering. Feed was weighed out 
a t  each feeding for the ad lib-fed controls and 
weighbacks from the previous feeding were re- 
corded. No allowance was made for  the slight 
difference in estimated TDN of the two rations 
in switching from one to the other. 

As feed was bagged for  the fistulated cows, 
grab sainples were talcen from each bag prior 
to weighing and were co~nposited for  proximate 
and energy analyses. Energy values determined 
by bomb calorimetry were used to compute the 
gross energy intake of each cow. 

The cows were milked a t  11- and 13-hr inter- 
vals. Milk was recorded to the nearest tenth of 
a pound for  each milking. Individual samples 
of milk were collccted from each cow on Sun- 
day, Tuesday, and Thursday evening.;, and 
Monday, Wednesday, and Friday mornings, to 
provide six samples per cow per week. Samples 
wcre refrigerated immediately. 

Fa t  percentage was determined on individual 
samples by Babcock test and total solids by 
Watson Pattern Lactometer. Herrington !9) 
concluded that the lactometer is not a desirable 
technique for determining total solids on stin- 
ples of milk from individual cows. To obtain 
greater accuracy with the lactometer, eoncur- 
rent analyses were made by the Blojonnier 
method and a correction factor determined. 
This factor, -0.268 was then applied to the 
lactometer fornlula : 

TABLE 2 

Proximate analysis and gross energy content of rations fed 
-. -- 

Ether Crude 
Ration Water Protein extract fiber Ca P Energr 

Note: Proximate analyses were performed by Dr. C. W. Gehrke, Experilnent Station 
Chemical Laboratories, and energy content determined by Dr. W. H. Pfander, Department of 
Ani~nal Husbandr~, University of Missouri, Columbia. 



Per  cent total solids = I I 1 

Whertt F = F a t  percentage by Babcoclr test 

L = Lactometer degrees a t  102 F 

Yields of fat, total solids, and solids-not-fat 
were computed for  each cow fo r  each milking, 
using n~orning f a t  and total solids values for 
all morning milk, and evening values fo r  all 
evening milk. The energy value of the total 
solids was computed from these data using the 
f'ollo~\-ing formula : 

kcal/grn of solids = 4.516 + 0.3'21 X f a t  
test, as  developed by Lofgreen and 0tag:llri 
(15) 

Thcbsc! yields were then sunlmed into I\-eekly 
totals for  analysis. 

Body weights were recorded after n~ili;il~: 
and hc>forc feeding tach Thursday and Friday 
I I I O ~ I I ~ I I ~ .  Hcletal t t~~nperatures,  pulse, and rcs- 
11ir;ltion r:~tc.s were recorded t~vicr daily on a 
regular sc1it:tlule Monday througli Friday. Rec- 
tal ten1per;ttures were observed over the week- 
rntl during the high-ten~perature interviils to 
guard against overheating the cows. 

Concurrent studies which will be rcsl)cir~ed 
hy other investigl~tors studied thc effects of the 
applied stress upon ~ n e t a b o l i s ~ ~ ~  its measnued by 
opt3n cirruit calorinletry and thyroxine 1'"' dis- 
appearance rates in the third week of each 
tc>rnpewtu~*e period. Adrenal function and III~.- 
teholic rnd products were also investigated, 
 sing one 24-hr collection of urine obtained 
with intcnial natheters during the third xveelr of 
each tch~nperaturct period. 

RESULTS 

At thr end of 48 hr of the first high-temperti- 
ture pc~iod,  it was a1)parent that 85 F TTRS not 
J T ~ ~ I I I  ('nough to provide the dttsired tc.n~pcrature 
stress. The temper;iture was, therefore, ad- 
justed upward a t  thc rate of 1 F per dtiy. 'I'his 
was a s  rapid a s  the chamht:r could he precisely 
adjusted and the influence of the incrcase 
checlted. I t  was found that 88 F \\-as the te~n-  
per~iture neecssary ; ~ t  50% relative hu~nidity 
to cause a 2 F  rise in rchct:tl te~npcra tn~.~:  for 
the cows usotl. \l-l1(~11 the a~nbient temper.ature 
rxc*c~t~ded this Icvt~l, rectal tempc.ratures rose 
~xp id ly  ant1 the cows suffered cxcessivclg from 
the heat. . l f trr  this initial adjustlnc~nt, tho 
cl~:mlher w:t.s ~nn i~~ ta ine t l  as  near 88 El as 1 ) ~ s -  

sihlc during hig11-temperature iutervals. 
Feed intake d(~creasc~c1 when the c h ; ~ n ~ l ~ e r  

t c ~ ~ ~ ~ p e r a h u e  xv;~s raisrtl. This is sho \~n  in Fig- 

65'F ' 88°F 1 65'F 88°F 65°F 88°F 
.-- - 5O%R.H. - 

I 
NORMAL 'E33 
FISTULATED -7  

WEEKS 

FIG. 1. Arernge daily feed intake 1 ~ p  weeks. 
'Pile roll~ntnry nnd total intakc are ~I IOIVI I  sepn- 
rntelv for the forrc-fc11 rows. 

ure 1. The decrease was greater and more 
abrupt on the 10% molasses ration. This was 
most apparent in the voluntary intake of the 
force-fed cows. During the first high-tempera- 
turc period, the force-fed cows rereiving the 
30%  nol lasses ration consumed all feed offered 
them through the seventh day. The force-fed 
cows on the 10%  nol lasses ration stopped 
cleaning u p  their feed by the third day and 
dropped to it v o l u r ~ t a q  intake of less than 1 Ib 
per day in the 2nd wk. The decrease was less 
in the 2nd and 3rd high-temperature periods. 
Tllc average decrcvise in voluntary feed intake 
by force-fod cows a t  88 F fro111 the preceding 
65 F period was 47.6 and 18.6% on the 10  and 
30% nlolasses rations, respectively. I n  com- 
parison, the ad  lib.-fed cows decreased their 
total feed intaltc by 31.8 and 1S.8yo on th(2 
s;lnlc rt~tions. 

As sl~o\vn ill Figure 2, the ~ni lk  prod~ct ion  
of both forre-fed and ad  lib.-fed animals do- 
creased a t  S8 F. The ad lib.-fed c~\ \ -s  showed 
a grriltcbr decroilsc in production a t  S S F  and 
;I stro~lger. rrcaovery in thc succeeding 6 5 F  
period. Krgrc'ssioa :~n;llysis sl~owetl a decline 
in average dnily production of 0.869 and 1.919% 
of actual milk each week by the force-fed and 
ad lil1.-fed cows, rcspectivcly. Average daily 
4% Nil" declined a t  the rate of 1.036 and 
2.425% each week for  the two groups of cows, 
respectively. The decrease due to te~nperature 
was statistically significant. 

Production by the ad lib.-fed cows followed 
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5OxR.H.  

3 5 
--r(4)FISTULATED (CONTROL FEO)COWS 

z :, 
Q !? 
L -(2)NORMAL(AD LIBITUM FED)COWS 

WEEKS 

FIG. 2 .  .\\ clttgc :~etual n~ilk l)roductior~ 1)g weeks 
for  the fistnl:~tc~l and control co~vs. Vnlurs are 
s l ~ o ~ r ~ ~  as 1bn' cent of production ill tllc first \reek. 

their pattern ot' feed caonsunlption very closckly. 
However, the force-fed cows also followrd :t 

pattern of decline it1 produc*tion a t  high tern- 
peraturr and recovery in the succeeding low- 
tetnperatnrr pcariotl hut of decreased amplitude. 
1n:tsmuch as thrir  fred intake was held con- 
stant, thc~ tluctnation was due to factors other 
than feed intake. One of thcse factors was the 
apparent rc.ducetl rate of feed passage through 
the. anin~nl at high tetnpcra.turc. This was 
~tl;tnifestc.d 1)y the increase in weight of the 
force-frd vows a t  88 F and the decrease a t  
65 E', a s  c.otnparc~l with the reverse pattrrn for  
the : ~ d  lib-frd co\\.s (11). I t  wzis also apparent 
in tht. invrc.asin~ tlifirulty associated with force- 
feeding through the c:mnul:t, within Itigh-teln- 
~wrature  ~)eriotls. 

The production of total solids, solids-not- 
f:tt, and f a t  varied with tenlperaturc., as showu 
in Figure 3. Inasrnuch as cwh of these is ;I 

function of the, innount of nlilk producrd, the 
variation \\-as stnaller for  the force-fed coo\\-s. 
Per  cent total solids, solids-not-fat, and f a t  
\vc.rtA not sipniticantly itffectrd hy tetupen~tnre 
or rt~tion. or by their interaction. 

There \V:IS :t \vide variation in the ~)itrtial 
c4ficienc.y for  lt~ilk production, as show11 in 
Tahle 3. 1)iffvrc~ncc.s clue to rations wclrcb not 
st;ttistically sigttific:~nt. Inrrcaase in ten~prrs-  
ture causetl a st:~tistic;~lly signifie:~nt decarc'ase 
in c.fficie11c.y of frrd i~tilization for n~ilk 1)ro- 

duction (P  < . 0 5 ) .  Inter2tction of ration and 
temperature was significant (P < .02).  

The response to forcr-feeding in this study 
demonstrates that cows will reduce their feed 
intake, whenever possible, under high-tenlpera- 
ture stress. Davis and Merilan (6)  reported 
a decrc!ase of applwxilnately 20% a t  an  anibient 
te~nperaturc of 90 F with 50% relative hulnid- 
ity. The ad lib.-fed cows of this study had i~ 

colnpamhle decreascb in feetl consu~nption on 
the 3 0 %  1no1:tsses rtttion. However, on the 
highcr fiher, 10TO tnolassc~s ratiou, thrir feed 
intake decre;isc?d an avc1r:tge of 3 1 . 8 % .  The 
greater decrrase on the 10% rnolasses nttion, 
21s compared \$-it11 previous stutlies, is prol)- 
:thlp due to n~ethod of ration for~nnI:ttion. 
Each ration mas a complete, ntixed ration 
which was eaten as a unit. I n  ~)rrvious studit~s, 
hay was fed :id lib. and concentrate scaording 
to lnilk production. With this rnethod of feetl- 
ing, the consumption of hay decreased rapidly 
under high-temperature stress and conrentratc 
intnlic. remained fairly constant. When the co\v 
wa.i ultahle to be selective, total intake drc.re:t,sed 
111ore on conll~nrahle rations. The snialler dr- 
crr:Ise in consu~ol)tion of the 30% n~olasses 
 itti ti on shows a grrtttcr tolerance a t  high am- 
hient tc.mperaturcs for a ration with lower 
tihcr anti highrr readily i~vailable energy ('"7). 

FISTULATED COWS 

CONTROL TED-- - )  

I20 

100 

80  

60 

40 
I 

20 ' " 

1 3  6 9 12 I5 18 

WEEKS 

FIG. 3. Weekly 1)roi[uctioi1 of  total solitls, fat, 
:tnd solids-not-fat for fistul:~trd :~ncl ro~ltrol cows 
shows as per r ( ~ t  of ]~ro~ln(.tion i n  t l ~ r  t i r~ t  week 
of thcs tri:iI. 



TABLE 3 

Per cent efficiency for milk production during the second and third week of each temperature 
period ' 

Group I Group I1 

Tempera- Pcriod Cou- no. 
ture no. 7 12 833 11 876 17 

" Milk energy produced during period 
Feed energy consumed during period 

X 100. 

10% molasses ration in Periods 1 and 3, 30% nlolasses ration in Period 2. 

" 30% molasses ration in Periods 1 and 3, 10% molasses ration in Period 2. 

Summary of mean values 

10% 30% 
molasses molasses 

ration ration JIpnn 

65 F 
88 F 
Mean 

The marked decrease in voluntary feed in- 
take a t  high ambient temperatures when total 
intake is maintained constant should be con- 
sidered in the design of future studies which 
involve force-feeding. I n  the first 88 F period, 
there were two days during which i t  was im- 
possible to force all the feed into the rumen 
of Cow 12. This caused a decrease in her total 
intake for  the week from 36 Ib per day to an  
average of 33 lb. At the end of the 9th wk, 
Cow 876 stopped eating and her milk produc- 
tion dropped off precipitously. The cause was 
not determined other than that her cannula 
was pulled out on the stall divider. Force- 
feeding of this cow was stopped temporarily. 
After three days, i t  was resumed and gradually 
increased to full feed on the fifth day. Her  
~ni lk  production increased with the incremt. in 
feeding. 

The influence of ration upon production fol- 
lowed the same trend reported by Breidenstein 
et al. (2)  and Stott and Moody (22), although 
differcnccs in fiber content of the rations were 
not a s  great as reported by these investigators. 
The average decreases in 4% FCI I  between 
65 and 88 F in the 2nd and 3rd wlr of each 
period were 8.72 and 5.32 lb on the 10 and 30y0 
molasses, respectively. This difference due to 
rations was greater than reported by the above 
authors but a a s  not significant. However, the 

differences due to temperature were significa~t 
on both rations. 

The effect of temperature alone on milk pro- 
duction can be seen in a comparison of the re- 
sponse of ad lib.- and force-fed cows. Because 
of the difference in levels of production and 
numbers of fistulated and control cows, the 
effect is shown in Figure 2 a s  per cent of pro- 
duction in the first week. The force-fed cows 
decreased average 4% FCM from 33.5 to 28.1 
on the 10% molasses ration and from 33.3 to 
29.5 on 30% molasses a t  65 and 88 F, respec- 
tively. The ad lib.-fed cows decreased from 
41.2 to 25.9 and from 39.0 to 30.6 in the same 
order. The decrease in production by the ad 
lib.-fed animals was 15.3 and 8.4 lb on the 10 
and 30% molasses rations, respectively. I n  
comparison, the force-fed cows declined 5.4 and 
3.8 Ib in the same order. The large dzercnce 
confirms that the major factor involved in de- 
creased production a t  elevated temperature is 
lowered feed intake (12). I t  also shows that 
high temperature per se adversely influences 
milk production. Pa r t  of this is due to decrease 
in the rate of feed passage through the rumen 
a t  high temperatures. I n  addition, t h ~  force-fed 
cows expended less energy per Ib of 4% F C N  
produced (11). 

Cobble and Herman (5)  maintained dairy 
cattle under controlled temperature and humid- 
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ity with alfalfa hay  fed  a d  lib. and  graill fed 
aceording to  production. They reported a highly 
significant decrease in solids-not-fat a t  tem- 
peratures above 90 F. F a t  percentage increased 
abruptly a t  the same time, but  no t  significantly. 
Merilan and  Bower (16) reported variable re- 
sults under similar conditions. Other investi- 
gators  (8, 12) reported that  solids-not-fat a r e  
lowest in summer a n d  highest in winter under 
natural  climatic conditions. I n  this study there 
n e r e  no  differences in nlilk colnposition due to  
ration o r  temperature. The method of feeding 
probably accounts f o r  lack of agreement with 
previous work. Force-fed cows showed less 
variability i n  milk co~llposition than those fed 
a d  lib. 

The signi6eant interaction of telnperature and  
ration in  part ial  efficiency f o r  niilk production 
confirms that  ambient temperature should be 
considered in the fornlulation of dairy cattle 
rations to  obtain niasilnuni efficiency (23). 
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ELECTROPI-IORETIC CI-IARACTERIZATION O F  PREGASTRTC 
ESTERASE FROM T H E  CALF '3 ' 

H. A. RAMSET 

Animal Xutrition Section, Dcpartn~r~lt of Ani~nal Srienrc, Sort11 Carolina Statc College, Raleigh 

SUMMARY 

This investigation \\-as conducted primarily to determine whether pregastric 
csterase from the calf is a single enzyme or a group of enzymes. Accordingly, 
sham-fed watrr and extracats of various alimentary and related tissues were sub- 
jected to electrophorc.sis in starch gel, which was stained histochemically to 
locate individual esterases. The results indicate that pregastric esterase is com- 
posed of a t  least six different enzymes. Resolution of these esterases was ob- 
tained in gel containing 8 g of starch per 100 ml of buffer, but not in that con- 
taining 1 5  g per 100 ml. Thus, the components of pregastric esterase are believed 
to be of high lnolecular weight. Moreover, these esterases precipitate a t  a 
slightly acid pH,  thereby providing a means of separating pregastric esterase 
from nonserretory esterases that are present also in tissue extracts. 

Pregastric esterase is an enzyme found in the 
oral secretions of the young calf. The secre- 
tion of pregastric esterase and its importance 
in fa t  digestion have becn considered previously 
( 3 ,  7, 9, 11, 12) ,  though i t  has not been ascer- 
tained mhcther this esterase is a single enzynle 
o r  a group of enzymes. Recent studies with 
starch gel electrophoresis (2, 4 ) ,  however, indi- 
cate that many animal tissues contain more than 
one esterase. Thus, the pritnary ohjeetive of 
the present invc~stigation was to study the elec- 
trophoretic identity of pregastric csterase, in 
order to estahlisl~ its singular or multiple nature. 

The initial p l~asr  of this study was a. survey 
of the electrophoretic distribution of esterases 
in extracts of various tissues believed to secrete 
pregastrie estr1.;lsr. Other alimenta~y and re- 
lated tissue> wArc included also for  cotnparative 
purposes. I n  thc latter phase of this study, 
efforts were continued toward the identification 
of pregastric estcrase : ~ n d  the isolation of this 
cnzylne fro111 nonsecrrtory esterases. The ex- 
~)erinlental procedures and the results and dis- 
trussion for each area of investigation are pre- 
scanted separately. 
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Port I-Szcrvey of Esterasrs i i ,  Vc~riortn Tissftes 

EXPERIMENTAL PROCEDURES 

Preparation of tisstie extracts. For  the initial 
survey, various tissues were obtained from four 
ealves ranging in age from 1 to 8 wk. This 
selection included tissue from three areas, pre- 
viously defined (6) ,  that are believed to secrete 
pregastric esterase: tongue in the region of the 
vallate papillae, glosso-epiglottic space, and 
pharyngeal end of the esophagus. The other 
tissues were tongue in the region of the fungi- 
fort11 papillae, parotid salivaly gland, submax- 
ill:wy sillivary gland, cartli:11 end of the esopha- 
gus, rc~ticululn, runlen, omasum, fundic region 
of the aholnasum, pyloric region of the abo- 
masutll, duodenum, pancreas, and liver. Ex- 
tracts were prepared by adding water to the 
fresh tissue, 3 ml/g, ant1 honlogenizing this 
nlisture. Thc homogenate was cchntrifuged for  
1 h r  a t  7,500 X g, and a portion of the su- 
pernattunt extract was frozen for  subsequent 
analysis. 

Electrop7,orrtic cr~calysis for rslerccses. The 
tissue extracts were subjected to vertical elee- 
trophoresis in starch gel for 16 h r  a t  room 
tcniperature accortling to the procedure of 
Stnithies (10).  The voltage gradient was 5 
v/cm of gel length. The gel was prepared with 
horate huffer, p H  8.55 (0.025 M boric acid, 
0.005 21 NaOH), and the ratio of starch to 
huffer in the gel was 15 g/l00 ml. An extract of 
rat  liver was included in each analysis as :I 

reference material. The use of a reference ma- 
terial seemed advisable hc.c.ause the rate of pro- 
tein migration is dependent on the temperature 



of the gel during electrophoresis, over which 
there was no precise control in this study. 
After electrophoresis, the gel was sliced with 
stainless steel wire, 40-gauge, and its cut sur- 
face was stained for  esterases in a manner simi- 
lar to that described by Marltert and Hunter 
(2). The gel slice was kept in the staining solu- 
tion until the hands of esterase were well- 
defined, for  several hours if necessary. Thc 
staining solution was prepared immediately he- 
fore use by dissolving either 100 mg of Blue R 
(tetraxotized o-dianisidine) or 200 mg of Blue 
RR (diazotized 4-benzoylamino-2,5-dimethoxy- 
aniline) in a mixture of 200 ml of distilled water, 
3 nil of a stock solution of suhstrate (l-naph- 
thy1 butyrate), and 20 ml of 0.2 M phosphate 
buffer, p H  6.0. This solution was filtered prior 
to use. The stork solution of suhstrate con- 
tained 1 ml of 1-naphthyl butyrate, 12.5 g of 
melted Brij  35," and 87.5 n ~ l  of 1,4-dioxane. 
When refrigerated, the stock solution of sub- 
strate is stable for  months. After the gel was 
stained, the electrophoretic mohility of each 
esterase was determined by measuring the dis- 
tance between the point a t  which the tissue 
extract had been inserted (salnple slot) and 
the leading edge of each band. These values 
were expressed subsequently as percentages of 
the distance recorded for  the most rapidly mi- 
grating esterase in rat  liver, the reference ma- 
terial. The foregoing substrate, 1-naphthyl 
butyrate, identifies esterases that hydrolyze 
simple esters but not neressarily triglycerides. 
Previous results, however, have indicated that 
pregastric esterasc hydrolyzes both simple esters 
(8, 9) and triglycerides (3, 7-9, 11, 12) .  

RESULTS AND DISCUSSION 

Each tissue estract was subjected a t  least 
twice to electrophoretic analysis. The distri- 
bution of esterases in corresponding tissues was 
similar for all calves, irrespective of age. Thus, 
a mean was computed for  the relative mobility 
of each esterrtse, and such values for each tissue 
are presented in Figure 1. Only the position 
of the leading edge of each band is shown in 
this figure; no attempt has been made to illus- 
trate either the width of the bands or  the in- 
tensity of their staining. 

Two esterases, one migrating slowly, ca. 14, 
and the other migrating rapidly, ca. 93, were 
common to nclarly all of the calf tissues. I n  
fact, these esterases appeared to be the only 
ones present in five of the tissues: tongue in 

'A nonionic surfactant manufactured by Atlas 
Chemical Industries, Inc., Wilmington 99, Dela- 
ware. 

the region of the fungifonn papillae, cardial 
end of the esophagus, reticulum, rtimen, and 
onla.snni. Abo~nasal tissue, however, contained 
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FIG. 1. Electropl~oretic distribution of esterases 
in extracts of various tissues from the calf, with 
rat liver as the reference material. (Composition 
of gel, 15 g starch/100 1111 buffer.) 
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a third esterase, ca. 96, whereas duodenal tissue 
exhibited two additional esterases, ca. 96 and 
99. Two esterases having an intermediate rate 
of migration, ca. 42 and 48, were found in tissue 
from the tongue in the region of the vallate 
papillae, glosso-epiglottic space, pharyngeal 
end of the esophagus, parotid salivary gland, 
and submaxillary salivary gland. The last gland 
also contained a third esterase of intermediate 
mobility, ca. 54. Seven esterases were detected 
in the liver, and six of these, ca. 42, 49, 54, 93, 
97, and 101, appeared to have the same electro- 
phoretic mobility as some of the esterases in 
other tissues from the calf. The resolution of 
pancreatic esterases was indistinct, and only 
two bands, ca. 65 and 71, were visible on the 
gel. The difficulty in resolution may have re- 
sulted from the hydrolysis of starch in the gel 
by pancreatic amylase and the concomitant al- 
teration in gel structure. Rat liver, though not 
of primary interest in this study, contained at  
least 15 different esterases, approximately twice 
the number found in calf liver. 

Previous observations (6) suggested that a t  
least three of the foregoing tissues are involved 
in the secretion of pregastric esterase : tongue 
in the region of the vallate papillae, glosso- 
epiglottic space, and pharyngeal end of the 
esophagus. As shown in Figure 1, all of these 
tissues exhibited the same pattern of esterases: 
ca. 14, 42, 48, and 93. Since 14 and 93 were 
found in many tissues, i t  seemed improbable 
that these two enzymes are part of pre- 
gastric esterase. On the other hand, the ester- 
ases of intermediate mobility, ca. 42 and 48, 
were found only in pregastric tissues, with the 
exception of the liver. Thus, these two enzymes 
appeared to be constituents of pregastric es- 
terase, though this identification was regarded 
only as tentative, for the following reason. 
Histochemical studies of animal tissues have 
revealed that esterases are present both in 
secretory cells and in nonsecretory cells. Tissue 
extracts, such as used in the previous survey, 
may contain esterases from either type of cell 
or from both. Since the cellular origin of 
esterases cannot be ascertained by electropho- 
resis per se, further investigation was required 
to establish the identity of pregastric esterase. 

P a r t  II-Identificatio~z alzd Isolation of Pre- 
gastric Esterase 

EXPERIMENTAL PROCEDURES 

Sources of pregastric esterase. The identi- 
fication of pregastric esterase required a source 
of this enzyme free from other esterases. Such 
was obtained by nipple-feeding 5 lb of water to 

a lumen-fistulated calf and collecting the mix- 
ture of water and saliva from the cardial end 
of the esophagus. This procedure is known as 
sham-feeding (11). To increase the concen- 
tration of pregastric esterase, the sham-fed 
water was dialyzed against an aqueous 30% 
solution of polyethylene glycol4 for 18 hr  a t  
2 C. 

The isolation of pregastric esterase from a 
tissue extract was attempted also. For this 
purpose, two of the tissue areas were combined: 
glosso-epiglottic space and tongue in the region 
of the vallate papillae. Such tissue from ten 
calves was pooled for the preparation of an 
extract as outlined in Part  I. The approximate 
range in age of the calves was two to three 
months. This tissue extract will be referred to 
hereafter as that from the base of the tongue. 

Electrophoretic analysis for esterases. Ini- 
tially, the electrophoretic distribution of ester- 
ases in both the concentrated sham-fed water 
and the tissue extract was studied with the 
vertical starch gel procedure (10) mentioned 
previously. For reasons that will be presented 
later, a modified technique of starch gel elec- 
trophoresis (5)  was employed subsequently. 
The change of primary iniportance in the latter 
procedure was a lesser concentration of starch 
in the gel, 8 g/100 ml buffer. Such gel is quite 
fragile and must he handled with special care. 
Electrophoresis is conducted in it horizontal 
plane, in contrast to the vertical procedure. so 
that the gel is not dependent on its own mechan- 
ical strength for support. This technique also 
utilizes a gel of smaller dimensions, 25 by 150 
by 1.5 mm. Furthenl~ore, the gel is not sliced 
prior to staining. Other changes involved a 
higher voltage gradient, 12 v/cm, and a shorter 
time for electrophoresis, 2 hr. The method of 
staining per se remained unchanged. 

Determination of lipolytic aeticity. On vari- 
ous occasions, sorr~e of the esterase preparations 
were incubated with milk fat  to determine their 
lipolytic activity. Afterwards, the free fatty 
acids of the incubation mixture were recovered 
on a silicic acid colunln, either as total acids 
(12) or as two fractions: butyric acid and 
higher fatty acids (8) .  

RESULTS AXD DISCUSSIOK 

The electrophoretic pattern of esterases for 
the concentrated sham-fed water is illustrated 
in the upper part of Figure 2. Though the 
staining was pronounced, particularly in the 

Carbowax 20000, Union Carbide Chemicals Com- 
pany, 270 Park Avenue, New York 17, New York. 
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M I X T U R E  O F  T I S S U E  
E X T R A C T  ( P A R O T I D  
SALIVARY GLAND) AND 
C O N C E N T R A T E D  
S H A M - F E D  WATER 

C O N C E N T R A T E D  
S H A M - F E D  WATER 

FIG. 2. Electrophoretic distribution of esterases in sham-fed water done and ill a mixture 
of sham-fed water and an extract of the parotid salivary gland. (Compositio~~ of gel, 15 g 
stareh/100 ml buffer.) 
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region near the sample slot, there mas no reso- 
lution into discrete bands. Moreover, the anodic 
face of the sarnple slot stained m:trlredly, as  if 
par t  of the esterase never migrzitcd into the 
gel. Strangely enough, this pattern seemed to 
hear no resr~nhlence to those of tissues believed 
to secrete pregastric esterase. Thus, an  expla- 
nation was sought for  the apparently anotnalous 
hehavior of pregastric estc.rase as  found in 
sh:rm-fed water. 

One possible explanation was that shiun-fed 
water contains some unl;on\vn 1nateri:ll that 
interferes with the tuigr;~.tion of prrgastric 
esterase. To test this hypothesis, extracts of 
several pregastric tissues were mixed with 
sham-fed water, and these ~nixtures were sub- 
jected to electrophoresis ant1 subsequent stain- 
ing for  esterases. 11 typical result is illustrated 
in the lower part  of Figure 2. Yo interference 
in migration was indicated, as evidenced by the 
fact that the bands of the tissue extract were 
clearly superin~posed on the gt~ncral staining 
of the slianl-fed water. The slowest esterase, 
ca. 14, usually staincld too lightly to be seen 
ngainst the dark b;trk~round near the sa~riple 
slot. These results c.stahlished two facts: that 
the general staining of the shanl-fed water is 
indeed the pattern of' p r r ~ a s t r i c  rsterase, and 
that the two rsterascls, P;L. 42 and 48, are not 
components of pregastrir esterase. 

Xolv that the identity of pregastric csterase 
on starch gel was known, though admittedly 
not well defined, the question arose as to whether 
this pattern was present in any of the tissue 
t>stracts. Light background staining had been 
noted during the survey described in Pa r t  I, 
though a t  t.11~. ti111e i t  was helieved to be an  
artifact and was accorded little significance. 

Thus, electrophoretic analyses were conducted 
on the extract of tissue from the base of the 
tongue, ~vliich contains two areas believed to 
secrete pregastric esterase. To darken the pat- 
tern of pregastric esterase, if present, the gel 
was incubated in the staining solution for  a 
longer period of time than normal. Results of 
this analysis are illustrated in the upper par t  of 
Figure 3. The background staining of pre- 
gastric esterase was plt~inly visible, in addition 
to the four bands seen previously. 

Efforts were then directed toward the separa- 
tion of pregastric esterase in the tissue extract 
f r o n ~  the other esterases present. This was 
achieved by acid precipitation. First, the tissue 
extract was chilled in an ice bath, and its p H  
was reduced to 5.0 by adding citric acid. The 
acidified extract was centrifuged a t  3,000 X g 
for  1 11r a t  2 C, after which the supernatant 
was clccanted from the precipitate. The p H  of 
the supernatant, which had dropped to approxi- 
mately 4.0 during centrifugation, was adjusted 
to '7.0 by adding tris(hydroxymethyl)an~ino- 
methane. The precipitate, on the other hand, 
was crushed and suspended in a volu~ne of water 
equal to that of the original tissue extract. Af- 
ter adjusting the p H  to 7.5 with tris(hy- 
droxyl11etl~yl)amino111etha11e, the suspension was 
stirred a t  0 C until solution of the precipitate 
was co~nplcte, which usually required several 
hours. Thc electrophoretic patterns of both the 
supernatant and the precipitate fractions are 
illustrated in the lower part  of Figure 3. The 
pattern of the precipitate was identiral to that 
of pregastric esterase in sham-fed water (Fig- 
ure %), whereas the other esterases were present 
in the supernatant. 

The diffuse pattern of pregastric esterase, 
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TISSUE FROM BASE 
OF TONGUE AREA G 

2. SUPERNATANT 

I .  ORIGINAL EXTRACT 

3. PRECI PlTATE 

FIG. 3. Electrophoretic distribution of esterases in  an extract of tiszue from the base of 
the tongue and of the supernatant and precipitate fractions thereof. (Compo.;ition of gel, 15 g 
starrh/100 ml buffer.) 
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FIG. 5. Elrctropho~ctic pnttcrn of  pregnstric 
esterasc in sll:~n~-fcd 1r:ltcr. (Composition of gel, 
g starc11/100 ml bnffcr.) 

though recognizable, did not indicate the num- 
her of enzymes involved. I n  seeking an expla- 
nation for the lack of resolution, the following 
hypothesis TTas offered. The molecular dimen- 
sions of pregastric esterase are greater than 
those of the other esterases and are of such 
magnitude that this enzyme can pass through 
only the larger pores of a gel containing 15 g 
of starch per 100 ml of hu£€er. Hence, the 
smaller pores bloclr the migration of some of 
the pregastric esterase molecules. This hy- 
l~othesis is in accord x-it11 the staining noted 
on the anodic face of the sznnple slot, as if par t  
of the pregastric esterase never ~nigrated into 
the gel. It also explains why the staining 911 

the gel surface becomes progressiv~ly lighter 
as one moves away from the sample dot  tovard 
the anode. 

I f  the foregoing hypothesis is correct, the 
resolution of pregastric esterase should he en- 
hanced hy enlarging the pores of the gel. Such 
a change in gel structure was attempted hy 
using less starrh to prepare the gel, as indi- 
cated in the description of the modified teeh- 
nique of electrophoresis. The gel for  this pro- 
ceciure contained only 8 g of starch per 100 ml 
of buffer, in contrast to 15 g used previously. 
The results from using such gels to analyze 
t,he sham-fed nater  and the extract ol' tissue 
from the base of the tongue, inc111din.c: the 
supernatant and precipitate fractions tllereof, 
are illustrated in Figure 4. Six esterases nere 
visible in the pattern of sham-fed water, thus 
establishing the multiple nature of pregastric 
esterase. A photograph of this pattern is pre- 
sented in Figure 5. The most rapidly migrat- 
ing esterase, ca. 59, stained very lightly, how- 
ever. A similar pattern, except for the absence 
of 59, was noted also for the precipitate, thus 
confirming the identity of this fraction as pre- 

gastric esterase. Fo r  the supernatant, the four 
esterases observed previously were seen again, 
though the relative position of one, ca. 104, 
seems to have shifted slightly. Two enzymes of 
the pregastric esterase system, ca. 42 and 48, 
have the same mohility as two esterases that 
are present in the supernatant, ca. 42 and 49. 
They are not the same enzymes, however. The 
esterases of the supernatant resolve in gel eon- 
taining either 8 or  15 g of starch per 100 ml 
of buffer, and they remain in solution a t  a 
slightly acid pH.  I n  contrast, the components 
of pregastric esterase resolve only in gel con- 
taining 8 g of starch per 100 ml of buffer, and 
they precipitate a t  a slightly acid pH.  Thus, 
the original tissue extract, which appears to 
have only eight esterase~ in Figure 4, actually 
has ten. 

Though resolution of pregastrie esterase was 
enhanced greatly hy using less starch in the 
gel, i t  still was not so sharp as desired. Further 
reduction in the quantity of starch could not be 
effected, however, because 8 g per  100 ml of 
huffer is approximately the lowest concentra- 
tion of starch from whieh a gel can be obtained. 
In addition, the resolution of pregastric ester- 
ase in the precipitate was never so sharp a3 that 
from either the sham-fed water or the originnl 
tissue extract. The factors involved are un- 

SECTION O F  GEL R E M O V E D  FOR ANALYSIS 

FIG. 6. Electrophoretic distribution of the lipo- 
lytic activity of pregastric esterafie from sham-fed 
water. (Composition of gel, 8 g starch/100 ml 
buffer.) 
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known, though it  is probable that this change 
was induced by the acid precipitation. 

At this point in the investigation, an attempt 
was made to locate pregastric esterase on starch 
gel by using milk fat as the substrate. Since 
no technique was known for the histoehe~uical 
detection of triglyceride hydrolysis, enzyme lo- 
cation was approached in the following man- 
ner: Concentrated sham-fed water was sub- 
jected to electrophoresis in gel containing Y g 
of starch per 100 ml of buffer. After electro- 
phoresis, the gel was cut into eight serial sec- 
tions: one from the cathodic side of the sample 
slot, one at  the slot, and six from the anodic 
side of the slot. To increase the concentration 
of enzyme. corresponding sections from five 
gels were combined and homogenized in 5 ml 
of 1.0 a6 phosphate-citrate buffer, p H  6.0. The 
honlogenate for each of the eight sections was 
mixed with 10 ml of evaporated milk and incu- 
bated at  35 C for 2 hr. After incubation, 5 ml 
of each mixture was analyzed for total free 
fatty acids, according to the procedure de- 
scribed by Young et al. (12). The results were 
then compared, as shown in Figure 6, to gels 
that had been stained in the usual manner with 
1-naphthyl butyrate. In general, the concen- 

tration of free fatty acids paralleled the in- 
tensity of staining in each section. The trace 
of lipolysis on the cathodic side of the sample 
slot probably resulted from cross-contamination 
during removal of the gel sections. The detec- 
tion of hydrolysis by titrating free fatty acids 
is markedly less sensitive than the staining pro.. 
cedure involving 1-naphthyl butyrate. Thus, 
with enzyme concentration as a limiting factor, 
the serial sections of gel could not be made nar- 
row enough to resolve the individual compo- 
nents of pregastric esterase. Nevertheless, these 
results indicate that the same esterases are re- 
sponsible for the hydrolysis of both simple 
esters and triglycerides. 

Milk fat was used also to investigate the suh- 
strate specificity of both the supernatant and 
the precipitate fractions of tissue from the 
base of the tongue. A mixture of 1 n11 of eu- 
zyme, 10 ml of evaporated milk, and 5 ml of 
1.0 M phosphate-citrate buffer, p H  6.0, was 
incubated 2 hr a t  35 C. Afterwards, the free 
fatty acids in 5 ml of each mixture were sepa- 
rated on a silicic acid column (8) into two 
fractions: butyric acid and higher fatty acids. 
As shown in Figure 7, most of the total lipo- 
lytic activity was found in the precipitate (pre- 
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FIG. 7. Substrate specificity of the supernatant and the precipitate fractions of tissue 
from the base of the tongue. (Size of the eluate fractions collected from the silicic acid 
column, 15 ml.) 
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gastric esterase). 111 addition, this fraction ex- 
hibited a marked preference f o r  esters of 
butyric acid. Over 50% of the total acid lib- 
erated by the precipitate was butyrie, even 
though milk f a t  averages only 10.4% of this 
acid (1 ). This pat tern of substrate specificity 
is in accord with previous ohselvations on  pre- 
gastric esterase a s  found in sham-fcd n ~ i l k  (8). 
The specificity of the supernatant  was similar 
to that  of the precipitate. 

CONCLUSIONS 

Results of this investigation have estahlishcd 
tha t  pregnstric esterase consists of a t  least six 
different c.stci-ases. F o u r  of these enzymes, ca. 
27, 34, 42, and  48, a p p e a r  to he secreted in  
greater  quantities than the other  two, a s  judged 
f rom the intensity of their  staining shown ill 
F ignre  5. AIoreovcr, al l  of these esterases proh- 
a l ~ l g  a r e  of relatively high 1no1ecul:ir weight, a s  
supg:,sted by their  iniprovcd resolution in  gr l  
tha t  ron ta i l~s  a low concentration of starch. Thc~ 
prcwnce of pregastric esterase in tissue f r o n ~  
tho base of the t o ~ ~ g u c  identifies this a rea  ns 
one that  is  involved in  secretion. The presence 
o r  a.bsence of this enzyme s ~ s t e m  in other 
tissurs will need to he estahlished accordingly 
in  fu ture  studies. 

Some estern.ses in aniinal tissues a r e  1;11on-n 
to  differ in  their bioche~nical properties. Thus, 
the ~llul t iple nature of esterases in the calf, 
including pregastric esterase, emphasizes the 
need f o r  separating such enzynles if their bio- 
logical functions a r e  to he studicd ant1 accu- 
rately understood. 
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SUMM 4RY 

Catabolic intermediates of 1,-arginine, 1,-lyqine, and I)I,-tl-yptoplian in vivo 
were compared ~vi th  previouslv deter~nincd dissimilation products of these amino 
acids in vitro. The relative concentrations of a~nino acids and alnines of jugular 
vein-blood plasma were examined a t  0,1,  2, and 4 h r  af t r r  administration of each 
amino acid, and runlen ingesta was assaved fo r  amino acids, am~nonia, indole, 
and skatole for  a 21-hr period. DL-tryptophan (265.5 g ) ,  J,-nrginine . TIC1 (274 
g ) ,  or L-Iysine. HC1 (237 g )  dissolved in one liter of 1v;iter was mixed ni th  the 
rumen ingesta of one of two run~rn-fistula coas 2 h r  af t r r  ferding I 2  111 hay 
and S Ib grain. 

Rumrn ammonia concentrations were the largest 6 hr  following argininr 
adn~inistration (32 Ing NH,-N/100 nil), whereas tryptophan and lysine yielded 
smaller, hut deteetahle, amounts of ammonia. Arginine yielded ornithine; the 
ruminal concentration of these two amino acids became equal within 6 h r  d t r r  
arginine administration. The ruminal lysine concentration decreased 50% 
wlthin 6 h r  of administration and t h ~ s  decrease was accompanied by an increase 
in delta-amino valeric acid eoncrntration. Ruminal tryptophan concentration? 
n-ere not markedly reduced until 8 to 10  h r  after administration, a t  which time 
indole and skatole conrrntrations ve re  3 to 5 pg/ml rumen fluid. Plnsnia indole 
and skatole did not exceed 0.26 pg/ml through 4 hr. Arginine and lysine sup- 
plementation increased the concentration of several plasma amino acids within 
1 hr  after addition to the rurnrn, whereas tryptophan had little or no effect. 
I'lasma lysine was markedly inrreascvl 4 hr after lpsine administration. 

Lin~itrd information exists as to the fate of 
amino acitls in the rumen per se. Hueter et  al. 
( l o ) ,  comparing in vitro and in vivo tech- 
niques, rrported (leamination of DL-aspartic 
arid, DL-lysine, and a mixture of DL-alanine and 
glycine. Five amino acids, 8-alanine, DL-as- 
partic acid, J,-glutalnic acid, L-lysine and gly- 
cine, were f rd  individnally to a fistulated steer 
by Looprr et al. (14). The f i r4  three were 
readily dea~ninatrd, whereas L-lysine and gly- 
cine failed to raise ammonia levels over those 
of the control ration. Neither study reported 
internlediatrs arising from the catabolism of 
amino acids in vivo. 

Results of initial studies indicated that anlino 
acids mere poorly absorbed from the rumcn (2, 
19) .  Recent investigations, however, revealed 
that the rumen may be a major site of amino 
acid ahqorption (6, 8). 
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This investigation had two purposes: The 
first was to compare the catabolic pathways 
of arginine, tryptophan, and lysine in vivo with 
results previously obtained in vitro (11, 12). 
The second was to examine qualitatively the 
relative conecntmtions of the amino acids and 
amines of jugular vein-blood plasma :tfter ad- 
ministering indivi(1ually these three amino acids 
into the r u ~ n r n  via a fistnla. 

11 \TERI \LS I\ND METHODS 

Anitnal management and analytical nlethods 
were reported earlier ( l l ) ,  except fo r  the fol- 
lowing modifications. The two 1,200-lb rumen- 
fistula coas used in this study were fed once 
daily 12 Ib alfalfa hay and S lb of concentrate 
nlixtnre. 

F o r  purposes of calculating the amount of 
rach amino acid to be added via the fistula, the 
following procedure was employed : The as- 
sumption was made that thc rurnen contents 
constituted 14% of total body weight (3)  and 
were 85% watrr, by weight. Using these figures, 
the rnmen would contain 65 liters of aqueous 
phase. Equivalent amonnts of DI,-tryptophan, 
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L-aginine, HCI or L-lysine HCI (265.5, 274, 
and 237 g, respectively) were dissolved in a 
liter of water and added to the runlen, giving 
approximately a 0.02 M solution of the amino 
acid. DL-tryptophan was solubilieed in 800 1111 
of 1 N NaOH and made u p  to one liter r i t h  
water, prior to fistular administration. 

Each amino acid solution was added 2 hr  
after feeding and thoroughly mixed with the 
rumen ingesta by stirring with the arm and 
fist for  5 min. The endogenous (no amino acid 
administered) L-lysine and DL-tryptophan in- 
vestigations were performed using one cow, 
whereas the other cow was used for  invostiga- 
tion of L-alginine. ;\ portion of rumen ingests 
strained through a double layer of cheese cloth 
served as the zero (0)  h r  sample. Portions of 
rumen liquor were sampled a t  1, 2, 3, 4, 6, 10, 
13 or  14, and 23 or 24 hr  after the addition of 
each aniino acid. Sanlples were obtained a t  8 hr  
in the endogenous and tryptophan studies hut 
not in the lysine and arginine trials. 

Blood samples were ohtained by jugular veni- 
puncture 0, 1, 2, and 4 hr  after fistular adtnin- 
istration of the anlino acid solution. Fifty 
lnilliliters of ethanol were added to 5 ml of 
plasma. After standing 1 5  min, the tubes were 
centrifuged 5 rnin a t  250 X G to remove t,he 
plasma proteins. The supernatant was decanted 
and evaporated a t  less than 50 C under vacuum 
to dryness. The residue was dissolved in 5 1111 
of distilled water. 

Ninhydrin-reactive components of the plaslna 
were purified and separated into three fmc- 
tions, enlployiug the technique of Thompson 
et  al. (18). Each fraction was evaporated under 
vacuuni to dryness (< 50 C) and dissolved in 
5 1111 of 50% ethanol-50% water (v/v). h 
1.5-ml portion of this solution was spotted 011 

W1iatn1:m No. 3 MM paper (16% x 22% in.) 
for  one- or two-din~cnsional descending chro- 
matography. 

Basic amino acids and anlines were chro- 
matographed unidimensionally, employing pyri- 
dine/aeetic acid/water (50/35/15), phenol/ 
water (80/20) in a 1% ammonia atmosphere or 
ethanol/dimethylarnine (77/1) as solvents. Neu- 
tral and acidic amino acids were chromato- 
graphed, using the phenol/water mixture de- 
scribed above as the first solvent and n-butanol/ 
acetic acid/water (62/lG/26), containing 0.1% 
ninhydrin, as the second. The cliromatogranis 
were air-dried and allowed to develop overnight 
in the dark. 

Individual ainino acids were identified by ~0111- 

parison with Rf values of standard aniino acids; 
color reactions of each amino acid when sprayed 
with the cupric nitrate-ninhydrin reagent of 

Moffat and Lytle (16) ; individnal ti,-ts for 
proline (isatin), arginine (Sakaguichi) and 
citrulline (Ehrlich'q) ; and hy co~nparison with 
the chromatograms of bovine pla\ma amino 
acids by Coulson et al. (7) .  

The relative color intensities of each result- 
ant ninhydrin-reactive con~ponent from plasma 
1, 2, or 4 hr  were compared to those drawn be- 
fore amino acid addition. Preliminary studies, 
involving visual conlparison of paper chromato- 
grams, indicated little effect on endogenous 
levels of amino acids in jugular plasn~a em- 
ploying identical sampling-time sequences. 

RESULTS 

Effects of the addition of DL-tl-yptoplian, L- 

lysine, and L-arginine to the rumen on iqnnen 
alnnlonia concentration are summarized in Fig- 
ure 1. Arginine had the most pronounced effect 
upon runlen alnmonia concentrations which rose 
for a t  least 6 h r  after the addition of arginine 
but had decreased by 10 hr. L-lysine had little 
effect upon rumen ammonia levels for  3 hr  fol- 
lowing its administration, but thereafter tended 
to keep runlen ammonia levels a t  nluch higher 
levels than the endogenous ration. iiminonia 
levels followir~g lysine addition, however, were 
still considerably below those following argi- 
nine supplementation. The addition of DL- 

tryptophan had little effect upon rulnen am- 
monia concentration until about 6 h r  after its 
admil~istration ; however, these levels were much 
lower than those noted for  arginine and lysine. 
After 1 3  hr, rumen ammonia levels were iden- 
tical between the endogenous and tryptophan 
trials and appeared to remain so thereafter. 
The rurnen aannonia levels in the endogenous, 
tryptophan, and arginine studies returned 

0 2 4 8 1 10 I 2  14 18 10 20 22 24 
HOURS AFTER ADMINISTRATION 

FIG. 1. Levels of ammonia nitrogen in rumen 
liquor after the administration of three amino 
nciils. 
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TABLE 1 

Relative effects on jugular plaslna amino acid 
concentrations of L-arginine addition to 

the rumen 

Intensity relative to 
the 0-hr sample a t  

Relative 
Amino Acid intensity I hr 2 hr 4 hr 

- -- 

Aspartie Acid Very weak S b  S S 
Aspartie Acid Strong +' S S 
Serine Strong + + S  
Glyeine Strong + + + 
Threoninc Weak + S S 
Citrulline 
Glutamine 
Alanine 
Tyrosine 
Valine 
Methionine 
Leucine 
Phenylalanine 
Proline 
Unknown 
Histidine 
Lysine 
Arginine 
AABA" 

Moderate 
Moderate 
Very strong 
Weak 
Strong 
Moderate 
Moderate 
Moderate 
Weak 
Weak 
Weak 
Moderato 
Moderate 
Weak 

+ + + + + + + s S 
S S S  + + +  
+ S S  
+ S S  
S -" S 
S s S 
S S s 
s s s  + + +  + + -!- 
S s S 

" - =Less than other sample. 
S = Equal to other sample. + = More than other sample. 

"Alpha amino bntyric acid. 

within 23 or 24 h r  to those levels prior to the 
initiation of the experiments; whereas, in the 
lysine experiment, they failed to return to the 
pre-experimental concentration. 

Whenever samples were prepared fo r  am- 
monia analysis, rumen liquor samples were like- 
wise prepared for  chrolnatographie analysis. 
Arginine (arg. ) , glutamic acid (g.a.) , alanine 
(al.), and 8-amino-valeric acid (d.a.v.a.) were 
present in ruiuen liquor immediately after the 
addition of L-arginine to the rumen. Ruminal 
concentrations of thesc amino acids changed as 
a function of titne in the following manner: 

1-hr : arg. decreased; ornithiue (orn.) 
was formed; g.a., al., d.a.v.a. in- 
creased 

2-hr : arg. decreased; g.a., al., oril., d.a.- 
v.a. increased 

3,4,6-hr:  arg., al., g.a. decreased; orn., d.a.- 
v.a. increased 

10-hr : arg., al., g.a., orn. decreased; d.a.- 
v.a. increased 

1 4 , 2 3 4 ~ :  only trace amounts of all five 

The qualitative effects of ruininal arginine 
administration on plasma amino acids are tabu- 
lated in Table 1. Lysine (ly.), glutamic acid, 
alanine, and 8-aminovaleric acid were present 
in rumen liquor immediately after addition of 
L-lysine to the rumen, Ruminal concentrations 
of these amino acids changed as a function of 
time in the following manner: 

1-hr:  ly. decreased; al., g.a., d.a.v.a. in- 
creased 

2-hr : ly. decreased; d.a.v.a. increased; 
al., g.a. remained the same 

3-hr: ly., al. decreased; d.a.v.a. in- 
creased; g.a. remained the same 

4, 6,lO-hr: ly., al. decreased; d.a.v.a., g.a. re- 
mained the same 

14,23-hr: ly., al. trace; d.a.v.a., g . a  remained 
the same 

The color intensity of the lysine spot de- 
creased to approximately 50% of the original 
level on the chromatogram of the 6-hr rumen 
sample. Lysine altered plasma amino acid con- 
centrations as shown in Table 2. 

Alanine and glutamic acid were present in 
low concentrations in both studies; the largest 
increases per time interval were noted 1 hi* after 

TABLE 2 

Relative effects of jugular plasma amino acid 
concentrations of L-lysine addition to the rumen 

Amino Acid 

Aspartic Acid 
Glutamic Acid 
Serine 
Glycine 
Threonine 
Citrullinc 
Glutamine 
Alanine 
Tyrosine 
Valine 
Methioninc 
Leucine 
Phenylalanine 
Proline 
Unknown 
Histidine 
Lysino 
Arginine 
AABA" 

Inte~isity relative to 
the 0-hr sample a t  

Rclative 
intensity 1 lir 9 hr 4 In. 

Very weak -" - - 
Strong +" S b  S 
Strong + S S  
Strong + S S  
Weak ++" t 
Moderate + S S 
Moderate + S S 
Very strong + - + 
Weak + 7- - 
Strong ++ + A 

Moderate ++ - - 
Moderate ++ + 
Moderate ++ T T 

Weak - - - 
Weak S i - t  
Weak - - - 
Moderate S - ++ 
Moderate S - - 
Weak S S -  

a.mino acids present 
" - = Less than 0-hr sample. 

Equal amounts of arginine and ornithine ap- = to O-hr 
peared to be present on the chromatograln of : ~ + ~ ~ , " r ' _ e _ e t h ~ ~ a ~ - " f " f S a m p l e '  
the 6-hr sample. -4lpha amino butyric acid. 



TABLE 3 

A comparison hetween eo~~cc~r t~at ions  of inrlolc 
2nd skntole in the rumen in the ahsenre and 

prcsrnce of ~ ~ - t ~ y p t o l ) t ~ a n  

Endogc~nous ~ ~ - T r y p t o p h a ~ ~  

Time rntlole Skatolc I~iclole Skatolc - 
( ~ ! 7 / ~ j ~ ~ )  

fl hr 0.4 n 0.3 0.0 
1 h r  1.0 0 0.9 0.0 
2 hr 0.8 0 1.6 0.0 
3 hr 1.2 n 1 .R 0.0 
4 hr 1.2 0 2.2 0.0 
(i 11 r 0.9 0 3.6 0.0 
8 hr n.9 n 4.x 3.6 

I 0  In. 0.4 0 4,s 2.6 
13 111. n.2 0 1 .,5 0.0 
24 111. 0.3 I I 11.4 0.0 

-- - 

Iysine adnlt~iistration ; ~ i d  2 11r after argininc. 
addition. Cadaverine and p u t ~ e s n ~ ~ t .  mere ilot 
prescmt in detectable concentrations ill eithclr 
study. 

Clno~natograms of the catabolisln of n ~ - t r y p -  
tophan in vivo faded to reveal the for~nation of' 

othrr ninhydrin-rei~rtive products. Glntainic, 
a c ~ d  and alanine were prese~it  but decrc~ased 111 

concentration more rapidly than in the argi- 
nine and lysine stn(1it.s. Tryptophan conrentra- 
tion.; decreased only slightly the fir5t 3 hr  a f t w  
ad~r~ini.;t,wtion and then n gradual dc.crease 6.n- 
sued until by the 10th 11r the tryptophan con- 
centration was marltedly reduced. A coinpm i- 
son of indole and skatole ruiiien fluid conrt3n- 
trations between the endogenou.; and DL-tryp- 
tophan studies are present in Table 3. IndoIe 
c~oncetitrations did not exceed the endogenous 
Irvel.: until 2 h r  after tryptophan admin~stra- 
tion and thereafter steadily increased to 4.8 
CLg/~nl in the 8-hr sample. This maximuin was 
followed by a decline to endogenous levels by 
the 24-hr sample. Skatole was detected only 
in the 8- and 10-hr samples which corresponded 
to the. time of 111ghe\t indole concentrations. 

Jugular-venous serulli levels of indole and 
skntole were less than 0.25 pg/ml a t  0, 1, 2, and 
4 h r  following additloll of DL-tryptophan to 
the rumen. These samples, however, were taken 
prior to maximal concentrations of indole and 
skatole in the rumen. Ethanolamine was de- 
tected in the plas~ntt fro111 each experinlent, but 
its concentration appeared to he unaffected by 
treat~nent. 

Paper chrolnatogra~ns of blood plasma from 
the jugular vein were siniilar to those of Walker 
(20) and Coulson et al. ( 7 ) ,  and likewise failed 
to reveal tryptophan in the venous plasma. 
The two inost significant observations were the 

l ;~ (~k  of effect of tryptophan snpplr~llentation 
on ot1it.1~ r>las~na anlino acids and the marked 
increase in lysine concentration of jugular- 
venous plaslna 4 h r  after :idding :.,-lysine to t h t~  
rumen. Arginine and lysine supplementation 
increased the concentration of several plasma 
an~ ino  acids within 1 lir following their tiddi- 
tion to the rumen. Plasnla aspartic acid, pro- 
line, histidine, and a-amino hutyric acid, how- 
ever, failed to show a detectable increase. Ad- 
dition of 1,-arginine to the rumen resulted in a.n 
incrcliise in venous arginine concentrations of 
jugular plnsina. 

Tllc. catabolisrns of 1,-arginine, I,-lysinc, nntl 
DL-tryptophan in vivo were in excellent agrcBcb- 
rnent with studies in vitro utilizing these s:xnlc1 
three amino acids (12).  Arginitie produrc~cl 
8-a111inov;ileric acid and ornithine, wherras Iy- 
sin(, yielded 6-nminovaleric acid. Indole iln(1 
sk;ltole w e r ~  Sol-IIIP~ from tryptophan. Thr 
clualitativr identification of these catabolic prod- 
ucts fro111 the aforementioned ainii~o acids in 
vivo, coupled with quantitative ~nei~sureil~c.nts 
of certain of these metabolites, necessitates the 
recognition of these co111l)ounds a s  normal in- 
tc~rmediates in the r:ttnholisn~ of t~-yptopl~an, 
lysine, :uld arginine. 

Results of this ii~vestigation definitely silo\\. 
that individual amino acids differ in their rates 
of detin~ination in the rumen. Kumen anll~lonit~ 
levels in vivo paralleled expectations f r o ~ n  
studies in vitro. Argininc., which had prt.viously 
hren shown to hnve the ~iiost pronounced effecot 
011 ~ I I I I I I I O I ~ ~ ~ L  levels in vitro (ll), increased niost 
n~arlicdly rninen amluonia levels in vivo. Sinli- 
lar  nnalogies were demonstrated fo r  the effects 
of Iysintb ;rnd t i~p to l )han  on rumen aln~noni;~. 
Ievc.1~. Lysine was shown in vitro to be all 
alnino acid which was internlediate in its dis- 
siiilili~tion rate, whereas tryptophan was cataho- 
lizc~tl slowly in vitro (11).  These same +at(' 
effects were noted in vivo. The prescnee of 
alanine and glutanlie acid ill runien fluid 2 111. 
after ftlc.ding, a period of niaxinial ammonia 
coneentr;rtions in the wlllcn, and a subsequent' 
ii1cre:tse in rmninal levels of these two ami~lo  
acids followirrg the addition of the readily 
cntabolieable amino acids, L-arginine and L-1y- 
sine, suggest that the former two amino acids 
play a. significant role in protein aiiabolisln I)?. 
rumen inicroorganisius. 

The only amino acid elnployed in this in- 
vestigation-that had been ~revious ly  studied in  
vivo was lysine. Hueter et  a1 (10) and Looper 
et al. (14) reported little dissimilation of lysine 
in vivo, which is coutrary to the results reported 
here. Looper's study iind the present one both 



s l ~ o ~ v e d  tililt the peak of KH,-S occurred Tithin 
1 h r  a f te r  Iysine a.ddition to  the rumen. The 
major  differcbncc hetween the two studies Yas 
that  rndogrnous ammonia levels changed ~nar l i -  
edly with time i n  the present  study a n d  \\-err 
Inore stahle in  Looper's experiment. Hueter  e t  
211. (10) used the production of volatile f a t t y  
acids a s  the criterion of DL-lysine dissimilation. 
r)r,-lysinr has been sho\vn to  he more slowly 
c~a.t:~l)olizrd in vitro than the I>-enantionrorl)h 
(11).  

L i u ~ i t r d  infonnation exists on the production, 
absorption, a n d  excretion of indole in  the  rnmi- 
nna~t. The present  study, roupled with a pre- 
vious investigation in  vitro (12) ,  suggests t ryp- 
tol)han a s  a 111ajor prrcursor of indole in  the  
I.UIIIPII. TT71ir11 ;i goat ~ v a s  rhanged from a n  
:~lfalf i l  to a T,cpirl ir~n~, dirt, blood indolr Irvels 
~.ose fro111 0 to  1.0 ppm and  indole appeared 
in t h ~  millc f a t  ( 5 ) .  Indole appc:rrs to he de- 
toxified h y  t h r  liver a n d  excreated a s  iudoxyl 
tosified hy thc. liver and  excrrtril a s  indoxy1 
:I ~x)sitivta rcliitionship between the proportiolis 
of Ic.gun1c.s ill thv rat ion a ~ ~ d  i r ~ c l o ~ y l  substances 
in the nrinc.. Onr  111igIit ronrludc that  the higher 
indolr lcvc'ls on  Iegmninous rations were due 
to thv gr r i~ t r r .  t ryptophan contt~nt  of these plants  
o r  the grra,tc.r availability of the tryptophan to 
thc. ru111c~11 ~~~ic.roorgaii is~ns,  o r  110th. 

Thc, hlood iimino acid rc.sults a r e  difficult to  
intorprtlt, (In(, to  tlie l i n l i t ~ d  number of analyses 
: I I I ( ~  t l ~ v  poor seilsitivity of the a~ialyt ical  tech- 
I I ~ ( ~ I I ( .  ('onvincing rvidrncc now exists which 
tl(,n~o~~str:rtcs tha t  the pilttc~rn of amino :~cids 
ill thv diet ~narkedly  influcmccs the level of sonle 
:111liuo iicids in the  hlood. Tn poultry, C'liarlrey 
tbt ;,I. (4 )  and  A l n ~ ( ~ u i s t  (1) obtained gootl ror- 
~.c.lations het~vetw atnillo acid levels in  chick 
I)lootf and cnlnl)ositiot~ of dietary protein. 1)en- 
ton c,t :il. ( 9 )  imcl Longenecker and  Rausc  (13)  
likewise de l~~ons t ra ted  tha t  plasma amino acid 
c.hanges in the dog wrre dirrctly dependc~nt upon 
t,he ;~rnino acid eon~position of the protein and  
supplenlenti~l i i ~ ~ ~ i n o  acids ingested. Cook (6 )  
: ~ n d  I ) ~ I I I ~ I I S  ( ~ t  ill. (8) recently denlonstrated 
the :~hsorption of glycinc~ and ~nix turc~s  of amino 
i ~ r i d s  fro111 thts ~ U I I I C I I  hy I I I ~ ~ ~ ~ I I S  of the runleii 
perfusion tc.chnique : ~ n d  venous siin~ples f rom 
the runlini~l arcsa of lightl?- :~nesthrsized goats  
and  s h t ~ y .  Tht. present s tudy suggrsts the ab- 
sorptiorl of the added a ~ n i n o  acids fro111 the 
rumtxn, h a t  :llso de1nor1stratc.s tha t  cataholizahle 
a~ni l to  iivids, such a s  L-arginino and L-lysine, 
ha.d a positive effect on levrls of several plasma 
a ~ n i n o  :acids ra ther  than just  the one a.dmin- 
istc.rrrl. Since the p l a s ~ n a  s : ~ n ~ p l r s  were obtained 
f r o ~ l ~  thc. jugular  rein, th r  a ~ n i n o  acid pa t te rn  

(.ncolnpassed the entire ~netabolism of the hodg 
r i ~ t h t ~ r  than  the rumen itself. Ti-yptol~ha~i \\,as 
i~hsc~nt  on all chromatogralns of  plasm:^ iumino 
 rids a s  or~ur re (1  it1 sn~nples  prepared hy LI-alker 
(20) and  Conlson e t  al. (7). I t  would appear  
that  tl.;r-ptol)hiln mas lost during the extr:wtion 
I)rocess. 

JI(~3Ienany r t  :I]. (15) reported t,hiit onl:~ 
25% of tlie total t ryptophan is  p r r s e ~ t  in 
l)la.sn~a in  :III unhnund form. 

Fnrt l ier  stnclics on amino acid absorption viit 
the rumen 111nst he performed in  a natural  
physico-chrmic,71 environment and  with animals 
in  nornrel l~hysiological status. I n  addition, re- 
sults nrcvl to he quantitative and  extensive 
rather  ~ I I ; I I I  clualitative and  fragmentary.  Blood 
amino :~caiil pat terns must 111. related to  a11 
gastric. rc.sc.rvoirs, ritthrr than just the one 
h t ~ i ~ ~ g  sturlied. 
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CONGENITAL ABNORMALITIES IIi CATTLE : THEIR ASSOCIATION 
WITH HEREDITARY AND ENVIRONMENTAL FACTORS 

Y. S. HERSCHLER, N. S. FECHHEIMER, AND L. 0. GILMORE 
Department of Dairy Science, The Ohio State University, Columbus 

AND 

The Ohio Agricultural Experiment Station, Wooster 

The purpose of this paper is to indicate the frequency of congenital anom- 
alies in cattle and to record data dealing with the influence of environmental and 
hereditary factors on their occurrence. 

Approximately 5,000 calves of the Holstein, Guernsey, and Jersey breeds 
were divided into normal and abnormal animals. Abnormality was defined as 
any anatomical defect observed by the cooperating dairymen. The abnormalities 
reported were divided into five niajor groups: general abnormalities, abnw- 
malities of ectodermal, mesodermal, and neurectodermal derivatives and calves 
born dead with no other observable defect. Environmental and genetic factors 
were tested for an  association with the number of abnormal animals reported and 
the type of abnormality reported, by the chi-square test of independence; 6.26% 
of the calves born were abnormal. A significant association of sire, with the 
number of abnormal animals reported, was demonstrated. A highly significant 
association of twins and abnormal gestation length with the number of abnormal 
animals mas shown. Twins were highly significantly associated with type of ab- 
normality reported, as was breed. No significant association was found between 
sex, number of services required for  conception, breed, level of herd production 
or  inbreeding, and the number of abnormal animals reported. No significant 
association could be shown between number of services required for conception 
or  sex and type of abnormality reported. 

Congenital abnormalities are an  economic 
burden to the dairyman. Every abnormal calf 
is  one less replacement for  cows that leave the 
herd. I n  addition, the birth of an  abnormal 
calf may be accompanied by severe dystocia. 

The purpose of this paper is to indicate the 
frequency of congenital abnormalities in cattle 
and to record data dealing with the influence 
of environmental and hereditary factors on 
their occurrence. 

The problem of congenital abnormalities can 
be approached from two points of view. The 
diagnosis and study of the genetic history of 
individual ahnonnalities may be undertaken. 
This method has been used in the early reports 
of abnormalities, reported in cattle for  over 
100 y r  (4). In  1934, a list of eleven abnormal- 
ities occurring in cattle was published (9) .  This 
list has been increased by numerous authors 

Received for publication July 20, 1962. 

so that the most recent review (18) included 
34 lethals and 1 4  sublethals. Other reviewers 
(5, 7, 8, 15) have considered the general prob- 
lem of abnormalities and have grouped reports 
by type of tissue affected, while trying to find 
some connection among the anomalies cited. 

Mead, Gregory, and Regan (12) tested six 
sires a t  random in the California Experiment 
Station herd and reported eight deleterious re- 
cessive genes carried among these bulls. The 
Production Division of the Milk Marketing 
Board of Great Britain (13), on the other 
hand, has reported few recessively inherited 
abnormalities carried per bull for the A.I. 
centers of Great Britain. 

All congenital abnormalities are not genet- 
ically initiated. They have been attributed to 
disease ( lo ) ,  poisons (15), vitamin deficiency 
(6 ) ,  and other environmental factors, as well 
as interactions of genes and the environment. 
Brum (2, 3),  with-information on 601 abnor- 
lnalities affecting 337 cattle, concluded that gen- 

1 Journal Article No. 63-62, The Ohio Agrieul- eral environment and inherited influences rtf- 
tural Experiment Station, Wooster, Ohio. fected either the frequency of abnormal ani- 



~na l s  horn or was ;~\soc~atc,d wit11 pitrticubr 
types of abnormalities. The 3Iilk Jlal-ketiug 
Board of Great Britain rcported the following 
l~reakdo\vn on general type of ahnor~nality, not- 
ing, however, that environme~~tally caused 
anomalies and inherited traits of hut little eco- 
nomic ilnportance art, includetl, e.g., flesed 
pasterns. Of all cases reported, sltelrtal ahnor- 
~nalities accounted for  33.7% ; head, thoritr, 
and abdominal soft tiwue, 27.5%; skin, h a ~ r ,  
and ~nusrle anomalies, 8.9% ; reproductive :th- 
normalitiec;, 5.9%, and ud(1t.r and teat ahnor- 
mnlitics, I .5%. 

MATERIALS .\SD >IETIlODS 

Sorirce of data. Animals it~volvetl in this 
study were the purehred dairy cattle in 87 Ohio 
herds during the 35-yr period from .January, 
1957, to July, 1960. During this titnc,, 4,980 
c?alvc.s were horn, 2,004 Guc.rnst.y, 1,706 Ilol- 
stein, and 1,270 dersoy. Fo r  cach calf hor~l,  
the dairyman completed a hirth report card on 
which was given a nu~nber  of aftrihntes regard- 
ing the calf, 'its' gestation and parrnt:~ge. I f  
the calf were described as abnor~nal, a ~nultiplc 
check-list type of abnonnality for111 supplied 
for  this purpose was later con~pleted. So~ne  
calves had Inore than one ahnor~nalitp reportc.d, 
so that more ahnor~nalities were reported than 
the total number of nhnor~nal calves. Only 
those abnormalities apparrnt  a t  birth \vcsre 
taken into consicleration. This rsclnded such 
traits as porphyria or lumpy ,j;i~v. The norln:il 
animals on which birth reports werr rert.ivt~d 
were used as  controls in this study, eseel~t for 
two of the analyses in which the nest norn~al 
calf horn in the same herd follo~ving the hirth 
of an  abnormal animal was ustad as it ],:~ircatl 
c.ontrol for  the ahnormal c:ilf. 

Abnormality, described as any an:rtonrical 
deviation from the nornl, grossly apparent a t  
hirth, or shortly thereaftel; was detcnnined by 
the individual dairymen. ~Zhnor~nalities re- 
ported were divided into five n ~ a j o r  catc.gories, 
l~ased primarily on dcrivntio~~ of the tissue af-  
t'rcted. They included ( a )  gcnerttl :~hnoml:tli- 
ties, i.e., those that affectcad the ani111;11 as a 
\\.hole ; (h)  hone, muscle, cartilage, ;ind joint 
defects; ( c )  nerve and eye ahnor~nalitics; (d )  
epithalial anom;tlies such ;IS skin, hair, and 
genitalia defects; (e)  those c:~lvcls horn dead, 
hut with no other grossly ohst~rvitblt~ drfects, 
i.r., stillhorn calves. 

11 tzctlysr,s of data. The statistical :tnalystss 
~vere 1);tsed on the chi-squarr test of it~drpentl- 
(,nee (16).  If  difYcrencc,s between rsprrted ant1 
obscrvPd vnlues were signilica~lt : ~ t  the 554, 
levrl of probability, t,l~c I~yl~otltrsis of indt.- 

pcndt.t~ce tvas re,jcactt.tl and ;111 association was 
: L S S U I I ~ ~ ~  he twee~~ the factor being tested :~nd 
the nu~nber  ot' ahnorln;~l animals born o r  the 
frequency of the typt. of ah~iornlality. Where 
:~pplicahle, a ht.terogeneity test of the data in 
the tliffrrent 1)rc.c.d groups was carried out. It' 
the data wt.1.e hot~~ogtr~~eons,  the groups u7erc. 
comhined for  suhst.cluc.nt :~n:tIj-sis. 

The factors tc~stc.tl {'or an associ;ttion with 
either the ~ ~ u n ~ h r r  of ahnormal animals re- 
portt.tl or f'requc.ncy of type of abnonnality 
c;~n ht. dividr~d illto those that were g e ~ ~ e t i e  or 
c.nviro~nne~~td.  I \ I I I O I I ~  the gent>tic factors testcad 
wore hreecl (Guernsry, Jrrsc.y, or I lolsteir~),  
sire (any sire with a t  least 100 offspring I.(.- 
ported), sex, and il~t)r(~rding. In  thr inhre(v1- 
ing an;rlysis, the nest norn~ttl calf bor11 in tht. 
herd was ~ ~ l a t c h t ~ d  wit11 the ;lbrrorn~al taalf and 
used as ;I control. The coeficiel~t of i~thrrrding 
(21) was c.alcul:tted for eat41 a ~ ~ i ~ ~ l n l ,  using :I 

thrrc.-generatio11 ~bedigrec'. The two groups \ver.cb 
then tlivid(.d illto i ~ ~ h r ~ t l  i ~ t ~ t l  I I O I I ~ I I ~ ~ ~ . ~  C;IIVC~S 
to ~ ~ ~ a k c !  the chi-scluarc. test of i~~depende~ic~t.. 

The t~nvirontnental fartors tested for  an ;is- 
soci;~tio~l with either ~ ~ u l n h e r  of abno'rmal itni- 
111als reported or fretluency of typc of ahnot,- 
~nitlity illeluded se~vicrs retluired p r r  c.o~~t~c.l)- 
tion, in which 11orn1a1 :t~td ah11or1n;11 c:~lvt~s \vt>r(* 
tlivitlrd into groups based on \vhc!ther one, two, 
or three or Illore services \\.(.re required for  their 
c.oncc.ption. A ~ ~ o t h e r  e r~v i ronn~rn t~ l  factor 
t(bstrtl a a s  :1hnor111;11 gc.st:~tiol~ l e ~ ~ g t h .  111 this 
analysis, the group of cotltrols was again the 
nest t~onnnl calf horn in the sillne herd follow- 
ing tht: birth of ;In :tI~nornl:tl ralf. This control 
group was used to ralculatr a mc!an gestation 
let~gth for  each hrred gn)np. The standart1 
tleviation was calculated for  each breed grout) 
;tnd at! ahnor~nal gestation length was taken to 
he a.ny gestation c.screding two standard deviil- 
tiom fro111 the breed rneitn. The ahnornral ani- 
~na l s  were then scored for  norn~al or ahnorlni~l 
gestation length by hreed and the two groups 
tested against the expected values for  normal 
anin~als of each 11rrc.d. Twinning was ;~lso 
tested for  :in association wit11 ;thnortnal nni- 
~na l s  and frequency of t y ~ ) ~  of abnormality. 
E'inally, the abnonnal :~ni~nals wchre testchd for 
an association with the 1evc.l of production of 
the herds fro111 ~vhicli they w r e  reported. 
Forty-eight herds fo r  \vIiich production records 
were ;tvailaltle wcrc dividtbd hy hreed. Herds 
fn11n raeh hrred were t i ~ r n  scl)arated into those 
on DIIIA test and thost. on HIR test. TVitIiin 
c~itrll of  the six categories so fotmrd ( t h r t ~  
breeds each with two typcbs of records), thts 
1957-1959 47& fat-corrected ;,rchragc prodnctior~ 
per herd was calculated. Tllc. standard devi;~- 



TABLE 1 

Proportion of al)~lorm:~l a~linials by breed 
--- - -- -- - - 

C.nc,rnwy T Guer~~sey I1 Holsteill Jersey 
- - - - - -- 

Total 

I . )  (% ) (no.)  (% 1 ( n o . )  (YO) (110.) ((h) (no.) (YO) 
n o  I .58 -5.1 1; (i:i 5 113 6.63 78 6.14 312 6.26 
Nor~~lal  99f; !)4.44 897 93.44 1,593 93.37 1,192 !l3.8(; 4,668 98.74 
- --- -- --- 

XJ = 1.4459 ; Df = 3 ; P = ,717 .(in. 

tion for e ; ~ r l ~  of' tilts six groups was calculated 
:~nd  those hc~rils nlnl.r than one standard devia- 
tion brlow thc lnean of their group were con- 
sidc.~.ed l o \ v - p r o t l ~ ~ i ~ ~ g  11e1.d~. and thos(~ 111o1.c' 
than one standartl dc'viation i1l)ovc the lilean 
of their group \rc.rc3 conside.ve(1 high-producing 
hcmls. ill1 others co~istituteil a third group (av- 
erage-prod~~cinp hcrds). All lic.rtls in c'ac.11 of 
the lo~r-proclncing g~.onps, i.e., low IT)HT.\ Hol- 
stein. low HIR Holstrin, low TlFT1.l Jersey, 
Io~v HTR .Jnsoy. etc., \rcsrc> co~nl~inc~cl, ;IS 1rel.e 
:111 high gl.onl) h n d s  and ;]I1 ;~vcr;lgc> herds. 
'IY~c~sr tl~rchc~ classc~s were then tested for :III 

;tssociation wit11 t l ~ c  nmnhrr of i~huonnnl m i -  
111:1ls reported. 

RESUI.TS AND DISCUSSION 

Of the. 4,980 calves reported, 312 ((i.2(i9 ) 
~r(.vo al~nor~nal.  Of these, 44.2% lverc horn 
drild nit11 no ot11c.r ohservahle defects, i.e., 
stillhorn. 

S o  sig~~ificant nssoc.iation of 11reetl wit11 the 
nn~nhe,r of ahnor~nal ;~nimals reported could 
hc detnonstratrd (Table I),  i.e., all three 
hrec~ds hati approsi~natt.ly the s;lnle proportion 
of ano~nalous ralrcs. ITowever, a highly sig- 
~~ i f i r an t  association of breed with thc frrrlnenry 
of the class of nhnor~nality reported wiis found 
(Tahle 2),  i.e., a definite assoeiatiol~ of certain 
types of ahnormalities with specific 11rreds was 
denionstratcd. Thc large c.ontrihutions to the 
high chi-square value were attrihutahle in part  
to the Holsteins and Guernseys which h;~d nlany 
less and Inore than expected, respectirc.ly, of 
mnscle, hone, cwtilage, and joint ahnormalities. 

I n  addition, thc. Holstc~ins and Jerseys had re- 
spectively more and less than expected of still- 
horn c:ilves. The. Jersey dairgmen have reported 
only 31.9% of thc. total ahno~~nalit ies as still- 
born calves, whereas the figure is 50.4% for 
Holsteu~s. 011 the other hand, the .Jersey dairy- 
men reported 35.2% of the total ahnor~nalitirs 
as  generill anon~alics which includes ~vcxak rnlves 
and sn~:~l l  calros. vhercas the Holstc.in dairy- 
mell reportchrl o111~- 22.30; in t1i:lt c1:lss. Thus, 
the difference l)et~v(-cc~~ the hreecls llliiy he due 
in p:~rt  to a trndrncay of .Jersey breeders to 
rrl)o~'t stillhorn c a l ~ e s  as s~nall  ;~nrl of Holstein 
l)rc.c.de~.s to rc.port them only as  still1)orn. 

F:spc~G~lly intrrrsting in the association of 
frc*rluency of clnss of ahnor~nality with breed 
is the witle mnpe of frrrluenry of muscle, hone, 
cartilagtl, m~tl  joint drfc~cts among thr hreeds. 
Tllcasc. rrsnlts gc~nc~fi~lly iIprc'e with litc.raturc, 
~ . r ~ o r t s  in ~\~hic.ll spec.iIic :~hnormalitics hart, 
hrc.11 d(~sc.ril)ed as p~.etlo~nin:~ting in ce~-tain 
llr(Vds ( 7 ) .  

i\ significant wssoci:rtion \\,as found l)et\rce~~ 
sire a ~ ~ d  the ~ ~ u n l h e r  of ; ~ h ~ i o r ~ n : ~ l  a n i ~ ~ ~ a l s  horn 
(1':1111c~ 3). This is ;I ~(l~ification of the theory 
t1i:it tht~re are t1ifferc~ncc.s among hulls not due 
to chance as to the n11111hc.r of ;~hnor~r~a l  calves 
sired if, as in this study, the h~llls are bred to 
cows at  r a~ ldon~  11-itli r~spec t  to the genes they 
c:~rry for ;~haonnalities. This difference may 
hc ci~used hy the frc~cluc~ncy in the cow popula- 
ti011 of recc,ssivc~ gcbnes for which the hull is a 
carrier. Any inherited a l~nor~n;~l i ty  conditioned 
hy reccwive gcanes \t-oultl occur quite often in 
the progei~y of n I~c.te~~ozypons sire if hr w r e  

TABLE 3 

Proportion of ab~~ornlalities in ear11 class by I~1.cecl 
. - - -. - - - - - - -- .- 

(Il:lss of 
:~b~~ormality Gucr~~sc,y Holstein Jcbrse? 

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

(110.) / (110.) / (110.) ([i) 
General 40 28.8 37 33.3 33  35.2 
Muscle, bo~lc., .joint, cartil:~gr 4 i  33.8 I!) 15.7 2 27.5 
Serve (eye) 1 0.7 4 3 .3 :< 3.2 
lCpit11eli11111 3 1.4 I n  9.3 > 2.2 
Still1)orn 4!l 3.5.3 l i l  50.4 "1 31.!t 

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

XJ = 25.281 6 ;  Df = 8 ; P = .ill-.Ool. 

Totals 
- - -- 

010.) (%) 
9!) 28.2 
9 1  25.;) 

8 3.3 
14 4.0 

13:) S!I.fi 
- .  - 
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~natcd to a random selection of the cow popula- 
tion in which the frequency of the recessive 

$ 2 ;  genes was fairly high. Therefore, he would have 
I 
I nlore abnormal progeny than another sire, also 

2 % ~  a carrier of genes for a recessively conditioned 
abnormality, if the frequency of these rects- - sive genes in the cow population were lo\\-. 

1 r - 9 !  
5 E  ,I 

The third genetic factor tested was sex. No 
significant association could be demonstrated 

7 i3 ~7 b e t ~ e e n  sex and either the number of abnormal 
0 " $ 1  - animals reported (Tahle 4) or frequency of 

types of abnormality (Table 5). The results - m CI 

r ; = & o  reported here are in agreenlent with the expec- 
tation of the hypothesis that if any positive 

~ M O  
associatio~~ could be demonstrated between num- 

L 
her of abnormal animals and sex, the male sex 
should have the more than expected number 

m $ 2 4  1 rl 
of abnormal animals. This is due to the fact 

L that sex-linked recessive., causing abnormality 

1 - a  11 would necessarily appear in half the male pro- 
l $ d d  geny of a female carrier hrcd to a hemizygous 

z 

L I normal ~nale, whereas none of the female off- - d4 u spring would exhibit the abnonnality. Although 
3 c.3 A ,  
L the results agree with this hypothesis, the values 

are not significant. Considering the fact that 

$ 7  cattle have 30 pairs of chromosomes and the - difference between male and female is one in 

2 3 2  GO chron~osomes, an extremely large sample 
would be needed to attain significant differences 

1 attributable to sex-linked genes. - 
r( x ' 6 01 x The final genetic factor analyzed was inbreed- 

> ' ~  
ing. No association of inbreeding with the nunl- - t- her of abnormal calves reported could be denl- 

g 2 ,.I 
L 0. 

onstrated (Tahle 6) .  These results are contrary 

P to expectation based on the theory of recessive 

2 b g  inheritance. However, an  explanation of these 
3 

L results may be the small amount of inbreeding 

- m q  
in the sample. There were only 46 inbred calves 
compared with 510 noninbred individuals in 

v the analysis, i.e., only 8.3% of the population 
7 LC I? g~ was inbred. 

*'hnong the environnlental factors tested for 
an association with the nu~nber of abnonnal 

,+ ? . animals and the frequency of type of abnor- 
I;, mality was the number of services required per 
9 
II conception. I t  was thought that a high number 
Pi of services might indicate early abortion and, .- 
m therefore, a tendency toward a full-term calf 
lI being abnormal. The chi-square values for  an  

n association of nmnber of services required per 
. .. conception with both the number of abnormal 
2 w animals and the frequency of type of abnor- 

E mality were not significant ( p  = .50-.40; p = 
rl .20-.lo, respectively). Thus, an association is 

F: 

+ 

not indicated. 
The second environn~cntal factor tested was 

abnormal gestation length. The data for  the 

Cl 
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rn 
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CONOEXITAL ABNORMALITIES  IS CATTLE 

TABLE 4 

Proportion of normal and abnormal calves by sex 

Male Female Total 

(no.) (%) (no.) ( % I  (no.) (%) 
Abnormal 161 6.4 141 5.7 301 6.1 
Normal 2,336 93.6 2,330 94.3 4,666 93.9 

TABLE 5 

Proportion of abnormalities in each class by sex 

Class of 
abnormality Male Female Total 

(110.) ( % I  (no.) (%) (no.) ( % I  
General 42 24.6 48 28.2 90 26.4 
Muscle, bone, joint, cartilage 44 25.7 47 27.6 91 26.7 
Nerve (eye) 2 1.2 6 3.5 8 2.3 
Epithelium 6 3.5 7 4.1 13 3.8 
Stillborn 77 45.0 62 36.6 139 40.8 

Xa = 3.3048; Df = 4;  P = .40-.30. 
Pates  correction applied (Snedecor, 1955). 

TABLE 6 

Proportion of normal and abnormal calves in inbred and outbred groups 

Inbred Outbred Total 

(no.) ( % I  (no.) ( % I  (no.) I % )  
Abnormal 22 47.8 256 50.2 278 50.0 
Normal 24 52.2 254 49.8 278 50.0 

Xa= .0948; Df = 1; P = .99-975. 

TABLE 7 

Proportion of calves with abnormal gestation lengths by breed 

Holstein Jersey Guernsey Total 

(prop.) ( % I  (prop.) ( % I  (prop.) (%) (prop.) (%) 
Abnormalanimals 27/96 28.1 25/69 36.2 36/98 36.7 88/263 33.5 
Normal animals 6/96 6.3 2/69 2.9 3/98 3.1 11/263 4.2 

Xa = 78.4000, 261.0205, 363.5465; Df = 1 ; P < ,001 for  each breed. 

TABLE 8 

Distribution of twins and singles between normal and abnormal calves 

TJT~IIS Singles Totals 

(110.1 (70) (no.) f%) (no.) (%) 
Abnormal GG 23.7 247 5.3 313 6.3 
Normal 212 76.3 4,462 94.7 4,674 93.7 

S' = 152.6335; Df = 1 ;  P < .001. 
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TABLE 9 
Distribution of abnormalities betwecn t\vills an11 singles 

~p 

Clnss of 
abnormality 
- 

TIT~IIS Si~~gles Tot:tls 
-- - - 

l o  f )  (110.) (% /rJ (110.) ([h) 
General 11 24.G 84 29.1 !I8 28.3 
N~~sr l e ,  bone, joint, cartilage 2 3.5 8(i 29.8 qS 25.4 
Terre (eye) 0 0 I 2.4 I 2.1 
E2pitheliilm 0 0 14 4.8 14 4.0 
Stillhorn 4 1  71.9 RS :<?,.!I 1 :{!I 

- 
40.2 

- -- - - -- - - 

Xa = 32.873i; Df = 4; P < .001. 

various breeds \\.ere not hornoge~~eous and, 
therrforr, are sho~v11 sc.l)ariitely (T;tbIt! 7 ) .  The 
chi-square value for the distrihatiou of the 
abnormal and normal calves betreen normal 
and ahnor~nal grstittion Ie~lgtlis w;~s  highly sig- 
iiificant for each hreetl. Thus, an association 
of gestation l e~ lg t l~  with the ~~urube r  of ;1bnon11:11 
;rnin~als reportetl is int1ic;tted. The I'nct that 
the data for  the different breeds were not 
l ~ o n ~ o g e ~ ~ e o a s  indicates differcncrs bet\\*ecn 
hrerds in the association of a b u o r ~ ~ ~ a l  aninlals 
;rnd ah~lornlal gestatiou lengths. A cause of tht? 
heterogeneity may be the variation ill ~ncan 
gestatio~l 1r11gtl1 betwren hrerds. I t  shoultl br 
11otc.t1 t11;lt ill coutrast to the literatme in which 
the rrports art, allnost esclusivrly ou c:~ses of 
prolol~gtd gcastatio~~ (1, 11, 19) ,  the ahnorn~al 
~ c s t i ~ t i o ~ ~  lt~ngths in t.111~ survey \vert8 1>reclo111- 
111i111tly short 1 x t h t ~  thnn prolonged. 

i l r~o t l~ r r  f;tctor ttxstetl for all associ;~tiou with 
both the 11u111ber of abuor~ual i ~ ~ ~ i n ~ a l s  rcportc.d 
and the freqnency of type of ithnor~ni~litp mas 
twinning. The chi-sclu;~re value for an  asso- 
ciation of twinning with the num1)er of :tl)nor- 
mnl aui~nals reported mas highly significaut 
(Table 8 ) .  When the frequency of type of ah- 
normality was tt.stcd for an  association 1\7ith 
t\vinuiug, the results werr also highly significant 
(Table 9 ) .  The c;xtegorics that co1itril)utctl to 
the high chi-square value were the more-than- 
c.spcartetl 11u1nl)ers of s t i l lhor~~ calves aluong 
twills and the less-tl1a11-expectet1 nulnber ot' 
twins with muscle, bone, cartil;~ge, aud ,joint 
tlrfeets. Tl~c~se results eorro1)olate results re- 
11ortt.d ill the 1iter;l.turr. Woodxvard and Clark 

( 2 0 )  noted that S.17; of a11 stillhirtlls \vthrr 
twins among range Herefords. Stallcnp et 111. 
(17) found that only 2.647; of all calves \vtbre 
t~vins. Thus, more th;~n a proportional slime 
of stillbirths are twins and an associ:ltion I I P -  
t\voen t w i ~ ~ u i ~ ~ g  and stillbirths is indicated. 

The fourth enviro~~lnrntd  factor tested for 
an associ;~tion with the 11u111brr of al)nor111:11 
calves reported was the level of ~)rndut.tion of 
the herd ill ~v11icI1 the al)nor~n:~l calf \v:ts rc2- 
ported. The chi-square value of a test of ill- 
tlep(!nrlcncc. of Icvel of produrtiou nit11 the 
number of abuor~nal aninlals rrported d i \ l  no! 
reach significance (T;~ble 10 ) .  S o  sssociatit)i~ 
is indientett from these data. T l ~ e  11c.g:ttive rr-  
sult m;ly l)e rspl;~incrl I)y the fact that ~ I I -  
viron~nentally caused a1)normalitic.s usually 
have a threshold vttlue for nutritional levels nnd 
other ~ntl~~agenlent factors. The herds in this 
survey prol~ahly ;Ire all above the threshold 
v:~.lue for  hi~sic e ~ ~ v i r o ~ ~ ~ ~ ~ c . ~ l t : ~ l  ro~~sitlrrations. 

We ackno~vledge tllc assistanec a1111 cooperation 
of the Central Ohio Breeding Associ:~tion and 
Soba, Ine. in the gatl~ering of the data for this 
survcy. Dr. C. R. \Venvcr gave vnli~nhle assistmlcae 
in ~~roccssing the data. 
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EFFECT OF BODY WEIGHT AND AGE AT CALVING ON MILK 
PR,ODUCTION IN HOLSTEIN CATTLE 

R. DAVID CLARKZ  AN^ R. W. TOUCHBERRY 
Department of Dairy Science, University of Illinoiu, Urbana 

SUMMARY 

The 180day production records of 1,344 lactations of Holstein cows includ- 
ing records of lactations one through eight, collected from six herds, were used 
to determine the independent influences of age and weight on production. A 
multiple regression analysis of first lactation data indicated that for a constant 
age milk production increased 134 lb and fa t  7.8 lb for each 100-lb increase in 
body weight, and for  a constant weight each increase of one month of age was 
accompanied by an increase of 46 lb of milk and 1.2 Ib of fat. When all lacta- 
tions were combined and the number of the lactation ignored, milk prodnction 
increased by 400 lb and fa t  production by 14.4 lb for  each 100-lb increase in 
weight. For a constant weight each month increase in age was accompanied by 
an increase of 28.4 lb of milk and 0.9 Ib of fat. 

Heritability estimates based on 385 daughter-dam pairs for body weight, 
milk production, and f a t  production were .29, .44, and . 0, respectively, when 
obtained from first lactation data, and were .19, .43, and .41 for  all lactations 
1 through 4 combined. 

Genetic correlations between total milk and fa t  production were of the order 
of .90. Those between body weight and production ranged from near zero in the 
first lactation to - 5 3  in the second lactation. The genetic correlation between 
weight and milk was -.I2 and that between weight and fa t  -.23, when the 
first four lactations were combined. Because of the negative correlations, less 
progress would be expected in selecting for both increased body weight and 
production than if they were independent or positively correlated. 

Analysis of the data indicated that as much and probably more of the varia- 
tion in production was associated with body weight as with age. 

Breeders of dairy cattle have talked much adjusting production records for weight instead 
about size, and size has received considerable of age, but not both jointly. 
attention in most type-score cards; however, Body weight has always been considered a 
no cattle brcedeis arid few researchers have in- good measure of size, as i t  is an easy measure- 
vestigated the genetic relationships between ment to obtain and has received considerable 
size and production. Some have considered attention in the dairy field (2, 6, 7, 10, 29, 30, 

36, 37). The body weight of an animal is in- 

Received for publication May 23, 1962. 

- - 
fluenced by its age, genotype, and the environ- 
mental conditions under which i t  is raised. En- 

1 A portion of the data for  this study was taken vironmental conditions which are conducive to 
from the Dairy Cattle Crossbreeding Project being large size also contribute to high levels of pro- 
conducted a t  the Illinois Agricultural Experiment duction; thus, large cows may give more milk, 
Station. This project is a cooperative project be- not only because they are large but because they 
tween the Dairy Cattle Research Branch of the are maintained under better management con- 
ARS, USDA, and the Department of Dairy Science, ditions than slnaller cows. 
University of Illinois, and is a contributing project ~h~~~ is evidence in the litreatnre (3, 14, 28, 
to Regional Project NC-2, The Improvement of 
Dairy Cattle Through Breeding. 35, 37) that a number of characteristics other 

Portion of a thesis prepared by the senior 
than actual milk and fa t  production have been 

author in partial fulfillment of the requirements Studied to find a measure that be a 
for the degree of Doctor of Philosophy. Present indication of eventual or present production. 
address: Canada Agriculture Rcscarch Station, To be an effective measure in bringing about 
Lethbridge, Alberta. genetic gain in production, there must be a 
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high genetic correlation between the character 
used and production. 

The objectives of the present study were to 
determine the relationships between weight, age, 
and production and to explore some of the con- 
sequences and uses of these relationships. 

SOURCE AND DESCRIPTION OF DATA 

Data for the present study were obtained 
from six different Holstein herds. Two of the 
herds are located a t  the University of Illinois, 
Urbana; one of these is the main Holstein dairy 
herd, the other consists of the Holstein cattle 
maintained as a part of the crossbreeding proj- 
ect. The four other herds are owned by the 
Canada Department of Agriculture, Research 
Branch, and are located at  Fredericton, New 
Brunswick; Ottawa, Ontario; Lethbridge, Al- 
berta; and Agassiz, British Columbia. 

The six herds have been maintained at  their 
various locations for breeding, feeding, man- 
agement, and demonstrational projects. In  all 
cases a high level of feeding and management 
has been maintained. 

Data used for the present study were col- 
lected as part of the routine procedure main- 
tained in the d3erent herds. The following 
data were collected or calculated and placed 
on I.B.M. cards for each lactation of each ani- 
mal: the number of the herd, identification of 
the animal, its sire and dam, year of birth, year 
of calving, age at  calving in months, lactation 
number, calving weight, 180-day total milk 
yield, average milk fat test, 180-day total fa t  
yield, and 180-day fat-corrected milk. 

The body weight was obtained by actual 
weighing with a scale. Body weight for the 
Research Branch cows was a single weight 
taken within 24 hr after calving, and that for 
animals at  the University of Illinois was the 
average of three weighings taken on the three 
consecutive days following parturition. 

All of the herds were on twice-a-day milking. 
The 180-day milk production was obtained from 

the daily recorded milk weights, whereas the 
fat  tests were obtained from an official testing 
program and conducted a t  approximatel; 
monthly intervals. Total fat  production was 
calculated from the fa t  tests and the milk pro- 
duced. Only cows that completed records of 
a t  least 180 days were included in this study. 
Production records were not adjusted for en- 
vironmental factors such as age, weight, or 
season of calving. 

There were 1,344 lactation records with ac- 
companying weights available for inclusion in 
this study. A summary of the records used and 
their source is given in Table 1. 

A summary of all locations combined for 
averages and standard deviations for age at  
calving, weight a t  calving, 180-day milk and 
fat yield, and 180-day fat-corrected milk is 
given in Table 2. 

To study genetic correlations and heritabil- 
ities, 385 daughter-dam pairs distributed 
throughout the first four lactations were ob- 
tained from the original data. The number of 
pairs in later lactations was so small that these 
pairs were not included in estimating the ge- 
netic correlations and heritabilities. The source 
and number of daughter-dam pairs are listed 
in Table 3. 

Partial lactation records, as a basis for selec- 
tion, have been used by several workers (9, 17, 
25). Lerner and Cruden (21) found that in 
chicl~ens the genetic correlations between part 
and complete production records were high. 
They found that there was a greater gain in 
the average production rate when partial rec- 
ords were used as the basis for selection than 
when complete records were used. The genetic 
correlation between the 180-day and the 305-day 
production has been found to be near unity 
(17, 25). Correlations between the 180-day and 
305-day production are of the order of 0.70 to 
0.90 (5, 16, 17, 25, 26, 32, 39) ; thus, the shorter 
period of the record can he used as a basis for 
selecting with little loss in efficiency. The 

TABLE 1 

Source of data by lactation, location, and years collected 

Lactation no. 
Years 

Location 1 2 3 4 5 6 7 8 Total collected 

Lethbridge 90 75 42 34 20 10 11 6 288 1937-1955 
Ottawa 150 112 64 39 26 8 6 2 411 1935-1956 
Agassiz 32 22 11 8 5 2 .... 5 85 1954-1956 
Fredericton 44 37 27 11 13 9 7 2 150 1936-1955 
Illinois 100 78 42 29 20 8 6 3 295 1946-1956 
NC-2 44 27 2.1 15 7 1 .... .. 115 1949-1956 

Total 473 351 207 136 91 38 30 18 1,344 





TABLE 3 

Somce and nnn~ber of daugl1tc.r-d:im 1xtil.s 
- -- - -- - 

Lactation no. 
- 

120eatio~~ 
- -- 

1 2 3 4 l'ot:1l 
- . 

Lcthbridge 39 3 8 14  1 0  I01 
Ottawa 63 43 17 10 133 
Fredericton 33 14 9 4 3 0 
Illinois 41 2 1  6 2 ill 
NC-2 19 i 4 1 3 1 

Total 183 123 5 0 2 7 38.5 

shorter record has several advantages over the of cows in a given herd that calved for  the 
longer record, as  it allows time for  evaluating same lactation number in a given year. To 
records before the next calving and the records obtain the genetic correlations and lleritabil- 
can be grouped more easily. I n  addition, Inore ities, the year of calving of the daughter was 
records are available a t  an  earlier date for  sire used as  the gear of calving class. 
evaluation. lCIzcltiple regressioro n l~a lqs i s .  To determine 

D.4TA ANALYSES -4KD RESULTS 

An analysis of variance, according to Snede- 
cor (34),  was conducted to determine if there 
Irere significant differences in body weight and 
production associnted with herds and lactation 
~ ~ u t n b e r .  The analyses revealed that  there were 
signif cant differc~nc~c~s ( P  < .O1 or P < .O5) 
betxveen hertls and lactations fo r  the three cri- 
teria tested. The aceu~nulation of the data cov- 
ered a considerable period of time (Table 1). 
Therefore, any trend in environment, connnon 
to a herd, mould tend to increase the within 
herd variability of the collected observations. 

the rel:~tionships between .weight and age on 
the one hand and nlilk and f a t  production on 
the other, a ~uultiple regression analysis accord- 
ing to Snedecor (34) and Johnson (19) was 
used. T l ~ e  various regression coefficients and 
their standard errors calculated from the data 
arc tahnlated in T:~bles 4 and 5. Tithle 4 eon- 
t ;~ins the factors for  ~nilli and T:ible 5 those 
rc?lating to fat .  The partial regression coeffi- 
cichnts indicate the tunit e11:tnge in produetion 
pcr unit cl.~arijic in weight or age, indvpendently 
of the other. F r o n ~  Table 4 the regression 
coefficient bh1W.d is read as  the regression of 
111i1lc on weight intlrprndently of age. The - 

To eliminate the above sources of variation, other ~mr t i a l  regression coefficients are read 
the regressions werc derived on a within herd, in a similar way. 
within lactation, within year of calving basis. The standard partial regression coefficients 
The slnallest subgroup then hec;trne the group ilidicate that in most cases for  co~\*s in the 

'I'AB1.E: 4 

Partial and standard partial regression coefficie~its of Illilk ~ ~ r o d u ~ t i o ~ i  011 weight and age 

Standard 
partial regression 

Partial regression coefficie~its coefficients 

Lactation 11.F. 1)MW.A S.E. bMA.W S.E. 11~M1fr.A 1)'MA.IV 

1 400 
> 
u 283 
3 141 
4 $3 
1 43 
6 11 
7 1 0 
8 4 

1 to X !)ill  
1 to 8 (a) 1,268 

M = milk production ; W = neight ; A = ngc. 
(a) Calc~~la t io~~s  in this line are 011 :I n.itlli11 Ilcrd, witliin year of r:tlving hasis; all other 

enleiilations are 011 a ~vithin Ilerrl, wjt11i11 I;cet:~tiol~, witlln~ ycnr of c n l ~ i ~ ~ g  b:15is. 
" Significant a t  0.05 level of probability. 

* *  Significant a t  0.10 level of probability. 
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TABLE 5 
Partial and standard partial regression coefficients of fat production on weight and age 
-- 

Lactation 

Partial rogrcssion cocffieients 

Standard 
partial regression 

coefficients 

bFW.A S.E. bFA.W. S.E. 

.078** .023 1.18*** .60 

.007 .031 1.93'' .71 

.109* .048 -.74 1.29 

.146** .042 .41 .84 

.157* .064 -.I3 .98 

.lo1 .I33 .92 2.42 

.084 .047 .66 1.65 

.060 .I91 6.32 5.33 

.085** .015 .70X .34 

.144** .009 .90* .07 
-- 

F = fat production; W = weight; A = age. 
(a) Calculations in this line are on a within herd, within year of calving basis; all other 

calculations are on a within herd, within lactation, within year of calving basis. 
* Significant at 0.05 level of probability. 

** Significant a t  0.01 level of probability. 
*** Significant at 0.10 level of probability. 

same lactation, weight is more closely asso- 
ciated with production than is age. The excep- 
tions to this are milk production for Lactation 
1 and both milk and fat  production for Lacta- 
tion 8. When the lactations are combined 
(Lines 9 and 10 of Tables 4 and 5), weight is 
generally more closely associated with produc- 
tion than is age. 

The statistics for the last lines of Tables 4 and 
5 were derived when the effect of lactation 
number was not removed, and the age of the 
animals in a within herd, within year of calv- 
ing class would vary over wide extremes. When 
this occurred, age and weight were of about 
equal ilnportance in influencing production. 
Curvilinear regressions of production on age 
would generally more adequately measure the 
influence of age on production when all lacta- 
tions are combined; however, in these data, the 
linear regression should be sufficient as 1,167 
of the 1,344 lactation records are lst, 2nd, 3rd, 
or 4th lactation records, during which period 
the relationship between production and age 
appears to be almost linear (24). 

To determine whether more of the variation 
of production was associated with weight or 
age, analyses of variance according to Snedeoor 
(34) were conducted for each lactation or 
group of lactations combined. This method 
provides a test of the influence of each variable, 
weight, or age, after the influence of the other 
has been removed. Listed in Tables 6 and 7 are 
the mean square values obtained from the sep- 
arate analyses for those due to the regression 
of milk and fat  on age and weight, those due to 
weight alone, and those due to age alone. The 

degrees of freedom and levels of significance 
are listed in the tables. 

From a study of the mean square values of 
the last lines of Tables 6 and 7, where all lacta- 
tions are combined on a within herd, within 
year of calving basis, the values are all sig- 
nificantly different from zero at  P < . O 1  level 
of probability, and age and weight appear to 
account for approximately equal shares of the 
variation in production. 

From the significant mean square values ob- 
tained in Tables 6 and 7, and from a study of 
the standard partial regression coefficients in 
Tables 4 and 5, it appears that in this study 
body weight and age at  calving account for 
approximately equal parts of the variation in 
production in Lactation 1. This is somewhat 
similar to the report of Miller and McGilliard 
(30), who found that weight accounted for 
slightly more of the variation of production 
than age for individual production records over 
a group of many herds but that, on a within 
herd, within lactation basis, age was a slightly 
more important factor than weight. These au- 
thors were dealing only with first-lactation rec- 
ords, whereas the present study deals with 
Lactations 1 through 8, so comparisons for 
later records cannot be made. I n  Lactation 2, 
age accounts for a significant amount of the 
variation in fat  production. During the later 
lactations, and when lactations are combined 
and the analyses done on a within laetation 
basis, weight accounts for more of the variation 
in production than age. 

Gowen (13) reported that the regression of 
milk prodi~ction on age was not linear but a 



EFFECT OB BODY WEIGHT AND AGE 1505 

TABLE 6 

Mean square values to test the effect of each independent variable age and weight on 
milk production 

(Mean squares are rounded to the nearest ten thousand) 

Source of variation 

Due tp 
regression (R%.sn+'an) (R'wwA+%w) 

R2u.wa (S2r)  S 2 r  Sax 
on weight Weight Age alone 

Lactation D F  (1) Error and age (2) alone (3) (3) 

(a )  Mean squares in  this row were calculated on a within herd, within year of calving 
basis; all other mean squares are on a within herd, within lactation, within year of calving basis. 

(1) Degrees of freedom for error mean square. 
(2) Degrees of freedom for numerator -2- in  all cases. 
(3) Degrees of freedom for numerator -1- in all cases. 
* Significant a t  0.05 level of probability. 

** Significant a t  0.01 level of probability. 

TABLE 7 

Mean square values to test the effect of each independent variable age and weight on 
f a t  production 

(Mean squares are rounded to the nearest hundred) 

Source of variation 

- -- "" 
regression (R2p.wn-~~n) (R2~~~n-) . '~,rv)  

E2p.wn (SS) 8% sap 
. on weight Weight Age alone 

Lactation D F  (1) Error a11d age (2) alone (3) (3)  

1 400 16 180"' 181"" 51" 

" A- -- - - 

6 11 33 10 19 5 
7 10 23 5 7 4 
8 4 9 8 2 14 

1 to 8 991 24 474** 736*' 96' 
1 to 8 (a) 1,268 24 7,474** 5,156"" 4,913** 

(a )  Mean squares in this row were calculated on a within herd, within year of calving basis; 
all other mean squares are on a within herd, within lactation, within year of calving basis. 

(1) Degrees of freedom for error mean squares. 
(2) Degrees of freedom for numerator -2. in  all cases. 
( 3 )  .Degrees of freedom for numerator -1- in  all cases. 
*Significant a t  0.05 level of probability. 

** Significant a t  0.01 level of probability. 
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logarlthi~~ic function. H e  considered that the 
increase in ~n i lk  production with age depends 
chiefly on a n  increase in size of the m a m m a q  
gland caused by a n  increase in growth. .\ 
somewhat similar point of view is talten 1)y 
Gainrs (ll), who states, LLlls a COW grows 
older from firqt calving to maturity, she gives 
nlorc ~nilk,  not because she grows older but 
hcwiusc she jiro~\,s larger." Gaines et  al. (12) 
tountl tht2 influcncr of weight on yield, inde- 
p rnden t l~  ol' age, to he important, whereas 
thr influence of agcL on yield ~ndependeatly of 
\\.right waq negl~g~hlr .  On thr  other hand, 
Rarthing ( 6 )  and Farthing and Legates (5) 
found that the age of the anirnal v a s  more 
c,ffrc.tlvca than weight in arcounting for  the vi~ri-  
;~llcc, 111 acatual product~on. 

H c ~ r c t n b ~ l i t i e s .  I'Zeritabilitie? fo r  body weight 
: ~ ~ l t l  nlillc ancl f a t  production were determined 
t r o ~ n  385 clanghtcr-dam pairs. A covarianetl 
i~naly-is \\-as used and calculations were dcter- 
111inc1d on a witl.lin herd, within lactation, within 
\ r n r  of calving baqis. Presented 111 Table 8 
:&re tlie estinlated heritahihtieq for  body weight, 
I I I ~ I I C  and f a t  production for  Lactations 1 and 
2 ;111(1 for all Lactations 1 to 4 combined. 

Ilrrit;~l~ility c,stin~:~tes for I~oclg ~reigl~t,, illilk 
~,ro~lnc.tio~~, fir111 f:lt productio~~ 

The c.stin1:ltc.s of tlie heritability of body 
weight of' 0.29 for  the first lactation and 0.19 
for  all lactations combined :Ire lower than those 
rt>ported by other authors (3, 28, 30, 37),  which 
r:lnge fro111 0.37 to 0.67. Millrr and I\IcGilliard 
(30) found a heritability of 0.67 fo r  body 
weight of IIolstein cattle taken during the first 
lactation when body neight was estimated by 
taped rhest-girth ~~~t~:iqnrel~ients.  

The heritability estiinates of approximately 
0.40 fo r  Inilk and f a t  production in the first 
and second lactations are higher than most of 
thc estimates reported in the literature (18, 22, 
').- , -/-.%I, 33, 36-37, 40),  which are of the order 
of 0.20 to 0.30. Miller and AfcGilliard (30) 
rchportccl ;L heritability of 0.50 for  milk produc- 
tion in first-lactation Holstein heifers. I n  the 
p r tw~n t  study only the production of the first 
180 tl;~ys of the lactation was used in the calcu- 
lations and the data. were analyzed on a 
lle~*tl, \vithin lactation, within year of calving 
basis. These conditions would he expected to 
redncc, the environmental variance; consequently, 
t,he hcritability estiniates for  milk and f a t  
should he 1:~rgc.r than in some of the other re- 
ports. Ilrl.itahility of first-lactation production 
a p l ) e a ~ . s t o  be high(1r than that  of later lacta- 
tioils. E'rernl;~n ( 8 )  ~.eportcd heritabilities of 
iirst, second, anti third lactations of 0.30, 0.24, 
and 0.26 fo r  ~nillc, : ~ n d  0.43, 0.3.5, and 0.26 for  
fat .  

G r ~ ~ , e l i c  cowelu t io~~.s .  T o  11le:isure the gc~netic 
co~~rrlation bet\\,cen two characteristics, i t  usas 
nc,cessary to correlate otle trait in one animal 
with thc ot,hc,r trait in a relative. Data from 
the group of daughtcr-tfam pairs used in the 
previous heritability studies wcrc elnployed to 
ohta.in thc genetic (.orrelations. 

The method of analysis was according to 
the proccdure outlined by Hazel (1.5) and by 
iFoucahhclrry (37).  The formula to obtain the 
c~orrelat,ious in its simple form is :  

l"G&y = d ( S.T!/') ( S5'y ) 
(S.r.1;') (Syy')  

The e and r r fer  to two traits of the dam :inti 
the primc~s to thca rorrc~sponding two traits of 
the. d:~nghter. When one figure in the numerator 
\\as negtrtive and the other positive, the arith- 
~ncltic mean of the two figures was used. I f  both 
liplires in the numerator were negative, the 
geon~etric mean was used but the genetic corre- 
lation was given a negative sign. The various 
genetic correlations between weight, milk, and 
f a t  a re  listed in Table 9. A genetic correla- 
tion outside of the range -1 to A 1  was ob- 

TABLE 9 

Gel~rtic eorrrlatio~~s I~(. tn.re~~ body \\,eigllt, nlilk, n l ~ ~ l  tiit 
-- 

T3rtwcrn 
~ - - - -~ -- 

M'eiglit Weight Milk 
T,nctntion D.F. a11t1 111il1< : I I I ~  filt n l~d fat  
-- - - - - . ~ - - - . - - - 

1 137 .O!? t 3 4  .05 & 3 3  .86 ? .OX 
2 72 -.5J f .?!I -1 .!?O t .R4 .9l t .08 

1 to 4 233 -.I !? t .3R - .23 t .3!? .80 C .0.5 - - - - - - . - - - 



t:~iaed f'roni tlie calculations. Sin(:(: the sit~llpling 
error of the genetic correlation coefficient is 
large, such variations are to be expected with 
a relatively small nunlber of degrees of freedo~n. 

The genetic correlations between milk and fat  
are of the order of 0.90, which are similar to 
those reported in the literature (35, 37, 38). 
The genetic correlations between weight and 
nlillr or fat production are zero or negative. 
The correlations in this study are based on un- 
adjusted records, whereas most othcrs used 
adjusted records. 

The genetic correlations between body weight 
and fat  production reported in the literature 
(30, 37) are of the order of 0.30. However, 
Blackmore et al. (3) found a genetic correla- 
tion of -0.02 between body weight a t  2 yr  and 
FCM production. Touchberry (37) and Blaek- 
more et al. (3)  reported negative genetic cor- 
relations between various body size measure- 
ments and fat  production. 

The over-all genetic correlation between 111ilk 
and weight of -0.12 falls n~idway between the 
caorrelations reported in the literature (3, 28- 
30, 3'7). JIason et al. ( 2 8 )  found a -0.43 
genetic correlation between rate of gain during 
the lactation period and niilk production. A 
genetic correlation of 0.50 indicates that :&bout 
half of the genes that influence one trait :~lso 
influence the other in :L positive direction (as- 
sunling equal gene frequency and equal effects 
of genes). it negative genetic correlation in- 
dicates that the genes for the two traits are 
:~ntagonistic. Some of the problems of adjust- 
ing production for difFerences in weight will 
be c~lahorated in tlie discussion of this paper. 

IJISCVSSION AND CONCLITSIONS 

From the findings of this study and those of 
JIiller and 3IcGilliard (30), it can be concluded . , .  
that sizeable auiounts of variation in produe- 
tion are associated with both neight and age. 
Although several sets of age-corrclction factors 
(1B;LO) are in counnon use, and n~ost produc- 
tion records and sire coniparisons are expressed 
on a mature equivalent basis, the authors are 
unaware of any adjustments being made in 
records for differences in the weight of ani~nals 
a t  calving. Gaines et al. (12) stated, "as rap- 
idly as feasible initial live weight at each lacta- 
tion should be made a part of all dairy records 
and FCM/W (or sinlilar principle) should 
supersede the biologically unsound principle 
of age eorrection." I t  should he pointed out 

that sc.lection on suc,li it Ill(':lsure of efficiency 
as PC'JIm 1r1:ty be cco~io~~~i(~alIy unsound when 
li~hor and capital i~lvestu~cant are considered. 

Lush and Shrode (24) point ont that the 
purpose of caorrection factors is to remove phe- 
notypic differences that occur beenuse the en- 
viro~nnental conditions are not uniforn~. They 
also state that the presently used correction 
factors tend to select the early-~uaturing indi- 
viduals and thus give an advantage to a sire 
that has early-n~aturing daughters. 

The present authors are not presenti~rg ;III 

;irgu~nent against the prestwt age-correctioli fac- 
tors nor against clarly-luaturing dairy cattlc., but 
~.;ttlier an argu~uent that body weight as soon 
after calving as possible bc recorded and used to 
Iielp evaluate records. To obtain snfficient data 
to derive weight ad,justnlent factors or to deter- 
111it1e how production should be adjusted for 
weight differences would require weight data 
to be collected as a part of n recognized testing 
program, so that the data would cover a wide 
ratlye of conditio~ls and include niany cows. 

The problem of adjusting production records 
for body weight is one that should be considered 
with spec*ial care. Orie might first ask why rec- 
ords are adjusted for variations in weight. I f  
they are adjusted so as to niore accurately esti- 
mate the breeding value of the cows involved, 
then it would seen1 that the adjustments should 
he concerned only with the environmental and 
~lonttdditive genetic reletionships between milk 
production and body weight. I n  this case, one 
would want the partial regression of milk pro- 
tluction on weight independently of the breedirig 
value for ~nillr. This regression is: 

where h M  a~ltl ILW are thv square rook of thc. 
heritabilities of milk and weight, respectively, 
21nd VMIV and VC,,,L~ are the pheuotypic and 
genetic eorrelutions between milk and weight, 
respectively. 

If one is adjusting nlilk production for varia- 
tions in both weight :uld :Lge for the purpose of 
Itlore accurately estinlating the breeding value 
of cows for rnillc production, then it would seen) 
that the appropriate partiitl regression coeffi- 
cic.nts to u ~ e  would he : 



1508 R. DAVID CLARK AND R. W. TOUCHBERRY 

The symbols in coefficients (2) and (3) are through 8 differ. There is also evidence (8) 
analogous to those described for (1). that the heritabilities differ and probably the 

If  one is willing to assume that the variation genetic correlations differ from one lactation 
in age is entirely environmental and nonaddi- to another. I t  has been shown (12, 13, 20, 24) 
tive genetic variance, which is probably a valid that the relationship between milk production 
assumption, then Regressions 2 and 3 reduce and age is curvilinear when this relationship 
to : is derived on an over-all basis ignoring differ- 

By observing Formula 1, it can be seen that 
if the genetic correlation between weight and 
milk is zero, the partial regression becomes the 
linear regression of milk on weight. Similarly, 
if we assume that all the variation in age is 
environmental and nonadditive genetic varia- 
tion or that hZA = 0 and that rcMcW = 0, the 
partial regressions shown in Formulas 2 and 3 
reduce to the partial regressions shown in 
Table 4. 

In  considering the data in the present study 
for Lactation 1, it can be shown from Table 6 
that ~ M W  = .160; ?MA = .175, and that = 
.383. In  Tables 8 and 9, it is shown that hzw = 
.29, h ' ~  = .44, and r o o  = .02. Substituting 
these values in Formulas 4 and 5, it  is found 
that ~ M W . A ~ ~  = 1.23 and b ~ 4 . w ~ ~  = 46.8 as com- 
pared to the values ~ M W . A  = 1.34 and b.vn.w = 
46.0 as shown in Table 4. Since we have as- 
sumed h ' ~  = 0 and rocw = .02, which differs 
little from zero, the values obtained by substi- 
tuting in Formulas 4 and 5 should differ little 
from those shown in Table 4. The standard 
partial regressions of milk on weight and milk 
on age were b'Mw.AGM = .lo1 and ~ ' M A . W G ~  = 
.136, whereas those in Table 4 were .I09 and 
.133, respectively, before rounding. 

Assume now that the genetic correlation be- 
tween milk and weight is -.50 and that the 
other correlations and heritabilities have the 
same values as shown above. Substituting these 
values in Formulas 4 and 5, it is found that 
~ M W . A G ~  = 4.24 and ~ M A . W G ~  = 9.22. Changing 
the genetic correlation between milk and weight 
from .02 to -50 has caused approximately a 
fourfold change in the numerical values of 
Formulas 4 and 5. Thus, before one adjusts 
production records for differences in weight, 
the genetic and phenotypic correlations between 
production and weight and the heritabilities of 
each should be precisely estimated. 

There is evidence in Table 4 that the partial 
regressions of milk on weight for Lactations 1 

ences between lactation number. Because of 
the above evidence, it  would seem desirable to 
derive partial regressions of milk on weight 
and milk on age for each lactation, 1 through 
7 or 8. With the relatively narrow ranges of 
age and weight for cows milking in the same 
lactation, the linear regressions of milk on age 
and weight are probably sufficient for adjusting 
milk production to a constant age and weight 
for each lactation. For example, all first lacta- 
tions in this study could be adjusted to an age, 
of 30 months and a weight of 1,190 lb. Second 
and later lactations could likewise he adjusted 
to a constant weight and age. The adjusted 
production records for different lactations could 
then be compared by further adjusting all lac- 
tations to a common basis. For  example, sup- 
pose it  was desirable to convert everything to 
a first-lactation basis. With the present data, 
first lactations are approximately 85, 77, 75, 
73, and 74%, respectively, of the second through 
the sixth lactations. Thus, if each adjusted 
production record for Lactations 2 through 6 
was multiplied by the appropriate factor, i t  
could be converted to a first-lactation basis. 

I t  seems important to have a large volume 
of data involving many herds to determine ac- 
curately the partial regressions of production 
on weight and age independently of the breed- 
ing value for production. This should be done 
for each lactation. In  addition, unbiased fac- 
tors for converting different lactations (1 
through N) to a common basis should be de- 
rived. 

One might do essentially the same type of 
adjustment by deriving curvilinear regressions 
of milk and fat  on age and weight, ignoring 
lactation number, but this method is likely to 
he less precise. I t  is possible that there are 
differences between first and second lactations, 
etc., that are not caused by age and weight dif- 
ferences but become only partially confounded 
with age and weight differences. 
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The question of body size in dairy cattle 
selection programs demands careful considera- 
tion. The dairyman is mainly interested in pro- 
ducing milk a t  a profit. From a study of vari- 
ous reports (4, 12, 31), it may be concluded 
that milk production and the return over feed 
and labor costs are higher for  the large cows 
in a breed than for the small ones. On the 
other hand, i t  has been frequently observed 
that the small cows in a herd o r  breed, which 
remain after culling, are more efficient than 
large ones [when efficiency is measured by the 
forlnula FCM/W described by Gaines et al. 
(12) l .  This is  probably because culling is 
usually carried out on the basis of production, 
and the small cow must produce almost as much 
milk as the large one, regardless of her size, or 
she will be culled for low production. By  cull- 
ing on a mature equivalent basis alone, the 
smaller cows in a breed may have been dealt a 
more severe injustice, genetically speaking, than 
is commonly thought. This is  especially true if 
the genetic correlation between weight and pro- 
duction is negative and of considerable mag- 
nitude. 

I n  some cases, it is  diillcult to place a true 
value on weight. It has frequently been ob- 
served that when cattle are sold for  breeding 
purposes, size is emphasized and a pound of 
body weight in these cases might be worth many 
times the value of a pound of milk. 

The question is frequently asked whether it 
mould be advantageous to delay first calving 
hevond the usual practice, to obtain extra pro- 
duction in the first lactation from the accom- 
panying increase of age and weight. By using 
the regression coefficients from Table 4, and 
feed requirements from Morrison (31), the 
amount of extra milk obtained fro111 delaying 
calving for a definite time and the feed require- 
ments necessary to obtain this milk can be esti- 
mated. I n  general, the extra costs for  feed 
and labor required for  maintenance and gain 
caused by the delaying of calving exceed the 
value of the added production attributable to 
the delay of the first lactation. Miller and 
i\fcGilliard (30) indicated that larger heifers 
had little or no economic advantage in their 
first lactation if calving was delayed to obtain 
additional weight. 

The delaying of calving also tends to in- 
crease the generation interval. The age to breed 
for  first calving follows a fairly well defined 
pattern depending 011 the breed, but whether 
this is based on fact or tradition is hard to 
ascertain. Lush (23) is  of the opinion that 
breeding efficiency can be lowered by postpon- 
ing first calving to n late age. H e  further 

states that heifers bred early may appear 
stunted in their first lactation, but their size 
when mature is affected very little. There is 
need for  further experimentation in this field. 

By using the regression values from Table 
4 for later lactations, it can be shown that the 
increase in production associated with increased 
weight will more than offset the cost of the in- 
crease in feed required. 

I t  is apparent from the present study and 
others recently reported that the relationships 
betmyern body size per se and production in 
dairy cattle need to he more precisely evaluated. 
This is especially true if production records 
are to he adjusted for  the body weight of the 
cow. 
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EFFECT 0 1 "  ISCOML'IIETE REC'0IZI)S OX STRE EV.\III'~ITION 

1,. D. V A S  VI,ECIi 

Dcp:~rtn~rnt of Aniin:~l 1[11sl~:111ilr~, Corncll TTni\.crsity, Itll:~c:~, Kcm Toll< 

SUX W.1RT 

First-l:~ct:~tion ~ ~ ~ ) r d s  of artific.inlly sired ITolstein daugl~tc.l.s \v(,~.c> es:~n~in(vI 
to detertnine the effect of esrluding incomplete records froln sire evaluation. 
Results indicate that the arerage difference of inco~nplete records from stable- 
mate nvrrilgrs is different fronl herd level to herd level. The averagr diffrt~enct. 
is greater in high-producing hexds than in lo\vrr-level herds. Ineon~pletc. rec- 
ords of daughters of high-level sires are closer to their stable-mate averages 
than a1.r inco~nplete records of daughters of low-level sires. The rffrcts of herd 
level and sire level are app:u.rntly additive in drternlining the average difference, 
of incomplete records fro111 their stable-mate records. Although the evidrncc 
indicntc.~ that n. sn~all  diffcrcntial hias would r c d t  in favor of low-level sires 
a t  thc rspense of high-lrvel sires, if incotnl>lete records are cxrlud(.d fro111 sirr 
c~valuation this hias is so small that it is unimportant, hecause of the approxi- 
tllntely constant fraction of inro~nplrte records of all first rccords over a11 sire 
Ierrls :~ntl I)rcnnsc of thr snl:~ll f'r;~ction of incomplctr records (5-77;)) .  

r 1 I he inalusio~~ ol' iill :~rail:il)lr infor~n:itior~ for 
thr rvahtation of sires is usu:~lly nc1cessary or 
:tt Ivast tlc.sirahlv for  arcuratc eviilu:~tion. The 
effect of selection, cspccially on later (laughter 
records, as  a possible hias in estimating the 
breeding value of sires, is \\-r11 understood. S in -  
ilarly, culling of daug11tc.r~ hefore completion 
of their first rc*cords ran bins sire eraluation if 
these records arc= riot illeluded in the data used 
for  the (.valuation. To eliniinate the bias, these 
incomplete records should he extended by fac- 
tors free of I)i:~s. Thi. purpose of this paper 
is not, however, to examine the appropriateness 
of the cstcnsion f':ictors but rather to esi~nline 
the effect of the incalusion or exclusion of in- 
co~nplete clxtended first-1:~ctation records on sire 
c.m.luation. Since only first records are studied, 
ini~ppropriate extension factors are not likely 
to influence the rrsults ~nneh. if a t  :ill. 

D.lT.1 

'r11e record< of nrtifirially sired Holqtein 
t1:lnghters inclndcd in the sire file of the New 
1-ork Dairy Kc.cords Processing Center ns of 
.January 1, 1961 (including cows freshening 
"1) to Sorcfin~bcbr, 1959) were used in this study. 
T ~ ~ r o n ~ p l c t r  records :Ire i~~eluded ill this file, 
Init are 1tlent1fic.d by special coding. Incorn- 
~)l(atcx rthcord5 :ire defined as those trrnminatecl 
4 o r t  of 30.5 dttys for  ally reason other than 
drying off. .\I1 records mcare estended 2X, 

Itereired for p~ t l~ l i c ;~ t io~~  Junlr 30, 1962. 

Xl'.E., 305-day recorcls. Only the records 01' 
co~vs l'rcsshening prior to 36 months of age \r.ercb 
included. This grouping sl~ould essentially limit 
the study to first-l:~ctatinn records, with thcl 
1)ossil)ility of only a few second-lactatiou rer- 
ords being included. The Icvel of milk produc- 
tion of the stable-mates of cows \rllirl~ had in- 
co~nplrte records rchl:ltire to the Holstein DHI,\ 
sc.t~son :Ivrmgc was ;11so rt,rordetl. Herd Level 
Ont, cbsrecded the scb;lson avcLrage by tunre than 
1,000 Ih of milk, Level Two varied betwecw the 
st~;lson average and plus 1,000 ll), Lrvc~l Threct 
vnrititl hetween the stlason aver:tge aucl tninns 
1,000 11) of milk, and Level Four  \\->is Inore than 
1,000 11) of ri~ilk below tht- season average. Thc. 
seasons and season averages usrd are listed in 
Table 1. 

Sires were grou1)etl into six cl;~sses accortl- 
ing to how ~nueh  their di~ughter ~nillc averqcks 
rsceedrcl the corrc.sl)onding stable-mate avrr- 
:Iges. Sire Level Onr includecl those \rhos(? 
(1;~ughters exceeded their stable-mates by march 

than 750 Ih of mill;; Level Tn.0, between 750 
:~nd  350 lb of n~ i lk ;  Level Three, 1)etween 0 and 
350 11) of ~n i lk ;  Level Fonr, bet\\-een 0 and -350 
11) of ~nill;; Level Five, bet\veen -350 and -750 
11) of niilk; and Level Six, below -750 Ib of 
n~ilk.  

Daughter levels of sirrs were estimated fro111 
first-lactation milk records, both excluding and 
it~elntling it~conlplrtr! 1.ecords. The index pro- 
cedure is that used by the New Yorlr Dairy 
lleeords Ceuter and has bccn described in detail 
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TABLE 1 

Seasons and EIolstein DHIA season milk averages used in deternliniiig herd levels 

Average Average 
Season milk Season milk 

September 1950-Fcbruary 1951 
March 1951-August 1931 
September 1951-February 1952 
Mareh 1952-August 1952 
September 1952-February 1953 
March 1953-August 1953 
September 1953-February 1954 
March 1954-August 1954 
Scptembcr 1954--February 1955 
March 1955-August 1955 
Septenibrr 1955-February 1956 

by Hendersou (2) ,  and  Heidhues, VanVleck, 
and  Henderson (1) .  F o r  completeness, the 
computing formula is  givrn a s :  

E D L  = A 1  +A[D - .9(SM - D H I A )  
n + 15 - A I ]  

~vhere  A 1  = the A1 breed average f o r  the eur- 
rent  evaluation = 12,668 lb  of milk f o r  the 
,January 1, 1961 report, 

D = the sire daughter average of 2 X, 305- 
day M.E. records, 

11 = the number of daughters, 

SM = the adjusted stable-mate average 
[Henderson, Cartel; a n d  , Godfrey 
(4) 1 

.9 = the intra-sire regression of daughter 
records on their adjusted stable-mate 
averages [Henderson ( 3 )  1, and 

D H I A  = the D H I A  5-yr breed average f o r  the 
current evaluation = 12,277 lb  of 
nlilk f o r  the January  1, 1961 report. 

March 1956-August 1!)56 
Segteinl~cr 1951;-February 1957 
Marell 1957-Jnly 1957 
August 1957-November 1957 
December 1957-Mareli 1958 
April 1958-July 1958 
August 1958-November 1958 
Dccembcr 1958-Marc11 1959 
April 1959-July 1959 
August 1!)39-November 1959 

RESULTS AND DISCUSSION 

Herd lcael. The incomplete record differ- 
ences from stable-mate averages a re  shown i n  
Table 2 1)g herd level. .I pattern is  evident, i n  
that  the higher the lierd level the greater the 
average superiority of stable-mate records over 
the inconiplete records. The difference is  more 
than twice a s  great  in  the high-level herds a s  
in  the low-level herds. 

This rrsul t  suggests that  if culling ra te  were 
the same in al l  herds the variation in high-level 
herds is  g rca t r r  than i n  low-level herds. I f ,  a s  
would seem likely, the  culling rate mere greater 
in hirh-level herds, then this would sugaest with - - 
more elnphasis tha t  within-herd variation i s  
greater in high-level than low-level herds, since 
the average difference of the incomplete records 
fro111 lierd average would be expected to be less 
with heavier culling. (The ho~nogeneity of 
nyitliin-herd variance i~ ~,resently being studied.) 
,la alternate explanation is  tha t  selection in- 
tensity is  less in  high-level herds because of 
supcrior ninnagenlcot. This would tend to  pro- 
duce a larger diffrrence from the stahle-mate 
average. 

TABLE 2 
Average differences of incomplete first-lactation records from their stable-mate avcrages 

according to the herd-season level of milk protluction 

Average diff erence 
from stable-mate 

averages Averagc M.E. record 
Herd S o .  of 
level Milk F a t  Milk F a t  records 

\ --, 
1 (High) -2,898 -100.5 11,307 413.0 748 
2 -2,270 - 78.0 10,412 378.4 683 
3 -1,793 - 66.7 9,990 356.2 639 
4 (Low) -1,404 - 50.4 8,962 321.3 469 
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TABLE 3 

Average difference of incomplete first-lactation milk records froin their stable-mate averages 
categorized according to herd-season milk level and sire daughter level above 

stable-mate averages-sires having a t  least 20 daughters with first records 

Herd level 
Sire 
level 1 (High) 2 3 1 4 (Low) Over-all 

( l b )  (no. )  (Zb) (no. )  ( Ib)  (no. )  (Zb) ( N O . )  ( l b )  (no. )  
1 (High) -1,773 49 -1,503 26 - 543 36 - 266 21 -1,144 132 
2 -3,307 100 -1,411 105 - 675 100 - 677 94  -1,308 379 
3 -2,501 102 -1,579 78 -1,521 73 -1,325 662 -1,814 315 
4 -2,807 206 -2,226 201 -1,777 183 -1,455 144 -2,126 734 
5 -3,504 149 -2,638 161 -2,240 139 -1,800 85 -2,643 534 
 LOW) -3,416 131 -3,337 102 -3,042 96 -1,909 76 -3,032 404 

Another possibility is that the factors used 
to extend incomplete records are not suitable 
for all herd levels. I f  i t  is assumed that the 
factors apply eorrectly to an average herd, 
then i t  would seem the factors may underesti- 
nlatc incomplete records in higher-level herds 
and may overestimate them in lower-level herds. 

Sire lrcrl. The differences of incomplete rec- 
ords from shhle-mate averages are less for  
daughters of high-level sires than for low-level 
sires. This result is shown in the right-hand 
columns of Tahle 3. This pattern is not un- 
expected, since the reeords of daughters of low- 
level sires will average lower than those of high- 
level sires, which produces a situation in which 
the incomplete reeords also average lower. A 
counterforce is that selection pressure on daugh- 
ters of high-level sires would be less than on 
low-level daughters. Such an event might lessen 
the deviation for  low-level sire progeny and 
increase it for high-level progeny groups, giving 
rise to a bias in estimating the genetic value of 
the sires if incomplete records are excluded 
from the evaluation. The evaluation of high- 
level sires would be hiased downward and that 
of low-level sires biased upwartl relative to 
average sires. 

Sire level b y  hrwE level. By superimposing 
the herd-level pattern and the sire-level pattern, 
the sire-level by herd-level situation appears 
in Table 3. The expected occurs in that daugh- 
ters of high-level sires in the low-level herds 
have incomplete records, averaging only slightly 
helom their stable-mate averages, and also in 
that daughters of low-level sires in high-level 
herds have incomplete records averaging much 
less than their stable-mates. The effects of sire 
and herd level appear to be additive in deter- 
mining the difference of incomplete daughter 
records fro111 their stable-mates. An unweighted 
squares of means analysis of the means in Ta- 
ble 3 resulted in a small F value (.46) for  the 
sire-herd level interaction and highly significant 

F values for  the sire and herd level effects, 
26.15 and 23.06, respectively. 

What bias would result if incomplete records 
were not included in the evaluation of sires? 
Results in Tables 4 and 5 partly answer this 
question. The right-hand coluinus of both ta- 
bles indicate that the fraction of incomplete 
reeords is about the same for  all levels of 
sires. Comparison of Tables 4 and 5 also points 
out that the average fraction of incomplete 
dauqhter records is greater for  young sires or  
those sires which have not heen used heavily. 
Sires with more than 200 daughter records are 
likely to he those selected for heavy use and, 
therefore, could be considered more popular 
than those not retained for use or those which 
are young and untested. 

The effect of deleting incomplete records 
from evaluations of sires with more than 200 
daughter records \~-onld he to raise the esti- 
m a t e ~  for high-level sires hy an average of 117 
Ib of ~nilli and the low-level sires by 113 lh. 
Thoqe in other levels would be raised by simi- 
lar aliiounts. The average daughter difference 
from stable-mate averages n-ould be raised hy 
122 Ih of millr for the high-level bulls and 114 
Ih for the low-level. 

The effect of excluding incomplete records 
from evaluation of sires having fewer daugh- 
ters-20 to 50, the usual number when decisions 
are first made to use hulls in artificial insemina- 
tion studs or to cull-is shown in Table 5 .  I n  
this group of sires the high-level evaluations 
were raised hy an average of 99 lb of milk and 
the low-level estimates by 183 Ib of milk by 
excluding incomplete records The intermediate 
levels were raised from high to low by 143, 48, 
116, and 69 Ib, respectively. The corresponding 
increases in average difference from stable-mate 
averages were 189, '719, 72, 164, 90, and 222 Ib 
of milk, respectively, from high- to low-sire 
level. I t  is thus apparent that the bias due to 



Sun~l l~ary  of d a ~ ~ g l ~ t c r  deviations from stahlc-mate averages and of estimated daugl~tcr Ievrls 
for sires catrgorized into six levels acrording to average daughter milk yield 
diffcrc~lcrn from stable-maten-sires wit11 nnmber .of tlaugl~ter rccords 200 

-- 
Avrr- 
age 

Aver:~gc daughter diffcrcnce Average estimated fr:l?- 
from stal)lc-mate avcragcs daugllter Irvrls tin11 

Sir(% xo. of . illrom- 
level siren A n C D F: ~)l(hte 

- - 
- (11 )  111i1k) 

1 (High) 3 1,050 -1,538 1,173 13,354 13,471 ,050 
> $1 501 -1.4'89 587 12,792 12,875 ,040 
3 8 l i 6  -1,873 2 i f i  12,470 12,566 .04i 
4 4 -18!) -0 - 9 -  *>(IS - 67 13,121 12,239 .056 
5 11 -541 -2,(i43 -408 11,771 11,900 ,059 
i ( L o )  7 -!l.iS -, I 1 5  -844 11,3fiR 11,478 .056 -., --- 

-- 

A = Avrr:igc: of  sir? progrlly averagc,s of t1ifferenc.c.s of all first-lnctatio~l daugl~ter recortls 
from their stal~lc-n~ates. 

I3 = Areragc of sire progrny averagcs of 11iffercncc.s of incoml)letc first-lactation daugl~tcr  
records from their stable-mates. 

C = Average of sire progeny nvrrngen of t1iffere11c.r~ of all first-lactation daugl~ter records 
except incompletc~ from their stable-mates. 

D = Areragc of rstimated (laughter levels calc~~l:itc~l from daughter records in A. 
13 = Average of rstirnntrd dnngl~trr  levcls ralculated from daug11tc.r records ill C. 

c ~ s c l u d i ~ ~ p  i ~ ~ c ~ ) ~ n p l ( l t ( ~  records is 1:lrgcly con- 
s t an t  f o r  all sire Ierc~ls. 

The estinl;~.tc~tl con.c,l;ltions he t~vern  sire evalu- 
:~ t ions  1):lsrtl on  al l  first rc.cords a n d  on  first rec- 
ords escluding ineonll~lr te  records a r c  shown 
in Tahle 6 f o r  sires having ~ ~ r o r e  than  200, Inore 
1.l1a11 20, a n d  hetween 20 a n d  50 daught r r  first- 
I::c.tation rccortls. The corrc~lations between al l  
lirst i ~ n d  i l l ( ~ o ~ ~ l l ) l r t e  r r ro~ .ds  a r c  a l l  positive, 

hut  do riot approach one, a s  i s  ;~ l so  the pa t t e rn  
f o r  the correlation.; l~ r tween  a l l  first except in- 
coniplctcs a n d  ineoniplc~tes. The correlations, 
however, 1)ctweeii a l l  first and first except in- 
conlpletrs a r e  very near  unity. Slightly lower 
corrc~lations, .97 a n d  .98, a r e  estimated f o r  the  
51rr g roups  having hetwc~rt~ 20 a n d  50 daughters. 

Since tlrr critical g roup  of sires is the one 
h:~ving het~vcaen 20 a n d  50 daughter  rchrwrds f o r  

SIIIIIIII;I~:- of 11:llcglrter 11vri;ltions fro111 st;~ble-mate :tvrragrs :IIIII of c s t i ~ ~ i a t ~ d  ~l:irlgl~ter Icvrls 
for  sires r:itrgorized into s is  levels according to ;Irerage daugl~tc'r milk yield differwccs 

from s t :~ l ) l (~ -~~~a tes - s i~w wit11 n~urnl>t>r of daughtrr rrcords 1)t~twt~cn 20 and 50 inclusive 
- - - . . -- - - -- 

Av6.r- 
a ge 

i\rcr:~ge (1anghtc.r differcnrc .\vta~.:~ge es t i~na tc~ l  fr:le- 
from stable-mate avrragcs ~l:cl~gl~tc%r 1t.vels tin11 

Sirc So. of - - - - - - - - -- . . - i11co111- 
I(~rc.1 s i r ~ s  A B (' I )  E pletcl 

- 

(Zb n~il76)- 
1 ( J I ig l~)  6 1,477 - 238 1,6GG 13,l(i5 13,564 .073 , 6 568 -2,45!l 7x7 12,829 12,972 .073 
3 8 (5)z 1!)1 -1,43S 263 12,541 12,589 .047 
4 12  - 131 -2,152 3 3 12,358 12,474 ,077 
5 ( 1 )  - 535 -1,674 -445 12,045 12,114 .064 
6 ( 1 . o ~ )  16  -1,151 -3,293 -929 11,623 11,806 
- - - - - .  - - 

.099 

A = Average of sirr progeny averages of tlifferences of :ill first-lactation daughter records 
from tlleir stahle-nlntcs. 

B = Average of sire 11rogeny nvcragrs of differences of i ~ l c o ~ ~ ~ p l e t e  first-lactation daugl~ter 
reeorrls from their stablc-mates. 

C = Average of sire progeny averages of differcr~ces of all first-lactation daughter records 
except inco~~~ple tes  from their stable-mates. 

D = Avcragc of estimated daugl~tor levels calcnlatetl from (langl~ter revor(1s in A. 
E = Avcrage of estimated dnughter levels calcul:~tcil fro111 tlaugllter rcc40rils ill C. " 1T11mher of sires having some d n ~ ~ g h t e r s  wit11 i~~eomplete  records. 
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Estimated correlations of ( A )  sire daughter. averages of deviations from stable-mate :Irerapes 
and (B) of sire cstin~nted daughtcr l(:vcls hetween (1) all first-l:~ctation rlnapl~trr 

records, (2) il1eo1np1ct.c first.-lactation tlaupliter records, and ( 3 )  all first-lactation 
daughter records except for inco~nplete recortls 

- .- -. 

Correlations 
No. of 1'1% rn r.:, 

daughters No. of - - - - - . - - 
- -  - -  

per sire ( S )  sires ,\ R A R iZ 13 
p~ . .  - - -  - - 

N 2 200 53 .70 .59 .on 1.00 .5S .5:3 
X >  20 177 .C,4 .37 .!IS .BD .4!l . A  O 
50  S 2 20 56 ,441 .48 .!I7 .!IS .2S .31 

~ .- - . -  - 

(valu:~tion, it iippcars that incomplete records 
should be included, :~lthough little loss of accu- 
racy is likely to result if they are excluded. 
On the other hand, if it is suspected that the 
rxtension factors arc not suitable then it  night 
1)e more appropriate to exclude incomplete rec- 
ords from sire evaluation. 

The sn~al l  changes in evaluation arc solno- 
what surprising because of the wide spread in 
average differences betwcen incomplete recortls 
and thc.ir stable-mate records for  the high-sire 
levels and the low-sire levels, as shown in Ta- 
bles 4 and 5. The only explanation apparent is 
that the fraction of first records which is inco~n- 
plete is sn~al l  and that the fraction is quite con- 
stant over all sire levels. This explanation would 
lead to the conclusion that not including incoin- 
plete records would lead to a differential bias 
in evaluating high- and lo\\--level sires, but that 
the differential bias is so small i t  cannot be 
readily detected. 

CONCLUSIONS 

Incoiiiplete records from high-level herds are 
~mlch rnore below their stable-mate averages 
tha.n are incomplete records fro111 lor-level 
hrrds. The reason for  this is not clear. This 
situation suggests that Inore research is needed 
to determine whether herd management or cull- 
ing practice is the reason, or whether extension 
factors presently used may be inappropriate fo r  
high- or low-level herds, o r  both. 

Incomplete records of daughters of high-level 
sires are less di£ferent from their stable-mate 
averages than incomplete records of daughters 
of low-level sires. The pattern of herd-level and 
sire-level effects appears additive. The fraction 

of inc~o~nplete records of all lirst records seclns 
to be nearly constnnt for  all sire levels, al- 
though daughters of sires wit11 niore than 200 
daughters 11:xve a s~nallcr fraction incomplete: 
than sires having bet\\-eel1 20 and 50 daughters. 
This res11lt suggests that  a factor ol! popularity 
due to having an  evaluation in artificial in- 
semination nlay he involved. 

S o  noticc!al)le differential l>i:~s ~.esnlts in ex- 
cluding incon~plete records f r o ~ n  sire evalua- 
tions in spite of the large differencr of average 
tlifferenees of inco~nplete reeo~ds  from their 
stak)le-inate avcr:~gc~s between liigll-level and 
lo\\--level sire groups. rlpparently, :I small dif- 
ferential bias is in action but is largely ob- 
scurc~d by the relatively srnall fraction of in- 
con~plete records and the apparent independence 
of sire level and fraction of: incoillplcte records. 
b:vitlcnt,ly, inost dairglnr~11 allow first-lactation 
cows to colnplete their I:~ctation. r e g ~ r d l ~ s s  of 
l)crf 'or~~~ance.  
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REPRODUCTITTE CAPACITY OF DAIRY BULLS. VII: MORPHOLOGY 
OF EPIDIDYMAL S P E a M  

R. P. AMANN AND J. 0. ALMQUIST 
Dairy Breeding Research Center, Department of Dairy Science 

The Pennsylvania State University, University Park 

SUMMARY 

Fourteen normal, mature bulls were sexually rested (SR), five ejaculated 
six or seven times weekly, and 15 depleted (SR-D) before slaughter. Significant, 
but small, treatment effects were noted in the percentages of abnormal heads, 
abnormal midpieces, and tailless sperm in the epididymis. The most pronounced 
effects were lower (P < 0.01) percentages of unstained or live sperm (eosin- 
aniline blue) and sperm with distal protoplasmic droplets in the cauda epi- 
didymis for SR-D as compared with SR bulls. Unilateral vasectomy of nine 
other bulls did not significantly affect any morphological characteristic. When 
values for 85 epididymides were averaged, ignoring preslaughter treatment, per- 
eentages of abnormal heads, abnormal midpieces, tailless sperm, bent or broken 
tails, coiled tails, proximal droplets, and distal droplets for the caput, corpus, 
and cauda epididymis were, respectively, 3.4, 2.5, 2.4; 1.1, 1.4, 0.8; 5.1, 10.1, 
2.1; 4.4, 6.5, 8.4; 0.0, 0.8, 0.4; 44.4, 1.9, 2.1; and 7.5, 29.6, and 67.9%. Per- 
centages of unstained sperm for the caput, corpus, and cauda for 40 epididy- 
mides were 77.0, 51.3, and 72.5. When diluted in 0.9% NaCl, 5.3% of the sperm 
from the corpus and 32.1% from the cauda were motile. Eosinophilia of sperm 
from the corpus epididymis apparently is not associated directly with cell death 
but, rather, with a change in membrane permeability. The best morphological 
indication of impending cell death appeared to be a high incidence of bent or 
broken tails, followed by complete loss of the tail and increased eosinophilia. 

Most ~norphological studies of sperm re- 
nloved from the bovine epididymis have been 
limited to protoplasmic droplets. These were 
reviewed by Bialy and Smith (7).  Concerning 
abnormalities of epididymal sperm, Branton 
and Salisbary (10) found that deformities of 
the head were the most prevalent. The total 
incidence of morphologically abnormal sperm, 
excluding tailless sperm, for 30 epididymides 
averaged 13.9, 14.2, and 15.0% for the caput, 
corpus, and cauda, respectively. The differences 
were not statistically significant. 

Most bulls used for the few published studies 
on the morphology of sperm from the epi- 
didymis were of unknown age and reproductive 
history. This limitation inight preclude detec- 
tion of changes in sperm morphology associated 
with their passage through the epididymis or 
with impending death and destruction of sperm 
within the epididymis. I n  conjunction with 

Received for publication May 26, 1962. 

Authorized for publication on May, 14, 1962, as 
paper no. 2666 in the journal series of the Penn- 
sylvania Agricultural Experiment Station. 

other detailed studies on the reproductive ca- 
pacity of bulls (1, 2, 4, 5) ,  the morphology of 
epididymal sperm from normal bulls was rein- 
vestigated. Collection of about 20 consecutive 
ejaculates in 2 hr has been shown to remove 
virtually all sperm .previously present in the 
cauda epididymis and, a t  the same time, to in- 
duce very rapid passage of sperm from the 
caput and corpus into the cauda epididymis 
(1) .  Thus, to gain further information on 
epididymal physiology, the influence of pre- 
slaughter ejaculation frequency and surgical 
intervention on the morphology of sperm from 
the epididymis also was investigated. 

EXPERIMENTAL PROCEDURE 

Rased on age and preslaughter treatment, the 
47 bulls were grouped in five major classes. 
Of the 34 normal mature bulls, 14 were sexually 
rested for a minimum of 30 days (SR), five 
were collected a t  a frequency of six or seven 
ejaculates per week for a t  least 6 wE (6-7X), 
and 15 were depleted by collecting 11 to 26 
consecutive ejaculates just prior to slaughter 
(SR-D). The fourth group consisted of nine 
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:l(i-111o11tl\s-oltl u~~i l i i t t~~. ;~l ly  v:~st.t.to~~~iaccl ITol- 
stpi11 l~ulls. For  20 1 ~ 1 ~  prior to sl:u~ghtc~r, trios 
l121(1 1 ) ( ~ ( ~ 1 1  st~xll:llly r(~stt'(1 ( S l t )  o r  (~0I1eetf'd a t  
a fl~~.~]ll"lley ol' two t'.j;l(.~liltc'~ 1)('1. \vee1< ( 2 X )  
01. t.i:,.l~t t:i:i~~~l:~tes 1)c2r ~v('t'I; (SX  ) . I)cti~ilf~tl 
~ I I ~ ' ~ I , I I I : I ~ ~ ~ I I I  0 1 1  the l)~.t , t~~l,  :txta, ho(1y xvt>ight, 
goll;l(l:ll. :lll(l t~xtra-goll:l~lill s[)(srlll Teserves. :111<1 
~)rt.sl:lllglltt~r tl~~~iitllle~llt or tht. 34 l l lat l l l~~~ l)llIl~ 
II:IS 1)t,tfi11 l ) r t~ s t~~~ tc ( l  ( 1 ) . Si~~lil : lr  tliita a1111 thosc 
t'or S ~ ~ I I I ~ ~ I I  cl~:,r:~ct(~risti(~s :III(I qun~~titntivt, ttxs- 
tic111:11. I~istology a1.c. ;~v;~il;tl)lr for tlie 1111ililt- 
t81.:1Ily \~ :~s t~c to~~~ iz r t l  1)11Ils ( 2 ,  4, 5 ) .  

' l ' l ~ t ~  I:~st group c.o~~sistt~tl of four sc~s~~:il ly 
~.tsstt.tl 25-~l~ontl~s-oltl I-lolstt.i~~s (1,330 111 a t  
s l : ~ ~ ~ g h t t ~ ~ . )  w11it.h hilt1 1111iliitc~ra1 It*sions ~ ) l :~c rd  
\vill~ :In clcctroc:~utc~~y in thct arcn of thc citput- 
(*orpus slid co~.l)us-c.:tutl:~ r p i d i d y ~ ~ ~ i s  ju~~ctious.  
'I'h(. ipsiIater:~l tlactns def'rrc.11~ was isol;~tc~tl 1)y 
rt.sc.ctio~~ and ligi~tion 2 to 3 CIII  fro^^^ its j1111e- 
ti011 xi th  the ciiudn cyididyn~is aud its ju11ct.ion 
\\.it11 the i11111)11llit. I \ S S ~ I I I ~ I I ~  thiit the (Illctl~s 
cq)ididy~~lis is :I sill:,.lr contilluous duc~t, c,lt~tro- 
c:lutery \v:ls i~~t tb l~d(~d to isolt~te s l ~ ~ r 1 1 1  ill the 
corpus i111t1 c:i11tIi1 epi(Iicl>-l~~is ~vith ](ass t r a u ~ n i ~  
:111(1 vascul;~r disturha~~cde tlli111 thiit resulting 
from isolritio~~ hy lig:itare. I';~irs 01' halls were 
sc.snally rt.stcatl I'or 24 to 70 tl:~ys b(~t\vc~en surgery 
alld s l :~agl~t t~r .  The total I I U I I I ~ ~ ~  of speml in 
each po~,t.iol~ of the t>l)ididy~r~is was deter~~~iuecl 
( 3 ) .  

Thc~ hulls were truckc~d to :I local abattoir ant1 
the. rc~pro(1uctive s y s t t . ~ ~ ~  \v:~s re~noved in toto 
(3 ) ,  chilled with crnshcd icv, and retururd to 
the 1nl)oratory. About 4 Iir :ifter death, sprrlll 
st1111p1r.s were obtail~c.tl ~ ~ ) I I I  the caput, corpus, 
:intI cauda of the 94 c.pididy~nides (Figure 1 ) .  

making a s111nll incision, epididynlal fluid 
(lither flowed out, or was expressed. I n  111ost 
c:tses, about 2 cn1 of thc corpus epididylnis had 
to he opened to oh t i~ i t~  snflieient sper~~~iltozoa.  
lq'or unilaterally v:isc~cto~nized bulls, a sii~nple 
;~lso was  take^^ fro111 the spennatocele which 
f o r ~ ~ l e d  just prosinla1 to the site of ligation (5). 
The undilutetl spcr111 suspensions were trans- 
f'c~rred with a. wirc loop of appropriate size 
i ~ u d  lnixed with 0.3 1111 of eosill-al~iline blue 
stainiug ~l~isturc! (24) on a glass slide. The 
shined sperm suspension was ilnn~ediately 
s~neared with i~ serond slid(. and dried withill 
30 see, with n hot plate 2111d fim. Separate 
cou~lts of 100 cells were n~atle to deteril~ine the 
perce~~tnges of sperm which were ~~lorphologi- 
callp ahnor~nal, which had ~)rotoplasmic drop- 
lets, and which were u~lsti~incd or live. Tailless 
sperm 11catls wtJrc excluded when counting sperlli 
with protopli~sn~ic droplets and headless tails 
were I1c.vc.r cou~ited. Fo r  the SR-I) bulls, simi- 
lar d a t i ~  \vertl amil:~I)lr for the ejaculates col- 

lc~c~tt~tl hcafore slanghtc~~.. I n  I I ~ R I I ~  C:IPI~S. :if'trr 
111iilii11f the stniued S I I I ( ~ ~ ~ S .  epididy~ii:~l fluid \v:~s 
ilih~tc~tl with 0.9';: SnC'l and tlie pt~rcmtagr 
of total inotilc spernl was estinlnted at 37 C. 
I<sct.pt for  clata in T:~hlv 2, when al~nl?-ses of 
v : i r i ;~~~cr  w(.rt1 ust~tl, st;~tistically signilic~nnt dif- 
t't.l~c~~~c.rs .ivtbrt8 t1t~tcb1.111ined by '(tn-tests. 

S l ) t ~ r ~ ~ ~ i ~ t o x e ) : ~  ill sanrlples re~llovc.tl f r o ~ n  epi- 
t l i t ly~~~ides ol' I IOI . I I I :L~ ]nature h111ls (Tnble 1) 
sho\vc.d cc~l-t:lil~ sigr~ifica~~tly ~lifftlrtll~t inor- 
~>holopical cI~:~~~iictt~ristics ill (%;1t.11 ol' tho three 
seglr~ol~ts ot' the c.pididy~~~is. 111 o ~ ~ l y  a few 
c:~tepo~.itss \\.tS~.tb diffcrencc.~ alrlollg preslaughtcr 
treatl11c211t c.o~~~l)ini~tions si:,.l~ifici~l~t. The eaput 
epit l i t ly~~~is ol' 6 - T X  hulls col~t:~il~etl n lower 
~ ~ e r c t ~ ~ ~ t : ~ g t ~  of S ~ ~ ~ ~ I I I  wit11 :il)nor~~lal I~r.;~ds than 
that ol' S11 or  SR-U 1)nlls. A\ltlioi~gli this sug- 
gests that rckgular c.,janll;~tinu was be~lefici:ll, 
for th t~  c i~ud ;~  epit l i t ly~~~is thc~ differences in pri- 
I I I : I I . ~  : ~ l ) l ~ n r ~ ~ ~ i ~ l i t i e s  were ~ i o t  sig~lificant anlong 
t l ~ e  t111.t~e t~.e:rtmeut gronl)s. Since preslaughtcr 
t r e i ~ t ~ ~ ~ t - ~ ~ t  11ffected only :I fen- 11~orp11ologiral 
cl;rsst.s, the, data lvrrc 1)oolcd and analyzed to 
t1ctc.c.t diff(~rcnces : I I I I O I I ~  (~l)ididyninl locations. 
I'ri~t~:irily hrcaus(~ of :III increase ill t:~illess 
sl)t1n~1, the incidc~~ct. of total abnormal spcrln 
in the corpus epididymis was greater (P  < 
0.01) than ill either the caput o r  canda. Al- 
tl~ougli the differtlnce between the prrceutage 
of' total abnor~lli~l S ~ ) ~ ~ I I I  i ~ i  the e ;~put  : I I I ~  cauda 

VIG. 1. l'?picnl right epit l id~~l~ih ~ I I O \ V ~ I I ~  x-11el.e 
snlnples .ivert3 rc,~r~ovctl f rom the r:cput epitlidymis, 
;I ; eorpils q ) i ~ l i ~ l y ~ ~ ~ i s .  1,; n ~ ~ d  c i ~ o ~ l ; ~  r]li~li(ly~nis, c. 
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TABLE 2 

Compnriso~~ of sperm ~~lorphology in samplrs from the ennda epi~lidyn~is and in the ejaculated 
semen from 15 depleted bulls (%I)' 

Canda First 'l'c~nth Last 
epididymis c,jaculxte r,jnrulatr r.jnculatcg 

- 

-4bnormxl l~eacl 0.3 3.0 3.3 2 5  
Abnormal midpiece 0.8 0.9 1.0 1.3 
Tailless head 3.2 3.14 3.8 4.8 
Bent or broken tail 3.4 3.1 2.5 3.5 
Coiled tail 0.3 0.7 0.5 0.2 
Total abnormal 9.9 11.6 11.1 12.4 
Proximal droplct 1.9" 1.1 0.7 "' 0.5" 
Distal droplet 55.6'' 0.8 b e  1.2 !c 0.9 - 

*Differences among the indicated values in a row are: significant a t  the 5% level, "; 
significant at the 1% level, b; and not significant, or no superscript. 

'The 1 5  depletion trials averaged 19 ? 1 ejaculates which rontaincd a total of 38 4 3.5 
billion sperm. 

was not significant, the caput contained a sig- 
nificantly higher percentage of sperm with ab- 
norn~al heads. 

The incidence of sperm with protoplasmic 
droplets "as influenced by preslaughter treat- 
ment and especially location in the epididymis 
(Table 1) .  I n  the caput, proximal droplets 
were more prevalent; in the corpus and cauda, 
distal droplets predominated. However, the 
total percentage of sperlll with protoplasmic 
droplets was lower (P < 0.01) in the corpus 
than in the caput or cauda. The marlied reduc- 
tion in the percentage of distal droplets in the 
cauda epididylnis of SR-D bulls may have re- 
sulted from rapid iilovement of sperm into the 
cauda from the corpus and caput epididymis. 
Excluding protoplasmic droplets, the incidence 
of abnorinal sperm in the cauda epididymis of 
SR-D bulls was not significantly different from 
that in semen collected during the preslaughter 
depletions (Table 2) .  Ejaculated semen con- 
sistently had less than 3% protoplasnlic droplets. 

For five SR and five SR-D bulls, data were 
available for unstained sperin and total motile 
sperm (Table 1 ) .  Percentages of unstained 
sperm for the caput and cauda were not sig- 
nificantly different within either the SR or 
SIE-D groups, but in both groups the corpus 
epididymis contained fewer unstained sperm 
than either the caput or cauda ( P  < 0.01). 
However, the corpus and cauda epididymis 
contained a highly significantly lower percent- 
age of unstained sperm in SR-D than in SR 
bulls. Preslaughter treatment did not signifi- 
cantly affect the percentages of motile sperm, 
but the differences among the three portions of 
the epididymis all were highly significant. The 

Protoplasmic droplets are considered a normal 
n~orphological feature of epididymal sperm. 

percentage of' ~notilc sperm consistently was 
much lower than the percentage of unstained 
sperin. 

Since there were only three epididyinides per 
rjaculation frequency, data for the nine uni- 
laterally vasectomized bulls were poolcd by in- 
tact and vasectomized sides (Table 3 ) .  Data 
for sperin from the spermatocele of the ductus 
deferens a t  the site of vasectolny were not re- 
corded for one bull and a second bull (no. 169) 
had no spermatocele. None of the differences 
for a specific morphological sperm character- 
istic between the intact and vasectomized sides 
within a portion of the epididymis was sta- 
tistically significant when data for the cauda 
epididynlis on the vasectomized side of Bull 
169 were excluded. Possibly as a conserluence 
of sperm stasis in the cauda, as evidenced by 
the absence of a spermatocele in the ductus 
deferens, this bull had 84% tailless sperm heads 
in the cauda epididymis. 

I n  all portions of the epididymis abnormal- 
ities of the sperm tail accounted for more than 
65% of the total abnormal sperm. The corpus 
epididginis had a higher (P < 0.01) percentage 
of tailless sperm heads than either the caput 
or cauda. For the 18 epididymides, 12 had more 
than 13% tailless heads in the corpus. I n  the 
cauda, the incidence of tailless heads was low, 
but sperm with bent or broken tails were more 
numerous than in either the caput or corpus 
epididymis. Seven of the 17 caudae had more 
than 20% and 11 caudae more than 10% bent 
or broken sperm tails. Apparently resulting 
from bull differences and not vasectomy or 
ejaculation frequency, the five cauda epididy- 
mides from 8X  hulls averaged 29% bent or 
brolicn sperm tails, as compared to only 13% 
for the 12 intact and vasectomized caudae from 
SR and 2 x  bulls. This difference was signifi- 
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cant (P < 0.05). Severtheless, sperm cjacu- 
lated by 2X and 8X bulls during the 4 wk im- 
mediately beforc slaughter averaged less than 
3% tail abnormalities and 6% total ahnonnal- 
ities (excluding the 2.6% protoplasn~ic drop- 
lets). In  the spermatocele the incidence of tail- 
less heads was greater (P < 0.05) than in the 
cauda epididynlis. However, if the value of 
79% for Bull 160 was excluded, the remaining 
six spermatoceles averaged 14.3%, rather than 
23.6% tailless sperm heads. Five of the seven 
sperrnatoceles had more than 60% morpholog- 
ically normal sperm. These sperm may have 
been released from the testes as much as 24 wk 
previously. 

Percentages of sperm with proximal and 
distal protoplasmic droplets on the midpiece 
were not greatly influenced by preslaughter 
treatment. Although not significant, the inci- 
dence of proximal droplets was lower in the 
caput epididymis on the vasectomized side than 
on the intact side for eight of nine bulls. Ex- 
clusion of the value of 94% for Bull 169 re- 
sulted in an  average of 19% proximal droplets 
in the remaining eight capita from vasectomized 
sides, as compared to 45% for nine capita from 
intact sides. Tho consistent values of less than 
8% total protoplasmic droplets in the spermato- 
cele show that protoplasmic droplets can be 
eliminated within the reproductive system as 
well as following ejaculation. 

Not shown in Table 3 are the percentages 
of unstained sperm recorded for 16 of the 18 
testes. These averaged ( f SE)  58.4 f 1.9%. 
I n  general, the caput and cauda epididymis 
contained a similar percentage of unstained 
sperm; 23 of the 36 capita and caudae had more 
than 70% unstained sperm. However, only 
three of the 18 corpus epididymides contained 
  no re than 60% unstained sperm. Percentages 
of unstained sperm were not markedly affected 
by vasectomy. Motility after dilution of sperm 
in samples from the cauda epididymis on the 
vasectonlized sidc usually was lower than for 
the intact side, but the difference was not sig- 
nificant. I n  contrast to the high percentage of 
unstained sperm in the spermatocele, only one 
sample from this area had more than 10% 
motile sperm. 

When preslaughter treatment was ignored 
and values for all 85 epididymides from mature 
and vasecton~ized bulls averaged, the percent- 
ages of abnormal heads, abnormal midpieces, 
tailless sperm heads, bent or broken tails, coiled 
tails, proximal droplets, and distal droplets for 
the caput, corpus, and cauda epididy~nis were, 
respectively, 3.4, 2.5, 2.4; 1.1, 1.4, 0.8; 5.1, 
10.1, 2.1; 4.4, 6.5, 8.4; 0.0, 0.8, 0.4; 44.4, 1.9, 

2.1; and 7.5, 29.6, and G7.9eo. Lil;ewisc, per- 
rentages of unstained sperm for the caput, 
corpus, and cauda for the 40 epididyrnides evaln- 
ated werc 77.0 k 1.8, 51.3 1 2 . 7 ,  and 72.5 rh 
2.6, respectively. The perrentages of motile 
spenn were 5.3 rt 1.2 for the corpus and 32.1 + 
2.8 for the caud:~. Occasional motile sperm were 
seen in samples fro111 only two caput epididy- 
mides. 

Data for bulls with unilateral isolation of 
the corpus and cauda epididymis were quite 
variable and, therefore, are presented indi- 
vidually. Not shown in Table 4 are the changes 
in number of sperm per gram of testis (1, 3)  
which werc -66, -13, -9, and -26% for 
Bulls 191, 192, 193, and 194, respectively. Thus, 
the decrease in sperm content of the isolatecl 
caput epididymis from Bulls 191 and 194 prob- 
ably was associated with a lr~arked disturbance 
of spermatogenesis. Necropsy, sperm counts, 
and morphological data suggested that the le- 
sion a t  the caput-corpus junction did not effec- 
tively block sperm passage in Bull 194. How- 
ever, in the remaining cases, there w:ls a marked 
decrease in sperm content of the corpus and 
cauda epididymis. Although morphological stud- 
ies were not made, there was no evidence from 
sperm counts suggesting a disappearance of 
sperm from the isolated ductus deferens (ex- 
clusive of the ampulla). 

I n  most cases, percentages of abnormal heads 
and midpieces were increased in the caput and 
corpus epididymis on the experimental side; 
such abnornlalities were rare in the eauda. The 
high incidence of bent or broken tails in the 
control side of bulls ltilled 3 wk after surgery 
may have resulted frorn postsurgical inflamma- 
tion. The incidence of such cells in control 
epididymides was ~nurh  lower after 10 wk. 
Kevertheless, the colnbinecl percentcage of tail- 
less sperm and sperm with bent or broken tails 
was greater for experimental than for control 
sides. I n  general, it was greater after 10 wk 
than after 3 wk and was higher in areas where 
the change in the sperm content of the iso- 
lated epididyn~al segments was most pronounced. 
Excluding the corpus f ro~n  Bull 194, the com- 
bined incidence of tailless and bent or broken 
tailed spernl averaged 437h in the corpus and 
61y0 in the cauda. Thc differences between 
control and experimental sides for total ab- 
normal sperm were 33 and 44 percentage units 
for the corpus and canda. 

Surgery did not affect markedly the percent- 
ages of sperm with protoplasmic droplets and 
unstained sperm in the caput epididyinis. I11 

the isolated corpus, however, there appeared 
to bc a decrease in distal m ~ d  an increase in 
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proxil~lill proto11li1~111ic drol~lets. Protoplaslnic 
tlrol)lets were virtually ahsrnt in the isolated 
vi~utla epitlidy~nis. I n  hot11 the isolated corpus 
i111t1 caaudn epiditlylnis there was a ~narl<ed de- 
vIstbase in tht, pc.rcentage of unstained sperm 
af t r r  'TO d;~ys, but only a slight decrease in 
si1111~1es taken earlier. Percentages of unstained 
spenn in control epididyrnides were similar to 
tl~ose in T:lhles 1 and 3. 

DISCUSSION 

The 3- to 4-hr delay between slaughter and 
siinlplr prcy>aration Inny have influenced the re- 
snlts. Ilowcver, the similarity, escept for  pro- 
toplnsniic droplets and total motile sperm, bc- 
t\vc.c>n tlatii for the cauda epididymis of mature 
I)nlls (Table 1 )  and typical ejaculated semen 
supjit~sts this was not a serious problem. Con- 
ditions were sin~ilar for all 47 bulls studied 
i~ntl should perinit valid comparisons. Branton 
(I)) f'ound that bovine reproductive tracts could 

1 1 t h  Ilcbltl sc:veral honrs without noticeable changes 
in the fluids co11t:iined t11c.rcin. ?\'evertheless, 
the c>xtent of post~rlortenl ehange should be in- 
vestigated. 

I<ranton and Salisbury (9, 10) found no sig- 
~~ilic.:lnt diff'erences in the percentages of total 
;~ l )no r l~~a l  spenn, excluding tailless sperm, among 
tht. caput, corpus, and cauda of the epididg- 
111it1t.s from 1 5  slaughter house bulls. I n  the 
~ ~ r ( ~ s r n t  study, the incidence of total abnormal 
sperm in t,he corpus cpididymis was highly sig- 
~lilicantly greater than in either the caput or  
t.;luda. 111 contrast to the work of Branton and 
Sillisbury ( l o ) ,  tailless sperin were included 
i l l  the ;~n;~lysis and the significant dififerenccs 
I'ound \vcLro due primarily to an  increase in 
ti~illess spcSrm in the corpus epididymis. 

TVl~rn vi~lues for the three portions of the 
tq) id idy~~~is  were pooled, Branton (9) found a 
mean of 9.0Yc ahhnorlnal sperm heads as COIII- 

p;i1.1.t1 to o111y 2.5% reported herein. Also in 
contrast to Branton's study, the present data 
rrvc~:~l(.d ;I s ig~~ifici~nt decreitse in the incidence 
of ;il)nol.nlal sptBrln heads from the caput to 
the. vauda epitlidylnis. I n  addition to this, 
cha~~ge ,  t,ht? caudii epididy~nis contained sig- 
ilifieiu~tly lower percentages of sperm with 
c.oilc.tl tails and tailless sperm heads than either 
thch vorpus or caput. ITowever, for  epididymides 
t'l.0111 ~nittnrr SR hulls, only the percentages of 
tr~illoss sl)tarlu were different (P < 0.05) be- 
t ,wt,c~~ the t.i~.put and corpus, the caput and 
viluda, and the corpus and rauda (P < 0.01). 

I t  can bc concluded that ahnorn~alities of the 
11c.ad are 1 1 % ~ ~  p reva le~~ t  than abnorinalities of 
thc? tail. illthough certa.in tail abnormalities 
nlar be prrparative artifiic~ts, i t  S ~ ~ I I I S  unlil<ely 

that significiu~t tlific~rcncc~s among the three por- 
tions of the rl)ididymis ~vould result from arti- 
facts. 

3lori ( 15-20), in extensive studies with ratst 
found thst  strain of ra t  and season, ,as well as 
i~rtifieial c~~y l ) to rch id i s~~~ ,  had an effect on mor- 
phology of sperm from the cauda epididymis. 
I I r  conrh~tlrtl (19) that the numhcr of ahnor- 
111i1l S I I ( ~ ~ I I I  deerenset1 during passage through 
the epiditlymis but iuvrcased again in the iluc- 
tus defcrc.~~s, perh:ips as a result of degencra- 
tion. 

Among others, Glover (13, 14, 16) has sug- 
gested that an  incrc!:~se in certain abnormalities 
\\-as i~ldiratire of incaipient sperm degeneration. 
ITe foul~il (13) that the pattern of degenera- 
tion in ejaculated rabbit sclnrn was charactcr- 
izcd by an incrcasc in coiled tails, followcd by 
an increase in decapitateil and stained sperm. 
Data in Tables 3 and 4, however, do not sug- 
gest that spcr111 ~vith coiled tails are associated 
wit11 cell degeneration. Although this could 
constitute a difference bctwcen ejaculated and 
epididymal sperm, i t  might rather be a tech- 
nlque difference or  nlerely a problem of se- 
~nantics. I n  the present worlr, coiled tail refers 
to a distinct co~ling (with a t  least one complete 
loop) of the distal portion of the tail. Bent or  
broken tail refers to a condition varying from 
a distinct, fairly sharp bending of the prin- 
cipal piece without a complete loop to a com- 
plete breali. Simil;~r conditions occurring in 
the midpiece were classified under abnormal 
~nidpieve<. T'sing these criteria, the present 
data suggest that if sperm degeneration can be 
detected morphologically, i t  would be charac- 
terized by bent or  hroken tails and then tailless 
heads :inti eosinophillc spenn. The order of 
the last t xo  changes appears to vary. Glover 
(15) reported that sperm eosinophilia and the 
incitlrnce of tailless sperm h(.itds fo r  six normal 
I)ov~nc~ epididymidrs was higher in the corpus 
than in the cauda. Thls agrees with the present 
tl:lt;~. Thus. mo<t recently, Glover (16) used 
:I vombinat~o~l o t  the percentages of tailless 
sp(~rn1 heads and stained sperm to evaluate 
sprrm degeneration in the epididymis. 

\-alues for protoplasmic droplets in spenn 
from the epididymides of S R  bulls are similar 
to those rc.portec1 by Bialy and Smith (7) ,  al- 
though son~rwhat a t  vi~riance with certain values 
discussed in their extensive review. That much 
of this variability may be associated with pre- 
slaughter treatment is suggested by the lower 
(P < 0.01) incideuce of droplets in the cauda 
epididymis of SR-D bulls (Table 1). With 
slaughter house bulls, the possibility of repeated 
inounting and ejaculiltion shortly before sl:lngh- 
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tc.1. cannot I)(, c~sclutl(~t1. .Use, diff~rent stains 
give different results I'or protopl:~slnic drop- 
lets (9, 12) .  Tltc,re is. I~o\\-c.v(tr, little doubt that 
:IS sperm pass through t l ~ c  opididynris there is  
:I shift from :I ~~redolt~it~:rt~c!c of prositnal drop- 
1ef.s in the capnt to distal dt.o])lets in the c:~uda. 
I t  :Ippears that the shift starts in the distal 
portion of the c*nput epididy~nis (17). 

The low incid(2nce of droplets in the corpus 
epididytnis has hc~t.11 attrih~ltc'tl to a st,retcl~ing 
of the protolt1:~stn along tho sperni midpiece 
(23).  ltccent electron ~nicroscoltc studies neither 
support nor refute this suggc.stion. However, 
it has been demonstrated (6, 8) that the prox- 
imal, and apparently also the distal, proto- 
1)lasnlic droplets are encloscd within the cell 
~nembmne. This leads to the question of how 
the droplets eventually hecome detached. Phys- 
iologically, final loss of droplets apparently 
occurs in two areas; there is a marked decrease 
in droplets in the an~pulla (7, 9) and virtually 
complete elimination after mixture with the 
seminal plaslna a t  ejaculation (7). Data in 
Tables 3 and 4 show that in cases of sperm 
stasis droplets are eliminated within the repro- 
ductive system. 

Many workers have reported on changes in 
eosinophilia of sperni associated with their pass- 
age through the epididymis. Based on three 
hnlls, Brochart irnd Debathe  (11) reported a 
fourfold increase in unstained sperm from the 
caput to the cauda epididymis. Branton and 
Salisbury (9, 10) found virtually no difference 
between the caput and cauda for  12 epididy- 
mides. These conflicting reports may result 
from widely dze ren t  stainil~g techniques, sam- 
pling dxerences, and ejaculation frequency. 
However, the present data for  SR bulls are in 
general agreement with the detailed report by 
Ortavant (22), who prepared slneiirs within 5 
min after slaughter. Thus, i t  must be concluded 
that the percentage of unstained sperm in the 
corpus is markedly less than in either the caput 
or  cauda epididymis. 

Several interpretations have been given for  
the high incidence of stained sperm in the 
corpus epididyn~is. First, these may represent 
dead sperm. This contention has been advanced 
by Glover (13, 14, 16), along with the corollary 
that the distal corpus epididymis is the site of 
active sperm dest~uction and resorption. Others 
(11, 22) have contended that the increased 
eosinophilia is :t result of an  increase, presum- 
ably transient, ill membrane penneabilitg. The 
data reported 11crein do not resolve this con- 
troversy but faror  the nrembrane permeability 
t,heory. 

I n  the vascctomizod bulls, the testis on the 
vnsectontizecl side \\-as producing sperm nor- 
nlally but ill1 of these sperm were eliminated 
within the c,pididymis and pros i~nal  25 cm of 
the ductus tlcf'erens (2, 5). Sperln counts of 
isolated and contralateral ductnli deferentia 
established that sperm resorption probably 
does not occur in the ductus deferens (5) .  
Therefore, if stained spertn are indicative of 
cell death, they should hc Inore prev:~lent in 
the vaseetomizrd than in the intact epididy- 
mides. This was not the case. There mere no 
significant differences for any ~norpl~ological 
characteristic betwcen intact and vasectomized 
sides within a portion of the epididymis. Even 
in thc 8 X  bulls there mere no t~pparcnt gross 
differences between sides. This suggests that 
death and destruction of an  individual sperm 
cell within the epididymis is extremely rapid; 
so rapid that a single spenn either appears es- 
sentially nortnal nrorplrologicallp, occasionally 
tailless, or has disappeared. I f  this is true, in- 
creased eosinophili:~ of sperni ill the corpus 
epididymis can not be associated with cell death 
but rather with sperm membrane permeability. 
That a change in nremhrane permeability is 
involved is also suggested, but not proven con- 
clusively, by the data on normal bulls (Table 
1 )  for unstained sperm and sperm with proto- 
plasmic droplets. Furthermore, thesc obser- 
vations emph:lsize the limitations of studying 
sperm resorption based only on the morphology 
of epididymal sperm. 

Although the destruction of an  individual 
spenn may be very rapid, the data in Table 4 
indicate that isolated portions of the epididy- 
lnis will not void themselves of sperm even 
over an  extended period of time. Isolation ap- 
parently was eornplete in seven of the eight 
corpora and caudae. I n  these seven epididy~nal 
segments about 50y0 of the sperm present a t  
the time of surgery had disappeared. However, 
in all four isolated segments from bulls killed 
3 wk post-operational more than 50% of the 
sperm rc:nrained unstained; only for the two 
caudae were the values lower than on the con- 
trol side. For the three segments isolated 70 
days, unstairled sperm (11%) were found in 
only one cauda. The virtual elimination of 
l)rotoplasmie droplets from sperm in the four 
eaudae and the decrease in spenn content indi- 
cate that these segments were actually isolated. 
Other than the disappearance of protoplasmic 
droplets and the variable decrease in unstained 
sperm, the most predominant feature of sperm 
from the isolated corpus and cauda epididymis 
was ahnor~nnlities of the sperm tail. FIowever, 
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the  loss o r  breaking of the spcrni tail was not  
necessarily associated with eosinophilia. Some 
unstained, tailless sperm heads were o b s c r ~ e d . ~  
Glover (14) previously suggested tha t  by block- 
ing  the entrance of sperm into the epididymis, 
normally masked degenerative processes might 
be observed. 

The  co~nposite  da ta  suggest t h a t  the  best 
indication of impending sperm death a n d  de- 
struction within the epididymis is  not  a n  in- 
crease in  stainability, bu t  ra ther  a high inci- 
dence of tailless sperm o r  spernl with hent o r  
broken tails. The lat ter  charactelistic could be 
a n  intermediate s tep between normal morphol- 
ogy ant1 taillessness o r  a n  artifact. The da ta  
in Table 4 suggest it is not  a n  artifact. 

The entire physiological significance of the 
changes in  sperm morphology in various por- 
tions of the epididyniis and  with various treat- 
ments is  no t  clear. However, combined with 
the coinplex morphology of the ductus epididy- 
nlis (21), it suggests the  grea t  diversity of 
physiological phenomena which occur in  the 
rpididymis. 
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T E C H N I C A L  N O T E S  
LTPOLySIS OF STNTEIETIC TRIGLYCER.IDES ,\XI) JIIT,K FAT BY A 

LIl',\SE COXCENTRATE FROM Jll1.K 

Investigtatio~is of m~concentr:~ted milk lipases 
11:~ve revealed that these enzymes prcfercnti~lly 
att;~elr the primary ester positions of triglycer- 
ides (3-5). A more concentrated milk lipase. 
B-esterase (21 tunes on protein K ) ,  resembled 
uncoucentrated ~n i lk  lipase in lipolytic hellavior 
(6)  and, in addition, did not show specific it^ 
for  short-chain acids when synthetic triglyccbr- 
ides containing hot11 long- and short-chain acids 
were used as  suhstri~tes (8) .  Altl~ougll these 
studies have yielded information on tlie action 
of milk lipase, i t  is prefera1)le to use highly 
purified preparations u~hcn studying enzymcb 
specificity and reaction rates. Chandan atid 
Shahitni (1) have n1:tde available a more highly 
concentrated milk lipase (88 times on protein S )  
wl~irh showed essenti:illy a single homogeneous 
1)rotein moiety in ultmcrntril'uge stutlirs and 
in moring honndi~ry ant1 grl electrol~l~oresi?;. 
Tlic nvailahilitr of this highly purified milk 
lil'asc encouraged study of its lipolytic habits, 
using as  substrates milk fat, olive oil, and syn- 
thetic triglycericles, so that comparisons of tlie 
three f o m s  could bc made. Results are rc- 
ported herein. 

3Iill; fat, olive oil, and simple triglyceridrs 
were used as  substri~tes in studies :it the U I I ~ -  
versity of Nebraska laboratories. E~nulsions of 
the si~ilple triglycerides were prepared hg atld- 
ing 5 g of each to 50 ml of a 10yo aqneous gull1 
arabic solution and passing this mixture through 
:t hand ho~nogenizer five times a t  room ternperil- 
ture. Tr ibutyin ,  trieaproin, tricaprylin, tri- 
Iaurin, and tl.iolein emulsified readily, wherchi~s 
the solid triglycerides gave satisf:~ctory emnl- 
sions only when they were dispersed a t  approxi- 
~nntely 40 C. AIill; f a t  and neutral olive oil 
cn~ulsions were similarly prepnred. Thc co~n- 
parativr rates of hydrolysis of millc fat, olive 
oil, and simple triglycerides were determined 
by the potentiometrie method of Marchis- 
blourcn et al. (10).  Twenty-five milliliters of 
the en~ulsion was ten~percd to 37 C and brougllt 
to p l I  9.0 by the addition of a fern drops of 
1 N KaOH, rind 1 ml of the enzyme preparation 
mas aiided. Hydrolysis was follou-ed fo r  20 
min by continuously titr:~ting the syste~n e v e v  
1 to 2 min and maintaining a co~istant p l I  of 
9.0. The titer value per ~ninute in the d3erent  
substrates u-as co1111)ared with that ohtailled 
for milk Eat. 

Lipolysis of glyccryl 1-oleate 2,3-dicaproate 
(OCC)  i ~ n d  glycrryl 1-pahnitate 2,3-dioleate 
(1 '00) x7as eilrried out a t  the Univcrsity of 
Connecticut laboratories. The lipase roucrn- 
trate was sent air  mail-speci:~l dvlivc.ry from 
tlie University of Xebmslia in a Styrofoau~~ 
shipper containing a 1)lork of d1-y ice. The 

Supportccl i n  part 1)y KIII resrarcl~ gmnt 
.1-2605. 

tnaterial arrived in a frozen state and mas 
stored a t  -20 C. The triglyceritles, OCC and 
PO@, were synthesized by arylation of pure 
1-lnonoolein o r  1- non no palm it in with c.aproyl or 
oleoyl chloride. Tlle digestion t ~ ~ i s t n r r s  mere 
prepared by adding 600 Ing of OCC or P O 0  to 
30 n11 of iris huflcr (pI1  8.0,) containing lo$$ 
gun1 arabic. After 5 min of s t~ r r ing  in a W : ~ r ~ n g  
I3lendor, 10 ml of the mixture was transf(.rt.d 
to a digestion flask and 1 ml of lipi~se coneen- 
trate added. The flasks were incubated with 
shaking in a water bath a t  38 C fo r  5, 13, and 
30 min. Two trials werc run on P O 0  and four 
on OCC. The free fatty acids ( F F A ) ,  mono- 
glyrerides (31G), and diglyeeridcs (DG) re- 
sulting from lipolysis were separated by colnmn 
and thin-layer chromatography. The component 
fatty acids of the fractions were determined hy 
gas-liquid chromatography. These procedures 
have been described (8).  

The relittive concentrations of free fatty acid5 
liberated from milk fat ,  olive oil, and different 
simple triglycerides by the 1ip:lse concentrate 
are presented in Table 1 .  Arid produrtion from 

.\c.tivity of milk li11:1sc 011 milk fat, olivc oil, and 
mrious sinll~le triglyecrides 

I<eI:1- 
> \ Y ~ I I S  tire 

Titer i l ~ e r -  I~ydrol- 
Sul)str:~tc vnluc :I tell psis " 
- - 

(1111 s/10 
O I /  ( ~ u / n ? i l ~ )  ( C / r )  

I l t r n )  

Jlilk f:lt 4.114 20.2 1110 
Oli\.c oil 2.42 12.1 (in 
l'ributpl ill 5.11; 26.8 1 2 s  
,, ' 1 rlcaproin 3.811 19.0 94 
Tricnprylil~ 2.711 13.5 67 
Trilnurin 6, .,., 11.1 5 5  
Trinlyrist,ili 2.02 10.1 511 
Trip:~llnitit~ 0 . S S  4.4 *).> -- 
r ,  ' 1 ristearin 1I.SS 4.4 .,., - - 
Triolein 2.78 l:<.<l Ci!l 

" Ilydrolysis of o l i~e  oil a l ~ d  various simplc tri- 
glycc~ri(lcs is rcc.or(lc(l 1111 rc1:ctivc basis e~~~rsider- 
ing  100:/o for tllc col~trol (milk fa t ) .  

each substrate is  recorded on a relative basis 
with the acid production from the milk f a t  as  
100%. The enzyme hydrolyzed tril~utyrin faster 
than milk f a t  or any other triglycrrides. Tri- 
olein waq also readily hydrolyzed. Tripallnitin 
and tristearin werc attacked more slowly than 
the other triglycrrides. Tlirreforr, the enzyme 
waq relativrly more activr on the short-chain 
and unratur:ited fatty acid triglycerides than 
on tile long-rhain fatty acid trillyerride\. Thi5 
:11>1x~rent sc,l(~rtivit- of the cnxynrcl migl~t hca 

.i?i 
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attributed to the existence of the more easily 
lipolyzed triglyceridcs in liquid state a t  37 C. 
Possibly, the physical state of the triglyceride 
contributes to the dcveloprnent of enzyn~e-sub- 
strate complex at  the oil-aater interface. Iielly 
(9),  working with a crude milk lipase system, 
observed that the rate of hydrolysis of various 
simple triglycerides appeared to decrease as the 
chain length increased. illso, Fraukel and 
Tarassuk (2), using lyophilized sltimmilk as 
the lipase source, ohscrvrci that the enzyme 
lipolyzed tributyriu a t  a much faster rate than 
&ilk-fat. The lipase concentrate behaved sin~i- 
larly to the crude milk lipase, in that the rate 
of hydrolysis of simple saturated triglycerides 
depended on the chain length of the fatty acids 
in thc triglycerides. 

The results of the liberation of FFA, MG, 
and DG from P O 0  and OCC by the lipase con- 

nlary ester positions mas provided when the 
monoglycerides in lipolyzed milk fat mere ana- 
lyzed (5) and found to he almost 100% the 
2-isomer. The lipase concentrate formed 2- 
monoglyceride from milk fat  a t  the rate of 
9.45 mM per 100 g fat in one-half hour. When 
this figure is compared to about 2 m~ released 
in 2 Iir in mixtures of raw and homogenized 
~nillts (7),  the relatively high activity of the 
concentrate is apparent. Thc specific activity, 
innf of ~nonoglyceride liberated per 100 ml 
nlilk per minute per ~nilligraln lipase protein, -.- was 22.2. 

The milk lipase concentrate possessed sev- 
eral of the attributes of unconcentrated ~nill< 
lipase and B-esterasc, in that it preferentially 
attaclred thc primary estcr positions of milk 
fat and synthetic triglycerides, released both 
short- and long-chain fatty acids from hoth 
simple and diacid triglyceridcs, and did not 

TABLE !? 

Fatt.y acitl romj)osition of tl11, FFA and mono- and diglycrridcs formed during the lipolysis of 
glycrryl 1-palmitate 2,s-diolentc (POO) m~tl glyceryl 1-oleatc 2,s-dicnpronte (OCC) 

- 

1 ) ~  :L lipase conccntmte (Sl~nh:~ni) from milk " 
- - 

. - - - - - - - - 
Substrate: P O 0  

- - - - - -. 
I . ( * ~ I ~ ~ I I  I T ; \  Jlonogly~eridr Diglyreri~le 

of ~ - - - - - - -- - - - - - - - - - - - . - 

incul~ntiln~ l(i:il 
-- ~ - - ~  

1 s : l  l(i:O 1X:l Ili:0 1X:l 
- - - - -- - -- -. - -- - 

( l l l i l l )  -- --(M 7; 
5 .j2.2 47.8 ( 1  100 30 7 0 

15 47.4 52.6 4.6 $15.4 03 75 
30 46.3 53.7 1.7 <IS.:< 23.7 76.3 

Substrate: OCC 
1 X : l  6:0 l8 : l  (i : 0 lh:1 li:0 

-- 

> 5X.5 46.5 5.3 94.7 24.4 75.6 
15 49.7 50.3 4.4 95.G 21.0 70.0 
30 43.7 56.3 2.0 08.0 28.3 71.7 
Theorcticnl " 50 50 0 100 25 " - 

I D  

nLipolgsis eol~ditions. 200 mg substrate, 1 ml lipase concentrate, and 10  ml tris buffer 
(IIH 8.0) with 10% gum ambic; incobatcd with shaking at 38 C. Two trials wit11 POO. four 
liLith OCC. 

b A s s ~ ~ ~ g  specificity for primary estcr linkagrs, hut not fatty arid specificity. Applies 
to both substrates. 

centrate are given in Table 2. The close rela- 
tionship betreen the theoretical fatty acid com- 
positions and the results obtained in these ex- 
perinients (Table 2) indicated absence of speci- 
ficity for any of the fatty acids involved when 
P O 0  and OCC were lipolyzed by thc lipase 
concentrate. These results may be contrasted 
to thosc in Table 1, which show apparent speci- 
ficity for short-chain and unsaturated acids and 
graphically illustrate tile pitfalls which may 
be encountered if fatty aeid specificity studies 
are made using simple triglycerides of widely 
differing molecular weight. Preferential hydrol- 
ysis of the primary ester positions was shown 
by the large preponderance of 18 :1 (POO) and 
B :O (OCC) in the monoglycerid~s. Further evi- 
dence for preferential hydrolysis of the pri- 

distinguish between short- and long-chain acids 
esterified to the primary alcohol positions of 
glycerol when short periods of digestion were 
used. 
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1'ROT)T-C'TIOS OF I'SYCIIROPHILIC MUTdiSTS FROM MESOPHILIC 
BACTERIA BY UTlTRAVIOLET IRRADIATIOX 

I n  studies to elucidate ~ v h y  some inicroorgan- 
isms grow a t  low temperature and othcrs do 
not, the most usual approach has been to com- 
pare the growth and activity of a psychrophile 
with that of a mesophile (1-3). The compared 
psychrophile and mesophile, however, have been, 
a t  best, different species of the same genus and 
differed substantially in characteristics prob- 
ably unrelated to their responses to growth 
temperature. Ideally, the psychrophile and 
mesophile to be compared in such studies should 
be identical except for their ability to grow a t  
low temperature and except for those charac- 
teristics which bear directly upon this ability. 
This study v a s  initiated to determine if i t  might 
be possible to produce such a pair of micro- 
organisms by ultraviolet irradiation. 

Heavy cell suspension of ten different meso- 
philes were irradiated 1 min a t  15 cm from a 
15-watt General Electric ultraviolet lamp. The 
irradiated suspensions were diluted with phos- 
phate buffer a t  p H  7.0, surface streaked on 
trypticase soy agar, and incubated a t  6 C. Any 
colonies appearing on these plates within 48 hr  
were considered to be potential psychrophilic 
mutants. The mutants were then isolated and 
grown a t  0 C on trypticase soy agar contain- 
ing glycerol, to prevent freezing of the plates. 
A potential mutant was not regarded as an  
;~ctual mutant until it had been extensively com- 
pared to the parent culture to eliminate the 
remote possibility of contamination. 

By  this procedure a psychrophilic mutant 
was oht:~inrd fro111 enc*h of the three meso- 
philie mieroorgnnisms; Pset~domo~zns nrrtcgivosa 

ATCC 9027, P. aerzcgiizoscc BlOO obtained from 
the University of British Columbia, and P. 
aeruginosa F 2  obtained from the National Re- 
search Council, Canada. The mutation rate fo r  
each of the mutants was about lo-'. 

None of the three parent mesophilic cultures 
produced visible growth on trypticase soy agar 
in ten days a t  10 C, whereas all three of the 
psychrophilic mutants produced visible colonies 
on trypticase soy agar in two days a t  6 C and 
in eight days a t  0 C. Apart  from the ability 
to grow a t  low temperature, each of the psy- 
chrophilic mutants was found to be indistin- 
guishable from its respective mesophilie paren- 
tal culture. However, each of the three parent 
cultures, and hence their respective psychro- 
philic mutants, differed slightly from one an- 
other. P. aeruginosa F 2  grew more rapidly a t  
42 C and more slowly a t  20 C than the two other 
strains. Also, i t  was nonmotile and nonflagel- 
lated, whereas the two other strains were motile, 
with two to three polar flagella, as demonstrated 
by Leifson flagella stains. P. aerugitzosa BlOO 
differed from P. aeruginosa ATCC 9027 by 
forming raised rather than convex colonies and 
by having smaller cell dimensions, All six cul- 
tures were further characterized by being gram- 
negative rods which formed irregular, translu- 
cent colonies with entire edges. They produced 
an  alkaline reaction in litmus milk, liquefied 
gelatin, did not produce gas from glucose, oxi- 
dized gluconic acid to 2-kcto gluconic acid, pro- 
duced pyocyanine, and a fluorescent, diffasthle, 
greenish pigment. 
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This is the first report of thr  production of 
a suhstanti:~l cl~anjie in tllr ahility of n miero- 
organism to grow at  lo~v te~npc,rature. Atternpts 
to adapt b:ictrrin to g l n ~ v  :kt l o~v  tr~nperature 
hy srrial tmnsfers to ~~rogr(.ssivrly lower tc>ln- 
peratures have hrnl  unsuccessful (4), and the 
use of ~nntage~iic :rg(~nts for  this purpose has 
not been previonsly rc~portc~tl. Furthcr, tho re- 
sulting three pairs of ~l~ieroorganis~as,  each 
pair  consisting ot' ;I ~ncsophile and a psychro- 
philic mutant of the mesophile, are ideal test 
microorga.~lisms for  growth studies a.t low tem- 
peratures. 

L. D. T\-ITTER 
Denartnlent of Food Technology 
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ASOTIIER JIEDIT:3I FOR ENlTkIERATING CITRATE-FERAIESTISC: 
BACTERTA I S  LACTIC CUTlTURES 

Galesloot et al. (1) developed agar media for  
isolating and enumerating aroma hacteri:~ in 
,tarters. W e  fouud their ~vhep ngar with cas:l- 
mino;lcids and 0.5% c:llciuln lactate (WACCA- 
T h o / , )  to 1)r adequate hut trouhlc~on~c. to prch- 
pare. Thcareforcb, wr : ~ l t n r d  the TV.\CCI\I/~O/& 
hg substituting romn~c~rcial Tomato .Juicr 12g:~r' 
(TJ.4) for  the mhry agar containing r:ls;i- 

111inoaeids. The streptococci inhihitor, calclu~rl 
lactate, aud the nrolnn bacteria indicator, cal- 
rium citrztte, were retained RS in the origiual 
111edin111. The altrred medium rorltains 15 g 
T.JA and 6 g caleiunl laetatr in water to ~nalte 
one liter. 

The altered mediuln, tonlato juice ng:Lr, roll- 
taining 0.5% ealciu~n lactate (T.J.kCM%). was 
tested against TVAYCCAYy270 by pl:~te-count 
c~numrratior~s of hacteri;~ in known cultures. 
Tlireta ~1ii1111nilk r~ i l t~ i~ . e s  were u'ed : .I. a 20-hr 

TABLE 1 

- - 

5 357 w 341 

6 343 x 342 

1 38 39 43 4 9 
8 8 :i X :{ 3 :i 4 

3 3 2 2 7 34 ;i 2 
-1 3:) :{!I :i S 42 
1 3.5 :;4 .>- -, .),I -. 
6 3 (j 41 :iX ::!I 

1 I T 1  21 I li4 211 
1 (i8 20 I I;? 20 

:i J 70 17  1 4 5  1 
C 4 I71 22 1S!I "'1 -. 

5 189 00 172 I $ 
6 183 15 170 2 1 

- -  --- -- 

* Colo~rirs dcvc~lo~~c~l 11r1t wrrc ~ l o t  coi~nterl, l~rcansc no typical clear zrllle sllrroundrrl tl1(>111. 
" IVitl~olit the arol11:l l~aetc~rin i~~tlicator. 
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culture of Stre)~toeocc~cs liccfia; B, a four-day 
culture of cd i t r :~ tc - f t , r~~~e~~t ing  bacteri:~ f r o n ~  $1 

lactic culture; and C, a ~nis tnre  of 25 ml eac.11 
of h and B. Cultures A ant1 B were held in all 
ice bath fo r  1 hr before Culture C \\as ~ n a d ( ~ ,  
tllc:n all ren~ained in the ice bath until 1)Iatrtl. 
Each culture was plated in four ~n~c l i a  : \vhc,y 
agar with casan~inoaeids (WACA), TITA\ CC,\- 
y2%, TJA, and TJAC1/2%. A 10.' dilution of 
each culture was plated m triplicate. The di- 
l i~cnt was water containing 0.17: peptone. Thc 
plates ae re  incubated 72 & 2 h r  a t  25 -C- 1 C, 
then colonies were counted using a Quehec eol- 
ony counter. The bacterial enumerations were 
made sir  times, and the ordcr of culture plating 
was varied thus: ABC, ACR, BAC, RCA, CAB, 
and CRA. At  each enumeration, the plates were 
poured within 1 hr. 

Table 1 gives the data obtained. 'IT"-test 
analyses showed no significant differences (P  > 
0.05) between lnr;Ln counts in W d C h  and T J h  
for  either Culture -1 or Culture B. An analysis 
of vari:~nce sho\i,ed no significant differences 
(P  > 0.05) alnollg the nlean counts of Culturt, 
B in the fonr media. Chi-square tests showed 
no significant differences (s' < 3.81) h r t w e c ~ ~ ~  
tl~ch II~( ' ; I I I  ~ O I I I I ~ S  for Culture C in IITdCh ant1 

TT7ACCAS% or ill T.JA\ and T.JA\Clh';;. Pre- 
dicted counts for  Culture C in T.IA and 
TJACy2% \were calculated, hescd 011 thc' counts 
ohtailled for  Culture A in TJI\ and Culture B 
in TJAC1/2%. Chi-square tests s h o ~ e i l  no sig- 
nificant differences (x' < 3.51) between the ])re- 
dieted counts and actual counts. 

Therefore, xve conclude that TJA4CY2%, which 
is muell easier to prepare, is as useful as 
TTA2CC2\S% to enu~neri~te c.itr;~te-fc,rme~~ting 
hactrria in lactic culturrs. 

J .  D. SKEIS 
A N D  

IT-. TC'. OX ERCAST 

Department of Dairying 
Ul~~ver+i ty  of Tennessee 
I<noxville 
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F:lTE'ECT OF OltXAS IN PELLETED A T I F A L F ~  UPON 1'ROl)UCTIOS 
i lND QUBLTTY O F  MILK 

Pelletinp as :I 111ethot1 of preparing hay and 
other feeds for  r u ~ l ~ i ~ ~ ; u l t s  has developed rap- 
idly, aud continued expansion will depend 
1:~rgely upon the derelol)ment of improved 
~wocessing methotls and equipment which will 
offer greater econo~ny of ~~roduction.  The use 
of l~ i l~de r  mnterials in pclleted feeds, particu- 
larly in roughag,rs, has I)een snggestc.d as a 
Illclans of c.llsurlng hettcr co~npression, less 
pc.llrt h r m k d o w ~ ~  (hmce, less fines) during 
hantlling in storage, and greater Inill output. 
I t  is asio~n:~tic, hon,cver, that use of such ma- 
teri:lls sl~onltl not clrtract from the final an]- 
n ~ a l  prn(1uct. This statly was undertalrcn to test 
one suc.11 ~l~ater ia l ,  Orzan (ammoniu~n lignin 
sulfonnte) in pclletecl plf:~lfa fed to daily cattle, 
with spcci;~l e ~ ~ ~ p l l a s ~ s  on the quantity and 
c111;1lity of ~nill< prodaced. 

.\lf;~lfa hay fro111 a uniforw source was in- 
slyetetl in the hale, made into V8-inch pellets 
\v~tli I I I I ~  without 2% Orzan, and fed :IS the 
sole 1.11ng11i1ge to 10 dairy COU~S paired :~ccord- 

to ~ ~ l i l k  yic~ld, stage of lact;ltion and gest,a- 
tion, :lac. and general health. S i s  co\vs (Group 
.\ cotltrols) \vcsl.e fed pellrtrd alfall':~ h :~y xvit,h- 
~ rn t  0rza11 and the rr~naiuing six (Group B) 

' Orzn~i (nrnniol~ilnn lignil~ snlfonntr) is n prod- 
~ l r t  of Crown-Zrll~~rl~acI~ Co., C: I I I I~S,  IVas l~ i~~g to~~ .  

rect,~ved pc~lletetl ~ l f ~ l f i ~  h:~y containing 2% 
Orzt~n. ,\ four-day f(2t.d ;~tljustment period 
preced(~t1 the 28-day euperi~nmtal test period. 
130th groups \vcw f rd txv~ce clnily, and consump- 
t ~ o n  iund rrfusi~l of' the pellets were recorded 
dally. Concentrates were fcd according to milk 
:~nd  I I I I I ~  fa t  produi*tion (7 )  and werc adjusted 
; ~ t  seven-day ~ntervnls. Cl~emical coluposition 
of the concentrates and two test feeds was de- 
termined hy proxilnate analyses. 

JIillc yields \\.el.e recorded twice daily after 
i ~ c h  11111lting. RIillc f a t  and solids-not-fat (SSF) 
were detcsr~nincd neeklr  from 24-hr colnposite 
\:lmplrs 11y th11 B;thcoelr test and Golding head 
rnethod ( 3 ,  (i), respectively. Body weight 
chanjies \\.ere detcnn~netl by :Iveraglng three 
snccrsslvc daily ~reighings. ,ill (latit werc treated 
s ta t~s t~c:~l ly  hy anillysis of varIanc.ct. 

RKSUTlTS I X D  DISCCSSION 

( ' h r~~~ i ( . n l  ant~lyses of the pellrts :IS given 
in T:~l)li~ 1 intlic;~te :I 11i1.y of good quality, the 
s~n:~ll  tliffc.ri.ncrs l)c.i~~g I I O  Illore than cxpcctetl 
~ v i t l ~  sir~gle s a ~ ~ ~ p l e s .  The analysis of concen- 
trn.tc.s I'cstl to both r sp t~ r i~ne~ l t a l  groups is also 
sllo\vll, 

.\ stntly 01' the nicB:tn tl:~ily yielils of 4% FCM 
n ~ ~ t l  SSI' (T t th l~  2 )  sho~vs no sigl~ifimnt differ- 
cb~~r4c (P  > 0.05) 11c~t\vec.11 the. two groups. Tni- 
tiill ~ ) ~ ~ ~ t l u r . t i o ~ ~  of 1% YCJT for Group .I \\-:IS 

:H i  111 1101. co\v tl:iily, \\.it11 ;I 111t~an of 33.5 lh 
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TABLE 1 

Chen~ieal eornpositio~~ of experimental feeds 
- 

Dry Crllde Ether Crurlr 
Description ~nattvr protein extract fiber As11 K.F.E. 

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

,", 
Concentrates 89.83 16.(i(i 2.40 8.62 I .  6l.lCi 
Slfalfa pellets (contlol) 37.04 16.39 1.87 24.63 h.9G 35.17 
Alfalfa pellets (with Orzan) 1 1.5.5.i l . iA 24.74 9.12 33.72 

- 

TABLE 2 

Mean daily nlilking l)crfor~~:a~~cc,  frcd conslnnptio~~, ant1 botly ~vr ig l~t  g:~inr 
-- - 

1)l.y ni:~tter (DM) co~lsu~~~ption 
- -. - - -- .. - - - -- - 

.rot:11/ 
(:ont.t511- Inn 11, \V t 

(;roll17 I HSF Pcllrts tratc'r 11011y 1vt g:~inr 
- - - - - - - - - - 

h (control) 33.50 2.!)1 
B (Orzan) 33.29 ?.Stti 

during the test period. Group B produced a n  
initial daily mean of 38.5 lb of 4% FCM, with 
a daily mean of 33.3 lb per cow during the test 
period. Milk fa t  percentages fo r  Group A de- 
clined from a mean of 5.07 before the experi- 
ment, with weekly means of 4.67, 4.67, 4.48, and 
4.39 fo r  Weeks I, 11, 111, and IV, respectively. 
Group B, having a pre-experimental milk f a t  
percentage of 4.65, declined to 4.20, 4.52, 3.93, 
and 4.27 fo r  the same four weekly tests. Post- 
experimental milk f a t  percentages increased to 
5.07 for  Group A and 4.68 for  Group B, indi- 
cating the effects of pelleted alfalfa hay on 
the depression of milk f a t  percentages which 
corresponds to the findings of other workers 
(1-4, 8-14). There were no apparent changes 
in the percentages of SNF. 

Feed consumption for  both groups is shown 
in Table 2. Dry matter (DM) consunled by 
Group A was higher for  pellets and concen- 
trates, either when calculatkd in total, or per 
100 lb body weight. Group B, apparently more 
efficient in converting DM to 4% FCRI, con- 
sumed 2.76, .34, and .17 lb less DM in pellets 
and concentrates, and per 100 lb body weight, 
respectively, than Group A. Group A had an  
initial average weight of 992 lb co~npared to 
944 lb for  Group B. This greater feed intake 
by Group A was undoubtedly utilized fo r  the 
additional body maintenance requirement of 

Orzan. Consumption was higher anlong the 
control group, owing to their greater body size 
and perhaps less efficiency in feed conversion 
to milk. The depression of milk f a t  percentages 
by pelleted roughages was demonstrated. De- 
cline and stoppage in rumination was observed 
among some of the cows with a craving fo r  
more fibrous diet, a s  evidenced from the gnaw- 
ing of wood partitioning between stalls. No 
toxic effects were observed ainong the animals 
as a result of feeding the Orzan pelleted alfalfa 
hay as herein described. 

R. H. I ~ I E W E R  
I. R. JONES 

AND 
J. E. OLDFIELD 
Department of Animal Science 
Oregon State University 
Corvallis 
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SOTRCES OF ERROR IN  ENERGY UTILIZATION STUDIES WIT11 
LAiCTXTIT\'C~ DAIRY CATTLE ' 

True  differences of 5% o r  less in the uti- 
lizable energy content of rations b y  dairy cattle 
may be extremely important  in  large dairy 
farming operations. Yet, the coefficient of vari- 
ation (C.V.) of milk production da ta  collected 
by using a eolnmon experimental design, the 
continuous type trial, may be expected to range 
from 4 to 15% (8). I n  a n  experiment involv- 
ing  four  treatments, with a true difference of 
5% between rations and with a t rue  C.V. of 
4%, 15 replications would be required p e r  treat- 
ment to give a 90% probability of detecting the 
difference (two-tailed test) with a test of sig- 
nificance a t  the 5% level (3 ) ,  a s  illustrated i n  
F igure  1. A n  increase in the C.V. to 7% would 
require 42 replications t o  detect a t rue  treat- 
ment difference of 5% with the aforementioned 
probability and  significance levels. Body weight 
change da ta  a re  extremely variable (I), and  
the C.V. f o r  weight changes f rom means of 
three weights taken a t  the begining and  end 
of a n  experiment may exceed 100% (6).  Thus, 
with the limited number of cows, say six to  15, 
tha t  may be available i n  experiment station 
herds f o r  each treatment, the probal~il i ty of 
detecting t rue  differences as small a s  5% is 
low. F o r  these reasons, it appeared desirable 
to evaluate techniques tha t  might increase the 
precision of energy utilization studies and, 

'The author acknowledges with thanks the hclp- 
ful suggestions and criticisms of Dr. A\. E. Drake, 
Resmrch U:cta Analysis Lal~oratory, in the analysis 
of the data and in the preparation of tlic manu- 
script. 

FIG. 1. I<elationslrip between C.V. of a n  experi- 
I I ~ P I I ~  nntl rcplirations needed for 90% probability 
of ~lt~teeting a trur treatment diffcrence of 5% 
wit11 a test of significance a t  the 5% level (two- 
t:~ilcrl test) and with four treatments (3) .  With 
o111y t~vo  treatmmts ntld one replication to these 
values. 



tl~ert.l)!-, rot1uc.t~ the I I U I I I ~ ~ ~  of replications rc- 
cluirtvl per trcatn~etrt. 

To incrrnse precision of the energy utiliza- 
tion dat;~., n~:lintennnrr energy, nlilk energy, 
and I)ody weight change energy were combined 
into one valur, which shall he referred to as 
ther~ns  of perl'orn~a.nce energy (P.E.) per 100 
Ih of air-dry 1-ation. 

Twenty-four dairy cox$-s producing between 
30.8 ;lnd 70.2 Ih of ~ni lk  daily and weighing be- 
twem 931 and 1,547 ll) were the exprrimcntal 
sul),jeets. Thry xvcre a s s i~ned  a t  random to four 
groups, with six replicat~ons per group. Allow- 
anrr  of the ration, which consisted of 50% 
alfalfa hay and 50% of a concentrate ~llixture 
(on air-dry basis), f o r  individual cows was 
determined from FCM production and body 
\vt>ight a t  the beginning of the 14-day stand- 
arrlization period. llanagement of cows in each 
of thr  four  groups was similar. Half  of the 
ration allo~vancc was fed in the AM and the 
remainder in the PN. Refused feed was deter- 
111i11ed and recorded. Aliquots of milk produced 
a t  each milking was coinposited over seven-day 
periods and the milk f a t  percentage determined 
1)y the Rahcock test. I n  addition, a 14-day 
composite of aliquots from each milking was 
prepared fo r  measureinent of milk ener,? by 
oxygen bon~h  calorimetry. All cons were weighed 
1,et1vt.cn 11 .43r and 12  NOOK daily throughout 
the 14-day standardization period. 

Daily body weight change was deterniined in 
two ways, i.e., fro111 ineans of three-day weights 
taken a t  the heginning and at the end of the 
14-d;ty pr~.iod, and fro111 the 14-day weights by 
linear regression. Brody (2)  found that  the 
nverage energy stored per pound of gain in 
body weight was 009 Cal. This factor was 
nsrtl to ronvert weight gain or loss into weight- 
change energy. 

31ilk energy was detern~incd by multiplying 
nlr:rn di~ily 111ilk production times milk energy 
per pound fro111 bon~b calorimetry measure- 
n~cnts  or m:ls estinlated hy nlultiplying nlean 
d;~ily E'CIRI ~ ) rod~~c t io r i  (5)  t in~es 329.5 Cal, 
which s : ~ s  tht. arcrage energy content per pound 
of' )'CAI ~ I . O I I I  rows in the Auburn Un i~e r s i t p  
11r1.d (7 ) .  

The r~~aintc:nancc energy ~,equiremcnt per co\v 
\vns esti~natcd fro111 the iuainteni~nce allowances 
i ~ e c o m ~ ~ ~ r ~ ~ d r d  by Morrison (9 ) .  

To c~stinl:~tc the error vari:mce associated with 
111ethot1 of ~neasnriag n-eight change and with 
~~rethods of deternrining millc energy production, 
thernls of P.E. per 100 Ib of ration were ralcu- 
I:~tetl hy four pi.oced~n.es, as  follows: ( a )  milk 
(hnerfi,v l ~ y  1)o1111) ealorinletry + weight-rhmge 
rnergy by linear rrgression + ~ ~ ~ a i n t e n a n c e  
cLnrrgy nllo\~-i~ncr; ( h )  inilk cnergy hy F C N  
X 329.5 + ~\-cxigl~t c.hange enrrgp fro111 means 
of three-day weights a t  the heginning and a t  
the end of the pe1.iod + maintenance energy 
:~llo\vnncc; (c) milk cnergy as in ( a )  + weight 
( . I I : I I I K ~  energy as in ( h )  + ~nnintenancc ener,? 

:~llo\v;lnce; and (d )  ~nilli entLrgy as in (b )  + 
\veigIlt ch:~nge cnergy as  in ( a )  + ~naintcnance 
cnergy allowanre. Since the cows did not con- 
sunle their entire allowance of hay or eoneen- 
trate, the percentage of the ration consu~ned as  
hay and as concentrate varied from the 50% 
allolvance of each. This was a potential source 
of variance in the P.E. data;  hencr, the per cent 
of total ration eonsun~ed as concentr;ite was 
calculated and used as a covariate (10) in the 
statistical analysiq. 

The C.V. fo r  the P.E. values calculated by 
the four processes and the relative precision 
of each are given in Table 1. Procedure ( a ) ,  

Coefic*ients of variation (C.V.) and relative 
precisions of proce(111res used to detcrmine 

perform:unce energy 
~p 

Relative 
Process 
-- 

C.V. efficiency " 

(Yo) / % I  
(:L) 6.41 100.0 
(11 7.41 73.0 
( ? )  7.31 74.0 
( ( 1 )  5.50 98.4 
- - - - -- - - - . 

:' Comparc~l to Proc.css (:I).  

\vhiell measured milk energy by bomb calorim- 
etry and \veight-change energy by linear re- 
gression, gave the lowest C.V. for  the P.E. data 
and was arbitrarily assigned a relative pre- 
cision of 10070. I n  contrast, Procedure ( b ) ,  
mhich includes the traditional methods of eval- 
uating milk energy and weight-change energy, 
gave the highest C.V. (7.41%) and, conse- 
quently, the loxvest relative efficiency (73%). 
These analyses indicate that rnost of the dif- 
fert.nces in the C.Y. for  the procedures used 
to determine P.E. was the result of differences 
in precision of nieasuring weight-change en- 
ergy, with the linear regression procedure be- 
ing more accurate than the three-day weight 
nicthod. I n  this evaluation, milk energy meas- 
u r t ~ i  hy E7CI\Z X 329.5 or hy botl~b calorimetry 
xv:~s a l t ~ ~ o s t  equal in precision. 

\\'it11 a test of significance a t  the 5% level, 
95 replications would be required to give a 90% 
probability of detecting a true difference of 
5% with a C.T7. of 5.41% as in Procedure ( a ) .  
TII contrast, with the same criteria, 47 repli- 
t.;~tions \I-onld be required with a C.V. of 7.41%, 
as  in I'rocrdure ( b ) .  Thus, the e s t r : ~  accuracy 
ohtainrd hp  taking daily body weights and cal- 
culating 111rai1 daily weight change by linear 
i~rgrc~ssion reduced the number of replications 
11eedetl fo r  the foregoing criteria by about 47%. 

Following the st:~ndardization period, which 
yield(,d the data prt8sentc.d in Tahle 1, t l ~ c  four 
groul's ~ v r r e  r:lndo1111y assigned to two rrperi-  
111ent:11 concentrate mixtures, earh being pel- 
Irtetl :~nd  ~~onj>c~lletc~tl to give four concrntmtrs. 
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Each of the four tancentrates \rere fed as 50 
and 70% of the air-dry ration, with alfalfa hay 
representing the re1n:lindcr. Thus, the experi- 
mental design was a 2 x 2 x 2 factorial. The 
experimental period was 2s days. Except fo r  
diffrrrnres in rations and lcngtll of period, the 
proeedures fo r  the experimental period were 
the same as  those used during the standardiza- 
tion period. 

Thr C.1'. of P.E. calculated by four  pro- 
cedures, described previously, are given in Ta- 
hle 2 .  The lowest C.V. was obtained by the 
process that utilized bomb calorinretry to meas- 
ure milk energy and linear regression to evalu- 
ate weight change energy. Nevertheless, the 
C.V. of P. E.  determined by combining a pre- 
cise and a conventional measure as in Pro- 
cedures (c) and ( d )  were higher than the C.V. 
obtained t ~ y  Procedure (b),  which made use of 
conventional measures. 

The C.V. obtained fo r  P.E. during the 28-day 
exprriment by each procedure was greater than 
that obtained during thc standardization pe- 
riod. Further perusal and a test fo r  homo- 
geneity of variance (10) of the P.E. data fo r  
t,he 28-day experiment indicated that the rela- 
tively high C.V.'s wcre the result of heteroge- 
neity of variance within the animals receiving 
7076 concc!ntrates. For  this reason, the P.E. 
data for  the two lcvcls of concentrates were 

TA\J3LE 2 
C'ocficierrtx of variatio~~ (C.V.) of pcrforrnance 
cllc5rg.?. tlrrring tlre c~sj~clil~rc~~rtal perio~l as relatcd 
to ~n'oct~d~trc~ uscil to drtvrmine performance 

c'lrcro 

Rt.l:i tire 
I'roecss C.V. efficiel~ey 

" Comparcd to Process (a). 

analyzed subsequently as separate experiments. 
Periornlance energy data of cows fed 50% of 
their ration as concentrates had a low C.V. by 
each procedure of determining P.E., with that 
of Procedure ( a )  being the lowest, Table 3. 
Tllr C.V. fo r  P.E. of con-s fed 70% of their 
ration as concentrates was 2.13 to 2.92 times 
larger than that of cows fed 50% of their 
ratlon as  concentratrs, Table 3. 

Il~terogeneity of variance of P.E. data fo r  
cons fed 70% of their ration as concentrates 
probably resulted from low prceision of meas- 
uring true changes in energy retention as body 
flech. Thi5 low precision probably is  attrib- 
utable to changes In 1)ody fill. 

I n  the r\pcrrlnrntc, reported in Tables 1 and 
3. thr C.V. dt.tcrminrd by Procedure? ( a )  and 
(h)  differed ( a p p r o ~ l ~ n a t c  P = 0.15, 0.32, and 

TABLE 3 
Cocffit.iclrts of r:triatioli (C.V.) of performance 

ellergy tlnrilrg t l ~ r  c~xperimc~ntal perio~l as 
relatcd to prr c e ~ ~ t  eonccntr:ltc ill ration 
fed and to l~rocc~lurt~ used to measure 

ptvformarice alcrgy 

Process C.1'. 11.v ronre~~tratc levels - 
.so./; 
-- 

70% 

(a)  ~ . l ( i  6.74 
(h )  4.19 10.44 
(p) 3.6!1 10.79 

- ((1) 4.34 
-- - 

10.95 

0.18) as determined by a "t"-test (4). Although 
the signifirance lcvel was greater than 5%, the 
C.V. for Procedure ( a )  consistently was lower 
than that f o r  other procedures. This eon- 
sistrnry, even with the probability levels ob- 
served, appears to be meaningful. 

Among data with ho~nogeneous variance, use 
of concentrate intake as  a per cent of total 
ration as  a covariate with P.E. reduced the 
C.V. of the data by as  much as  58.3%. A re- 
lationship similar to this is to be expected as 
concentrates provide more utilizable energy per 
pound than hays. 

;\ study \{-as made to evaluatr the effect o f :  
( a )  hay-to-concentrate ratio in the ration, (b)  
~llrthod of measuring milk energy yields, and 
(c) ~nt'thod of assessing energy gain or loss 
due to body-weight change on the coefficient of 
variation (C.V.) of pcrforlnancc energy (P.E.) 
data in dairy cattle rxperin~ents. 

The C.V. of 1'.E. d:lt:i ohta.ined by combining 
( a )  lnilk energy, (I)) weight-change energy, 
and (c)  ~naintenance energy allowance was 
lo\rc,st when milk energy secreted mas lneasnred 
hy l)o1111) mlorilrlctry and weight-change energy 
was deterlnined by linear regression fro111 daily 
body \rcights. 

I n  1'. E:. data wit11 I~ornogeneous variance as  
in the standardization period, the C.V. was 
aln-ays rrduced when the per cent of concen- 
tratc in the ration ~ v a s  used as a covariate in 
the statistical analysis. 

To htlvt: a high pro1)ability of true treatment 
di£fercnces of 55% or less, either the C.V. must 
he hrld under 4% or the nunlbcr of rrplications 
c:n~ployed must be large. Thus, i t  appears that 
relinrn~ent in experimental procedure that will 
rednre the C.V. is justifird. Usc of bomb cal- 
orinlctry to measure ~ni lk  energy yield, deter- 
lnining weight change ener,gy by linear regres- 
sion on daily hody weights, and using the per 
rent ronrentrat,r in the ration as a covariahle 
\ritll P.E. data in st,atistical analysis were effec- 
tire in reclueing the C.V. 

GEORGE E. HATKISS 
Anhurn University 
; \ u l > ~ i r ~ ~ .  Al:ihama 
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CALF R E S P O N S E  TO S T A R T E R S  O F  VARYING ZINC CONTENTS1, '  

IVhile zinc has hcen shown to be an  essential 
nutrient for  ruminants (8) ,  and deficiencies 
have been reported under field conditions (7) ,  
the level required inscattle rations has not been 
established. Whether the zinc requirement of 
cattle is greatly affected by some of the factors 
which have major influences in simple-stomached 
animals, also has not been determined. Lease 
et  al. (6) found that chicks fed sesame meal 
as the only protein source developed severe zinc 
deficiency symptoms, even though the diet con- 
tained a normal level of zinc. Soybean meal 
increases the zinc requirement of chicks and 
swine when compared to casein (13, 16).  

The present study was conducted to deter- 
mine whether the addition of zinc improved calf 
performance under selected practical condi- 
tions when soybean or  sesame meals were used 
as protein sources. It was also designed in  
such a way as to place narrower limits of esti- 
mate on the zinc requirement of cattle than 
mere previously known. 

EXPERIMENTAL PROCEDURE 

Five replications of Holstein females, three 
of Holstein males and two of Jersey females, 
were randomly assigned to four experimental 
starters on a within replication basis. With 
this design and one missing plot the total num- 
ber of calves was 39. All starters were fed 
ad libitum. Ration 1 contained the following 
percentage composition: soybean meal (44% 
protein), 30.0; citrus pulp, 39.0 ; corn meal, 27.5 ; 
defluorinated rock phosphate, 2.0 ; salt mix- 
ture: 1.0; and vitamin and antibiotic mixture,' 

'Journal Paper No. 215 of the College Experi- 
ment Station, University of Georgia. 

This report is taken from a dissertation sub- 
mitted to the  Graduate Faculty of the University 
of Georgia in partial fulfillment of the require- 
ments for the Ph.D. degree. 

3SaC1, 100 lb; MnSO1, 316 g;  FeSO., 200 g ;  
CUSOI, 38.5 g; CoC12, 10.1 g;  and KI, 5.1 g. 

'Vitamin A (20,000 IU/g), 125 g;  vita,min D 
(8,810 IU  Dj/g), 50 g;  and chlortctmcyel~ne hy- 
ilroehloride (10 g/lh), 50 g. 

0.5. Ration 3 differed from Ration 1 in that 
32.5% of sesame meal (41% protein) replaced 
30% of soybean meal, 1.5% of corn meal, and 
1.0% of defluorinated rock phosphate. These 
changes were made to equalize the protein con- 
tent and to more nearly equalize the phosphorus 
and calcium contents. Rations 2 and 4 were 
identical with Rations 1 and 3, respectively, 
except for  the addition of 5.5 g of ZnO per 
100 lb. 

Chopped Coastal bermudagrass hay contain- 
ing 24 ppm of zinc was fed, with consumption 
liruited to 0.5 1b per calf daily. All calves 
stayed with their dams for  the first day and 
were then taught to drink colostrum and whole 
milk from plastic pails. Fo r  the remainder of 
the study they were maintained in separate 
wooden pens with concrete floors bedded with 
shavings. Beginning the sixth day they were 
fed a commercial milk replacer containing 60 
ppm of zinc on the powder basis. Each Hol- 
stein calf received a total of 28.8 lb. and each 
Jersey 26.6 lb of dry milk replacer (10) during 
32 and 38 days, respectively, mixed in the pro- 
portion of 1 Ih of dry material to 9 Ib of water. 
The calves were given water from the city sup- 
ply which contained very little zinc (0.02 to 
0.06 ppm),  as described previously (9). The 
experimental starters were fed ad libitum from 
the sixth day of age fo r  a period of 15 wk. 
Blood samples were taken the last week of the 
study and analyzed for  zinc (18). The zinc 
content of the various feeds was determined by 
the same method. 

RESULTS AND DISCUSSION 

Dzerences among the four groups in weight 
gains and feed consumption were small and 
nonsignificant (Table 1 ) .  While the average 
blood zinc values were higher for those fed the 
supplemental zinc starters, the differences were 
not statistically significant. All calves remained 
in good health, and none of the zinc deficiency 
symptoms reported earlier (8, 9) were ob- 
served. The sesame meal was more than twice 
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TABLE 1 

Starter consumgtion, hay col1su1nptio11, and weight gains for 15-wk period and blood and starter 
zinc content ' 

Ration 4 
liation 1 Ration 2 Ration 3 (sesnmc 

(soy) (soy + Zn) (sesame) + Zn) 
. . 

Starter consumption ( lb / ca l f / day )  4.27 4.21 4.14 4.08 
Hay consumption ( l b l c a l f l d a y )  0.23 0.24 0.27 0.23 
Weight gains ( lb / ca l f / day )  1.62 1.58 1.57 1.53 
Blood zinc ( p p m )  2.3 2.7 2.0 2.3 
Zinc col~tent of starter (ppl?)) 25 123 48 144 

-. 

"Limited amount of milk replacer containing 60 ppm zinc, on the powder basis, mas fetl 
until the calves were 6 ~vk old. 

as high in zinc (104 ppm) as the soybean meal 
(45 pprn), resulting in a higher zinc content in 
the rations containing this product. Sesame 
meal contains about 1.6% phosphorus ( l l ) ,  
much of which is probably phytin (4). Phytic 
acid has been shown to increase the zinc re- 
quirements of chicks (13) and swine (12). 
Apparently, phytin phosphorus is poorly uti- 
lized by these species (2, 5) ,  hut is essentially 
as available to ruminants as that supplied by 
monocalcium phosphate (17). Raun et al. (15) 
reported that rumen microorganisms were able 
to hydrolyze appreciable amounts of calcium 
phytate. 

Failure to obtain a response to supplemental 
zinc indicates that under the conditions of this 
study the critical level of ginc for calves is lower 
than that used. I t  also indicates that if sesame 
meal or soybean meal increase the zinc require- 
ment of calves, as they do with chicks (3, 6), 
the effect was not sufficient to elevate the re- 
quired level above that used in this study. Thus, 
tentatively, it  could be concluded that the zinc 
requirement of calves, 7-15 wk of age, which 
had been fed a limited amount of milk replacer 
containing 60 pprn zinc, is not substantially 
above 25 pprn under the conditions of the study. 
A very drastic deficiency has been produced in 
calves, previously fed limited whole milk, on a 
diet containing 3.6 ppm, with definite changes 
observed by the 8th wk of age (9). 

I n  a popular report, Beeson et al. (1) ob- 
served a response in rate of gain and feed per 
pound of gain with steers when a high concen- 
trate diet containing 24 pprn of zinc was sup- 
plemented with 100 pprn of zinc over a 12-wk 
period. The apparent discrepancy between 
this report (1) and our results is not surprising, 
as wide dif€erences have been observed in the 
zinc requirements of other species due to sev- 
eral factors, including a very pronounced loca- 
tion effect (14). 

I n  future studies relative to the zinc require- 
ments of cattle, it would probably be desirable 
to use a basal ration containing a lower level 
of zinc. A study of longer duration or a deple- 
tion phase, or both, a t  the beginning of such 
studies should be desirable. 

ACKNOWLEDGMENTS 

The authors are grateful to Dame's Labora- 
tories, Inc., Chicago, Illinois, for the ritamins 
used and to the American Cyanamid Co., New 
York, New York, for the chlortetrneycline hydro- 
cl~lorirle. 

J .  K. ~IILLER 
W. J. MILLER 

AND 

C. M. CLIFTON 
Dairy Department 
University of Georgia, Athens 

' Present addrcsh : vT-AEC Agricultural Re- 
\t~:i1.(~11 Labor:~tol.y, Oak Ridge, Tenncssec. 

REFERENCES 

(1) BEESON, W. M., SXITH, W. H., PERRY, T. \V., 
AND MOHLER, M. T. Effect of Zinc Sup- 
plementation on Growing-Fattening Steers. 
Feedstuffs, 34, (18)  : 1). 54. 1962. 

( 2 )  CIIAPMAN, H. L., JR., KISTELIC, J., ASII'ON, 
G. C., AND CATRON, D. V. A Comparison 
of Phosphorus from Different Sources for 
  rowing and Finishing Swine. J. Animal 
Sci., 14:  1073. 1955. 

(3 )  EDWARDS, a. M., JR., DUNAHOO, W. S., AND 
FULL=, H. L. Zinc Iiequirement Studies 
with Practical Rations. Poultry Sei., 38: 
436. 1959. 

(4) GILLIS, M. B., KE~NE, K. W., AND COLLINS, 
R. A. Comparative Metabolism of Phytate 
and Inorganic P ~ J  by Chicks and Poults. 
J. Nutrition, 62:  13. 1957. 

(5)  GILLIS, M. B., NORRIS, L. C., AND HEUSER, 
G. F. The Effect of Phytin on the Phos- 
phorus Requirement of the Chick. Poultry 
Sci., 28:  283. 1949. 

(6 )  LEASE, J. G., BARNETT, B. D., LEI.!SE, E. J., 
AND TURK, I). E. The Biological Unavail- 
ability to the Chick of Zinc in a Sesame 
Meal Ration. J. Nutrition, 72: 66. 1960. 

( 7 )  LEXIG, S. P., AND SEARS, L. Zinc Sulphate 
Treatment of Parakeratosis in Cattle. Na- 
ture, 186:  1061. 1960. 

(8 )  MILLER, J. K., AND MILLER, W. J. Devel- 
opment of Zinc Deficiency in Holstein Calves 
Fed a Purified Diet. J. Dairy Sci., 43:  
1854. 1960. 

( 9 )  MILLER, J. K., AND MILLER, W. J. Experi- 
mental Zinc Deficiency and Recovery of 
Calves. J. Nutrition, 7G: 467. 1962. 



1538 JOUI{SII~ OF DAII~T SCIESCE 

(In) JI~r.r.r:lt, TV. J., Calt~rox, J. TA., AND DALTQN, I:~tetl to Location, Yrcil Source, Water S1111- 
H. L. Tnfluence of Anise Oils on the Pal- ply and Zinc Su~~plementation. Frc~tlstuffr, 
atability of Calf Starters. J. Dairy Sei., 33, (39) : p. 26. 1961. 
41: 1262. 1958. (16) RAUR, A., CIII.:N(:, E., AXD RC.KROEGHS, TV. 

(11) MOTCT<IS(IN, F. B. Fectls ancl Feeding. 22nd Phytate Phosl)horlls Hydrolysis m ~ d  Arail- 
c?rl. 'J'llc Morrison Pl~blishing Co., Ithaca, ability to Humen 3ficro-organisms. J. 4gr.  
xcw York. 1957. Food Clrrm., 4:  86'3. 1.956. 

2 )  Rr,sAs, D., ER,, M. E,, AND ,,, (16) S I I I ~ ,  w. 11.. P I .TJJB~= ,  M. P., AND n ~ ~ s o x ,  
n. 1,. Some Effects of Phytic Acid on Zinc m. 15. Effrct of Source of Prateill on t.he 
Avnilal~ility ant1 Physiology in Swine. Zinc Reql~irrmcnt of the Growing Pig. 
. I .  Aninla1 Sci., 19 : 1280. 1960. .T. Aninlal Sri., 21: 399. 1062. 

(17) TILI~I.$N, A. D., .AND RRETHOUK, J. R. Uti- 
(13) O'n~r.r,, B. L., AND SIV.~GE, J. E. Effcet lization of Phytin Phosphorus by Sheep. 

of Phytic Acid on Zinc Availability. Proe. .J. Ani~nal Sci., 17: 104. 1958. 
Sac. Exptl. Biol. Med., 103: 304. 1960. ( IS )  V ~ ~ ~ I I C R .  E. T., STEPN, W. J. A., AND Em, 

(14) I'oxn, W. G., AND TTOE;FER, J. A. Parakern- I). J .  I)ctcrmi~~ation of Zinc in Plants ant1 
tosin: Variation in Growing Pigs as Rc- Soils. .T. Agr. Food Orem., -5: 354. 1957. 

FEEDING POTENTIAL OD1 RECLAIMET) FECAL RESTIITTE 

Present-day trends are  f o r  both dairy and 
beef cattle to be managed in confinement. Fur-  
thermore, devctlopments in recent years have 
raused an  incrcaase in the use of concentrate 
S c ~ d s  fo r  both dairy and beef cattle. 

Fornlerly, swine were used to salvage grain 
voided in the feces of cattle fattened on high 
grain rations. Changes brought by mechaniza- 
tion and specialization in livestock enterprises, 
ooupled with the fact that grains are now ground 
fo r  feeding, perhaps are  major factors respon- 
sible for the decline in interest in the following 
cattle with ~ i e s .  Neverthelr~ss. feces from full- ' s 

fed ct~ttlc rontain appreciable an~ounts of undi- 
gested feed residue. Not only does fecal grain 
reprrsrnt  an  appreciable loss of feeding value 
hilt l'rc:~l ~na t t e r  creates a serious disposal prob- 
le111. Otlors and flies caused by large-volume 
vattlr feeding operations are presently creating 
i ~ r b : ~ n  henlth problrn~s. 

Tt~c, objectives of this research were to (1)  
rcsc.ovc.r some of the fcxal feed and (2)  develop 
:in effective means of disposing of organic resi- 
t1uc.s voided by eonfined cattle. 

EXI'ERI3IEXTAL PROCEDPRE 

Yearling steers were confined on concrete and 
I'cd a high grain feed mixture. The manure 
was caollectetl daily in 30-gal garbage cans. 
Water was added to the cans and the manure 
was thoroughly stirred. Solid material was 
;~ l lo~ red  to settlr and the aqueouy layer was 
poured off. The ~va te r  washing was repeated 
:md the fecnl rciidue was stored a t  
appro.;irn:ltc~ly 33 8' until needed fo r  feeding. 
The met f(~c~al rt.sidue n a s  niixcd with the basal 
feed (Ti~l)l(a 1)  in the ratio of 40 parts of wet 
residne to 60 parts of basal fred. Feed was 
inixrcl dixily and a t  the t i n ~ r  of mixing dried 
yeast wa5 ;~c ld (~ I  a t  the rat(% of 1 lb per 100 lh 
of feed. The final inixture was held in burlap 
I):lgi ;thoiit 1'1 11r hrforc~ fcwliiig. Three yrar-  

' Tl~is I.I,W:IYCII \ V : I S  ~11]111o~tvil i l l  11art by FT:~tcl$ 
!'1.r;.j1.,.1 S o .  IH". 

Sogl l r :~~~ meal 
(:roun~l oar COI.II 

Cmlc n~olasses 
Salt 
T)iralcium pl~ospll:~ tc 
Vitamin A 
Still~c~strol 

.. - 

ling steers were u ~ t l  in the feeding tclit. These 
cattle performed s;ttisfactorily on a steer-fat- 
tening feed for  7 mlr prior to tlic time they 
were placed on test. A 14-day preliminary 
feeding period on the test ratio11 prcxcecled the 
esper i~nol t ;~ l  pc.riod. 

RESlrLTG AND DISCUShlOx 

The pcrforn~ilnce data fo r  the cattle arc 
su~nl~iar is rd  in Table 2. No difficulty was ex- 
perienczetl in getting the cattlz to consume the 
euperi~ncntal feed. S o  outward symptoms of 
harni rc~siiltc~tl to the cattle n i  a consequence of 

'YAl31,lC 2 
I'erfor111:111ce (1:tta for ent,tlc fell ~r :~s l~ed fecal 

~ r s i t l ~ ~ c  
- - - - - . . - . . -- 

i\l~inl:ll Initial Final 
1 1 0 .  \\.eight weight 

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

( l b l  f l 0 )  
I 720 880 , - iG0  970 
3 595 ?.-- 

I I J  
- - 

. Z \ -g  \\.rigllt ti92 875 
 in ( l b )  183 
1):lys on test 54 
Tltrily gain (10) 3.39 
T4't~etl dry nl:~ttcr I I C Y  

I~~lndrerl\rcigl~t g:til~ ( 1 7 1  i 
- - - - - - - ~. - 
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c o u s u ~ ~ ~ i n g  t tilt. ~l~istu~.cs H I I I  t i ~ in i t~g  lI'c~c,al rctsitlnc,. 
1);~ily livt. \vc.igl~t gi1i11 iind fee([ t~ffi~it'ncy of 
the c:~ttlt! \vt.rt3 e ~ c t ~ l I ( ~ ~ ~ t  1'0r s t (~t ,~ ' s  of this 
weight, :igc2, tind condition. 

T11c.sc. cliit:~ :II.I. i~~co~~c. lus iv t~  wit11 ~~csspc.c~t to 
the. ovcfi1.-:111 I)t.~~cfifit to 1)o tl(.rivcbtl i ' r o ~ ~ ~  r(~clain~- 
ing f ' c ~ c ~ i l l  rc.sitluc~ i'or usr :is :L f'c,c.d. N(bvertllt.- 
lclss, tht. 1.csu1ts 01' thc~ t ~ s t  do show cot~c*lnsively 
thiit c:~ttl(. will cat l ~ ~ i s t u r c s  in which wet fecal 
rc.sit111c. constitutt~s an  appreciable part. Thc 
cfficirl~t fred conversion (G4.7 111 per  100 Ih of 
gain) needs confirmation. The results obtained 
justify systematic testing of many ra~~~i t ica t ions  
of the feeding procedure. 

The rrsults of' this test suggest the feasibility 
of washing floors daily where slaughter cattle 
are housed and fed, in a manner similar to the 
procedure ust~d with many dairy herds (1).  
F o r  both dairy and beef herds, the relevance 
of this study is the potential to derive more 
tlii~il r11a1111rc value for  m~digrsted fred anti 
111icrohi:tl rt.siilnc~s. 

SUII3I.\RY 

A\ new us(. f u r  tnannre fro111 dilirics and fced- 
lots is prewntc,tl. 

('iittl(b c*o~isn~~~cvl :L t'c~ctl ~~risturc: oontaining 
n;~shc.d \\-(st f(.ci~l ~vs idue  in i ~ n ~ o u n t  ecluiil to 
: ~ p p ~ ' o s i ~ ~ ~ a t c l l y  40% hy ~vchigl~t o f  tilth ~nixturr.  

('attltb l'c.tl tht. I'ccal resitlue ~ ~ ~ i s t ~ ~ r t ?  gained 
I ) \ T ( ~ I .  3 11) (!:lily :111tl r(vli~ir(ld 1t.s~ tl1i111 700 11) 
01' dry ~ ~ ~ : ~ t t c b r  l)cbt. 100 111 of g a i ~ ~ .  
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vit i~l~~ill  A ,  Sorris (:illian~, Uistillatiol~ Protl. Ind.; 
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R E F E R E N C E  

( 1 )  F:l,.\nr, 1.s~ Liquid 1I:ulul~ Halltllillg is Be- 
ing Mechanized. Hoard's Dairyman, 11. i 7 5 .  
.IilIy 25,  l$l62. 

EFI"E:('T 0 1 "  IVHEl '  ,\XI) IlACTOSE I N  BEEP C'\'L'TLE: RATIONS '9 " 
The I'c-tdi~~g 01' lactose to iii~imals and humans 

h i~s  I ) ~ ( J I I  ~.tivic:\ved by dtkinson et  al. (1) .  Lac- 
t~)sc. is the preferretl carbohydrate in the diet 
of the very young ma~nmal. It is not only well 
ntilixrd as  :L source of energy but has other 
l)c.nt.lic*ial c.ffects, particularly in calciuln me- 
t a h o l i s ~ ~ ~  iind vit:~lnin synthesis in the small 
intestines. IIowever, in the animal with a 
i'unction:~l runlt.n, data are 1:tclting on the effect 
of frc~ding lactose. Lactate is converted to 
volatilt. f i ~ t t ~  acids by runien bacteria, with the 
n~ajor i ty  hring propionic acid ( 2 ) .  I t  has been 
sugg~st'd by I<lostern~an et  al. ( 3 )  that the 
feeding value of corn silage was improved by 
treating i t  to i~nprove its acid content. This 
raises the cluestion concerning the possible value 
of including lactose 111 ruminant rations. Whey 
is a col~~rnercial source of lactose and could 
prove l~erieficial in beef cattle rations. The ob- 
jective of this research was to study the value 
of added whej- "nd lactose in rations fo r  beef 
cattle. 

Four  i'ccding trials with beef steers were 
cwndncted, to (letennine the value of added whey 
:~nd  lactose in growing and fattening rations. 
The ir~itial t~.ial was :L study of t,he effect of 
:~.d(ling 0.5 11) ot' ~vI11,y l)er anitnal daily to a 

' .rourll:~l 1':11)(*1. So.  J-44:10 of the IO\V:L Agri- 
vi1lt11~;11 : L I I ~ I  J I O I I I ~ ~  l*;co~~o~~~i(ss ICsp(~ri~nc~tt Sta- 
tion, Anlcss, I ~ I Y : I .  I'ro,jcc.t X(i!l. 

'Sl~j,portr(l ill l ~ r t  I)!. .\licl~\.c~st Dried Milk Co., 
I)IIII(IW, I lli~~oil-. 

" 'SII ( ,  I Y I I I J ?  ~ ~ I I ~ : I ~ I I < ~ I  :111o11t ill?;, 1:1(ato~o. 

I'attcning ration c o ~ ~ ~ l ) o s c d  of ground ear  corn, 
high moisture corn, ground corncobs, and sup- 
~ l e u i r n t .  The rations fed were similar, except 
lor thc adtlition of the whey. Two lots of five 
st,eclrs each were fed c>ach of the two rations fo r  
:L 70-day feeding period. 

I n  Trials 2 and 3, the fattening ration was 
composed of a full Seed of ground shelled corn, 
limited alfalfa hay, and 1 lh of supplement per  
animal per  day. I n  Trial 2, the whey treat- 
rnents were control, control + 0.25 lb whey, 
control + 0.50 Ib whey, and control + 1.0 lh 
whey per steer per day. I n  Trial 3, the addi- 
tion of 0.35 lb of lactose (edible grade) per  
steer per  day replaced the highest level of whey 
treatment in Trial 2. I n  Trial 2, one lot of 20 
steers each was fed each treatment f o r  135 days. 
I n  Trial 3, two lots of eight head each mere 
fed each treatment for  138 days. Carcass meas- 
urements were talren on each steer, including 
yield, grade, area of the rib eye (longissirnus 
(torsi), and f a t  covering over the 12th rib. The 
:t.rca of r ib eye was determined by tracing the 
outline of the 12th rih section on acetate paper. 
The area was then determined by aid of a 
p l : ~ n i ~ ~ ~ e t c r .  The thicliness of the f a t  covering 
wnr a111 average of three ineasure~ncnts taken 
:tt tl~c? 12th rib scction, :IS suggested l ~ y  Xxumnn 
(4) .  

I n  Trial 4, the trt?atments in Trial 3 were rc- 
peated with steer calves fetl ~vilted silage r:l- 
t,ions. Two lots of eight c:\lvrs wci*e frtl each 
t ~ . ( ~ : ~ t n ~ ( ~ n t ,  for :L 52-d:1y period. Thry were 
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given a full feed of wilted silage, 2 lb of corn, 
and 0.5 Ib of supplement. The silage contained, 
on the average, 61% dry matter. 

The initial and final weights were the average 
of weights taken on two consecutive days, a t  
the beginning and ending of the trial. Calves 
were weighed a t  28-day intervals during the 
progress of the trials. Feed consmnption was 
recorded on a lot basis. 

Results of the four trials are shown in 
Table 1. I n  Trial 1, the addition of 0.5 lb whey 
per day increased gains by 0.20 lb per day. 
However, the cattle fed whey consumed more 
feed (24.0 vs. 21.9 lb per day) and required 
slightly more feed per unit of gain. 

I n  Trials 2 and 3, the pattern was similar 
for each trial. The daerences found due to 
the whey were not statistically significant, but 
they paralleled the findings in the previous 
trial. Substituting the equivalent amount of 
lactose as contained in 0.5 lb whey did not 
increase gains to the same extent as whey. The 
feed required per unit of gain was less for  the 
steers fed whey. Although the differences on 
these limited numbers were not statistically dif- 
ferent, the f a t  covering tended to be higher for 
the whey- and lactose-fed animals. No con- 
sistent pattern was evident fo r  grade, dressing 
per cent, or  rib eye area. 

I n  Trial 4, the addition of whey or  lactose to 
a growing ration increased ( P  < .lo) rate of 
gain. There was no difference in the 0.25 or  
0.50 Ib whey levels. The feeding of lactose was 
not equivalent to feeding whey, but lactose did 
stimulate liveweight gains. 

The data fo r  the four trials were pooled for  
the control and the 0.50 lb level of whey. When 

the data were pooled, the increase in rate of 
gain mas significant ( P  < 0.5). 

The results of these trials would indicate that 
whey addition to both fattening and growing 
rations is beneficial in increasing animal per- 
formance. I t  has been shown in vitro that 
lactate yields a higher level of propionate than 
other sources of carbohydrate on fermentation 
by ruinen inieroorganisms (2).  Since lactose 
would be readily fermented to propionic acid, 
i t  is possible that the benefits are mediated in 
this manner. 

WALTER WOODS 
AND 

WISE BURROUGHS 
Department of Animal Science 
Iowa State University, Ames 
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E X C R E T I O N  O F  P R O G E S T E R O N E  AND ITS METABOIrITE,S I N  MILK,  

U R I N E ,  A N D  F E C E S  

The excretion of C" in  urine and feces, after 
the administration of C1'-labeled progesterone, 
has been studied in a number of species. Riegel 
et al. (3) reported in 1950 that in a mouse ap- 
proximately 50% of the injected progesterone- 
21-C" activity was excreted in the feces in 48 
hr. The order of magnitude of this fecal ex- 
cretion in rodents has been amply confirmed. 
Gallagher et  al. (1)  and Sandberg and Slaun- 
white (4) have demonstrated such excretion in 
the human and have shown in the human that 
relatively more excretion occurs via urine than 
feces. Gassner et al. (2),  in a study in cattle 
using a labeled progesterone derivative, 17- 
hydroxyprogesterone-4-C", found 40-68% of 

' Scientific Article S o .  d1009, Contributio~~ no. 
3397, of the Maryland Agricultural Experiment 
Station, Dairy Sr ie~~ce Department. Si~pportetl in 
part by Agricult~tr;~l Rewnrch Service Regional 
Pro.irrt NE-41. 

the activity excreted in the feces and 1.2-5.4% 
excreted in the urine in somewhat over 100 
days. I n  all such studies a considerable amount 
of activity has remained unrecovered. Auto- 
radiographic studies (5) in rabbits and goats 
have shown a marked uptake of progesterone- 
4-C1' or its metabolites in lactating mammary 
glands. This finding suggested that milk might 
serve a s  a route of excretion for  progesterone 
or its metabolites and the present study was 
conducted to test this possibility. 

A Holstein cow in moderate lactation (fifth 
month) and pregnant (third month) was in- 
jected through a jugular catheter with approxi- 
mately 65 pc of progesterone-4-C1' in 6.6 ml 
of propylene glycol during a period of 1 h r  
and 40 min (9 :30-11:lO AM).  Complete collec- 
tions of urine and feces were made separately 
and each milking was collected separately. Total 
milk and urine volumes were recorded and 
500-ml aliquots of milk and 1,000-ml aliquots 



of urinc, \\-(.IY~ t;11ir11 1'111. c,st~.acti~)n. Tot;il I'eccs 
I'or a c ~ ~ ~ l l ( ~ e t i o ~ ~  1)criotl wc,~.o slt1rric.tl wit11 water, 
\vc~igl~c~tl, and :III nliclnot t:~kcn f o r  extraction. 

,\I1 S ; I I I ID~( ,  ;~licluots \vclrc ta1;c.n to ;ll)proxi- 
n~:ttcly 1'H 1 with conct~utrntc~d IIC1. ~ 1 1 1  erlual 
ro l tu~~c ,  of 111c~tI1i1no1 \\.:IS ;~dded  to the nlill; ali- 
cliiots ilnd all ;~ridifictl ;~liqnots were rcxlluxed 
:3 111.. i \ f t r r  cooling, (.:1(211 s a n ~ p l e  was extracted 
fo11r tin~c>s wit11 200-1111 VOIUII IC~ of CIICl, and 
tl>~.chtb t i ~ r ~ c s  ~vitll 250-1111 VO~IIIIIPS of ether. TIIP 
co111l)in(~c1 r s t~ . :~c ts  ~ . c ~ r e  talten to drynrss in  a 
I.o~:II:\.  csval)o~.:itor :rncl ta1ic.n up in rollnting 
solntion to :L lalow11 volume. Tile s:unplc~s \verc3 
c.ou~~tcvl in :L liqnicl scintil1:ltioo s y s t t ~ n ~  ant1 
c lnc~~~c . l~ -ror~ . (~r t (~d  wit11 a n  internal standard. 

Then perc.(.ntage of injec.tc.tl dose rc~eovrrctl 
in (xael~ c.ollertion o f  nrinc, feces, and 111illi is 
sl1on.11 ill T;~l)le 1.  I t  is in~n~cdia tc~ly  sew tll:~t 
tl~ost, 1~~s11lts ~ v i t h  I)~.ogeste~.o~~e-4-('" ;tre s in~il i~l .  

1 '1~1~ 
- -- 

Milk 
- - 

11.11:i 

0.01 

< o.(ll 

< 11.01 
...... 

< 0.CIli 
p~ - 

to  t11v v;~lues f o r  ~ w i n ~  : ~ ~ i d  C(1eos f o u ~ l d  in  
r~)clents ~ v i t h  progc~stemne and  i n  cat t le  with 
17-l~yilrosyprogc~sterone. The estrelnely s n ~ a l l  
recovery in 111ilI; ind i~ ; i tes  t h a t  milk i s  of no  
inrl~ort ;~ncc~ in the- rxert.ti1111 of' p~.ogesteronc, o r  
its ~nc~t:il)~)litt~s. T l ~ i s  is ;III  ilnpol.titnt 01)serv;l- 
tion, since c;~ttlcb a re  nsually pregnant  and  
Ia r t ;~ t ing  s i ~ r ~ n l t ; ~ ~ ~ t ~ o n s l y .  Thesc~ da ta  also indi- 
cat(, t11:1t thc, 111 i l l l l l 11 ;11~  gland 1ll)ttIke ot' pro=- 
c ~ s t c ~ ~ . o ~ ~ e  o h s c ~ ~ ~ v c ~ l  is not. 111~. I . V S I I ~ ~  01' cxs~retory 
~"'0"''ss"'". 

\\-AI.T~:I~ F. \VI I,I.I.I.II s 
I ) I ~ P : I I . ~ , I I I I ~ I I ~  01 '  1)ail.y Scicl~cc 
IVnivrrsity of . \ l ; t rgl ;~~~d 
('oll(pc! 1'm.l; 
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P,\IIT.OCT J . ' R ~ A I  NI;c'L~;.\R THSTI~TI: tion : I I I ( ~  to urge thcb :~pplicntion of those eoun- 
J L ~ ~ ~ ~ ~  l,eople :Ire eollcerlled allout possible t(.nnfi~sur(~swhich scrln appropriate. The COIII- 

c.Olltiullill:ltioll ( , f  tllr ~ ~ t i ~ ~ ~ y ~  footl alld Illilk ~llittt'e nl.gcBs the avoidilnce of independent 
supply ,,.ith fallout fro,l, lluclear ~ ~ o u n t c r ~ ~ ~ ~ ~ ~ s u r e  action. Kot infrequently, such 
c,.L.+.. :letion inrolves the use of counter~neasures as- 
LIcaLJ. 

Our Inilk and food arc not in danger today 
fro111 such contamination. Radiation levels are 
still hc~low Ute point of any serious concern. 
Conservative cstinlates place the daily consunlp- 
tion of Strontium"" in our rntire diet a t  the 
lo\vclr levels of Ranre  I1 of the Federal Radia- 
tion Council's re<>lnmended standards and 
guidcs-coniiderably heloli- the levels a t  which 
~pcvia l  countc~rmeasures mould be cons~dered. 

Milk represents one of our Nation's most im- 
portant foods. It forms a ~ n a j o r  par t  of the 
tlict of infants and growing children. I t s  con- 
. ; u ~ ~ ~ p t i o n  by teen-ngers and pregnant n~others 
is highly de5irable. I t s  nutritional elements, as  
the Food and Sutri t ion Board of the National 
Academy of Sciences pointed out, would he 
difficult to replace without considerable added 
I . Y n ~ n C I 0  . ..l,. "Y".  

Even with the :~bundant food supplies avail- 
:11)le in this country, the n7hite House Confer- 
cnce on Youth in 1960 reported that over 30% 
of our teenage girls lack sufficient calcium in  
their diet. The diets of 20% of the boys in  the 
same age group were likewise deficient. These 

\oc.i:~trd with risks approaching or exceeding 
those of the contaminant. Often, such action 
1s incffcctire in reaching the objectives sought. 

T l ~ r  Public Hcalth Service is  keeping a con- 
tinu:~l match on the levels of radioactivity show- 
ing n p  in vegetables and daily products. It is  
their conclusion that  a t  the present levels we 
will all be murh better off drinking ~ni lk  and 
eating vegetables as  usual, rather thnn reduc- 
ing our consumption of these essential foods. 

Much of the public discussion of fallout haz- 
ards has centered about the radioisotope Stron- 
tiu~n"". A review of available research studies 
indicaates that detrin~ental effects of Strontiumw 
hnvr never been observed in humans. There is  
no c-videncc a t  this time of Strontiumw damage 
to humans, and specifically there are  no rc- 
ported casrs of bone cancer or leukemia in iuan 
caused by Strontiu~n'"'. Esperiments with small 
laboratory animals have shown, however, that 
Strontiumw can produce injury when consumed 
in sufficiently large amounts. It is, therefore, 
prudent to assume that people might also be 
injured i T  exposed to significantly large quan- 
L.L. 

cleficien>ies coiild cause more serious conse- 'lzles. 
qnt.llccl< than prcseut levels of radioactive con- I n  tile current concern for  the consumption 
t n ~ n i n a t i n n  of radioactive n~aterials in our food supply, <.,.....*.*"."Am. 

jletlical all(l public 1 ~ ~ ~ 1 t h  authorities have emphasis must be placed on the serious limita- 
been concerned for timc tllat Inany people tion that  exists in our lrno\vledge of measuring 

lllight give up drinkillg Inilk or eating essential the effects of radiation on the biological system. 
footls for fciLr they ),e corltalllillated 111 this limitation also applies to measure- 

~h~~ kind ,),' could (lo lnent of all causes and effects on living organ- 

f a r  trlore 11nr1n to 1ie:llth than the infinitesimal 
anlounts of radioactivity found in some foods. 
This concern has 11rc.11 esl)rcassed by such :nl- 
thorities as  Dr. Iluthrr 1,. Trrry, Surgeon Gen- 
crt11 of t h ~  Public 1I(.i1ltli S(.rvice; Dr. Dontlltl 
I<.  Chad\v~cak, Chief, Ilivision of Radiologirzd 
Ilcbalth, Pitl)lic Henltll Scr\ic~e: Dr. I I e r~nan  11:. 
IIilleboe, Commissioner of Ilr:ilth, State of New 
York: and Ilr. Cvril L. Con~:~r.  Bioloaist. Cor- u , -  
I I V I I  finiversity. ' 

The National rlclvisoiv Com~nittee on Radia- 
tion, co~nposed ol' aut~rbritics in the fields of 
t~~t~tlicinc, puhlic I~r:~ltli, and health physics, has 
stilted t11:lt there is n tendt.ncy of certain groups 
of the population to ~nake  their own interpre- 
t : ~ t i o ~ ~ s  of pn1)lishcd levt4s of mdiocontamina- 

Isms. 
I n  111ost casrs, me can measure and know the 

effects of relatively large doses of radiation on 
a matumal. Experitnentally, we can reduce 
thclsr doses and observe that  the reaction de- 
creases. But  we usually find that  we can reduce 
the dose to a level where our present experi- 
mental techniques are not capable of revealing 
the results. 

Doses of radiation that ~ e o p l e  may be re- 
ceiving from fallout are f i r  below the 1evc.l 
that prodncrs effects we can measure or observe 
a t  this timr. Therefore, (.\;art answrrs cannot 
IIC given to questions on the effects of present 
fallout Ic~vrls. How can \\r(l conclude that an  
extremely low level of radiation may or may 
not he harmful to, say, one person out of a 
hundred thousand o r  one person in a million? 

'I-'rcscnt(-11 : ~ t  tllc Sit11 A\li~iunl RIeeti~ig of the TTTe just cannot measure such tninute effects. 
. \ I I ~ I , I I ( . : L I ~  LI:~iry Seic~lre Association, University Can we, o r  should we, :~c+cept the minute pos- 
of  JI:ir?.lan~l, College Park, J u n e  20, 1982. sillility of damage-the unmeasured possibility 
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of harmful effects associated with fallout a t  
current levels, or even with considerably higher 
levels? We certainly have precedents galore 
for learning to live with hazards of this mag- 
nitude in  our environment. 

What about the countless highway and 
traffic accidents and the resultant mortality? 

Do we know the effects of smog, or the ex- 
cessive use of tobacco or alcohol, or the ex- 
tended use of reducing diets, mixtures, and 
fashionable food fads ? 

None of these seems to produce the public 
concern or excite the interest of newspapers 
and popular magazines the way radioactive 
fallout does. The current reaction toward fall- 
out is not consistent with reaction to other 
hazards in our environment. There may be 
special explanations for the attitudes that some 
people seem to have developed toward radio- 
active fallout, but some of them are extremely 
difficult to defhe. 

Much of the concern with the radioactive 
fallout is due to a mystery psychology-a fear 
of the unknown. People know only that this 
something is quietly and invisibly dropping 
from the sky. 

I t  is well to remember that radiation has al- 
ways been with us. Life on earth has devel- 
oped to its present state (good or bad) amid 
continuous natural radiation from rocks, soil, 
and outer space. Dr. Edward Teller, atomic 
scientist of the University of California, and 
known as father of the H-bomb, points out that 
the average American gets an annual dose of 
cosmic rays averaging .034 roentgen per year 
a t  sea level. People a t  higher altitudes, spe- 
cifically Denver, get a larger dose of .05 roent- 
gen per year. Compare this continual exposure 
with that from world-wide radiation from fall- 
out. Dr. Teller points out that the bones of 
humans average .003 roentgen per year from 
Strontiumm. He estimates that a t  these levels, 
a person is not apt  to receive over a 1-roentgen 
dose from this source during his lifetime. This 
indicates that we get about ten to 20 times the 
amount of radiation from cosmic rays that we 
do from Strontiumm. Dr. Teller calculates that 
people living in brick houses may receive more 
radiation from the radioactive material eon- 
tained in the bricks than from current levels of 
Strontium"". 

FALLOUT FROM A NUCLEAR ATTACK 

A nuclear attack on this country would pro- 
duce fallout and radiation problems much dif- 
ferent and many times more serious than those 
resulting from nuclear testing. 

A conscientious historian has found that 278 
wars have been waged by man from the time 
of Columbus' discovery of America until the 
beginning of World War 11. Since then, small 
and large conflicts have been numerous in  all 
parts of the world. War appears as  the most 
common means of accomplishing man's lust for 

power or iniposing his olvn desires or philos- 
ophy on a people. 

Each age has faced the terror of the ultimate 
weapon-from the wooden club and the cross- 
bow to cavalry, gunpowder, tanks, and planes. 
Now we face the threat of nuclear weapons. 
War in the 20th Century with rockets and 
nuclear devices no longer confines its threat to 
the individual, the family, the village, or even 
the nation. Today, war is a threat to the world. 

I n  the meantime, however, we must find ways 
of defending ourselves against an all-out nuclear 
attack and means of minimizing its effects. 
Such a nuclear attack against this country 
would create many difficulties. Our agriculture 
and food industry would be faced with some 
special problems-including food production, 
food processing, and food distribution. Cer- 
tainly, the maintenance and safety of our food 
supply is one of the lnost vital considerations 
in any national emergency. 

Among our major concerns in food produc- 
tion following a nuclear attack would be the 
provision of a safe, adequate food supply. We 
would want to do everything we could to save 
our important food resources from the effects 
of radioactive fallout. 

What is radioactive fallout? It is the dust- 
like material created when a nuclear bomb ex- 
plodes close to the ground. Thousands of tons 
of earth and other materials rise in the mush- 
room cloud and combine with radioactive debris 
from the bomb. Fallout is a mixture of melted 
and unmelted grains of soil. Radioactive atoms 
produced during the explosion condense into 
and onto these particles to form the radioactive 
fallout. 

The danger is the nuclear radiation emitted 
from this fallout. The predominating nuclear 
radiation hazard from fallout is the gamma ra- 
diation which travels through air from particles 
lying on surrounding exposed surfaces and 
ground areas. This radiation can pass into and 
through matter. As i t  does, i t  can change, dam- 
age, or destroy living cells through a phenom- 
enon known as ionization. 

Fortunately, although ionization does change 
living cells and other materials, i t  does not 
make the affected cells or materials radioactive. 
Once the source of the radiation-thc radio- 
active fallout-has been removed, the irradiated 
materials are safe to handle or to eat. 

The primary concern should always be to 
keep the (gamma) radiation exposures to hu- 
mans as low as possible-for example, to pro- 
tect the dairy farmer and his family from this 
hazard. This should be followed by efforts to 
protect the livestock from this hazard. 

On the dairy farm following a nuclear attack, 
the dairyman would initially be concerned with 
the effects on milk production. Since most live- 
stock would be outside the range of the initial 
effects of the weapons, the main question would 



be how much radiation the animals had been 
exposed to. 

Many of the dairy animals would likely be in 
the open. They would receive radiation damage 
from external sources. They would also ingest 
radioactive materials of fallout that would con- 
taminate pastures and other growing crops. 

Other animals would be in a barn or under 
some cover and would be fed from reserve food 
supplies that were uncontaminated. I n  this 
case, our only concern would be how well the 
cover had protected the animals from external 
gamma radiation. 

And finally, there would be animals under 
similar cover but fed from contaminated feed 
supplies. Here again, the possibility of damage 
from both external and internal radiation would 
have to be considered. 

You can see that we would face two sources 
of radiation hazards-an external source ac- 
companying the arrival of fresh fallout in an 
area, and an internal source from contaminated 
feed and water consumed. 

The major external hazard is due to gamma 
rays. These are similar to X-rays-penetrating 
and capable of traveling some distance from 
the fallout where they originate. Our major 
problem with fresh fallout would be protection, 
through adequate shelter, against these rays. 
They are produced in large part by the shorter- 
lived isotopes; the intensity of gamma radiation 
decreases in a relatively short time through the 
process of radioactive decay. 

The gamma-producing isotopes can also cause 
an internal hazard by contaminating feed and 
water. 

But the internal hazard arises also from beta 
particles, or rays, emitted from the longer-lived 
isotopes. These rays travel only a short distance 
in air and only a few millimeters in tissue. 
Protection against their external effects is rela- 
tively simple. However, once beta-particle 
emitters are ingested, they can, while inside 
the body, continue to emit radiation which dam- 
ages the surrounding cells. 

Thus, in our efforts to protect livestock, we 
must be prepared to deal with two needs: 

First, we must protect against the immediate 
hazard from gamma radiation long enough to 

TAE 

Percentage of mortality of unsheltered animals 

allow the fallout to decay to less hazardous 
levels. 

Second, we must protect against the per- 
sistent hazard from consumption of contam- 
inated feed and water. 

Let us look more closely a t  these two threats 
from radiation and the means we have for 
dealing with them. 

First, the external hazard. 
Tolerance to radiation varies among species 

of animals, as well as among animals of the 
same species. All domestic animals, however, 
have a similar response to total body irradiation. 
Few, if any, will die following exposure up  to 
250 roentgens and few, if any, will survive 
after brief doses of as high as 1,000 roentgens. 
The smaller the dose and the slower the rate, the 
better radiation can be tolerated. Body size 
seems to have little to do with survival, although 
very young or very old animals may be more 
radiosensitive. 

I n  the case of livestock, acute total body 
radiation exposures of 500 to 600 roentgens 
provide a mid-lethal dose-that is, the amount 
that would be expected to kill half of a large 
group of exposed animals within 30 days. 

Poultry have more resistance. Their mid- 
lethal dose is about 900 roentgens. Incidentally, 
in addition to being more resistant, poultry are 
usually raised under shelter and fed stored feed. 
So they would offer one of the more dependable 
sources of fresh foods of animal origin after a 
nuclear attack. 

There would be some danger of external ra- 
diation damage to animals from the principal 
internal hazard-the beta particles. If they 
come into actual contact with the skin and re- 
main for an appreciable time, a form of radia- 
tion damage ~eferred to as beta burns will re- 
sult. The outer layers of the skin could receive 
a large radiation dose from the beta particles 
and in some circumstances this might cause 
serious burns. 

Limited experimental evidence and field test- 
ing indicate that animals that fail to develop 
beta burns will ordinarily escape serious ex- 
ternal radiation injury. Animals that sustain 
exposure intense enough to produce beta burns 
but live longer than 3 wk or a month fall into 
the same category as those without burns. 

af ter  24-hr exposure to various radiation doses 

Mortality 

Species Exposure dose (roentgens)" 

Cattlc 650 600 550 450 300 
Sheep 700 GOO 525 450 350 
Swine 800 700 GOO 450 350 
Poultry 1,200 1,100 900 600 400 

Exposure dose in area where livestock and building are  located. 



Initially, the grei~test fallout hazard to ani- 
mals would be the gamma rays. 

The n~ost  valnable protection against gamlila 
rays wonld collie fro111 keeping livestock under 
adequate cover a t  least during the first critical 
24 to 48 hr-and longer if possible. With 
sufficient nlass of shielding n~aterials between 
the ani~n:~ls and the fallout, only a little of the 
radiation fro111 gamlna r:rys would penetrate 
into the sheltered area. 

Distance would also afford some protection. 
The farther animals were from the source of 
radiation-the radioactive fallout-the less the 
exposure would be. 

The value of shic!lding in preventing death 
:1nd sickness ainong n11i111a1s would be greatest 
in areas exposed to acute radiation doses about 
equal to the average 111id-lethal dose. (See Table 
2.) Eve11 a t  low radi:~tion intensities, however, 

against gamma rays as  1 f t  of e ;~ r t l~ .  About 
one-fourth of the new dairy barns being built 
today in the large northern dairy states are of 
the high-roof type (Gambrel or Gothic) with 
overhead hay~nows. The niost effective protec- 
tion would be found in underground I)asements 
such a s  we find in bank barns. Milking cows 
should be given the niost protected 1oe:~tion in 
the center of the barn. This rrould be the safest 
~ ) l ; ~ c e  for  t l rc?~~~,  as  well as  a t t en t l i~~g  1)ersonnel 
who do the ~i~i lk ing.  

Protection n.gainst light fallout would be pro- 
vided by open hay storage buildings and pole 
structures fo r  livestock shelter a n d ,  feeding. 
Even a shed without sides would give some 
protection. 

If' t l ~ r r c  are enough l~uildings to house only 
some of the anin~als, the others should be put  
in a yard, near farill buildings. Large protected 

TABLE 0 

Effect of slleltcr on the mortality rate of livestock" 

1<i11(l of l\lortalit!- rate I)?. l~atnrr  of shcltcr 
lircstock - -- 

ant1 Rasemo~~t- 
r n ~ l i : ~ t i o ~ ~  T~vo-story t ~ p e  barn 

t.sposl~rc~- Ijarn wit11 with loft f~ l l l  
~~~~sl~(f i l tc~rc( l  Tiglrt \\.oo11('11 loft full of of hay (pro- 
(lose (110. of I)nrn (protcv- 11ay (protcc.- tectio~i fac- 
roc'tltgells- tion factor tion fnrtor tor of tell 

ollck ~ l : ~ y )  XI)  ~ l ~ ( ~ l t ( ~ r  of two) of five) 
-- .- 

or more) 

('nttlc. -A(';) 

500 30 0 0 0 
1,000 11111 30 I I 0 
3,000 l u l l  100 SII 0 

IIogs 
500 :+(I 11 I> o 

1,ooo 11111 311 o I I  
3,000 1011 100 50 0 

Sheep 
500 :< S 0 0 0 

1,000 1 I111 3 s  0 0 
3,000 10(1 100 S I I  0 

Poultry 
500 I n n u o 

1,000 ti4 10 0 0 
3,000 100 100 00 0 

' The reduction of radiation by sllclter is deseril)c~l :is the protection furtor. For example, 
if the protection factor of any given structure is two, t l~en tile intensity of outside mdiation 
is rcdnced by one-half. I n  f:~lloot areas, one-half o r  ]nore of the railiatiol~ wonld be released 
after the end of the first day. 

there wonld h(. so~iie beneficial effect from 
shelter. I t  would help to prevent fallout from 
con ta~~~ inn t ing  the animal's coat and would 
~ n ~ n i ~ i i i z e  the hazard of contaminating herds- 
111en and livestock handlers. 

An efreetive barn fo r  fallout protection is  
the multi-story building with a loft full of hay 
or draw,  and soil or other qhielding material 
I~anked against the sides of the building. Ten 
feet of h:~led hay \\.ill give as  much shielding 

schlf-l'ccders and autolnntic waterers could be 
an  important source of uncontaminated feed 
and water under these conditions. 

Construction plans are available through 
State Extension agricultural engineers f o r  a n  
elaborate dairy barn and family fallout shelter. 
Although coustn~ction of this type is  costly 
and does not lend itself to  efficient operation, 
sucli a facility might be considered fo r  protec- 
tion of highly valued breeding stock. I t  is  de- 



signed ill accord:~nce with iiiilk production 
ordinancc.~. Here are solrle of the features of 
this plan : 

1. A year-round production unit requires 
rr~inimurn change for  emergency use. 

2. A built-in family shelter allows the oper- 
ator to care fo r  animals during a fallout 
emergency. 

3. A11 stored feed is inanuallv accessible in- 
side the barn. 

4. Stored hay and straw are used fo r  shield- 
Ing. 

5.  Other livestock could be temporarily 
housed, fed, and watered inside. 

6 .  An ausiliary generator assures electric 
pourer. 

7. The water supply pump is inside the barn. 

Such a facility mould not be practical f o r  
most farmers, but, a s  we have seen in areas of 
moderate fallout, good use of the usual facilities 
found on farms would do much to provide pro- 
tcction against the external hazard from radia- 
tion. 

Let us turn now to the problem of protecting 
livestock froiir the internal hazard. 

Many different radioisotopes are created by 
a nuclear explosion. Most of them are of minor 
importance, because the amounts are  small, 
their half-life is c,xtreniely short, or  they do not 
find their way into the food chain where they 
could affect man and animals. 

But  four of these isotopes are capable of 
entering the food chain and contaminating 
crops as well as foods of animal origin. The 
four are Cesium1", Iodinelsl, Strontium", and 
Strontiumw. Each presents a different problem. 

Cesium'" is chemically similar to the essential 
element potassium. When consumed and ab- 
sorbed, this radioisotope is found primarily in 
the soft tissues. However, like potassium, it is  
not retained long in the body and is rapidly 
secreted in  the milk or excreted in the wastes. 

Iodine'" is the radionuclide of primarg con- 
cern when one considers the short-lived nuclides 
of public health significance. Because of its 
sin~ilarity to ordinary iodine, this isotope can 
accuniulate in the thyroid gland and is also 
secreted in the milk from dairy cows. Iodine1" 
has a relatively short half-life of eight days and 
would be the major internal hazard during the 
first 60 days following a nuclear attack. 

There are considerable day-to-day variations 
in the average level of Iodine1= in milk. Values 
have varied on occasions by a factor of about 
two. This is  not unexpected, however, a s  Io- 
dine'" is rapidly transferred to milk (within 
24 h r ) .  Shortly after detonation, the Iodine1= 
content of both air  and rainwater may vary 
rapidly. Uncontaminated rain could cause rapid 
reduction in the 10dine'~' content of growing 
forage crops. 

There are 110 practical ways a t  the ~uolnent 
of preventing a cow from secreting radioactive 

iodillc i n  her mill; if s l ~ e  is allolved to consumcl 
feed contmninated with this radionuclide. I n  
fact, up  to non*, this has not been a fruitful 
:]venue for  research. The answer is to prevent 
the cow from consuining radioactive ~naterials- 
or :it least lninii~lize the a.mount ingested. Lim- 
ited studirs have been mad(, on cornparing radio- 
iodine in the milk of barn-fed wit11 pasture-fed 
tlairy herds. One such study i1idic:tted that the 
lcrels of radioactivity froru worldwide fallout 
in milk from barn-fed anitnals were essentially 
~londetectable, ~vhereas tlie secretions and ex- 
cretions of pasture-fed cows contained several 
radioactive isotopes, including lodine'"'. 

Studies have further sho~vn only negligible 
quantities of Iodine'" in milk after herds have 
been on iodine-free feed for  as a short a period 
as fire to serrn days. 

COUKTllllIEAiSUIIES 

Counterlneasures against fallout contaminants 
include those actions and procacdures that would 
result in reducing or e l i ~ ~ ~ i n a t i a g  the exposurc 
of tlie population to the haz;trds of r:tdioactivcb 
~llatcrials. These procedures should hc directed 
to the source of the contamination, to the mech- 
anisln that transmits it, or to the substance in 
which it gains access. 

Countern~easures u-ould be taken only after 
rcbhponsiblc authorities had carefully evaluated 
the situation and declared a state of emergency. 
The decision would not be an  easy one. Medical 
assessment of the probable damage from radia- 
tion would have to be balanced against the cost 
of the decontamination Irleasures, the resulting 
reduction in available food supplies, and the 
eronon~ic and soeial dislocations resulting from 
the action. 

Countermeasures could be drastic, or they 
could involve changes in generally accepted 
farming practices. Some measures could be 
simply an  irnprovenlent over local conditions 
and procedures. Some countermeasures could 
result in reduc~ng the contaminant by only a 
s~nal l  factor, but a combination of several of 
these measures could provide the necessary re- 
duct~on. 

Protect ing feed trntl touter from fallout. The 
principle of protecting stored feed and water 
from fresh fallout is simple : prevent the fall- 
out from getting mixed into these materials. 
They niay have been irradiated-but if the 
fallout did not conic into actual contact with 
them, or if the fallout were removed-they 
would not be radioactive. They would he safe 
to eat or drink. 

Since early radioactive fallout is dustlike in 
coharacter, initially i t  provides a surface con- 
tamination of thosc things upon which it falls. 
JVe can keep i t  out of feed and water in much 
the same way that we would keep out ordinary 
dust-by placing a cover over them. And the 
fallout could be removed from some food prod- 
ucts just as we get ritl of dirt or  dust-by me- 
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chanical 1.enlova1, such as washing, paring, 
vacuum cleaning, and brushing. 

Grain stored in a permanent bin and ensilage 
in a covered silo would be adequately protected 
against fallout. The contents could be used as 
soon as a farmer could safely get into the area 
to handle them. 

Livestock creep feeders, self-feeders, and 
covered feeders could protect essential feeds 
from fallout. Bunker and trench silos of all 
types-if adequately covered-could also pro- 
vide protection. 

A haystack in an open field could be pro- 
tected by a cover such as a tarpaulin. When i t  
is safe for the farmer to leave his shelter, he 
can carefully remove the cover and remove 
the fallout. 

Many materials, such as uncovered haystacks 
and piles of farm produce, could be safely used 
if the contaminated outer portions were re- 
moved. 

Water stored o u t s i d e i n  stock water troughs, 
for example- should be covered with any mate- 
rial that will normally keep out dust. Larger 
fann ponds and lakes would, of course, be diffi- 
cult, if not impossible, to protect. 

As time passes following an attack, con- 
tamination of ponds and lakes would become 
less and less of a problem. The dilution of the 
radioactive fallout in the water and its adsorp- 
tion by clay on the sides and bottom of the lake 
would be effective in  reducing the hazard below 
that of the surrounding land. 

Water from covered sources such as springs 
and wells would be essentially free of con- 
tamination, even where the fallout was heavy, 
and could be used with confidence for man and 
animals. A good protected water supply from 
a well or spring, distributed through troughs 
and automatic livestock water fountains, would 
provide an excellent continuing source of safe 
water for  animals. This would be especially 
useful during the initial emergency when the 
livestock owner might be confined to a fallout 
shelter and would not be able to attend his 
livestock. 

After the first critical 24 to 48 hr  following 
an attack-or when outdoor work periods could 
be safely scheduled-livestock could be given 
short periods of exercise in areas or yeards 
that did not contain excessively contaminated 
vegetation or water. When it was no longer 
practical to keep animals off contaminated pas- 
tures, supplemental feeding with uncontam- 
inated feed should be provided as fa r  as pos- 
sible. 

Iodine'". Iodine'" is present in relatively 
large quantities in fresh fallout. I n  dealing with 
the problem of Iodine131 contamination in milk, 
the ideal approach is the use of preventive or 
protective measures a t  the farm or production 
level-to try to keep i t  from entering the milk. 
A dairy farmer, therefore, should confine his 
milking animals to the barn before fallout ap- 

pears in the area and provide uncontaminated 
forage and feed. Since radioactivity from 
Iodine1" largely disappears from materials after 
a 60-day period, the dairyman could use forage 
and feed that had been stored for a t  least 60 
days after exposure to fdlout. Freshly con- 
taminated forage could be fed to nonmilking 
stock. Concentrate mixtures prepared on the 
farm should be made up of grains harvested 
before the fallout or stored for 60 days or 
longer if fallout is extremely heavy. 

The problems associated with this require- 
ment would vary by season, geographical loca- 
tion, dairy practices, and available facilities. 

Iodine13' contamination of milk -rvould be 
lninimal in the northern states from fall to 
early spring when dairy animals are not usually 
on pasture but are normally housed and barn- 
fed. 

In  those areas where dry lot feeding is prac- 
ticed, there should be little contamination of 
milk. Also, in those sections where a large part 
of the dairy ration is imported from other 
parts of the country, the delay in feed move- 
ment would result in feed of extremely low 
contamination. 

Increased storage facilities would be required 
on some farms. 

I f ,  despite all precautions, fluid milk supplies 
should become contaminated, a number of steps 
could be taken to avoid danger to consumers. 
Since Iodine1= decays rapidly, delayed mar- 
keting is a key to safe usage of contaminated 
milk and dairy products. 

FLUID M I I X  WITH HIGH CONTENT OF IODINE'~' 

Suppose the contamination of milk supplies 
with Iodine1" was localized. Milk from other 
areas could be brought in for immediate con- 
sumption, and the contaminated milk could be 
processed and stored for later use. This meas- 
ure would require a large, efficient field organi- 
zation with a monitoring capability to assess 
the Iodine"' content of milk a t  production level 
and the levels of contamination in local areas. 
I f  contamination was widespread, however, this 
procedure would be impractical. Consumption 
of fresh fluid milk would have to be deferred 
until radioactivity was reduced to safe levels. 

FLUID MILK WITH RELATIVELY LIGHT 
CONTENT OF IODINE"' 

If contamination was relatively light, storage 
for eight days might be adequate. (Eight 
days of storage would reduce the radioactivity 
by 50%.) Today's pasteurized homogenized 
milk should maintain its quality for this period 
at  usual refrigeration temperatures. I t  is pref- 
erable that this storage take place before de- 
livery to the consumer. Normally, three to four 
days are required for milk to reach the con- 
sumer. Few plants today have facilities to store 
milk for eight days. To do so would generally 
exceed available plant tank capacity and re- 
frigerator facilities. A few plants could hold 



milk for six days. In ge~leral, industry would 
have to prepare specifically for the application 
of this counterlueasure. 

FROZEN FLUID MILK 

For high rates of contamination, storage for 
30 to 60 days might be necessary before Iodine"' 
was reduced to safe levels. Storage for 60 days 
would reduce the radioactivity to less than 1%. 
Freezing of packaged milk in paper cartons 
for storage prior to delivery would be one way 
of handling the problern. The frozen producat 
would be thawed before delivery to the con- 
sumer and the consumer would have no respon- 
sibility for keeping tracli of storage time. Stor- 
ing frozen milk for 2 to 3 wlc would provide a 
decrease in the Iodine '" by 70 to 85%. During 
the period when fresh n~ilk supplies were not 
available, reconstituted dry milk or evaporated 
milk collld be safely used. 

At the present time there are few freezing 
facilities at fresh milk plants. I t  is estimated 
that unused freezer space in public warehouses 
is available to store about one billion quarts 
of 111illc. This indicates the feasibility of storing 
single-strength milk as a possible counter~~lcas- 
urc for Iodine'"'. This space is quite well dis- 
tributed by population density and at  least 
three-fourths of the available space could be 
effectively utilized: The use of ho~ue freezers 
could also-hc eonsidered. 

Any of these marketing modifications would 
be difficult; ne~~ertheless, they could become 
neeewtry. There should be no destruction of 
milk conta~~linated with Iodine1=. Since its 
half-l~fe is ihort, the milk could be processed 
into products such as butter, cheese, powdered 
milk, and canned mill;, and stored long enough 
to allow decay to take place. 

PROCESSED &fII~I< 

The use of powdered whole milk, powdered 
slrimmilk, ahd canned evaporated milk would 
proyide safe products. 

About 3 to 4% of our total fluid milk pro- 
duction is processed into evaporated milk. Of 
this, about 10% is consumed by infants up to 
six months of age, and the balance is utilized 
in home use. Industry ~naintains an even dis- 
tribution across the country, and evaporated 
milk is sold in every state. The in-transit time 
to reach consulners is about two months. This 
nould '~rovide nearly 100% reduction in the , - 
intake of Iodine'". " 

I t  is estimated that of the infant group that 
is bottle-fed on milk. about 60% are on evaDo- 
rated milk. About 35 to 37%'kse commercial 

two hillion pounds, of which over 200 million 
pounds are p:~ckaged for consumer use. The 
rest is used in bake$ goods, other dairy prod- 
ucts, prepared ~nixes, 11rc.at products, candy, for 
gorernincnt purchase, and other n~iscellaneous 
uses. IIcre again, because powdered ~nilk can 
be stored for a considerable tinre, the reduction 
of Iodine'"' intake could be considered to be 
almost 100%. 

Stroatit~tn". As the first few ~uonths passed 
follo~ving an attnclc, Strontium'" would take on 
new significance. Decay of the shorter-lived 
isotopes would leave Strontium" as the prin- 
cipal material of radioactive contamination. I n  
addition, the extrcn~ely srnall particles contain- 
ing Strontium" that had been carried into the 
stratosphere would be gradually reaching the 
earth. 

In  contrast to Iodine13', which ha2.a half-life 
of eight days, Strontiumw has a half-life of 
28 yr. I t  would be present in our environment 
for a long time. 

Furthermore, strontiunl gains entrance into 
the food chain, where it behaves much like cal- 
cium in soils,. plants, man, and anirnals. Some 
of the stront~um in fallout collects on plants 
and is absorhed. S O I I I ~  washes into the soil 
and remains in the top several inches of un- 
cu1tivatc.d lands almost indefinitely. From here, 
it is taken up into the plants along with 
cnlciuln. 

il close relationship between rainfall and the 
mean Strontiunl"" content of milk has been dem- 
onstrated in 110th this country and England. 
Rainfall is the principal mechanism for de- 
livery of Strontiumso to the ground from the 
upper levels of air. 

When dairy anitllals eat contaminated plants, 
a small wart of the radiostrontium--only about 
1 %-is secreted in milk. A very small part 
goes into ~nuscles, and n part collects in the 
bones, where i t  remains for a number of years. 
So far, strontium does not seem to be a prob- 
len~ in relation to our water supply. 

S t r o n t i u ~ n ~  is similar to Strontiumso, except 
for a shorter half-life of 53 days. 

Saturally, it is as important to protect a 
cow's feed supply from strontium as from 
iodine, but the problem must be attacked dif- 
ferently. 

Some protection against strontium could be 
gained by adjusting crop production practices. 
For example, adding lime or gypsum to highly 
acid soils and fertilizer or organic matter to .  
infertile soils could reduce strontiu~n uptake 
by plants as much as 50%. 

liquid or powdered products, which are about ALTERING DAIRY CATTLE RATIONS 
20% powdered milk. About 2 to 5% are on 
fluid ~nilk. Research studies clearly show that the level 

of Strontiumo0 contamination of milk will de- 
POWDERED MILK pend upon the amount of calcium and strontium 

The production of powdered whole milk is in the ration. 
extremely limited. Powdered skimmilk produc- I n  an environment contaminated with Stron- 
tion in the United States annually runs about tiu~n*~, rations for dairy cattle can influence 



the StrontiulllW contchnt of milk. Fo r  maximum 
effect, one should, in principle, reduce the plant 
e;~lciuun to :L tnininl~lt~l and increase the illinera1 
calciuln to a ~naxinrum. Fo r  exainple, a diet of 
grass hay, corn, and inorganic calcium would 
provide less stroi~tium for  the animal than a 
divt of l(.gurnes, clover, lespedeza, or alfalfa, 
which are good sources of calcium but which 
would contribute :I greater amount of strontium. 

There would scctm, h o ~ e v e r ,  to be little to 
gain in sirnply adding mineral ca lc iu~~l  to an  
othenvise adequate dirt. First ,  any dietary 
~~~odifications \vould have to be carried out con- 
tinnously over a reasonithly long period of time 
to permit adaptation of' the animal. Secondly, 
it would he difficult to get a dairy cow to ea.t 
Illore than 200 to 300 g of ealciun~ per day, and 
higher levels 111ight be inadvisable from the 
standpoint of the health of the animal. 

By adding 2 or 3%, CaCO, or other suitable 
calciu~n compounds to concentrate nlixtures fed 
to dairy anim;~ls, the' average calciurn intake 
would he just about clouhle. -4s an alternative 
practice an  c~quivalcnt anrout~t 111ight he added 
hy the fan11c.r at  thr Ilrangcr. This an~oun t  of 
extra, calciulrl should not cause adverse long- 
tin~c. effects, provic1c.d enough phosphorus is 
arailable in the ration. 

1,inrited field studips indicate that thcrc is 
a rcllationship between the econon~ic status of 
thr farm and the arnount of worldwide fallout 
in the milk produc.cd tli(.reon. Fo r  example : 
dairy aninrals maintained on f a r ~ n s  with fertile 
l:rnds, good pasturcw, under good aniinnl hus- 
halldry and farnting pr,actices, will produce 
illilk with less radioi~ctive lodine and Strontium" 
than the animals reared on f a r m  of a low eco- 
no~nic level with poor 1;rnd and undesirable 
farming practicths. 

These studies also silo\\- that improving the 
dairy anilnal's ration to increase its milk pro- 
duction will also tend to reducc the radioactive 
iodine aontent of the milk. 

Therc. a re  further colintermrasures that could 
he useti a g a i n ~ t  Strontiumw if it was present 
in the soil in nlr~ounts that constituted a serious 
hazard to the health of Inan. But  these countcr- 
measures are drastic-for example, deep plow- 
ing to place the strontiuin below the root zone, 
renioval of ground rover such as mulch or sod, 
o r  scraping fields to renrore the top several 
inchc~s of cwntaminatecl soil. 

Fortunately, the l~retaholic processes of 170th 
inan and animals act to reduce substantially 
the amount of strontiu~n deposited in the bones 
of man, rolnpared with the amount originally 
prr5ent in the vegetation aiid in the soil where 
it grows. 

This protection ir~echai~ism i.3 ineasured by 
the tern1 discrin~ination factor and refers to 

the nntural prc4erenc.e that a biological s y s t e ~ ~ ~  
h:ls fo r  calcium over strontium. Relatively 
nlore calcium than stroutium is carried along 
as these minerals nlove together through the 
food chitin from thr  soil to the plant, the11 
through the hody to their resting place in the 
hones. 

Strontiunln0 and calcium are very sintilar in 
hehnvior, hut Strol~tiu~ii" moves niore slolvly 
in l~~etabolic processes and across ~neillhraner 
in I I I : I ~  and anin~als. The niagnitude of dis- 
cri l~~inntion may he snrall in a single metabolic 
pu)c(>ssbut,  by a succession of such processes, 
each one ~nagnifying t h ~  preceding one, sub- 
sti~lrtial discriminntion does result. 

111 lnilk, the discrimin:~tion f;~ctor opnates  
t\vice. Thc biological s~lstem of the co\\- screens 
out over 90% of the s t ront iu~~r  from entering 
the. ~nilk,  and the biological systenl of man 
scrcvns out still more of the strontium froin 
c~ntrring the bones. 

Although 70 to 80% of the c;~lciu~n in the 
;Ivrrage diet in this country collres from tnilk 
;\lid chctise, ealrium fro111 thest. 5ourec3s carrirs 
less t h a i ~  50% of the Strontiut~l*' associated with 
our foods. Plant foods-g1.;1ills, vrgetablcs, 
fruits, etr.-furnish ahout 159 ,  of the calci~ur~ 
hut, hrci~use thry arc, consu~r~c~d dirwtly, they 
furnish over BOYo of the total soil-derivrtl 
S t r o n t i ~ u ~ ~ ~ ' .  

Tht. Food Prott~ction C'orn~nittc.~ of the 
I"ood ;rnd Sutri t ion Hoard, Satiollal Bcadt.my 
of Scitinces, has recently rrported that "Jlilk 
has 1)et.n the single food itcm iltost often used 
fo r  an:~lysis as an indicator of environ~nental 
rndioror~tan~in;~tion. This is hernuse nlilk is 
produc.rd regularly year-round; is convenient 
to handle, hulk or aliquot; can be obtained so 
as to represclnt slnall or large areas; and does 
contain the most i~nportfirlt radiocoiltail~inants. 
I t  must he cliiphasized, however, that the ntost 
inrportant parameter is the level of contalnina- 
tion of thr total diet. The use of milk as ail 
indicator food does not imply that  a decrease 
in the consu~nption of inilk would result in a 
dcxcrease of the total Strontiuin*' intake. Foods 
suhstituted for  illilk would probahly result in 
higher intake of Strontiumuo hecause of thtt 
higher S t r o n t i u n ~ ~ / c a l c i ~ ~ ~ ~ l  ratio in such foods." 

This point is drainatically e~nphasizcd in a 
study hp  R u l p  and Schulert (Science, N a y  18, 
L362), showing that  in 1960 hulnan bones fronr 
persons in cities in South An~crica contained 
levels of Strontiums0 about one-half as great 
as those analyzed from cities in the Northern 
Hemisphere, yet the fallout in the Southern 
Ilemisphere is  only about one-fourth that in 
the Sorthern Hemisphere. This is attributed 
to the difference in diet, with a higher ~n i lk  
component in the So~, thern  1Ie1nisphere. 

Research on auiti~:rls indicates that a hody 
well nourished wit11 respec*t to ci~lcium does 
not rvtain as IIIUC'II s tsontiur~~ :IS thc hody de- 
ficient in ralcium. 



STROTTIITM~~ XElIOJ-AL FROM MILK 

A pilot plant research project for  relnoving 
radioactivity in milk is being conducted coop- 
eratively by the Atomic Energy Commission, 
the Puhlic Health Service, and the U. S. De- 
par tn~ent  of Agriculture. This study lvas ini- 
tiated in the fall of 1959. I t  was justified by 
the work of Dr. hIigicovsky, Canada Depart- 
~uent  of Agriculture, and scientists of England 
and thr University of Tennessee, Oak Eidge, 
whrrr raciioaetivity \\,as rcnloved from milk 
on a laboratory scale. The present work is 
being conducted in the 1)iiiiy Products Lah- 
oratory a t  the Agricultural Research Center in 
Bcltsville, Maryland, and a t  the Puhlic I-Iealth 
Engineering Center in Cincinnati, Ohio. 

\Ye are justifiably plrascd with the ihccom- 
l)lishn~el~ts of this work to date. It was only 
il couple of years ago that seine of thc coun- 
try's leading dairy rrsrarch scientists wrre ex- 
trrnlely pessil~~istic about the practicality of 
t.(~tnoving Strontiu~n"' from milk without l ~ ~ a j o r  
cli;~nges in the rnilk composition. 

In  the newly developed process, milk is passed 
orer an ion exchange resin. This procedure is 
111uch like that acco~n~lished in the water 
softener fonnd in niany ho~r~es  today. A sirnilar 
process has hcen used in the past in the produc- 
tion of low-sodium milk. 

I t  was founcl that the removal of strontiuln 
from Illilk conld he increased from 60 to over 
90% hy first acidifying the milk from the 
nor111a1 pI1 of 6.6 to 5.4. After its flow through 
the ion-cxchange resin, the milk is then neu- 
tralizrd hark to its originill p H  of 6.6. This is 
followed hy high-temperatul.~, short-time pas- 
teurization, and flash c.ondc,nsation in a vacuum 
par1 to rernore the excess water added during 
thr acidification and nc.utmlization. Then the 
milk is homogenized. Tests show no appreciable 
change in the chettliral composition or in the 
taste of milk processed by this technique. 

The pilot plant studies a t  Beltsville include 
:t tixed bed resin colu~nn installation and a 
moving bed resin contactor. 

The fixed hed rc~sin c.olmnn installation was 
designed to procrss approximately 100 gal of 
t ~ ~ i l k  an hour. Thc rolu~nns must he regenerated 
when their capacity to remove radiostrontium 
falls off. Therefore, any fixed bed installation 
nlust necessarily contain a number of columns 
so that as one column is removing radiostron- 
tium another is being charged or  regenerated. 

The moving-bed resin contactor handles the 
problems of resin regeneration, cleaning, steri- 
lizing, and strontiu~n re~uoral  i n  a continuous 
Illanner. 

The process has been designed so that there 
is a minimum change in the major components 
of milk. This gives reasonable assurance that 
the ion balance in milk will not he affected to 
any a.pprrciahle degree. The process does in- 
crease thr citrate, potassium, and sodium ions, 
and removes the stable strontium ions. 

More laboratory research is required on sev- 
eral important aspects of the process. While 
this work is being undertaken, scientists also 
plan to study the co~nmercial application of 
this proinising procedure. 

A study is now in progress to determine the 
natritional cjualitics of the processed lnilk and 
the effects of possible changes in composition. 

The microbiological problems that might be 
associated with thc resin treatment process are 
also heing investigated. 

Uetern~inations rnnst be rnade on finding out 
what possible additives the resin could convey 
to the milk. 

Rulings  nus st also be made on necessary 
changes, if any, in ~n i lk  regulations, if the dairy 
product con~position is changed by the radio- 
riuelide re~noval process. 

Intensive research ~vill  continue for  modifica- 
tions ant1 i~nprovemel~ts in the removal process 
that would rc~duce its cost or siniplify its ease 
of oprration. 

SCIIIMARY 

111 :I large Ineasure, responsibility for  pro- 
tecting the Kation's food supply in a nuclear 
enirrgcncy rests on far~uers  themselves. Since 
110 one kno~vs where hombs might be exploded 
or where winds rrriglit cariy the fallout, i t  is u p  
to Earn~ers everywhcro to he prepared to pro- 
trct their livestock and other agricultural re- 
sources. 

A fariner needs to ltnoa the require~nents for  
safeguarding anilnals and for  producing sa.fe 
animal food products. Then he can review his 
buildings and furn~ing practices and be better 
prepared for  protection if an  attack comes. 

I t  was pointcid out that there are already 
available on most farms a nuli~ber of facilities 
that could help protect livestock and feed. 
Except in highly contaminated areas, if these 
facilities were used to advantage following a 
nuclear attack, fa.rmers ~vould experience much 
less loss and would be in a better position to 
produce adequate supplies of healthful food. 
There are also procedures and practices that 
the producer and processor can take to provide 
safe dairy products following an  emergency. 

There arc, of course, many questions that .rvc 
still cannot answer. Further studies are con- 
tinuinr and should nrovide increased under- 
standing in this field- 

Research is being carried out by the U. S. 
1)epartnrmt of Agiculture to develop more 
knowledge about protection from fallout, 
whethri* i t  is created by nuclear attack or  ex- 
tended bomb testing. I n  addition to the work 
on the removal of radioactivity from milk, 
there are four other ioajor research areas, 
including : 

1. The study of the ll~overnent of isotopes 
through the soil and into the plants, and 
the means by which this ~novr~rrcnt can he 
altered or ~ninimized. 
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2. The study of the ~novc~nient of radioactive 
iwtopes from conta~ninated feed to milk, 
:tnd the lneans of altering this movement. 

3. The rffccts of both the external and in- 
tcwlal enntters on the biological system 
of the dairy anirnal. 

4. The decontamination of soil. 

Other research in both public and private 
institutions is ;IIVI ai~ned a t  developing inethods 
of prot~ctin:. agninqt radioactive contamination 

ill our foods. As ~\ .e  hare scc11, there are a 
n u ~ ~ ~ b r r  of ~nrthods that can be considered fo r  
nsr under c~llrrfirncy conditions. As the re- 
s c~ ;~ rc l~  continues, tho fund of dependable knowl- 
rtlge in this field is  growing. 

k:lnphasis is made of the importance of mak- 
~ I I X  :I determined effort to gain new knowledge 
: I I I ~  to see that  good use is inade of what we 
11:lvc. This will provide a protective shield 
th:tt is vital to our dairy industry, to our food 
~~c~sou~.c.es, and to our national defense. 

EFE'ECTS O F  lZAI>IOA\("TIT'H ( 'OSTAMINATIOS O F  THE 
EST'IROSMEST OX I'URLTC HEALTH 

L)ONAI,D R. CHADWICK 
Division of Radiological Health, Ti .  S.  Department of Health, Education, and Welfare 

Washington, D. C. 

The development of iiurlear energy has cre- 
ated a new and uncertain element in ~nan's 
world. Rapid progress is being inade in peace- 
time uses of this form of energy. On the other 
hand, there is the possibility of destruction with 
nuclear weapons if morltl peace cannot be 
maintained. Retween these extremes, the best 
and worst possible uses of nuclear energy must 
be considered. 

Since all radioactive ~natcr i t~ ls  enlit energy 
which has the power to  d:t~nnge living tissue, 
it is  obvious that  attention nlnst be directed 
toward preventing undue rndirttion exposure 
in man. The energy emitted by radioactive ma- 
terials can affect inan in two ways: By radia- 
tion originating from a source outside the body, 
and by exposure resulting fro111 radioactive 
materials taken into the body. The external 
radiation hazard is much the easier to control, 
since we have insti-u~nents which can nreasure 
the hazard a t  the time it exists. The internal 
radiation exposure problem, however, is a 
much more complicated one. 

Most of the radioactive material gets into 
the body either through breathing or swallow- 
ing. A large pa r t  of these materials gets into 
our bodies through thr food we eat and, for  
this reason, internltl radiation is a matter of 
eoilcc1rn to agriculture. The dairy industry is 
rspcoially interested, since milk is one of the 
niain foods through which certain radioactive 
substances are  ingested into the body. A t  this 
point we should consider the sources of radio- 
activity in milk and other foods. 

So7~rccs of vadionctivity. Our environment 
has always conta.ined some radioactivity. Radio- 
active potassium, radium, and other trace inate- 
rials occur in varying concentrations in differ- 

Prcsrntctl : ~ t  tile 5 i th  An11u:xl Meeting of the 
American 1):lily Science Association, Uuiversity 
of Maryland, Collegc Park, J n n r  20, 1962. 

ent foods in differrut areas. I n  recent years 
there has been addcd radioactivity because of 
man-made radioactive materials. Products of 
the fissioning of uraniurn and other nlaterials 
have been appearing in food. 

The fragments that result fro111 the fissioning 
of uraiiiuni a ton~s  are unstable. They achieve 
stability by giving off excess energy through a 
process of radioactive decay. Some of these 
substances quickly lose their radioactivity; 
others much more slowly. The term half-life 
is used to relate different radioactive materials, 
a half-life being the I ~ n g t h  of time during which 
any :~nlount of a specific radioactive material 
loses one-half its radioactivity. Thus, Iodine'"' 
has a half-life of eight days, whereas the half- 
life of Strontiu~n"" is 38 yr. 

I n  peaceful applications of iiuclear energy, 
fission products are largely contained. However, 
these n~i~ter ia ls  are relensc.rl to the general en- 
vironment when nuclear weapons are tested 
above ground. 

I n  detonations of nuclear weapons above 
ground, large quantities of radioactive mate- 
rials are deposited in the at~nosphere. This ma- 
terial is carried by the air currents and even- 
tually deposited as fallout on the earth, often 
brought down by rain. These particlvs can enter 
man and ani~nals through air  inh:~ltd o r  through 
drinking water, a s  well as with footl. However, 
investigations by the Public He;tltll Service 
have shown, fo r  example, in Strontium", that 
less than 10% of the total intake fro111 fallout 
results from air  and water. I n  general, foods, 
including n~ilk, a rc  the principal source of in- 
t:~ke of fallout radio:~etivity. 

Foods may be eonta~ninated directly by the 
fallout particles being deposited on the edible 
parts, or certain of the nlaterials may be ab- 
sorl)ed from the soil through the root systein 
of the plant. This radioactivity may reach Inan 
clitl~cr 11y direct consiuniption of conta~ninated 



c2rol)s or, indirrctly, through thc, consu~nption 
of contaminated forage hp cattle, the secretion 
of these materials in milk, t h m  consumption hy 
111a11. 

The relative contribution of difiercnt items 
in tlie diet to the total intiiktr of radioactivity 
by ~ i i i ~ n  depends upon the specific radionuclide. 
Iodine'" tends to occur early in fallout and 
prohi~hly reaches man allnost esc~lusively through 
liquid niilk. This is especially true of the crit- 
ical age-group, i~ i fants  and children. Other 
foods do not appear to be important sources 
of radioiodine, probably because of the period 
of time which elapses between the contamina- 
tion and the time the food is  actually consumed. 
Since milk is an  essential food for  infants and 
other young children, and the weight of Inilk 
consumed by them is high in rc~lation to their 
hody weights, the conta~nination of milk with 
radioiodine during the first 60 days after nu- 
clear attack would be primarily a problem of 
thyroid injuqr to young children. 

S t ront iu~n~ ' ,  on the other hand, ean reach nlan 
through a variety of items in the diet. Some 
studies by the Puhlic Health Service and others 
indicate that ~ r~ i l l i  and other dairy products 
!nay acrount fo r  approxilnately 50% of man's 
intake of this radionuclidc. StrontiurnS0 is po- 
tentially the n~os t  dangerous nuclidc to man 
that is formed in the fission reaction. Studies 
on the geographical distrihution of the Stron- 
tium"" released into the atmosphere indicate 
that the majority has remained in the temparate 
zonr of the northern hemisphcre. S t r o n t i ~ m ' ~  
has il long physical and biological half-life and 
is l)~.orluced in relatively high yields in the 
f i ss io~~ reaction. 

Cl~t.mically, strontiurn and calcium are sin& 
Iitr, sincc. t h ~ y  are in tlie samc! group of the 
pcfiriodic tahlr, hut physically they differ, since 
strontiuln is about two and on(?-half times as 
11t~nvy as  calciun~. Therc? are several discrim- 
in;~tion steps against the uptake of S t r o n t i u ~ n ~  
ill its passage from the at~nosphrre to the hones 
in Inan and, iippnrently, this is due to the dif- 
frrc'11cc1 in pllgsiaal properties of the two ele- 
lllPllt~. 

I'HN v ~ o ~ ~ i t o r i ~ r g  progrums. A s  fission prod- 
ucts snch as Iodine.'"' and Strontiunr'"' began to 
appear in foods in snlall quantities, it soon 
I)rc;.~nt, apparent that a systtam was nredcd fo r  
\videspreatl ~nonitoring of radioactivity. Since 
.\pril, 19.56, the Puhlic Health Service, in 
cool)w:~tion with statr  iund local hcaltl~ agencies, 
has col~duc>ted :t n:~tionmide air-monitoring net- 
\vorl< to providr rarly information on potential 
r;-,diatio~~ cbsposurcL of the population. The sys- 
~ ~ I I I  no\v consists of 67 permanent sampling 
stations, a t  xvhich daily s ;~n~ples  arc collected 
I'or ;L check on gross rndioactivitp of the air. 
111 :itidition, a nu~nher  of special stations rnon- 
itor radioac~tivitp levels near roactor sites. 

111 1967, the I'nhlic Health Service undertool; 
to Illcbasure the innounts ol' ri~dioactivc~ tission 

products in food. llilli was the first i t en  se- 
lected to hc surveyed. At  present the Service 
maintains a nrt~vork of over 60 stations repre- 
senting rnillr consnmrd by about 347' of the 
1)opulation. Each sanrplr is a composite of 
plants supplying not lcss than 90% of the milk 
supply of the city where the sample is taken. 

Recently, the Srrvice initiated a total d i d  
sampling progranl a t  30 hoarding schools 
throughout the country. I t  has also contracted 
for the collection of teenage and infant total 
diet samples in 30 cities, to he analyzed fo r  
radioactive strontium content. I n  addition, the 
Public Health Service has a network of 343 
stations lnonitoring general a i r  and water pol- 
lution. The Food and Drug Administration 
has also expanded its program of monitoring 
levels of radioactivity in food. 

A11 pertinent quantitative and qualitative data 
obtained from Federal surveillance systems are 
published regularly hy the Public Health Serv- 
ice in the monthly technical report, Radiological 
Health Data, compiled by the Division of Ra- 
diological Health. To reduce the time lag? prqc- 
essed tabulations of gross beta activity in alr, 
water, and precipitation and tabulations of 
Iodine'", StrontiurnW', and StrontiurnqVevels in 
~nillr a re  sent to health officers each week. Be- 
cause of widespread public interest, gross hrta 
activity in air is ~rladc available to the puhlic 
press on a daily basis, and radioactivity levels 
in rnilk on a monthly basis. With each monthly 
release, special effort is made to provide simple, 
objcctive interpretations of the data.. Many 
state and municipal health agcncic.~ are tidopt- 
ing similar practices. 

As we have seen, lnilk has been used f'ro~n 
the very beginning as an  index food in the 
radiation survclillance program. Milk is a n  
i~nportant source of information on humi~u 
intake of many signitic.ant radionuclides fro111 
the environ~nent. There are several reasons fo r  
this : (1) Alany of the radionuclides considered 
to he of principal health interest occur in inilk. 
Tnderd, milk is often the most importar~t source 
of' t t ~ c  ri~dionctive material in the diet. (2)  
Milk and milk products represent n significant 
part  of tlie diet fo r  ;dl age-groups, and a very 
large portion of the total diet in infants and 
c:hildrc.n. (3 )  The production of milk through- 
out the country at  all seasons permits a con- 
tinuous s n r ~ ~ i l l a n r e  program showing both geo- 
graphic and timr variations. 

The Public Healtll Service is fully aware of 
the difficulties htling experienced by the mill; 
industrg and realizes that part  of this may be 
dull to concern created by the release to the 
puhlic of data from its pasteurierd milk radia- 
tion survt~illance net\vorli. To help give the 
public a better understanding of the over-all 
situation, the Serv~cc: issues frequent state- 
111mts and press rc~lcases, and utilizes radio and 
telr~vision in its rfforts to allay unwarranted 
:~ r~s i e ty  about tlie fallout situation, as it affects 



food. Some state and largc municipal health 
dc~partments are following similar practices. 
The Service is also intrnsifyiltg its efforts to 
(letennine whethrr a food index systein can he 
devised and developed n.hic11 wonld supple~irent 
~nmsurements in spc.aific foods. This ~vould de- 
pend on devc~lopment of data which mould per- 
lnit il meaningf'nl estin~atio~i of total intake of 
radioactive n~aterials from an~ lys i s  of index 
foods, including milk. 

The levels clirrently present in agricultur:~l 
products and food are very low; they arc, in- 
(teed, llieasurahle only hrcausc. of rc~uarltable 
devcloprnents in Ilistrurne1ita.tio11. Tn rilost cases, 
measuremc~~t depends on the character arid 
amount of radiation ctnitted, and prior chein- 
ical separation may not be necc~ssal.;v or possible. 
Since the analytical proceclures :&re expensive 
in man-hours :md erlnipinent, routi~ie analysis 
or n~onitoring of all foods is not currently 
feasihle. 

Riologicctl eflecls of rtrr7itrtio1s. As we have 
stated previously, mitm is now being csposed 
to increasing an~ounts of artific.ially produced 
ratliation. I n  addition, 1 1 ~  has i ~ l ~ r a y ~  been sub- 
ject to some ra.diatio11 fro111 11:1tui.:11 sourecs. 
We are constantly bring bot111~11~ded by cosnlin 
rags from outer space and ~ ~ y s  fro111 rsdioac- 
tive 1na.terials in the strurture of our buildings. 
in our bodies, and in thr foot1 xv(! eat. Man i~ntl  
lower forms of life havc. drvrloped in the pres- 
ence of such iiatunil s o ~ r ( . ( ~ s  in spite of any 
radiation dan~agc. th:rt I I I R ~  have heen present. 

On thc other h a ~ ~ d ,  we know that (.xcessivc~ 
radiatiou exl~osure ran hl'ing about sufficient 
damage to cause death. Our linowledge of ra- 
diation effects co111es fro111 obsc,rvations on 
individuals over-exposed to radiation in tlie 
early years following the discovery of X-rays 
and radioactivity, from ohsc~rvations on pa.tients 
treated with radiation for  various disease con- 
ditions, and from animal research. 

Fro111 these ohsen~ations we have leitrned that 
individuals who rt,covc,r f1.0111 tlie acute c~ffects 
of large acute doses oC radiation, o r  who have 
accumulated rcllatively large doses of radiation, 
may after many years suffer certain long-term 
effects. These effects may orcur either in the 
exposed individual, the so-called somatic effects, 
or in the offspring of individuals exposed prior 
to the birth of the childre~t, the so-called genetic 
effects. 

Studies have shown that relatively large ra- 
diation exposure increases the incidence of cer- 
tain types of cancer in man. I t  is also lrnown 
from experinlent:tl evidence tha.t radiation ex- 
posurc? of the reproductire organs prior to 
reproduction will he aceo~npanied by an increase 
in gmetic mutations. These genetic mutations 
are in the lnairl harmful, and result in an in- 
crease in stillbirths, fetal deaths, and in con- 
genital ~ ~ ~ a l f o r n ~ a t i o n s .  

These effects have been noted after relatively 
large doses. The effects of s111nll doses are less 

c.lc;ir. The cvidt~ncc oil genotic effects indicates 
t , l~at  even srnall doses of radiation result in an  
incrc~nsed risk of genetic mutations. 

Any hiological effects from the particular 
prohle~n of internal radiation, mostly through 
the ingestion of foods, probably will depend 
Iargt~ly upon the ~.adioisotopc ingested. Some 
of these radioisotopes tend to coucentr:tte in 
certain areas or organs of tlic body. rllthough 
control activiticls are applicihle to id1 radio- 
nuc.1idt.s orcuring in the mvironment, particu- 
lar  attention is devoted to Iodine'"', Strontiu~n'~, 
:~ntl Strontiuln"'. Each of these has an  organ- 
selrrtive eharartrristic: the t,liyroid gland for  
iotline; bone fo r  Strontiumno and Strontium". 
C(.si~utl'"' is anothrr important product of nu- 
',l(.:tr testing, hut i t  doc.s not localize in any 
partit*ul:ir portion of the body. Radium2" is a 
natiually occurrir~g radionuclidt!, with :I scslec- 
tivity for hone. 

Thtl potential hi~zard of thest, nrdioisotopes 
d(~prntls Iitrgc~ly upon tlirir ~net:tboIic behavior 
in thc, hotly. Iodine"" is rnt.11 ahsorhed, collzots 
in th(b thyroid g l a ~ ~ t l ,  and is fairly rapidly re- 
111ovt~1 I)y ghysic.:~l tlecay and biological action. 
The two radioisotopes of s t ron t iu~ l~  are only 
pitrti:illy sbsorhed, but u~ost  of that which is 
i~hsorhed is tlrpositcd ill the skt~leton. Because 
it has a half-life of o l~ly  53 days, Strontiu~n"' 
soon clis:tpp(~ars through physic.al decay. Stron- 
timil"" is relnovcd more slowly by physical and 
hiologicirl proccLssrs7 and ~ubstantial  a i i io~nts  
of any Strontiunl'", oncct deposited, will be 
present throughout the life of the individual. 
'I'he rate of re~noval would be fastrr  in a grow- 
ing iadivitlual than in a n~a tu re  om.  Cesiuin1" 
is well nhsorhcd into the body, collects in inuscle 
rrnd o t l ~ ~ r  soft tissues, and enters cells in a man- 
ner sin~ilar to that of potassium. I t  is removed 
fro111 the body hy biological action, with a half- 
lift. of removal that has bc.c.11 estimated a t  nhout 
140 da.ys in man. 

Anlong the short-life isotopes, Iodind'l' stands 
out as  the most potentially hazardous. Iodine1" 
is a high-yield ratlionuelide and is so selectivel?r 
concentrated in the thyroid that i t  will gener:~lly 
result in the highest tissue dose in early fallout. 
I t  poses a particdular prohlem with respect to 
children, since it tmters the body largely through 
fresh inilk. Furthernrore, children are not only 
Illore sensitive to the effects of radiation on the 
thyroid than adults, but the radiation has greater 
effect because of the relative size of the glands. 
The infant t hvo id  weighs only about 2 g,  as  
con~pared to the adult thyroid, xvhich ~vt.ighs 
:tr.ound 20 g. 

Thc ritdioisotopcs of greatest long-term con- 
cern are, of course, Stt~ontiumoo and Cesiuni'"', 
which closely resemble 111 chemical proper tic?^ 
the physio1ogic:rlly vital eleinents, calcium and 
potassium, respectively. However, since Ce- 
sium'" has the relatively short biological half- 
life of 140 days, Strontium"" remains as the 
fission product of greater long-term concern. 



Radioactive isotopes of strontium when de- 
posited in the bono in very large amounts have 
heen shown to producc serious consequences. 
Animals given large amounts of radiostrontium 
have been observed to develop bone cancer. This 
isotope is  deposited in the bones of children a t  
:L faster rate than in those of adults, since the 
turnover of bone is greater in the growing skele- 
ton. But since radiostrontiuln is assimilated in 
the bones, i t  constitutes essentially no genetic 
hazard, for  its radiations do not reach the re- 
productive organs. 

Rtcdiation protection standards. Once it was 
understood that excessive radiation could have 
adverse effects on the body, standards for  ac- 
ceptable exposure were sought. I n  the early 
years these standards were based upon the 
concept of a tolerance dosr, defined as  a dose 
which, whrn received by cxposcd individuals, 
would produce no deleterious biological cffects. 
I n  more recent years, however, evidence has 
heen a.crumulating which casts doubt on thc 
assunlption that it is possible to detertnine a 
safe dose, particularly ~ ~ i t h  respect to the 
genrtic effects of radiation. 

Thus, the establishn~rnt of radiation protec- 
tion standards no\v involves the acceptance of 
:I certain risk of deletc.rious biological effect 
with any dose as  a standard. Acceptance of 
such a risk is  bascd upon bencfits to be derived. 
The benefits, such as  better health through the 
nse of niedic:il and dental X-rays or sources of 
power fro111 atomia energy, rtiust outweigh the 
1)otential rislc of radiation c.xposurr. Basic 
radiation protection standards involvc scientific 
data, hut the final dt~cisions are matters of judg- 
tilent. Such decisions involve passing judgment 
on the extent of possible health hazards society 
is willing to accept in ordtbr to realize the known 
henefits of radiation. JZan cannot entirely dis- 
1x3nse wit11 the use of ionizing radiations and, 
thrreforc., the prohletn in practice is to limit 
the radiation dosr to that which involvrs a rislc 
that is not unac.cept;~ble to the individual and 
to the population a t  large. 

Thr Federal Radiation Council was estah- 
lished in 1959 to advise the Presidrnt on radia- 
tion health ~natters. ant1 on the nolicv drcisions . " 
involved in basic ridiation protection standards. 
Met~~hers  of the Council arc the heads of the 
agenries most significantly involved with radia- 
tion, the Departnlent of Health, Education, and 
Welfare; the Department of Defense; the De- 
parttnent of Conlmerce ; the Depart~nent of 
Labor; and the iltomio Energy Conlmission. 

Rrcmt rt~c*ol~i~~~c.~tdatio~is hy the FRC pro- 
vide guidance in connrc.tion with environtnc~ntal 
contan~ination with radioactive materials. The 
guid: nee is in terms of three ranges of transient 
rates of daily intake, of radioactivr n~aterials, 
ilnd thc appropriate actions \vhic!h should be 
ti~lten \\-ithi11 these ranges. This system of 
ranges is intmded to replace thc use of a single 
nun~erical value. LZ conti~~uous,  o r  average daily 

intake, can be calculated which is esti~nated to 
result under specified conditions in whole body 
or organ doses equal to specified radiation pro- 
tection guides o r  radiation dose levels. How- 
ever, actual daily values fluctuate and the graded 
average intake concept is more practical. 

The Federal Radiation Council has rccom- 
mended thn.t measures limiting intake of radio- 
active materials should he considered when in- 
dications are that levels averaged over a year 
will he within Range 111. For  Strontiulllm this 
is 200 to 2,000 ppc total daily intake. Range 
I11 fo r  Iodine'" intake is 100 to 1,000 ppc per 
day, averaged fo r  a year." 

Some eforts to lower intalce. GovernmentaI 
and other research groups for  several years have 
heen studying  neth hods for  reducing the intake 
of radioactive substances. Some of these show 
pro~nise, especially for use in localized situa- 
tions such as in nuclear reactor accidents or 
liear nuclear test areas. 

Much of this resrarch is aimed a t  fyture 
impondrwbles which may increase environ- 
nlental rirdiation many tirnes over its present 
levels. Although fallout from the Russian tests 
has increased slightly this spring and more will 
be added ~ L S  nuclear testing continues, values of 
Strontiunl'" are not expected to be high enough 
to justify serious consideration of measures to 
reduce the intake of this radioactive substance. 
Severtheless, the prescnt situation calls f o r  a 
program of const;~rit surveillance and continual 
research to extend the boundaries of our knowl- 
edge of the biological effects of radiation and 
of ntc!itsurcBs which might be taken to reduce 
radioactivity intalcc by the population, if nec- 
ttssary. 

Of the two radionuclides, Iodine"' and Stron- 
tium*', the former is the most easily controlled, 
since it decays rapidly and within 35 days will 
he reduced to a sn~al l  fraction of its original 
value. Storing of foods such as occurs in the 
processing and ~ i ~ r l c r t i n g  of dry or condensed 
~nilB r(.sults in ' essc~ltially coirlplete decay of 
the ratlioactive iodine. Thus, by switching from 
fresh niilk to dry or evaporated milk the phy- 
sician has a si~llple ~ l~e thod  fo r  lowering intake 

" hutl~or's Note: According to a strrtcnleut re. 
1r;cscd Scptenlbrr 17, 1962, by the Fcrlernl Radi:~- 
ti011 Council, the R:ldiation Proteeti011 Guides 
establishctl for peaceful application of nuclear 
energy ware iiot intnlrled to set a limit a t  ~vhicl~ 
protcbctive ;letiou ag:tinst nuclear test fallout 
shoi~lrl be taken. When applied to fallout, the 
pui~lcs can be uucd as an indication of TVI I~ I I  there 
is a need for d(~tailetl evaluation of possil)le ex- 
posure risks and when tllcre is a need to consider 
\vllethor :illy protc,ctire action should be taken 
under all r ~ l e v a ~ ~ t  V ~ T C I I I I I S ~ ~ ~ C ~ S .  I n  the statcmcnt, 
the Conncil xdvisrtl that, indivirlual fallout situa- 
tions requirc individual evaluation before specific 
:cctiou is taken :inil t l~ :~t ,  on request, FRC would 
provitle advice to loc:~l authorities on specific 
situations. 



of rildioiodine l)y g o ~ u ~ g  children. Other n~eth-  
ods for  lovering intalie of this radioiluclide 
arc under invcstig:~tioa. 

I3ecanst~ of its long half -life, md ios t ron t i~~n~  
presents a much morr difficult pl.ohlem in Rnd- 
ing suitable countc~r~nras~~rrs .  Fo r tun i~ te I~ ,  
t11c.r~ is a protrctivc. ~nec . l~ ; l~~is~n termed the dis- 
c~ri~nination f:lctor. .Is thca strontium and cal- 
C ~ I I I I I  n~ove through the food c11;lin fro111 the soil 
tn the plant, through thc hody of the animal to 
the milk, and t11e11 throng11 thr hodp of Inan 
to its resting place ia the honr, relatively Inore 
ca lc in~l~ t h a ~ ~  strontium is left. The corn's hio- 
logical systr111 plays a large ])art in screrning 
out the strontiu~n prescut in vclget;~tion. 

I n  ;rddition to this natural discrin~ination he- 
tween calciuln and strontium, \~-ays are I~eing 
sougl~t to further lower the i ~ ~ t a k e  of this ra- 
diolluclide. Fo r  example, there is t.vidence, not 
yet fully accepted, that undrr usual frecling 
practice increased levcls of stahlc calciuln will 
decrc~i~se the retention of ingrated radiostro~l- 
t iun~.  The addition of caleiu~n to the soil uray 
hclp Ion-cr the uptalir of st~.onti~un by l)lants, 
sinec it has been found tlr;~t in rrgions \ v h r ~ ~ #  
soil and \v;iter ;we low in c.;rlciu~n, I~oth r ; r l c iu~~~  
and stmntium will hr 111o1.c~ reatlily tal<c>n ul). 

These Inensures need ~ n a c h  atltlitiolr;~l stutly 
hefore they conld he ronsitlrrrd t'or usr. Ho\v- 
ever, ainong possihlc methocis stutlied for  nsc3 
in ernergelicy situations, ollcL 1n:i.y soou he a t  ;I  

stage of development where it conld br, :rdoptrtl. 
This is  the ion-exchange proccss for  thc I.(>- 
moval of strontium frorli il~ilk. 

Develop~nent of the i o~~-exch ; l~~ge  pl.ocess f'or 
removing radioactive strontiun~ fro111 nlill~ \v:is 
undertalien as  a standhp lnei~sure Inore than 
2 y r  ago, in a cooperativca project p:~~,ticipated 
in by the Public Health Service, tht. Depart- 
ment of Agriculture, a11(1 thc .\tonlir, Rnc'rgy 
Commission. 

Since the initiation of the project, suhstan- 
tial progress has beell made. .Z pilot plaut was 
put  int,o experinlental operation a t  Beltsville, 
JIaryland, late last year. lllilB ron ta~~~ ina t ed  
with radiostrontiuln is passed through a bed 
of synthetic resin charged with n nlisecl solu- 
tion of ions-caleium, potassium, sodiun~, and 
magncsiurn1-present in ~nilk.  AS th(> nlilI< 1)asses 
through the colnmn, thc stroiltiun~ ions in the 
n~illc change places with the ions on the resin. 

An  important fcature of the process is that 
the acidity of the milk is adjusted, before pass- 
ing i t  through the resill col~ulu~n, from its nor- 
mal pI-I of 6.6 down to 5.4 or 5.3. At the nor- 
~ n a l  p H  of milk, most of thc strontium is bound 
by other milk constituents and is slow to be 
exchanged. A t  the lo\\- pI I ,  strontium is largely 
ronvertc,d to a solul~le a11c1 more readily ex- 
changeable form. 

.\t~out 90% of the 1.adioactive strontiuln in 
~ r ~ i l k  can 11e removccl. The process has heen 
tlevelol3ed to secure rnaxin~unl relnoval of Stron- 
tium"" without indncing sig~~ificant advcrse 

ch;~nges in the ~nilk's c11nnic;il cot~~position. 
phgsical stahility, or flavor. The ion exchange 
process must nolv he evaluated in a co~nmerrial 
scale install:~tion and additional rcsc>:~rch con- 
rlncted on nntritional ancl b;tcteriological ns- 
pccts. 

.\ltl~nngh the possihlr ronsrquentac~s of' ;my 
counterlneasure must he carefully xvrighed 
against the possi1)le g;tins, i t  is felt that the 
ion-escliange process s h o l ~ s  great pron~isr as  
one of sevcr;rl st;ind-l)?- ineasnrcs that could he 
used if thrre mere a clear nccd. It is believed 
that such a procsess ~vould hecon~e in~portaut 
in the event of a ilnclcar attack. Tn ail(1ition. 
it  night he used in case of' an  acacident in an 
i ~ t o ~ ~ ~ i c  enrrgy i~ l s t a l l :~ t io~~  r(3sulti11g in rt1lei1s~ 
of 1:l.rge anlou~lts of radioactivity, or n rastl!- 
i~~c r rnscd  contn~nination of the a t~nospl~rre  as 
the rrsult of a nncle:~r testing progranl of f ; ~ r  
grr;iter ~ ~ ~ a g i l i t n d e  than any country has untle~~. 
t:~l<(l~i to (late. 

TIo~x~c~vc~r, a t  its prosent stage of clevc~lopnrc~~~t 
ant1 a t  I ) I ' ( W I I ~  tand I'oresrc~ahle levels of radio- 
: i ( . t i ~ ~  s t~ .on t in~ i~ ,  use of the prorrss would ]lot 
~ ~ ~ o v i d ( l  sufiirirnt hc~nrfit to counterbalance tllr 
I1c~;tlt11 rislcs in l lern~t  in n inajor disruptiol~ of 
I I I ~ ~ ~ C  1)ro(luctioll and (1istriI)ution. 

Countcr~ne:~sures, llowcvcr, sllould not be it 
1)11rely govc~. l~~nent :~l  co~~ce ln .  Indnstq-, too, 
sl~oultl I)e giving tl~ought to developnient of 
~ ) ~ u c r t l n ~ ~ e s  t11:it could I)c invoketi withill its 
s t ~ ~ ~ c t u r c ~  ill the rvrilt of c811iergcncy. Tlle trch- 
1ri('i11 : t ~ ~ d  01.gnllizirtio11 resources of tlle tlaii7- 
ii~dustr>-, for  t~xan~plc,  could hc of c~onsidernble 
;issist:i~~ce in f1,:1111ing sta~idhy I I I ( ~ ; I S L I ~ P ~  that 
\voultl havt: the 111erits of t'c.;~sil~ility ant1 en- 
force;~bility. 

It is in11)ortant to rn~phi~size that drastic 
1nrdsnrc.s to control the: ail., water, and food 
supplies of largr 1)opnlation g ~ ~ o u p s  1nig11t hold 
thrrats to t~ralth n r o r ~  i ~ n ~ ~ ~ r t l i a t r  ; ~ n d  srrious 
thiln the inc.re;tsc.d risk i'ro111 thc mdiation ex- 
posure acconlpanyi i~~ 11uc2lrar tests. Bec:~use ol' 
this fact, federal, st;~tc,, anti local health au- 
thorities, and other aI)propriate officials anti 
scio~tific groups, arc concentrtiting their atten- 
tion on l)artienli~r ~ ) l . o h l e ~ ~ ~ s  that ]nay develop 
in particular arras. Iscforo ally action is talcen, 
tl~c! consec1uenc.c.s of' such actions ~vould be 
wrighetl carefully against tlic risk of ri~diation 
cxposul'o. 

Speci;~l 'aution should 1)c excfrcisetl in plac- 
ing any restrictions on the use of milk. ziccus- 
ing fingers have been pointed a t  mill; without 
proper regartl to tl~c. imp1ic:itions involved, with 
the result t11;~t the 1)osition of lnilli as  ill1 CSS~I I -  
bial foodstuff, in the opinion of the ,1111eric.an 
public, has been cluestioncd. Thc Public Hr;~ltll 
Srrvicle views with concc.rn thr actions of \vrll- 
irreaiiing hut unqualified i~~dividuals  or groups 
who are urging cnrtailulent o E  Illilk COIISII I I I~-  

tion. ~ \ n y  disruptioli of dietary pattenla, par- 
ticul;n.ly in children and infants, n ~ a y  Iiave 
serious health effects. 



l l i lk should continue to hca tho outst;inding 
so~ircc~ of ealciuni in the diet hrc;~nse the cal- 
caiu111 it supl~lies lias 11;ld ~nneli of' t l ~ c  strontiuni 
p r e s e ~ ~ t  in vegc~tation screened out by thc hio- 
logical systein of' tlir cow. Ij'urtherlnore, rcsults 
ot' ~~es t~a~.c l i  \\-it11 i ~ n i n ~ i ~ l s  indicate tli:tt a hody 
\\-ell  louri is lied \\-it11 I-espcct to cnlciuu~ docs not 
~*c.t;lin :IS niuch strontiu~n ;LS a body deficient 
in c.;llciu~n. I t  is al)pt~rcut, thereinore, that if the 
111ajor sourcc of dit~t;n.y e;lleium of' the United 
States were shifted ;LUX)- f r o n ~  n~i lk  to cereal 
01. regetable I I ~ O ~ I I C ~ R ,  t l l ~  pop~~latioii  might 

actn:illy he incrc,;~si~~g the rel;~tivr level of Stron- 
tiunl'"' in the diet. 

The atonlie rc~rolntion lias created Inany new 
and eomples p r o l ~ l e ~ ~ ~ s ,  including problems in 
public health. -2 tlerirahlc hal:~ncc between ra- 
di:ition 11nz:irds and r;tdi;ttion benefits can he 
111:~intnincd in thc. futnrc! through ;I rapidly 
strengthening systnn of nationwide control. 
Howchver, our best protection is a \\*ell-informed 
public, with federal, state, and local govern- 
n~rnt,s alert to t h ~  prol~lc~ni. \'igil~nc.c is still 
our hest protrction. 
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ROLE O F  STATISTlCAL lNFORl\ldTIOS IS CHANGING 
IIAIR Ir TNDUSTRaT I 

IT. C. TRP;I.OGAN 
St;ltistic.;ll 1icl)ottiug Sc.r\-iccb, ITSDAi, Wttshington, 1). C. 

I f  you mere given tllr c~11oic.e of one n.nd only 
one statistical series indicative of supply in 
the dairy industry, wh:~t would it he? Doubt- 
less, different responses would br forthcoming, 
in light of the varied intc.rcsts represented in 
this group. Some woultl tliinlr of cow numbers, 
others production per cow, total ~uill< pl'oduccd, 
or possibly Seed supplies, pasture conditions, 
ir~aybe hutter or c:ht~esc, output. Collsideriition 
of the question may in~prcss you with the f:~et 
that no single indicator c*oultl possihly satisfy 
the current need for  infor~ilation. One lnight 
a.1~0 be impressed with the variety of relc.vant 
statistical series i~vailahle autl surnlise why o r  
how t h ~ y  conic to be. .I conclusion might hv 
reaohttd that they arc, so nulncbrous as  to be 
c.onfusing. 

:\ first consideration in an c.valu>ition is to 
visualize the purposcls the statistics are inteniled 
to serve.. Dairy st;ttistic.s, like crop and live- 
stocl  estimates gencmlly, serve a varied clien- 
tele with diverse priiuary and secondary uses, 
so the statistics ir~ust l)e rc~gardcad as  ~nulti-  
purpose data. Among. the purposes are to en- 
able farmers to hargain intelligrntly for  prices 
or to plan production ellangrs; to c.nzible husi- 
llesstrlen to manage procuseulei~t, stocks, trans- 
portation, distribution, illid pricing on the hasis 
of infornred decisions; to ellable legislators to 
escrcisc judg~uent in est:lhlisl~ing ;~gricultur:ll 
policies; to provide adnlinistr;ttors with sta- 
tistics nc-eded to conduet governn~er~tal pro- 
gr:i111s; and to give. rc20nonlic+ a~~t t lys ts  the data 
rer1nirc.d to diixgr~ose the ills of all i ndus t~y  and 
suggest corrective Incasulys, as  well ;is to pre- 
p:ircb outloolc irlfor~nation regarding what to 
espc~rt  in the way of chnnges in supplies and 
prices. ?vIultipurpose data ~ ~ u u  the risk o£ not 
hexing eom~)letely satisfactory for  any s~ng le  
use. This situation confronts the user with a 
prohIc~111 of beco~r~iilg a r q u i ~ i n t ~ d  wit11 the dif- 
fcrcwt sc5ric.s and selecting those most suitcd to 
the nc.t?d a t  hand. 

2 \~~o t l~c , r  considcrtltion is the fcitsibility of 
gathering data that call be suln~r~arized with 
t1.11 ticceptahle dt~gree of accumc.y a r ~ d  timeliness. 
.It one time the ability to gr t  any data :it all 
was a dc,terrliining f;rctor, and this grob:~bly a,c- 
c ~ ~ l l t s  for the fact that tile oltlest continuing 
series or1 clilirying is on the 111u11l)ers iind v i~l l~es  
of milk cows and 11cifcvs 2 y r  old 01' older, 

which was started ill 1867. Currc,utly, this prob- 
lcnl might he better statcd as the ability to 
acquire the data a t  rc>ason:ihle costs; and ,costs 
must he ~ueasnred in terms of the ability and 
~villingness of those supplying the original data, 
21s \ve11 as the nlonetnry expenses required to 
:isseinhle the data. 
.i third considert~tion in evaluating a new o r  

proposed series is the net gain in information 
ohtainahle in light of the already available 
series. One facet of this point is the degree 
to which the new data can contrihute to the 
confirn~ation of accuracy or the internal con- 
sistency of a total e s t i ~ ~ ~ a t i ~ l g  program. An- 
other facet is  whether ttdditional data iln- 
prove the ability of users to forecast. A single 
statistic indicative of a czurrent supply situa- 
tion, no matter how :~c.curilte, is rarely useful 
in and of itself. The user alniost invariably 
needs comparable data for  past  periods, in 
order to judge the current situation, and he is 
~nost  liltcly to want supporting data to p e r ~ ~ i i t  
him to judge what is ahead and project his 
1)lans accordingly. 

ORIEN'PATION O F  DAIRY SP.\TISTIOS 

With these haclrground poiuts in ~nind, a 
strong rase can he 1ni1.de that milk production 
c~stinliltcbs  night he regarded as a central focal 
point fo r  juciging daily supply. A report en- 
t.itled Xilk Production, issued on the 11th or 
12th of each ~nonth,  gives c.stinlatc~s of n~i lk  
production during t h r  prec>ecling month fo r  3fi 
states and fo r  mainland United States. An- 
nual estimates of ~nilli production for  the United 
States have been issued since 1930 hut, ;IS you 
m:ty note, separate 111i1k production c.stimatos 
hp ~nonths  itre still unilvailablc for  14 states. 

Before passing judgment on whether this is 
a good record fo r  such an  inlportant st:~.tistic, 
it n~ity he well to consider Itow the estiinates are 
derived. Estilniites of monthly Inilk produc- 
tion are  the product of csti~liatrtl null~hers of 
n~i lk  cows ~ill~ltil)lied hy estin1atc.d prnduction 
per COW. ]+'or curt.ent esti~~lat('s, the rate per 
cow is b;~scd on the avertxgt: rntc reported hy 
fanners volunti~rily in mail surveys rach month. 
This indir:~tion is a t l j~~s t ed  fo r  the effect of 
S ; I I I I ~ ! ( :  srlchctivity rc,sulti~lg froin over-rcLpre- 
sc~nt:ttion of rcbl)orts ~ ~ I ) I I I  liigll-producing l~orcls. 

The estinlatrs of 111i1li C ~ T V  nlnnhrrs are hasc~l 
on se~~~ i t rnnn i~ l  su~.vc~ys of it sanlple of ~ ; L ~ I I I S  

fro111 ~ ~ h i c h  d;lt;~ i11.c ohtai~led on v:lrious c1;lsses 
of livc.stocli on I~and. l(y classifying dairy ani- 
lnals into 111ill< hcifc~rs undc1r 1 yr  of age A I I ~  

.? 8 
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1 to 2 y r  old, the data also give sol~le idea of 
Suture c.spansion or contraction ui the milk cow 
population. 111 somo states ({at;\ from a State 
I{'nr~n ('ensus or ilssrss~ncnt of Livestock are 
important indicaators of anl~nal  ehanges in milk 
eow numhcrs. 

The milk l ) r o d ~ ~ ~ t i o n  esti~nate also neecls con- 
f i n~~a t ion  on a short-term hasis and still fur- 
ther verification as henchmal-ks can he rstab- 
lished. Data for  thrse purposrs :Ire ohtained 
f'roni looking back toward the farm, to rsamine 
t~stitnates of factors of production, and from 
lookiiig fonvard to the ~narl;ets, to ~.saminc 
c,vide~~ces of disposition and utilizatio~l of milk. 

STiPPORTING PRODUCTION D.1T.k 
Accordingly, you I I I A Y  note t h ; ~ t  thr 111011thly 

production rtbport e:111(.d Jlillc Production in- 
clud(bs related statistics snc.11 as  d ;~ t a  on pas- 
tures and feeding. Ilcports issued fmni April 
throng11 Novrniher givv p;~stnrr  rendition data 
rspressed as a per cent of nor111a1. I n  alternate 
~nonths thlwughout the ycbiir tlic rcxports give 
d ;~ta  by statrs on the aver;lgc: qu;~t~t i ty  of grain 
i i l~d c o n ~ o n t r i ~ t r ~  hr i~ig  fed daily to milk cows. 
Other relcav;~nt data it~cludr the estiniated value 
of concentrate rations pc,r 11undred pou11~1s com- 
puted hy regions. and thr ~nilk-feed prieo ratio 
\vl~icl~ Illc.:lsnrc*s the ~-c~l:itionshil) l)rt\vcbrn milk 
priers ;untl t'erd costs, to give : u ~  intlict~tion of 
tho f:lvor;~hlr o r  unl'avo~al)le position of dairy- 
Illrn. 111 i~dtlition to t11c.s~ n ~ o ~ ~ t l ~ l y  data, certain 
issues of tht? report, Milk Produc.tion, include 
Inore drtailecl data by states on quantities, kinds, 
i ~ n d  valne of grains, concrntrt~trs, ;mcl roaght~ge 
i'rd to milk cows. 

13ehind these proilnctiol~ data directly re- 
lated to ~nillc is a whole prograln of f;irln sta- 
tistics that has a tlistinct hc,itring on cnrrrnt 
;1t1t1 prospect,ive ~nillc protluctiol~. Fo r  crops, 
the cyrlr of csti~natrs hegins each year with in- 
tc~ntions to l)lant, t'ollo\vetl by crop acreages 
: I I I ~  yield fo~,rcasts during the growing srsson, 
;~utl ends wit11 l~arvc~strd ;teres. 1)rotluction. and , 
final ntiliz;ttioll of the crop. A wide range of 
other estin~atrs is ~nnde througllout the. year, 
illeluding livc~stoclc i~~rrrntorirs, animals on feed, 
ontput of livc~stoclc products, stocks 011 hand, 
prices paid a t ~ d  rrccived hy fanners, and farm 
It~hor st;~tistics. Tli(~se rstirnates ar r  rrlrased 
throng11 t h ~  111rc1i1un of ahout 700 reports per 
ywu" 

For  longrr-tcbr~n l)ench~n:~.rl; d:it;i for  crop 
end livestock e s t i ~ ~ ~ a t r s ,  t1el)endcnce is placed 
011 then C'rusus of' A\gt.icultnrck, which covcrs all 
f n r ~ ~ ~ s .  1111portant data relrv;i.nt to milk produe- 
tion c ~ s t i ~ ~ ~ a t i n g  that are rrvisrd r v r q  5 yr, \vl~rn 
~i(~c.ess:~ry~ to bring tl~chnl in line ~vith thv Census, 
i t~chld(~ 11u1111)t~rs o f  far111s Icec'ping coxvs ; ~ n d  
I I I I I~I~I( , I .S  01' (401vs 011 tli(*s(l 1':lrms classifird hy 
;I$(' $rollps. 

lI.\ltI<ET D.1T.i 

collected f ro t l~  ~ ~ l i ~ r l i ( ~ t i n ~  agents. This is pos- 
sible because most ~ l ~ i l k  IS delivered to process- 
ing plants, whieh arc. relatively few UI number 
compared with fartnc~rs, aud wllich usually keep 
good records. There are several other advan- 
tages that make it easic,r to c*ollect data from 
milk processing p1:ints than fro111 dairy fanners. 
I n  ~ ~ ~ o s t  st;~tcs there arc et:ntml licensing agen- 
cicxs rrrluiring daily plants nncl rstahlishmcnts 
to he licensed before they can operate. These 
p1,ovide rcliahle sources of ~:LI I I ( .S  itntl iiddresses 
to krep the lists r n n c l ~ t  for  n~ailing question- 
naircbs. ,\lso, in 33 states the C. S. Ue~ar tmen t  
of Agricultilre has cooper;~tive agrecmcnts with 
st;~tc. agencies which are genel.ttlly supported by 
a state lam requiriug dairy plants and estah- 
lishrnents to report thcir operatiol~s a t  least 
onve a year. I11 the market milk areas a large 
sh:~rc: of the ~ r~ i l l i  is suhject to regulation by 
Fcderal 111i1lc nlarlcet adn~inistrators or State 
31ilk Con~~nissions, whiell :11so heco~ne valuahle 
sources of data. As a resiilt of thesr circurn- 
stances, and the pcrsistrnee ot' dairy statisti- 
cians in urging plants to report, a high pro- 
1)ortion of' tot811 111ilk I I I : I . I . ~ ~ ~ ~ c ~  and 111a11ut'ae- 
tn~,c,d is covcbred ill the cnrrellt estin~ating pro- 
cet1urc.s. 

1la.rket data hc~gin with recripts of milk and 
crct:lnl f ro t~l  farn~crs  reported I)y dairy plants 
\\-1iicl1 hecome the*   no st import;int elleek data 
for  annual revisio~~s of 111ont1ily production esti- 
111ates by states. 1);iiry plant reports also pro- 
rid(: the p~.incipill bases for estin~ates of quanti- 
ties of ~uillc ant1 111i1k f a t  in cream sold by 
farn~ers,  averngct 1)ric.r~ 1.ecrivec1 by producers, 
i ~ n d  cits11 receil)ts from tllese products. These 
estitnates itre pnhlishetl by states each April 
for  the two l)roc~c~tli~~g ycLars ill the report en- 
titled Alill; Protlnctiol~, Disposition and 111- 
eonlcb. This ~'el)ort illso inclutles ant~unl esti- 
n~;~tcss of' clui~l~titic~s of 111i1k i~s('d Lor various 
p111'1)ost~s snch as ~~ t i~~~u l ' ac~ tu re t l  dairy prodnets, 
flnitl coi~sut~~l)tion, and t ' ;~nn nscBs. 

1\I.\RI<ET 31 ILK D.\'l'.i 

(.)I' the 125 billion pounds of' i~iilli ~)roduced 
ill the r ~ ~ i t c . d  Stntes ill I!)(il, :~hout -16% wc1.s 
uscxd fo r  fluid purl)oses, such 21s bottled wl~ole 
milk and crcaln. The h;~sic 1)ul)liration fo r  the 
fluid srctor of the tloiry industry is the monthly 
E'lnitl Xlillc and Crea~ri Kcport. L)c~rc~lopetl in 
1918, it has provitletl ;L perm;~nrnt rrcortl of 
priers of fluid 111i1lc i111d C ~ ( ~ ; I I I I  items at  hotli 
producer and cot1smllc.r lcvels since that datr. 
.\t the present t in~e  prices arc rel)orted for  
:ihont 160 ma.rl;rts (>:1cl1 ~nonth. The rrport  car- 
rios tahlcs on tl(s:~l(-rs' l)uyil~g ,~~)r ic(~s  1'01 111illc 
1'01s flnitl us(., ;IS \v(>II ns pric.cx qaot,;ttions for  
$:tllo1ls. ll;llf-glllll~lls, ;lll(l ((ll;lrt,s :it m~lloles;lll!, 
;tt I~omt~s ;~ntl  ;at storcs. .\IL :lrc,ragr ol' dcalrr- 
I)uyil~g ~ ~ . i ( ~ ( h s l ' o ~ .  ;~ l l  160 ~ ~ ~ a ~ . l < r t s  ant1 ;in aver- 
:1gtx of s i ~ ~ g l ~ - q ~ ~ : i ~ , t  ~ I O I I I ( >  (l(~livrly l ~ ~ i c r s  in 25 
111:1 l,l<(~ts tlIY, ~ > l ~ l ~ ~ ~ : l l ~ ~ ~ l l  (?l(.ll 11101lt11. For 3s of 



the nlarkets, 17  other quotatio~rs, inc111ding price 
quotations or sl)eeial gr;~tles of ~ ~ i i l k ,  C P C ~ ~ I I I I ,  ; I I I ~  
Cottage cllecse, a re  prepared I I I O I I ~ ~ I ~ ~ .  TII re- 
cent years, a special tablr has bc>e11 prepared to 
show hlcnds of' class prices inc111ding p r c ~ ~ l i n ~ l ~ s  
in Frdor;il Ortler 111ar1ic.t~ m ~ d  l>I(~nd 1)ric.e~ ill 
state ; u ~ d  ui~rc .g~~la t rd  :I~P;IS. Thr report also 
includes, on a lnonthly basis? sales of fluid l~iillr 
and crcJaltl items in 66 l"cclcr;~l Order ant1 6 
state n~;lrltetin:,. are:ts i~nd  ~ . e ~ ( ~ i l ) t s  of nlill~ fro111 
pt.oduwrs ill 76 P(~c1rral Order ; I . I I ~  five state 
arc'as. 

S n p l ) l c ~ ~ ~ r ~ i t i n g  the 111o11thlp publication is a 
Fluitl llilli and Crca~n Consumption bulletin, 
whic.11 has hcen published cvcry other year. The 
most rrcc'nt issue was releaset1 last month i\s 
USl)A Statisticill Bulletin 312. Starting in 1942 
with 19  rni~.rkets in tho Northeast, it has ex- 
p;~ndect to iihout 80 ~uilrlicts in all sections of 
t,he country. ilnnual per capita rates of con- 
su r~~p t ion  are prepi~rcd for  12 individual itelns 
by ~narltet  for  63 F r d e n ~ l  Order JIarlrrts, six 
ixrens under state mill; control, and two other 
areas. Sta,tistieal Bulletill So .  312 carries a 
c:oii~pilation for  the years 1950-59; and the 
JTay, 1962, Fluid Jlillc and Crealn lieport in- 
clutles the data for 19(iO and 1961. 

About 50% of the total nlilli produ('tio11 ill 
1961 was used in ~ i~anu l ' ao t~u r i~~g  dairy products. 
The collection of data on the production ol' 
~~lanufactured  dairy products was started ill 

1917, to give officials of the Federal Govcrnn~ent 
c:ol~cernc>d with ~va r t i~nc  food prohlc~ns :LII acdcu- 
rate picture of the supplies of dnit-y products 
;~vail:thle for  consun~ption hy civilians and our 
a r ~ r ~ e d  forces :rt hon~e  and in Europe. After 
the end of the war, this work was not only 
continued but expandetl dnring the ensuing 
years to satisfy continuing dcn~autls for  data 
on production, prices, sales, ant1 stoclis of d a i v  
products in general. Today, ~na~~u t ' ac tu r ing  
operations of one kind or another are  carried 
on in over 7,000 plants in the United States. 
I n  addition, frozen products are made by over 
33,000 counter-frec,zc:rs or sniall retail estab- 
l i s h ~ ~ ~ e n t s .  Data are gathered each year from 
thesc 40,000 plants and est;tblisl~ments f o r  ap-  
proxi~nately 49 different co~~u~~ociit ies,  such as  
butter, various tylles of chrese, condensed aud 
evaporated products, dry lnillr production, and 
frozen products. This infonrlatiuu is published 
in the I)epartnientls im11u:tl bulletin, Production 
of &I:n~ufactured Dairy Proctucts, in July of the 
yrar  following the year to which the data relate. 

Butter and cheese output has been reported 
l i ~ o i ~ t l ~ l y  fo r  n ~ a j o r  statcs and the United States 
since the ~r~id-1920's in the publication Produc- 
tion of Creamery Butter and Cheese. These 
c.sti~nates arc bascbtl on a large sample of plants 
c1m.wr1 f r o ~ r ~  tho conlplete a11ua1 survey of man- 
~lfrictnrtd d;iiry prodnc4s mid are p~thlished 

nl)out thc, r11(1 01 '  thc I I I O I I ~ ~  l'ollo\vi~~:,. the 11iont11 
to \\-l~icl~ thtb data apply. Ev~rpori~tcd,  con- 
( I ( J I I s ( J ( ~ .  :ind dry it~illi pro(1urts r (y~or ts  ; ~ r ( ~  also 
t):isrd on ;I Itiryc S I L I I I ~ ~ C  i111d published with 
21hout the sniile ti111e lag ;IS 1'nr crea111(.1-y butter 
iind (~h(l(~st~. The Evaporatrtl, C'ondonscd, and 
I ) ?  Millr K(hport, issaed in JJTashington, in- 
elutles data on ~ ) r o d u c t i o ~ ~ ,  ~n;rnuf;rctnrc.rs' 
stoczlts, and ~~r:~nnfact~u.crs '  p~~ ic r s ,  and also 
clnssities dry wltol(> ~nill< ~)ric(fs by size of 
~)aclci~gr. I t  ;~lso inclurles ni:111af;1cturt.1.s' selling 
))rives of c~vaporatetl 111i1li per c;~sc,, by rcgions, 
:is mcll as  priccs paid f a n i ~ n . s  for  ~ni lk  by 
c~ondcnsc~ries, by major states. 
Al monthly report entitlcd I'roduction of Ice 

Cr ra~n  mitl Itc~latcd Froze11 Pl.oducts is issued 
I'rom our Cl1ic:igo Dairy 0ffic.o. 'Phis ii~cludcs 
thc esti~natcd production of ice c.rcaul fo r  nlxjor 
states nnd the Ut~itrd Statrs and ~)roduction of  
ice ~nilk,  shcrhet, JIellorine-typc~ frozen tles- 
'rrts. ;lnd water ices fo r  the Unitetl States. 
These cstin~ntc,s are based on s;i~t~l)lo reports 
Ero111 ~ l a ~ ~ t s  a ~ ~ d  represent su l )s ta~~t i ;~ l  segr~louts 
o f  the int1ustl-y. X nronthly report, P~,otluction 
of ('ottage Cheese, is now Iwiug issnrtl s h o ~ v i ~ ~ g  
Cott;lge cheese curd and c~.c~ai~~et l  c,llc.ehc pro- 
(111e,tiol1 I'or the Unitrd St:~tcts. 

Since hoth cre;lmc!ry butter ant1 . \ I I I ~ ~ ~ C ; I I I  

clicc?se are traded OII the Chicago -Ilrrc;~~ntile 
E:xc.lla~~gc~, mrelcly reports of' pl.oilnctio~~ on 
these co~in~~otli t ies lverc. tlevelopoci in  ('hic.ngo. 
Thcse s11o1v quantitative United States produc- 
tion e;rcl~ ~ ~ t . ~ l i  for  the ~veeli cndiiig thc previous 
Thurstl:~y 11ight and arca issued fo r  huttrr  csvcry 
Tuc~sd;~y iiiorning and for Au~eric:~ii cherso 
(,very Wednrsd;~y morning. They also give prr-  
crntage rlii~nyrs fro111 the p reced i~~g  week, th(, 
s;tlne \~c.rli a year ago, and a 5-yr average fo r  
the 111ajor gc,ograpllic divisions aud fo r  such 
i~npor t i~n t  producing states as  T\7isconsin on 
*\n~erican cheese, and Jlii~nc.sota, Wisconsin, 
;rnd Iowa on crealliery butter. 

A h o t h e r  weeltly roport issuod fro111 our Chi- 
cago office is the l \~~~~.r ic :an  Cheese W:~rrhousc! 
Report, which shows the r twipts  of ~ \ ~ n r r i e a ~ ~  
cheese according to styles ill JTisconsi~~ m ~ d  in 
soltie of the 111:~jor geographic regions, ;lntl 
;~lso stoclrs, by styles, in Wisconsin. This re- 
port is issued on TVednesday :~ntl covtJrs da t ;~  
for  the precaetlillg 1vre1t cntling on Saturday. 
One of tht: 111;rjor uses of this report is to indi- 
cate ;lily shift i l l  the va~rious styles c)i' 1\111eriean 
cltc.ese hein:,. I I I : I I L U ~ ~ L ~ ~ I I ~ P ( ~ .  

A11 of thc, dattr i~ldicative of n~i lk  utilization 
111nst Ilavc! a logical eo~~sis tc .~~cy with the niilli 
p'ntluction data and also be internnlly COII- 
sistent in aeeountillg fo r  the complete disposi- 
tion of 111ilk f a t  and skirninillc. This call he 
depicted sche~natically by the al~alyst .  The 
nc~cessity for  m n l ~ ~ t a i n i l ~ g  a r a t i o ~ ~ a l  esplana- 
tion for every s ~ ~ h s t n ~ l t i n l  change in dairy prod- 
uct output, in tcr111s of where the ~nillr or n~illi 
f a t  C:IIIIP ~ ' P O I I I  or  welit to, in~poses rigid dis- 



(.il)linc~ u1m1 tht. dair?- c~stinr;tto~.. Tt also Irrlps 
the, c1ai1.y :inal)-st to :~ssc~ss tl113 v:~litlity of thc~ 
rst i~natcs l'o1.ri71sts. 

T I I ~ I I ~ I I ~  again to p~~ic(ss, ~ v r  issnr n 111ont11ly 
i~c~port  f m ~ n  C'hiC:igo c~ntitlcd 3Iill; Pric3c.s P:~id 
hy ( 'rc~a~nc~ries :111tl Chet~sr Plttnts. This is n 
rcl)ort ol) t :~i~~eil  from ~nanufacturing mill< plants 
sho\ving prices pait1 for  mill; 1w1. I~undrrd- 
\wight and the f i ~ t  t ~ s t  of the ~nilk.  TIIPSP data 
:ire sho\vn hy states f'or lnillr nst~d fo1- i\n~erican 
(+oese ; ~ n d  butter mitl rrcb:llnery hyl~n)dncts  and 
1)y thr  Cnited S t :~ t r s  only for  S\viss, Brirk, 
Miunstc~r, Ttalian, ani1 ;ill other v;lricties of 
rl~resc.. The pr i r r  series on inilk for  creamery 
1)uttt.r and 1)yl)rodnc.t~. .\~nctriran cllec~se and 
n~illi for canning ant' con~hint~d,  to arrivt: : ~ t  a 
price \vhic41 forms thc basis of the parity erluiv:i- 
Icwt t'or u~nnuf:irtiiring ~nilli. This con~hinrd 
1)1'icc is tlirn 1)rojrctetl to the current month 
i ~ n d  nsrd not o111y in tlie pari ty ealcnlations on 
n ~ i l k  hilt :11so a s  :I !,as(: fo r  pricing snrl)lns 
111ill; in ~ I I P  Federal JIill; JI :~rl ir t  Orders along 
t l ~ r  1'::lst ('onst. I n  :~d(lition, we issue a 1li11- 
11c~sot:t-TI-isc.o11si11 i~innnt':tcturi~~g nlilli price rsti- 
I I I : I ~ ~  \~-l-hicl~ is I I S ( ~  in sonic 40 inorliets in the 
3litl-T\-c~st :IS :I base for  pri(*ing hot11 fluid 111il1i 
i~ntl o t l ~ e ~ .  t~lassrs of n~il l i  nnder the I"rdt~ral 
3lilk Al:i~.lioting Orders. 

I'riccs ~.c~criv(~d h?- f11r111e1.s for  fluid ~nnrkclt 
~nill<, inanul 'ac. t~~rd grade milk, and a11 n~il l i  
soltl ~vhol(~s:~lr  to plants and dealers driring the 
1x.evioas 111ont1i are piihlisllcd monthly in Agri- 
c~tl tanil  I'ricrs I)? states, geographic tlivisions, 
and for  t l ~ r  1:nitc.d States. National cst i~n:~trs  
1)111)lisl1cd on p~.icc.s rc.ctived f'or :11l milk sold 
hg l ' a ~ . n ~ ( ~ r s  : ~ t  wholrsale, iind f o r  ~ni lk  f a t  soltl 
in erc~:lln, a re  sl1ol1.11 by states ant1 regions f'or 
tht. clurrent mol~th.  

STOCKS D.\T.\ 

Escc~pt for thc weckly i\meriean Cheese 
Wa~.c~l~ousc~ Report, we have hecn loolting mainly 
:tt the various rcaports dealing v i th  the prodac- 
tion, ntilizi~tion, and prices of mill< and manu- 
I'actarc~d t l : ~ i ~ ~  protluets. .\nother factor im- 
port ;n~t  to thr  dairy supply situation is the 
stoclts ol' stol.;~l)le protlucts on  hand. The vol- 
1une ol' h~~lt l ings is clost.ly rclatetl to currcmt 
:~.nd pros1)t~etive prices. so p~*odncers and dis- 
trihutors ;Ire :~usious to know mhet11c.r stoclts 
o f  c1:liry p~'o(ln(.ts a re  larger this year compared 
\\.it11 Ir~st yr:lr, :rntl a 5-yr average. To hrlp 
s ~ i p p l y  this infor~nation, the Statistical Report- 
ing Service. isu11t3s a Coltl Stor:~gc. I i rport  each 
~ ~ ~ o n t l ~ .  Tn i t  one ran lind statistics on the 
: ~ ~ n o u n t  of food hrltl undc:r rc:frigeration for  
sonich SO diffor(~nt food t~Ii~ssific:xtions. Of par-  
ticul:~r intc~rrst to the d:~iry industry a re  the 
statist,ics on fluid and plastic crcxmn, butter, (.on- 
tlt~nsc.tl n~illi (I)oth s\vc~etenctl i ~ n d  i ~ n s ~ v ~ ( ~ t e n ( d ) ,  
cfivapo~.:~tcvl ant1 (~011d(~ns('(1 n~il l i  (cas (~  goods), 
.\n~c.ricnn (.l~(v.c(s, Swiss cheese, and other nat- 
~ 1 x 1  v:~~.it,tic.s O Y  cl~c~c~se. S o t  only a re  national 

stock f igu~vs shown hut also their distrihntion 
:~ccording to r(yional Ioc.:~tions and, in the case 
of hutte~.  :111d .\n~(,rican ('htlese. a. hreakilo~vn by 
Stntos. 

'I'll? first ('oltl Stor;~gtl Itc~port was rclrnsed 
in 1914, hut it \\.:IS not until 2 y r  1:1tcr that  
flail:\- p ~ ~ ~ t l u c . t s  were inc*lutlecl in this national 
~ . rpor t .  T11e 1)11rlw)sc of the Colt1 Sto~.:~ge Re- 
port  is to c11a11l(~ 110th huyrr  and sc~ller to he 
c~rliially in forn~td  in tlir 111arkt.t place. JIort' re- 
c~.ntly, this rcpo~-t ing progr:Lm has takrn 011 

;111other role: 11:11n~ly, providing infor111:1tio11 
for  ccrtain d(3fense planning l?rograms :~ssigncd 
to t l ~ c  n e p a ~ . t ~ n e n t  of r\gricnltui.e. Based on 
individaal reports for  approxi~nately 3,000 
plants. which inclnde public, priv:tte, and se11ii- 
1wiv:tte C:trilitics, :und rrflrcting the refriger- 
ated c.ap:~citic%s in r:ic-I~, the program gives us a 
f:~irly gootl ic1t.a of the vn1nc~rnhilit~- profile 
of tl1t1 intlustl*y and the stock sitnation in  net- 
rol~o1it;rn arc:ls and r111xI a r t m  a s  WCII. 

l l ; ~ ~ . l < c ~ t  dn t :~  on I I I ~ I I C  ant1 tlairy prodnets in 
the agg~vgiitc. provid(2 tht, rnt.ans f o r  liec,l)ing 
o~lcb's li~~pchr on tho ~ ) i ~ l s c ~  of the d:iiiy i n d u s t ~ y  
:IS I I I ~ I I C  fltnvs t11rnugI1 I I I I I I I ( ~ I . ~ I I S  cl~a.~inels f1.0111 
~ ' : I ~ I I I S  to C O I ~ S I ~ I I I C ~ I ~ S .  T l ~ e  statistics rl11ic1tl.v re- 
~-(snl sc:~son:~l and trcntl ch:n~gcs occ~irring in 
;I d g n i i ~ ~ ~ i i :  ind11st1.y inflin~nrril l)p now t ~ c l n ~ o l -  
ogit,s in ftirm protlnc.tion, tlairy ~)rocc~ssing, ant1 
tlist~.ihution ~netltods: ilnd l)y rl~ilnging 11:1hits 
of living and patttxrns of consumption. 'I'l~ey 
;Ire, tllc~.el'orc~, c~ssrnti:~l to f a r ~ n r r s  :111(1 husi- 
nrssmrn for  giiining ~ n ~ d e r s t : ~ n d i n g  of the r m -  
sons for  the (.l~anges itnd for ~ n i ~ k i n g  decisions 
in I.cSsponse to them: ant1 also to legislators 
:tnil goverun~ont adn~inistrators for  devising 
polic.irs and prognuns tn f;~eilitate adjust~nents  
to changing cvono~i~ic t.onditions. 

T l ~ i s  rc.vir\\- of ;~vailal)le tlata on tlie dairy 
intlustry has strrssed the va.riety of statistical 
series, the relationships hetween them, and how 
the t~st in~ates :Ire developed. They :trc: not (.om- 
~ l e t e ,  cntirely accnmtcb, nor exhaustively nsed. 
r h c  Statistical Reporting Seivice is  continually 
striving to  in~provc. ththse contlitions nntl solicits 
the help of cstension specialists in these en- 
tle;~vors. F : ~ ~ c a o u ~ . a g e ~ ~ ~ c s ~ ~ t  givcan to crop re- 
portczrs Z I I I ~  p l ;~n t  o p e ~ ~ t o r s  to fill out  and re- 
turn the 111ail questionn;~ires promptly will be 
of dirrct aid to SRS. Educating the farmers 
I$-it11 respect t,o the i1:~t:~ i~vailahle and how they 
can he used to a t lvnnt :~g~ is of indirect itit1 in 
gcltting the coopc.fiition of reporters. This ap- 
pu):!c11 :11so c.ontril~utes directly to the aeconl- 
p l i shn~t~nt  of your own inission. 

I'IIC, first stczp is to I)c%con~e familiar with the 
rc1l)orts yoursc~lf. To l'aeilitate this, copies of 
cwrh of the ones 1.c3ferrt.d to a re  arailahlr here 
for  c~s:~n~in:ttion. If any of the111 provides a 
statistic yon can nse in your work, arrange- 
1irt211ts c:nl ho ~n:~rlt: f'or you to receive it hy com- 
plet.ing one of the, forms provitletl for your 
convcnit~nce. 



TVI'IIAT SOLIDS SHOULD BE A D D E D  T O  FLUID I),lIRT P R O D U C T S ?  

Theoretical  Considerations 

J .  7 .  ~ T A S Z E S  
Drpartlnmt of Daily S(.irnce, Clrlnson College, Cle~nson, South Carolina 

The practice of adding extra milk solids to 
fluid d a ~ r y  products is relatively new. The use 
of solids-not-fat in the formulation of nonfat 
and low-fat fluid milk products has received 
considerable attention (7, 9, 15, 17).  I n  recent 
years, much interrst has been shown in  the 
possibility of standardizing regular fluid milk 
fo r  S N F  content. W h ~ l e  f a t  standardization of 
fluid milk has been arcepted f o r  many years, 
t h ~ s  new concept of double standardization is  
receiving increasingly more favorable attention. 

The d(~crease in per capita milk consumption 
in recent years hay accelerated the need f o r  a 
re-evaluation of our present system of products 
and product marketing. Increasing the pal- 
atabihty of our fluid milk products offers one 
means of encouraging more milk consumption. 
The need f o r  unifor~nity in flavor is all-impor- 
tant. The addition of SNF offers a n  excellent 
means both fo r  improving our product quality 
and - also f o r  lowering our surpluq milk solids 
(17) .  

The addition of solids to  nonfat and low-fat 
fluid milks will be e~nphasized in  this discussion. 
The fortification of fluid milk ~v i th  extra solids 
may u-ell present problems front the standpoint 
of regulatory agencies and health department 
officials. These will not be discussed at this 
time. However, some of the theoretical con- 
sidera.tions, where their usage is concerned, will 
be presented. 

TVhat solids should be added to fluid dairy 
products? Or  perhaps we should say, "What 
solids are avni1:~blc fo r  addition to fluid dairy 
products, if desirrd and permitted?" We have 
a choice of products we might use. They are 
all by-products of our normal dairy processing 
operations and are availal~le in grade classiiica- 
tions fo r  sueh a purpose. The main products 
are :  ( a )  nonfat d ~ y  ~n i lk  (NFD1\4), (b)  lac- 
tose, (c)  dried --hey, and (d)  dried butterlnilk. 

Sonf'at dry nrilk has been used fo r  increasing 
the solids content in ice crcaln mixes f o r  many 
years. I t  has also been used to help build u p  
the solids content of nonfat fluid milk. Lactose 
has received attention recently as  a good addi- 
tive to suppl(~n~ent  and/or replace NFDM. 
This discussion will deal prinlarily with the use 
of these two products for  the solids fortification 
of nonfat and low-fat fluid mi1l;s. 

I n  cliscussing the throl.etica1 considerations 
inrolvc~tl in the use of e s t r : ~  solids, let us briefly 
~.evic,n- some of their advantages. The over-all 
adrantages fo r  using NFDM may be listed as 
Eollons (1) . ( a )  rrquires no refrigeration in 
st,oragc, ( b j  requires a ~ninimum of storage 

space, (c) economical to purchase, (d )  unifonu 
in composition, (e)  uniform in  flavor and tex- 
ture, and ( f )  available year-round. Increasing 
the nonfat milk solids content in fluid dairy 
products improves nutritional value as  well as  
appearance and palatability (1, 5, 7, 9, 16).  

Advantages fo r  using lactose as  a source of 
extra solids may be listed as follows (17) : ( a )  
lower ingredient cost, ( b )  improvement of fla- 
vor, and (c) develop~nent of a fuller, smoother 
body. I n  addition to the ahove, items ( a ) ,  ( b ) ,  
and (d ) ,  listed f o r  S F D J I ,  would also apply 
fo r  lactose. 

Flavor corzsicleratio?~s and co?zslr?ner accep- 
tance. Flavor is one of the most important 
factors in the successful marketing of most any 
foodstuff. JIilk is no exception. Milk f a t  plays 
a major role in giving milk the rich, full-bodied 
taste that we know so well. Solids other than 
f a t  also contribute to the flavor of milk. Varia- 
tions in the S S P  level of milk are  not uncom- 
mon (6, 13, 16) .  A low S N F  content is  going 
to be more noticeable organoleptically in nonfat 
or low-fat milk than in whole milk because of 
the absence or low level of fat .  The weak, in- 
sipid, watery, flat taste of such a milk can be 
improved considerably by the addition of milk 
solids. 

The addition of 1;FDJI to nol~fa t  and low-fat 
milk has a very beneficial effect, both with re- 
spect to flavor and body (7, 16) .  Holland and 
TYindcr (9) found the addition of 2% S F U J I  
or 3% condensed skim to nonfat fluid milk to 
b~ most desirable. The addition of 0.5% lnilk 
f a t  to a solids-fortified nonfat milk inlproved 
the product considcra1)ly. Their report confirms 
the feasibility of processing a fortified-modified 
ski~nn~i lk  that is nutritious, delicious, and eco- 
~imilical. 

\ l- l~at  is the potcintial fo r  n~odified/fortified 
nonfat milk? 11-eckel (15) sumnlarized his 
findings hy saying tha t :  ( a )  There is  a market 
for fat-free milk, (b )  this n~arket  is  above and 
hcrond that now being adn~inistered by the 
dairy industry, (c)  this product is easily proc- 
~ s s c d  and aeceptablc to consumers, and (d )  such 
;I, produat call be enhanced nutritionally by 
I'ol~tifie:ctio~~. 

Itrsults obtained a t  Clrn~son (4) suggest the 
l'ollo\vi~~g : 

( a )  Yonfat fluid milk without fortification 
lacks flavor. The prodart tends to be too thin 
or watery and t:istes flat and insipid. 

(h)  The addition of N F D N  is very beneficial. 
Approxiunately 1-1.5% seems best. I f  2% 
solids or more are added, a strong Inilk powder 
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flavor becotnrs evidcnt. Less than 1% added 
solids is better than none, but not as desirable 
as the optimuni rrron~lncnded. 

(c) TVith 2% f a t  milk, the addition of 2% 
S F D J I  resulted in :L fuller flavor and better 
body than either the 2% f a t  iuilk itself or the 
S F D J 1  fortified nonfat fluid products. 

Foust (7 )  rrportcd that of 3'20 consulners, 
'106 prcfclrred a n~odified product ( fa t  1.5%; 
lactose 7.8%; protein 5.8%) over regular ho- 
mogenizcd ( f a t  3.8% ; lactose 4.7% ; protein 
3.5%) and Golden Guernsey ~nilk. Not one 
preferred the Guernsey milk; 16  picked the 
l ~ o ~ ~ ~ o g e i ~ i z c ~ d  and eight picked a product that 
\ms fat-free with added solids. 

Custer clt al. (5) concluded that i t  was highly 
desirable to doul~le-standardize Inilk ( f a t  and 
S S F )  to i n~pro re  its nutritional value, uniform- 
ity of flavor, ant1 :~ccc.ptability. The consi~tuing 
public is I)rcoming inc.reasingly conscious of 
the ilnportance of protrins in nutrition-hence, 
SNF fortificaticjn should tnert with favor. This 
sl~oul(l llold true cfisperially whcre a correspond- 
ing drcrease in thr f a t  rnutent is contemplated. 

Stull and TIilllnmi (13) made consumer ac- 
tvrptanee observations on milk beveragcs of 
varying f a t  and S N F  content. Threshold taste 
trsts in(1icatc.d that Inany prople could differ- 
clntiatc I)etwc.cn ntilk beverages with variations 
in f a t  and S S F  of 0.5 and 1.0%, respectively. 
The addition of 1.0% S N F  to  whole, low-fat, 
or nonfat milk hcverages caused a highly sig- 
nificant increase in consumer acceptance of 
c8:ich t,yl)e of beverage. 

Lactose addition to milk has been recom- 
n~ended (18) and pr:~eticed (7 ) .  Data presented 
I)y Foust (7) show that thr lactose content was 
incrcascd hy about 3% and thr protein content 
hy 2% with good rrsults. I'ublished literature 
pertaining to pure lac*tose fortificntion is scarce. 
Studies :rt Clen~soil (4) have shown that the 
atldition of about 1% lactosc to nonfat Inilk or 
a 2% fa t  milk is optimal. \l7hen 2y0 lactose 
was added to these products, they were criti- 
cized as bring too sweet. 

Specific adrnntagrs clai~nrd fo r  the use of 
lactose in Illilk snlids fortification are (18) : 
( a )  elinlin:~tion of cli:rllry, powdery taste, and 
stalenrss of ordinal? ~nodificd skimmilk, (I,) 
increased s~vee t~~oss  fo r  greatcr consumer accep- 
tance, (0) masking of the vitamin aftrrtaste 
of fortified skimn~illr and the undesirable serum 
solids flavor. To :~ttain thrsr tidvantages, rcc- 
o~nn~c~ntlations ( I S )  have been made for  the 
;iddition of 1% Inctosr and 1% NFIIM to non- 
fkt  flnid ~nillr. S o  specific data have been pre- 
sented in slihstantiation of thcsc rrcomnlrnda- 
tinns. 

Kec,piu,g cyrtnTil!~. Thc kerping rlunlity of 
 onfa fat or lo\\--fat n~i lk  prodncts ran l)r main- 
tained nt a satisfartory level. The addition of 
clstra solitls usually necessitates drpnrtnre fro111 
standart1 prorrssing procedurrs. Usc of higher 
p:~strul~ization trmprratures will result in putre- 

factive type organisnrs predominating in the 
iinal product. Ilcnce, post-pasteurization con- 
tamination is extremely important. 

Light can have a destructive effect on the 
vitan~ins in 111ilk. This is  particularly sig- 
nificant in vitamin-fortified milks because of 
its labelled potrnc~y and the fact that sales 
pron~otion and dietary use hinges on the pres- 
ence of the declared factors. I n  addition to the 
effect of light on vitamin destruction, the flavor 
of lnilk is often ilr~paircd. The types of solar- 
induced fla.vors most c o m ~ ~ ~ o n l y  encountered are  
oxidized and sunlight (soli~r-activated) . Flavor 
changes are  ~nneh Inore reatlily detected in  
bland products such as plain nonfat milk. 
Solids fortificvl inilks havc! the advantage of 
lrraslring a lot of these flavors unless they are 
sea\-rre. Brown bottles have been reco~ninended 
to prestlrve vitamins and flavor and used in 
cert;rin n~nrkets. Use of n~i lk  cartons has helped 
considerably in preventing light-induced flavors 
in 111ilk. 

I Iolland and TVinder (9) reported that modi- 
fied skimtnilks held u p  well i n  storage. They 
found a decrease in cooked flavor after seven 
days of storage ; ~ t  35 F. Thc seven-day product 
\$*as slightly superior in flavor to the one-day- 
old product. 

Cult~cred buttermilk. The use of NFDM in 
the ~ ~ ~ a n u f a c t u r e  of cultured huttern~ilk has the 
following specific advantages (1) : (a)  the 
11ody and viscosity of the product can he con- 
trollc!d by varying the solids content of the re- 
constituted or fortified nonfat milk, and (b)  
rt~constitutc~tl or fortifird nonfat milk is uni- 
l'orrrl in composition and, hence, procluees more 
1u1ifor111 cultured huttennillr. 

Cultured buttermilk with 11% nonfat milk 
solids will have more flavor and body than that 
with 8.5-9.076 nonfat milk solids. Thc addition 
of 1% or  more of inillc f a t  :LS l io~~~ogenized 
crcam will also in~prove the flavor of the cul- 
tnrrd hnttertnilk. Flavor will usually inlprove 
during the first two (lags of storage in the bottle 
if ltrld 1)elolv 40 F. 

T l ~ e  higher the heating temperature within 
the range of 145-195 F, and the longer thc 
I~oltling time, t l ~ c  l~c.:ivier will be the body of 
thc. caultured buttern~ilk. Tnrreased solids eon- 
tent will also I~cslp incrr;isr the viscosity. I n  
addition, highrr acidity drvrlopnlt.nt 11t.lps to 
inctrc.:isc the hotly. Incrtviscbtl solids contcnt helps 
retlnrr wl~rying-off in I)uttc.t.~nilk. 

IJsc of laetosc as a source fo r  extra solids in 
hutt(~rn~ilk 11as ~ . ~ l r c i ~ r d  re(.tl~~t attention. Some 
of t l ~ c  advantngt~s prnposrd may 11c listed as 
follows (18) : ( a )  insul~rs Inore uniform culture 
prrfol~mant~r. (I,) i m p r o ~ r s  flavor, (c)  clevelops 
s ~ ~ ~ n o t h e r  I~ody, :inti ((1) decreases wheying-off. 
Tn snpport of thr first ndv:~ntnge. tho a r g ~ u n m t  
is givcn th:it estrn lactose prolnotrs growth of 
I)otl~ flavor- and ncid-producing organisms. It 
is h;~ril to rnnceivc mhy the extra lac.tose should 
1)r so beneficial, rspecit~lly when i t  is known 
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that only about 23% of thc norlnal lactose con- 
tent in milk is consunred by the ordinary lactic 
frrt~~errtation (8) .  

The citric acid content of inilk is  quite im- 
portant fo r  flavor-producing cultures. I n  fla- 
vorful cultures all the norlnal citric acid may 
hc cor~sulned (8) .  Hence, milk that is low in 
citric acid may cause lack of flavor and aroma 
in cultures. The atldition of S S F  mould help 
to ren~edy this, whereas pure lactose would not 
he very beneficial. TIIP addition of 0.2% of 
(i trate is often practiced to help in the devel- 
o p n ~ ~ n t  of ntore flavor and aroma in cultures. 

Jlucli retttains to he Itsanled about the nutri- 
tional propcrties of nrilk and the rrrluiretnents 
of specific cultures. Krsearch in this field has 
implicated enzynlatic digests (2 )  and trace 
minerals (8) as  playing possiblc roles in bac- 
terial metabolism. IVhile average nutritional 
variations i n  milk may not directly :~ccount fo r  
culture failures, i t  is  reasonable to assume that 
increasing the solids content with top-gradc 
S S F  might help inlprove culture activity in 
sonic instances. The addition of pure lactose 
would only increase a n  already over-abundant 
supply of this commodity. 

Chocolate dri?zl;. Solids fortification of choc- 
olate drink is highly desirable. il. good-quality 
chocolate drink can be made by proper fornlu- 
lation of milk, milk solids, chocolate, sugar, and 
stabilizer. The chocolate-sugar-stahilimr fortnu- 
lation need not be discussed a t  this time, since 
i t  generally involves special forlnulas recom- 
inended by chocolate suppliers. The addition 
of 27, NFDlI.  was found to be most desirable 
fo r  a nonfat chocolate drink (4) .  A nonfat 
inilk base of 11% solids has heen recor~nncnded 
by ADhII (1). The addition of 1.0-2.0% milk 
f a t  helps to make the chocolate drink formula- 
tion more mellow and full-bodied. Nonfat 
chocolate drink with 2% KFDJI  was considered 
almost equal i n  flavor and body to a 2% f a t  
chocolate drink with no extra NFLIM (4). A 
2% f a t  plus 2% NFDhl chocolate drink was 
judged t o  he slightly rich and slightly heavy, 
but was described as very good. 

Use of lactosc f o r  the solids fortification of 
chocolate drink has been proposed. The follow- 
ing advantages have been suggested (18) : (a) 
i t  boosts Illilk f i ~ t  and chot:olate flavor, (b )  it 
is econoinical-possible to rcduce milk f a t  level, 
and (c) i t  improves body. To avoid excessive 
sweetness in chooolat.te drink with added lactose, 
it is desirable to decre:ise the amount of sucrose. 
I t  has been suggested (18) that to maintain the 
sarrre s\vertness level in the forlnula i t  is ad- 
visable to retltice the sucrose content 1 Ib fo r  
every 5 lb of lactosr added. This practice would 
tr~inirnizc. the possihility of over-sweetening the 
choctolate drink. Use of lactose would thus per- 
t t~it  thr addition of rnore solids than would 
othel~vise be possihlc 1vit11 its desirable effect 
on body. 

Results obtained : ~ t  Clelrison (4) have shown 

thnt 2% lactose acldition to nonfat chocolate 
drink result., in a product that is t h ~ n ,  too 
sweet, and poor in color. The color of this 
producat was similar to the nonfat chocolate 
tlrink without any solids addition. I n  the 2% 
fa t  selies, the 2% added lactose sample was 
judged slightly inferior to the 2% f a t  having 
no added solids and the 2% f a t  plus 2% NFDM. 
Results obt;r~ned fro111 lltn~ted formulations have 
shorn-11 that the addition of 2% N F D N  or 2% 
fa t  to nonfat chocolate drink will enhance the 
?olor. The addi t~on of lactose only to a nonfat 
c.hocolate drink \\ill do very httle fo r  color 
in~proveinent. 

From our own oh~ervations and theoretical 
considerat~ons i t  ~voald appear that  the addi- 
tlon of milk sollds is highly desirable, hut they 
should he ?;FI)i\l. Nonfat dry milk solids are 
superior in thelr influence 011 the improvement 
of flavor, hody char:~cterlst~cs, and color of the 
resulting chocolate drink, he i t  nonfat, low-fat, 
or high-fat. 

$I  I\TI\IARY 

In su~nmarizing, we can state tha t :  
Sonfa t  and low-fat hcverage niilks fortified 

with S F D M  and vitamins A and D are pal- 
atable products. 

The addition of 2% NFDM to nonfat and 
low-fat milk seems t d b e  optitnal. FIigher con- 
centrations result i n  objectionable flavors. 
Lower concentrations fail  to improve flavor and 
hody characteristics to any significant extent. 

The addition of 1-2% fa t  to K F D l I  fortified 
skin~lnilks will rrsult in a fuller flavor and 
hetter body than the same iuillr without fa t .  

The addition of NFDRI in  preference to lac- 
tose seems to be indicated. Data concerning the 
use of lactose as  a iiieans of solids fortification 
are limited. However, since milk already con- 
tains adequate quantities of lactose, thc need 
or desirability f o r  lactose addition requires inore 
justification. 

Cultured buttermilk with 11% nonfat milk 
solids will have rliore flavor and l~ody than that  
~ v i t h  8.5-9.0% nonfat nlilk solids. The addition 
of 1 %  or more of nrilk f a t  will materially im- 
prove the flavor of such cultured buttermilk. 

Use of lactose as  a source f o r  added solids in 
cultured buttermilk is questioned. The advan- 
tages claimed for  its use can.be achieved much 
ht~t t r r  hy the use of KFDM. 

The fla.vor and body characteristics of clioc- 
olate drink can he improved hy adding milk 
solids. Increasing the nonfat milk to 11% solids 
content seelrrs justified. The addition of milk 
f a t  is optional, but 12% nnlakes the beverage 
111uah irrore palatable. 

Usc of lactose as  a souree of extra solids fo r  
chocol;ite drink does not iniprove the product 
:IS mucah as does NFDM. 

Sutritioai~lly, nonfat milk solids are to be 
preferred as a source of extra solids as com- 
parecl to lactose, heetlusc. of their protei~i anil 
111inern1 content. 
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('IIAI,IIENUTI:S ,ISD OPPORrI'1~SITIES IS TIIE DAIRY 1SD17S'I'RY 

F:. 1,. PETERSOX 
llilli I~lt lnitry Foundation, Wasl~ington, D. C. 

Fro111 the l)cgit~ning of time, :inimals 11:ive 
I)cen :L 1):1rt of I I I~LI I 'S  cnvironn~(~nt. They l1:1\7e 
1)l:xyetl ;LI I  incrc~i~s in~ly  inlport:~nt role in his 
struggle to provitl(b lifr's t~rcessiticbs. They 11:~ve 
I)c.rn, : I I I ~ ~  in sotllc2 1)arts of tlre \vorld continue 
to be, :III i ~ u p o r t : ~ ~ ~ t  nlc:lns of transport i ~ n d  
111otive l)o\vc.r. Tllvy c~nal)lrtl our forebears to 
sl~111 a c.ontinent ilntl to linlc its parts togother 
by road and railro:~tl. 

Out of this h t~cl igro~~nd 11:1s conic an an i~~~ : i l  
:~gric.ultnl.c. \vhirl~ is l~ighly organized, intricate, 
co~~~ l ' l t~ s ,  :ind 111arvc.lo11sly intc,gratcd into the! 
cacono~~~ic, life of our nation. I\ most iniportant 
part  of this great complex is the dairy in- 
dusty-an industry rstitnattstl to provide a[)- 
proxi~n:ltely 25% of tl~c. nutritive values in tllc 
Atnt!ricnn tlic.tary ancl which II:IS COII I (~  to its 
present en~irtc~ncc. 1:11~gthly as :I result of thc~ 
tindings of scic~nec. I)c%ing app1ic:tl to its sevrml 
procc8sscbs. This resc~:~t.rl~ continues to providt, 
the nr\v ant1 c~stendt.tl lano~vletlge \vhich is one 
of tlic: ~)rincipnl factors of thc industry's con- 
tinnir~g growth ant1 cl~~velopment, while eiluca- 
tion ~wovides the trainctl ~>ersonnrl requirrd to 
operate its several parts. 

Resc:nc,h and rciucation have uuderstand:~bly 
gro\t*n :111tl ilevoloped i~long disciplinary and 
suhject n~at ter  lines. As a result, cach scientific 
tiisciplinc! has b(.rr~, in consider:~hle ~nr:wure, 
isolatrtl fro111 the \vl~ole hody of scienee. Lilte- 
\vise, c~:~ch c~i1ucation;tl sul)ject has I)eea sollle- 
\vh;r.t isol:~tc.tl  fro^^^ the \\,hole I)ody nf educntion. 
r 7 1 here h:~s I ) ( ~ ( ~ I I  c+o~~t:~c.t of only a lin~itecl nnt1u.e 
I,et\vern tliscil~litic~s i ~ n d  Bct\vcrn s111)ject 111:1tt~r 
clrl)arttnents in etl~~r:ttional institutions. While 
tllc~rr is c.vitlvnce th;rt this sitn:ttiotl is changing, 
t l~o  c.li:~.t~gc~s c:illetl I'or, 1)rcansc~ of the cotnpl(2s 
org:lnizwtic~n of our soceicty, of' industries &hi11 
that soc.irty, and 01' ~)rod~irt ive units \i,itl~it~ 
those, inclnstrit~s, :II.I. tnore I':lr-reaclting t l ~ : ~ n  
those. IIO\V visil~le. 

A\ t1:iiry farm is :L ~)roduction system. Prol)- 
len~s cwc.ou~~tcb~.rd ill its operation are 1,ound to- 
get11t.r itt a1111t lnigl~t 1 ) ~  tern~tsd r)roI)le~n c o ~ ~ ~ -  
1)lescs. Solntions : ~ ~ ) ~ ) I i o ~ l  l ~ y  I I I : I I I : I ~ ~ I I I V I I ~  POII IC 

I'ron~ 1<11o\vI(~tlgi~ s~~l)l)licvl l,y I : I : I I I ~  discipli~lary 
tirl(1s. 1'1*o(lnct,io11 01' I ' ~ ~ ~ ~ i 1  ancl i'or:~ge I I I : I ~  in- 
volve soil physics :lntl c.l~cw~istt,y, plant t~nt r i -  
tiou :lnd physiology. ~);ttl~ology, c~ntoniology, 
: I I I ( ~  nf~~~~:itoIogy, gi~nvtivs, c ~ n g i n ~ v ~ ~ ~ i ~ ~ g ,  : I I I ~  \\-a- 
t~ I I I : I I I : I ~ ~ I I I ~ ~ I I ~ .  1rf~1.d I I I : I ~ : I ~ V I I I P I I ~  ~vil l  ill- 

volve all the tlisc.il)lines :~ssociated with vetrr- 
~ I I : I I ~  scirnce. The operi~tiot~ of :I logistical 
systcnl to supply ford ant1 handle products mill 
i~lvolve t l ~ r  srver;~l disciplinc~s support,ing agri- 
cnltnral engineering. ,\ I I I ~ ~ ~ I I I S  for  e v ~ l u a t ~ t ~ g .  
the. contribution 01' c3;lch i ~ t ~ i ~ ~ ~ a l  to the! \vlioI(~ 
oprm.tion, ant1 for 'valuating the cost of sup- 
port in reliltion to value of output, reclnires ap- 
plic.:ttion of econo~nic ~~~e:wuretnents, its does 
cv:~ln;~tion of invrst~nctlt in t.el;ition to yield. 

.\rr research ;111tl c~tlac.ation so developed and 
o r g : ~ ~ ~  ized as to I)e c ; ~  l>:111lo o f  regarding dairy- 
ing :IS a systrnl; of responding to any psrticu- 
lar nc.c~l of the. system with understanding of its 
relation to thc, systen~ as an  entity? There 
seetns to he no affir~native answer to this ques- 
tion, i ~ n d  i t  S ~ ( ~ I I I S  there is need to develop what 
 night he ter~nchtl systt.n~s resrarrh capability. 
To (lo so will rccluire thr fornlation of research 
t r a n ~ s  fro111 e:~c.l~ of the applicable scientific 
tlisciplinrs. The r o ~ n p r t i t i o ~ ~  among disciplines 
to ir111)rove and n~alte 111o1.t: (bfficient the working 
of tho syste~u would adtl generative power to 
t l~v furtl~c.r drvc~lopn~ent ot' each. 

Emphasis on further develop~nn~t  \$-ithi11 
intlivid~~nl disciplines sl~onl(l not 1)r reduced. 
Intlrrd, :IS t,he frontiers of knowledge are fur-  
t11c.r cstcwtlrtl, tllc,~.i! is c~l~;~llrnge to each dis- 
cil)linnry ;lrm to ltrep pace. 

Igor esample, on the production sidc of o ~ u  
intlustry, the average plwd~tctive lifn of a cow 
is osti~natcd to be less than 3 yr. Yet, a t  5 y r  of 
agch the cow sl~oul(l hr at  11c.r n~ost  1)roduc.- 
tivcb 1)eriod. I l r re  is a costly tlrfect in the pro- 
ductive s;vstc~~ns eollrctively and individually. 
T\-l~c*rein lies the defect? Ilow is i t  to be over- 
c o ~ ~ ~ c . ?  I s  the. pml)len~ within the fields of 
prt~t~tic.s, nutrition, engineering, pathology, or 
is it :I system problem? 

The. :Lverage :lnnuxl ~)rodnction p r r  row in 
our 11:ltional t1:liry hrrtl, arcording to latest 
statisticds, is a l ~ o ~ ~ t  7,400 lh of milk, and the av- 
(smgtB :111nua1 1)rotluetion of cows in testing asso- 
siations, abont 11,000 Ih. Here is nnothrr kind 
of ilc~fc~et in I I I : I I I ~  indivitluxl production sys- 
tr~ns-:I c1efrc.t in rna~i:~gc.~ne~lt-in c~conomic 
analysis-in c o ~ ~ ~ r ~ ~ ~ u l i c a t i o ~ l - i ~ l  hmnnn ~notiva- 
t i o ~ ~ .  Systen~s rc.scarcli c:~p:~hility necessarily 
t~c.:~chrs 1)c.yond tl~cs I)iologic.:~l and physical sci- 
c.~~ccls to tlic soci:~l i ~ n d  I~(~l~i~viora l  arra-an ar ra  
01' E ~ O \ V ~ I I P  i ~n l~or t t~ncc  :IS our economic :uncl ., & 

, Pl.,,sf,lltf,,l t l l f ,  3it,l tilmnnl Mf,c!ti,,g of +llc 
so(>i:ll ~yst(>llls hccol~le morr involv(~(1. 

, l l l , j l l l  , .  c l l e  s s o r l o l l ,  l l , . , , . s  TIIO p~.o~rss ing : ~ n d  ~ n a n u f ~ c t l ~ r i n g  side of 
 ID^ ~ ~ : l ~ ~ l : l l l i l ,  ~ o l l ~ ~ g ~ ~ l ' : ~ r l ~ ,  .TIIIIC, I!>IX. t l ~ v  tl:riry intlnstry is no Irss romprisc~d of w i t  
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systc?ms than is the production side. Functions 
involved are  assembly, processing, packaging, 
~nerchandising, distribution, selling, and man- 
agement. All of the scientific disciplines have 
co~ltrihuted to the development of this side of 
our industry; they continue to do so in ever 
greater degree. But here, also, the contribution 
has been largely fragmented. Adaptation of 
new ltnowledge has been stimulated ]nore by 
corupetitive pressures between systenl units than 
froin understanding among thc scientific dis- 
ciplines of where their discoveries best fit the 
needs of either the industry o r  its unit sys- 
tems. Here, too, is need for  system research 
capability. 

F o r  example, two processors operate in the 
same market. Their supply problem is s i~ni lar ;  
they perform the sanlcB general functions; they 
en~ploy the sanle nu~nher  of people. One does 
twice the dollar volu~nc of husiness of the other. 

I n  another rnarket two processors of com- 
pariitive size con~pr te  with each other. Variance 
in efficiency ~neasnrrd hy gallonage processed 
per n~an-hour is 35%. I s  i t  not a proper func- 
tion of resrnrch to determine what constitutes 
:III rfic.icnt system? How can education develop 
~)(:ol)le c::rpahlc of operating the several par ts  
of :iny systoln unless there is first understanding 
of what constitutes an  effective system? How 
c;in this he determined eseept by thc nleasure- 
n~ents  provided by research l 

Withill our society, there has long been close 
;~ssociation between the econo~nic conr~nunity 
:111d the educational community to the benefit 
of both. The educational oonimunity is dc- 
pelldent fo r  its support upon an  efficient, pro- 
ductive, and profitable economic ~on~lrlullitJ'. 
JJ7ithont the ~ n o n e t a q  support provided fo r  
edncztion by a profitahlc econo~nic com~nnr~ity,  
educatioll could not h:ivc rcilc1.1c.d nor rould i t  
lllaintxill its present st:~turc. 111 tlll'll, the eC0- 
llolllic rolnluunity is dcpcncic!~lt u1)on th(! educa- 
tional c~onnnunity to l?rovidc. n c o ~ ~ t i n u i ~ ~ g  flow 

peol>l(> 1l:~ving the b:lsic training enabling 
them to beron~e effective workers in our eco- 
11o111ic> structnrc.. Thrrca is also dependence upon 
c.duc.ation to tlcvelop the scientists who will 
disrover new Iino\\,ledge or new applications 
for  prc!sc>nt li~~owledge. 

So i t  is within the cltriry industry. There is 
ir~terdapc.r~dence hetwec~n education and the in- 
d u s t ~ y .  They need each other: the people of 
Arr~cbrie:~ need both. I t  is, therefore, appropri- 
:itch that industry and education understand each 
other's nc'rds and capabilities. TT-hile assoeia- 
tions ill industry and education have been close 
:~nd  caordi:rl, there can and should he improve- 
I I I C I I ~  in their communications. Rren now 
changes arc being made in curriculu~ns of a 
nu~nher  of institutions ~ ~ h i c h  have in t l ~ c  past 
ant1 will in the future make significant rontri- 
hutions to the ir~~provemrrlt of the: tl;liry ill- 
dustr>-. History, philosophy, econotnics, polit- 

ical science, and the social sciences are  being rec- 
ognizrd as  having a proper place in education 
for  :I rarecr within the scientific o r  technological 
area. .It the salne t i~ne ,  there appears also n 
realignn~ent of subject matter i n  the science 
areas, so that the graduating student has had 
a hroadcr hase of exposure to the several areas 
of Iino~vledgc needed to beco~ne an  understand- 
in:: and uwful  p:~rt of his society. 

There seenls no general understanding within 
the dairy industry of the changes heing made, 
nor of the reasons fo r  them. The industi-y needs 
to talre the111 into account in its recruitment 
program. I n  addition, it is a. matter of concc?rn 
that students seeking a career within the dairy 
industry are diminishing in nnniher. This in- 
dustry is neither dead, dying, nor decadent; i t  
is alive, vital, and necessary. However, to 
achieve effectively its function of providing a 
major par t  of the A~nerican dietary it nlust have 
a continuing flow of ahlr young lnen into its 
several parts. Here is :i eh:dlenge to the in- 
dustry and to education also. 

W e  in the dairy industry have another area 
of deep interrst. Rasically, our industry is en- 
g:~ged in supplying flavor and nutrition to the 
~ I~nor i can  people.. We do this through a highly 
c o ~ ~ ~ l ) l e s  :lnd nrarvelously intricate logistical 
syste111, in the for111 of milk and its products. 
'I'hcay are  the most versatile of any food group. 
T11c.y II:LV(? wider (1egrc.e of public acceptability 
~ I I : I I I  clo('s i ~ n y  ot l~cr  food group. Yet questions 
i11.t~ I I ~ I V  being raised as to the nutritional effect 
of' thr f : ~ t  colnponent of these products. Icnowl- 
c~lpcb ol' nutrition is in such a state that the 
c~ucastio~~s r;iised cannot he answered categor- 
ic.ally :~nd  authoritatively. There is real need 
f'or a significant and i~~n l~ r t l i a t c  i~lcret~se in nu- 
trition researcl~, to Inore eonc~lusivcly d e t c r ~ ~ ~ i ~ ~ c  
tht. nutritional results obtained fro111 tho in- 
g(1stion of milk and daily products. There is 
also need fo r  a wider and ~ l ~ o r e  effective distri- 
bution to our custonlers of nutrition Itnowledge. 

There is also a n  opportunity to in~prove pub- 
lic awareness of thc esthetic and social values 
attrnd:tunt on the niealtirtic event. W e  are  a 
niohilc society. Fan~ i ly  intc~rcsts are  wide and 
con~ples. Soci;~l forcvs a t  work on the family 
are centrifugal in ~ ~ a t u r e .  The mealtime event 
is centripetal; it !)rings thc f an~ i ly  together. 
I t  provitles opportunity for  fanlily devotions, 
fo r  disc.ussion of fanlily hopes and aspirations, 
for  thosc: nlany niceties of 11uina.n relations 
~ ~ h i c l ~  hell, the S:ul~ily to be :t family rather than 
sevcral i~~d iv idu i~ l s  living in the saine dwelling. 
I t  is witl~in the family that  character is  shaped, 
~ ln~~ t i~ roc l ,  iind devc!lopetl; here are  established 
t l ~ c  v:l.lnt' roncc:pts which, in the aggregate, shape 
soeicty itsrlf. I n  our kind of world we must, 
it' n-o tire to survive, have a society possessing 
the ch:~racter nccessary to resist both cllallenge 
f r o ~ ~ l  without and erosion froin within. W e  of 
the dairy industi-y, by supplying a nccessary 
and wanted food, can help ~u:rl<e the. ~ncnlti~rle 



r r m t  mi occasion ['or building Imth tl~c! l)l~ysical this g rea t  industry ful ly cap:cble of n ~ a l t i ~ ~ g  
and ~ n o r a l  strength required f o r  s ~ u v i v : ~ l  in :L the adaptations necessary to  i ts  continued 
~ ~ o r l t l  now divided. growth and developn~ent  in, and  f o r  i ts  con- 

Tt is to this purpose tha t  tllose in ~ c s m r c ~ l i  tinucil service to, a society grown so complex 
:111d rducation and  those of the great  dairy ill- : i~id inter-related a s  to  deny isolation of any  of 
tlnstry find coinnlon cause. They a r e  now ehal- its t':~ccts. The record of the pas t  gives hope 
1(~11gc>rl to find 111ost effective means of 1;ceping ol' ~ ) ro~r~isc .  f o r  the future. 

S'l',\'l'lS'l'I('S ()S ATTEKDASCII: AT TIVO TZE('F:S'I' .\SS17A\IA 
A.D.S.A. MEETINGS 

FT. F. JL-DKIKS, Secre ta ry-Twasur~r ,  A\.l).S..\. 
3'2 HidgVwi~y ('i~.c.l(,, TTlrite Plains. S c ~ v  Yo1.1; 

l!lCil l!I(i? 
i s s i  ~7:1r~l:1i111 

- - - - - - 

% of ',A of 

--- - - 

So. tot:~l So .  tot:ll 
- - - - - - - -- 

11(~11111(~rb fro111 1111i~er- 
~ i t i c s  : I I I ~ ~  TSTlA . . . . .  4 i 5  42.8 508 4.7.11 

31clnl)ers fro111 ii~clllstry 260 23.4 263 23.11 
St~~~lc~lt : t ff i l i :~tcs ......... 936 01.2 231 Yl.Il 

Nu1n1)cr of \vo~nc.ll . . .  311 
Number of f:llliil?. 

groups wit11 or \\.itl~- 
out chiltlrcn . . . . .  

Kumber of fn111i1.v 
groups wit11 C I I ~ I I I ~ I ~ I I  I:iO 

Sumber of f:~milp 
groups lvit11 0111~ ~ l ~ i l ~ l  -19 

x ~ ~ m l ) e r  of fnil~ily 
groups wit11 

. . . . .  tmo cliildre~l 5(i 
Siimber of f:unily 

gronps wit11 
three children . . . . .  23  

Suinber of fainily 
groups xi-it11 

. . . . . . . . .  four children.. <I 
Samber of fnulily 

groups ~ v i t l ~  
lire cl~ililrcli . . . . . . . . . .  0 

- 

Tot:il n~imher 
of cl~i ldrm .. 251, 

,\vg no. chil(1rcn 
11"r fanlily 2.110 

(:ornp:~risoi~s of 111:ljor il~terrst : 
1. 1,:rrgcr total atte~lrl:~~~c.r i l l  I!l(ilj. 
2. Pcrcc~11tng.e rl;issific:~tioi~ of me!~~~l)c~rs attend- 

ing allnost itlel~tic.:~l lrotl~ yr:i].s. 
3 ,  ~ T : I I I ~  111ore ~ v o ~ i i e ~ i  :111cl f:1111ily g r o ~ ~ p s  ill 1962. 
4. 11:111y iiiorc c l ~ i l c l r ( ~ ~ ~  ill lSI(i2. 
5 .  '\ f r ~ v  nlorcx fnnlilies of five rl~ildrell sl~ol~lil 

t:~kc> canl.ct of our ~iienll~rrsl~ip for pcnrs to 
l'~llllL~. 

Artifici:~l lrrcbc~(li~~g ;~ssoc.i:~titri~s ........... 98 
Ro:~rcl of TTonltl~ (st:~tc or local).. . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Brcc%(L :~ssor i :~ t io~~s  13  
(I l lni~~ titoro rc.lrr~~sc>l~t:~t iws . . . . . . . . . .  (i 
1l.rr.r.n. . . . .  . . . . . .  
1)nir.y ~xcwcssil~g c o ~ ~ ~ l ) ; ~ ~ ~ i r s  . . .  108 
Dairy ~rrotl~icts 1rrokt.r . . . . . . . . . . . . . .  
D:tirp Produrtn I I I I ~ I ~ ~ ~ ~ ~ I I I ~ ~ I I ~  111stitutc 
Farmers' c.oolrclr:~ tivcss . . . . . . . . . . . . . . . . .  (i 
Farming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
GOV 't la boratorirs or st:cto 

agriculture depar tu l r~~t  . . .  7 
Manufacturers of fecvl or 

feed supplemr~its . . . . . . . . . .  35 
Mailufacturers of erluilr~lleiit 

auil supplies . . . . . .  . . .  $19 
Milk ~)roduccr nssociatio~~s . . . .  !I 
A4iscellaneous or i i i i k ~ ~ o ~ r ~ ~  . . . .  15 
S;~tional Hesearcl~ C'oulicil . . . . . . .  
I'rirnte Inl~orntories . . . . . . . . . . . . . . . . . . .  10 

. . . . . . . . . . . . . . . . . . .  I'ublisl~i~ig 10 
Tradc associntioi~s . . . . . . . . . . . . . . . . . . . .  17 
IVisconsii~ ,~lni ir~i i  Rcsr:~rcl~ Foui~dntion 

- 

357 

Tllc1.c were fewer persons attending fro111 
c l a i r ~  lmvressing companies, f rom equipment 
ant1 snpply manufacturer?, a n d  froin feed man- 
uf';lcturing cao~npanic,~, in  1962. 



~'ROC;RI\JI  

L \ s x ~ 7 L \ l l  J ~ I ~ ~ l ~ r I ' l x ( ~  s ~ ~ ' l ' 1 l 1 ~ : 1 z s  1 ~ I \ ~ I s l o s .  

. \JIElZI( ' , \S I),\I RT S ( ' T E S ( ' E  ~ ~ S S O ( ' T A \ T I O S  

lIEi\Il'lI IS, T E S S E S S E F :  

(', \Y. I<P:\V~,S, U ~ ~ i v c r s i t y  or  l~'lnri~la, G : ~ i ~ ~ ( ~ \ v i l l ( ~  

February 4-6, 1963 

Monday AM 
.T(1157' S K S S I O S  I) , \ l l t l '  l'liOl)L("l'lOh', 

I).\IB\- b:S'I'F;!iSIOS .\XI) 
I).\TRY 31.\S~Tl+'.\("t'TTlZ IS(: 

I ~ ~ t ( ~ r r ( ~ l ; ~ t i o n  of tilth 111:1,jor  ill< eol~ht i t~~cf i l~ t s  
of fa15111 d(~li\c.l,ic~s in V ~ I * ~ ~ I I ~ : I .  TY. I<.  
stllllt~, 11. (., ~ ~ o l l l l ~ ~ l ~ ~  :11111 Y. I<,. 'I'llOll1~~s~ll1, 
\ ' i ~ . g i ~ ~ i ; ~  l ' o l y t ( ~ ~ ~ l ) ~ ~ i ~ *  1113tit11te, H ~ ; I ( , ~ ~ ~ I I I I , ~ .  

S : ~ t u r ; ~ l  V : I I , ~ ; I ~ ~ O I I  ~ I I  t l ~ v  I're(~zing point V;I I I IV  
of 1 1 1 i I l c  I ' I , O I I I  ; I  s i n ~ l e  l~(lr(l. l t .  \Y. Htw- 
rli11gso11, So11tl1 (;:1ro1i11;1 -\gri(:uItu1~;11 Ex- 
~ ~ ~ . r i l , l ~ ~ l l t  St;1tio11, ~'lrlllsoll, s .  c. 

~ I I H I I I ~ I ~ ~ ( ~  111' 111iIk f r : ~ ~ * t i o ~ ~ s  011 :~ctivitivs of 
I:~etic c~~lturcbs. II. ('. 0lso11 : ~ n d  S. 1.1. (iil- 
lil;111(1, O~I:IIIOIII;L S t : ~ t e  1'11ivc>rsit-y, Still- 
\v:ltc'l.. 

'l'11e r c l ; ~ t i o ~ ~ s l ~ i p  ol' ~ ~ l ~ o s l ~ l ~ o l i p i t l  eontcwt   nil 
f ; ~ t t y  acid co~lll)osition to  Illilk Eat l~ydro ly-  
sis. \I7. K. ITT:~llntte, 1,onisinnn Statt: 17ni- 
versity, B ; ~ t o n  liongr. 

I<c~l:~tionshil) of 11)ilk pipeline l ~ e i g l ~ t  t c ~  ill- 
cSre:lses in ;~ciel tl(2grt.c. v:~lucls. .I. R. (Ihol- 
son, 1,oni.*ia11:1 S t : ~ t c ~  Ivnivt,rsity, 13iltot1 
Kougc.. 

I*:tf(,ct of fcfic~tling tllyrosi~lc. on sc.erc.tion oI' 
[o(l i~~e"" ~ I I  111iIk. , I .  I<. Ilil11~1-, b;. TY. S W ~ ~ I I I -  
son, ;111tl I{. (:. ( 'r:~gle, CT-A F:C l \ g ~ i c ~ ~ l -  
tur:~l  liesea~.c.l~ I,;ll)or:~tory, Oak Ridgo, 
Tcnnc.ssrc. 

'I'jlste 1)ii11('1 stut1ic.s of :L low-fat sl1re;ld. .T. H. 
.\[ickl(b, JL. E. L(.itligl~, 31. V. Pl'lalkus, It. I ) .  
3Iorrisol1. H. I ) .  1<:1kc.1., ; ~ n d  R.  1,. Von 
Onntc'l~. O ~ ~ : I ~ I O I I I : I  S ta te  lrnivc~rsity, Still- 
\\.:I ter. 

r .  l I I V  cbfl'c~et of (*( ' r t : l i~~  r t ~ f ' ~ . ~ ( ~ z i n g  t t ~ c l ~ ~ ~ i ( l ~ ~ ( ~ s  011 

the :~cativity 01' 111isrtl fio1.a c n l t ~ u r s .  .I. 7'. 
(':~~.tl\\.oll, 1lississipl)i S t : ~ t e  Cl~ivc~ .s i ty ,  
Stilt(. ('oll(2ge. 

( ' ~ , y s t : ~ l l i z : ~ t i o ~ ~  tc~n~l)ol-at~u.c,s of v;~rions f a t -  
\v:~tc&l. 111ixtu1.(3s eooI(~1 : ~ t  tlift'orent r :~ t r s .  
. I .  1:. l I i ek l (~ .  31. IT. Rts:~nf'ord, ; I I I ( I  I,. ('. 
' ~ I , I I ~ ,  OI;I;III~III:I S t :~ tv  l -~~iv( l r s i ty .  Still- 
\v:1 tc.1.. 

'I'll(% 1)(,1*sistt*11(.c 01' (~ool<c~l  ll:~vor in 1 1 1 i l I c  11:1>- 
tc3111,i;st~tl : ~ t  I!)+ 1". 13. .I .  l ) e ~ ~ ~ o t t .  I ; l~ i rc~~. -  
s i ty of 'I '(~IIII(~SH(V%, l i ~ l ( ~ s v i l l e .  

- 1  I I I V  ~ . ( ~ l ; ~ t i n ~ l h I ~ i l )  I ) ( ~ t \ v ~ v l ~  so1111)It~ l)tfil)ti(l(l 11i- 
tl~Og(~l1 :lll(l tI:1vo1. of ('1ltt:lgl. (,ll(~c~sv. I ) .  31. 
S;ltY' ;III(I \V. I<. S ~ O I I C ,  V i r g i ~ ~ i : ~  1'11lytt~1~l1- 
I I ~ V  I~~st i t r~tch,  I:l:~el;sl)ul.g. 

. \~ I~~II : I I I~( , : I I  s ; ~ l t i ~ ~ g  of 13111~ (~IIIY>S(~ I * I I I T ~  ; ~ t  
I~ool'ing. .J. . I .  .Janzc~n, S o l ~ t h  C:~ro l i~ l ;~  .\g- 
l.ic.nltl~r;~l Iq:sl~cbri~~~c~~lt S t : r t i o ~ ~ ,  ('1t~111son. 
s. C'. 

Iirsl)ons(. ol' I:~ctic. cultn~~css to Ilc.;~t ~ I . ( ~ : I ~ I I I ( ~ I I ~  

01' 111iIk. 11. ('. 0Iso11 :IIIII  S. 5;. (lillil:~r~(l, 
O k l : ~ h o ~ ~ ~ ; t  S ta te  IJniversity, Still\v;~tc.r. 

Slx)ilagcb of l ~ ~ i l l c  I1-y t l ~ r r n ~ o d ~ u i c .  ~ w y c l ~ r o -  
~)h i l r s .  H. C. Olson, Okl:~ho~n:l S ta te  Uni- 
versity, Still\v;ltrr. 

Srl~vativc plntillg tccl~nic~ue for  detc~cting con- 
c , o ~ ~ t : ~ ~ t ~ i n a t i o ~ ~  of pnstenrized 111il1;. 1T. ('. 
Olson, OI<I:III~III:I St;~t(a I - ~ ~ i ~ v r s i t y ,  Still- 
\\.:I t1.r. 

Monday PM 
JOTNT SESSIOX, D A I R Y  PRODUC'I'IOT 

AND I ) , i I n r  ESTKSSIOS 

Presiding : I. 111. I<I.PE:I, 

, '. 
I I :oo :\>l 

f+:l'fect of tIl(~l~l1l:ll s tress 011 growt11 of 1l~~w~)Orll 
(+c .~~cr ;~ l  ( . ' o ~ ~ v c ~ ~ ~ t i o n  Stassion, .ISAT\' I lolstr in c:~l\,chs to  $30 tl;~-ys of : ~ g c  P .  F. 

l~:1111~no111, ('l~is~.:~-l'laz:~ 11nt1~1 1<;111(l(~ll ;III(I  I,. L. 1<11sofl'. I,onisi;~n:~ S t : l t ~  

Monday PM 
[).\TRY Jr .LSUFdCTURING 

I'rc~.;iili~lg : .J. J .  TVII,LINGITAM 
2 :oo l l J I  

( ' ~ I ~ I I ~ ; I I - . T ~ ~ I T ( ~ ~ S ~ I I  I ~ O O I I I ,  ICillg Cotton Hotel  

\ . :~ l~ les  I'or tl~c? fo~.cchtl 'o~lvcction hea t  tmns-  
f'er (.oc~fieic~nts ol' s r r e r : ~ l  tl:~iry products. 
.\I. Id. I'rc,plcs. 'I'c.s:~s 'I'c~c.l~~~ologic~:~l C'ol- 
Irgc, 1,nhl)oek. 



'I'l~e value oC forage; spwies itlonc o r  in ~ n i s -  
tures fo r  l;lctatir~g co\vs. W. I<. hlurley 
and 13. I). Gross, Xorth Carolina State 
College iind Clark \V;ilker, Piedmoiit Re- 
setircli Stt~tiori, Stilishnry, K o ~ t h  Carolina. 

I~iflut~ncc. of feed ndditivrs on  the utiliention 
of Coastal Rt.~viuda and oat hixys by daily 
heil'ers. \IT. 11. Icing. C. C. Rrannon, and 
H. J .  IVcbhb, Sonth Ctlrolinn Agricultural 
ICs~w~~ilnc~nt Station. (Ilr~nson, Sonth Car(>- 
1ill:L. 

E f f ' c~ t s  of' age a t  cutting and wtr:~tliering on 
Co:lst;ll B(~rn~i ida  grass hay. J. C. Johnson, 
.Jr., I). n7. Br;lrdslep, G. W. Burton, F, k:. 
I<nos, :11lc1 13. 11. Soutliwrll, Georgia Const:ll 
l'lnin E : x p ( ~ r i ~ ~ ~ ( ~ ~ i t .  Stiltion, Tifton. 

Sntricnt losses and chelnicnl changes of 
Coastal Bermuda grass when ensiled a t  two 
stages of maturity. Mi. .I. -1Iiller. C. 11. 
('lifton, and N. 11'. Ca~~lc ron ,  University 
ol' Georgia, Athens. 

'I'he influenre of st;ljie of i~i;ltiuity on thc 
nutritive v;ilne of Sud:111 grass. 0. T. St;lll- 
t.111) and Gv~)rgr \'. I)a\-is, V n i ~ r r s i t y  of 
. \~,l in~lsas,  F;~yottc~vill(~. 

Tuesday AM 
. I01 ST SESSIOS,  I).\IItY I'lt0L)liC'I'IOX 

.1NI) I).1Tli17 RSTE:SSIOS 

t'rt%idi~~g : 1;. p;. GoOll\ l ,~ 

('ro.sh~~rd (fairy c;lttle con ip~~red  to their 1)urch- 
I~red contt.1l11x)rari(ls f o r  n ~ i l k  and f a t  pro- 
t lnc t io~~.  (:. I\-. Brtindt, C. C'. Rran~ion. 
South ("arolinn hgricu1tur;ll ]':spcrillle~~t 
Statio~l.  (:lr~nson. Soutlt Carolina: ant1 

Tuesday A M  
1)BlRY MANUFACTURIKG 

Preqiding: H. C. O ~ s o s  

8 :00 AM 

Colo~iial-.lefl'rrso~i Room, Icing Cottori 1Iotc.l 

Thr  rnun~er:\ t io~i of' ( ' i t rate-fermenti~~g h:ir- 
t r r i ; ~  in com~nercial lactic cultures. W. I\-. 
0vt.rc;lst ant1 J. U. Sk(3a11, University of 
Te~inessee, I<noxvillc. , 1 I 1 ( s  , effect of inorganic nitrogen sourccts on 

the growth of v~lrious pseudomonad?;. 
('. Vandereant and A. E. Bardin, Tex:~s 
Agricultural I.:xperi~nent Station, College 
Station. 

Taxononiic stndics on lipolytic aerobic sporc- 
fo rn~ ing  bacteria obtained from ~nilli. 31ar.v 
i1nne lIoldar and Earl  It. Garrison, Uni- 
versity of Arkansas, Fnyetteville. 

0s:llic ilcaid as  a huffer t'or d ~ e  nlilk protein 
t letr~.l~ri~intio~is.  Itupcart Seals, Tennc.ssecx 
.\gric*ultural ant1 Indnstrial State Univer- 
sity, Nashville. 

( ' O I I S I I I I ~ ~ ~  l~referenct~s  for  corn syrup solids 
~ t ~ l ~ l ; ~ c c . ~ t i c ~ n t  lel-rls ill vanilla ice cdrt.;illl. 
.Jo1111 .J. S ~ C I I T ~ I I ~  ilnd F:ufi(&nr J. Finneg:in. 
I7nivrrsity of (;c,orgitl, iltliens. 

9 :30 a3.r 
SOL'TlLEIIS I)I\~TSIOK, A.D.S.A. 

B r S l S E S S  1IEETISG 
l<ivcbrvic,\\- Rool~t, I<i~ig Cotton IIotel 

( ;F:SEl<dL ('OS\'BSTIOS SESSIOS, 
ns.tm 

R;~llroom, Cl1iw:t-P1;rza Hotel 

I\'. R. Ilii~.rey, Hionietric~al Serviczes, :ultl Tuesdav PM 

A ..," ., .~.,. A ... 
lina S G I ~ P '  ('ollrgt~, ~;rleiglr .  

Ilelntionship of' frc.ding p:lttc~l~ns ~ v i t l ~  ~ ) ro t l~ i c -  Penbotly Hotc.1, Rooni 201 
tin11 of S o ~ . t h  (::irolint~ I)IIIA l ~ t l ~ ~ d s .  E'l.c~:l ,)rOgrall cOlll  s(,(i o r  tkl nt1iry J I ~ ~ ~ ~ ~ ~ .  
S. Icnott, S01'tl1 ('nl.olin:i Stat,e, ('(rll('g('* f;lc.tllyillg ll;lp(Brs ; I l l ( l  ?;is Food Science ;lncl R;lleigh. 'J 'c~~hnologq palwrs stsl(.ctc~tl to intert.st dairy 

R;~pitl dot r r~l l in : l t io~~ ol' tht. ~ i n d ~ ~ i ~ a t n r o d  sex- 
run1 p~,otc,in content of Inilk. .J. \\:. Sai111- 
d r ~ ~ s ,  I,. I,. J<oo~~ tz ,  :~ii(l \I7. I<. Stone, Tii,- 
gini;t Polytechnic. Institnte, lil;~cl;sburg. 

'I'Ii(. i~rflnc.nct> of nlilk 1)rottfiin on the plrysic~tll 
l)rol)c~'ties of low-fat frozc.11 dessel*ts. 
IT. I<. Stone, 11. *\. S~nitl i ,  ;111d R. 1,. llills, 
\'ir.ginin I'olqtecl~nic~ Tnstiti~te, Bl;~c~lrnhnrg. 

( ' O I I ~ L I I I I ( ' I .  pr(*fert~net> f o r  S I I ~ ~ I I .  I ~ v e l s  in i ( v  
~~1~r:lIll ;lll(I l ' l ~~ lx~~ l l  desserts. ITr. ( ' 0 ) ~ l l  



syrup solids ~.rl)l:le(~n~c.llts Ic~vc.ls i l l  elloc.o- 
1:1t~ ire rre:llIl. ,JOIIII She11ri11g :11i(1 lCuge11c 
.I. Finnega~l. tinirck~.sity of Ge'orgia, A ill- 
('11s. 

Tuesday PM 
1)'llliY l ' l ~ 0 l ~ I ~ ~ Y " O S  

1'1.esitli11g: S. I). 1[r.sc;~.\v1.: 
1 145 1,>r 

Rivvrvie~v I<OOI I I ,  1<i11g ('otto11 Ilotel 

I.iv:ll)ility 01' I)o\.i~lr ~ ~ ) V I ' I I I ; I ~ O S ~ : I  \ ~ I I ~ ~ I I  (li- 
luted with diffc.rc.llt srlllell estelld(~rs. 0. 'I'. 
Fosgate ant1 T. 11. I<II:IIIII, I'niv(~rsity 01' 
Georgia, Athens. 

1'ostnl;ltioli of gollatlotropic: co1111)lt~s i l l  rcspca:~t 
I)~.twler dairy cattle 1):isrtl 011 eli~licitl trc.;~t,- 
111c.nt \\-it11 gonadogen. S. l';~ti, TII~S ,\gri- 
c.ulturn1 ant1 'I'eell~li(.:~l C'ollcge of' Sortlt 
r:~roIiti:~, (~ r t~c~~s l io ro .  

Iinl11c.11 ~x~rfiker;ttosis in t1:lir.y c.;~ttl(fi. I,. d. 
1311sh. F:. Tl:~nis. Jr . ,  .J. I ) .  Fri(,rld, :~ntl 
S. I ) .  11usg1.:1vt.. O k l i ~ l i o ~ ~ ~ : ~  Stilt(. I?tliver- 
sity, Still\vcitc.r. 

%ill(. c.otitc~nt of' sollle reed ~ll:lt(~ri:~ls ; I I I ~  ill- 
grc'diel~ts. IT. .J. 3Lillc.r :ant1 .]. ]<. Millt'r, 
I~~livvrsity 01' Georgia, ;\the~is. 

I)\v:lrS co r~ i  11s :I silage crop. 1)cro S. R:ur~sc.y, 
JIississippi State College, St:tte College.. 

I.:~c.t;l tion rthspousc. of cows to ;lltt.rllate day 
:~titl night g ~ v ~ n i ~ l g  ol' ('o:~stal 13e1*111utln ; ~ n d  
(:;ll~i-l 111illvt. (1. H. Hollins, .\111)11r1i I;lli- 
vel.sity, : \ I I ~ ) I I ~ I I ,  * \ I ; I~)~II I : I .  

4 :00 1.x 

11 P:ET IYITI r I)AII<J- P:S~VEXSIOX 
P:~rlor 13, ICi~ig Cotton Hotel 

('o~lsider:~tions in developing effective for- 
:igcS cvalnntion programs. ( A  swap-sliop ses- 
sion involvilig E:xtetlsion and Research per- 
sollnrl.) Discussion IAc~atlt.r: It. E. RITRLESON, 
F16~(l(~rnl E:xtetisio~t 1):1iry111:1ti, l*SD;\, lIT:~sl~- 
ington, I). C. 

fi ::HI PN 

. \SSI*.\L I<.\S1JI;ET .\XI) I10YOIiS 
i'Iio(;I{.\)r 

Tuesday PM 
U.\ IR,Y b;XTF:SSIO?: 

I'lvsi(li11g: Fr. I\-. A \ s ~ ) ~ ; ~ t s o s  
1 :45 lJ3C 

I):II.I~II, 13, 1<i11g Cottoti I ~ e ) t ( ~ l  
1 :4.i llnsinrss 111~eti11g. 

2 :OO E~rl)c.rir~~ec~s wit11 ~l~:lst i t is  co~ltrol pro- 
gl.11111~. 1):11iel ( l i s c ~ ~ s s i o ~ ~  : AI, I$'. Ell- 
I I I O I . ~ ,  C l l i~ i r~~ l i i~ i  (V:I.) ; J .  N. &[addux 
(Gn.) ; J .  T). Georgr (S.C.)  ; Ih~ek  
Grec311 (IA.).  

:I :00 Dairyiug ill thv Soutll untl(3r prosl~rctivc. 
diliry programs. Sta~it,on I). Pi~rr!-, 11th- 
partli~ent ol' .\gricultur:ll I+:rotio~~~ic.s, 
17nirc.rsity of 'I'c.ll~iesst.e, J<t~osville. 

:I :40 Recess. 

.\ c o ~ ~ ~ ~ ) ; w i s o ~ ~  o f  ~ ~ ~ r t l i o t l s  of rstilll;~ting I.(,- 
grc.ssio11s for use in thc Orangc-(.+ 111tthotl 
c~t' lnilk protei~i det(~r111illatio11. C. 1'. Breicl- 
c~~~stc~i i i ,  .\. , J .  (:uitll.y, : I I I ~  , J .  E':. . JoI~nsto~~,  
l.or~isi:~ll;~. St:ltc. l:~iivc.rsity, 13;1to11 12oup. 

'I'll? 1.c~liitio11ship l)ct\vrc.n utltltar i111d t(?:~t nltl:ls- 
urc.ll~ellt~s i311tl 111ilk flo\v. .J. YI. K:lkc~s ;111tl 
(iordon 11. Fo1.d. I:nistsrsity 01: A \ r l < ; ~ ~ ~ s : ~ ~ ,  
I~';~yrttc~villc~. 

'!'II(B c~ff(~cts of gr:1i11 l'(vdilig le~vcl on t11v r:ltv 
ot' ~,;~ss:rpe 01' t'ood tluough the digestive 
t~-:ict ol' thv caolv. 0.  I-I. Ilorton ant1 .Jo111i 
IY. Bell. I-l~ivrrsity of' .\rk:tnsas, I';~~-t.ttcs- 
~ i I l c ~ .  

k:ffec.t 01' sul>l)l(~lnel~ti~l I'evdillg of (.o\vs 011 

1~1st1u~c. 011 Illilk [)l.odll(*tion : I I I ~  (~o1111)osi- 
tio11. ,J. 'V. HIIII~I., ( i .  ('. (ir :~f,  :11i(1 I{. \Y. 
F;ngel, Virgilli:~ I)e)lyt(~cl~~iiv 111stit11t(~, 
Iili~ckslin~y. 

I:lfec.ts 011 111ilk prodrrctio~i of sul)plt .~l~rnt:~ry 
I)nlky c.onet~l~tr:ltc~ I'eotlillg. .I. 11. IYitlg 
I ' . i l c o ,  ' l o r i l ; ~  .lgric.ultur:ll 
b : s l ) e ~ ~ i ~ ~ ~ c ~ ~ i t  St: l t io~~, G:~i~~esvi l l (~ .  

Si111ple rs. coml)l(~x grain 11list1u.c.s fol. I;cct;~t- 
i11g eons. IT. R .  JIurley. So1.tl1 (':r~.oli~~;r 
St:lte C'ollcgc., K:~l(~igll. 



i\l:8THLlC'1'S CIF I'A I'l3IIS 

Supply of and demand for dairy technology 
graduates. I I .  I". .J I nKlss, Sccrct:~~y-Treas- 
I I I . ~ ~ I , ,  ,\.I).S.,\., lV11ite l'l;~ins, X. Y. 

Thirty-four stat,(? nniversities graduated 
only 133 stutlents with R.S. degrees in D;~iry  
Technology in 1961 and ahont half of the111 
\rc1rc> loc.i~ted in nine st;itcls. Six stntcs rcL- 
ported no D:iiry 'rc,c*llnology gradn:~tes ant1 the 
o t l~ r r s  tire. or less. 

Se.r,thr:~l D ;~ i ry  I)t*l):trt~~~ent heirds re[)ortrtl 
thc, supply of' griic1ui1tc.s is helow dcm:untl. 
I):~iry Industry Supply Associ:~tion anrl dairy 
processing eonipi~nies arc- seeking lnen tr i~inrtl  
in enginc>cring, liher:~l arts. :~ntl  science. 

1)itir.v l ) e r~ i~ r t~n ten t  heads and lenders in 

1Trating milk to 70 C for 30 min, i~nrneilintely 
follo~ving addit,ion of phosphate, 1.csultet1 in 
ren~ov;~l  01 '  S.5Yh of the Sr". \\-hen the p l i  01' 
111ill~ \\-:IS i~djusted to 5.4 x i th  ILPO, ant1 t,hon 
to S . h v i t h  ICOIT hef'orcs adding phosphatr, 
93:; r(~111ovn1 of SrC;' \\-;is c~ht:iinetl 11p he:~ting 
to 7 0 ( '  I'or only 4 I I I ~ I I .  1f~lirn ~)hosphated 
n~iIl< (p11 6.6) W;IS s t irr~vl a t  5 C  for  24 hr, 
oidy (i0:; of the Sr" \\-:IS rrmored. All pro- 
ccd~lrrs i~tilixing c.;ilri11111 phosphi~tc~ precipita- 
tion retluced the lnilk ~ ~ i t r o g ( ~ n  fro111 23 to 
3:35,. 1-snally, Inor(, t h ;~n  5 0 5  of the ~nill; 
c:ilciu~n, in :~cldition to the ;~tldrd phosph:~tct 
c.;~lciu~n, \vas prc.cil)itatetl. Also, :I dcbcre;~se in 
n~ i lk  ~ I I O S ~ ~ ~ O I ~ U S  o ( * ( ~ ~ r r r d  in son~e inst;~n(v,s. . A 

industry give thew c,;tases for lo\\- rnrolln~ent : 
C I I I . ~ ~ C I I ~ I I I I I  too voei~tioni~l; rate of' adri~nce- Regeneration Of exchange resins used 
nient in industry too slow; Inrk of i n d u s t n  *Or the of radiostrontium from 
trainillg I,rogmms; s;llilries too lo\,.; the Iller;- .J. I-. H.\IWIS, l>ivision ol' l~;~(liologic~;il F lc~~l th .  
illg of  losulting in felvgr IJ. S. I'llhlic He:~l t l~  St:l.\.iee, I)epi~rtn~ent of 

nl,Ilort,lllities. one large company, operating H t ~ ; ~ l t l ~ ,  I~:duc:~tion :lnd \\relf;~re, AST)  I). G .  
ahout one-third its origillal l lull~~ler of plullts, KAS~~F:R~.Y,*: J. I<. IIVAXTS, ASI) 1,. F. E I ) ~ I O S ~ -  

,,.ill rlc,c,d only lS new nlell to fill tpI1 key "0". E>astchrn Gtilizi~tion liesei1rc.11 and 1)evel- 
in the nest J,r; 01114- two of thel;l o p ~ ~ ~ t ~ n t  I ) iv is io~~,  USl)L\, 1V;tshirlgton 2.5, 1). C. 

;~rc> dirpctly in produetion. Efforts made to 1':ff'ects Of rc~grnermlt c*onc.cntr;~tion, t(,nr- 
rrCruit stu(]erlts from Iligh s c : l ~ ~ ~ l s  have not ]>el';ltul'e, ~0llt:lct tinle, illld re-Use of r('gen- 
I)rcsll fruitful. Tt is that  Dairy I)?- (.r:lnt oll rrgc~nrration ckfic:ienry of (.ation ex- 
l)nrtlllent heads recruit frolrl \\,ithill the lmi- ~h:lllg(~ resin c0~1111llls follo.r\ring use in rcnlor- 
rersity :llld endearor to interest goocl studrllt-; ing Srq froni ~nilli werci studied. Resins were 
~ I I  the c2011(.gc's of' business, science, and engi- not consiclerrtl regenrratetl until 99.70/,, of 
nrc~ril lg ill t;lking conrscbs ill D;liry Tcehl1ology. SrU h;ld bern ren~orcd. From 25 to 30 hed 

volulnrs of s ; ~ l t  solntion containing 1,310 milli- 
Removal of radiostrontium from milk with ~ ~ [ l l i ~ a l e l l t s  (llleq) of Cll, ?ilg, Na. ;lnd K per 

tricalcium phosphate and resulting changes in 1itc.r Irere ~'W[Lli~.ed wll(TI completelp fresh 
milk composition. L. 1". Eo>foxnsos,+ A. ](, S01~tion Was l l~(>tl  i l l  the llorlnal tlo\vllfio\v 
I,.\SL)GRF.IXE, ,\. 11. S A D I , ~ ,  ASII H. E. WAT~TEP, procedure. 
Ettstcrn litilizi~tion Research :~nd  1)eveloplnent Utilizirtion of snlts W:IS sliglltl- more effi- 
I)ivision, USUAL, 11-i~shington, I). C. cicwt when the concentration was 65.5 Ineq 

~h~ l>@cctivenrss of trioalciulll pllospllatc t l~tln when i t  \,.;is either 1.31 or 1310 lneq per 
in renloving Srs frolll Illilk all(1 the effects of  lit^, ;lrld a t  8.5 th:ln :It 20 or 6 C. Corlttlct 
tllc. Ilro(.(qlurc on llli]k COI1ll)O~itioll were stu(1- tinte hat1 prono~ulcod effect. The relative 
ied, Th(b rhosph;lte was ad(letl to Sr" in viva- (listl'ihUti0n c ~ e f f i ~ i e ~ l t  (I<,,) was 1, 3.9, and 
laheled 111ilk a t  the rate of SO g per liter and 6.2 a t  10, 100, ant1 1.000 see, respectively. 
the resulting precipit,atc, containing Sr", was Laboratory d a t ; ~  st~om that  efficient regell- 
rcbn~o.iwl hp c.entrifugatioii. The effects of er;~tion of' resins \v:~s :~ceoniplished by reuse 
tc>mperatnre : ~ n d  $1 level of the mill< and ol' salt solution and ilddition of eight or less 
pl~osphate-111ilk cor~tirct tinlc wcrc dete~rnined. I11.d volul~~es  of con)l~lc.trl?. fresh regenerant. 
Hr ;~ t ed  niilks were cool(2d hc,forc, centrifugit- FIo\vrvcs~., c :~ l (~n ln t io~~s  show that resins nlay 
tion. I)(: regc~nc~r;~tc~tI hy 1):rssing used rcgrnc.r:~nt 

through them nntil it is c.onlplctely t~sh:tusted. 
" Prrson 711110 (lelirrrc~l paper. t'ollo\vcstl I)y 0111)- I'our (*o~nplc~tely fresh l>ed 

l .i72 



v o l ~ i .  ~ s i l i l i t y  I t i  I c o t  o : I I I ( . (~  of div(~~.sioin ( I I I I * ~ I I ~  sti~rt-1113 l)rocedurc.s, 
illore con~p l r s  tv lu i l )~~~t>nt  1.tb1ati'i.c to savings (t ')  relnor:~l of as 111uell ~t-atcbr :IS prartir:ll fro111 
in salt solutic~n. all cquip~ncnt before flushinn with tnilk. ant1 

Bovine metabolism of Sr", Ba'"', Cs'", and 
1':". J. Y. HARIIIS. 1)i~ision of I<:~diolo,~ie:~l 
1 Irnlth, IT. S. 1'11l)li1. ITc:lltI~ Service, 1)ep:u.t- 
I I I ~ I I ~  of IIc~:~lth. F;(111e:itio11 : ~ n d  T17t,ll':~~-e, TV:ISII- 
ingto11 25, 1). C'. 

The c~screticln of Sr'", l!:~':':', (Is':", : ~ n d  1'" by 
IIolstrin co\rs was ~~rc~:~surc.tl tl;tily for :I wc!ck 
folloming ant. or:11 tlos;~gts. 

1)11ring scxvcb~l days, 0.92. 1.64. zi11t1 S0.50:h 
of the oral dose ( 2  III(:) of 81." \vcsrt? tletectetl 
in the milk, urine, ant1 l'ecrs, i~ospectivc.ly, by ;t 
co\v producing 10 11) o f  ~n i lk  tlnilg. 

&\ second cow, protluc.ing 44 111 of ~ n i l k  daily, 
rc.crived s i ~ ~ ~ ~ ~ l t i i l ~ e o ~ ~ s l y  CS':'~ (0.1 n ~ c )  :~ntl  
13:1'," (0.17 I I I ~ ) .  I)u~.ing seven days, 10.7, 13.9, 
;III(I 53.25h 01 '  t11c ('h':'' :111(l 0.5, 1.4, :111d 789; 
of the Bn"'" \rt,re tltbtc~t:tetl in the ~nilli, urint,, 
: I I I ~  I'ect~s. ~.(~speetivt~Iy. 

thirtl co\r, p~.od~~c. t ing  I1 11) ol' li~ilk daily, 
rt.cc,ivrd 1':" (0.1s ~ n c ) .  1)11ri11g six 11:1ys, 14, 
'11. : ~ n d  I.',:;, of t l ~ o  dose were detcfic:tt!d in the 
111i l1 i .  I I ~ ~ I I ~ ! ,  : ~nd  I3(v.es, rc~s1)cotivrly. Thc :I(*- 
v u ~ ~ ~ n l a t i o n  of I"" in the tlnyroitl rrnchetl :I 
1)e:lk of 2056 of tl~cb (lost! :it 4S 111.. The c.IT(Y.- 
t ire half-lil'e fo r  l':" in tlno i~nilk, uritle, feces, 
:11nt1 tllyroid t111ring :III initi;11 six-day period 
WIS e:~lc~~l:tteil ;IS 0.S4- O.!li, 1.00. ;III(I 6.00 
tl;~ys, rrspcctivc~ly. 

Survey of the  time to  flush sanitizing solu- 
tions from processing equipment with milk. 
.\. ( I .  S a r~~r r , ' : '  University 01' ('onneeticut, 
Stot.t.s, .\ID 11. I". ANI)IGIIRON, 11.. \V. \VAI.DO, 
. \ X I )  ( I .  I\:. ( : I~ . \FP~~;K,  1)tymrt111rnt of l lgrict~l-  
tnr? :11nt1 St1t11r;iI 1teso11rc~s. 11:11~ti'o1~1, (-'OII- 
neetitant. 

'I'l~is stutly inrll~tl(.tl 28 p~.oc~cassi~~g t~,i;ils in 
13 tl:~iry pl;~nts.  I.'rcst.zinp 1)oints \vtS~.(' tlcter- 
111iin(~(1 011 111ilk S : I I I I [ ) ~ ~ S  f'l.0111 stor:lg(' tanks 
:~nd  011 s :~~~ i l ) l e s  t :~lio~i ( a t  15-src intc!rv:~ls for  
17.5 ~ n i n )  :~ l ' t r r  cl;i~~iticatioa, from thr  I~i~lanac! 
t:~nk, ant1 :~i'tc.r tlir c.oolinp srction of' the hip11 
tc111l)erat1lrc-s11011t tittle (1LTST) l>:~stc~urizer. 
, I 3 1 1 t ~  sainpling pr1.iot1 heg:111 when :I 111i1ky :IT)- 

1~111'aner tirst rl~on.ocI in tht. d isc l~;~rge  lirnt~s, 
18scc.pt for the 1):il;ince t i~nk ,  \\-hiell s t : ~ ~ . t t ~ d  
\\.it11 tlitfi tivst ;irltlition o f  r~~i l l r   fro^^^ tlie cl:iri- 
l i ( ~ 1 , .  

l l i ~ t n t t ~ s  o f  f l ~ ~ s l ~ i n g - t i ~ ~ ~ t ~  vari:~tions nl1long 
~ ) ~ ' o e ( ~ s s i t ~ g  1~1111s \\.care cl:~rifier, 1%-10; co11- 
v(hl~tio~n:~l t)z1~:111co t:inlr, 4lA-12y2; pnstenrizer 
1rit11 co~n\-c~ntion:iI I)ali~ncc* tank, 31/2-13; b:~l- 
:Ince tiink wit11 su~np.  l-:i?/; and pasteurizer 
 sing I,;~l:~nrc. tiink \\.it11 sruup, 2-5%. Kecotn- 
~ ~ ~ e ~ ~ d : ~ t i o n s  to :ivoid il.tlulteration and mini- 
111izr2 flushing ti~nc: ill(-lutle ( a )  c~ducntion of 
11lt111t pvrson~~c~I ,  (I)) t l ( - t t a r ~ i ~ i ~ ~ : ~ t i o ~ ~  of flush- 
irifi t i~ut? fo r  cacln tl;~iry plant, ( c )  use of ;I 

l ~ :~ l :~ l l c (~  t:111li wit11 SIIIIIP, (d )  inclusion of the 
'21.iF~c.1. n-itliin thr IITST pystenl, (e)  avoitl- 

(g )  finshinp of all by-pass iircuits \vith '~nilk 
tl~wing start-up. 

Cleaning and sanitizing a portable milk 
transfer system. TV. S. J~TTE:I.T,ER,': lJniversity 
o f  Jl:rss;~c~lnnsctti;. .\~nhcrst. 

Tht. sc,:ucity antl high cost of l a l~o r  is sti11111- 
Iz~tinp d:~iry f a r ~ ~ ~ c r s  to 1)uy port:~hle nnilk 
tt.;~nsTer systcbrns. a\n 11pprova1 1)y the st :~te 
or n~unicipal s:~nitary anthorities, or both, is 
1lecess:n.y hefore sucln rr(ilipn~ent can l ~ e  usrd 
legally. TVllilo somth states have a.pprovetl 
thesc t,ransfrr ~ ln i t s ,  o t l~ers  l ~ a v e  accrptetl 
t l ~ e n ~  on a tcn~pornry 11:tsis pentling atltlition;~l 
tlnt:~ (111 \vht~tlrt~r thrsc, units can be ninintainetl 
in :I siinitary rendition. TIIC purpose O C  this 
stntly \V:IS to furnish hneh infor~nation. Tests 
\rtbl.c! r1111 a t  the University of Jlassncl~nsetts 
dairy harn, : ~ t  :I dairy f ; ~ r m  I I ~ : I ~  An~llrrst ,  an(1 
in the Cnivcrsity dairy plant. Effects of ty1)c 
ant1 tt.~nper:~tnre of el(~;~ning solution, : ~ n d  tqpc, 
of sanitizrr used, arc inclutlcd in tl1c3 stutly. 
Tl~th chief criteria Tor tlie tlotc~rmin;~tion of thc, 
s i~n i t i~ ry  colldition of thtl n~ i lk  tr:~nsf'(.r nllit, 
\rcrt, the ~ ~ ~ c ~ n ~ h r a n i .  filter nicthod ant1 the Ix~e- 
t r ~ , i : ~ l  colu~t  n£ the n~ i lk  prodnced. I<csults 01)- 
t:~inc.tl intlit.:~te th:~t, :I l~or t :~ l ) le  111il1r transl'cbr 
nnit, inelutling 100 i't of ~ ) l i ~ s t i c  tul)ing, C:III 

I)(. ~.e;~tlily elennetl iind si~ni tized so :IS inot to 
i1l11~1ir thc, tluality of the! n~ i lk  supply. 

In-package oxygen scavenging with catalysts 
applicable for  dry  milk. .\. T . \ ~ l s ~ r . \  .\si) 
JI.  .I. I'.\I.I,.~NscII, 1):lil.y I'roducts Laboratory, 
Ir::~stclrn I'tilizntion lic~st.;~rt~h rnld l)cvclop~ncnt 
I)ivision, USL).l, T l - :~s l~ i~~g to~ i  25. I) .  C. 

H(.sitlu:~l oxygen in I~c~rrrretic.:~lly sealed c:~ns 
c.ont:~i~~ing spray-drietl \rl~ole Inilk fonni \v:~s 
sc;~vc~ngetl l)y contbin:~tion with hyclrog(.n to 
lor111 \vnter. Comn~t~l.rinll- av;~il:~l)le l)ellets 
of su1)ported films ot' l):~lladi~un antl l ) l a t i n u ~ ~ ~  
\vel.cb ~ised  to c*atalyzc the rch:~t~tion. I1.:1tes oi: 
r e ~ ~ c t i o n  \vtbr(, such t l ~ : ~ t  ~ v i t l ~ i n  24 11r rosic1u:ll 
osvjirn levc~ls in 1>:1cli~ cont:~ining ~nitrogrn 
l)lns 10:;b I~ytlrogen t11,oppetl 1't.om tin :nveragtt 
of I :h to Itsss than 0.003%. l'hest~ low levrls 
of osygrli \vc,re ~ ~ ~ : t i t i t : ~ i ~ ~ e t l  in the lx~clrs dun.- 
ing c.stentlrtl periotls of st( l~.;~ge,  wit11 a r(?- 
sult :~nt i in l ) rove~i i r~~t  in f l i~vo~.  stability of tht! 
1)ro(li1ct. '1'11(~ desrril)ed procctlure I'or scavenfi- 
i ~ ~ p  in-package oxygc~n \v : I~  found to 11ts s in~l)l(~,  
in(.xl)ensivc~, :rnd e1f'oc.tive. 1 t nlay :ilso innprorc. 
fi:~vor of stored protlucts I)y the a:~t:~lytic re- 
tl11c.tio11 01'  rolntile r a r b o ~ ~ y l s  f o r n ~ t ~ d  in thc 
l):iclr:~g(vl 111:1tc>ri:11. 

Recovery of off-flavors from whole milk 
powder. P'. R. ]<I I I T ~ .  I':n<tern 1Jtilizatiorn 
I{r\c.;~rcI~ i~ntl  l)evelol)~~i(*~lt  I>ivi~ion. USDAY, 
\Y:rsl~inyton, I). C. 

Otf-fl:ivor~, :Ire rc~c~orerc~tl directly from whole 
ir~ilk po\rtlcr l)y n .I~o~.t-patll ~nigration, a t  



1 p 1)reshnrcb, fro111 the l)o\vdrr to ;I liclnicl 
~ ~ i t r o g ( ~ ~ ~ - c o o I ( ~ ( l  condcmst,r. This p~.oc.rss II:IS 
hecn exalninc.tl f o r  possihle f1:1vor c~ontrihn- 
tions hy eclnipn~ent or :~r t i f ;~cts  originating 
in thcb pow(lrr. Lubricants and gaskets 11-erch 
held 3 hr : ~ t  25 degrees and the conilcnsate 
combined wit11 wlxol(~ n~ilk.  Powders were held 
a t  25 or 10  tlt~grees with :uld without prehy- 
dration to  increase the free f a t  and the con- 
densate con~hinc?d with n~i lk  reronstitut(*d fro111 
the residual powder. Con~parisons 1%-ere n~ade  
hy n taste panel hetwecn thcsc. s:~n~pI(.s and, 
respectively, unt1.eatec1 nlilks :~nd  milks re- 
constituted fro111 nntrr:rted po~vders. Con- 
densates from silicone. ant1 Xeoprene g;~sktht,s 
lowerctl milk scores four t,o five points; thosc! 
from silicone ancl Apic.zon N grcL:lses, Teflon 
g:~skets, and Yiton 0 rings were without 
effect. The prorrdure 11:is heen tlrveloped to 
where. nsing the   no st f;~vorable ronlhination 
of conditions fo r  rec.ovcLry of off-fl:trors (40 
dclgrees and prehydmtion of po\v\-der), the: 
scdore is lowered on(. point or Iess. 

Determining the bacteriological quality of 
farm water supplies using 2,3,5 triphenyltet- 
razolium chloride. 15. 1'. ,\I F:IIIIII,L," 13. \'. ATII-  
KI~TOX, A X D  I ) .  I<I,ICIK, Lniv(~rsity of Y(br~nont, 
1:urlington. 

Pot:~hlc a:~tc.r I)! I'nhlic ITc~altll Svrviect 
stand;~rds n ~ n s t  not c.ont;lin Inore t l ~ i ~ n  two 
(.olifor1ns/100 1111. nlilny ot11t.r orgi~nislns ('RIIS- 
ing spoili~gr in d:liry ~)rotlnc.ts I I I : I ~  hr p r e s e ~ ~ t  
in t~.o:~ted \v;ltc*r s~~l)plic.s. Thc, net'd I'or :I 

sin~plt' convenient ~ ~ ~ ( ' t l ~ o ( l  of : I S S ( ~ S S ~ I I ~  sn(~11 
c . c ~ n t ; ~ ~ ~ l i ~ ~ ; l t i o ~ ~  is cwitl(.nt. 

The re(Iurt,ion test (~~np loy i r~g  'rrlY' W:IS 111o(1i- 
tied for this pnrl)osr. 

To tvst the nlethod ilnd to 1)1.ovid(> s111,vcy 
t l i~ t :~  on h:~etc,riologic.;~l qn;llity, 104 s;~n)ples 
01' \vilt(,~* \vor(. collrrted I'ron~ thc, cold-\v;~tchr 
t:ips in I ' ; I ~ I I I  ~nilkl~ouses. 

b;':~;~n~in;~tion oI' the l i~~~ i t t !d  ( l :~ t :~  snggtlsts 
t llc. I'ollo\ving : 

1. No reli;ihl(, rc~l:~tionsl~ip exists I)clt~vc.c,~~ 
ret111c.tion :IS tl(.ter~ninc.tl by c.on~l):~~.ison 
~v i th  Alunsell colors st:~nd:~rtls :lnd the 
nu~nhers of o rg :~n i s l~~s  in :~ny I):i(~tc~ri:~l 
group. 

2. Positive reduc.tion ; ~ t  24 111. in(~nI)i~tion 
generally reflecdtetl the I)rescnc+cb of evcw 
small nnmhers 01' c.olil'orn~s or l)syc.l~ro- 
philic l~;lcteri;~ in the s : l ~ ~ ~ p l ~ s  01' \v~~tel . .  

3. S;~nlplcxs showing nt,g;~tivr rodn(*tion in 
2-4 hr hut positive. reduction in 4 s  hr 11:1cl 
high Stt~ndartl 1'l:itc. ('onnts. 

Gas chromatographic determinations of the 
flavor compounds of commercial starter culture 
organisms. (1. I\'. I<I .H~J~~ ' .  .I X I )  .J. .I. .I .A(;(:AHI), 
I):~larc! ;\ssoci:~tc.s, Pl~il:~tlc.ll~hi;~, IJc~nnsylv:lni:~. 

Pu~.cb culturc~s 01' Stri,j~ti~citei~rtr i . ~ , i * ~ ~ ~ r ~ r i r ,  
S l r c ~ ~ ~ l c ~ r ~ ~ c c ~ ~ s  tlincc~t!llrtcli.v. , ~ ' t ~ ~ r ~ j ~ l r ~ c . o c ~ ( ~ ~ ~ ~ ~  ! ' ( I ( , -  

cctlis. Sl~~i~l~lot.rtcc~crs ltrclis, Slrv)ttococc.i~s Ilrr'r- 
i~~oj~hiltrs ,  :tntl I,iictobracill~ts b~rl,qarir~rs, used in 
the. l)r(.par;~tion of c ~ o ~ n ~ ~ ~ c r e i a l  sttlrter cultures, 
11;lvc. I)C(.II snhj(5ct to gas c11ro11111togritl)h;c anal- 
ysis for flz~vor ( * O I I I ~ O I ~ I ( ~ S .  

I)ift't.rc>nces were  show^^ to exist in the kincl 
;ind i ~ n ~ o u n t  of f l : ~ ~ o r  ~ o ~ n p o u n d s  present in 
various organis~ns. In  ;tddition, a vari:~tion 
was sllo\vn in the an~ounts  of fliivor ronstitu- 
vnts produccd hy different str :~ins of the s:lnle 
nrgnnisn~. 

Changes in percentage of protein, milk fat, 
and solids-not-fat during the milking process. 
lr. C .  GIIATORE':' A X I I  S. S. (; . \I-ST,  1.11ix-iarsity 
01' >fass:~c+l~osetts, i ~ ~ ~ ~ l ~ e r ~ t .  

'l'llt. milk produced during the first. secontl. 
tllirtl, nntl over 3 ~ n i n  of n~ilking a t  night ancl 
~ ~ ~ o r n i n g   nilk kings was s:~mpleil froni t m  cows 
f r n n ~  eac.11 of fonr  breeds : Ayrshircl, Gucrn- 
SPY, Holstein, and Jersey. S t~~np le s  were t e s t 4  
for 1)rotein by the Orarlgcs G dye binding 
nletl~od, solids-not-fat hy the Oolding plastir 
hc:~tls. and lnilli f a t  by the H:~hc.ock proeednrct. 

31(~:1n porc*cntages of the n~ i lk  ~onst i tnents  
for I'csriotls 1 ,  2. 3, ant1 4 \vtare, respec.tively. 
for  ])rotein 3.49, 3.4fi. 3.40. and 3.34; for 
solitls-not-fat 8.07, 0.07, 8.98, and 8.89; for  
111ilk f'i~t 2.16, 3.62, 4.90, and 6.30. Kvening 
:III(I I I I ~ I . I I ~ I I ~  I I I ( ~ ; I I I  l~(~rccntages were 3.46 an(1 
3.3s I'or prott~in, 9.06 ;~nt l  8.90 I'or solids-not- 
t';lt. : ~ n d  4.70 and 3.94 for nlilk fa t .  St;~tistic:~l 
:111:11ysis shows the. .effect of breed and ti~nt. of 
tl:ry wcLrcL highly signific:~nt for all coinponc~nts. .. I ht. stag(' of ~ ~ ~ i l k i n g  \ v : ~ s  highly signific:int 

for solitls-not-fat :~rltl n~i lk  f a t  I)nt not for 111.0- 
tc,it~ prrc.cb~~tiigc'. 

On  :I fat-frev I ) : ~ s i h .  tl~csrcs \v;~s little ch;~ng:'t' 
in 1)rotein but solitls-not-l'ilt incrensc.d as ~nilk- 
ing 1)rogr~ssed. I,;~rger tliK(.renrc.s occurrc~tl. 
O I I  :I Eat-free basis. het\vc.rn night : ~ n d  n1o1.11- 
ing si t~nl)l(~s for  1)rotc~in :~nd  solids-not-fat. 

Variations in protein, solids-not-fat, and fat 
percentages of herd samples. *\. R,. COK\VIS 
, \XI )  S. S. Gar-s-r, Lnivcarsity of 1lilssz1cl111- 
sc-tts, .\llltl(~l.~t. 

;\lil!i shipn~ents, 2,112,  fro^^^ 35 hvrds fro111 
S~l)t.(>n)i)er 21, 1961, to 2ipril 25, lCJ(72, ~vort, 
s:~n~l~lc.tl i111t1 tcbsted t\vic.cs ~vt.ckly fo r  protein, 
SSl" and 1':it. Herds included. cattlr of nll 
hrertls hut were 1)rcbtlo111i11;1rltly Holstt'in. 1'1.0- 
t e i ~ ~  tl(stc.1.111in:1tio11s \v(.rch ~ n a d e  hy Or:~npe G 
tlyca, SSI.' hy ( ;o l t l i~~g,  ; ~ n d  fa t  hy Bahaocak. 

>IV:IIIS : ~ n d  s t :~nda~.d  t l( .vii~tin~~s xv\-(.r1> : for 
f ; ~ t  4.0'i;,, 0.48; SSE' S.61:;:, 0.27; protein 
:!.2i%,, 0.26; SSF less 1)rotein .?.37C/, 0.23: 
: ~ n d  totill solids ('F.S.) 12.68%,, 0.71. C"o~.re- 
Ii~tions I)c,t\veen c.on~ponc.r~ts \v(.re : protcxin 
; I I I ~  S S F  0.64: l)~,otein :I I I ( I  fa t  0.6*5; SSF :ind 

0.70; S S F  I c w  prot(li11 to prot(>in -O.:i9; 
SSl" less protein to S S Y  0.47; SSI" Iess 1)~"- 
tvin to f:it 0.19; 'I'S to protc.in O.fiS: TS to 
SSIj' 0.!)1 : 'I'S to I':lt O.!)(i, ; I I I ( I  1.S to S S F  I('>* 



protein 0.30. (:o~lfidt~l~ce li111its (99%) were 
eon~puted. Rrgrc~ssions nntl their standard 
c3rrors wrre conlpntetl for  :ill con~hi~iations. 
Charts were prcpttrrd to s1101v the tlistrihution 
and relt1tions11111 of the tests. 

The w r y  hip11 correlation of T S  with f a t  
intlicates that  it is not nccessnry to test fo r  
TS in I~rrt l  Inilk. The lo\vrr correlations of 
protrin \\-it11 the othc.1. c o ~ ~ ~ p o n e n t s  indicates 
t h i ~ t  ~ x o t r i n  is s o n ~ t ~ \ v l ~ : ~ t  111or(. indeprndent 
th:in S X F  or fat .  

Recovery of several cholinesterase-inhibiting 
pesticides from milk. .I. 14:. I ~ E I J ~ ' . :  .\SD I ) .  J .  
II.\SI<ISSOS, University of l l~~ssaehnsc~t ts ,  . \ n -  
I1crst. 

lino\vn nmonnts ol' scvt.~,:~l cl~oli~iest~c~r:~sc- 
inhibiting pesticides \\-('re added to raw : ~ n d  
l):~st~t~nrized homogel~ixed sanlples of 111ised 
I~rr t l  milk. Pcsticicl(ts inclutled in the stndy 
were: Sevin, 'rrithion, l'aratllion, J[:il:~tl~ion, 
(:nthion, I)iptc.~.c-x, tint1 Ronnel. 

Fifty-gra111 :tlicl~lots of the trt,:ctc.d 111ilks 
\\-(,re extr;~ctrtl using the acetonitrile-chloro- 
1'01.111 nietho(1 of ' r i n ~ ~ n t ~ r n ~ a n  e t  :&I. (.J. Pkon. 
I :II~. ,  4 :  441. l!)(il). The eonvt,rsion of: the 
extracted prstic.itles to potent in vitro cholin- 
clsterase inl~il)itors \\-:IS accon~l)lisllt~d by the 
H,Ox-acrtic. :~c.id ositl:~tion procrdnre (leveloped 
1)y Patehctt  ant1 I3i1tcheltlcr (d. *\fry. Food 
Cl~eln., 8: 54. I!)iiO), for  the t l r t e r~~~ iua t ion  of 
Tritliion. I n  vitro cat~olinestrrase assays \\-ere 
cz1r1.it.d o l ~ t  using the direct colorimetric  neth hod 
of .\rc.l~t.r and Zweig (.I. Agr. Food Chem., 
7 :  17s. 1959). The ;tt.tion of red blood-cell 
cl~olincstc~r:~se upon intlopheiiyl :wetate pro- 
t1nc.c.s :I c.olor changc~ ~nensurnl)le a t  625 Inp. 
'I'III. prt~srnce of ;I el~olincsterase iuhihiting 
1)t.sticaicle is reflectetl hy :I deerease in color 
tlrrc!lop~ncnt. Stantl:~rtl curves were prep:lrcd 
for e:lc.h pestieitlt!. lic~covrry of each pesticide 
I'I .OIII lnilk was d r t e r ~ ~ ~ i n e d  1)~' C O I I I P : I ~ ~ S ~ ~  with 
its st:intl:~rd curve. 

I)c.tt.ction 1evc.l~ c,sl)rc.ssrd in pp111 for  Swin,  
'rrithion, Parathion, ,\lalathion, Guthion, 1)ip- 
tcs~.t.x, :li~d Ro~~n(:l .  rt~sl)rctiveIy, were 0.3, 0.04, 
0.00.4, 0.04, 0.04, not rc.corered? and 0.2. 

Effect of vacuum fluctuations in the tea t  
cup on certain measures of udder health. I). E. 
ST.\SLET, E:. .\I. I<EHI~ER,"  ISO ;\. 1,. BORTREE, 
I'c~~nisylvarli:~ State Univc!rsity, University 
Park. 

,I 111otor-drivt.11 nylon pt~tcock \\-;IS snhsti- 
tuted for  the original one on :I floor-type 111ilk- 
ing m:~chine. 'l'l~t.rt.l)y the v:tc.unlll in the teat 
cups was n ~ a d r  to vary 1)t.twceti 7 and 15 in 
IIg :ihont 53 t i~~~c!s/~nin.  T\vo trials, rach nti- 
lizinp 12 c20\vs, \\,ere run. Test periods were 
of 21 ant1 26 days' duration; (tach followed pre- 
l i ~ l ~ i ~ l i ~ r y  s t : i~~d:~rdiz :~t io~i  pc~riods. I n  c!:~cl~ 
tri:ll two vases of ctlinical ~n;lstitis developed 
: I I I I ~ I I ~  the six co\vs ~ ~ l i l k r d  with the altered 
I I I : I ( ~ ~ I ~ I I ~ ~ .  Milk protlurtion was not affcetetl 

11y t r c ~ ~ ~ t ~ l l e l ~ t ;  i t  averaged 39.5 and 47.4 Ib/day 
i t ,  Tri:lls T : ~ n d  I T ,  rcspc~tively. California 
JIastitis Test scores on lnilk from esperi~nental  
c-OIVS rose significantly, :IS compared with those 
I'I.OIII controls. Dirc,et Irncocyte count of the 
111ilk :11s0 increased. tlue n~ainly  to the n~asti t ic 
c.o\vs. Hotis tests, ~1111  on milks produced in 
'I'ri:~l IT, indicatetl little change in Hotis-reac- 
tive orgnnis~l~s.  The 111u11l)er of milks showing 
:~lkalino p H  rose in the experimental group. 
All ~ n e ~ n b e r s  of this group exhihited :III in- 
c.l.ensc3 in nlltalinity of the nlilk secreted by 
one or l i~ore rlutlrtc.~.~. The average time re- 
c~nired to 111illi the rows in the espcrimental 
group incrc.asc~d I'ron~ 5.8 to 7.6 lnin/cow. 

Effects of nitrogen fertilization and date of 
harvest on the acceptabiliy of timothy forage. 
I\. JV. X[AITOSEY" ISD B. It. POITI,TOS, Univer- 
sity o f  Main(., Orono. 

T\\-o plots of Climax tilllothy were fertilized 
:rt 40 and 120 lb of nitrogori per acre. Each 
plot \\-:IS 11:lrvested a t  two t1:~trs-June 13  and 
.June 27, l!l(il-resulti~~g in four trentments. 
'i'hesc1 l'or:lpes \rere individnally fed tJo eight 
\\-rtl~cs~.s tliviilt~il into two groups of four. Each 
gronl) ~ . r~nnincd on its respective nitrogen-fer- 
tilizc.tl I'or:~ge throughout the trials. Ench for- 
:~ge  was fed on a c*:~lenl:~ted ~naintenanee intake 
tligrstion trial. Following this, : I I ~  ad libitum 
inti~k(, digestion trial was conducted. 1)aily 
int:lke datit were rc.corded a t  ad l ibit~un feed- 
ing. The double-digestion trial 111ade i t  pos- 
si l~le to study tht. t4'erts of level of forage in- 
t,:lke on thr  :rpp:lrent tligestihility of protein 
and energy. 

The date of Ilarvrst and the rate of nitrogen 
I'ertiliziltion had :I highly significant (P = 
0.01) effect on the digestible protein value of 
these forages. The date of hnrvest had a 
highly signifi(>:~nt (P  = 0.01) efl'ect on the di- 
gestil)le ellc.rgy content. the relative intake, 
and the nutritive value index, t.:lch deoreas- 
ing as  tht. forage heca~ne Inorc ~nwture. The 
ra te  of nitrogen fertilization did not have a 
significnnt c'f'l'ect on the tligt~stihlt~ energy eon- 
trnt ,  the rel:ltive intake, or on the nutritive 
v:~lue index of thrse forilges. 

Substrate level and nitrogen supplementa- 
tion influence upon in vitro forage evaluation. 
.I. L. I.:\.,\ss," J .  ,IHROYO AGIJILII, W. V. Crm- 
i,rr13.\, JI. C. STILT,TOSS, .\NU 31. TZT. TAYI,OR, 
Itntgrrs- -the Statc. Univrrsity, S e w  I3runs- 
wick. Xew .Jrrsey. 

F1o11r for:~ge sa111pIt3s 1)111s i \ ~ i ~ r l  \\-er(. gronnd 
:111(1 fer~nented for IS  ant1 24 Ilr a t  :I9C in 
I ~ ) ~ ) - I I I ~  heakers, c?irc:h eont:liaing 20 ml of fresh 
rn~nen i n o c u l ~ u ~ ~  ( I~ovine) , 30 rill of buffer- 
nutric.lit so l~~ t ion ,  i ~ n d  varying a~nounts  of 
c~el l~~lose  or 11itroge11, or both. The addition 
of 15 Ing of nitrogen as urea to  the different 
I'ernre~ltntion ~nixturc-s (rrllulose sourcrs con- 
tilined 0.0, < 2.0 or > 3..5y0 nitrogen) in- 



c~,e;~scatl ct~llulosc dec~o~~~l)osit ioii  nn i fo r~ l~ ly  11y 
;ihout seven percenti~ge units. ,Is fern~ent ;~-  
tion time was increased fro111 12  to 21 hr, 
foragts cellulose deco~nposition rate decreased. 
hut Avicel decomposition rate increased. I\S 

substrtlte level f o r  the ccallulose sources studied 
\\-as inc:reilsed, mg cellulose clecon~positioi~ in- 
rreascit a t  :I decreasing rate. Thr  percentage 
cellulose deco~nposition decrc:~st~(l with increas- 
ing substrate lrvels hetween 0.16 and 0.45 g. 
The equation ~vllich expresses this relationship 
nlay hr stilted RS Y = y - 74.1 ( X  - n.) with 
Y. y, S, a.nd z equal to adjusted percentage 
c.c.llulose decon~l~osition, actual pcrrrntage eel- 
lnlose deco~nposition, g suhstratr to he coy- 
rcleted to, and g suhstrate in the fc~r~nt~nti~tion 
~ l~ i s tu re ,  respectively. The sti111dard rrror of 
(.stinlate was 0.56, ilnd the s igni f ic ;~~~t  c.orrcla- 
tion coeffirient \\-as -.98. 

Appetite for concentrates in mid-lactation 
compared with appetite for forage. A. A. 
I ~ I M M  AND 12. 3:. ~IATIIEH," Kew Jersey Agri- 
cultnr:~l Experinlent Station, Susses. 

Approximately 100 days after calving. 36 
rows were placed on excellent zllfalfa hay (at1 
lit).), corn silage (limited), and conccntrntes 
( i~ppros i rna t e l~~  Morrison Standard requirc- 
~ n r n t s )  fo r  3 wk (1).  'I'he following tlirtht! 
\vreks both hay and concentri~.tes were fed ad  
lib. (IT). Ten colvs werc continued an  addi- 
tional 3 ~ v k  with no hay, ant1 with roncen- 
trates and silage ad  lib. (111). Fro111 I to I 1  
the following changes were observed (feeds 
on D.M. hasis) : concentr:~te intake +l7.3 11) 
(13.6 to 30.9), forage intakr -11.6 Ih (24.8 
to 13.2), TIIN +8.4 Ih (26.7 to  35.1), FCM 
+2.5 Ih (42.1 to 44.6), body weight +38 lh. 
milk f a t  -0.05%, protein +0.16% and S N F  
+OX%.  Regression of forage on concentratrs 
\\'AS -0.65 Ih. 

Arnong-cow p:~rti:ll correlations (;~djusted 
for  size and F C M )  for  36 cows \verc: forage 
intake, I with IT, 0.45': " ; forage (I) with eon- 
c m t m t e  (11) 0.05; total intake, 1 with 11, 
0.39?~~11lndj1is ted ,  0.55"%). SiinpIe (dnrrela- 
tion hetween concrntrate intake ( I  I )  and 
~vcsigl~t (I) was only 0.21. F o r  ten cot\-s thc, 
lswtial correlati~)n of conac.ntmte int:~kv in I 1  
illid I11 was 0.49. 

Appetite for  c*o~ire~itratcs of cows in 111it1- 
I:~c!t;~.tion was lint closely related to ;~ppetitc: 
for  for;~prs nor to weight or production. 

Effects of soluble, mixed sodium and cal- 
cium lactate salts for lactating dairy cows. 
11. 1'. 1I11.431~" A N D  R. $2. \ V A R ~ ,  Eiister~i Statrs 
F ~ I ~ I I I ~ T S '  Kschnnge, Inc., \Vest Spririgfielcl, 
3lassachusctts. 

JIixcd sotliunl and calcin~n I:~c.titte salts 11;1vt. 
heen asrd 21s :L t reat~nent ant1 prrvnit ire of 
ketosis. To trst  the effect of I;~ct:~tes on inilk 
production, 12  co\vs \\-\-err tlivitlctl into two 
nrarly c~tln;~l gronps for a doi~l)lc~-rrrers:~I trial 

of three- to (iO-d;~y ~)t~riotls  i l l  n.l~ic-l~ ;L ty1)ical 
16% prott.in ronl~~)c~rc i :~ l  dairy r;~tion \v;~s com- 
part'cl to n sinlil:~r  tion on contilining 6% niixecl 
I :~ct;~te salts. Co~iccb~~tr;~tt., 11;1y, and sil:~ge were 
\\.cighed and t l ~ : ~ t  )lot c o n s u ~ ~ ~ e d  was weighed 
I);~ck. Concentrate! I'ertling was adjnstetl hi- 
~ ~ ~ o n t h l y ,  based on ~)rocIuction. 

'1'Iir averagts daily tlilTrrenceh in f:~vor of 
the 1:ictnte containing conccv~tri~tc in n~ i lk  pro- 
duction, lnilk f a t  prod11etio11. f a t  test, F('li, 
; ~ n d  change in body weight \\-ere, respectively, 
+1.43 Ih, -0.005 111, -0.150/c, +0.46 Ih, ; ~ n d  
+0.04 Ih. The f a t  test was significantly lo\\-er 
~vhen lactt~te salts xverc: fed. 

Influence of calcium and phosphorus levels 
and ratios upon the digestibility of various 
nutrients. A,  $1. S~ZITII ' : '  ASI I  (;. L. HOI.CK, 
University of T'ern~ont, Burlington. 

Twenty-onr four-nionth-old EIolstein steers 
were rando~nly assignet1 to diets with a e:~l- 
ciu111-to-pl~ospliorns ratio of 1 :I, 2 :I, 4 :1, 8 : l .  
S:2. 8 :4, or 8:s. Thc ;~ninl;~ls received their 
assigned diet until they weiglied fiO0 Ih. Dupli- 
cate digc~stion trials \\.ere conducted on two 
c:alves from ecteh of the t r ea t~ne~ i t  groups. S o  
significant differe11c.r was detected between 
t~.eatments as  regards the digestibility of or- 
gi~nic matter, protein, ~~i t rogen-f ree  extract, 
: ~ n d  ether extr;lct. A I~ighly significant de- 
pression in crude fiher digestibility w ; ~  noted 
with the calves receiving the 1:l ratio, when 
co~npared with tht! calves on the o thrr  trcnt- 
~nents. As the c,;rleiu~~i-to-phosphorns ~ . :~ t io  
was widened, a drpression in the digrstil)ility 
occurred in the organic 111atter and ~iitrogen- 
I'ree cstract. This del)~~t~ssion in the digrsti- 
hility of thest. t\vo con~l)oncnts mas revrrsed 
whrr~ :itl(litional ~)hosl>l~orus was addetl, so 
that thr wtio \\-as S:2. IIn\vever, the furtlior 
addition of phosphorns I';~ilt:d to reveal this 
c.o~unter;~c.ting effect. 'I'l~c :~pparent digtbsti- 
hilit?. of the ether estr:~c:t increased c o ~ ~ s i d -  
erahly :IS the ratio of c.:llcium to phosphorus 
\\,as I\-idenrd. 'rhc signiticanc.e of these figures 
:1nt1 thtair :~pplit~;ltioii to the ~ ~ ~ c t h o d s  ;~vailal)lr 
for f'at tlrtrc.tion \\-(!re tliscl~ssed in detail. 

Carbon sources for in vitro protein synthesis 
by rumen microorganisms. W. I-I. HOOVER,') 
E:. 31. T<ESI,KII, .\XI) R. J .  FLIPSE, The l'ennsyl- 
vi~nia State Univrrsity, University Park. 

Cl:~rifirtl runlcli fluid from a fistulnted steer 
on :L sen~ipnrified tliet \\,as used :is the ineu- 
hati011 111etliu111 for  s r r r ra l  in r i t ro  tracer in- 
vrstig:.atio~~s. Cnrl~osyl-labeled i~retate,  pro- 
~)io~i:~tt., hutyrr~te, valert~te and glucose-U-C'" 
\rcLrch studied intlivitlually using nnlilhcled glu- 
c'oscs ;IS ; I I I  energy soltree. 

From the derlinc: in specific activity of the 
1:ihclc~d volatile fa t ty  acids ( PFA) during in- 
~,~~l); l t ion,  the r a t r  : ~ t  \vhicl~ each VFA was 
11tilizrt1 h y  runic11 I I I  ic:roorg;~nisnis was esti- 
I I I ~ I ~ ~ Y ~ .  'I'he avernge r ; ~ t r s  c.;~lculatrd for  :~c*c~- 



tate, p rop io~~r t e ,  hutyrate, nncl v:rler.;rtc~ in 
n~g/liter/hr were 131, 19.2, 13.2, and 0.6, re- 
sl)ectivel y. Glncose was ntilizc.tl in proportion 
to the nnlonnt adtleil. At  10 ;ind 20 ~ng/ml 
Ic~vels, 556 and 1,165 ~ng/liter/hr I\-ercb utilized, 
rrspectivcly. 

Atf ter  incnhation, sonle cellular components 
of the ~tricroorgranisn~s were exalnined for  C" 
content. Nucleic acids containetl label f r o ~ n  
acac.tate and glucose hut little or no activity 
from propionate, hutyratc., or v:rlerate. Ac- 
tivity from all labeled metabolites was found 
in the proteins. Of the activity tha t  disap- 
peared front the laheled acetate, propionate, 
hutyrilte, valerate, and glucosc d u r ~ n g  incuhn- 
tion, the average anlounts incorporated into 
proteins were 2.5, 2.1, 1.6, 2.6, arid 2.9%, re- 
spectively. Cellular polysacch:~rides also be- 
came labt4ed fro111 each source. 

Heritability of resistance to bovine mastitis. 
W. S. GAUNYA," Ur~ivcrsity of Connecticut, 
Storrs, and R. E. MATHER, Kew Jersey Agri- 
c.ultural E:speriment Station, Susses. 

D i~ ta  were colletrted fro111 four herds to study 
the l~eritability of resistance to hovine mastitis. 
'I'hese clat;~ included 1,001 rnastitis histories 
I'ro~n cows which had a t  least one positive test 
or had con~pleted two lactations. Nastitis was 
diagnosed quarterly by leucocyte and bacterial 
cxa~nination. The degree of resistance was ox- 
pressed a s :  lactation-age a t  which cows he- 
tanme lnastitic (Y,),  lactation-age a t  which the 
first positive test \\.as ohserved (T,)! and as  
resistant or susccptihle, in which cows not 
nrastitic through two lactations were desig- 
nated as resistant (Y:,). 

On tht. hasis of ~vithin-hertl intraclass cor- 
~.cl:~tions hrtwecn paternal sisters, the heri- 
ta l~i l i ty  estimates of U, arid Y, were 0.07 and 
0.18, respcctively. The within-herd intr:~cl;lss 
correlations between ~naternal  sisters yielded 
hc.rit:rhility estimates of 0.11 a r ~ d  zero, rc- 
spc.ctively. The within-herd rt~gression of 
daughter on darn let1 to herit:il)ility cstiniates 
of 0.12, 0.01, and 0.14 fo r  the Y, :rnd Y,, anti 
Y:, variahlcs, respectivc.l>-. TVitl~in-herd full- 
sister correlations led to heritnl~ility es t in~at rs  
of 0.34 and 0.34 for  the T, ant1 Y, v:~ri:rhles. 
respectively. When tlrrst. estin~;rtrs \\-ere con -  
hined, the pooled estitn:rte of hrritahility for  
the Y, and Yt variables was 0.13 * 0.06 (I' < 
0.05) arid 0.03 -C 0.02, rc.sl~c.ctirrly. 

Phage-typing staphylococci of bovine origin. 
31. C+EI<SHMAN" AND ,I. I t  WITTER, University 
of Maine, Orono. 

111 JI;~ine we are in the p r o c ~ s s  of typing 
cultures with different sets of phagrs to ascer- 
tain the effcctivent~ss of the various phages on 
staphylococt~i indigenous to this region. Wo 
are as  present employing in  our studies PIi:rgc* 
42D of the intern:rtional vroup and the Seto- 
Willson serichs. To date k I~enrol~t ie ,  coagu- 

lase-pusitire I)orine sta~)lrylococ.ci I I ; I V ~ .  I)c~en 
stutlicd. Sixty-three, or 73.1%, wthrr fount1 
to 11c sc.nsitivc. to one or IIIOI-e of the phages 
eniplnyril. The. pl~age-sensitive culturc~s \\.ere 
divitled into six types, or ~~ i i t t e rns .  Of the 
S3 cultures fro111 ten herds, 39, or  45.3%, \\-ere 
sensitive to only one phage; 36 to S6, 12  to 
92, and 1 to 421). T\~enty-four.  or 2SS&, cx- 
11il1itc.tl ;I phage pattern;  2 to S2/32[), 21  to 
Sl/S:%, and 1 to S4/S6. T\\-enty-sevc.n, or 
31.5$:, of the cultures wwcb scmsitivc. to phage 
S(i ,  21 or  24.7% to S1, 21 or 24.7% to 83, 14  
or 16.5% to 83,  ancl 3 or 3.55; to -I"I>. Sone 
of the cultures was sensitive to Phage S5. 

Growth response in heifer calves injected 
with normal bovine globulin. I). 1,. I l l ~ c ~ F ~ n -  
r ) ~ s ,  University of 3lass:1cl1usetts, z \ ~ ~ ~ l ~ c . r s t .  

Sisteen heifer calves were usctd to study 
thc. elTect of injected 1)ovine globulin on 
growth rate. 

Four  Holstein, two Guernsey, and two Jersey 
calves \\-ere randomly assignt.tl into groups. 
Group I receivetl whole n~illr :it 10% of the 
hod?. weight plus hay and grain :id lihiturii; 
Oro1113 I1 receivecl the b:~sal diet plus :I 10-1111 
injection of bovine globnliri given a t  tltc start  
of the trial. Calves two days old were sepa- 
rntcld fro111 d:rms and p l : ~ c t ~ l  on c~xpt~rin~ent.  
1)ur:ltion of trial -\\-as G wk. 

Mean birth weights were: Group 1, 75 lb; 
Group IT, 77 11). >Lean ~vt~ights  a t  (i \vk :vcre: 
control, 106 11); t r ra t rd ,  121 11). I)~iring the 
trial Group I gained 30 Ih; Group 11, 45 lb. 
Girin cspressed :IS per cent Ijirth weight: con- 
trols, 142%; treated, 159%). Averagc* daily 
grin \\-;IS: controls, 0.75 Ih; trct~ted,  1.06 Ib. 

Thc. difYerencc. in g r o ~ v t l ~  rnte \\-as significant 
a t  5% Iclvel \vllen the tlata were anillyzed I)y 
nl~:ilysis of rari;~nce. 

The! c~onsulnption of grnin :rnd hay was 
g~.cfiatt~r in the treated group; thisdiffc1rence 
\\.;is not significt~nt. 

Estrous cycle synchronization in cattle. 
IT, \',tx I%I,AI<I<, 11. It. I~RI;NNEI{, >\%I) IV. HAN- 
SEL, ('ortiell IJniversity, I thac;~.  

'Thirty-six IIolstein heift~rs n.ere used in two 
tri:rls. testing the :il)ility ol' ; I ~ I  orally :r,ative 
progestation;il agent, 6-chloro-A-6-17-:~cctosy- 
l~rogc~sterone, to synchronize estrous c:ycles. 
In  tht, first trial, four groups of four heifers 
each were frcl the Iiorn~onc? a t  0.3, 0.1, 0.05, 
ant1 O.(l.)5 1i1g per pound l)olly weight per day. ,, 111ct  higher Ithrels \\-ere fetl for  20 clays and 
the lower levels for  1 5  days each. All levels 
\\-ere c~fl'ectirc in inhibiting estrus during the 
t'c.etling period. Two of the four heifers in 
the 0.3 lng level came in estrus 13 days after 
hortnone ~vithtlra\val; thost! on the 0.1 nlg level 
can~t? in estrus six to thight days after horlnone 
\vitl~tlrn\~wl. Those on the two lower levels 
( . i ~ n ~ t ~  in  estrus four to seven days af ter  the 
Ilornionc mas \\-ithclralvn. S o  heifers conceivecl 



\vl~rbn I)~.ed a t  tho induced estrus in the 0.3-mg 
level g rou l~  :IS conipnretf to 2,  4, and 3 in the 
0.1. 0.0.5, nntl 0.025 111g levrls, respectively. 111 

the st~concl trial, 1 8  of 20 heifers fed 0.02 mg 
prar l x )~~ t id  body wc.iglit f o r  20 d:~ys eatne in 
t~s t~ .ns  1)011r to seven d:~ys af ter  t,he hornione 
\v:~s withtlm\vn. The potency of this hormone 
111:iy I I I : I ~ ( ~  it. 11svf111 for estro~is cy'le synehro- 
nizatiou. 

Some factors affecting the  motility and p H  
of frozen bovine semen. 1:. II. I~EAs," 13. IT. 
I'ICKIS:TT, A S I ~  It. C. .\I.\I{TI(:. Univrrsity of 
Connecti(.ut. Storrs. 

'l'llt, effects of two t!strnrlt.~~s. heated, \vl~ole 
11011logenized 111ilk ( ~ n i l k ) .  : ~ n d  egg yolk-ci- 
t r t~ t c  ( T X C ) ,  t\vo f r r r z i t~p  111et11ods. addition 
of e~.nsl~ed 1)1 to an :~lt.oliol I~nth,  and n Lintlr 
( ' 0 .  Xlotlel HF-1 liqnid ~ ~ i t ~ . o g t ~ n  l'r(~ezrr and 
three stor:i:e ternprr:~ turc.s, -79, -92, nntl 
-l.l)(i (: on thv motility i ~ n d  p H  of t ~ v o  ejacu- 
1:ttes ft.on~ rat211 of' sere11 1Tt)lstein hulls wercx 
n~easurc~tl thro~~ghont  a ~ ~ i n t ~ - ~ i ~ o n t h s '  storage 
period. 

AZotility of sanrplrs estended in EYC ve re  
higher ( P  < 0.01) than sn~ t~p l rn  cxtrnded in 
n~ i lk  a t  rill storage tiines \vl~cbn i~vcragrd aeross 
:ill othchr trratnlents. There ~ v a s  no significant 
clifrerenrr I)et\veen estendet.~ \\-hrn DI  frrezing 
:ln(l -79 -196 (: stor;~ge were used. 310- 
tility o f  sper-ln frozen in Dl were signific:~ntly 
higher than compar:~l)le setl1t.n satnplrs frozen 
with IAS, rrg:~rdless of  rstendrr or storage 
t e l n ~ e r a t n r ~ .  For  EYC estender, stor:~ge t e ~ n -  
per:ttures of -92 or -196 C \vtbre not sig- 
nificantly different, with rrspect to ~notil i tp:  
\vl~erc~:~s, 1)otIi \\.err suprrior to  storage a t  
-79 C.  Milk estentled s a t ~ ~ p l e s  eshihitetl sig- 
nificantly 11ighr.r n~otil i ty mhen stored for  
three ~nonths  a t  -196 C than w1ic.n stored ilt 

-I)hot- -79 C. 
Lo\v t.orrel:~tions bc.t\vc.en p H  of estender 

i ~ n d  n~otil i ty and hrtmt~en rltnnge in p H  (luring 
storage ;mtl cl~;~ngc. in motility \rere f o ~ ~ n d .  

Some techniques for isolation of lipids from 
bovine semen. I{. J .  I<~~I . \KEK," '  R. TIT. PICKETT. 
I<.  \\'. I)TETZ, IZSD R .  (+. .JRSSES, University of 
Connecticut, titorrs. 

Lipids from semen havr I)rrn caxtracted with 
2 : l  chlorofor111-mrtlranol using the Folch ct  al. 
procrdure (J. Biol. ('h(.ln., 2%; : 497. 1957). 
'l'otal lipids \\.(,re srp:~r:~tetl into the various 
lipitl ol;isses by thin-l:lyc.r c.hron~atogri~phy. 

An :lljplication of I'rom 50 to 100 I I I ~  011 2 

single plate is ~)ossil)le lvithout evitlt~ncc~ of 
ovc~rlo:~tling \\hen plates wit11 n siliric acid 
1:iyer 750 p t11ic.k :Ire nstvl. S e p : ~ m t i o ~ ~ s  of 
setnen lil)itls \vcrcB :~t.l~ievrtl 1jy using a series 
of platc,s ant1 ret.l1ro1n;1tog1.i111hing the ineoln- 
plete srp:irations. .\lthough further separa- 
tion is possil)lt~. the f'ollo1ving gross srpar:~tion 
(.an ht. ;~ccor~~l)lislied wit11 as  fe\\- an ttwo plntes; 
~>liospllolipids. ~lio~~oglyct~~'icIe.i. tliglyecrides, 

ant1 cl~olcsterol, triglycerides, itnd cholesterol 
esters, and hvdroearbons; these groups include 
con~pounds of similar polarity. Tentative 
id(wtifications ~ve rc  made with infmrcd sprc- 
tropl~otometry, l ~ y  comparison with kuo~\*ns 
on thin-1:lyer plates and with specific tests 
for  c o ~ n l w ~ n ~ l s  or t!len~cnts. 

Effect of various methods of thawing on mo- 
tility of frozen bovine spermatozoa. 13. TIT. 
I ' I~Y~RTT,  R. C. 11-~RTIG, AYD B. TI. BEAN, Uni- 
vc.r\ity of ('onnrcticut, Storrs. 

111 Esperirnent I, ten semen salnplrs were 
frozcw in dry ice-:~lcoliol (DI )  and divitled fo r  
htompe : ~ t  -79 C and -196 C. Af t r r  2 y r  of 
stor:~ge, satnples were thawed in water (39- 
40 C ) ,  ice \vatrr (1-2 C ) ,  a i r  (21-23 C),  and 
:rlctrhol (1-2 C).  After post-thaw motility esti- 
tnatcs mere made, sanlplos were inrul~:ited a t  
3" and rstirnatrd at 30 min intc.rv:~ls until 
1noti1it.v re:~ehed zero. 

Post-thnw nrotility v;ilues avcr:~ged across 
stor:ige tcn~prmtures  \vcsre lo\vrr ( P  < 0.01) 
:iftcbr thawing in air  t l ~ : ~ n  hy other ~nethoils. 
Post,-thawing dat:~,  ant1 d i~ tn  obtained nf t r r  
i n c ~ ~ l ~ a t i o n  : ~ t  32 C, indicaattd tha t  mrthod of 
th:~\ving h:ld little influence on livability of 
spertnatozon during incnbation of sen~en fro- 
zen in DT. 

13':sl~(!ri111c~nt 2 was eontlucted as outlined 
above, escdrpt that  different bulls and a liquid 
nitrogen (LN) freezing method repl:iced dry 
icr-alcohol. 1nal)prcci:~ble diflerenees in mo- 
tility werr ohtainetl due to  t l~awing method. 
San~ples t l~ :~\ red  in alcohol and in ire water 
were su1)c~ior (IJ < O.O5), \vith respect to 
cotnhined post-thaw anti incubation tnotilitics, 
to sntnples tha\vecl in warm water, but only 
cold :~lcohol thn\ving \v;~s higher than thawing 
in air. 

Effect of glycerol i n  a milk semen diluent 
on the fertility of liquid bull semen. J. P. 
l \ l r x s ~ ~ , ' :  S. 11. \Vrr;c~s, J .  TV. PRESTOS, I<. 0. 
1's-11-, R. VAS SKI\.ER. .\NU R. E. MATHER, New 
.Jc~rsry Agrianltur:~l Expcrirnent Station, Sus- 
ses. 

Fro111 Frl)rnary 1, 1960, to April 30, 1961, 
with :~ltertl:~te selnen c?jilculates by hulls, glyc- 
erol was incorporated into a heated liolnog- 
enizvd nlilk dilucnt a t  the ra te  of 10%, in 
fertility trials by the Sussex County Cooper- 
ative Breeding A\ssociation. The diluent in- 
clutled 1,000 units of prnicillin and 1.0 mg of 
strcapto~nynin per milliliter. F o r  the glyeero- 
latetl n~illi trcatnlent, senlen was atlded to  
onr-half of the total dilnent, c,ooled slowly to 
5 C, :ind ;tn equal quantity of 20% glycerol 
I~eatetl-milk dilucant \\-as added in three equal 
parts :it 10-n~in intervals. Pour  Guernsey and 
15 IIolstcin bulls (total of 561 pairs of ejacu- 
lates) 11-err used. A total of 13,657 first serv- 
ice cows \\.ere bred, including 5,081 cows on 
day o f  selllen collrction (Day O ) ,  6,100 cows on 
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I)ay 1, 2,142 cows on Day 2, and 334 co~vs on 77.8; Day 1, 76.7 and 73.3; Day 2, 72.6 aucl 
Thy 3. The mean per cent 60-90 nonre turn~ 71.8; Day 3, 71.8 and 68.0; Days 0-3, 76.0 ant1 
to first service for  the unilk and milk-glycerol 75.5. The use of glycclrol in a heated hilk 
diluents. respectively, wrre:  Day 0, 76.6 and tliluent \\-as not 11t.nrficinl. 

CALL FOR PAPERS FOR THE 1963 AXXUAL JIEETISG O F  THE 
AMERICAN DAIRY SCIEIC'CE ASSOCIATIOX 

S. D. ~IUSGRAYE,  Chairman, Program Comtnittee, A.D.S.A. 
Department of Dairying, Oklahoma State University, Stillwater 

The 58th Annual Meeting of this Associa- assigned time of 12  to 1 4  min for  presentation 
tion will be held June  16-19, 1963, in the of each paper. Fo r  papers presented in joint 
Rlemorial Center of Purdue University, Lafay- sessions o r  in a symposium, i t  is suggested 
ette, Indiana. that  500 copies of the n~imeographed material 

A11 nlembers of the Association, including be 111:lde available. 
graduate student affiliates, are entitled and 
encouraged to submit ~ a p e r s  fo r  consideration ABSTRACT PREPARATIO~  

for  presentation. ~ a r t & i ~ a t i o n  by members 
of industry and by senior members of the 
Association is especially encouraged. The Pro- 
gram Committee favors the general policy tha t  
:In individual present only one paper and that  
I~ is  name should appear as author on no more 
1l1:ln two. This committee, with the Associa- 
tion officers and membership, wishes to s t in~u-  
late escellence in research and in presentation 
and realizes tha t  these restrictions may penal- 
ize certain members engaged in full-tinle re- 
search. Therefore, a member may exceed these 
li~llits if he or his department ranks the af- 
lected abstracts in order of preference for  
o1.:11 presentation. 

Papers submitted for  the Annual Meeting 
I(-I ISI  be confined to research tha t  has not been 
reported elsewhere. Abstracts of papers ac- 
c.cyited for publication by a scientific journal 
I~caf'ore the annual meeting are  not acceptable 
ftrr presentation a t  this meeting. If  the total 
111111rber of acceptable papers subn~itted by the 
t~lembership for  presentation in a section pro- 
gram is too great to include in the program, 
the committee will assign some papers to be 
read by title. I n  this event, consideration will 
be given to evident quality of research to be 
reported and number of abstracts per author 
and per department. Abstracts arriving late 
nlay be read by title or rejected. 

Attention is called to the Dairy Manufac- 
turing Extension Section program, and inter- 
ested members are urged to participate. This 
is a subsection of the Manufacturing Section. 

Ari~neographed copies of pertinent details 
i ~ r ~ d  data are desirable for  distribution a t  the 
time of presentation. At  least 300 copies 
should be made available. They should be num- 
bered with the assigned program number in 
the upper right corner of the first page. This 
can be supple~nented with slides fo r  projec- 
tion, provided the author can adhere to the 

The Program Committee continues to en- 
courage improvement in quality of material 
to be presented and in the method of presenta- 
tion. Good experimental design and interpre- 
tation are essential. Exact compliance with 
these instructions fo r  preparation of abstracts 
will simplify the task of the Program Com- 
mittee, improve the program, and ease your 
own work load. Careful editing of abstracts 
hefore submission is essential! Each year a 
number of abstracts 111ust be returned f3r 
correction o r  clarification. 

1 .  Submitted titles and abstracts must be in 
the hands of appropriate section officers 
by March 1. This deadline must be met 
to pe r~n i t  publication of titles with the 
complete program in the April JOURNAL 
and abstracts in the May or June  issue. 

2. Four  copies of each abstract must be 
typed double-spaced on 8%- by 11-inch 
paper. The original (on bond paper) and 
the first carbon should be mailed to the 
chairman, the second carbon to the vice- 
chairman, and the third carbon to the 
secretary of the Section where the paper 
is to be presented. The original copy will 
be used fo r  publication in the JOURNAL. 

Student affiliates entering the Graduate Stu- 
dent Presentation Contest should check below 
fo r  additional instructions on submitting ab- 
stracts. 

3. Abstracts must not exceed 200 words by 
actual count. Those exceeding 200 words 
must be returned to the author for  re- 
vision. 

4. The style and abbreviations of the JOUR- 
NAL OF DAIRY SCIENCE must be used. 
Please refer to abstracts in the May, 1962 
JOURNAL for  guidance. 

5. Only initials of authors should be used, 



oscept in n~lusual cases, where i t  may be 
necessary to use the complete name. 

G .  When 111o1-e than one author is listed, 
indicate who vil l  present the paper hy an 
asterisk af ter  his name. 

7. The title should indicate clearly the na- 
ture of the research. I t  shonltl not he 
repeated in the test. The a l~s t rnct  shoultl 
intlic:lte, insofar as possible, the design 
and l n ~ j o r  results of the investigation. 
Only co~npleted research shoultl he rcL- 
portc.tl. Brief, c,ssential st:~tistics \\.ill 
111akc the abstl.:~ct lnore ~nr:~ningful.  

8. Tho following f'orn~ wit11 no caps for  the 
title is correct: Utilization of carbohy- 
tlr:itc.s posterior to the rumen-reticulum 
o f  the bovincx. J .  T. IIuher and I\'. L. 
.J:~col)son,  ion.;^ State University. 

9. If' the author lists an atldress f o r  an  ex- 
pcriment station other than the univer- 
sity, such as :I USDA research branch or 
a comn~erci:~l volnpany, the complete ad- 
clress should 11e provided, as  in the fol- 
lowing esample: A study of dye reduc- 
tion mct l~o~ls  as platfonn tests for  the 
detection of antibiotics. Burdet IIeine- 
Illann, I'roducers Creamery Co., Spring- 
field. Missouri. 

10.  .\I1 symposiun~ papcrs should be typed 
double-spaced and organized according to 
the acceptable style of the JOURNAL OF 
DAIRY SCIENCE. The author should send 
the first copy directly to the JOURNAL 
editor, E. 0. Herreid, before the annual 
meeting. 

GRADUATE STUDENT PRESEKTATION CONTEST 
This contest will be conducted in both the 

Production and l lanufacturing Sections. A 
cash award will be given to the winner in each 
section. Each institution is entitled to enter 
one participant in each contest. Participants 
inust be student affiliate members. Complete 
rules for  the contest mill be sent to  department 
heads. Those wishing to enter the contest must 
subinit copies of their abstracts to the section 
officers as  outlined above. I11 addition they 
lnust include a letter indirating their desire 
to enter the contest. This letter must be signed 
by the major professor and the department 
head. h carbon copy of this letter and four 
additional copies of the abstract should be 
 nailed to the contest representative so a? to 
he received by March 1. 

For  Production Section Graduate Student 
Conlpetition : Dr. J. L. Albright, Department 
of Dairy Science, University of Illinois, Ur- 
Ilana. 

Fo r  l lanufacturing Section Gmduate Stu- 
dent Competition: Dr. A. V. Moore, Depart- 
ment of Dairy Science, The Agricultural and 
Mechanical College of Texas, College Station. 

Kames and addresses of officers of sections 
to whom titles and abstracts should be sent 
are : 

EXTENSION SECTION 
Chairman: C. D. McGrew, Department of 

Dairy Science, Ohio State University, Colum- 
bus 10. 

Vice-Chairman : D. E. Voelkcr. Denartment 
of Anillla1 Husbandry, Iowa s t a t e  Univer- 
sity, Ames. 

Secretary: C. H. Parsons, Department of Dairy 
and Animal Science, University of 3Iassa- 
chusctts, Amherst. 

PRODUCTIOX SECTION 

Chairman: L. H. Schultz, Department of 
Dairy Husbandry, University of Wisconsin, 
i\fadison. 

Vice-chairman : V. R. Smith, Department of 
Dairy Science, University of Arizona, Tucson. 

Secretary : P. 11. Reaves, Department of Dairy 
Science, Virginia Polytechnic Institute, 
Blacksburg. 

IfANUBACTURING SECTION 
Chairman: D. &I. Graham, Pe t  Milk Co., Re- 

search and Development Center, Greenville, 
Illinois. 

Vice-Chairman : E. 1,. Thomas, Department of 
Dairy Industries, University of Minnesota, 
St. Paul. 

Secretary : AT. E. Ellertson, Carnation Re- 
search I~aboratory,  8015 Van Nuys Boule- 
vard, Van Nuys, California. 

(The Dairy Manufacturing Extension Section 
is a subsection of the Manufacturing Section. 
A. L. Rippen, Department of Food Science, 
Xichigan State University, Eas t  Lansing, is  
chairman, and J. C. White, Professor of Ilairy 
and Food Science, Cornell University, Ithaca, 
S e w  Tork, is  secretary of this subsection. All 
abstracts fo r  papers in this subsection should 
he submitted through the regular channels of 
the Manufacturing Section, and should be 
identified fo r  presentation a t  the Manufac- 
turing Extension Section meeting and a cour- 
tesy copy sent to A. 1,. Rippen, Chairman.) 



PRICE SCHEDULE FOR REPRINTS OF PAI'ERS THAT APPEAR I N  
THE JOURNAL OF DAIRY SCIENCE 

H. F. JUDKINS, Secretary-Treasurer 
32 Ridgemay Circle, White Plains, New York 

The Executive Board, a t  the time of the published in the JOURNAL; otherwise, the type 
Annual Meeting of the American Dairy Science will have been destroyed. 
Association at  the University of Wisconsin, in- In  case the original type has been destroyed, 
creased the price of reprints 25%, effective it is possible to supply reprints by a special 
July 1,1961. The new reprint schedule follows: photographic process, and their cost will be 

No. of 
reprints 

If covers for reprints are desired, the cost of 
50 covers will be $21.18, and for each addi- 
tional 100 covers, the cost will be $8.75. Back 
copies of the JOURNAL will cost $2 each. 

The reprints are made from standing type 
within 30 days after the papers appear in the 
JOURNAL. Requests for a few reprints of a 
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1300K REVIEW 

l \ ~ ; ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ r A  F;N(;INEERS' HANDBOOK, ed- 
itetl hy C. B. Ricllry, P ;~u l  .Tneohw~~, and Carl 
T. Hall. JIc(:ra\v-Hill Rook Colnpnng, New 
York. 1961. 

Thi5 SRO-pafit. ha~~tlhooli eo l~ t i~ i l~s  57 c h ; ~ p t t ~ <  
dividthd illto four srt.tion\: 1. Crop-Produrtio~l 
F : q u i p ~ ~ ~ e ~ ~ t .  2. Soil ;~ntl Watcbr Co11rt.rvatio11. 
3. Fi~r~ostcvtd Strut4nres ilntl E t l~ l ip~~ lc l~ t .  4. 
I3asic A\gricultural 1);ita. 

Thtt 1,oolc provides ;I eo l~lprc~l~c~~~siv(~ covtbragta 
of ~node r l~  engi~~eer i l~g 1)ractiet.s rc~lating to 
;~grieultural pro11le111s. Those w i s l ~ i ~ ~ g  to pur- 
sue intlivitlunl topics ill grtsater tletsil will find 
;a good hihliogr;ll~hy. 

I t  will 111c2et the nc~tds 01' tllosc, sc~t~liing o ~ ~ c .  
grtlc.rt11 reference on f'i~rnl ~llncl~il~es ;111d their 
opcbratioll. lllthough tltstails of lllaehille tlt.sig11 
arcs not included, 111ost typc,s of f'i1r111 n~achiaes 
arc. descriheil, including espcctt~tl pt,rf 'orm;~~~re 
rates a l ~ d  details of opt>ration. 

The Soil : u~d  Water Co11sc.rv;1tinn s t ~ c ~ t i o ~ ~  is 
\veil illustrntc.tl and t locu~nc~~~tcd. Thr c.spl;~na- 
t io~ls are snfficie~~tly clt,ar so that it is possihle 
to use thrtll in t les ig l~i~~g 11asita co~lversio~l struc- 
tures. F:ir~n Illanagers will fiiltl this section 
useful ill pla1111i11g various ~)raetict~s ~ I I I ~  strue- 
turcls. 

1 1 1  thr f ; l r~~~stea t l  struct,urt.s ;tl~tl hasic t1;~ta 

sections, tl:~irylncn will find useful infor~l~ation 
on I~ousit~g rt~tluirtvlle~~ts, r o ~ ~ s t r l l r t i o ~ ~  III;I~(,- 
rials, clect~.ical c~cjuil)l~le~~t, m ~ d  thtbr111~1 ot~viro~l- 
11le11t. iilthough few structural design d i~ta  are 
given, thcrtl arc. nu~~lc.rous data 011 wintl, ft.rc1, 
and othc.1 loild factors. ;\l~ilrr;~l spare :111d at- 
~ l~ospl~c~r ic  c.l~ri~wnl~lcwt ~ . t~ t lu i r c~ l l~ t~~~ t s  arta dis- 
cnssthd a t  Ic~lgth. 1"cheds ant1 11atritio11 arcL 
toucl~t~tl o11 l~ritbfly. The chleetrieal t~ t lu ip l~~r~ l t  
schctiot~ c o ~ ~ t a i l ~ s  sc~vc.ral cor~trihutio~~s fro111 
well-1i11oxv11 autl~oritic~s. 

Ch:~ptrr 97 is a \vt.ll-writtell rliscnssiot~ of 
cli~~latta and sol;lr entbrgy ant1 tht~ir  t.c.latiot~ to 
:~griculturc~. 111elutled :Ire effects of cli~natts on 
c~.ops, ;inil~l;~ls, i111d l)l~iltli~~gs. Silirc, this ~111)- 
,jt,c.t II:IS o ~ ~ l y  rc~ct~l~tl;v rrcc~ivrd 111ac-h ;1tte11tio11, 
111ost of thc. ~~ef(.rc.~~cc~s ;ntb I'ro111 hnllt~tins and 
tcel~uic.;~l ~ ) ; ~ l ~ c ~ r x  The i l ~ f o r ~ ~ ~ i ~ t i o ~ ~  is 111)-to-di~te, 
accwr;~tr, ant1 ns;~hle. 

'I'II(. I1i111c1l)ool; is xvc.ll-illustratt.d and docu- 
~lltll~tt~d. I t  \\.ill not replace Itlore c.o1nprt41c11sive 
tests on a spc~eilic~ suhjt.ct, h11t it is a good gtbn- 
ciral reforc.~~ct~ ~ I I  the lirld of cv~gil~t~t.ring :IS 

;~pplird to agric.ulture. 

Ronearr L. 3icF.\r,r, 
CBRROLT, J. W. I)R.~RI.OR 
University of Illitlois 
Urbana 
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milk proiluction with, 67.5* 
nutritive value of, 147' 
nylon bag technique, 2!)lS 
pelleting, &ect of, (i!1OU, 1531 

cows for, 693*, 694* 
silage from, 6G6* 
substrate, fluid donor for, (i!1lx 
wafered for  production, 969 

Anlerican Dairy Science Association, 
Annual meeting (56th) attendance, 2x3 

;ittencl;~nrc> h tn t~s t~cs ,  15(iX 
invitation, (57th), 133 
proceedings, (57th), 1028, 1140 
program, (57th), 559 
call for  papers, (58tli), 1137, 142:3, lTii!I 

awards program, 1143 
by-law revisions, 137 
centennial commemoration, June  Journal cover 
executive board actions, 1153 
nominations for  officers, invitation, 452, 1301, 

1425 
officers and committees, 133 
Olson, TI. C., honored, 282 
presidential address, 1140 
progr:rm, sonthrrn meeting, 141, 13(i$) 
review discontinued, 643 
schetlulr of repriuts costs, 285, l5Vi 
student branch meeting, 1151 
sustaining memberships in, 283 

Amperomctric titration, 
sulfh.i.tlrvl for. 641IX. 1431) 

effcctirenms of, 276 
Ayrshire breed, 

rnlf, stomach ilevelop~nent, 408 
typc, heritability of, 672" 

BAmmIoPITAm, 
E1)7'A, growth effects on, 48(i 
oualntes, effect on g r o ~ v t l ~ ,  486 
~~enici l l in  effects, 653% 
pllosph:~tes, effect on, 132, 486 
A'. lnctrs, heat in:irtivation of. 1115" 

<t~rl)toc.occi, :~c.tiol~ on, 5.il' 
Bloat, 

prev~~11ti011 of, $)!I4 
Blood, 

ronst i t~~c~nts ,  rcl:~ttvl to heat, (;in* 
progcstil~s in, 670* 
rnn~in:i~lts, flow of, ,540 

Rlue Moll1 cl~eese, 
metering inoculun~ for, (i4!)* 
spray-clyyi~lg of, 64!1* 
synercsis r:~tes f r o n ~ ,  I i 1 i X  

Breecling, 
1)irth ~veigllt, 11crital)ility of, 1221; 
l)lood, rcl:~tetl to 11e:lt, 670" 
I)nlls, mvironment:~l effects on, 6fi:I" 

srlection of, 672* 
couception, I~crit:~ljilitp of, 86 

repeata.l~ility of, 86 
congenital at~normalitics, 14!1:1 
crossbreeding, pro(1nction cfr'ects, 671' 
estimates for, 701% 
estrogen excretion, after, 141:)" 
estrous cycle, f:ictors, lIlO3, 1577'' 
estrus, propcrticts of fluids, fifiX" 
inl)rt,eding, product,ion effects, 233, 671 
f a t  yields, heritnbility of, 990 
fertility, of female, 293' 
fertilization, failure causes, 670* 
genetic merit, estimation of, 671% 
genotype, environment effects, 671 * 
ovulations, analysis of, 672' 
program for, 701.* 
sensonnl effects of,  1376 
sire, cv:iloation of, Ii7lX, 1511 

line, 232 
Antibiotics, 

bacitracin, effect 011 silage, 934 
bacterioph:lge, penicillin effects, 653" 
chlortetracycline fo r  cattle, 146' 
heat resistanre of. 653" 
lipase, sensitivity to, 1178 
microbial lipases, sensitivity to, 1312 
penicillin, action of in  tlloat, 994 

milk, secretion in, 769 
noninfnsed quarter in, 1021 

penicillinase production, 652% 
S. lactis, metabolism, effects of, 1057 

sensitivity to, 655% 
Artificial insemination, 

age cffects on, 1015 

prov~ng  ] I I O ~ I ; I I I I  11y, 701i 
rec9orilh on, 677" 
size :cntl type, ~nblceding cft'ccts, 3!)0 

spotting, (axpression of, 1023 
sterility, leason fo r  tliq)osal, 1087 
ternpec~turcs, efficiency of, 1369 
type n:tlu:~tion, heritability of, 672" 

I:~ctation effects, 673% 
~vllcat g'rnl nil, effecat 011 reprocluction, !)04 

131 own Swim I)recd, 
c.:rlf, stom:~cl~ derclopmm~t, 408 

n1111~ t:~iLk ~nilk,  
sedinient t c s t i ~ ~ g  of, 6GlX 

nllus, 
fertility, age effects, 1015 
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rcprotlrtctire r:~p;icity of, i74, I.il(i 
sperm output of, 788 

Rntana breed, 
produrticn~ f:trtors, 242 

~ ~ i t t e r ,  
antioxirl;tnts, cffert U I I  f l i ~ v ~ ~ r  of, S4S 
fat ty  aciils in, 660" 
flavor, rompountls in, 66O* 
spreadability, factors, (i5(ix 
strontium, d i s t r ibu t io~~  ill, 338 

Rntteroil, 
heat tr:~nsfrr of, 303 

Ruttermilk, 
ier rre:tn1 for, 65!)* 

C A L C I U M ,  
Ca, Mg, N:I, a1111 K, r l~ ;~~~gcas  I)y i o ~ ~  r t~si l~s,  1159 
parathyroid, effcrt on, 8!)7 
ratios for  c;~ttle, K84" 
ultratiltrahlc (':I*", .I:% 

P'" 43 
Calcium phosphates, 

occurrence of, in j ~ r o t c i ~ ~ s ,  i l l  
Calves, 

:~bom:~snm, lipolysis in, 681 
:~lf:~lfa, for, 680* 
anemi:~, in new-born, 680" 
beet pulp for, 680* 
Rermudagr:~ss hay for, 75!1 
I~lootl changes in, 210 
Ca, P, and vitamin D, responses to, tiS0' 
rarotene intake, tbfferts of, 91 
tligestion in, 210 
c~stt'l:~sr from, 147!l 
c~xtl:reeIlular water in, 204 
fat,ty acid nbsorption from rumen in, 1:357 
fecal co~~siatency, p H  effects, 105 
fnralt;~done, effectiveness of, 67!)* 
glucose met:~l~olism by, 513 
growtl~ of, 202 
Iartl, tallow, butter, cottonseer1 oil for, 75!) 
n~etabolism, of VFA, 67!l* 
performance of, 986 
protein-energy r:~tios for, 1353 
raising, method of, 145m 
r:ltion composition, effect on rlerclopment, 108 

rumen drvelopn~i~nt, 1211 
ronghnge, effect on stomacl~ of, !2!)2' 
runlen inorulation of, 197 
sesame meal for, 2RlS 
soybean meal for, 2YlS 
spinal fluid, absorption of, 882 

thiocxa.n:~te disa~)pcarance, 67!l* 
in, 87!, 879 
space in, 205 

st:rrters for, YRIS 
zin(- ill, 15.36 

stom:irh developn~e~kt, frcd effects, 408 
vegetable vs. animal protein for, 986 
r i t ; ~ ~ n i n  A tlcfieirnr?., rffrc.ts of, $11, 872 

in, 67!)* 
\vr:lning of, I97 
weight g:iins, factors inrolvetl. 8Xti 

lac.t:~sc intrractions with, 650X 
lipase activity of, 646" 
mirelles, stability of, 70.1 
precipitation of, 657' 
sialie acid contcnt of, 706 
sodium caseinate, viscosity of, 481 
sulfur in, 650) 
r:~rimits of, 650" 

Cellulose, 
cligestion of, 146" 

Cheese, 
R-romplex vit:~min content of, 833 

Cheddar cheese, 
harteria, counting of, 648* 
I)ittemess in, 595, 798 

of starter, effects on, 332 
I~otly, composition of, 680" 
caalriom and phosphorus retention, 
melting of, 492 
milk, improving for, W48* 
peroxide treated for, 648" 
proteolysis, effect: on body, 492 

starter effects, 332 
retlucing substances in, 648' 
spray drying of, 649* 
6. aweus, growth in, 653* 
strontium in, 53.8 
syncresis rates of, 647* 
uric a.cid in, 698" 
rolatiles from, 343, 495, 660* 

Chromatography, 
cheese vol:itiles, 148" 
DEAE eellulosc for, 253 
fl:rvor for, 1674' 
gas-liquid, f a t ty  acid analyses, 323, 

volatiles i n  cheese, 343 
head-space gas, x~a lyses  by, 1259 
milk, analyses of, 660% 

proteins for, 253 
thili-layer, fa t ty  acids for, 435 

Climate, 
estimation of, 695" 

Collegt? enrollments, 
problems of, 118 

Cot,tngc cllocse, 
consnmer preferences for, 646* 
cur11 format.ion, direct acid, 647" 
diacetyl formation in, 149" 
dressing, viscosity of, 647' 
gelzitin fo r  tlressing, 647* 
polypeptide content of, 287S 
prmervat.ivcs, effect of, 287S 
proteins, properties of, 661X 
shelf life, prediction of, 28is  
sl~oilage in, 652* 
strontium in, 538 
whey, :troma bacteria in, 149" 

Crea tn, 
culturetl, hot-pack, 14gE 
dcnsitv of. 159 
11c:it Gansfer of, 303 
1,-ascorbic acid in, 1019 
quality of, 287' 
stabilizer effect on body, 64i* 

( ':~sein, 
ti<, effect on stabilitj- of, i 03  
~ ~ e p ~ ~ o s p ~ r o r i z : ~ t i o ~ ~  of, 12, 20 D A I R Y  cxTTLE, 
kappa, characterization of, 1 age and yield relntionsl~ip, 861 

0-laetoglohalin intcraet io~~,  807, 823 :~lfalfa  for, 1188 
 sola at ion of, 630* bromegrass for, 692* 
~lc~ur:~~iiinitlase, effrct 011, 7!l4 orchardgrass for, 692* 
rotatory ~)ropcrticnh of, X17 :111petite cl~fferences, 14SE 



baler1 vs. wa.ferrt1 for ,  694' 
Ber~nud:~grass  for ,  11 85 

rye  for,  692' 
blood, related to heat, 670' 
hody w:ltcr (leterminn tion. 66s" 
breeding efficiency of,  136!l 
hulls, yol~ng,  selec:t,ion of, 672" 
c a l c i ~ ~ ~ n ,  11omrost:rsis in. 6S:l" 

pl~ospliorus ratios, (iS4". l57li': 
calving, (sffeet on I:~ctation, 67RX 
c8hlortctmcycline for, 14GE 
Coastn.1 Rcrmndagrass for,  692" 
conco~tra t , rs  n.dtled, effoct of,  4 s  

f o r  pro(luetion, 684" 
conception, rariation in, 1'734 
condition of,  684' 
c o ~ ~ g ( ~ ~ ~ i t : l I  : I ~ ) I I O ~ I I I : I  lities ill, I .I!):; 
corn for, ?9,OS 
diaton~necous m r t h  ill r a t i o l~s  of, 142"" 
disposnl, reasons for,  1087 
dry matter,  used l,y, 1107 
dnnl-pnrpose, production of, (i71Y 
endon~ctr ium changes in, 1420" 
ellc3rgy ntilization crrors, 15:1:1 
mtcrovirusm, isolation from. !)21 
enr i ronn~ent ,  effect on pro(1nrtio11, 861 
c'strons c.ycl(. in,  157i'" 
feces, analysis of,  074% 
fecttl v:rl~~c. of,  1R:W 
feetl, r o t~ t ro l  for,  699.* 

dry  lot for ,  290' 
intake, r e g ~ ~ l a t i o n  of, 684* 
pllysiology of,  (i70x 
ntilization, efficiency of,  675' 

fluorine, c a l c i u m - p l ~ o s ~ ) l ~ o m  for,  Gi6* 
intnkc of, 7 4  

fly s~~scel)t,ibilit,y in, 513 
forage, crnluation of, 59, 62  

for,  55 
glucose-C1*, metabolism in,  689' 
grain feetling, effrrt, OII pro~lnc~tion, 685% 

frrc! choice for,  086' 
high-level, rcsponric t,o, 1 1 8 4  

grass silage for,  290" (ciS4. 
g r o ~ r t h  alltl fcrtl for,  Ii7(i* 
hair coats, propcrtics of,  G(i!lx 
hay-conrentmtr ratios for, (i85* 

f ree  choice for,  OSRX 
herital~ilit ,y of f a t  rielils, 990 
holneostasis in, (i83* 
hornloncs, cffect on pregnancy, 1003 
identification of, la(;, 127,  128,  129 
ketosis, insulin activity, 1 2 1  
lactation, curve, 144E 

dry period effects, 69G*, 1102 
cffect of climate, 095" 
hormone effectu, 1248 
inbreeding efferts, 071' 
ovariectomy effects, 1420w 
305-day, 676% 

Ladino-orchardgmss for,  G!)OX 
magnets, hardwarr disease, 547 
mammary gland, irratlintion of,  683' 
milk flavor, t ransn~i t tmrre  of, 4 i 2  
New Zeala~id, dai ry  records, 82 
11y1on bag  technirll~c, 291s 
parathyroid, effect on, 897 
1)astnrc (!valuation for, 7 4 i  
pelleting, f o r  cows, 693* 
pregll:lncy, maintenai~cc in, Ii33 
production of, annunl, 678*, 684" 

agc  c4Yrcsts, 1500 

1)c~t.t produc~t. cffccts, 854 
Irirtl~ ~vc igh t  effects, 152(i 
11o1ly ~vc~ight  vffects. li77". 15111l 
estrogen cffccts, 141gW 

progcstin lcvels in, 63.1 
rapc,secd oil mrnl for,  3421' 
rccwrcls, ngr  a11tl hmtl cffrcts. 82 
ro11g11:ige fcrilings, rfferts of. 4S 

in t :~kc of,  6 M x  
i~nlimitetl rs .  limitcad. (iS(i* 
utilization, in l~er i tnnrr  of,  1421" 

rcl,rodnction, srasonnl ~lI '~.cts.  1377 
silage for ,  66RX 

intake of,  116 
sizv m111 protlurtion, 699" 
soil:~gc for,  14!jn 
sorgl~um sil:~gr for, 289" 
stil l~cstrol,  rcq)rotluction c'ffrcts, 292" 
R U ~ ~ : I I I  gr:lss, ]~ro( l r~et ion on, 685" 
thyroid, ~ l e t c rmi l~ ing  f~n l r t i on  of. 593" 

rc~leasc~s, 51 8 
seeretion, f :~r tors ,  !)!I9 

1.-thyroxine, a1)sorption of,  1253 
t l~yroxinc T"', feeding to, 6R!)* 

1;1etatiol1 cffects, 109.9 
tc~n~l~(-raticrc strclss effrcts, 1492': 

therapy for,  1102 
type ratings for, 223 
1111drr, quality of,  678" 
w l ~ m t  gerni oil, rcprotll~rtirc cffrcts, !!04 
s :~nthine  oxitlnsc~, l :~ctnt io i~ rfferts, !):(:< 

Dairy E:stensio~~, 
I~rc,r(li ng  11rogr:11n for,  TOOY 
11:1irr pro~lnetion, 4-11 111:1te,ri:11, (i<lR* 
~I:~~n-tl:ri~gl~t,c~r co~n l ) :~ r i so~~s ,  4 - H ,  097' 
f ; ~ r ~ i i  :recor~nts, rlectronir ~)roc.c,ssing, 6!IH' 
~ n : ~ i l ,  ctlurntion:~l n~e i l i un~ ,  697% 
n~ i lk ing  nranagcment prog!.nnl for,  f i!) ix 
I I V W  tl)oogl~ts,  4-TI l)ro,jccts, 6!)8* 
prol~lrin solving, 438 
rrcoril 11rogrnn1, 4-TT, 69RY 
sir(,-proving 1)rograni for,  i 0 l '  
t e c l ~ ~ ~ o l o g y  specialist, nse in, 642 
t m i n i ~ ~ g ,  in-sewire for,  (;!I:" 

2):lir.v industry, 
e l~: t l le~ig(~s  : I I I ~ I  o ~ ~ ~ ) o r t ( ~ n i t i ( ~ s ,  15IiIi 
for ty  years in, 449 
new d e v r l o p ~ ~ ~ c n t s  in, 4-40 
st:ltistic:~l i n f o r n ~ : ~ t i ( : ~ ~  for ,  1.558 

Dairy ~ ~ l a n t s ,  
:~rconnting, ~nrchnnization of, 663' 
a l e n ~ ~ i n g  of, 130 
s:~nitizers. f i l ~ s l ~ i n e  f r o n ~ .  I.ii3': 

Dairy  p rod~~c , t s ,  
l~cv~ t  trmisfer of, 2XGS, 14.3; 
solitls adilrel to, rr:lsouti, 141 1, ISfi!? 

Dairy records, 
total solills, r:criation ill, 687% 

Dairy Sricnec, 
r c r i s i l~g  and r r o r g a n i z i ~ ~ g  ilcpartlnc>nts, proll- 

lems, 11:(1 
Dar i~vor l~ l  chc'rse, 

protcolysis, botly cfleets, 492 
Jletcrgents, 

metal loss, ra~~sc:d by, 796 
trisodinm phosl) l~at r ,  cffr(.ts of, 613 

DHIA,  
annlysc.~, Ncw York, 147': 
rcrortls, related to  sires, 677* 
sralcs and  meters, aceurnry of,  7011" 
S S  F testing in  Virginia, 686' 

Direct stc:~m injection, 



] ) ro r r s s i~~g  111i1k 1rit11, !I37 
sulfur ron~pounds, 1rr(11111c(~d liy, I:{:{:! 

I)ry ~ v l ~ o l c  milk, 
flavor, oxygen effect 011, li5S' 

stability of, 65XX, 14:G 
flxror rrcovc~ry, 1.5i:i1" 
free f a t  in, 661" 
Iteat effects on, 1435 
porosity of, 657" 
spray d r ; r i ~ ~ g  of, 65YX 
vaenum drying of, 65Sx 

Dry whole milk (foam-drictl), 
eontir~uous drying of, 501 
oxygen scavc~tger for, 137:1 
process for, 657" 
~,rodurtion of. 9 i  
ijroperties of,' 27 

Dye binding nicthoils, 
Amiflo Black 10J3, p r o t e i ~ ~ b  l r i t l~ ,  !I52 
information cxcha~~grs ,  141 i  
lactation, effect on ticcuracy of, li40 
Orallgo G for  protc~in, 1070 
p r o t r i ~ ~  and SSF :~nalyses, 6 S i Y  

E D u c h T I o N ,  
f ree  s0ciet.y in, 1295 
gradu:~tths, demand for, 1372" 
Latin A~neri ra ,  lradersl~ip for,  IIII!) 

needs, 1116, 1119, 1121, 11213 
prol~lems, 1113, 1114 

Elcc~t~o~lllorrsin, 
p r o t c i ~ ~ s ,  Cottage ehrcsc in. li31' 
seruin proteins of, 64!)", i li 

I ~ ~ ~ ~ t w o v i r ~ i s r s ,  
isolation fro111 eat.t.le, 991 
neutralization of, 921; 

IaCval~orated milk, 
c.:lsrin preripitation f ron~ .  (i.57" 
H:~rcrr ant1 odor con1l~on1111s from, (is!)' 
forc~~r:~rming,  rffrvt of, Ii5lix 
11r:rt stability of,  (i57" 

Fixms, 
m~alysrs  of, tii4" 
digestibility of,  ti?!) 
]lit cncrgy in, 62!) 

Florida 
dairying, historical, 286' 

Fluori~netry, 
inrtl~od, fo r  proteins, 651' 

Forage, 
appetitr differrnccs for, 145'", 1571i1' 
bird's-foot trefoil. dieestibilitv of. 692* , .. " ,  
I)romegmss, digestilrility of,  692' 
canary gmss, digcstil)ility of, li!lY 
ecllulosc, digcstio~l of, 508 
Coastal Bcr~nuclagmss, f o r  cows, li!)4*, 1188 

pellrting of, 693*, 6!)4* 
tligest,ibility, prediction for, 1420" 
cmlnnting, 67, 69, 67tix 

in vitro, 14TE, 250, 1573' 
in  vivo, 14iE, 260 

frsruc~, toxic rxtraets  fro^^^. 663" 
g r a i ~ ~  r r p l a c c ~ ~ ~ e n t  r :~lnrs  of,  (;!!!I' 
grasses for  Alaska, 6!IlX 
I~cn t -d r~ . i~ ig ,  cfl'ects of,  (i(i4" 
I.a~lino rlovc-r for, 9!lls 
lignific:~tion, c+Y'rct of cl.ll~~lose, 50s 
~nis tures ,  c111:llity of, 40:i 
~ u ~ t r i t i v e  Y:IIIII', p r c d i r t i o ~ ~  of, GfW" 

orcl~ardgrnss, ro~nlro\ition of, liB4* 
pertill, tligestioi~ of, SOX 
protein, tligestibility of, 664* 
so lvc~~t s ,  p rese rva t io~~  for, 666% 
s o r g l ~ u n ~  hybrid for,  685* 
Sudan gr:~ss f o r  prod~~ct ion,  6X5* 
systems fo r  handling, 865 
tl~yroidal '~'  releases on, 218 
tinlothy for, 1575' 

Gm,, 
lnnlnnlary glantl i~ifusion, 248 

Iynlph, composition of, 742 
Snlmonella p?illort1?1?, response to, liS9* 

r:~tlioiodine rnctnholisn~ in. 427 . - 

~~rlr l r r ,  changes in, 1380 
Ooliling Plastic Bm(1 Metl~oil, 

l~rceil, effects on, 686* 
c,st~mating S N F  with, 669- 
S7i F, es t ima t io~~  of, BY(;* 

Gnernscys, 
r o ~ ~ r e p t i o ~ ~ ,  rm.i:~tio~l in, 1234 
pclleting rfferts 011 grolrtli of,  754 

HA\', 
alfalfa-lrromegmss for,  693* 
judging score-ear11 for,  1218 
milk eon~position, nffeetcd by, 1336 
Hec(l e:tll:lry grass for,  858 

I-Iardwarc fliscasr, 
m a g ~ ~ c t s ,  col~trol of, 34; 

Heifers, 
ln'ectling age, pro(lueti011 efferts, (;!IS' 
Porn an11 g w s s  silage for,  290S 
ilietl~ylstill~rstrol, fo r  l~oifcrs, 2!)3' 
glol)uli~l, growth rrspollscs to, 1577" 
I ~ a y ,  physical s tnt r  for,  391'-- 
pelleting, tligestibility for, lo4 
~)henothiazinr,  effect 011, 293" 
responses to  horn~ones, G6!)* 
testosterone, effect on, 293S 
urea phosphate for, 675* 
weight respolisc to  feeding, 1199 

TTolstcin breed, 
I~rertling age, rcsproiluetio~~ rffrets, (i!)5* 
vnlvcs, aqueous humor, an:~lysis of, 9 1  

growth of, 202 
vitamin A effects, 01 

dirt, effeets on VFA, 6i!l' 
f : ~ t  in  milk, 144'" 
fumlt.adone, effectircncss of, (;i!l* 
heifers, weight response to fccvl, 1190 
lnct,ntion, evaluation of, 672" 
milk yield of, 677" 
o r~~ ln t ions ,  a n a l y s i ~  of,  fi72* 
production factors, 233 
rcpro(luction factors, 933 
srlcctio~l for prot luct io~~,  292' 
size and type, i n b r e e d i ~ ~ g  efiects. 390 
spotting, express io~~  ill, 1023 
stomach developmc~~t  irf, 408 
s t ront inn~'~ '  and r n l r i ~ l n ~  in, 529 
type and  rnr i rol~~nc~nts ,  223 

I l o n ~ o g o ~ ~ i z n t i o ~ ~ ,  
copper, :1n11 ascorlric ;11.ill, cffcrt 011 tl:~vor, 1040 

ITor~nones, 
:rtl~.enocortic.:il I .PS~OIIS(~S,  669* 
r.or[jcfs 1irl1~11?1c, l)rogestil~ in, 6.33 
1lcl1y~lroc~ri:111~1rostc.lo11c., rc*pro~l~~rtivc, cfTorts, 

loo:r, 1011 
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estradiol, reproductive efferts, 1003, 101 1 
udder, effect on, 1248 

estrogen, excretion of, 1419" 
levels of, 681" 
production effects, 141gW 

parathyroid, effect on calcium, 897 
pituitary, adrenal, thyroid glands, histology of, 

1011 
reactivation of, 694* 

progesterone, estrous changes, 1420W 
excretion of, 1541 
udder effects, 1248 

progestins, in blood, 670" 
testosterone, effects on heifers, 293* 
thyr~idal-I '~' ,  function, determination of, 293R 

release of, 1256 
responses to, 669* 

thyroxine 118', absorption of, 1253 
degradation of, 689* 

thyroxine, cattle, secretion in, 1102 
lactation effects, 1098 
pituitary effects, 694* 
turnover rate, $199 

triioilothyronine 'I"', uptake of, 889% 

ICE CREAM, 
cell structure of, 658* 
consnmer preferences for, 2XXS 
dry buttermilk for, 659* 
heat effects on, 659* 
lactose crystallization in, 354 
packaging. quality effects, 14XE 
sandiness in, 354 
stability, salt effects, 430 
vanilla, consumer prefert.nce for, 658" 

J E R S E Y  BREED, 
calcium i n  milk of, 522 
strontiumB0, in  milk of, 522 

K m L D A H L  METHOD, 
protein in milk by, 1079 

L A c T o c + L o B u L I N s ,  
P-lactoglobulin, A and  B, 259 

chemical differences, 259 
denaturation of, 1033 

P-lactoglobulin-K-casein interactions, 807 
rotatory properties of, 811 

Lactose, 
casein, interaction with, 651' 
gamma radiation of, 962, 1427 
metabolism of, 655* 
reductone from, 962 

Land-grant system, 
Amcrioan society in, 1298 

Latin-square design, 
carry-over effects, 675" 

Lipase, 
antibiotics, sensitivity to, 1178, 1312 
arylesterase, . activiw of, 653" 
B-esterase, lipolyses by, 646' 

specificity, absence of, 842 
calf from, 1479 
casein extracts, activity of, 646" 
fa t ty  acids liberated, 64RX, 7527 
purification of, 645% 

 lipoprotein^, 

lipid rscl~ango in, 589 
Literature, 

system, changes in, 1413 
world's dairy, 274 

M A s T I T ~ I s ,  
arylrsternsc, rc.latetl to, R33* 
Cahforlu:~ test for, 1091 
deoxyribo~~nclrase, cffrct 011, 1004 
her i t a t )~ l~ ty  of r r s ~ s t ; i ~ ~ c c ~  to. 1577' 
milk p~:~cotices, efftlct 011, 6R!)* 
protnn p:~tterns of, 7 465 

Microorganisms, 
aroma producers, 149" 
Baczllzts, crreus, starter effects on, 654* 
Bacallits 7atcrospor11a, starter effect on, 654* 
B a c ~ l l ~ ~ v  ltchenzformza, germination of, 65CX 
Bacillus puaz~lzrs, starter effects on, 654* 
Bactlltcs sabtzlzs, antibiotic.sensitive, 652' 
Bactcrcv~des run~micola, heme for, 690* 
catabolism of amino acids by, 1363 
Debaryomyces, cheese ripening, 349 
Letrronostoc nirozlolzim, c h e c ~ r  spoil:tgc, R5C* 

detection of, 655* 
medium for, 656* 

nisin, inhibitory effect on, 827 
Pse?rdomonas fraqt, heat tlrst~oction of, 141 5" 
ps~chrophilie rr~utant, 152!) 
Snccharom~/cr~s fragtlzs, w11c.y fermentation, 1106 
Sal?~~onella tclpkz?~~irrzun~, in calves, 679* 
staphylocorri, heat resistanre of, 653* 
Stapht/lococc~us anreus. growth in cherse. 65RX 
~ t r ~ p t o c o c o i ~ a  cremoris, ';nedinm for, 6,5(ix 
Strsptococctts diacetilactir, 14gE 

c~trit:csc production, 32 
flavor production by, I327 

Streptorocc~t.~ lactzs, w i d  production of, 655* 
carhohytlrrcte fe~mrnta t ion  by, 1037 
enzynles of, 655* 
fa t ty  :rrids, effect on, 654* 
freezing effects on, 654* 
1aet;lse fermentation of, 655" 
medium for, 656% 
nisin production by, 827 

strontium" and calcium4", uptake by, 286" 
Tr~chosporon, c h e r ~ e  ripening, 349 

Milk -----, 
acid value, nutrient effects, 141XW 
agitation effects, 289" 
analysis of, 660' 
aryl(bsterase zrtivity ill, 653' 
beet products, effect on protluction, 854 
B-es.tcrase, prepared from, 842 
P-lactoglobulin, properties ill, 811 
calcium levels, 502 
carbonyl compounds in, 660Y, 724 
casein variants in, 650* 

kappa, rotatory properties of, 817 
cation eonlposition of, 1159 
romposition, 

composites with. 1419" 
hay-effect on, 1336 
va,riations in, 1574mE 

constituents variability, 888' 
consumer evaluation of, 182 
(lihydroqocrcetin, antioxirlant for, 644" 
disulfidn in. S49* ~-~ ---~~. .-- > 

enzymes, irradiation effects on, 683" 
fa t ty  acid analysis of, 323 

co~nposition of, 191, 389 
in. 148'" 
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ferrieyanitle reducing values in, 1075 
flavor, feed, control of, 182 

light activated, 1040 
osidizetl in, 170, 116.5, 1449 
rancid in, G45* 
sunlight in, 644" 
transmittance to, 472 
racuum, effect on, 36 

formal titration, for protein in, 1079 
frozen, stability of, 1024 
globule membrane in, 1165 
heat stability of, 1305 

transfer of, 286', 297, 303 
iodine, effect on, 663* 
I"', removing from, 662*, 1066 
lactation, 305-day, 676* 
linoleic acid, oxidized flavor, 641 
lipolytic activity in, 288' 
model systems, viscosity of, 481 
multi-vitamin, midized flavor, 645' 
nucleotides in, 735 
odors, transmittance to, 472 
penicillin, secretion in, 769, 1020 
pesticides, recovery from, 1575" 
phosphatides, composition in, 581 
pricing of, 144E 
production, efficiency factors, 1419'" 
pro-oxidant effects, 170 
protein, metlroil for, 6511 

reducing values in, 1075 
soils, rrmoval of, 613 

Psr~cdo?ttonn~ prrovrsernx ill, 288" 
radiostrontiurn, removal fronl, 800 
roughi~ge effects, 191 
~ a l t s ,  vis~osity effect8 of, 481 
hilage, co~npounds from, 467 

fl:tvor from, 457 
transmission to, 147" 

S N F  in, 144" 
solids determination of, 148" 
htapliylocoeci in, 288' 
strontium" levels, 522 

in, 539 
removal, G(i3, 1572" 

solfhydryl in, 649*, 1459 
tl~ioharbituric acid reaction in, 1165 
tcmnerature effects. 289 
t r a ~ ~ s f e r  system, cleaning of, 1573' 
viscosity of, 481 

Milking, 
c*on~positio~~ c11angc.n during, 1574" 
intervals between, 696* 
rate of, 677" 
vacuum within quarters, 696* 

Milk fat,  
adulteration, detection of, 317 
autoxidized flavors in, 311 
fat ty  acids of, 661' 

distribution in, 646' 
identification of, 435 
short-cl~aine~l in, M5* 

heat-induced rllanges in, 1172 
transfer of, 303 

I~ydrolysis of, 681" 
linolric acid in, 644" 
linolt~natc, flavor effect on, 311 
lipids from raw milk, 329 
llloleeular distillation of, 317 
P. fragi destruction, effect on, 1418" 
utructurc of, 248 
synthrsis of, 248 
yieltls, affeeted by open and dry period, 

Milking machine, 
ch.anges in, 699% 
Illinois, practices with, 696* 
maintenance of, 292' 
problems of, 700* 
vacuum stability in, 700*, 1575" 

udder, effect on, 1343 

N O N F A T  DRY MILK, 
fluorescent antibody technic4ue for, 75 
staphylococci, identification in, 729 

Sueleotides, 
row's and goat's milk in, 735 

Kusselt-type equations, 
application of, 303 

O m s u M ,  
calves, ration effects on, 408 

P A s T u w c s ,  
alfalfa-orcl~ardgrass for, 692' 
I3ermudagrass-rye for, 692* 
hromegrass for, 692* 
evaluation of, 747 
Ladino clover for, 9 1 '  

coastal for, 291' 
orchardgrass fol; 692* 

Pasteurization, 
steam injection, 187 
ultra-high, 148" 
vacuum, 187 

Phosphatides, 
fa t ty  acid con~position of, 581 

Physiology, 
feeding related to, 670* 

Protein, 
Buffalo Black analyses for, 148' 
calves for, 1353 
dye-binding capacity with, 952 

estimation of. ti40 
fluorescence studim-of, 811, 817, 823 
formal titration for, 1079 
hay-concentrate ratios, effect on, 685* 
Holstein milk in, 144" 
mastitis, effects on, 1465 
nonmicellular in, 650' 
Orangc G determination for, 148" 
particle size of, 651' 
peptizing of, 650" 
phosphates, occurrence with, i10 
pricing milk fol; 144" 
serum, electrophoresis of, 649* 

separation of, 717 
testing for, 144" 
thyroxine I"', effect on serum, 689' 
x-ray srattering, 266 

QUALITY, 
cream of, 287' 

mammary gland, anti1)ody production 
I<a(lioartivity 

control of, 1543 
eft'ects of, 1552 

Radioisotopes, 
estrogen, detennination ~vitli, 681" 

1192 glycine-C'" in spern~atozoa, 688* 
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I131 , rcn~oral from milk, (i(i2, 1066 
~ne t :~ l~o l i s~n  of, 1573 
Ts, uptake in cattle, G89* 

resins, milk flow rate, 662* 
regrncration of, 1572' 

thyroxine I"', feeding of, 68!1* 
Rats, 

B-estradiol, lactation effects, 681' 
mammary gland of, 668, 
plant regulator effert, 146" 
thyroprotein, assay in, 1256 
vasopressin and oxytorin, effects on, 681X 
yeast-feeding to, 1106 

Rennin, 
prorennin, activation of, 632* 

Rerhnagel effect, 
densitv. effect of. 662" 

Rumen, 
Amino acid ratabolis~n in, 13(i:i 

metal~olisn~, 1487 
dmmination of, '765 

nrtificid, 62 
gas and VFA produc t io~~  in. 1422"' 

I~acteria, cellulose digestion I)?., 50s 
131~)  fat ty  acids in, G91* 
H. rzci~~iaicola. heme for. G90X 
cell~~lose digestibility in, 972 
epithelium, color in, 142lS 
fa t ty  acid a1)sorpti011 in, 7357 

production in, OROX 
forages, ehemicsl romponents in, !)SO 

digestibility in, 980 
fluid donors, 6RlX 
glucose-C", metabolism in, GX9* 
lactic acid, f a t  in, 109 
microorganisms, c:~rl)on for, I.77fi1'' 
nylon bags, in, 676* 
parakeratosis, in calves, I211 
technique for, 69O* 
volatile acids, absorption of, 691' 

in, 972 

S E M E N ,  
d i l u e ~ ~ t s  for, 782, 911, 1578'" 
electroejaculation, effect on, 294' 
extension rates of. 689' 
fertility, catalase, 'effect of, 1237 

laboratory affected by, 295' 
frozen, incubated a t  38 C, N for, 145" 

storage efftart, 67-tX, 1578" 
gas production in, 673" 
high ejaculation, ehar.wter of, 688* 
lipids from, 1578E 
metabolism of, fructose transport, 917, 1083 
methylene blue tesb for, 295' 
tranquilizers, effect on, 294' 

Sheep, 
blood flow in, 540 
fa t ty  acid, absorption in, 1203 
feed, physical form effects, 1203 
mammary gland, ovarian status of, G82* 
mastitis, effect on gland, 682* 
ovarian hormones, inl~ibition of, 682' 

Silage, 
alfalfa, changes in, 664' 

value of. 666' 
bacitraein, organiams, effect on, 544 

quality, effect on, 934 
Coastal Bermudagrass for, 692* 
corn, cows on, 666' 

digestibility of, 290' 

for, 289', 290S 
high-moisture for, 666* 
palatability of, 290' 
volatiles in, 457, 467, 477 

cows, group-fed on, 1107 
(1irec.t-cut, intake of, 116 
flavors to milk, 147" 
grass, additives for, 289' 

changes in, 618 
cl~enmical elrangeh in, 3!lli 
f a t ty  acids in, 2!)OS 
production effects, fi8-iX 
qnality of, 665* 
storage of, 289' 
volntiles in, 457, 467 

milk, flavor from, 477 
nutrient losses, 403 
orcl~nrdgrnss, eompositio~~ of, 664' 

N fertilizer effrcts, fi(i5" 
protein effects on, 693* 

silage rs. soilage, 145" 
sorgln~m, cows for, 289" 

thgcsti1)ility of, GGG* 
for, 55 
n u t ~ i t i r e  value of, 625 

soybc;in flakes in, 403 
Skimmilk, 

cl~lori(len in, 288' 
heat transfer of, 303 
p:~rticle size, 111, Ii6lX 
proteins, nonmicc'llul:~r 111, li30x 
reducing compountls in, (Xil' 
sulfur compounds in, 1332 

1ie:lt effect on, 659' 
viscosity of, 481 

Solids-not-fat, 
determination of, 2MS, 6(i2* 
heat transfer of, 303 
interrelationships of, 144': 
lactation rrlrve, 144" 
sperific gravity of, 288' 
viscosity cffert on, 481 

Spern~atozoa, 
fertility, argon, effeet of, 2!14S 

diluent effect, 3lj0 
carbonated, 360 

frozen ancl thaw effects, li74*, 1378" 
nitrogen effects, 294" 527 
of, 145', 782 
post-thaw effects, 1242 

Feulgen-DNA content of, 673' 
glycine-C", incorporation in, 688* 
glycolytic reactions in, 687' 
head size and shape of, 688' 
hexose transport for, 1083 
livability, room tcmperaturcs, 383 

skimmilk in, 383 
metabolic activity of, 673* 
motility, catalase, effect of, 782, 1237 

glyrerol, effect on, $11 1 
of, 145" 

pressure, COI efferts, 533 
N2 effect, 533 

production, measurement of, 774 
sorbital metabolism of, GR7* 
survival of, 673* 

carbon dio~ide,  effect on, 375, 527 
catalase, effect on, 907 
extender, effect on, 1383 

temperature effects on sorriral, 368 
ultr:~struetnre of, 674* 

Starters, 
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:Ironla : I I I ~  flavor ill, 1327, 1 3 i l R  
bacteriophage a'tioll 011, 552 

p l ~ o s l ~ l ~ a t r ,  clffcct on, 432 
I~itterlless, caose i n  rl~eesc, 3!13 

culture rffeet on, 332 
citratrd I V I I ( ~ ~  culturt~s, 14!Ip', 13:<1l 
enlturc idcntit,y, 126.1 

prrservntion, I290 
run1 terrsiou of. 164 

l>rol~lem solving, 4.18 
:~(lministrativc assistance, 442 
extension :ind industry, 444 
rclatcd specialists, 443 
tcam approach, 443 

I)rogrnm, (-hanging agriculture,, 4 3 ~  
1,rotrin ~ncthodology, 233 
s t a r t r r  cnlturcs, 1262 

f a t ty  :~ci(ls, i n l~ i l~ i to ry  cffrets, 654" 
genetic? variability in, 126(i TJJ FT FME1'I<17, , 
growtl~ 2nd action ill milk, 1281 Ilcart lwa.t,, dcterminatio~l by, Ii(iix 
I,r?fcon~ostoc, detection of, Ii35* rilnlcxn tcu~perature  ch:mges, (if;?" 

~ne i l i u~n  for,  656* , . tclnpernture recording 117, 8fiix 
metabolis~n of, l 2 i l  r m ~ o t l ~ y  I~ay ,  
protcolysis in, 164, 654*, fiS.5' 11arvc.st tlates for, 146" 
spore organixnis, i r~h i l~ i t i o r~  eflinets 011, 654" N f(~r t i l iza t io i~ for,  1575'" 
stimulant for. 1418" llutritivc value of, 146' 
S. car~3~rioris, nrcllium for,  G5FX 
S. laclis, frrczing effrcts 011, 654" 

me(lium for, (i5G" 
syn~l~iosis  in,  607 
otiliz:ftio~r of, lL"8fi 
~ r h c y ,  growtl~ in, 1320 

Sttvr,  
glnc.os(, nrot:~l~olis~n in, 513 

Stcsrilo r o n r ~ ~ n t ~ ~ : ~ t c d  milk, 
tlnror c l l :~~~gcs  in, 601 
frozc.11. st:rl~ility of, 1024 
g c l a t i o ~ ~ ,  rc.tm.(l:~tion of, 1045 
~ ' l ~ o s ] ~ l l : ~ t r s  and  ~nangnnons ion, effrct on, 1045 
~~l~ysi r : i I -c l~cn~ira l  stnl~ility of,  $143 
protc'in-lipid intc.racations, 943 

Stronti11111, 
~ ~ ~ e t : ~ l ~ o l i s n ~  of,  1373" 
r:~(liostrontiu~r~, remoral from milk, Sll0 
S. lootis, uptake of, 28GS 

Syn~posia, 
collrge rnrol l~nent  trends, 118 

dairy n r :~nufae tu r i~~g ,  119 
jwo(luction, 122 

(7:liry cattle irlentification, 126 
in~portanee of, 127 
large ant1 s ~ n a l l  hrrds, 128, 129 

L:itiu A~ner ica ,  educational leadersl~ip, 1109 
n~:~rkct ing orders, appraisal of, 139 i  

objre t i r rs  of, 1405 

l 'mppist rl~ccse, 
ril'ening of, 349 

histologirnl c l~anges  in, 1380 
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T - l t r : ~ - l ~ i d ~  t e n ~ p r r a t ~ u r s ,  
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Vm AMINS,  
A,  co~~crn t r a t ion  i n  cattle, 683" 

il(,firirncy ill calves, Hi", ST!), 882 
BE, ~~ le t :~ l )o l i s~n  of aciils, 69l*  
carot(wr, i n  cattle, fi8BX 
llitl.:~t(-, vffec.t oil l)cta-(*arotrlle, 683" 

W A n x ,  
11u:llity of,  1574" 

IVIIPY. 
~ ' i t i l r  for,  1Ti3!1 
yeast, fed to rats, 1106 
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